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(:5t:fJi'l *m~J~j?:fT: ~m:fMl~ ~?:f~~pt;]~ii~{flT~~~~ffi~11'!/sJ 

m~ ,~~ID(Efi /sJfi(Efiffiff3!tti4pt;]ffiiml;~~. 
UU 30. 
~.I*fi~~,K~~~~n~~~~.TM~.~,~~~••••ffi~ 

~~7.J< i!: ,p)f 'fffiat fil]16,~.!j7GKaH§~, ~P1JJm= 30 min. 
~ (2008 · ~OO~J!ffl.~ ) .JJ-I} IJ ~*itt.9l. ~~l1~~tIC-t. r.:I.1tifD 1- $, 

~~M~-#~.ffJ~~. lI:lt!!..*lliiffl~,~~m.~~~lI~~1t)fjrffJ~~ 

at,;r;t or ~ 1I ~mRt~~ fJ ;t~m at faJ ffJ ;t ±~. tIC -t.. J/~ ~*-,* ~ml1:i!$..JJ V I 

=500 m/s atJitA~. tIC ~iJ\:.-~ ,11:i! if.JJ V2 = 1000 m/s atl!:±J ~:it tIC ~1~!Jit. ~ 
~ j]P :i!lf. g IfX. 10 mN. ~ fOJ : 

(l) lI..l~~;tffJ:it$ ~* r, 1t ~m m' ~~ f,;,( 1PI #~ ij},:iJ or 1± -.it ~ I!I fJ 
~••-~.at~~*M?iJ\:.;ttrl~.~~.at~*m ffJ 18 •. 

(2) ~;fJL:fHh!#~;iJ at, or ~_ ffJ ~ ~ tIC ~ ffJ at fa] ~ I!I k ~ j'? 

(:5t:fJTl ~""\fJl.x?:f~1J1'FmT iC&DO~~Zi.1JB:t, ~1?8pt;]ffiilt!lliH3{~&bT7'C:E 
~m~~. 

(~l (1) ~lStJLW(:lJIl.Ji;kJJ\lJm:j:I:IJIl• .oc g '§":IJ[ii]~.[ii]T~iliiYJBt, ~ 

~~~~.*~~~~~~m~~.~#iliiYJ~~£lSm.W7GmhT~e~M 
1*iliiYJg,t~HL~iliiYJ ,tl!PJVJ~#4W@iYJ . Jl!A1J\jj,5tB~ • .$ifIlJJ! lli~.~ • .$liftl 
5Em , ~ lStJL.1f,(-msW9#iliiYJat, ~matril]~*mt~~-5E~'§"~~izH¥~; ~lS 

~-~ 1J ~ 
,-~--- ~~f" '" 

tJLmW7G~ll.hf'FmT~#4i1m.iliiYJat ,:kmatfBJ ~*m!;i~Mj§~*, ~tE-5Em: til• 
~Jl!~i"~:J'¥ . 

yTOO~.lStJL.W7Gmhf'FmT~~ilm.ili 
VIiYJ . ii7f~il1J\.atlStJL~:m • .oc~;kJJ\lJ VI ,:IJ[ii] 

!;i7.K-'f:IJ [ii] ~ B1fl ,~~il1lzj[j;J A ,8, ~1i\f1:~4PJ~ 
.4 " ,() 

xiliiYJtE B ,8JJ!lli1J\.,~IlOO 1- 1-1 P)f~. ~ t *~ 
' B ~~~JJj~atf8] ,tEJJ!lli~.at~• .$l.J Vz ,!J!IJ~ 

v2.r = v leosB,Vzy=VlsinB-gt. CD 
"2rm V2 2= V2x 2+ Vz/. @ 

00 1-1-1 
~ACD@~~ 

l t2-2vI gtsin8+vI 2-V22=0. Q) 

JWAQ)~~ 

V sin8+[v 2 sin2B+(7~2_v 2)Jt ,t= I I v< I , . ® 
g 

~A®PJ~,~Jl!A~.at~lSm.~ VI fIli!!lli~.st~~m.~ v2 1iJfliE 

~m ,~matl8]~*m~iHi:l1 e*1ftJ$. 
(2) ~ B= 900St ,:kmstfBJm:*, ~ A®~3jU~m:*~m:stl8] 

t rrox = 150 s. ® 
~ B= - 900st , ~m:atr8]m:m, El3 A®~*1~m:m:k£atl8] 

tmin = 50 s. 

ltlJlt,~£atrBJ~1ftJ$m:tIltE 50s'""-'150 s ZI8]. 

~ (2007, ~00!/mJ!••~) [j 1-1-2 tf,PJi c 


~ .JJ rn .::. ttHJHi !1!1;ff AB , BC, CD :it ~ ffJ -f- llii :it.:ft !t T 
~ [j. AB;ff;fD CD tror 11-jJ~ ~±iA,D ffJ~1I. -t~~llii 
ffJ ~.it tw ~;iJ , A, D Wi ,lUi -t ~ - ;J<. -f-~ J:. BC .:ft 

45° DffJ Wi ~ 11- jJ~ ~ AB ;ff;fD CD .:ft;fg:it, or #I:.:it ~ ?t ~ i)J' 

(~1.;t,~tn ~ AB ;ff #I:. A tw ~~;t a<J m:i!,ltw ~Hu 001-1- 2 


IE tf,PJi ~ ffJ 1i:i at ,AB .:ft ?t -t 1i:1I.1iJl ,BC .:ft ~ CD .:ft~ ~ ;J<.-f-1J (0] ~ 45°m. E. 


jo AB ;ff ffJ *JJ...JJ l ,BC .:ft;fD CD ;ff 119 *"- til !iB ~;t . *JIt at C ,¢,: j]D:i! It 99 *-+ac 


;fD1J (0] ( m ~ CD #.::t.flll a<J:1.:m '*-~) . 
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vB=wl. CD 
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aB=w2l. @ 
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- - -

~~-J.' w""._~.m.WIII 
----:;J:" 

'" m-~ ~~W?;L__.____ - ---. 
Veo # Vcff CD; :f£;Jq-~ B9 BI ~IJ, mOO 1- 1-3 IlJ ~,Jt1f \<i:J YS-ff C 

BC 1f \<i:J. 1251 BC ;lik rJlJ tt ff , EIf!:J. B fIl C ,~YS- BC 1f \<i:J 
B9 iiJ3r16'ffi~ ,"/P(:ff 

7C 12
VC=VBCOS 4=Twl. @ 

DJlt.B1ff CD ~ D ?jjbf.ti}lIDjBI#1f\<i:J~;iJ ,C ~ B9i'! 
1!l1-1 - 3\<i:J;1JoiiJ3r 

2 
a = VC ® en CD' 

m~PJ~ ,cD=z12l. m@®WJj.\;1~ 

aCn =1w2l. ® 

Jt1f\<i:JYS- CD 1f\<i:J. 
rOO*7HJr C,~YS-~A'TffCD 1f\<i:JB9;1JoiiJ3r, ~P-j;}]\<i:J;1JoiiJ3r aCt. fZ;l1J BC ~ 

~1J'l1ff ,m!:J. C,~ffix;J- B ,~B9iE;iJQ tili~~ B B9~;iJ, C~ffixt B ~B9iiJ3r1f\<i:J 
~'~A'Tff BC. ~ VQj~ffiJtl!&B9*/J\,;ftH~l!J3r-g-nX;0j.\;,;ff 

VQj = VC - VB . 

o-h JL""-¥- "" >g - -I 2 2 _12 _12 lPl -IPJ7C;)'dv VQj- VB -VC -TVB -:-TW . ® 

m T C l~,~ B ,~{lfiml~iE;iJ ,ffix;J- B AB9 \<i:J{,';1Jol!& 

VQj2


aCB== . (f) 
CB 

- 12
fZ;l1JCB=12l,"/P(;ff aca=4w2L. ® 

Jt1f\<i:J~Aff CD. 

m(2)Alitl!l 1-1-3 PJ~ ,B ,~B9;1Jol!&Wi BC fFB97tii1J 

_ 7C 12 2l( aB ) a::;-aBCOS 4=Tw . ® 

Jiff!:J. C~ffixl A ,~(A. D 4th) B9;1JOl!J3rWi~ATfF CD 1f\<i:JB97ti!: 

2LaCt =aca + (aB)a::; =3;w . ® 

C ~B9a~l!J3r1Jc~.D?jjb{lfiml~iE~B9~\<i:J~iiJ3raCn~m\<i:J~l!J3r ~ 

B9-g-;1JoiiJ3r , ~p 

aC= ,JaCn2+ac, 2 = ~w2l. ® 

aC B91f\<i:J~ffCD rBJB9~jH 

y=arctan aCt =arctan6=80. 54°. @
aCn 

_ __ ~ _____ '#._;g~Jj.2_.;:..._____ 
.<:",1-' 

J' 
• 

~$=:~u~ilil*- C}~;1JoiiJ3r . !:J.~JE .~ A 1JJffi c 
}i;d'F-1t ~ ~ f/f, -* Axy ,Ax !iIIl ~ AD ~ -g- ,Ay ?jjb ~ 
AD ~1t. ffJ&i:BHIJ t, jUt t8 {iz% ~o 00 1-1-4 Pffffi. !1t 
BI ,~fFB9f}I~7t.£IJ)fj B,<p %11 a *ffi, RB~AB= L,BC aA D 

=J2L,cD=z12 L,AD=3L, ~~=-W. c ,~*~/f,~ffi1J lID 1-1-4 
x 

Xc = Lcose+12 Lcos<p. CD 
Yc = IsinB+12 Lsi ncp. (2) 

~CD(2)WfA7tjjIJx~B1rBJ t ;J<:- ll1it'&1m ,1~ 
dxc __ L( 'nB dB + 1n2 - Qp) @dt - SI dt v z. sm<p dt . 

dvc ( dB In dm)==L cosB- +v 2coscp = . @)
dt dt dt 

fE@®Wfs:~:5t:£IJ x;J-BlrBJ t:;:j<: - 1lJ'ft'&1m ,W 

d2 d2 B d

2 

. [ ( dB ) 2 ) 2 ({) l _ X c = _/ cose - + sinB - +12cosm (d9P +12sin'" - :;- . ®dt 2 dt dt! r dt r de J 

d2Yc _ [ _ . (dB \ 2 d2B_ _ (Qp) 2 _ tpl rdt2 - L smB dt) + cose dt2 12smcp dt -j J2 coscp dt2 J 

:mm;JL{OJ*-*, ~ 


CDsina= ABsintl+ BCsincp. 


CDcosa+ ABcose+ BCcoscp= 3L. 


I:lP 
212 sina = sinB+12 sincp. (J) 

z12 cosa= 3- cose-12 coscp. ® 
~i}(f)®w.J j.\;~1fJ6 j,:§;1Jo R ft rn ,1ft 

,./2sinBsincp+12 cosBcos<p- 3cosB- 312coscp- z= O. ® 

f-e®j.\;x;J-B>tIi3] t*--~j[v&ilil,;JfftAB=; ,cp= ~, ~~ = -W'1~ 
Qpdt =.l ®2 w. 

fE®j.\;xtBlrBJ t *-=~j)-~m ,#-f-tA..tJ£1&* '1~ 
tp-l.. @2 
dt2 - 8 W • 

~@)@w;jA ~J.lit B,cp, ~~ ~1&mf-tA®®w;jj.\; ,1~ 
d2 d2 

Xc _ _ 5 l 2 Yc __1..L 2 
dt2 - 8 W , dt2 - 8 W . 

}iff t:J. GC =" / (d~1 2+ (d~~~f- =~LW2 . @ 

mailto:m@�WJj.\;1
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---

_~-_~ ~.1'tW:fr -.-----------.- . ..-c: 
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2- 2 f'i'i' jJ }i: ~ 3& IJt 1£ 'JUt.:r TID fJ IJ~ £( [ill f'B. Q 

~--t'N 

Q 

k-~~-f-~~~~~,~~~ . ~ ~ . ~~ 

.tUP K If if E ,B !It ~ JJ p l.. trAf.?drc tl:djUf P4::l=Jf2{ R::J 1 
DEF jiBCP fP ~ tf CF ,MP ~ lJ... tJ~ *- MON ill H I \ f 

Jk. .-% :ff W5 1'1i T A, D !It &7 JJ p 7HHE:J: ~ f.f- D 
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UU ;jtH\S!ffi~, im:ttt~j]a~Til"b G ;fQJ)iiJ"lJVJ1Til"b S EtiJ1li: :l!l:~@fft9<R:ljZ-f~Bt, tl 
.Yi1~ MON ,tfl!(rr ABCP ,DEF 1:,;,~~r,0iS' Q t~;@:7j(3fEr''J ,~H MP ,CF t~:!ik!\§:HEtiJ. 
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T~tf DEF, 't;(£ E ,9:~¥iJ rt;]Tfl<JfFfflfJ (391 "fJ{.lL f,,"j1Jt, r iiO ftJf-i3LS i] "11: JfJ}]"~ 
Jt.:tlH'dhJfi p¥hP{(.:)1t JfJ}]) El9je/J\ W 2 • i&[i£ F }~~:tIJrOL.tfFfflfJ fl<Jje/J\~ W/,:ijZ

~BHf 
w2 • DE=W/ • DF. (g) 

xcJ~fF- ABCP ,:{£ B }~Jt¥U!oJr fFfflfJ fl<Jje/J\~ WI' tE C,~5t¥IJ !oJrfl<JfFttl 
fJ89:;kIJ\:tJ wz'. ~tE P }~5t¥U(cl...te<JfFfflfJfl<J*/J\~ W3 ,f-1fitrS;f~ 

W3 • AP=W! • AB+W/ • AC. ® 
EB CD~Q)=rt;1~ 

- - DE (- - DE)~·M=W·~·=+W M-~·=
DF I DF . ® 

~f£it!Jm1:Ef-B...tfl<J1:lz.i':/G~jD(oJ W3 e<Jje/J\,Jl)t&'~m:f<: W3 ~ WI X5c,£;!P1f 
- - DE 
AB-AC' ==0. ® 

DF 

m&t~iJl.,AB ,DEAC,DFJj)zrfWtE895c¥~ 

AB DE 
@

AC DF 

d~ (2007 . ~OO:'\o/Jf1'ffi~;\'E) :liP ill 1-2 -3 fJi 

;iF, ~ - mt: EtJ ,4- H' jig a, f*J ~;)(; 1rl ft'; 4- J.4Uf}<ri: (z,'t. p 


5<t. T 7J<.~H.i1I) ,0 jig '*'\" . .Jfl f*J jJ it - J.9:t:! jig m, it!."* 

jig a EtJ $ it!. ~mJf}:l:8 5j l!J -tR ABC. tlUlfJ JYi ,p'; A 1ft T ~ 


f*J iii 1rx. ,~ , :<.,.~ i19 :I;lflf. ,p'; Jt :xt JYj ,P.; A :1f ik i'P ;\~ J!Z {( A ,R, B 


.:f lit 1rl iiIJ ctb.. JZ ~Ut A,?, #iJJ). 


(1) ~ ~m}f; 3lJl. fff. :It .iU f wilt, 5jt tB -Bt Jt Tj( ,R, A, A 
[1] 1-2-3 


B, C EtJ 'it JfJ j; EtJ *- IJ\:tr- jig %l' ? 


(2) ~;fff.Jt T 1:.:1£ ffitJ17I. it-Ilt ,*~,*:xt A ,p.; 8~ ~ JIz, 11 t ~Uf ~ 99 fUtl: ® 1:. 
fA j\j> Ji7f f;.# § ill 1rl i)J , 5jt.tl:~ J6 ~mJf} rJl.f,x. iiJ Ii~ ~~ EtJ Jtk *- i}J ~t. 

[:5ttTl IOJ~(l)~-i'D1jZ~IOJ~, ft!?t~B\jtt~ill,E§X1fiJ1ll1, ~FoU3!aI9= 
J'J:ljZ~IOJ~. IOJ~(2) ~:fJl.t:llt§g'gfE:IOJ~, :W8'9~f3g~{t!'9t8'9iWf3g. 

un M;!-: (1) 6§ A ,9:lliT40:f;J(%mfl<Jm:1ft9:, ~jll~ftI%f\lJ;f&B<] BC it!. 
-JE?B-7j(f:!JrPl. fFB:~ OB ;fj] OC, I!I 0 ,8 ~-¥:f;J(%m89:tj(,c.., ,A, B, C:f$JtEttw 
...t ,i\'j:1f 

OA=OB=OC=a. CD N8 "" Nne 
EB T 6ABC :fi!::~jll =:: ftI % ,1i!IJ Ne 

AB=BC=AC=a. (g) 

i'i9: OABC ~JEll!llID1*,:lHlm 1-2-4 JiJT7j\. =ftI%1W 
.:f&mJt8gfJ~ : B 

a. B,C~mWM.:f&fl<JfFJflj] NB ;fj] Nc,:f$J~llT A 
m1-2-4 

*-~ 1J @- - ._- -

~ ~.'" 
li:9E:W ,:f~!oJf*{" 0. YEBX;ffI;tt. PJIj;Q 

NB = Nc . ® 
't1f1J¥Jif.j] Nrr ?B'L:COB fl<Jffl.3f:5t~ DO fl<J:!J!oJ ,Jt:je /J\~ 

N rr =2NB cos30o =J3NB • ® 
- - J3

DOfl<J-KJJt DO=OBcos30o=2'a, ® 

b. :i:fJ Fe, ;ltje/J\ Fe =mg. @ 

'tfFfflf6ABC 89it{"G. G .81:lzTAD ..t , ~ A ,8ag~E.~ 


- 2- 2- J3 

AG=3AD=30D=3a. (J) 

;l't:!J!oJ ~ OA f 1i, it: j] 1.fz TOAD f- iii pq , !j OD t§ X. ffl P .8 ;~Vf;;It X 
.8 ,91IJ 

--J3
OP=AG=-a ®3 . 

c. iimWtE A ,8fFfflfl'ilj.1'.&8¢] t"J y;Rj] ~ N A , iUJ1& CA, or N 0 
.1 

~ ;;\.MiJ.ri.£'e!JiiO#. OABC)1:E Nrr ,Fe ;fj] NA ~fJfFfflr*ff NB C A 
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ljZ-~j, i!~1'fJJj)ztE[j5]~3fWpqfL;J:t8, tlp NA @.~ Fe ;fj] N rr P 
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A
wL:DOA=a,91U L:ODA =1(-2a. 001-2-5 

f:E6ADO tp , EB JE5~;:EJj1f 


a J3a 
sine 1(- 2a) 2sina' 

El:lJJtPJ1~ cosa=1,sina=H· ® 

wL:OAP=(3. iE60PA tp, EB:#d~JEJj1~ 

AP=Jta2+a2-21a2(1) =Ha. 

/ A P OP OA
EB JE 5t;:E Jl!l.1~ - . -:--n(3 --:---(+(3)'

Slna SI Sin a 
N"{2 J3 


tlP V 3 a 
= 3 a a (ill) 

Fe 


sina sin(3 sin(a+(3)' 


Fe ,Nrrfll NA ~j]3f~, 't1f1Jj)z%JJ.l(;Mffi 8<]~m%, ~D [3j 1-2-6 
 Nac 
[1]1-2-6JiJTJR. EBJE5~5EJl!l.1~ 
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J 

ljZ-~j, i!~1'fJJj)ztE[j5]~3fWpqfL;J:t8, tlp NA @.~ Fe ;fj] N rr P 

t~;(£ OAD 3f lID pq fL jffi n P ,8, ~D I!l 1-2-5 m7f;. :(£ D I n 

60DAtp, 

- -J3 t
OD=AD=2'a,OA=a. Fe 

A
wL:DOA=a,91U L:ODA =1(-2a. 001-2-5 

f:E6ADO tp , EB JE5~;:EJj1f 


a J3a 
sine 1(- 2a) 2sina' 

El:lJJtPJ1~ cosa=1,sina=H· ® 

wL:OAP=(3. iE60PA tp, EB:#d~JEJj1~ 

AP=Jta2+a2-21a2(1) =Ha. 

/ A P OP OA
EB JE 5t;:E Jl!l.1~ - . -:--n(3 --:---(+(3)'

Slna SI Sin a 
N"{2 J3 


tlP V 3 a 
= 3 a a (ill) 

Fe 


sina sin(3 sin(a+(3)' 


Fe ,Nrrfll NA ~j]3f~, 't1f1Jj)z%JJ.l(;Mffi 8<]~m%, ~D [3j 1-2-6 
 Nac 
[1]1-2-6JiJTJR. EBJE5~5EJl!l.1~ 



_5f3-~ _~itw» ------- 
NA _Nrc Fe @
sina - sinf3 = sinCa+,8)' 

EE®@~®®@~~1~ 

NA = mgsina _./6 @sm(a+{3) -3mg. 

1 . _ -1. mgsinf3 . @NB =Ne=13NIr -"'3sinCa +,8) 

1ml No=Ne=3mg. @ 

(2) Jljlf.r~xt A ,#:a~~~*,i6,kB,C :=:]Jl,#:*t}..A. rtlt .0 
, " ," 7f!l~nHilliN?hi]. EE :xrw,·t:tPJ:J;Il, r#;f)i:ittT7j( ffiL:!:Bt 1l[ I ' ,,

'L'm:ff£ , )j, Tm1l[JJ'i#~~~/J \. ;!fHNvl~~~~'m:5i:~ , JttM 
~f&.a<J~~~Rt*, iW;ftidl<] 11[ ' I~' *{$ ~ 0 ,#: if r Jf B"J e' 

,,}2" !Ill 132 1- 2-7 Jifi$. EE JL1iiJ JdU:j'7§" LtilJ(1)~, e' ,#: 1§ ,,,x;jf.iP. :I!Hf£ ,~, (t-] ~ J3f. 
Ic B -- '-"-4 

h'=a-CX;' =a-VCDA)2_CAG')2 =(1-"; )a. ® -OO -1~--2---i-- ' 

A ,#: t!1~"J*:Ill.ltlJ.;f)i1l['L'~ e A Ii! 00 1-2-4 PJ~ ,e ,#: *13xt~Ui{f,\;,#:i'l"JiWi)jf 
h=AecosL.DAO=Aecosa. @ 

1i! (1)®~~PJ~ h=~a. @ 

El3 ®@~~PJ*1~ , jlfJ{&JA A ,r2,~~*m,*iIJ n=f7J(f;{j(0i1~~F, ~m:'L' (lljJl 
~~'%ff a<J:m:jcffi, JA W* I±l ~JJ~fj~~~':I!:g'~:&ijcm, ~Fo ~n* .f~, i11J;fJUV(f a<J ~* 
~fj~~ 

./6-2Ek =mg(h - h') =-3-mga. @ 

M$=: (D ~ :=:~~~1&9l:T1fL~;{j(;$B1, ~Jm 

:xtfF1'1 ,BC&HiL T i1 B ,C w;j ,~ g'~ 7j( f JQlj lID pq , IV- O',~ 

*$Jtt7j( fllID iNa<J UBJ'L' ,!Ill 00 1- 2 - 8 Jifr$. 1i'.i!l pq ·Mf:;l(lID 
a<] f~'L'~ O,~ ,mu 0' ,A ,O :=:,~1~Ht: =fIii'J-~~H~ 

J: • EE T B, CB n -~ I;j( ilii 1U!h:itt ~1l ;lHtma<J , fj( Wx;j B 

~WJ ,s BS f1=. ffl JJ tH~ I<il I;j( lii Et~ I;j( 'L' 0. -0- N o ;fJ:J N e ~ 
jjIJ*$~w;j1-JJ Ei"J jc/J\ , EE x;jffl"ttPJ~ A 

001 - 2-8 
NB=Nc. CD 

f2;1:f;)lj[j i'I"J=¥15:~T~Jll:=:~~ a<JJll *, ,60AB ;fJ:J,60AC t~~~Jll:=:~~ ,$. 
L.AOB= L.AOC=B=60°. @ 

:te NB ~fff1f..Q\till~HJfI<il i'I"J:51-:liJ: N D.L fnfiLT7j(Jf-Wpq a<J~:fil N Oli ,.V1U1f 

NB.L =NB cosB= NBcos600= ~ NB • ® 

,>!!,
• ~-~ 1J --~---------- ~~.p..•NBII = N Bsin8=NBsin600=1 NB. ® 

1ii'J1JI! ,li 

Ne.L = NecosB= Necos600= ~ Ne. ® 

Nell = NesinO=Nesin600=1 Ne. @ 

NBII ;f!l Bo'lf-1l', Nell £j co'Jf-1l'. t~1fL1l'T IV- 0' #,i,~ rn1I,c,., a<J7j( 1fL rnlI j[j. PJ ~j 


reJt~1-JJ~i1J~,c,,~ 0' #,i,a~7j(1fLlMljIijpq ,!llll!ll - 2-9 Jifi$. NBII ~ Nell a<J1tJJ ~ 


N il · 

~jIij~$f1=.mT:=:~~~~a<JJJ~~PJ:51-~~ill 
'!liHJfl<ila~?tjlNA.L ;f!lfiLT7j(1fLWpq~~:i: N AIl . ~= 

jfi~~:t&JtilJJf-~at ,li 
NA/I =NII =2NBll cosa- (J) 

mg- NA.L - NB.L - Ne.L =0. ® 
Ii! 00 1-2- 9 PJ~, rn1I'L.'~ o'~7j(Jf-OOjIija<J¥15: R, &p 

~~ o'B ~~Jll,60AB ~it .~li 
00 1- 2-9 

R=aSl =Za.'nO=asm. 60° 13 ® 

EEOO 1- 2-9 ~ 

o'D ~(-f )2 ./6 
®cosa=R R 3

EEIV-J:li~~~, (J)®~rtPJ~~~~ 

NA/I =J2NB • @ 


NA.L =mg- N B • @ 


~=jfi%~:t&JtiUJf-~at ,f1=.fflT=~~~~JJxt BC Jll~JJ~,g,;fJ:J~T~. 


1'18 ,Ne J!liBC Jll.xt BC JllxJJ~f1=.}fL Rli N AIl ,NA.L ;f!l~JJ mg xt BC JllliJJ 

~ f1=. ffl. -'!l~at ,li 


@
NAil ( ~ )+mg( ~ o'D )-NA.Lo'D=O. 

@EE®®~~PJ~ o'D=1R=1a

ro J2EE@:itf-tA@:it ,1~ NAil =" 2 NA.L -3mg. ® 

1 ®EE@@®.&CD~1~ NB=Ne=3mg. 

J2 @NA II =3mg. 

mailto:EE@@�.&CD~1


_5f3-~ _~itw» ------- 
NA _Nrc Fe @
sina - sinf3 = sinCa+,8)' 

EE®@~®®@~~1~ 

NA = mgsina _./6 @sm(a+{3) -3mg. 

1 . _ -1. mgsinf3 . @NB =Ne=13NIr -"'3sinCa +,8) 

1ml No=Ne=3mg. @ 

(2) Jljlf.r~xt A ,#:a~~~*,i6,kB,C :=:]Jl,#:*t}..A. rtlt .0 
, " ," 7f!l~nHilliN?hi]. EE :xrw,·t:tPJ:J;Il, r#;f)i:ittT7j( ffiL:!:Bt 1l[ I ' ,,

'L'm:ff£ , )j, Tm1l[JJ'i#~~~/J \. ;!fHNvl~~~~'m:5i:~ , JttM 
~f&.a<J~~~Rt*, iW;ftidl<] 11[ ' I~' *{$ ~ 0 ,#: if r Jf B"J e' 

,,}2" !Ill 132 1- 2-7 Jifi$. EE JL1iiJ JdU:j'7§" LtilJ(1)~, e' ,#: 1§ ,,,x;jf.iP. :I!Hf£ ,~, (t-] ~ J3f. 
Ic B -- '-"-4 

h'=a-CX;' =a-VCDA)2_CAG')2 =(1-"; )a. ® -OO -1~--2---i-- ' 

A ,#: t!1~"J*:Ill.ltlJ.;f)i1l['L'~ e A Ii! 00 1-2-4 PJ~ ,e ,#: *13xt~Ui{f,\;,#:i'l"JiWi)jf 
h=AecosL.DAO=Aecosa. @ 

1i! (1)®~~PJ~ h=~a. @ 

El3 ®@~~PJ*1~ , jlfJ{&JA A ,r2,~~*m,*iIJ n=f7J(f;{j(0i1~~F, ~m:'L' (lljJl 
~~'%ff a<J:m:jcffi, JA W* I±l ~JJ~fj~~~':I!:g'~:&ijcm, ~Fo ~n* .f~, i11J;fJUV(f a<J ~* 
~fj~~ 

./6-2Ek =mg(h - h') =-3-mga. @ 

M$=: (D ~ :=:~~~1&9l:T1fL~;{j(;$B1, ~Jm 

:xtfF1'1 ,BC&HiL T i1 B ,C w;j ,~ g'~ 7j( f JQlj lID pq , IV- O',~ 

*$Jtt7j( fllID iNa<J UBJ'L' ,!Ill 00 1- 2 - 8 Jifr$. 1i'.i!l pq ·Mf:;l(lID 
a<] f~'L'~ O,~ ,mu 0' ,A ,O :=:,~1~Ht: =fIii'J-~~H~ 

J: • EE T B, CB n -~ I;j( ilii 1U!h:itt ~1l ;lHtma<J , fj( Wx;j B 

~WJ ,s BS f1=. ffl JJ tH~ I<il I;j( lii Et~ I;j( 'L' 0. -0- N o ;fJ:J N e ~ 
jjIJ*$~w;j1-JJ Ei"J jc/J\ , EE x;jffl"ttPJ~ A 

001 - 2-8 
NB=Nc. CD 

f2;1:f;)lj[j i'I"J=¥15:~T~Jll:=:~~ a<JJll *, ,60AB ;fJ:J,60AC t~~~Jll:=:~~ ,$. 
L.AOB= L.AOC=B=60°. @ 

:te NB ~fff1f..Q\till~HJfI<il i'I"J:51-:liJ: N D.L fnfiLT7j(Jf-Wpq a<J~:fil N Oli ,.V1U1f 

NB.L =NB cosB= NBcos600= ~ NB • ® 

,>!!,
• ~-~ 1J --~---------- ~~.p..•NBII = N Bsin8=NBsin600=1 NB. ® 

1ii'J1JI! ,li 

Ne.L = NecosB= Necos600= ~ Ne. ® 

Nell = NesinO=Nesin600=1 Ne. @ 

NBII ;f!l Bo'lf-1l', Nell £j co'Jf-1l'. t~1fL1l'T IV- 0' #,i,~ rn1I,c,., a<J7j( 1fL rnlI j[j. PJ ~j 


reJt~1-JJ~i1J~,c,,~ 0' #,i,a~7j(1fLlMljIijpq ,!llll!ll - 2-9 Jifi$. NBII ~ Nell a<J1tJJ ~ 


N il · 

~jIij~$f1=.mT:=:~~~~a<JJJ~~PJ:51-~~ill 
'!liHJfl<ila~?tjlNA.L ;f!lfiLT7j(1fLWpq~~:i: N AIl . ~= 

jfi~~:t&JtilJJf-~at ,li 
NA/I =NII =2NBll cosa- (J) 

mg- NA.L - NB.L - Ne.L =0. ® 
Ii! 00 1-2- 9 PJ~, rn1I'L.'~ o'~7j(Jf-OOjIija<J¥15: R, &p 

~~ o'B ~~Jll,60AB ~it .~li 
00 1- 2-9 

R=aSl =Za.'nO=asm. 60° 13 ® 

EEOO 1- 2-9 ~ 

o'D ~(-f )2 ./6 
®cosa=R R 3

EEIV-J:li~~~, (J)®~rtPJ~~~~ 

NA/I =J2NB • @ 


NA.L =mg- N B • @ 


~=jfi%~:t&JtiUJf-~at ,f1=.fflT=~~~~JJxt BC Jll~JJ~,g,;fJ:J~T~. 


1'18 ,Ne J!liBC Jll.xt BC JllxJJ~f1=.}fL Rli N AIl ,NA.L ;f!l~JJ mg xt BC JllliJJ 

~ f1=. ffl. -'!l~at ,li 


@
NAil ( ~ )+mg( ~ o'D )-NA.Lo'D=O. 

@EE®®~~PJ~ o'D=1R=1a

ro J2EE@:itf-tA@:it ,1~ NAil =" 2 NA.L -3mg. ® 

1 ®EE@@®.&CD~1~ NB=Ne=3mg. 

J2 @NA II =3mg. 



__._~-LlJ._~§[l.?j__ ---------- .. 
NA.l = 2mg . ®3 

16en NA =3mg. ® 

(2) ~11ilf~X1 A,~~~*il'j' ,A , B ,C .:::::]Jt~~iEf~iHi PikA 1l¥J.t.ff~mZ9J. ffHiS 
xtf*'i":!: OJ 9iO ,~':ff- Bt~HW.1&~'T7k3f1lzil ; ii'ij.§.JttBt1&~ ~>c,' ~1~, llfJ~~~~ 

/J\, lllJ:fP.~:ff~;fJ~~l&*,~-ZJM~* § iW:fP.~Y ~llfJ~~~. 
1£rn 1-2-8 r:p,6ADO'j;;li~ =~JB,-~lifflJi1 Dd1lz'T7k¥tLil,J3-~ 

lifflJt1. Ad1JL'T'A£litLil, = ffl JBrilJt&~ll'L.' C 1JL'T#.H!IAD ...t. ~ A ,~~Re:I*jj;; 

( ~ )AD, ~ll'c" C ~~~ 
2 - , 1 

h=3AO =3a. @ 

~':::::ffl%lllJt&~':::::~Ji1tL'T ~-*¥~~iHiPi ~, ,:0 
" =fflJB~ll;c" c' .!=JJt':::::Ji1mtE~iHi~~,c,'llif, ~J]rn 1- "," , ,, ' 

2-10 m~. EE:ff*~A;1~ 

- , 2-j 2 (a)2 
" c: 

j3BC =3 a - 2" =3a. 

(X;'=JCOB)2-CBC')2 =Ja2- ~ a2 =V;a. 


001-2 -10 
i!Bt ,':::::fflJB1Wt&ll 'L' G'~~~ 

h' =a-16a=3-16a ""'1
3 3' '01 

r.w:t&s.g~*;iJfl~ Ek= mg (h -h,) =16-; 2mga. @ 

_ IiiIH ... (2005' ~@I~J!Ni.IIa ) ~1r -~W-1it i~j ki.t ( urI%:1~t-\(.J.t!!,~!:;f:t. ), 

-~Isj J$.!JIg *JJ l tJi91r ~1 ft, ~,R, ft -f" jilij ,R, tJi9:tlZ , - ~ *- :l3cJJ<.Jfi::m: /f it tJi9 ~ ~*, . 

-j;l(ffl :it~~#i~it - ;Y;:~~fl (~;t @,:to -.T-~ J!l ), i@.:i± -*3.l1~ it (5!¥-* i~lJ fJ it f'...;1t 

1Jt: - i.k. -.T-~ ) ,*- ill *-:I3c ~m:t;fP lZ alg J$. if. ( e..~y fJ ;?n:it~jI; g) 

[7ttJTl Jtt~gmnH:sJZii~~*@1. 

nu 31Vi'- Jill 1J f1[Blj'! Ji~~ fJ it~ tt!/f , Jill
¥.I1:~~f~JiX;-fF, 11tE ~lj'! *~~ fJ it~tHli1I., iJ:li c 
R~tE~fFr:p,fF .!=J liR~~ifJIl!B8;t~liR(j~~ 0 X, \I 

11,~, '2¥fR?tj;;*m~~~W>J¥.I1:. )1HI!I~~11* :::.........--,--..u.. M,....---x2---:

#(11iEliRtsCm ~-¥.I1:I., ~ 'LdJWjJliR~11 ,~ 

'&*#(~11,~ f1<J1lzil, 1tliR¥1fI!rtE7k ¥1lzil (jI; m 

.f,t i*i ~Hb*~-It ,~ iIt1x. ,,:::, !: ~i .?, {!l Jlb&AE ) , ~J] rn rn 1-2- 11 

1-2- 11 m~. i&*#(M:iij;; m, liRJ.9tiij;; M. i2.T=~11,~iEliRI.~W;~ X I , 

.~-~ .R. . _ ~ .. 
-d~ f"'" 

xz, ~lj'!~~tlfJitw;~ c. EE3f~~#~rn r:pmi9:~liR~~iJJJt~B<J1lz :,£:ff 
(m+M)g=C. CD 

mg(x2 - XI) =Mg( f - X2 )' CZ:> 

CDCZ:>A;1f*:sL OJ 1~ 
C(l - 2X2 ) Q)m= gCi-2xl ) ' 

M = 2C(X2 - x , ) @) 
gCi - 2x ) . 

-iiI!l~ (2002 • ~OO~JINifiJlg ) 2002 if. 3 JJ ~ 00 ~t jJ:!t!!, IK it~ r:lit 10 4
31d~:1'" i: b9 »' ~-i~~. ~~ 0-' ~ 1. ~ J6 tJi9 ,t~ ~ j'.\J 1t JJ:!It! r ,tt:lit: v JJ ~:R rIiJ 1. b9 

}X\.~ , 0-' ~~{i~~~J6 ;!F1-11 ~ 0/ (;r-#;). :ii. at }X\.;<t»' ~!191t ffl jJ #J :b1-f" ~ "\, /f 


~W ~~~~ftv ~:RrliJr~~ DtMt~ mjJ.~mjJ~m r~*~ 
J=apA rJ . 

Jt 0/ a JJ - *ij& ,A JJ 0-' ~;\1J:{i!JIg ~W{R ,p j] ~ "\, *It. 
1. ;~hj'{ib9*ltp, =2. 8X I 03 kg· m-3,;y:;t~{iJJJ*JfJ, # 1£ r = 2. 5X 

10-1 m,:!t!!, J.t*oojt~"\,\1'ftpo =1. 25 kg · m-3 ,a=0. 45 , i;'(,1t~11:l~Wm:lit,1. 

:l£ v tJi9 m: 11' 1.fi v I . 

2. f~Jt ~ "\, \1' It p Fit ~ ft h !J~ ~ 1t jU~ JJ p= po (1 - Ch) , Jt 0/ po JJ h = 0 jt 


~~"\,\1'lt,C JJ-#j: ,C= 1.18X 10-'m- 1 ,-j;l(1t:J¥::b1 v=9. 0 m' 5- 1 at,~;j.'g~ 


-1k. *-~ ft. (;r- of;.t, YfJ ;?n:it~1%: i*i ~1r0 :t1t) 

[7ttJTl ft11'JgW-flI)1i~~DHJ'E~~, ~D:'2tB~1.J:sJZii75f~, )1!ffiJg*~~ 
;a~. 

UU 1. :f£JilliHillftJl[, tJ,'~tm~~~~~~iE~ r:p, JilV~~~.§.j] Jtj>EY:.!=JllfJ 
¥~J,!!n 

apoAvl 2 =mg. CD 
~r:p m j;;tJ;~~~8<JM::Ji, ii'ij 

A=n? CZ:> 
4 

m= 31T,-3 p,. Q) 

J 48,g-:.1~ VI = 3 apo . @ 

ftAJ&m;1~ VI =4. 0 m ' 5 
-I ® 

2. mPh ,h ?tJJ rJ ~7F v=9. 0 m • 5 -
1 Bttm tJ; irJj6~ :a:~!it~~~~;}.t~~JJt, 

JilV:ff 
pI. =po (l -Ch). ® 

JttBtCDA;EY:j;; ap"Av2= mg. CD 

EE CZ:>Q)®CD~OJfWH~ h=...l (1 -..±.:.&K ) ®C 3arJpo ' 

http:2�fR?tj;;*m~~~W>J�.I1


__._~-LlJ._~§[l.?j__ ---------- .. 
NA.l = 2mg . ®3 

16en NA =3mg. ® 

(2) ~11ilf~X1 A,~~~*il'j' ,A , B ,C .:::::]Jt~~iEf~iHi PikA 1l¥J.t.ff~mZ9J. ffHiS 
xtf*'i":!: OJ 9iO ,~':ff- Bt~HW.1&~'T7k3f1lzil ; ii'ij.§.JttBt1&~ ~>c,' ~1~, llfJ~~~~ 

/J\, lllJ:fP.~:ff~;fJ~~l&*,~-ZJM~* § iW:fP.~Y ~llfJ~~~. 
1£rn 1-2-8 r:p,6ADO'j;;li~ =~JB,-~lifflJi1 Dd1lz'T7k¥tLil,J3-~ 

lifflJt1. Ad1JL'T'A£litLil, = ffl JBrilJt&~ll'L.' C 1JL'T#.H!IAD ...t. ~ A ,~~Re:I*jj;; 

( ~ )AD, ~ll'c" C ~~~ 
2 - , 1 

h=3AO =3a. @ 

~':::::ffl%lllJt&~':::::~Ji1tL'T ~-*¥~~iHiPi ~, ,:0 
" =fflJB~ll;c" c' .!=JJt':::::Ji1mtE~iHi~~,c,'llif, ~J]rn 1- "," , ,, ' 

2-10 m~. EE:ff*~A;1~ 

- , 2-j 2 (a)2 
" c: 

j3BC =3 a - 2" =3a. 

(X;'=JCOB)2-CBC')2 =Ja2- ~ a2 =V;a. 


001-2 -10 
i!Bt ,':::::fflJB1Wt&ll 'L' G'~~~ 

h' =a-16a=3-16a ""'1
3 3' '01 

r.w:t&s.g~*;iJfl~ Ek= mg (h -h,) =16-; 2mga. @ 

_ IiiIH ... (2005' ~@I~J!Ni.IIa ) ~1r -~W-1it i~j ki.t ( urI%:1~t-\(.J.t!!,~!:;f:t. ), 

-~Isj J$.!JIg *JJ l tJi91r ~1 ft, ~,R, ft -f" jilij ,R, tJi9:tlZ , - ~ *- :l3cJJ<.Jfi::m: /f it tJi9 ~ ~*, . 

-j;l(ffl :it~~#i~it - ;Y;:~~fl (~;t @,:to -.T-~ J!l ), i@.:i± -*3.l1~ it (5!¥-* i~lJ fJ it f'...;1t 

1Jt: - i.k. -.T-~ ) ,*- ill *-:I3c ~m:t;fP lZ alg J$. if. ( e..~y fJ ;?n:it~jI; g) 

[7ttJTl Jtt~gmnH:sJZii~~*@1. 

nu 31Vi'- Jill 1J f1[Blj'! Ji~~ fJ it~ tt!/f , Jill
¥.I1:~~f~JiX;-fF, 11tE ~lj'! *~~ fJ it~tHli1I., iJ:li c 
R~tE~fFr:p,fF .!=J liR~~ifJIl!B8;t~liR(j~~ 0 X, \I 

11,~, '2¥fR?tj;;*m~~~W>J¥.I1:. )1HI!I~~11* :::.........--,--..u.. M,....---x2---:

#(11iEliRtsCm ~-¥.I1:I., ~ 'LdJWjJliR~11 ,~ 

'&*#(~11,~ f1<J1lzil, 1tliR¥1fI!rtE7k ¥1lzil (jI; m 

.f,t i*i ~Hb*~-It ,~ iIt1x. ,,:::, !: ~i .?, {!l Jlb&AE ) , ~J] rn rn 1-2- 11 

1-2- 11 m~. i&*#(M:iij;; m, liRJ.9tiij;; M. i2.T=~11,~iEliRI.~W;~ X I , 

.~-~ .R. . _ ~ .. 
-d~ f"'" 

xz, ~lj'!~~tlfJitw;~ c. EE3f~~#~rn r:pmi9:~liR~~iJJJt~B<J1lz :,£:ff 
(m+M)g=C. CD 

mg(x2 - XI) =Mg( f - X2 )' CZ:> 

CDCZ:>A;1f*:sL OJ 1~ 
C(l - 2X2 ) Q)m= gCi-2xl ) ' 

M = 2C(X2 - x , ) @) 
gCi - 2x ) . 

-iiI!l~ (2002 • ~OO~JINifiJlg ) 2002 if. 3 JJ ~ 00 ~t jJ:!t!!, IK it~ r:lit 10 4
31d~:1'" i: b9 »' ~-i~~. ~~ 0-' ~ 1. ~ J6 tJi9 ,t~ ~ j'.\J 1t JJ:!It! r ,tt:lit: v JJ ~:R rIiJ 1. b9 

}X\.~ , 0-' ~~{i~~~J6 ;!F1-11 ~ 0/ (;r-#;). :ii. at }X\.;<t»' ~!191t ffl jJ #J :b1-f" ~ "\, /f 


~W ~~~~ftv ~:RrliJr~~ DtMt~ mjJ.~mjJ~m r~*~ 
J=apA rJ . 

Jt 0/ a JJ - *ij& ,A JJ 0-' ~;\1J:{i!JIg ~W{R ,p j] ~ "\, *It. 
1. ;~hj'{ib9*ltp, =2. 8X I 03 kg· m-3,;y:;t~{iJJJ*JfJ, # 1£ r = 2. 5X 

10-1 m,:!t!!, J.t*oojt~"\,\1'ftpo =1. 25 kg · m-3 ,a=0. 45 , i;'(,1t~11:l~Wm:lit,1. 

:l£ v tJi9 m: 11' 1.fi v I . 

2. f~Jt ~ "\, \1' It p Fit ~ ft h !J~ ~ 1t jU~ JJ p= po (1 - Ch) , Jt 0/ po JJ h = 0 jt 


~~"\,\1'lt,C JJ-#j: ,C= 1.18 X 10-'m- 1 ,-j;l(1t:J¥::b1 v=9. 0 m' 5- 1 at,~;j.'g~ 


-1k. *-~ ft. (;r- of;.t, YfJ ;?n:it~1%: i*i ~1r0 :t1t) 

[7ttJTl ft11'JgW-flI)1i~~DHJ'E~~, ~D:'2tB~1.J:sJZii75f~, )1!ffiJg*~~ 
;a~. 

UU 1. :f£JilliHillftJl[, tJ,'~tm~~~~~~iE~ r:p, JilV~~~.§.j] Jtj>EY:.!=JllfJ 
¥~J,!!n 

apoAvl 2 =mg. CD 
~r:p m j;;tJ;~~~8<JM::Ji, ii'ij 

A=n? CZ:> 
4 

m= 31T,-3 p,. Q) 

J 48,g-:.1~ VI = 3 apo . @ 

ftAJ&m;1~ VI =4. 0 m ' 5 
-I ® 

2. mPh ,h ?tJJ rJ ~7F v=9. 0 m • 5 -
1 Bttm tJ; irJj6~ :a:~!it~~~~;}.t~~JJt, 

JilV:ff 
pI. =po (l -Ch). ® 

JttBtCDA;EY:j;; ap"Av2= mg. CD 

EE CZ:>Q)®CD~OJfWH~ h=...l (1 -..±.:.&K ) ®C 3arJpo ' 



__-"'~-~_ ~it&ll:7} 

{-tA!£tt\lH~ h=6. 8X W m. 	 ® 
-a&..- (2003 . ~OO!IWI.UHU~D ;)if -#f~JV R if.; 00 ii A, 

#- .Jl:. it ~.f-:l~1liLl, :#-lj 1£ R:lllf W;ffi *~. jJi!AL~ - ~:i[ lj A t§ 
~ ,#f£n r89 :tRim ooti B,)f]-t:J;k:;f 00 ii A,:J% B litit A ir-7 L 1lif, 
:#-'iitz.lj:llifW;ffi*fij!I!,3tp !1j 1-2-12 J'jf7F,MJ6~-t. 

~ ft:p 00 ;ji A lj :l~ 1lif if.; '!if lfd~ I!J 'Ii!< n O. 20, pij 00 ;ji .z rBJ IJ~ 

w~~1!J #J.n 0.30. *il-t J6, moo;ji%fj~1*# IE ;;f-IJ'J-t~, I'D) 

ooiiBlj~llif~if.;••• I!J'Ii!<~oo;jiB~#@rif.;.~S~ 
fi!..1ti. ~1t? 

[5Hffl )2~-l'~:JJ~rq]~, §7t~:5jtff A,B pff~ffi 13l1-2-12 

:JJ, J.tHffi,§~'8{rJpff~:JJD.JJ~ffiljZ~, p,:~ilifj~*MLB. 
U-ll tt.t.I2iIH B J5, 12iIt:t B 1f ",J T ili. 191 e9f~ (0] ,xt I2iI 

11= A jfll~ OO~J±fJ ,12iIt:t A ft1l! [Ii] T [Ii] tr.ft191, xt~ jij¥9:~ J± 
fJ. f-~~~~t¥ftirl!,#:i'l"J~~fJ*~lftS9. f}1;i&*~Ml:Tf-~ 
Vt~, ~[2i]t:t A ~±i!lrnrS3lEJ±fJ j;; N1, 7Kj fffttAUJ 1.; Fl ; rnll 
tt B ~:lt1rnrB<JlEfffJ 7J N2 .~1[~f~fJ ~J Fz ,~1! A ~rnlltt A 

B S9lEfffJ 1.; N 3 ,tJJ [Ii]~1*fJ j;; F3 ; [Ql]t± B ~rnllttA i¥JlE J± 
fJ 1.; N/ ,tJJ [Ii]~~fJ j;; F/, ~Q [I 1-2-13 m5F, ~ fJ lV. [l5F 

j][Ii]j;;lE1i[li]. 

B5;!J@l1! A Ej:tt!1.jijs9jf:jtHj~ ~~f'1 =0.20, p;lj!EUI'BJS9 
lID 1- 2-1 3 

D!¥~~iI& f'3 =0.30. i&@l1! B EjrmrnrB9~fftj5lH5Ig&7J f'Z' 
~~@lt:t~.B<J~rnrEj~mB<J~~7J~ 

i.5tm@l1!B9mt:ilt;tg ~J M" 1.; T ):j(::f:j N" Nz"'''3 lV..&7J{fi.H#3f1~tr Jififffi i'l"J F, , 
Fz ,F3 ;G-m, Tf(jj~IJ tJj p;ljlEttm~fJ filj]!J;e B<J3f~jj]fi: 

Wiltt A: 

Mg- N, + N 3 sinso+F3coSSO=0. CD 
Fl - N3 cosso+ F3 sinso= O. CZ) 

F1R=F3 R. (3) 

12i11! B: 

Mg - Fz - N3' sin)O- F3' cOS<p= O. 	 ® 
Nz- N 3' cos)O+ F3' sinso= O. 	 ® 

~~=~~ 	 @ 
EST 	 F/ =F3. 

JifilV.,{~ F,=Fz=F3= F/ =F. 	 (f) 

~r:p F {-to& Fl Jz-F3 ~ F/ B<J::fClJ,. )(~j;; N/ =N3 , 1-:£~CDCZ)®~®rm 

~~EiI7J 

Mg - N, + N3 si nso+ Fcosso=o. 	 ® 

20 

~-~ 1J ~ e--.----.------.. - . 	 -'- 
F- N3COSSO+ FsinSO=O. 


Mg- F- N3sinso- FcosSO=O. 


N z- N3COsso+Fsinso=0. 


lV..t. Q:Y~fi!,; N, ,Nz,N3 ~ F i'l"JJ{X.:s'L:1ifi, J1i1iXJ{X.:s'L:1i~ ilJ{~ 
Nz=F. @ 

N = l+sinp M ©3 1 + cosso+ sinSO g. 

N =F= cosp M @. 	z 1 + cosso+ sinSO g. 

" 2+cosp+2sinPM till},' 1+ +. g. 	 vcosSO smSO 
~@©@~®R::3f~atJifi~~i'l"JfJ ,Nl ,Nz,N3 "I9::ffi'iiJ,w,{E!. Fl ,Fz J 3 =1'

j]fl~/Ffl~Jt¥iJm~J'I9iJ&m F, ~p~@@~~;g~~B<JW¥JIt~~iI&B<Jjf,u~f.J. =1- j] ~ J~ 

~:ff -1-/Ffl~Jt¥iJJififffi' B<J F -m, tEJl~-,~;m~~':E m$Jffil/Ffl~~1#f-jf. 
1lJ'Ci'fit:IE1! B Ej~mB<J1.U!l!A fi,~~t~/F~':Em191,~* 


.... Fz 

f'z?N ' z 

Fz =1. 
Nz 

JiJflV. ,u2~ 1. @ 

Ni'f~~ttAEj~OOi'l"JfiM~B<JM~.~BR~~~•• ~~iI&j;;0= 

ES~©,{~ 

O. 20. ,ttH\S.~5E~ fS;;f'N ,;j:f.t.OO*{~B<Jfi!i!l,#:;I1#3fOOJifi$i'l"J*3f j] F, mJE 
Fl ~:;;;P l NJ ,91tllIDl1!:tE~m.t./Fm191;;j:f F, >f'l Nl ,iX-,#:~~~':Em191. 

~1! A :(£:tt!1.rnr/F~':Em191B<J*{4~ 


F, _ cosp 

@f'l ~N, - 2+ COSSO+ 2sinSO' 


ES 00 1-2-13 ilJ5;!J 

R-l

cosSO=R+r' aD 

. .; z 2.ffrsmSO=l-cos SO=R~' 	 ® 

ES~@@~~®lV.'& f'l =0.20, IlJ lV.*{~ 


1 

r~9R. 	 @ 

~P.R:ff~ r~! Rat ,fQ1I1! A tE:tt!1.rnr.t.;tfl~/Fm191. 
.§i'fit:p;lj~1!B<Jfiftirl!~.fiti~/F~':Em191~* 


F3_~ 
 @f'3~N -1+· .3 smso 

ESP:@@lV.'&f'3 =0. 30, ilJiljlH~ 


mailto:ESP:@@lV.'&f'3
mailto:p~@@~~;g~~B<JW�JIt~~iI&B<Jjf,u~f.J
mailto:i.5tm@l1!B9mt:ilt;tg
mailto:I!J'Ii!<~oo;jiB~#@rif.;.~S


__-"'~-~_ ~it&ll:7} 

{-tA!£tt\lH~ h=6. 8X W m. 	 ® 
-a&..- (2003 . ~OO!IWI.UHU~D ;)if -#f~JV R if.; 00 ii A, 

#- .Jl:. it ~.f-:l~1liLl, :#-lj 1£ R:lllf W;ffi *~. jJi!AL~ - ~:i[ lj A t§ 
~ ,#f£n r89 :tRim ooti B,)f]-t:J;k:;f 00 ii A,:J% B litit A ir-7 L 1lif, 
:#-'iitz.lj:llifW;ffi*fij!I!,3tp !1j 1-2-12 J'jf7F,MJ6~-t. 

~ ft:p 00 ;ji A lj :l~ 1lif if.; '!if lfd~ I!J 'Ii!< n O. 20, pij 00 ;ji .z rBJ IJ~ 

w~~1!J #J.n 0.30. *il-t J6, moo;ji%fj~1*# IE ;;f-IJ'J-t~, I'D) 

ooiiBlj~llif~if.;••• I!J'Ii!<~oo;jiB~#@rif.;.~S~ 
fi!..1ti. ~1t? 

[5Hffl )2~-l'~:JJ~rq]~, §7t~:5jtff A,B pff~ffi 13l1-2-12 

:JJ, J.tHffi,§~'8{rJpff~:JJD.JJ~ffiljZ~, p,:~ilifj~*MLB. 
U-ll tt.t.I2iIH B J5, 12iIt:t B 1f ",J T ili. 191 e9f~ (0] ,xt I2iI 

11= A jfll~ OO~J±fJ ,12iIt:t A ft1l! [Ii] T [Ii] tr.ft191, xt~ jij¥9:~ J± 
fJ. f-~~~~t¥ftirl!,#:i'l"J~~fJ*~lftS9. f}1;i&*~Ml:Tf-~ 
Vt~, ~[2i]t:t A ~±i!lrnrS3lEJ±fJ j;; N1, 7Kj fffttAUJ 1.; Fl ; rnll 
tt B ~:lt1rnrB<JlEfffJ 7J N2 .~1[~f~fJ ~J Fz ,~1! A ~rnlltt A 

B S9lEfffJ 1.; N 3 ,tJJ [Ii]~1*fJ j;; F3 ; [Ql]t± B ~rnllttA i¥JlE J± 
fJ 1.; N/ ,tJJ [Ii]~~fJ j;; F/, ~Q [I 1-2-13 m5F, ~ fJ lV. [l5F 

j][Ii]j;;lE1i[li]. 

B5;!J@l1! A Ej:tt!1.jijs9jf:jtHj~ ~~f'1 =0.20, p;lj!EUI'BJS9 
lID 1- 2-1 3 

D!¥~~iI& f'3 =0.30. i&@l1! B EjrmrnrB9~fftj5lH5Ig&7J f'Z' 
~~@lt:t~.B<J~rnrEj~mB<J~~7J~ 

i.5tm@l1!B9mt:ilt;tg ~J M" 1.; T ):j(::f:j N" Nz"'''3 lV..&7J{fi.H#3f1~tr Jififffi i'l"J F, , 
Fz ,F3 ;G-m, Tf(jj~IJ tJj p;ljlEttm~fJ filj]!J;e B<J3f~jj]fi: 

Wiltt A: 

Mg- N, + N 3 sinso+F3coSSO=0. CD 
Fl - N3 cosso+ F3 sinso= O. CZ) 

F1R=F3 R. (3) 

12i11! B: 

Mg - Fz - N3' sin)O- F3' cOS<p= O. 	 ® 
Nz- N 3' cos)O+ F3' sinso= O. 	 ® 

~~=~~ 	 @ 
EST 	 F/ =F3. 

JifilV.,{~ F,=Fz=F3= F/ =F. 	 (f) 

~r:p F {-to& Fl Jz-F3 ~ F/ B<J::fClJ,. )(~j;; N/ =N3 , 1-:£~CDCZ)®~®rm 

~~EiI7J 

Mg - N, + N3 si nso+ Fcosso=o. 	 ® 

20 

~-~ 1J ~ e--.----.------.. - . 	 -'- 
F- N3COSSO+ FsinSO=O. 


Mg- F- N3sinso- FcosSO=O. 


N z- N3COsso+Fsinso=0. 


lV..t. Q:Y~fi!,; N, ,Nz,N3 ~ F i'l"JJ{X.:s'L:1ifi, J1i1iXJ{X.:s'L:1i~ ilJ{~ 
Nz=F. @ 

N = l+sinp M ©3 1 + cosso+ sinSO g. 

N =F= cosp M @. 	z 1 + cosso+ sinSO g. 

" 2+cosp+2sinPM till},' 1+ +. g. 	 vcosSO smSO 
~@©@~®R::3f~atJifi~~i'l"JfJ ,Nl ,Nz,N3 "I9::ffi'iiJ,w,{E!. Fl ,Fz J 3 =1'

j]fl~/Ffl~Jt¥iJm~J'I9iJ&m F, ~p~@@~~;g~~B<JW¥JIt~~iI&B<Jjf,u~f.J. =1- j] ~ J~ 

~:ff -1-/Ffl~Jt¥iJJififffi' B<J F -m, tEJl~-,~;m~~':E m$Jffil/Ffl~~1#f-jf. 
1lJ'Ci'fit:IE1! B Ej~mB<J1.U!l!A fi,~~t~/F~':Em191,~* 


.... Fz 

f'z?N ' z 

Fz =1. 
Nz 

JiJflV. ,u2~ 1. @ 

Ni'f~~ttAEj~OOi'l"JfiM~B<JM~.~BR~~~•• ~~iI&j;;0= 

ES~©,{~ 

O. 20. ,ttH\S.~5E~ fS;;f'N ,;j:f.t.OO*{~B<Jfi!i!l,#:;I1#3fOOJifi$i'l"J*3f j] F, mJE 
Fl ~:;;;P l NJ ,91tllIDl1!:tE~m.t./Fm191;;j:f F, >f'l Nl ,iX-,#:~~~':Em191. 

~1! A :(£:tt!1.rnr/F~':Em191B<J*{4~ 


F, _ cosp 

@f'l ~N, - 2+ COSSO+ 2sinSO' 


ES 00 1-2-13 ilJ5;!J 

R-l

cosSO=R+r' aD 

. .; z 2.ffrsmSO=l-cos SO=R~' 	 ® 

ES~@@~~®lV.'& f'l =0.20, IlJ lV.*{~ 


1 

r~9R. 	 @ 

~P.R:ff~ r~! Rat ,fQ1I1! A tE:tt!1.rnr.t.;tfl~/Fm191. 
.§i'fit:p;lj~1!B<Jfiftirl!~.fiti~/F~':Em191~* 


F3_~ 
 @f'3~N -1+· .3 smso 

ESP:@@lV.'&f'3 =0. 30, ilJiljlH~ 




WWW.cYl y ·com __ __ ~-~~~~W3» 

r~ (173) 2 R=O. 29R. @ 

~~ ,{[firBt ,r a<J.ULUJ R "g,t~:rt;®fQrt@ ' 1~fIJ r ~,@B~~1tj:1.7 
R~r??-O . 29R. 

~ (2000 · :i:OO~J!~~,m) :ilU!"t-;f!p #f[!,\'l a--J 5t,~~ :fd9:~"-lf-~ If,"%t 
r R JfJ -t JL +J~ JL Ef -f- >t.:L#- aHH~: If,:ii. JUt ¥J!l9 # ~ ill :ita ill 1-2-14 fJT # . -If
mIf, .i. *w#- ill ,;ff -*, @) $~ It if11 j[;tHll~. tH;d~ rE ABD , DEF, Be CE l!9;ff ~ 

1i ~Jl .~ fi;J l!9 :it ;ff;#L ¥J ,DECB ;(£ 1f19 ,It ~ r ;§fI ;It - -t- -If- rr l!9 JiL %. ),f ~ 8\; A ?t;lt 
7k if 8\; ~ $dJ , :i@ i± IE. tIL OJ ¥l ofiJ ~ $m ,~ z-.. ~ 5t ;(£ ~ 11. ff r*J 89 ::f ~ 1ft j[ , fA ffiJ ift] 13 1f 
;(£ ~ *-t F ?t If, ~ .H 9 ~#J 8\;~ It. ;ff ABD OJ ~ ~UB A ;(£ ~ li -If- lIii r*J 3G#~:ItE; 
~ #J. ;ff -* Ii\; C ,~;It ~~ ;(£ 7bU\; 7k -If-;If .L1t ;& !M~. ~ ,;ff BC to EC ;§fI OJ ~ C ,~;(£ 
~11.-lf-lIiir*J~;&. ~~~~;&fi9,*~:I!iJ%{,Ill}:fit . rlliiJfJ II *jf- AD fi9*-It,l2 * 
jf- AB a\; *-It , l3 *~ DF a9*-1t ,l, *~ BC fi9*-It. 

D 

1!l1 - 2- 14 

(1) *" ¥i- ~;ff:l;~ fJil. JJ !ti: ~ C;t. ~ 1:) fiJ~ 1* , iL 3G ill tp we. i: #J at , -;>\ ihiE II , l2 , l3 , 

~$.~fti*~~~~-lf-.If,"If,~C~~ffl'~1:~)~-t~-~-lf-lIii~~::f 
~ 1ftJi at-lf-.,oj;;§fI ~~?t -t -If-m:lft it. 

CZ) *".:t m~),f fi9 mi: , JJ ~ -If-~ If, fi9 If, ~ C~*P/f , ~ 1: ~ ) 1ft -t ~ - 7k -If
iN ~ ::f ~ 1ft j[ at -If- 1Jf If, ~ ~~?t -t -If-~ tit it , ->& ~ ;(£;ff ABD fi9 * - j~ p ?t j;a ~ we. 
i: #! ,P ,H~ A $1jJiJ-'He: i% JJ lp. i9: ~e. t: #J ~ J~ a--J t: JJ *- + JJ Gp,;ff fi9 AD fJ:, DF 

.& ,BC .& ,CE .& :§t JU a9 t: JJ 8\; *- ;J':ff jj~ JJ ~ ,~ ,G, to 0, , ::f it;ff 89 AP fJ: fJT :Yt 
a<J t: JJ. (OJ ~ ;ff"* II ,l2 ,l3,l, if11 lp E'., ~ , iL * II = l3 , l2 = l, at me. t: ~ *- ;J\ Gp JJ 
3H~? 

[ :Sf fff) 1JZitj rOJ~{ti~18J~@ J.1 ~ il\ e'iJ 1JZitj ~{1=*Wf)R ,{!2 4' am Wf)Zi =tiD ~ 

22 ~ 

~ - ~ 1J ~ - -- - _ ._-
-(\ I{. 11" 

{~ ]'M~~~~:±J6Ze'iJlAA~FI. ~J.1~m7:Hf~{rr'lie'iJ~/J9§~t{IJ~J2s , tt~Ue-H•
~'@;P;S~esJ~~. 


?f*Wf1JZltjl'OJ~C\J, ;&*$~W8m-'=3*mesJ~ ~,4'~e'iJWWf~~~BJ3esJ~ 

Ej. ~D'@ ffi ]' ~ 9~ ~4' ~~: ~ ~~~ ~ Ax + By = Cx + Dy BIJ lilU ill!.\ ~ A = 


C,B=D. 


UU 1J$ 1. 


(1) fft~ C~~{;-p/f' j[~h) a<J~fJ GC -it mT.p 11:] F ?;t).!§" C .#, B~JY..fJ R e l~re-~ 


1l::1:fioJ . i9:ff AD t"O DF '!§"~H:1:fioJB~~H§?:HjIJ1.7 a.!§" f3C IE 1-Z-15) ,jl!IJ~-t-ff* 


xt A ,#' a~fJ~1fir:1:f~ ::h 


GC II sina + l3 sin(3) = Re Cl2 sina + l, sin(3). CD 
EE»!~, L:rt;xt1L~a<J a ;fU f3 llIntzJ'L, i&:ff 

Gl i = RCl 2' (2) 

Gl 3 = Rel ,. @ 

~'f~ II £,~,@ J.L 
l2 l, . ® 

D D 
E~ E. 

F .......--~~: 

F 

C3BG C 
A:4 

Cpc 
1!l1-2-15 

CZh9:H AD,DF ,BC.CE EI ~:5t~IJ1.7 Gh G3 ,G, ,0, CIE 1-2-16)Bit, ~liC£* 


IJ\ 1.7 Gp ,~-t-ff ~;d)}j,~H~/liHJ!11f~, jl!IJm-t-ff*;f~xt A ,#, B~ fJ ~f~:/J~ ::h 


GCLl sina+ l, sin(3) +~ ~ II sina+G3 C~ l3 sin(3+ll sina)+G, C ~ l, sin(3+ l2 sina) 

+GsCII ; l2 sina+ l, sinf31 ) = Rc Cl2 sina+ l, sin(3) +Gpl p sina. @ 

L~£'~~xt1f~a<J a.!§" f3 jlf~ntzJ'L , i&:ff 

GlI+~ l~ +~ll+G,l2 +G:; ll;l2 = Rcl 2 + Gpl p. @ 

Gl3 +G3 ~ +G, ~ +Gsl, = Rel, . CD 

EE@t"O CD5:\ *7M~ Re 1~ 


I I II + l2 

Gll +~ 2+~ll+G4l2+G:; - Z--Gplp 

l2 

23 " 

1!l1-2- 16 



WWW.cYl y ·com __ __ ~-~~~~W3» 

r~ (173) 2 R=O. 29R. @ 

~~ ,{[firBt ,r a<J.ULUJ R "g,t~:rt;®fQrt@ ' 1~fIJ r ~,@B~~1tj:1.7 
R~r??-O . 29R. 

~ (2000 · :i:OO~J!~~,m) :ilU!"t-;f!p #f[!,\'l a--J 5t,~~ :fd9:~"-lf-~ If,"%t 
r R JfJ -t JL +J~ JL Ef -f- >t.:L#- aHH~: If,:ii. JUt ¥J!l9 # ~ ill :ita ill 1-2-14 fJT # . -If
mIf, .i. *w#- ill ,;ff -*, @) $~ It if11 j[;tHll~. tH;d~ rE ABD , DEF, Be CE l!9;ff ~ 

1i ~Jl .~ fi;J l!9 :it ;ff;#L ¥J ,DECB ;(£ 1f19 ,It ~ r ;§fI ;It - -t- -If- rr l!9 JiL %. ),f ~ 8\; A ?t;lt 
7k if 8\; ~ $dJ , :i@ i± IE. tIL OJ ¥l ofiJ ~ $m ,~ z-.. ~ 5t ;(£ ~ 11. ff r*J 89 ::f ~ 1ft j[ , fA ffiJ ift] 13 1f 
;(£ ~ *-t F ?t If, ~ .H 9 ~#J 8\;~ It. ;ff ABD OJ ~ ~UB A ;(£ ~ li -If- lIii r*J 3G#~:ItE; 
~ #J. ;ff -* Ii\; C ,~;It ~~ ;(£ 7bU\; 7k -If-;If .L1t ;& !M~. ~ ,;ff BC to EC ;§fI OJ ~ C ,~;(£ 
~11.-lf-lIiir*J~;&. ~~~~;&fi9,*~:I!iJ%{,Ill}:fit . rlliiJfJ II *jf- AD fi9*-It,l2 * 
jf- AB a\; *-It , l3 *~ DF a9*-1t ,l, *~ BC fi9*-It. 

D 

1!l1 - 2- 14 

(1) *" ¥i- ~;ff:l;~ fJil. JJ !ti: ~ C;t. ~ 1:) fiJ~ 1* , iL 3G ill tp we. i: #J at , -;>\ ihiE II , l2 , l3 , 

~$.~fti*~~~~-lf-.If,"If,~C~~ffl'~1:~)~-t~-~-lf-lIii~~::f 
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UU 1J$ 1. 


(1) fft~ C~~{;-p/f' j[~h) a<J~fJ GC -it mT.p 11:] F ?;t).!§" C .#, B~JY..fJ R e l~re-~ 


1l::1:fioJ . i9:ff AD t"O DF '!§"~H:1:fioJB~~H§?:HjIJ1.7 a.!§" f3C IE 1-Z-15) ,jl!IJ~-t-ff* 


xt A ,#' a~fJ~1fir:1:f~ ::h 


GC II sina + l3 sin(3) = Re Cl2 sina + l, sin(3). CD 
EE»!~, L:rt;xt1L~a<J a ;fU f3 llIntzJ'L, i&:ff 

Gl i = RCl 2' (2) 

Gl 3 = Rel ,. @ 

~'f~ II £,~,@ J.L 
l2 l, . ® 

D D 
E~ E. 

F .......--~~: 

F 

C3BG C 
A:4 

Cpc 
1!l1-2-15 

CZh9:H AD,DF ,BC.CE EI ~:5t~IJ1.7 Gh G3 ,G, ,0, CIE 1-2-16)Bit, ~liC£* 


IJ\ 1.7 Gp ,~-t-ff ~;d)}j,~H~/liHJ!11f~, jl!IJm-t-ff*;f~xt A ,#, B~ fJ ~f~:/J~ ::h 


GCLl sina+ l, sin(3) +~ ~ II sina+G3 C~ l3 sin(3+ll sina)+G, C ~ l, sin(3+ l2 sina) 

+GsCII ; l2 sina+ l, sinf31 ) = Rc Cl2 sina+ l, sin(3) +Gpl p sina. @ 

L~£'~~xt1f~a<J a.!§" f3 jlf~ntzJ'L , i&:ff 

GlI+~ l~ +~ll+G,l2 +G:; ll;l2 = Rcl 2 + Gpl p. @ 

Gl3 +G3 ~ +G, ~ +Gsl, = Rel, . CD 

EE@t"O CD5:\ *7M~ Re 1~ 


I I II + l2 

Gll +~ 2+~ll+G4l2+G:; - Z--Gplp 

l2 

23 " 

1!l1-2- 16 



~~W..:2m.com ~=!i _ =,,-___ ~~~$it , 
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®

l4 
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LI + G l + G II + l2 G G II lzen -Z+G3 l , .2 5 -2-- pLp = IJ 2+ G, 2+C,l2. ® 

EB .lIt3j(:f1'J 
1

Gp = 2Lp[(~ +G,;)LI+G, Lz +G,UI -L2)]. ® 

n;t. 2. 
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V ABO =-tll~ sinO- LpGpsinO. 

Va-=-(h 2 - ~ LssinO)Gs= ~ LsGssinO-Gshz. 
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II 111~i 
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mm 

00 ] -2-20 ~ 1-2-21 

1. B~ II <lz ,!M~ A,C tn:i:4m;(£jjJJ-~A~I. ,~~-'JL1W ,AC *~~ ,*~fjl, lz 

YlI]:ti~~( ~ ill 1-2- 20 frJj--;f-") . ~ B m;jf~ftA~ BC ;fjl,DLA (-~o ill 1- 2- 21 frJj- -;f-"), *
~-1tfjiH~'f31Z.~ ,)!.E3 ~I ,~z 8<J!&rn:7G;.1C. ~~ B ~~:tJ~-t8uNI~~~ fu;,YlU;fjl, . 
BC 9"~ililjjl5tU] ,C .t!:i,~~ ,AC ;j5.j'.ftW*,~ ,;l't9"5tE JJili~i&~ . ~n* ~I = O,A PF~:(f 
AC ~fjl,~tEJJfF)irFmZ9J ,M' ~~~~5K~f~. ~ ~I 7"=0 .i9:JttBt BC "P*JJ j] T ,YlU 
B PFEjfflBJlEl±JJ Nz = TcosCfl ,B PFJifistloltI::8<J JJ F Z = TsinCfl· ~n* Fz >~d\fz, 

YlU B PFloltcm [EI~ ~~J:, *- ~5K ~f1W. lilltt ~ !Ii!., ~ ~I = 0 ~ ~z:(; ~22 = tan<pl = 

-/l/ -ll z Jl/-l"" 3<:~-Fnh=1Iii;1'>-.I?£' CJ"'''''''' A C-Irll>t-,!;'''-I! ~ ~A ~ II II Z ~~ , /J' ~}c Q:J --, 1?<J lY. Ja. /, fj",)E : , u: :rr. ..E!. "'" ..L • 0 ~ B ~ 

-/l/ -l,z ( ~i{;-). 

2. ~~'7"=0 '~2 =J;:: - IJlAB> -/ L/ -l,2Bt,*-~ ~" q n ~ 
;j5.j'. ~n ~ 1- 2-22 Jifii.K.A PF5tJJ :NI = T, COSrpl ; FI = T, sin<pt , 

~ FI >~, NI , ~n tan<pt >~I Bt A fF*-'t;;r-:~~{~J~1fl!.!l:.. jjJJJlIl., 
tanCfl >~2 Bt, B PF~;;r-: ~~1*M'mt.!l:.. A, B WlPF 1IjJ~1-),[;Z9J. ~ 
El3 ~I '~2 8<J~rntk:J£. ~ 1-2- 22 <tt 8<J <PI .E3 Cfl fikJi;j;~;.1C1I* 8<J m 

~ti . El3lE5i:~W*I.LLI =Sin92. § AB rn:t~:kBt ,(7, tn 8z ~~/h
2 Sin9I 001- 2-22 

<pz tn cpt 1BH~:t~:k. i9: C,t!:i,.E3 AB B~~~ :t.J h, El3J1fj]J;.1C~iJJ1~ 

w-: w-: 
tanrpt = '\/ h2 -1 , tanrpz = '\/ h2 -1. 

'£l.A·)g~ + h-h ffil,ll z 1- Z h 2 _ li Z
'V,X. 'fl ':YJB 'J' - A ,)J!~-,2 - -~l , A --1+z· 


IA ~l 


i9: B mi9J ~t •It = hu , Jil~ ,ll 2Z -1 = ~Z 2 , hu 2 = 1 +ll 2 2' 
18 ~2 

I;t$X itA ;fjJ h n 8<J :k/Hn~~ AB :i:'iW:k (I!p h iA" J') Bt A ,Bi#JPFli)'[;mi9J. 

(a)~ hA > hB' Jill] A )'[;mi9J .~n i!z:: > ;:: 8<J~f4T, § h=hA Bt,A ~n~m 
i9J, Jttat 

26 

~-~. .P__~....
a . itA . 1
VIA= arCSin -l = arCSin ~ , 

. 1 v l+~z 

AD- -/l 2 _, 2 _~ 
- Z IA - ,j l+~l z ' 

a _ . hA . LI 1 
VZA -arcSin y-=arcsln T ,j Z ' 

2 2 1+~I 
zBD=-/l 2-h Z -/L/+[1 l l/- L, z 

Z A ~Zv 1T~I -

AB k(~'L' + -/lzZ +~, Z L/ -L, 2).
1+~, 


El3 Jtt~1~~i-£:=: 


;(£ ~I 7"=0, i!z:: > ;:: 8<JtMi5lT ,~*m1*1~f~ ,AB 8<J!i&:rn -~mJJETOOB~ 
~* : 

AB:(; 1 (~lLI + -/l22 +~1 2 L22 _ LIZ).
1+~I ? 

~ 
Cii. ~,,ll:.at ~2>,\/ tz-lfI<J $-1t mi~1H~ i~AJ 

( b)~ hA < hu , YlU B )'[;mi9J, ~p ~ tZ:: <;::8<J~flj:T , ~ h=hB at, B ~n~m 
i9J, JttBt 

ha . L2 , 
a -arcsin- =arcsln ~+2 
VlD - LI L1 V 1 T ~Z 

,jl12+/A2 LI 2- l2 2 
AD= .jl, Z-hQZ= ,jl+~/ 

. ha_ . __1 , 
a - arcsin - - arcsin 'T""'+2V2B - L2 V 1 T ~2 -

-'!JJ:l
BD= -/L/ - hB

2 
= -/1+~22 ' 


AB 1 (~2lz+ -/L 1 2 +~/ L12_l22) . 

1+~/ 


El3 Jtt~1~~i-£:=: 


§ ~l ,~2 mJE TJlJjI};j~flj:at ,;(£ ~l 7"=0,1 + ~22 > ~:: Jl i!Z::<;:: 8<J'~&T , 

~*-m1**f~,AB 8<J!i&rn-~mJETOO8<J~*: 

AB:(; ~(~2 l2 + -/L12+~2Zl1Z- lzZ) . 
1+~2 ? 

~ i!Z:: = ~:: , JilU hA =ha ,A ,B ~jjJJBt*tm~mZ9J ,Jttat AB 8<J!i&mj] 
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1. -'f~~14-. 


,/J"pf:>f~~14- F~flN. 
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:>- F Tsin8 

fl:::-- N = T cosS= tan8. ~ 
JE.x:. fl = tancp, cp J;] fft jf,{ ff3 . Lv "-.... T 
JJ!1j-'f~~14-JVtJ;] 

CD' 1!J1-2-24B~ cp, tan8 ~ tancp = fl. 

2. 'Ifj (£ 1: - ~Ill :j1~ 5t!!. a<r/1! 15G. 
~ J;] II < l z ,j!B1l1 ~ll(c]r, (AB)2 <l2 2- ll 2,BI =0°, ::fit fll 'fl2 J;]1iiJm ,_: 

JE:>f~. 
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1 1
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.J tan2 BI + 1 v fll 2 + 1 

A B 
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, tan81 ____' _ [11SIn81 = :;::::;- Stnrpi - ~ @' 
./tan2BI + 1 v fll Z + 1 1!J1-2-25 

~EB 00 1-2- 25 9:ll 
CD = II COsSl = l2 COsS2 , 

2
sin8z = .J1- cos2B2 = '\j 
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A ,x.' j; ~f! J'J B. ,x.' j; ~J'J 

c. or fit j; ~ji J'J , -t!!- or ~E, j; .tiJ'J D. or ~E, k*-
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:iF , - *j\'; ~ it~ .f- tiHUI~; 7l<. .f- fm ;t $II H H ' if.] 11 Jt lj 7l<. 
.f- ffjj fJf ~ iJHHfj. ~J:. -;Jtt *.J.J l= 1. 00 m iJHU!IJ ~, 

t ifJ - 9iIHHi. - $:m:.J.J m D~ IJ\J.~ p, % - ~ fm ;t;(£ lID 1-3-3 

HH' $IIJ:.it~O ii,. ~.f-~l!-11~m fm;t;(£ a at,5t¥t~~*7l<..f-$dJ HH'f.r:i. U~.l:j 

HH'~~). MFo~/H-jt-7i};i~;fR#lj ~~~:i. D9i1Ji!~ '-\) =5.0 m/s. *1}l;Jt fiE 
1Jfd~;(£;fR ffjj fJ ~ 00 %l lE;&. (OJ 1~ ma 9-9itS;(£ it i. ~ III fJ (~ru tf a ~ -%t'* J'/fij';-;;5"

{aJ;h a a<;.J1.;;5"-{aJ).lIX.:tiJ j]Di!~ g=10 mN. 
[:$t tfi1 JX~-~fritiJ.!~41jZ o~jLt{~~~ illZVJ ffij!,OJ ~ . ftI¥ ~8"1 ffii ~m~U~~ ill 
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b. t§xtm~JJt 

W =wE-wJ=21![3~5 11. 9~365J rad/day 

=0.0158 rad/day. 
t§M~lt 

V =WRE=O. 015 8X149. 6X106 km/day 
=2. 36X106 km/day=27. 3 km/s. 

c. 	 *£-"jJtl!.J;;j(HE!*l'iiI*~11 

--- -~
dCt)=RJ-RE. 

dCt) = CRJ 2 + RE2 - 2RERJ cOSwt)"t 

1-2 RER J1=RJ cOSwt+···[ J 

=RJ [ 1- ~~ coSwt+··· J. 
...tJ£*lts:tB"Jt§xti.R~ ( d7~* a<;~~ a<; f- /5":gj ~I ~ ) 8~~:I;~1-] 

(~~f=4%. 
~xJ\ljg1u1!ftEHE!*l dCt)Bt~~JJJ.£ M ~llJHl:~~ili:fJ\l, ~1llitEHE~ dCt+To)Bt~ 

iOJJ.£r -(jz~IIJH1~ ~ ilil'Jll. 7't1l':iltHE!*l 6d=dC t+ To) - dCt)'fffl~Btl'S] , I3Ijffl%[ 
jg1u1!f~iO 89fi1:*x\\\)j!iJWj T jffl~n~;~)j!iJWj To. 

6d=RE[coSwt-coSwCt+ To) J=REWTO sinwt. 

13111 wTo=O. 03, sinwTo =wTo, cOSwTo=1. :J3t1flt:!;l. 'iiI ~I!I 1-3-25 B"JJL1iiJ7U:~, 
~lH1:!1~iO ~...ti1I1~*lts:t. 

:J3t1flt:!;l.'iiImJ1-#jjj7t;jt~!Yi. El31!11-3-251~ 

j3=</>+a, 

wJo +j3+fJ= ; , 

6dCt)=wToREcosa=wToREsin( wt+wJo +</». 

ITo wTo=O. 03,JJ.</><~~=0. 19,i\"j[ 6dCt)=REWTosinwt. 

d. T-To=!YiCt) ,A~ c fi1:7't~. 
c 

http:11!!.;St.1t
http:Jtl;jl.l.);St.1t


_~-~._~~.W3.?J. ___..________• 

tU9 sf faJ faJ !Wi. .:R £ ;St.1t11 £ a9 -*. /lI3 ~Jl ~ 'f , f,t n .:R £ _t_ , t.J *.:R _t_ . 

~-~~~.:R_t_~~~~~.~*~.:R_t_~~,W.~~T~~.~*~* 

.f~.1t~~~~~n-~~#~~.n~'f~~~ft•. .:R£~*£~~
ftl ~ -f-:l5J ~:WJ n To =42 h28 min 16 s, ~:WJ ~ J'& 7cJ)\l.5Y1fill n To + 15 s. 

a. itx.Jt:l1!!.J;jt;fP * £ ~-*. /lI3:iE ~ 119 $JL:it:l5J n 00 W, ~m4-;j;!Ji 7i 1if ~I :h Jt ft1t ~ 
*£;fP-*./lI3119J!Ej'i1j. 

b. l.t~:l1!!.J;jt1t~-*'/lI3-*£~~ S] n-~#~a9.,Iffi~ 'f ~~Jtf:ft:it~.;#
it~:l1!!.J;jt1t •• ,1ff( ~ 'f ~~~:it$. 

C. 1!V/~ 5Y1~:if Cif. Jtl;jl.l.);St.1t fJk 1i Ji sf , 
~ jU .:R £ M ~* £ 119 ~Jl *5 'f ~ J~. ~ 11!!.;St.1t 
fJk+l ft. sf ,~jU.:R£ r -,;J;:.}J-.*£ ~Jl ~ 'f ill 
.1l,;J;t. 'f k= 1, 2,3"', ~ ~ J:. a9 J~5Y1HU~. 'f 11!!. ~ 
1·lHU.:R£~* £/~~ a9 *J~~:WJ TCtk )*~ [!]1-3-25 * 6d(t)mJlfoJ~U;;[!] 
fJ~5YlU sf tu tk.11!!.iAn:it.# *J~~:WJ IZ9 J~:i>lU sf raJ W:Y..:i ~ 5t 1t,;it. JiJ fJ~5Ylu:l±fl 'f 
:l{li,J;jt~Jtf*£119lfEj'i1j d :Y..:i5t1t:&p<.~. tR1:%ru 1-3-25 ii.l¥ill*£~Jtf:l{li,. 
~ J!E fiJj Jg sf faJ 119 *- ~dCtk),?it Jf;1'u m. *- ~ ~ ~ 1Ii:.1!!-*:it ~ ~*.lfE j'i1j frpfoJ ~ rr(r;J 

*£.:R£~*£~~~~:WJ;#-~.~~J!Ej'i1j1li:.~*:it~~~~~~. 

d. .l¥ ~ d Ctk );fP TC tk ) 119 *- ~ ~ ,@j ill TC tk ) ~J~ 5.J!lJ sf faJ tk ~ *- ~ ru ,1~ ill J~ 5Yl~ 

*J~ 5Y11 jV *J~~:WJ n :I&*~, J'&/J'~ ~JX.$~~ sf ~ ~~1t1i.ii. 
e. ~ ~ J:. tii ;lit1t 1f: 7\'; ~ :it $. 1~ ~ 1t ~ 1t 1f: ~~~ *- iW , ;#-l.t :¢ ill :it. ~ i~ ~ 

7e/J' ~~:liPJ... 
f. E'., JD :l1!!.J;jt mI: ME = 5. 98 X 1024 kg ~ JX. 1 1- fl = 27 d 7 h 3 min, ** £ 

~ml:. 

[:7tfJf 1 JZ~-~*TfJ~D.IJ.~~Zi1J8SJ~, Jm~)Z!7D.7J~~ InAE~D.~~ 
~Zi1Jmi.R, Jm5i1t~c:pffi§3U~51~IEtiF§~ffl~~8SJJliiUlt~. 

[Ml a. 1NJEJ\!l,J;;j(~*£tMJLiM::l5j11JQll% ,jJ!OrP:J,c,'iJ~T::tJSB"JiJlj],~ 

GMEMs MEVE 2 

RT=R;-' 
G~MS_~'1IJ2 
RT-~' 

;J't~ G11iJliJ1jt:l;,Ms 11::tJSJ1l3::I;,ME1JJtl!.J;;j(J1l3::IILMJ 1J*£J1l3:iLRE1JJtl!. 
J;;j($JLlll:¥1.?:,RJ 11*£$JLiM:¥1.?:,VE 11Jtl!.J;;j(0~~lt,vJ 11*£0~~lt.l3ljffl 

RJ _ (VE)2
RE - VJ . 

_21!_2nREE!m TE- - , 

WE 
 VE 

TJ = 21! = 2nRJ .JJ. WJ VJ 

~-~ 11 ~ 
III -----.- _.---	 .0; 

~ "' P "" 
RE •- .1 

Ms:tt§!:~,1~ ~~= ~ =(~~r· 
VJ 

2 

El:lJJt1~ RJ =RE (~~)"3 =149. 6X106 XII. 91 km=779. 8X106 km. 

b. t§xtm~JJt 

W =wE-wJ=21![3~5 11. 9~365J rad/day 

=0.0158 rad/day. 
t§M~lt 

V =WRE=O. 015 8X149. 6X106 km/day 
=2. 36X106 km/day=27. 3 km/s. 

c. 	 *£-"jJtl!.J;;j(HE!*l'iiI*~11 

--- -~
dCt)=RJ-RE. 

dCt) = CRJ 2 + RE2 - 2RERJ cOSwt)"t 

1-2 RER J1=RJ cOSwt+···[ J 

=RJ [ 1- ~~ coSwt+··· J. 
...tJ£*lts:tB"Jt§xti.R~ ( d7~* a<;~~ a<; f- /5":gj ~I ~ ) 8~~:I;~1-] 

(~~f=4%. 
~xJ\ljg1u1!ftEHE!*l dCt)Bt~~JJJ.£ M ~llJHl:~~ili:fJ\l, ~1llitEHE~ dCt+To)Bt~ 

iOJJ.£r -(jz~IIJH1~ ~ ilil'Jll. 7't1l':iltHE!*l 6d=dC t+ To) - dCt)'fffl~Btl'S] , I3Ijffl%[ 
jg1u1!f~iO 89fi1:*x\\\)j!iJWj T jffl~n~;~)j!iJWj To. 

6d=RE[coSwt-coSwCt+ To) J=REWTO sinwt. 

13111 wTo=O. 03, sinwTo =wTo, cOSwTo=1. :J3t1flt:!;l. 'iiI ~I!I 1-3-25 B"JJL1iiJ7U:~, 
~lH1:!1~iO ~...ti1I1~*lts:t. 

:J3t1flt:!;l.'iiImJ1-#jjj7t;jt~!Yi. El31!11-3-251~ 

j3=</>+a, 

wJo +j3+fJ= ; , 

6dCt)=wToREcosa=wToREsin( wt+wJo +</». 

ITo wTo=O. 03,JJ.</><~~=0. 19,i\"j[ 6dCt)=REWTosinwt. 

d. T-To=!YiCt) ,A~ c fi1:7't~. 
c 



'..__.__ ~--:~ ~R~?1:_ ___._ ,___ 
'-'---'

T~To +M( t) = To +REWTo sinwt 
c c · 

T~t l!I~. ~ wt= ; atmilJ!~:1'fm19!iJ3!lJ~*jj!iJWl; ~ wt= 321'( BtmiIJ!!J3!lHlVN~ 

WJ; ~ wt=O III 1'( EtmiIJ!!J3!lJ~~]j![JWl. 

T max =To+R£wT'l.e. EI:t c 

REWTo = 15 s.1~ c 

1+";Tn _REWToI"JIIO c---.
15

t:) RE=149. 6X 106 km,w=O. 015 8 rad/ day= l. 82X 10- 7 [ad/s , To =42 h 28 

min 16 s= 152896 s= l. 53 X l Os s 1"tAL~ ,1~ 

c= 149. 6X 10 
6 

X 1. 821~ 10-
7 

X l. 53 X 10' km/s=2. 78X 105 km/ s. 

:m1f1PJ 1t~ El:tMi:~3fL1Jtt (~; f f'~ fI{j#l xt*lf:~ 1:7 4% , EI:t 81·'Ei]i9!tl:lif'1:. 

B<J#lM*lf:~1:7°i 55 X 100%~7 3. 4%, tJU~. B<J#lxt*&~J 7. 4%. jJ-*lf:* IHfL 

i!l: 1:7 rnII WB<Jffi1j;£ ,~~L!@L i~HiHm rnII 89 ,~#lxt*lf:~1:7 

100% X RF.maR~RE~l. 5% . 

f. :m1ilPJmm}B<J7f~:ffJj;£1$ ,~MJi flj( m ~:!I!!flj(1~[I)!I]j![JlEZj)fIlJ!Jl1 Mm* 
Jl1.~.lE~~m4Uj;£.*.*Jl1a•. EI:t~m 

!vI] = ( T mE ) 2 ( RM ) J , 

ME TM RmE 

~ = 316A1E= l. 887 X 1027 kg. 

~ (2002, 1®~!IIlJiUi!J!!I~D 

lI$tEft9i~m~...tagm1jJ 

~ 1-3-26 ~~ t-(J£~tJL) 1!9 ~ 1t~JjL itt-Iltr J6 ~~ - mJ ;fi1*1f n ~~, 11 
iUtfti n e~11Q~ J: ~;tJ. 4lJ-1'oo;joHUU~tnm2 =mJ=M, til ~~~l£n Ro , J*J,f

~JJ R =O. 8Ro fJ~ OO;fi1t.R 8 tlHUH'dfi~,8 ~$N;~1!9 ,e·fiHt nO.2M, jdtt-1* 
~1 T ~ 99 *:W:"J IV. ~.~. 00;fi 1U~~!Xl:liP rB 1-3-27 ffi. iF. ~ Jt t-iE t.7J ~ J$ i*.7J 
t~ 'f'~ JIl T ;iH~'%~ ;tJ . 

ml 

Rl 

i5$i: 

001- 3-27 

~-~ 11 $ ./....,;, (I• . .---- -_... ... .__.- -~",---.-- -- - -- - .. ----- ~ ... ~ .,. 
r, Jt1 oo;fi ~ Jij :Itj1, Tfif 1!9 M> Jf ~ I[] ~~ ;tJ If. ~ I[] ~ 7J- fiu ~ p, ;fIl Pk , $. j{ ffi :i n 

ml =5M,-Kn L,ff- /J t,rltrTo~zfiiJNe~ n 2l. OO;fi~9='I\..·!U$.!i-~il9NEi%/J h. i~ 

00;fi ~~ t 1!9 $w z fiiJ 1!9 ~~ OJ IV. ~.~ . 

f"l~ : 

( 1) it Jt4lJ-1' 00 ti: ~ a~ ~;tJ'~:I:. 

(2) @i t!:Vrt m11 $.!i-, M~~ To ~ J:. ~ it JIl JJ. 15 I:IJ 4lJ- -i$ 7J-~ ~;tJ 7JK 
( 3 )i~ t- T J)c M> Jl: * y~11 ~ .7J 1':1 ~ i* .7J 1'10 JIl T § til.i.E;tJ. ~J:if ¥ iJE fJf ;tPJliU~ 

.i.E;tJ W~,31'.!f 1:IJ;joE] S ~ t- il(; ;iJD:i~Ut, JIl ~ 9=' fJf~ a<J 4iJ >! iL~ ff- . 
(4)1~;t t: t-JJ,. fit Jl:*~~ JV,it*";tJ iT:i! Ne ~ d rn 16, :il[)...iQ l!H9}J - ~ 7J-, Ji 

at fJf .:w 1!9 J$ #f- lE ~*n ~+~ '* ~ , fR ¥f j!lif l' rru t£ ~*y~ lrl' i)J , it~ t: t-p, I jfp P k I 

1r:itL~·lie i% s m i6 , ~ 1- @;ff ~ 11(; ~:it.lt ill ft] J! /t. 1~;t d ;fIl s :J4j It t- fJ~ t& /t 
*1~ $-. 

(7ttlTl JZjE-~~~I!JjtJSJ:1J~'OJ~, E~)zv~J~ii1.J1~fi, ~:1J7.JtfTDiliii1.JD 

f~ . ftli'J!l)'M!J1 EHlE 7.JtfT -*$8tB~ii1.J j~ii1.J tBe.f!P qJmW1 ,<t ~glE&ll~t5. 
[Ml ,1:JI''fi'J1t~~ ,fFOO*i~ hI =h+O. 5t ,Ro=R. .......... ~ , 

(l)itJi f2llt:t?ft~Zj) 'tfftit ,e;'m ~ ~ 
R=0.8Ro. 

ffillt:t$:5tmtit m~Uit =0. 8M. 


&.fIH~~mt1i: l1'ljilif, =0. 025M. 
 e 
I!l 1-3-28[= f rdm= f rdm+ f rdm+" ' + f y 

2dm. 
~~ ~~Hb't; $Wrd fiU{:1I 


Rn 


f r dm =2m1 Jy3d,·= 0. 51'(o(Ro1 - R, 1) 
r~H'/~ R; 

= 0. 5ml\llii CRQ 2+R 2 
) 

=0. 5CO. 8A1) R2 Cl +0. 64) = 0. 656MR2. 

f 1d Rr'.2d 1 R ' 1 R 2'l' r m =,( I · r= -'{ , =-m~,iJ\
t1t;'f: {) 3 m 3 ~,. til 

= ~ O. 025M CO. 64R1 
) = 0.005 33MR2. 

-F~&-1'-~ tl:!'it B9!jtZj)'~it1:7 

[=0. 656l\1R2 + 8XO. 005 33MR1 = 0. 7MR2. 


(2)~;h~~l lE;lJ1J~ N'2 ~ . 


1Jfij1M+fJT~·~m7t1:7 3 $:5t ,:$~(~ 1 ~~), PJlff'lh "J~l 
)j)Zgmtljl-;t& ;J§rnIlt:1Jt ( J1.!i1-,Jg-ilJ] J,i.~-~;tA~ 2 ~0-); 0 

lltr~tl:~-t; ( J1.!i1-;tJil!1l~i~-~;tA ~ 3~~0-). mig f NI;:' 
113h h 

~ 1 $:5t: $ 5J
~it$:5t10~B<JlEZj)1i~1:7: [l 1-3-29 
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'..__.__ ~--:~ ~R~?1:_ ___._ ,___ 
'-'---'

T~To +M( t) = To +REWTo sinwt 
c c · 

T~t l!I~. ~ wt= ; atmilJ!~:1'fm19!iJ3!lJ~*jj!iJWl; ~ wt= 321'( BtmiIJ!!J3!lHlVN~ 

WJ; ~ wt=O III 1'( EtmiIJ!!J3!lJ~~]j![JWl. 

T max =To+R£wT'l.e. EI:t c 

REWTo = 15 s.1~ c 

1+";Tn _REWToI"JIIO c---.
15

t:) RE=149. 6X 106 km,w=O. 015 8 rad/ day= l. 82X 10- 7 [ad/s , To =42 h 28 

min 16 s= 152896 s= l. 53 X l Os s 1"tAL~ ,1~ 

c= 149. 6X 10 
6 

X 1. 821~ 10-
7 

X l. 53 X 10' km/s=2. 78X 105 km/ s. 

:m1f1PJ 1t~ El:tMi:~3fL1Jtt (~; f f'~ fI{j#l xt*lf:~ 1:7 4% , EI:t 81·'Ei]i9!tl:lif'1:. 

B<J#lM*lf:~1:7°i 55 X 100%~7 3. 4%, tJU~. B<J#lxt*&~J 7. 4%. jJ-*lf:* IHfL 

i!l: 1:7 rnII WB<Jffi1j;£ ,~~L!@L i~HiHm rnII 89 ,~#lxt*lf:~1:7 

100% X RF.maR~RE~l. 5% . 

f. :m1ilPJmm}B<J7f~:ffJj;£1$ ,~MJi flj( m ~:!I!!flj(1~[I)!I]j![JlEZj)fIlJ!Jl1 Mm* 
Jl1.~.lE~~m4Uj;£.*.*Jl1a•. EI:t~m 

!vI] = ( T mE ) 2 ( RM ) J , 

ME TM RmE 

~ = 316A1E= l. 887 X 1027 kg. 

~ (2002, 1®~!IIlJiUi!J!!I~D 

lI$tEft9i~m~...tagm1jJ 

~ 1-3-26 ~~ t-(J£~tJL) 1!9 ~ 1t~JjL itt-Iltr J6 ~~ - mJ ;fi1*1f n ~~, 11 
iUtfti n e~11Q~ J: ~;tJ. 4lJ-1'oo;joHUU~tnm2 =mJ=M, til ~~~l£n Ro , J*J,f

~JJ R =O. 8Ro fJ~ OO;fi1t.R 8 tlHUH'dfi~,8 ~$N;~1!9 ,e·fiHt nO.2M, jdtt-1* 
~1 T ~ 99 *:W:"J IV. ~.~. 00;fi 1U~~!Xl:liP rB 1-3-27 ffi. iF. ~ Jt t-iE t.7J ~ J$ i*.7J 
t~ 'f'~ JIl T ;iH~'%~ ;tJ . 

ml 

Rl 

i5$i: 

001- 3-27 

~-~ 11 $ ./....,;, (I• . .---- -_... ... .__.- -~",---.-- -- - -- - .. ----- ~ ... ~ .,. 
r, Jt1 oo;fi ~ Jij :Itj1, Tfif 1!9 M> Jf ~ I[] ~~ ;tJ If. ~ I[] ~ 7J- fiu ~ p, ;fIl Pk , $. j{ ffi :i n 

ml =5M,-Kn L,ff- /J t,rltrTo~zfiiJNe~ n 2l. OO;fi~9='I\..·!U$.!i-~il9NEi%/J h. i~ 

00;fi ~~ t 1!9 $w z fiiJ 1!9 ~~ OJ IV. ~.~ . 

f"l~ : 

( 1) it Jt4lJ-1' 00 ti: ~ a~ ~;tJ'~:I:. 

(2) @i t!:Vrt m11 $.!i-, M~~ To ~ J:. ~ it JIl JJ. 15 I:IJ 4lJ- -i$ 7J-~ ~;tJ 7JK 
( 3 )i~ t- T J)c M> Jl: * y~11 ~ .7J 1':1 ~ i* .7J 1'10 JIl T § til.i.E;tJ. ~J:if ¥ iJE fJf ;tPJliU~ 

.i.E;tJ W~,31'.!f 1:IJ;joE] S ~ t- il(; ;iJD:i~Ut, JIl ~ 9=' fJf~ a<J 4iJ >! iL~ ff- . 
(4)1~;t t: t-JJ,. fit Jl:*~~ JV,it*";tJ iT:i! Ne ~ d rn 16, :il[)...iQ l!H9}J - ~ 7J-, Ji 

at fJf .:w 1!9 J$ #f- lE ~*n ~+~ '* ~ , fR ¥f j!lif l' rru t£ ~*y~ lrl' i)J , it~ t: t-p, I jfp P k I 

1r:itL~·lie i% s m i6 , ~ 1- @;ff ~ 11(; ~:it.lt ill ft] J! /t. 1~;t d ;fIl s :J4j It t- fJ~ t& /t 
*1~ $-. 

(7ttlTl JZjE-~~~I!JjtJSJ:1J~'OJ~, E~)zv~J~ii1.J1~fi, ~:1J7.JtfTDiliii1.JD 

f~ . ftli'J!l)'M!J1 EHlE 7.JtfT -*$8tB~ii1.J j~ii1.J tBe.f!P qJmW1 ,<t ~glE&ll~t5. 
[Ml ,1:JI''fi'J1t~~ ,fFOO*i~ hI =h+O. 5t ,Ro=R. .......... ~ , 

(l)itJi f2llt:t?ft~Zj) 'tfftit ,e;'m ~ ~ 
R=0.8Ro. 

ffillt:t$:5tmtit m~Uit =0. 8M. 


&.fIH~~mt1i: l1'ljilif, =0. 025M. 
 e 
I!l 1-3-28[= f rdm= f rdm+ f rdm+" ' + f y 

2dm. 
~~ ~~Hb't; $Wrd fiU{:1I 


Rn 


f r dm =2m1 Jy3d,·= 0. 51'(o(Ro1 - R, 1) 
r~H'/~ R; 

= 0. 5ml\llii CRQ 2+R 2 
) 

=0. 5CO. 8A1) R2 Cl +0. 64) = 0. 656MR2. 

f 1d Rr'.2d 1 R ' 1 R 2'l' r m =,( I · r= -'{ , =-m~,iJ\
t1t;'f: {) 3 m 3 ~,. til 

= ~ O. 025M CO. 64R1 
) = 0.005 33MR2. 

-F~&-1'-~ tl:!'it B9!jtZj)'~it1:7 

[=0. 656l\1R2 + 8XO. 005 33MR1 = 0. 7MR2. 


(2)~;h~~l lE;lJ1J~ N'2 ~ . 


1Jfij1M+fJT~·~m7t1:7 3 $:5t ,:$~(~ 1 ~~), PJlff'lh "J~l 
)j)Zgmtljl-;t& ;J§rnIlt:1Jt ( J1.!i1-,Jg-ilJ] J,i.~-~;tA~ 2 ~0-); 0 

lltr~tl:~-t; ( J1.!i1-;tJil!1l~i~-~;tA ~ 3~~0-). mig f NI;:' 
113h h 

~ 1 $:5t: $ 5J
~it$:5t10~B<JlEZj)1i~1:7: [l 1-3-29 
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_ 	~~~_!.'-~.Wl.it _ 
ml sio8- Jl2h - J131, =ml a. 	 CD 

m~~ 'f~lilil jr JcJ B9 ill i1}] jrli 
CZ)ml gcosB= N lz + N 13 • 

M 0 ,~(f,J%j]m:h::t 
N 12l-NI3 l+ Jl21,hl +J 13h h l = 0. Q) 

~ 2 :g-J))}:JBilrotHt; 
15$t;ill i1)] jrli 

J2Ih - J2 + Mgsio8= Ma. 	 ® 

®12
Nz-Nzl-MgcosB=O. 


xl!tl!mi1}] 1'1 
 1m 

a 2 
J zR=1az=1 R' Mg 

1 	 m1-3-30 
gt J2 = Rza. 	 ® 

(J)xl:ff m~ i1}]:ff JZ=P.kNZ. 


~ 3 $)}: iW@Jtt$t; 

iW~tt~illi1}]jrli 


Jm - J3 + Mgsio8= Ma. 	 ® 

® /3
N 3-N31-MgcosB=0. 


Xl r.tl mi1}] 1'1 
 hI! 

/3R= 1a3=1 
a3
R' 

1gt J3 = Rza. @ 

@xllfmm i1}]1f J 3=P.k N 3. 

(3) ElljrliCZ)®fO®1~ 


ml gcosB= N2 -mz gcosB+ N3 -m3gcosB. 


N z+ N 3 =(ml +m2 +m3)gcosB=7MgcosB. @ 

Ell jrliQ)®fO®1~ 
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tan(90o-8) = tana. 

[;SI}E:F;~ftrd'7,k->jZ-1ntiJMiU~'W:l:.8j, ~ ao =fJ,~ 

...L = ...L tanfJ- f-l- ( 1+.1. ) . (j)tanB e e 

~~ft,@JOj(&~FoM:tE~nt%l:.~AM~m.Om~~~~e.•~~~ 

1) I' 1 )2 Ite (

ef-l- (1+- ±I e'/ 1+- +4e Ie _ e .J
tanB ®2 

__.________ .~_-~ _t!__~ .__ . __ 't" __.~

~.q .1' 

1~.A10c~tJ&1~ tanB= l. 6, en fJ=58°. -
J.m~ :;jtJOj(ritEJOj( fl t% J;/;J , p.t~:;jt fJ?::-58°. 


~ (2007' ~OO!fmIl~nU§) :!tP~ 1-4-14 Jifijf;, V
9=l O 

- tic '* JJ L= l. 00 m ~ it J,f -f- {R PQ ffi Jt {E ~m;if. il{ ~ 
h : 

1. J~, ;if. ~ ~9 r litH] ~ j§J ffi Jt:li Ii- -f- -tR ~ 'R 'Ip~ {E f\\J *- 1£ 
1L 7t I'~ ~ -f- q-r.!f ilL z raj ( 00 'f ;;f;. &1 ili ~ li. .!f-.$Jr..) , }A iTO ,R fj~ 

{E1£1Lfi~~~.-f--tR~;if.*~~~*~~~~~~~~ J:!:
T= 2. 00 s. - IJ\ J.;jt B lit{E - it Jrj- ~ ;i<. -f- ~ j§J 1. , ~ j§J a9 :fi 
j~1iL~jf%{E f-tR P ~ ~ jf 1.fi, f~ P ~ a9 ~ ~ JJ h = 

1!l1-4-14 
9. 80 m f -tR M> .II:. {E!t -f-1% 1ft)[.. ;J\ J.;jt B lj -f- -tR PQ ~ f!i 
I:#J ~. JJi!, M- ;J\ J.;jt - ;i<. -f- ~ :fi a9:i!lt L-\) ,1R t:}A;i<. -f- iI' j§J ~ ill. e, ~11/l'J,t B ~ -f--tR 
~ :i ~iHE -lil ~ ,-lil ~ at faJ t&jjL iL -lil =It :i± t£ 0/ ~ :h PI ~- ~ /f -it. J-~ IH,t ~ f -tR PQ 
~:i -*--lil=lt, iTO iL,R~:i -*--lil=lt ,L-\) ~1iS-ft1t i %: IE fJ? ![it g=9. 80 mN. 

[~:fJfl tlt~tD¥litll~.1jZmJ@Zi.1J ,{g'E:iZVDZi.1J~~1B, ~~~1BDfEl'j~@Zi.1J~ 

mt~. 

[fm1 ~Q;~VH* I¥.J 7,k -1-i£1l tt f,( * , 12 Ej -1-:flR I¥.J ~ -rJ;:-li1Hi lE:!It~1::(£-1-:flR 
l¥.Jitl~ Q)[!:, ~Bt Vo I¥.Jffi{fftm,@!@9=t~1tj:1¥.J~*ffi; ~Q;~:VJ\JOj(I¥.J7,k-1-i*llf,(/j\, 
tE12Ej-1-:flR~1:~-rJ;:miig~rJ;:*iliJf--:flRBt,~:!It~-1-:flRl¥.Jitl~Q~.~m~ 

Ej-1-:flR*~!Li!Bt Vo I¥.Jffi{fftmfE~9=t~1tj:1¥.J~/j\ffi. 

i&t/j\JOj(~ €I iif7,k -1-Wlili ¥IjEj-1-:flR~1:~-rJ;:miif&J3Jl¥.Jatl8];1g tl ,~ 


- 1 2
h-zgt l ' CD 

ifmmlE:!It~1:tE Q)[!:,!J!U1f L=L-\)tl' <V 
~CD@w:i~fIjH~1¥.J Vo ffi{f~m,@~9=t~1tj:1¥.J~*ffi , en 

Von==LHi· ® 

1~.AifJC~m,1~ L-\)max=O. 71 m/s. @ 

~Q* Vo < Vom.x' Ij\JOj(Ej-1-:flRl¥.Jmii)[!:~~tE QB.. i&t/J\JOj(~-V;JiJlj~Ej-1-,f&m 
mattE':l£H)jriiJl¥.J~ll;1g Vj ,JilU~ 

VI = j2gh. CS) 

lJ. VI' ,v/'?tJlIJ*~litt1iti!i*at~U/j\JOj(~-1-:flRl'fl-':l£H)j riiJ 8<Jl!1l, E8 'fmmat 
18];f}k~, tEm1i~fi 9=t ,/j\JOj(~Jf--:flRtE':l£H)j riiJ I¥.J Zif.JIJ:'<1'tl!. i&t/J\JOj(~Jf--:flR 1¥.JJ9j:IJ: 
m~m,Jiltlif 

mVI =mvI' +mv/'. ® 
~;1gm1i~~~t£I¥.J, fi Jf--:flR~J'tfftl¥.J, E8 ~iI:'<1't.l!PJ1~ 

1 2 + 1 2 _ 1 '2 + 1 "2 + 1 2
ZmVI ZmL-\) -ZmVI ZmVI ZmL-\). ~ 

fD¥®~w:i~,1~ Vj'=O. ® 



~-~ __ ~1f;guif_ 

V/'='VJ = v'Zgh. ® 
mJiFo ,Jft&~;tt:lJl-OO-f)}:]f~). v/':7'1tJJ~lt3f~~fiWWiViNjZ9J. m: lEiE*tiUtm: 

#. 0 .!oj:lJl-t&511T:lJl-~f)}:llB1t&~L*OO9=' ,~~if,x iffll~:iJioJ Y£~ioJT ~lV./j\J')j( 
fIl:lJl-t&~!i:mHtB9B;J~tlfFJJ t=o,!J!tl:lJl-t&:(£ t BHtljt';3f:lJl-OO-f)}:j[~f)}:1it 

XFQ =Aeos(wt+SO)' ® 
Zrr

J:t9=' w=T' @ 

A fIl SO 1!p;gl'fifiE~-m·!!:. jfljffl~~mJ:iJ$;,:(£ t BHtl:lJl-t&~Z9J~~lt 

VFQ = - Awsin(wt+SO) ' @ 

!Z5I t=O B1 ,XPQ =O,vPQ =v/'. EI3®@©=.rt;1lJ*1~ 

A= v':;hT. @ 

rr @SO=-Z· 

te@@p;g.rt;f-tA®J:t ,1~ 

- v'Zgh TeosC;t- ; ). @XPQ - Zrr 

1&EilFo ,/j\J')j(3f~fiW~tII!!~iYJ. ~n*~-?Jz1&EttFo ,/j\J')j(-1IHhtB1r8] t2 .!oj:lJl-t& 
~!i:~=1jz1&Eti~~!i::(£ Q 5ll, !J!tl:(£~!i:~=?Jz~tiB1 ,/N$~ x *tifJJ 

1 2) _ 
X B Ct2 -zgtz • ® 

:lJl-t&~ x *t"FJJ XFQ (t2) = v'Zgh Teos (Zrrt _.2I.)
ZTC T 2 Z . @ 

:(£1&EtiB1 ,:1f XB (t2) = XPQ (tZ)' tID 
EI3 ®~ tID.rt; ,f-t A:1f:1aUW ,1~ 

4. 90tz 2 =4. 41eos(TCtz- ; ). @ 

J!{f1! t2 mJE~:iJ~. iM:i1~mit~lt::*i1l!f:iJ~,1lJ1~(4'-J\l., TdiJ~11UU.J 

t2 =0.771 s. @ 

~O*~=7X1&EtiiE~~!i::(£:lJl-t&~itI~ Q 5ll, !J!tl:1f 
L=11o(t) +t2). @ 

El3CD@fIl@F.rt;1~ 110 = +L =0. 46m/s. @
t) t z 

ffijmJER29='~*~ 110 B'lm:/j\mm*T@J:t%fili~m. ~iflV.Li;1iB,11o ~m: 

mmlE1! 
o. 46 m/s<Vo ~O. 71 m/s. @ 

Il#:@.rt;~~m*im. ffl~m$;~f-tA t2 ~;;fI'll~m,~ttJiiiIm*m ,~oT* 

m3'lJ. 

~ ~_~~__1?_ ± _. 
4. '" f,l 

O. 730tz/s O. 750 O. 760 O. 765 0.770 0.771 0.772 0.775 O. 780 0.810 
XPQ '4.41 

O. 790 -
• cos 

3.31 3. 12 3. 02 2.96 2.91 2.91 2. 90 2. 86 2.81 2. 70 2.48 

("t z--% )/m 

xB=4.90t2 2/m 2.61 2. 76 2. 83 2. 87 2.91 2.91 2.91 2.94 2.98 3.06 3.21 

(xFQ-xB)/m O. 70 O. 36 O. 19 0.09 -0.01 -0.3E0 0 -0.72-0. Oel-O. 1/ 

~ (2006 • ~OO!Jm!llI:'U1D jtp [J 1-4-15 ': ': ': 
fJUf; , -;fRm:l: liT ~ %?!Hj} fl9 WI;ft , +: JiI Zl, il!ji1~ ~ 9=' I\,' DeB 

?t :51-YJUJ:itiff m:l:l!.8 JiI m a~ IJ' lj-\( B ,D ro C, 7f fr~ at 4.1 to 

M> .Jl:.11 JUt e~]Jk i'" $. lID J:.. $. WJ:.}1 ;fr - mt :lb\J M M 
1!11-4-15 

119 +J$. A , ~ - Ul- ;t:i!,ft Vo YfHg· R f";ff DB f19;;7 t.J lj 11 ~ IJ' lj-\( B 1t.Uif. '11: -li1:jt . 3jt 

Iil~ -lij j§" IHR A ,B,CD 119:i!,ft , :#' if 3ill if it- ~ j§" liT Ii~ ~ 1. f19:E. i;Q ttp,\[,. 

[7j-:tJfl IJ \JJZ8Z:±B\J~5fIWtm@, ~ffi5m@ij]FofflB~E!B\JillJ ~v-IE ,~illJ~'g 

-IE, §§~v-lE, qJEBJlt7'~HDJ~)11JJl.\jiQ, >Rm. 
UU 1. *1&EttFo/j\J')j( A,B,CD I¥J~lt. 
1&EtifrI Fo .Ilf!,\!;iJiI. ~ iYJ:I:«f'tll: ,1f 

MVo = MVA + mvB +mVc +mvD. CD 
.rt;9=' VA, VB, VC, VD JJlXlti~tiFo Ij\J')j( A ,B, CD ~~lt, JHRi&t:ffJ ~:iJioJ t~ 

.!oj Vo ~:iJ ioJ;j:§ I'll. @EtifrIFo .Ilf!,~~iI. ~jfj i;}]it"ft1L:1f 
MlVo = MlvA +mlvB -mlvD. @ 

J!~jfjZ9J!!:~~~ ,~ii:(£.!oj C~if~~ 1'8] IEJEB (it B, D~ $IJ !r.] ?£.: is) A # 

or) , ~;J;JlI.JEjQ!B1#:iJioJ ~ jfj Z9J:i: 19 iE. !Z5I JJ ~!tit£litft, mttfrI ffi .Ilf!,~~iI. ~Z9J~~tEl 
~,:1f 

1M 2_1M 2+1 2+1 2+1 2
ZmVc 

f')\Z Vo -Z VA Zm:VB ZmVD. ~ 

!Z5IJJH1!lXIti'IttH ,/H';;j( B ~ D tElxt'T/j\J')j( C ~~lt*/j\&,tEl~, :iJioJtEl& ,Jift 
lV.:1f 

VO-VC=Vc-VD. @ 

~.lLCD@Q)@.rt;, iW1~ Vc=O. ® 
- 4M vo.~ Vc - 5M+6m ® 

®J:t.!oj1&E~(bj*~!i:tElxtm ,;;f~ifR;i!l~ ,m%-t:. 

~ Vc m:®.rt;B11lJ fU¥1~ 


5M-6m 

- (J)vA-5M+6mVo. 

10M 
- Vo.VlJ- 5M+6m ® 

15 
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t2 =0.771 s. @ 
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El3CD@fIl@F.rt;1~ 110 = +L =0. 46m/s. @
t) t z 
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o. 46 m/s<Vo ~O. 71 m/s. @ 
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4. '" f,l 

O. 730tz/s O. 750 O. 760 O. 765 0.770 0.771 0.772 0.775 O. 780 0.810 
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O. 790 -
• cos 
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.!oj Vo ~:iJ ioJ;j:§ I'll. @EtifrIFo .Ilf!,~~iI. ~jfj i;}]it"ft1L:1f 
MlVo = MlvA +mlvB -mlvD. @ 

J!~jfjZ9J!!:~~~ ,~ii:(£.!oj C~if~~ 1'8] IEJEB (it B, D~ $IJ !r.] ?£.: is) A # 

or) , ~;J;JlI.JEjQ!B1#:iJioJ ~ jfj Z9J:i: 19 iE. !Z5I JJ ~!tit£litft, mttfrI ffi .Ilf!,~~iI. ~Z9J~~tEl 
~,:1f 

1M 2_1M 2+1 2+1 2+1 2
ZmVc 

f')\Z Vo -Z VA Zm:VB ZmVD. ~ 

!Z5IJJH1!lXIti'IttH ,/H';;j( B ~ D tElxt'T/j\J')j( C ~~lt*/j\&,tEl~, :iJioJtEl& ,Jift 
lV.:1f 

VO-VC=Vc-VD. @ 

~.lLCD@Q)@.rt;, iW1~ Vc=O. ® 
- 4M vo.~ Vc - 5M+6m ® 

®J:t.!oj1&E~(bj*~!i:tElxtm ,;;f~ifR;i!l~ ,m%-t:. 

~ Vc m:®.rt;B11lJ fU¥1~ 
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- (J)vA-5M+6mVo. 

10M 
- Vo.VlJ- 5M+6m ® 
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~-:-~, W}t;~:fr 

2M ®vv= 5M+6mVn. 

2. NiC~lfJ§~ /j\l':j( 8~JE.ij]. 

m@J:t PT9;!J ,~lfFo ,+l':j( e lV, Vc= 5t.i~6mva B~i!ltm Va /JrPJ~?J:i!jgij]. 
ffi ®®® J:tPT9;!J, T!M:lfFo ,B,D Wj Ij\l':j(~~/H* c ~?:]j§ i!ltffij], ff3 i!lt B)~* 
Ij\1'1 

Vs -tic; 6M Va i\I\\ 

w=-l- 5M+6ml' '<YI 

:7frPJ1'1~Rt~/JrPJ. ffi (7) J:tilJ9;!J ,~J§ Ij\l':j( A ~i!ltB~*/Ml1/JrPJ ~ M ,m 89 
*/j\:ff;k, TlIif~ M ,m /F!aJffii~~~ij]~l'r~Hjf%l1!1=jiii1:;. 

( i )VA =0, l!Pli.ttiiFo ,/j\l':j( A~f±, ffi <VJ:t9;!J~f4'~ 

5M-6m=0. 

M 6l!P -=-. @
m 5 

( ii )VA < 0, l!P~liFo ,/j\l':j( A &/JrPJJE.ij] ,*US<vJ:t, ~~j!1-jgij]i¥J~f4'~ 

~< ~. © 
( iii )VA>O ff! VA <-i-t: , l!Pli.ttlfFoIj\l':j( A $" Va /J rPJ~?:] i!1I:~iEij], f§.!tl!lt 

Ij\T IH:~ e 89l!.crt. ffi <VJ:t;f11®J:t, PJ93l~~j!1-iEij]i¥J~f4'~ 
5M-6m>0 ;f114M>5M-6m. 

6 @l!P Sm< M< 6m. 

( iv )VA>UC , l!Pli.ttliFo Ij\l':j( A {J)m Va /JrPJiEij] ,il!ti!lt*T/j\l':j( e i¥Ji!1t, 
~~j!1-~ij]I¥.J~{4'~ 

M>6m. @ 

( V )VA = ve, l!Pli.tttlFo IJ\l':j( A ;f11/j\l':j( e lV.;f§!aJ i¥Ji!.crt-®m Vo /J rPJ iEij], ~ 

~j!1-JE.ij]I¥.J~#~ 
M=6m. (is) 

ffiT /j\l':j( B ;f11 /j\l':j( D ~/j\l':j( e M[l1lj)tijjgij], ~~ff~u 1800 B;f ,/j\~ D ~M. 

Ij\l':j(A I¥.JFooo~/j\~A ;f§~, ffii~~m=7Xli.ttlf,li.ttFo/j\~ A mmm Va /JrPJiE 
ij] ,fI}m/FPJn~~~m=7Xli.ttii. j!Wj7Xli.ttlfI¥.JRtril] l'il]l%~ 

t=..!5... = (5M+6m ) rel = rel @ 
w 6M Va va ' 


m=7Xli.ttmiB;f ,/j\~ e Jtul¥.J~Wl!PWj7Xli.ttlfAzl'il]8~l1E~ 


d=vet =2;l. @ 

3. >J(m =7Xli.ttlfFo , /j\~ A,B,e,D 1¥.Jl!1t. 

m=7Xli.ttli:~~litr-~ rilJ ,~ff~11180°. j!B;f, Ij\~ B i¥J l!.crt 1'1 Va , Ij\~ D 


!.:--~ - ;Q - ~ 
.~ ~. r;~ " 

89i!1t1'1 Vv · {±~=tl\.~~ i:.tW r:p, Ij\~~~;lJii"Tt!l:, ifl Z9Jit-;j:t~fI1 ~~it~,@.•
ift~=7X~JtFo/N* A ,B ,e,D 89l!lt5:T~U1'1 VA' ,vn' ,vc';f11 vv' ,:JH~5E'tffJI¥.J 1r 
fIJJ~f)~ Vo ~]1.Jjnrf§[BJ,ff 

Mv.~ +mvn +mvc +mvv = MVA' +mvn' +mvc' +mvv'. 

ff~ ¥Ij CD J:t ,:ff Alvc= IvIvA , +mvn' +m·uc' +mvv'. ® 
~fJUY IVlVo =MlvA' -mlvn' +mlvv' . ® 

Z 1M - " + Zm'o,1 " @1 M Vo 2= zl VA ,., +Z7nV1 B - '2 +'ZmvD1 -. 

v), & EEffE~f9Utt~{4':ff vv' - ve' =ve' -vn'. @ 

@J:tl¥.Jifl~~:i:~~,#'17)i~ t£2:rfi] 1ill5E,#. e 61t, ftP;fll e ,~m'€li'fg~I'il],.f;i: . 

re®®@®J:t~CD®Q@~~~,PTlV..~~m~T +l':j(B~D ~~Z*~ 

.7t~,f§ ~ 99. I2Si JIt 'tm 8~MH[J,~;j:§f!;J.Er9, fl P1f 
u:;' =0. @ 

-"t'; , 4M """ 
EA VC = 5M+6mVa. ~ 

mQ.J i~~ .i\ S9 vc'~*~±~=i~ li~HItl>mX;fm , /F1if-fl~1&: ,mz w: ~ :t. 1if-flJMi 
~i':!(J 'Vc' =0 , flP@ 5:\,j!A1' 

,
VA =Va. @ 

ve'=O. @ 

·uv'=O. ® 
@@~@5:t*,!jJ*=~{j-,lH!Fo ,/N,:t A lV.~lt Va f/jir~l~!nH~15;/J, flP~ ~.UU 

m--J~.f~1tlitr I¥.J 15 ij] , ~ff;f11 IN':j( B, C. D JIll]!it 'f*'ll:. t\:;$ , !J)\ ~Jf fU ~ - i);: fj¥.1£ 
-gIJi¥J;{f:;$. 
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.1, ( I'fl tf ~~ Wi' ) , A '~ i: fli] , B::: ~ fa] ~,J)~ )f] ~J~ ~ ~ tHfJ :it '. ~ 
;ff~A , B,ell'~~~~1t~.h W-.itJt 119(::r-~E,~"J'Jt..f'± A IT-a 

-*1Li-# ::iffaJ&iJiFJ1l;h). E'J.!<P;ff AB ~ Be b'!J~ifJ.h ;: I 
re- a ,a< ;. DE JJ FeJ yt.t£A? iIii .1- ;Jd:!J ~. 1:: lj AB :l! ~ ~ 
jJ (.iJ@J1r.. ~4- A,H,C -!t?~#1ifJ iJ!]:i!ffi:. v ;i}.3frrf AB 
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iH!UJ (.iJ [i;] DE JE.. i}J, t. jp.t£ e ~ tM.fti. ~.H:g't iHl1' e lj fE 

.fti.i: i':3J)t))JE ~ jJ 1t- m,;.lt~jf ~ at ~ e j{HILR f DE ;t rnJ ijh~Ut IiJ v ~ JJ ;~ it - ~ 


M. a-HliJ fkJ :f!i {,Xxi e ii9 J.p )t a9J;: +. 
[~'-tffl ItUQjJj~*~~~a-JJ \1t< IE&ll@Jillffin.D~~~. 

urn 4- I *~W:i2t:tlHi1IJ1'i'§] t:.t J*Jt~.fJixtc irpJl I¥.J 7(/j\,~1'1tJi.fJixt e:x~ 

1~thffJfl, PT9;!JfJP:i:B<J/JrPJ~1I: 'f DE, ~O 00 1-4-17 M'~, I'*~ B, e i'ilJ 1¥.J;jf X'.1 B 

E.Y. e )Ij.,it!:I¥.J*/j\,)t/JrPJitIHf:/J(D) ,xt B ;fO e ~1'1mjJ; vel< ;&7Ji; 6t *TaHlj C fd' 
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~-:-~, W}t;~:fr 

2M ®vv= 5M+6mVn. 

2. NiC~lfJ§~ /j\l':j( 8~JE.ij]. 

m@J:t PT9;!J ,~lfFo ,+l':j( e lV, Vc= 5t.i~6mva B~i!ltm Va /JrPJ~?J:i!jgij]. 
ffi ®®® J:tPT9;!J, T!M:lfFo ,B,D Wj Ij\l':j(~~/H* c ~?:]j§ i!ltffij], ff3 i!lt B)~* 
Ij\1'1 

Vs -tic; 6M Va i\I\\ 

w=-l- 5M+6ml' '<YI 

:7frPJ1'1~Rt~/JrPJ. ffi (7) J:tilJ9;!J ,~J§ Ij\l':j( A ~i!ltB~*/Ml1/JrPJ ~ M ,m 89 
*/j\:ff;k, TlIif~ M ,m /F!aJffii~~~ij]~l'r~Hjf%l1!1=jiii1:;. 

( i )VA =0, l!Pli.ttiiFo ,/j\l':j( A~f±, ffi <VJ:t9;!J~f4'~ 

5M-6m=0. 

M 6l!P -=-. @
m 5 

( ii )VA < 0, l!P~liFo ,/j\l':j( A &/JrPJJE.ij] ,*US<vJ:t, ~~j!1-jgij]i¥J~f4'~ 

~< ~. © 
( iii )VA>O ff! VA <-i-t: , l!Pli.ttlfFoIj\l':j( A $" Va /J rPJ~?:] i!1I:~iEij], f§.!tl!lt 

Ij\T IH:~ e 89l!.crt. ffi <VJ:t;f11®J:t, PJ93l~~j!1-iEij]i¥J~f4'~ 
5M-6m>0 ;f114M>5M-6m. 

6 @l!P Sm< M< 6m. 

( iv )VA>UC , l!Pli.ttliFo Ij\l':j( A {J)m Va /JrPJiEij] ,il!ti!lt*T/j\l':j( e i¥Ji!1t, 
~~j!1-~ij]I¥.J~{4'~ 

M>6m. @ 

( V )VA = ve, l!Pli.tttlFo IJ\l':j( A ;f11/j\l':j( e lV.;f§!aJ i¥Ji!.crt-®m Vo /J rPJ iEij], ~ 

~j!1-JE.ij]I¥.J~#~ 
M=6m. (is) 

ffiT /j\l':j( B ;f11 /j\l':j( D ~/j\l':j( e M[l1lj)tijjgij], ~~ff~u 1800 B;f ,/j\~ D ~M. 

Ij\l':j(A I¥.JFooo~/j\~A ;f§~, ffii~~m=7Xli.ttlf,li.ttFo/j\~ A mmm Va /JrPJiE 
ij] ,fI}m/FPJn~~~m=7Xli.ttii. j!Wj7Xli.ttlfI¥.JRtril] l'il]l%~ 

t=..!5... = (5M+6m ) rel = rel @ 
w 6M Va va ' 


m=7Xli.ttmiB;f ,/j\~ e Jtul¥.J~Wl!PWj7Xli.ttlfAzl'il]8~l1E~ 


d=vet =2;l. @ 

3. >J(m =7Xli.ttlfFo , /j\~ A,B,e,D 1¥.Jl!1t. 

m=7Xli.ttli:~~litr-~ rilJ ,~ff~11180°. j!B;f, Ij\~ B i¥J l!.crt 1'1 Va , Ij\~ D 


!.:--~ - ;Q - ~ 
.~ ~. r;~ " 

89i!1t1'1 Vv · {±~=tl\.~~ i:.tW r:p, Ij\~~~;lJii"Tt!l:, ifl Z9Jit-;j:t~fI1 ~~it~,@.•
ift~=7X~JtFo/N* A ,B ,e,D 89l!lt5:T~U1'1 VA' ,vn' ,vc';f11 vv' ,:JH~5E'tffJI¥.J 1r 
fIJJ~f)~ Vo ~]1.Jjnrf§[BJ,ff 

Mv.~ +mvn +mvc +mvv = MVA' +mvn' +mvc' +mvv'. 

ff~ ¥Ij CD J:t ,:ff Alvc= IvIvA , +mvn' +m·uc' +mvv'. ® 
~fJUY IVlVo =MlvA' -mlvn' +mlvv' . ® 

Z 1M - " + Zm'o,1 " @1 M Vo 2= zl VA ,., +Z7nV1 B - '2 +'ZmvD1 -. 

v), & EEffE~f9Utt~{4':ff vv' - ve' =ve' -vn'. @ 

@J:tl¥.Jifl~~:i:~~,#'17)i~ t£2:rfi] 1ill5E,#. e 61t, ftP;fll e ,~m'€li'fg~I'il],.f;i: . 

re®®@®J:t~CD®Q@~~~,PTlV..~~m~T +l':j(B~D ~~Z*~ 

.7t~,f§ ~ 99. I2Si JIt 'tm 8~MH[J,~;j:§f!;J.Er9, fl P1f 
u:;' =0. @ 

-"t'; , 4M """ 
EA VC = 5M+6mVa. ~ 

mQ.J i~~ .i\ S9 vc'~*~±~=i~ li~HItl>mX;fm , /F1if-fl~1&: ,mz w: ~ :t. 1if-flJMi 
~i':!(J 'Vc' =0 , flP@ 5:\,j!A1' 

,
VA =Va. @ 

ve'=O. @ 

·uv'=O. ® 
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;ff~A , B,ell'~~~~1t~.h W-.itJt 119(::r-~E,~"J'Jt..f'± A IT-a 

-*1Li-# ::iffaJ&iJiFJ1l;h). E'J.!<P;ff AB ~ Be b'!J~ifJ.h ;: I 
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1!I1- 4-15 
iH!UJ (.iJ [i;] DE JE.. i}J, t. jp.t£ e ~ tM.fti. ~.H:g't iHl1' e lj fE 
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M. a-HliJ fkJ :f!i {,Xxi e ii9 J.p )t a9J;: +. 
[~'-tffl ItUQjJj~*~~~a-JJ \1t< IE&ll@Jillffin.D~~~. 

urn 4- I *~W:i2t:tlHi1IJ1'i'§] t:.t J*Jt~.fJixtc irpJl I¥.J 7(/j\,~1'1tJi.fJixt e:x~ 
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_~-~ ~~l5B±T 

D.1f'-1-rr DE 1J1cJJ!~!¥.J*/J\,VBII ~V~ 6t *YBt~IJ B rfP¥·:j-rr 
DE 1J1cJJ!~!¥.J*/J\, VB.l *7f.; 6t *YBHIJ B ¥S-¥H'T DE 1J1cJ 

B----...-.,.,. 
J!~I¥.J*~. ~~.~~~. A 

7t -aMc 1i I'sina=mvclI . CD I 
[- I' cosa=mv. ® c 

x;f B 1i [I Sina= mvB II . CD 
MAB1i [lcosa=2m(v - vBJ.)' ® E 

IZSI J;; B,C .<:.f8]!¥.J H /Ffl~f$ ,~ .lZSIltt B, C i'B-ff 1¥.J1J IcJ !¥.J?t [?f] 1-4-17 

J!~&,;f§~. t~1i 

VC II slna=VBJ. cosa-vB II Slna. @ 

3+sinza .
~t;J,L1i~.PJ~1~ mv 1 +3sinza . 
~:.. ( 2001- ~OO~i!1nl~ ) -'9tJ);."Jdt"iiJJ:.rj1i§"-$ 5I- 5fP-~liffil~ ( lIr 

~ Jt il'dUl'dcHHim 5!f. ~ t!J~. J:. -$ 51- e, ffJ mJ: jig ml . r*~ 51- G2 i19 miI jig m2. 

~~ jE {E G, l§ Gz Z rliJ • l§ j1i§" 1f :Ji ~ \Tij /f Itl ~. i1 G1 ,G2 JI ~ ~HL :#' ~ 1: 1fHfti 
;t. JIG at5!f.~ ffJ~ '~w li~jIg e,~ 69Jt1fi Eo. ~±t~~OJ~H1Hfti;t .il3ii!1H~dt ~W 

*:#'*a~~~t •.t~-*~±t~ffJatM••.• -# ~ .~~'9tA~~
ttl Jh1 tt- p 7-t:#'7-t ~~ Jl::fk ~ at ~~4ffiJt, h\ \Tij -OCJ:. -$ 51- e, 7I-?l.• -=-# ~.~ 
i1 '9t J);.{E tt- p 7-t fA ~ Jl: ff ~& ffl iiJ r ii, tt -ffi- tt-~ (*A. ~ i*- ) j§- ii.l. Wit$- ffi. ~ ,JUt 
j§-~'9tJ);.•• ~J:.~~M.tt-P*~ jIg ~1fihffJat~.~4ffiJt. 

(D{E. -# ~ ~ tf' ,'9tJ);. ffJ J:. -$ 51- e, 7I-?l j~:it 99 -Nk -* ~ ~ (M. *0 J+.~) jig 

~~?~~t~h\~#%~~~.~~*ffJ? 

(2){E. -=-# jdt tf' •'9tJ);. 99 J:. -$51- C, 7I-?l OJ ~btjH9l& -* ~~ (#M.:It- o.Jt. 
~) jig ~ ~? :#' Jt ·~:±tl!.iti0~~U!OJ ij~~fA~#%~ ffJ Ii~ t~1t*ffJ. 

[~~Jf] JttJf]jesJ*~~xj GI ,G2 IEliff:lilim~mg~~~mg1'E:lEtf. Xj5f3 2 

JJ\flQi klS ~~ i'8 e, 1:: 7t ~w::7\: r5J ~ 8'1 esJ ~1] ~~~~~ esJ ~~IH~!i§~ Eo esJ:7\: JJ \ 
*lA. 

UU (l):(£~41~~IJf$ '~~~*!¥.JBt~L ia: GI !¥.JiiJiI¥.J*/J\J;; VI. 1J(o] (OJ L, 
Gz !¥.JJ£~*/J\J;; Vz ,1J1cJ raJr ,jj!IJ1i 

ml Vj -m2Vz = 0. CD 
1 z+l z _ £Zml VI Zm2Vz - o. ® 

2mzEo 
fW¥CD®p;q~1~ v,= CDJ m, (m, ..L , mz)' 

; 2m t Eo ®Vz ='\j ;;:;; ( mt +mz ) . 

ia: e, :fI-:2'ilJiE!¥.J:Qli!1liAilJ:#-D !¥.JJlE~J;; H, ,jj!IJ 

_ ~, =,~_ .. 1L __'!j_" ___... _ . . ....-..- -, - . 
2 

H,=~ mz Eo @2g m,g(ml +mz) . 


Gt L:fI-ilJ:Ql iti ,~!¥.Jmj] y;~~ 


H-~Eo.Ep! =mlg t - m! +mz @ 

'8* § ~&!~!¥.J~&!'I'£Y;~~ ,'§'1~jJ~"Ii~fl~!¥.J-'$?t. 
(2):(£mA §:#-Ilti;)~J'IcJL~~¥~frD [j{J~~J;; h 8t ,mAraJLI¥.JJ!~J;; 

u=-/2gh. (j) 

ia:ifi!fI*~JIi~,€,~~1¥mH$*~~*8t,G, !¥.JJ!~*/J\J;; u, ,1JraJ(o]_t.G2 !¥.Jilt 
~*/J\J;; Uz , 1J1cJ raJr .jj!IJ1i 

m! UI - mzuz = (ml +mz )u. ® 
1 z+l z_l( ' + )z +EZm! Ut Zmzuz -Z ml mz U o· ® 

nl*®®p;q~9='1¥.J Uz ,:j~ Uj 1¥.J1J~jtC 

mj (1+:~ )UtZ - 2mj (1+:~ )UUI +ml (1+:; )u2-2Eo=0. 

~JltPJ*1~~&!Jif<JIH$*~~*B;j' .e, ~ Gz S9iltJi?tJ}IJJ;; 

_ +~ 2Eom2 u,-u ®m, (ml +m2)' 

- +J 2Eom2 uz--u ®mz(m, + m2) ' 


i9: e, .M.ifi!f~!<~JliJE9l(O]L~~ilJi6!¥.J:Ql*iWiOCjJ H z 
l ,lJ1tl1i 


H I_U,Z -J..[ + 2Eom2 JZ 

z - 2g - 2g U mt (mj +mz ) 

=h+ mzEo +2~ EOm2h 
m,g(mj+m2) mjg(m,+mz)' 

.M.frDm:~,e, L:fI-!¥.J:Iil*~~J;; 

Hz = Hz" -h 

= mzE~ +2 I Eomzh . © 
m,g(ml,mz) 'Vmlg(m, +mz ) 

Ut~) ory)~!±: ,~~-=-~~ tf ,e, J:.-Jt-a~iitk~Jt H2 k -t~-~~ tf ~ 
~k ~J.t H, ,~!±: iii] ~JtJ;j $!f-F.t{ji;t,Jij'J:It- 0 ~i~Jt h *'*- f,J ~ Hz at, Jt ~ j] 

:JNs 

- H - mzEo + mlmzEogh
Epz-m,g z--+-- 2 ©m, mz m,+mz 

(D~ Epz<Eo. (@ 

lip 2A / m, m--;E;ih< m, Eo . 
ml+m2 mt+m2 

http:1JraJ(o]_t.G2
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J!~&,;f§~. t~1i 

VC II slna=VBJ. cosa-vB II Slna. @ 

3+sinza .
~t;J,L1i~.PJ~1~ mv 1 +3sinza . 
~:.. ( 2001- ~OO~i!1nl~ ) -'9tJ);."Jdt"iiJJ:.rj1i§"-$ 5I- 5fP-~liffil~ ( lIr 

~ Jt il'dUl'dcHHim 5!f. ~ t!J~. J:. -$ 51- e, ffJ mJ: jig ml . r*~ 51- G2 i19 miI jig m2. 

~~ jE {E G, l§ Gz Z rliJ • l§ j1i§" 1f :Ji ~ \Tij /f Itl ~. i1 G1 ,G2 JI ~ ~HL :#' ~ 1: 1fHfti 
;t. JIG at5!f.~ ffJ~ '~w li~jIg e,~ 69Jt1fi Eo. ~±t~~OJ~H1Hfti;t .il3ii!1H~dt ~W 

*:#'*a~~~t •.t~-*~±t~ffJatM••.• -# ~ .~~'9tA~~
ttl Jh1 tt- p 7-t:#'7-t ~~ Jl::fk ~ at ~~4ffiJt, h\ \Tij -OCJ:. -$ 51- e, 7I-?l.• -=-# ~.~ 
i1 '9t J);.{E tt- p 7-t fA ~ Jl: ff ~& ffl iiJ r ii, tt -ffi- tt-~ (*A. ~ i*- ) j§- ii.l. Wit$- ffi. ~ ,JUt 
j§-~'9tJ);.•• ~J:.~~M.tt-P*~ jIg ~1fihffJat~.~4ffiJt. 

(D{E. -# ~ ~ tf' ,'9tJ);. ffJ J:. -$ 51- e, 7I-?l j~:it 99 -Nk -* ~ ~ (M. *0 J+.~) jig 

~~?~~t~h\~#%~~~.~~*ffJ? 

(2){E. -=-# jdt tf' •'9tJ);. 99 J:. -$51- C, 7I-?l OJ ~btjH9l& -* ~~ (#M.:It- o.Jt. 
~) jig ~ ~? :#' Jt ·~:±tl!.iti0~~U!OJ ij~~fA~#%~ ffJ Ii~ t~1t*ffJ. 

[~~Jf] JttJf]jesJ*~~xj GI ,G2 IEliff:lilim~mg~~~mg1'E:lEtf. Xj5f3 2 

JJ\flQi klS ~~ i'8 e, 1:: 7t ~w::7\: r5J ~ 8'1 esJ ~1] ~~~~~ esJ ~~IH~!i§~ Eo esJ:7\: JJ \ 
*lA. 

UU (l):(£~41~~IJf$ '~~~*!¥.JBt~L ia: GI !¥.JiiJiI¥.J*/J\J;; VI. 1J(o] (OJ L, 
Gz !¥.JJ£~*/J\J;; Vz ,1J1cJ raJr ,jj!IJ1i 

ml Vj -m2Vz = 0. CD 
1 z+l z _ £Zml VI Zm2Vz - o. ® 

2mzEo 
fW¥CD®p;q~1~ v,= CDJ m, (m, ..L , mz)' 

; 2m t Eo ®Vz ='\j ;;:;; ( mt +mz ) . 

ia: e, :fI-:2'ilJiE!¥.J:Qli!1liAilJ:#-D !¥.JJlE~J;; H, ,jj!IJ 

_ ~, =,~_ .. 1L __'!j_" ___... _ . . ....-..- -, - . 
2 

H,=~ mz Eo @2g m,g(ml +mz) . 


Gt L:fI-ilJ:Ql iti ,~!¥.Jmj] y;~~ 


H-~Eo.Ep! =mlg t - m! +mz @ 

'8* § ~&!~!¥.J~&!'I'£Y;~~ ,'§'1~jJ~"Ii~fl~!¥.J-'$?t. 
(2):(£mA §:#-Ilti;)~J'IcJL~~¥~frD [j{J~~J;; h 8t ,mAraJLI¥.JJ!~J;; 

u=-/2gh. (j) 

ia:ifi!fI*~JIi~,€,~~1¥mH$*~~*8t,G, !¥.JJ!~*/J\J;; u, ,1JraJ(o]_t.G2 !¥.Jilt 
~*/J\J;; Uz , 1J1cJ raJr .jj!IJ1i 

m! UI - mzuz = (ml +mz )u. ® 
1 z+l z_l( ' + )z +EZm! Ut Zmzuz -Z ml mz U o· ® 

nl*®®p;q~9='1¥.J Uz ,:j~ Uj 1¥.J1J~jtC 

mj (1+:~ )UtZ - 2mj (1+:~ )UUI +ml (1+:; )u2-2Eo=0. 

~JltPJ*1~~&!Jif<JIH$*~~*B;j' .e, ~ Gz S9iltJi?tJ}IJJ;; 

_ +~ 2Eom2 u,-u ®m, (ml +m2)' 

- +J 2Eom2 uz--u ®mz(m, + m2) ' 


i9: e, .M.ifi!f~!<~JliJE9l(O]L~~ilJi6!¥.J:Ql*iWiOCjJ H z 
l ,lJ1tl1i 


H I_U,Z -J..[ + 2Eom2 JZ 

z - 2g - 2g U mt (mj +mz ) 

=h+ mzEo +2~ EOm2h 
m,g(mj+m2) mjg(m,+mz)' 

.M.frDm:~,e, L:fI-!¥.J:Iil*~~J;; 

Hz = Hz" -h 

= mzE~ +2 I Eomzh . © 
m,g(ml,mz) 'Vmlg(m, +mz ) 

Ut~) ory)~!±: ,~~-=-~~ tf ,e, J:.-Jt-a~iitk~Jt H2 k -t~-~~ tf ~ 
~k ~J.t H, ,~!±: iii] ~JtJ;j $!f-F.t{ji;t,Jij'J:It- 0 ~i~Jt h *'*- f,J ~ Hz at, Jt ~ j] 

:JNs 

- H - mzEo + mlmzEogh
Epz-m,g z--+-- 2 ©m, mz m,+mz 

(D~ Epz<Eo. (@ 

lip 2A / m, m--;E;ih< m, Eo . 
ml+m2 mt+m2 



c 

_.. _. ~-~J.~
,,~ --~ 

.~_?l_,____,,__ ------.,._._.... '-' 

h< Eam
! ®ii.~*- 4mZg(ml+mZ)' 

ii. at ,~ 1f.f. lit ~*{f.J 1: /] 1HLjl m.lli ~\ta'J 5f *" {f.J i'iJi ,ti '%' ~L -fg -illJt 5f ,Ii '%' 
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a,b 7}J)tl;!t:jflj 00 a9 f:# ~tp~~# ~, fJ e. ~ #~. ~ -if< A lt.r.:£ -t£ $}L~ {J(J l&±{l1, 
A~,~M~**"~t~.r.£:Efij]~A.r.£~£Mili-1-mtfJm"*~. 
)JlU~-, :It.).@] ~-t£±tf7.r,Jt 51:h 'it JfJ TftJ.l( db~:E ij], JILl( db ~ e~ ~,~ 1:tL -t-~I\.,' , 3t# 

~ {J(Jf:/tiI%$-t- W. *.Jm ool&~A JU ~I\.,' {J(J!!fi;% ,iJ\ f"l-t£:fr..M ~,Mi-1* ;jlIJ ~ {J(J Ii~:i 

fJ **? i!j:±{l1,r,Jt {J(J m. mE ,li;(if 51:h #t G fJ e. ~,/fit±{l1,J* ~1~£ 14: e~~oJoJ . 
[:5t:tJTl MJlt~B"1)l~illffl:&3ZVJ~cgf~}}tJUJlt~gcg~;;E1*. 

niH 1*l!i!~~1:I:jtMM' ,~J,mJtl?:f3j(J!£~-$:5t, 't~AmJill.:f3j(J!£-~$ 

~-m~$JL:@::iEi9J ,m~~*"*m11 a,m"*m11 b,m~~9="L' 0 ¥~1*,~ F ~REI*l 

.-- r=. __ .~ -~ _ 1:) '-'j-' 

-<Ii .., 1.> 

11 c, ftQ 00 1-4- 20 Jifi~. El3ffllHfT JL1iiJ~ 

nl o 

J •
c2 =a2 -b2 

• CD 
1*l!i!~~jtjJ1fltr~fi~:i:8}t~'tfjm~jgi9J~fi~~. a I ) .. 

x 
~1:I:~Jill.A1*.~~J!~11~,~jtMfltr1*.~~ 

fi~:i:7J 
1 2 GmEm (7'j',

EI =ZmVI - a+c . ~ ~ 1-4-20 

m'ff'l=)tlT1*l!i!~~~7JifiJ L1Jf'I=m~ft~~iE1J:1±i!!.'L', iJ IJJX;j"±i!!.'NliJJJ!€11~,1$:m 
@ljg;/] ~1*lJi!~~ffl i9J:;:;rt~. ~1*l!i!~~1:I:ilIJi!l,,~~M11 Vz , JJ!U EI3 ffl i9J:I:;r't§: ,if 

mVI (a+c) =mv2(a-c). Q) 

7Jif iJ IJJ R=:*;r JJ ,1* l!i!~ ~tffm ~ jgi9J:i1l11\ 9=' tJL~fi~"i' tg. X;j" 'f~ Jill. A ~ ilIJill. 
A,if 

.lmv] 2 _ GmEm=.lmVz2 _ GmEm @
2 a+c 2 a-c 

2_ GmEa-c 
fI¥f:ct:Q)to®1~ VI --a-a+c' ® 

tE:ct:®1-tA:ct:@, 1~ EI=~~m. @ 

1*7»!~~M tf:j J§", YffX9.!ll3 ~jgZ9J, W:X9. ell ~~ 
mA~~*~~£~mOO~m~mA.~,~~ 
1-4-21Jifi~.1*l!i!~~fjX9.eIl~jgi9J~J:1f~9=',ffl 

!! ,tJL~fit2J)\;rt~. i~ 'L\) 111*l!i!~~~ 

at ~~~ ,t!!;¥,t R=: 1:1: X9. ell ~m,~ 91: ~ J! JX ,w: A x 

$1JJill.,L, ~m§J~11 a+c.1*l!i!~~~ffli9J:i:yg mVo (a 

+c), ~1*.~¥IjJtX~&~~Bt ,jt;~lt~7J1oJ 

rffX9.eIl~~itfiili~, 0. V ~~jt;~Ji~:;k/J\,d 

~~Jill.,L'¥~~ili~ ~R§:1*l ,jt; ffJ i9J im: 11 mvd, 1'& 
mffJ i9J:I:;r ,t~ ,if ~1-4-21 

m'L\) (a+c) =mvd. (J) 

1*.~1:I:X9.eIl~~mA~m~n~.'f't~:ltX~~91:~m~n,~if 

.lm'L\) 2 _ GmEm = .lm.J . ®2 a+c 2 

EI3 00 1-4-21 OJ~ 

d=2(a+c)sina. ® 
~ A,B :5t~IJ~ffiX9.eIl ~ ~~"*mtoJ,t"*m, C ~ffiX9. ell ~ 9=' 'L' $1j!tl!.{" ~RE 

I*l, 1!lJill.'L'~X9.eIl~~1*,~ ,1'&mR2~~~Hj:tofl¥ftJTJL1iiJ,if 
A=a+c. @ 

C=2(a+c). @ 



-"'_'_' __~-~ . ~~.W7.t _._------- ... 
BZ=C-N. @ 

ffil B 
@sina= ./A2 + B2 

13EE I;) 1:.~:rt ,PIq;<J sina =Z ' @ 


M:rtCV®®%1l@'1~ rl=Gm+E
®
• a c 

1*j~~~tf:jJ§ ,Jtn~il:8x;lil;{IiY:~flIl~~zroati¥J~~~, ~Mtf:jJ§~lJi1~~i¥Jfl~:i:;9 

1 .2 GmEm 
EZ=2mv =2(a+c)' 

'&M'I* iJIJJ~at~i91~ ~ i¥J fl~:!:;9 


t:£=Ez-E1 • 


EE:rtQ)®~® ,1~ t:£=GmEm 2a+ ~. 
2a a+ ./a2 -b2 

~ (2002 • ~OO!IIiJ~~~U~ ) fr.p ~ 1-1-22 

fJf ;if- , {E 1tyj ~ J:J (j 09 @J .it #4 iID JU-'i;j ~1l - tLIjIj: .it)~ m 
o 

~, - !fl !~~i± nH~, jt ~ 1~?H~ Jij #; 1$. A, B ;fa 

a,#;1$. A 1ftf-MW_1.:l!:!* B (j~!fl~'J£:Rr~, (J 

-=- 4f:l!8*- f-~ .il:. ik;t . E,jo A,B 09J9t:l!1t1l'j J:J rnA 

® 

@ 

@ 

B 

II! 1-4- 22 
= 0. 150 kg,m8=0. 100 kg,A Jij M W is]!J~;b ~~ 
~~bfp#Pi~~~:P5JJ:J p.= 0. 20,8=30°. ~~{E:o¥r-J9ti:J:J m=O. 010 kg 8l)7-5$;I{} 
Jij M1m #. <p ~ fkJi rfiJ M A A, M A WJ ill):i!ltv= 20. 0 mi s, M A.ta- fli;(£ A cp, M Ai± 
{Hl) at ifiJ :f.HiL ~ <p= 45°at ,it..it I: iVA 7- 5$ M A j§- %#t ~ ;b 091.· i±:fl. ~ ~ :$Hh 
*- ill) J$ ~ "T Z{. ~~ it ,*g= 10 mN. ~D '* <p ~;It 45° , ifij ;It 45°ilj 90°Z i"1 if] if ;t. fil ,Jilj 

MAi±lltii* at A fJ~:i!~ ~pM? 

BHffl J2~tJ~~~)2lj~U)CPfiN~tJ~ ,@~~BSJ~~@~. §7t~tl:/i~~ 
5~Xj A BSJ)cp~.':§~mtJXj A ffiJ)CPii, ttc±:lllffiWt:§~, ~Fo:;;;t~itt-tf7:5:1;fff ,~~. 

(Ml (l)T5.!jl.MAA i¥Ju~ 
l'£lltu~'P , T5.!jl.B9~lJOHt, 't.!j A '<:fiijf':t. -1'1* j] . llt<* j]~T5!(iB9zro 

:1l1:'&:t.~~ . l~HHJIJi.ti~~H T*4rm~fr]T#'4 ITffMl'1J icJ A9·~lfl£. 
~HT#4ITff1JicJ :A i*f4f7G7YJ, T5it B90-7YJ :S: EE m Vo sinrO. i9: <* j] ifJlt:1J (tiJ 

!'t<J0-j]:7c;H9fJ~JOO:;9 N, /(fffl B'JfiiJ;9 tot, ~mfU£JH':Ellt1J icJ EJ<J0- j] jlli;J\'f'I* 
j] ,PlU;ft' 

N tot = mvo sin<p. Q) 
:(£Jlt1J icJ A fi)T~!'t<JJJ, &;T5.!jl.~'t!'t<J <* j] I;)~~, jf;ft'#.lmJ ~'t !'t<JlEllij] (j~;h 

N' ) ~£j] !'t<J0-j]. EE T A f*t#7G7YJ, PI~IEj]f1!ij. ~~%(Dlj}£j] iJ90-j] ,Jillj;ff 
N'=N. 

3f1-rT~4 ITff1JicJ :T5.!jl.B90-$J~tIL'&:t.~1t, i9:T5ljl.!j AzfiiJ i¥J<* j] :(£Jlt1JicJ 

SA ,). 

~-~ 1J ~. ._-----_. - ----.- _... __._---_.
~ ~ ,tl." 

B90-j]:7c;j\;9 F ,)M F 89 /lPj!;9 F tot. A;ff.llt1J[<i]jf~flJI!§.:5~'EfaU'4 ITff Iii] 1:.~ i;lJ 89•
Ift~j] f ~£j]ag0-j]. ~:f-F%(Dlj}£j]890- j] ,JilljM Au~i¥Jj[l*I!t~j];9 

frr==p.N'. 

Ift~j] f 891*:i:;9 
ftot~frr=tot=p.N' t.t=J1mVo sin<p. @ 

MA7fMlBt, T~.!jl.~ Amnlti¥J~tityf\-llt1JicJ 897YJ:!i;9 mvocos<p, Ift~j] 89 /lPjk 

~~tit7YJ:i:~0-' ,3!Q* 
p:mVo sincp?-mVo cos<p. CD 

!QljIft~j]f1Pj]~~ A ~T~.!jl.i¥JiYJ:i:~;9~, ~PT~.!jl.i!€3 A A 'P1J~:f~\WfJ.!:,A tIL 

f*M':;f 7YJ. I;) 1:.*1tf~* 
tan<p?1.=5,~P cp?-78. r. ® 

p. 

Jm:(£ <p= 45°<78. r ,fi)TI;)MAu~~*Bt ,~mB97YJB,::7cT:1?'T5-~~ A.~

~icJ1:.m7YJ . is!:JtlfJ)t;9 v , mu EE 7YJ:;;~J£PI1;<J 
mVocoS<p- ( m+mA )v= fmut.t=pmVosin<p. 

1nVo (coscp- flSi!!p?'
~1;<J v= ~ 

m +mA 

ftA~~,~ v= O. 5J2 m/ s=O. 71 m /s . @ 

(2) M Au~~*J§ !'t<J~iYJ 

A !'t<J~7YJ:A l;)iJJJ!J)t v icJ1:.~7YJat, EE T B !'t<JJ!!J[jg~'~T~t~1IL 5*j] jg 

$.A~T_;ff£j]~Ift~j]~ffl~.iJJ.!J[;9v!'t<J~••~$J,:(£at~t~~J! 

J)t ,J!*~i'fl"#'lilii1:.m89Re:~0-};lU;9 
a = - (gsin8+p.gcosf}). CV 

VA =v- (gsin8+p.gcosf}) t. ® 

SA=Vt- ~ (gsin8+p.gcosf})C. ® 

B EJ<JjEiYJ :g1!T*j];9~,B;9 § EE~1*,~it*&~nr!'t<JRe:~0-};lU;9 
~=~ ® 

1 2 "'"S8 =2gt . lUI 

~ SA =Sn at ,g1! TtlHftH ,JltBt t=tl , J)!U;ft' 

vt,- ~ (sinEJ+p.COsf})gtI 2 = ~ gt,z. ® 

2v @PIM1~ t, - C1 +sin8+p.cosf})g· 

@tl = 0.086 s. 


is!: B ~\¥.f:Re:~;9 H I ,JilU 

1 


ftA~~1~ 

HI =2gt, 2= 0. 037 m 

http:l~HHJIJi.ti


-"'_'_' __~-~ . ~~.W7.t _._------- ... 
BZ=C-N. @ 

ffil B 
@sina= ./A2 + B2 

13EE I;) 1:.~:rt ,PIq;<J sina =Z ' @ 


M:rtCV®®%1l@'1~ rl=Gm+E
®
• a c 

1*j~~~tf:jJ§ ,Jtn~il:8x;lil;{IiY:~flIl~~zroati¥J~~~, ~Mtf:jJ§~lJi1~~i¥Jfl~:i:;9 

1 .2 GmEm 
EZ=2mv =2(a+c)' 

'&M'I* iJIJJ~at~i91~ ~ i¥J fl~:!:;9 


t:£=Ez-E1 • 


EE:rtQ)®~® ,1~ t:£=GmEm 2a+ ~. 
2a a+ ./a2 -b2 

~ (2002 • ~OO!IIiJ~~~U~ ) fr.p ~ 1-1-22 

fJf ;if- , {E 1tyj ~ J:J (j 09 @J .it #4 iID JU-'i;j ~1l - tLIjIj: .it)~ m 
o 

~, - !fl !~~i± nH~, jt ~ 1~?H~ Jij #; 1$. A, B ;fa 

a,#;1$. A 1ftf-MW_1.:l!:!* B (j~!fl~'J£:Rr~, (J 

-=- 4f:l!8*- f-~ .il:. ik;t . E,jo A,B 09J9t:l!1t1l'j J:J rnA 

® 

@ 

@ 

B 

II! 1-4- 22 
= 0. 150 kg,m8=0. 100 kg,A Jij M W is]!J~;b ~~ 
~~bfp#Pi~~~:P5JJ:J p.= 0. 20,8=30°. ~~{E:o¥r-J9ti:J:J m=O. 010 kg 8l)7-5$;I{} 
Jij M1m #. <p ~ fkJi rfiJ M A A, M A WJ ill):i!ltv= 20. 0 mi s, M A.ta- fli;(£ A cp, M Ai± 
{Hl) at ifiJ :f.HiL ~ <p= 45°at ,it..it I: iVA 7- 5$ M A j§- %#t ~ ;b 091.· i±:fl. ~ ~ :$Hh 
*- ill) J$ ~ "T Z{. ~~ it ,*g= 10 mN. ~D '* <p ~;It 45° , ifij ;It 45°ilj 90°Z i"1 if] if ;t. fil ,Jilj 

MAi±lltii* at A fJ~:i!~ ~pM? 

BHffl J2~tJ~~~)2lj~U)CPfiN~tJ~ ,@~~BSJ~~@~. §7t~tl:/i~~ 
5~Xj A BSJ)cp~.':§~mtJXj A ffiJ)CPii, ttc±:lllffiWt:§~, ~Fo:;;;t~itt-tf7:5:1;fff ,~~. 

(Ml (l)T5.!jl.MAA i¥Ju~ 
l'£lltu~'P , T5.!jl.B9~lJOHt, 't.!j A '<:fiijf':t. -1'1* j] . llt<* j]~T5!(iB9zro 

:1l1:'&:t.~~ . l~HHJIJi.ti~~H T*4rm~fr]T#'4 ITffMl'1J icJ A9·~lfl£. 
~HT#4ITff1JicJ :A i*f4f7G7YJ, T5it B90-7YJ :S: EE m Vo sinrO. i9: <* j] ifJlt:1J (tiJ 

!'t<J0-j]:7c;H9fJ~JOO:;9 N, /(fffl B'JfiiJ;9 tot, ~mfU£JH':Ellt1J icJ EJ<J0- j] jlli;J\'f'I* 
j] ,PlU;ft' 

N tot = mvo sin<p. Q) 
:(£Jlt1J icJ A fi)T~!'t<JJJ, &;T5.!jl.~'t!'t<J <* j] I;)~~, jf;ft'#.lmJ ~'t !'t<JlEllij] (j~;h 

N' ) ~£j] !'t<J0-j]. EE T A f*t#7G7YJ, PI~IEj]f1!ij. ~~%(Dlj}£j] iJ90-j] ,Jillj;ff 
N'=N. 

3f1-rT~4 ITff1JicJ :T5.!jl.B90-$J~tIL'&:t.~1t, i9:T5ljl.!j AzfiiJ i¥J<* j] :(£Jlt1JicJ 

SA ,). 

~-~ 1J ~. ._-----_. - ----.- _... __._---_.
~ ~ ,tl." 

B90-j]:7c;j\;9 F ,)M F 89 /lPj!;9 F tot. A;ff.llt1J[<i]jf~flJI!§.:5~'EfaU'4 ITff Iii] 1:.~ i;lJ 89•
Ift~j] f ~£j]ag0-j]. ~:f-F%(Dlj}£j]890- j] ,JilljM Au~i¥Jj[l*I!t~j];9 

frr==p.N'. 

Ift~j] f 891*:i:;9 
ftot~frr=tot=p.N' t.t=J1mVo sin<p. @ 

MA7fMlBt, T~.!jl.~ Amnlti¥J~tityf\-llt1JicJ 897YJ:!i;9 mvocos<p, Ift~j] 89 /lPjk 

~~tit7YJ:i:~0-' ,3!Q* 
p:mVo sincp?-mVo cos<p. CD 

!QljIft~j]f1Pj]~~ A ~T~.!jl.i¥JiYJ:i:~;9~, ~PT~.!jl.i!€3 A A 'P1J~:f~\WfJ.!:,A tIL 

f*M':;f 7YJ. I;) 1:.*1tf~* 
tan<p?1.=5,~P cp?-78. r. ® 

p. 

Jm:(£ <p= 45°<78. r ,fi)TI;)MAu~~*Bt ,~mB97YJB,::7cT:1?'T5-~~ A.~

~icJ1:.m7YJ . is!:JtlfJ)t;9 v , mu EE 7YJ:;;~J£PI1;<J 
mVocoS<p- ( m+mA )v= fmut.t=pmVosin<p. 

1nVo (coscp- flSi!!p?'
~1;<J v= ~ 

m +mA 

ftA~~,~ v= O. 5J2 m/ s=O. 71 m /s . @ 

(2) M Au~~*J§ !'t<J~iYJ 

A !'t<J~7YJ:A l;)iJJJ!J)t v icJ1:.~7YJat, EE T B !'t<JJ!!J[jg~'~T~t~1IL 5*j] jg 

$.A~T_;ff£j]~Ift~j]~ffl~.iJJ.!J[;9v!'t<J~••~$J,:(£at~t~~J! 

J)t ,J!*~i'fl"#'lilii1:.m89Re:~0-};lU;9 
a = - (gsin8+p.gcosf}). CV 

VA =v- (gsin8+p.gcosf}) t. ® 

SA=Vt- ~ (gsin8+p.gcosf})C. ® 

B EJ<JjEiYJ :g1!T*j];9~,B;9 § EE~1*,~it*&~nr!'t<JRe:~0-};lU;9 
~=~ ® 

1 2 "'"S8 =2gt . lUI 

~ SA =Sn at ,g1! TtlHftH ,JltBt t=tl , J)!U;ft' 

vt,- ~ (sinEJ+p.COsf})gtI 2 = ~ gt,z. ® 

2v @PIM1~ t, - C1 +sin8+p.cosf})g· 

@tl = 0.086 s. 


is!: B ~\¥.f:Re:~;9 H I ,JilU 

1 


ftA~~1~ 

HI =2gt, 2= 0. 037 m 



~JI1'~U'" _ ._. ~-~.>.J~~~~ _____ _.... 
W:JJtBt A,B e<Jl!lt?Hluj] v/;fQ va ' .!J!tl 


1 - sinB-{!.cosO

VA' = V- g( sinB+ flCOsO) t\ ®1+sinB+flCOsOv, 

, 2v 
VB =gtl 1+ ' 8+ sO'Sm flcO 

f-t .A!!&Ji1~ VA' =0.14 m / s.va' =0.86 m/s. @ 
(3)~ 9=' t±J ml fIP tJ Et<J:ii~ 
tiI®;fQ@~OJ~t±J .VB' > VA 

I 
~~T/f'~~f$~.~T*tJ~ t±J mlJ!t{lj:t tJ, J!t/If• 

tJit A , B e~J!*~j]-f-f, i~Jlt:tli i'iJl!*j] v' . tilT~9='~*tJ Et<J~tlB1:~;j{ji'iJ ,A, 

BPfi~ fIP tJ Et<J /*:I::;Ie/j\;fEl~, ~ ffif10f 
ma (va' -v') = (mA +m) (v' -VA ' ) . @ 

, mBVB' + (mA +m)VA' 
OJ*1~ ®v mA+mB+m 

f-tA~Ji:j~ V I = 0.41 m/ s. @ 

(4)A, B l!*;j{j~J§Et<JJEitIJ 

til 'f~T/F~f$* ,A ,B Et<Jl!lt:;le/j\, :iJOl!lt:;le/j\;fQJEitlJRe~f~;f§ 1iJJ. i&~~T 
'%.fJj] T,:iJOJIglt:;le/j\j] al ,!J!U 

T- (m+mA )gsinB-fl(m+mA )gcosO=(m+mA )a' . 

mBg-T=maa'. 

m/~ , mB-(mA +m)sinB-J1(mA+m)cosO 
1 a m+mA+mB g. ® 

f-tA~Ji:j~ a' = - O. 31 mN. @ 

91. -'%~~ A , B f$:~~l!JEitIJ. i&~ustrB] t 2 J§ =i1fl!lt~j]~ ,!J!U 
, 

V @t2 =T?T' 

f-tA~Ji:j~ t2 = 1. 31 s. 


~ B T~JEE~j] Hz ,:j~ 


[-[= HI +H2 =(0. 27+0. 037)m=0. 31 m. 
A,B l!ltj]~J§, EBTJlj~m-

mag=l. 00 N. 
(mA +m)gsinB=O. 80 N. 

fl(mA +m)gcosO=O. 28 N. 

OJLV-~t±J ,A,B f~~f**/FitIJ. 

45°<<p<90°Et<J'm(5L ,;(£itit'T5~MAi1~9=', B~ :rp< 78. 7°St,A Et<Jl!lt IlPj] 
@J:\;;rp?78. 7°St,Af**/FitIJ. 

( 1999 • :i:OO~JJ!~.~ ) ;fir '='1' ~ ~;f1J $ B'J!Ii -T,!Ii -T 1 ~!Ii -T 2 tf 
rPJ jEJi -1'ilt1t?1-lf ~ 1 11\):li~ ~ji 5if!.~, #- JfJ tfi~ ~ ~ ~9ft£ - ~ (Or~:h - ~/Hh 

#-) , Mr Jl:.:Il!!. :W~t£ Jt~;Jj(if Wi J:.. }J -1'!Ii -T 3 YJl:P< Jt l1l';Jj( if Wi MtoJ t if]. !Ii -T 3 

1!,- ~ _1].___~ 
-<'I 4J ~ .. 

{P!Ii -T 1 ;f1J .fjE:m #-;fi5:itt£ -~:iE #J. Eli nUm ~ § #J MItT, ~ 5if-1iH'f;tt, .=.1';tiL-T 
?1-!#" ~ *ll?1- : - -$?1-lv !Ii -T 2. }J - *ll7} JJ ;fi5::(£ - ~ {f,J ;fir -T 1,3. E, ~ 5if!. ~ ilt JE ?1-If 
tffi ~ 11~ 5if!. 'ti%' ~b~ Ep. JJ 1ftilt-llHiz tIJ 89 !Ii -T 2 11911L~t ifJ 1* fl't£ 30° Z fJ , ;Jt!li-T 
3 A M ~ 119 #J n~ EU.L~. 'it i. *"14' ? 

.~: ~~.MifJ~ft!li-T2MtlJE{f,J:iE#J~toJ~!Ii-T3AM~{f,J:iE#J~toJ 

• 
Z fPJ VI] jE ftJ . 

[~~JTl rg~-~~8'It1t:(51Rtt:JWDTI.1Jm,~~~tt:J~~~. *r~4S:~~)1~= 

~: (l)~jfc5TI.1J§'g1E:@~7:HfTt!l:f 2~~f3UFott:J~~~m::f 1-3 tt:J~~~~, ff 
1mJ1±\~~~Fott:J~~9d~~; (2);f&jfc5~~~~D~~~~}iCl::l~It1~~g Ep ~m 

::fTI.1J~I8JffiJ~~;(3)El3~CPt3C1::lm::f 2 ffiJ~~illm. 9trrm::f 2 ~~~~~~~ 
ff:5:Tm~~~CI::l~i£. 

[Ml ~1L~Q~ 1-4-23Pfii:KEt<J~IHf,*.LV-:fli:T 3 ll. v, v 

AMl!It'L\) j] x ~.iE1J!oJ. i9:4ij:~;f}LTEt<J~~j] m. \;?<v 
~;f}LT 3 .!:j 1 ;fEllijHt-~;(£-®, ffif;(£!IB~wr7f~1ltr, =: o~ - " 0 X 

6. V I - VI 
~:mT~-®JEitlJEt<J .:a;l't!:l::i'iJl!ltj] v , tii;P.!t~:i:'iT 

t1!fEW ,:ff 00 1-4-23 
mvo = 3mv. CD 

IlP v tll.rff x 1J!oJ ,;It:;le/j\ j] v= ~ . 

~HI~wr7fFo~'~~JJ!(,~~tEtJf$:~it~"Ii~~13 Ep ~ftj]*,j:T 1-3 ;fQ;f}LT 2 Et<J 
itIJ~. i9::fli: T L 3 :!\lJ§ J'J<J l!lt j] VI ,;f}L T 2 :!\l J§ J'J<J ltlt j] Vz. til m~~~ 'iT 't1!;fQ itIJ if! 
'iTt~fEWOJ~ 

~ (2m)v12 + ~ mvz ' = ~ (3mhJ +Ep. (2) 

(2m)vl +mv2 = (3m)v = mvo . Q) 
~5~~~Et<J1J!oJ/FIiJJ~m:B§ ,;f}LT 2~OJ~I3V)/FIiJJEt<Jl!lt!oJ*1J!oJ-~t±J, W: VI 

.!:j 'L{) Et<J~ftJj] 8. ;(£~Bl~Mwru~9=' ,;f}LT 2;fQ:mT L3 tiI'f~¥1j5.tJEt<J(If:l:f'Fffl.W~ 

f=1'.;fEl!1Z Et<JitlJii Et<J±t'IiLlAffif:ffU Et<J±t'I};:. i~;\'tJIglt±t'l.?HIJj] 611) ;fQ 6Vz ,!i!lj :ff 
VI = v+6vl' 

{ 
Vz = v+ 6 Vz . 

VI z = Vz +6Vl z , 
gX; @{ 

VI,. = Vy + 6Vly' 

Vzz = Vz + 6Vzz . 
{

Vzy = Vy + 6Vzy. 

~@~f-tAQ)j\ ,:j~ 

2m(v+6vl)+m(v+6Vz) = 3mv. 

1 
~ji'i] 6vI = -Z6Vz . 
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~JI1'~U'" _ ._. ~-~.>.J~~~~ _____ _.... 
W:JJtBt A,B e<Jl!lt?Hluj] v/;fQ va ' .!J!tl 
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, 2v 
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I 
~~T/f'~~f$~.~T*tJ~ t±J mlJ!t{lj:t tJ, J!t/If• 
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(4)A, B l!*;j{j~J§Et<JJEitIJ 
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A,B l!ltj]~J§, EBTJlj~m-

mag=l. 00 N. 
(mA +m)gsinB=O. 80 N. 

fl(mA +m)gcosO=O. 28 N. 

OJLV-~t±J ,A,B f~~f**/FitIJ. 

45°<<p<90°Et<J'm(5L ,;(£itit'T5~MAi1~9=', B~ :rp< 78. 7°St,A Et<Jl!lt IlPj] 
@J:\;;rp?78. 7°St,Af**/FitIJ. 

( 1999 • :i:OO~JJ!~.~ ) ;fir '='1' ~ ~;f1J $ B'J!Ii -T,!Ii -T 1 ~!Ii -T 2 tf 
rPJ jEJi -1'ilt1t?1-lf ~ 1 11\):li~ ~ji 5if!.~, #- JfJ tfi~ ~ ~ ~9ft£ - ~ (Or~:h - ~/Hh 

#-) , Mr Jl:.:Il!!. :W~t£ Jt~;Jj(if Wi J:.. }J -1'!Ii -T 3 YJl:P< Jt l1l';Jj( if Wi MtoJ t if]. !Ii -T 3 

1!,- ~ _1].___~ 
-<'I 4J ~ .. 

{P!Ii -T 1 ;f1J .fjE:m #-;fi5:itt£ -~:iE #J. Eli nUm ~ § #J MItT, ~ 5if-1iH'f;tt, .=.1';tiL-T 
?1-!#" ~ *ll?1- : - -$?1-lv !Ii -T 2. }J - *ll7} JJ ;fi5::(£ - ~ {f,J ;fir -T 1,3. E, ~ 5if!. ~ ilt JE ?1-If 
tffi ~ 11~ 5if!. 'ti%' ~b~ Ep. JJ 1ftilt-llHiz tIJ 89 !Ii -T 2 11911L~t ifJ 1* fl't£ 30° Z fJ , ;Jt!li-T 
3 A M ~ 119 #J n~ EU.L~. 'it i. *"14' ? 

.~: ~~.MifJ~ft!li-T2MtlJE{f,J:iE#J~toJ~!Ii-T3AM~{f,J:iE#J~toJ 

• 
Z fPJ VI] jE ftJ . 

[~~JTl rg~-~~8'It1t:(51Rtt:JWDTI.1Jm,~~~tt:J~~~. *r~4S:~~)1~= 

~: (l)~jfc5TI.1J§'g1E:@~7:HfTt!l:f 2~~f3UFott:J~~~m::f 1-3 tt:J~~~~, ff 
1mJ1±\~~~Fott:J~~9d~~; (2);f&jfc5~~~~D~~~~}iCl::l~It1~~g Ep ~m 

::fTI.1J~I8JffiJ~~;(3)El3~CPt3C1::lm::f 2 ffiJ~~illm. 9trrm::f 2 ~~~~~~~ 
ff:5:Tm~~~CI::l~i£. 

[Ml ~1L~Q~ 1-4-23Pfii:KEt<J~IHf,*.LV-:fli:T 3 ll. v, v 

AMl!It'L\) j] x ~.iE1J!oJ. i9:4ij:~;f}LTEt<J~~j] m. \;?<v 
~;f}LT 3 .!:j 1 ;fEllijHt-~;(£-®, ffif;(£!IB~wr7f~1ltr, =: o~ - " 0 X 

6. V I - VI 
~:mT~-®JEitlJEt<J .:a;l't!:l::i'iJl!ltj] v , tii;P.!t~:i:'iT 

t1!fEW ,:ff 00 1-4-23 
mvo = 3mv. CD 

IlP v tll.rff x 1J!oJ ,;It:;le/j\ j] v= ~ . 

~HI~wr7fFo~'~~JJ!(,~~tEtJf$:~it~"Ii~~13 Ep ~ftj]*,j:T 1-3 ;fQ;f}LT 2 Et<J 
itIJ~. i9::fli: T L 3 :!\lJ§ J'J<J l!lt j] VI ,;f}L T 2 :!\l J§ J'J<J ltlt j] Vz. til m~~~ 'iT 't1!;fQ itIJ if! 
'iTt~fEWOJ~ 

~ (2m)v12 + ~ mvz ' = ~ (3mhJ +Ep. (2) 

(2m)vl +mv2 = (3m)v = mvo . Q) 
~5~~~Et<J1J!oJ/FIiJJ~m:B§ ,;f}LT 2~OJ~I3V)/FIiJJEt<Jl!lt!oJ*1J!oJ-~t±J, W: VI 

.!:j 'L{) Et<J~ftJj] 8. ;(£~Bl~Mwru~9=' ,;f}LT 2;fQ:mT L3 tiI'f~¥1j5.tJEt<J(If:l:f'Fffl.W~ 

f=1'.;fEl!1Z Et<JitlJii Et<J±t'IiLlAffif:ffU Et<J±t'I};:. i~;\'tJIglt±t'l.?HIJj] 611) ;fQ 6Vz ,!i!lj :ff 
VI = v+6vl' 

{ 
Vz = v+ 6 Vz . 

VI z = Vz +6Vl z , 
gX; @{ 

VI,. = Vy + 6Vly' 

Vzz = Vz + 6Vzz . 
{

Vzy = Vy + 6Vzy. 

~@~f-tAQ)j\ ,:j~ 

2m(v+6vl)+m(v+6Vz) = 3mv. 

1 
~ji'i] 6vI = -Z6Vz . 



__,_ .~:-:::-~_~..!~W_?1_._, _,,_.__ ._____._-__.•. 
1 

t.VII = - ~ t.1i2.<, ® 
~ 

{ t.Vly =-Zt.V2y, 

(2)itpJ~JVt:tmr~%it 

.l.(2- )( 2 + 2)+.l. ( 2-1- 2) -.l.(3 )( 2 + 2)..LE2 m VI I VI, 2 In V2.r ,V2, - 2 m VI Vy , ", 

~@(5}mitf~Al:A;J+1tm1 ,~ 

~ (2m)[(VI +t.VII ) 2+ ( Vy +t.V]y)' ]+ ~ m[(vx +t.1i2.<)' +(Vy +t.V2,Y ] 

=Z1 
(3m)(vx 2 +Vy ' ) +43 

m (t.V2.r , + t.'l-~y') 

= ~ (3m)(vx 
2+v/) +Ep, 

11filJ Ep= ~ m(t.V2) ' , ® 

®A*Sj3 ,R Ep ~JE~fHj:r ,t.V2 ~jc/Hl-JE 

~ ,V, f8jc/J\ *,:7J[ii]~ t.Vz S9:7J[ii]~*, ~P~5$~3C~ 

~:7JIcJ~*,MI01-4- 24JiJT~,;S: vtiJ V, e~jc/J\-JE, 

epOO!f1IW~*1:2*, p },~,rlJrnD{,'sg11E~-JE, ~ 'l-~ ~ 

t.V2 ~llRt, e ff'l~*,~at V2 ~:t'IcJ i'fflml~tJJ~:7J[ii], 

JiJTI:.Mf~$~~f'PiiJ~~~3Cjf:7J[ii]!f1, 1:).001-4-24 JiJf~ 
~1 - 4-24 

E1<1i'S t.Vz S9:7J[ii]1('!iat '~T 2 ~:lRjcitUtff'l, ~*~ 
T 2 tt9iiHtff'lf~iH~:t£ 30°1:),1*1 ,&,~~* 

It.v, !:'(vsin30°, 
V

~P 1t.V2I:,(Z· 

~ It.Vz I:,(~. cv 
1ffiit CV*,® ,iiJ11frlJ Ep:'( ~ m( ~) ' = 24 • ~ m1-\)', 


JiJTI:)'~*~T 3AMattt9Z9J~~ 


~ mVo 2 ~24Ep. 
_w,.. (2005, jJE]jjf1o/JJlt~JU~D 

tt: T (OJ ~ 

- Ji 1K j~ ii.3t ~!'f 'f ~:i!5 ~ 99 7J J.\},Uh l*. -t. !?E 1-4- 25 ffi :if- 69 ;It.:(£ i! ;& it ff. 
tf JHH9 ,1~>~,' iiI. iiI . 11l :WHHt -f !IS :ft. ~:U' Ilt , i~ l*. -t 1UHOH~ £ I\.,' iJ9 I1E. i% J.J r" ; 

ilii ~ ~ 1'ii?t -f T ~~~, Ilt, l*. -t # .$IJ jU JH~ J9t i\.,' iJ9 I1UO\7 )'J. i~ It 1ft rd = 211; = 
r" 

88 

_.~ ::: ~__ 1J__.,~, 
-f ~ tI" 

1. 072, R)l ~ :rHli :ft. Ej 'f~ w.J # ~~ Ilt~ I\"';ttl ~ -f l*. -t ~ $!1 jlJ Ji =it £ I\.,' 89 -'f :J!ij ffe i% 

JZ ~ 1t*- !9 7%. 
• 

H 

~ 1'4 - 25 

J.J J i<t (OJ Ml foJ 1t .1FX;t~ -t £ if OJ J;J.~,!iii}, fK -t (J'J ~ ~ iRlJ', JiJ 1~ iJ9lfi ~ ,~,;It 

.tf':(£~lfi~~;~Ilt~.;tJiJ ••*~'f.~~:ft.~~~ :ft. ~'f.iJ9:i±ff.(~A 

f lJ B ,E flJ F) Ej 'fk -t:Jt;& -* j{ #J It*iT q~~~ 'i4t , § !II:. !iJ J;J. iA. J.J fA. 'f if.1f. jlj ~,5 iL ~~ 
~ :ft. j~ 'f lfi. ;it Ilfi Iii] 3t JfX. fr-.'J . Ej JllJ ~ 1~ . JJ :7~ illj' 1- T m±t ff. (;..J... C flJ D,;..J... Gill H) 1!!. 
:m: 1/X .it t: ~ iii] it ff. .*If$. M- 6'1 ("l Mi.~ : ¥j 1P< ~ ·iH* -t f4;& ~ J.t ij'.1Jp -1* ,~ ~ i}1,;oc *- f.fJ i! J.t ij' .1JP 

- 'Fa ( I!p .J$; i;IJ #. J.t h ;fJ) *~ 1'& Jt iIJ J1)j '* ,}J" J\t:k. fti ilL~:h f.R -*- <t..J J1)j -fg- ) , '* If llHT$ j ' 

*- (or ~/, m7}'it*' -iF ) ~ ;& ;f 11 . 
[~1Jfl }x~-@'~Tf}(fBSJmi3;1JtOJ~, M~~iliiD;E§lVJii~~:fE:~~~Jl,~ 

~.:g~1~:fE:r~. 
UU (a) .3 0=0 at, tln:f.kT~~~1~,~M, 83 =f/HtiEt.k'f.L 83 ~~iHIJ :v:'~ 

~9Wi*BttB]W.~ '-~!n'£Ell A. jU B (:)'2~. 83 E flJ F i¥Ju~!f1 ,;f§X!=ffk 'f .L ff S9~f! 
,~ rrrr~f, f'l ' m=f/J\f~ r¥.!,@-jJn!j]~, ij:/H*B~ftl i')j:r~t 'ift§:. i9: m j] IHt s9 J9t j;, r 1; 
IHtEf{]@:{" :3?:fkT;@;U ,~~li'fi:fZl, 8 1;;f.kT;ff:lX;J7· :!(Ht~ ~ffJ jilt, L= [8= m?e 

j]IHt;f§xn~~ff,~s9ff'1Z9JM. 

§/H*~:8~~~:J9'trlJ :V:.~at, apiA A rlJ B ~)J\ E 1lJ F ,AI'9!: 'L'3?:~tt,~,8'~li'fi: 

~ 83 r d ~~ r" ,JiJrxtJ.iiIi¥J ff'I))glt 83 0" ~~ 8", liJ ff'I Z9Ji! 'ift~JE~11f 
mr./iJJ = mr" ' 0". 

. (r , )2.e" = ',-'- d • 'CDeru 

V1' t!P ~H:k =f:(£ ~1~ ,r{¥, at, I j\ft 4ft - iX r:I3 g~ ~M~*~mat, ff'I iil¥i\¥I1Ju 

C:)2 

iff. 

(b) 3fk'f'iA B tt3i C g9u~"P ,m~~~~t~, tiluH*,e<]~j]~~~~±~:t.m:i:~ 


Ti9Jf4~tt9~y~, tlP 

(2)mgr" (I-cosO) = +mru'e"'. 
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~--:-~_ .~.1-e~:$:}: ._ 
~#Z'fm~ CBt ,/J\~EE~'~~~~j]~~, ~Jlt;f-t~A,'~~tEBEr-J~~, El3 r" 

12-Kj] r d, ep)91A,'Er-Jifz~h\ C 12~ D, ~Jl:tJ91>L'Er-JIiJJ~~~e ~!z:12. ~tk'fh\ D m 
~E 8t ,i&;1\1f'I~*j] e/ ,.\Jl~~}lUIJfflm~~~~tK~1*, pH~ 

) _1 2(·')2mgrd (1 -COs/} - 2 mrd {)d . ® 

El3 @fj:]®jJ;\j:itPJ1~ (e/)2 =~ (e,,)2. @
rd 

ffiCD:it1-t.A@:it, PJ1~ 

(e/)2 = r" • (rd ) 4 (ed)2. 
rd ru 

.1 
. ,_ ( rd ) 2 . 
{)d - - ed • @ 

r" 
.1 

ep#Z'f&m7%*[ffl Bt ,;tt1f'l~*:ij)1Ja ( rd ) 2 tg:; ~ltt&mrh-~, I)!IJjf.j ;ii.$:ij)
r" 

1Ja c: r1:g:. #Z'f~~Er-Jjf.j $jfj:];tt:(:ElIt1t£J.ii: Er-Jjf.j J!.$MiHt. ~#Z'f~rh n IIJ&, 

jf.j ~jJt' j]®~ElBtEr-JWiffl, .\JlIJ 
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:!1f~TJE5~t!tWJWlI¥.J 2ffl', ffii~ffj/J\--,8. 

~ 

00 1-6-3 

~ (2000· ~1®!fm~'BiJfIl§) 1978 if.13oWl~t~'F@:.£l-iti!B J -~I;~ OO-!f.:WJ 
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[~l 
y/cm 

0. 	10r-~-2.·_ ~_s_I!'t 6"J_~_~_______________ ____ ~~)_Q._~_~Ilt~~% 

i (23.75,0.05) 

18. 75 / b3. 75: ~ ~fttJ;b~ 
6.25 I I ~1.25: x/em 

5 10 15 20 : 25 
- 0 1 0 ~ ---- --- ------ --- ------ -- ---- ------ -- - ----- --- --- -- 

. 	 t=12. 5 slltfttJ~* 

i!J1-6 - 7 

;g-~ 11 ~.- .- ---- - .--.--- ---.---._---_ ._-- ~ ... p '" 
~ (2003' :i:OO!/o/JI!~nH! ) :fr A ~ ill 1 -;# /F JfJ -* •~BA!===== . 

-f,f ~M Ait:lt!!.J.ji. .R£. DlJ ~ ~" Jti~~,:#Dr: Xl-:li!!,~ e~ --*" 5F:~ 


- ~lt ,:#D I!fl 1-6-8 f}f if-. ;fE~lt DlJ Wi 1- tI:ll:J jIl: A ~ B, ?}-jl~ ¥t 

fgt-iJ9 M il94kJ1**p~it 79 m if.]f~ ~M .R £. ~ at § IiI *~ , R 
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001-6-9~:1'J 

M=~~~. 	 @ 

r~,~:i::1'J m 1'!IJ!fWJ~~~:It!!,f;j(1'!IJ51j]PJt:)?J(~·:1'J 

4
F=3 -n:Gpmr. 	 Q) 

fFfflr ~:i:j.J m e<J!fWJ~~~1'!IJ5 1 trffimillj] JCJ...tI'!lJ*j] I'!IJjc;J\j.J 
f=FsinB. ® 

sinB=2:. . 	 ® 
r 

(J:1'J r ~imill89 ~~~OC J'8]I'!IJ~ftJ , x :1'J!fWJ~fiLlt¥IJimJ! ~ ,~ c l'!IJ~m,j] 89 

j]JCJmJCJimilll'!lJ~~C~:It!!,OO...t!fWJ~I'!IJ.j]~~*~:1'J 


GMcm 
mg=~. 	 ® 

J:t~ Mo ~:It!!,J;j(I'!IJ~it . El3...tJ:tPJt:J1~¥1J 


4

g=3-n:GpRo. 	 (f) 

El3 t:J...t*J:tPJ t:J*1~ f=If; x , 	 ® 

PJ m,f ~~!ji~I'!IJ~!jij]~/iilffl'!lJ11Jl!j: ,ffi~"~JJ13t*~":1'J 

i!J1-6-8 

mailto:U.*:It!!,J;j(I'!IJ~.,~~p~~:It!!,J;j(I'!IJ@~,~~.PJ
mailto:ffi~J~~@Z0,Z0~'_j'~,~g~'_j'~EZ~�.J@Z0,75~sl
http:Ait:lt!!.J.ji
http:23.75,0.05
http:Jl,j:.tt
http:jftiHI:.5l


____J-.~ _J~i~~?;t_ .. --  • 
~ (1999 • :i:OO~J!J.Ni.I8i ) ¥t -;ftt* ){J 100 $ )Vf(:. if.] :P.\j6g #: ~, Xl-JJ<. Sf

if.] x $ld:kJi,t.!rJ)t~Wii!ffij ~Jt. *Jti% ~ }ta9 ;t~ 25 em jIl: ( jftiHI:.5l; J.t.A O,~ 
m1- 6 - 5 J'Jf <T- ) if.] ~t 1. - ,p., ~ j}o - 1- Xl-*1:. -f ~F: ~ Ji (.;J ( I!p y .$til ;;5- (.;J ) if.] :it i;)J , fi.: 1i 
~ M: at faJ if.] ~ 1t~~:!w m1-6-6 f}f if-. l?<:f.t i;)J¥t:){HF: ~#11 jlij ~~ 55 (~j:. ~ Jl,j:.tt 
)~J. e, jill?< 55110 #: ~ tf if.] #lIit lt){J 2. 5 em • S-l , lL lit 110 #lI;fu ffi. M1i{£ tf t!J i~ 
:fr fj~ it -t9\ #Z. 

ylcm 

0.10 

0.05 
~~::b~ 

° 	 xlem 
-0.05 

5 10 15 20 25 
-0. 10 

i!J1-6-5 

Cl)~11om 1-6-5 tf>l:Ojij:lit,@jtl:l § OA *~F: ylcm 
(.;J ;t#tU~55 11ot=2. 5 s ata~ iIt~I!fl. O. 10 

(2)1~55 (oJ ;t#4t ~IJ ~;;t ,p., at ¥t ~!i ffi. M, ffi. 0.05 

Mlit (oJ iL # 11. ffi. M A lUt ~;;t ;;j~ ;iJ 89. :li Pf 3i fi\', o 1. ° 2. 0 2. 53. 0 tIs
~(oJ;t#4tif.]55~(oJiL#.if.]55~~~,~ffi.M -0. 05 

,p., I1Hr. lH&it ){J~. IiI Jlt 7.Je. A tI:l ~ , ii.11o ill 1- 6- 5 -0. 10 

tf ,jt:Ojij:ltjJ,@j tI:l t=12. 5 s atDlJ iIt~ ill . 
i!J1-6 -6

(3) ;fE I!fl 1- 6 -5 tf Ijt ~ :li!!, @j tI:l t = 10. 5 s at a~ 
)Jt~I!fl. 

[7t;j:Jj-l i&?ff~JI~~cp)~~~9irlit1:~~m~1JOIt1~~. 3Il\nR?f*!:§~illiR 
ffi~81~~f§Rffi~RfT:.0'~[i:i: ,*-M~ (1) (2) ~ falJ, ffij!:§~it!3),$ffi~B1~i&fBJill83~ 

1JO~~mJ;:E[ i:i: '*-M~ (3)i9] J, 83~j~JD~3Il\ni&BSJ'£~~~~ 2. 5 X 2. 5 cm= 

6. 25 em,mJ;:Efr~81~U~i&tlSJR.fi~U§~m),$ili!~fjf-~JD*~BSJ*tI. tm~B1klSJill51~ 
aiji&~~&~iiJffi&~B1 ,Jt&~ffi7JJill~ffi{~JI. 

[~l 
y/cm 

0. 	10r-~-2.·_ ~_s_I!'t 6"J_~_~_______________ ____ ~~)_Q._~_~Ilt~~% 

i (23.75,0.05) 

18. 75 / b3. 75: ~ ~fttJ;b~ 
6.25 I I ~1.25: x/em 

5 10 15 20 : 25 
- 0 1 0 ~ ---- --- ------ --- ------ -- ---- ------ -- - ----- --- --- -- 

. 	 t=12. 5 slltfttJ~* 

i!J1-6 - 7 

;g-~ 11 ~.- .- ---- - .--.--- ---.---._---_ ._-- ~ ... p '" 
~ (2003' :i:OO!/o/JI!~nH! ) :fr A ~ ill 1 -;# /F JfJ -* •~BA!===== . 

-f,f ~M Ait:lt!!.J.ji. .R£. DlJ ~ ~" Jti~~,:#Dr: Xl-:li!!,~ e~ --*" 5F:~ 


- ~lt ,:#D I!fl 1-6-8 f}f if-. ;fE~lt DlJ Wi 1- tI:ll:J jIl: A ~ B, ?}-jl~ ¥t 

fgt-iJ9 M il94kJ1**p~it 79 m if.]f~ ~M .R £. ~ at § IiI *~ , R 


:J M ~L m Jt -i;j;;k ,~#[j§- , ~I: 79 m DlJ #11*, ~p * ~ ~H9 .R £ 

:$t%}A~lt l:J B J.p tI:l ~lt;i~*~.R£1.:fr -#1tlL11o*~ 


.R£~i%*tI:ll:JBat,~~re*~.R£if.]~ltJi(oJ~){JXl-*jIl: 


:I~r;jt -lj] ~ if.] 1i (oJ, 1.§./F?k 11:. lt lt a9;k /J' . ~## it .R £ ~:fr Pf fj~ ~:lt!!.J\,' ~ i;)J , !i'&.){J 


-1-Ait .R £.. ;it Ait .R £ iE M-Xl-:lit,J;,1t* [lij ~:!~J\"fo,k 00 ftl ~ i;)J , fiN :li!!,J\,' ~~ i,~ ~lt if.] 

Jl€ i% 79 $ j;'? e, ~ M= 20 m, :lt~lj!- f£ Ro =6400 km 1&;;t:lil!.~~~}pj::i:!:~ 6g?}-:$' 89 

r;jt 1* , ~1t~ J\'; ;ff if.] , Wi 4kJ 1* faJ 89 '9BU~~ ~ ,t! DlJ . 


[7t;j:Jj-l ~~~~~ffi~J~~@Z0,Z0~'_j'~,~g~'_j'~EZ~®.J@Z0,75~sl 

:t.JffiJ~*ml.~. 
[Wtl fiLrimJ!JtJ ,~ii:1'J m 1'!IJ!fWJ{*~:It!!,'L' 0 :1'J r a-tCJt 

m1 -6-9) ,'t~¥U:lt!!,J;j(1'!IJ51j]PJt:J~~:1'J 

F=GMm 
r2 . 	 CD 

~~M~~:It!!,~O:1'JJ;j(~,~r:1'J*~I'!IJJ;j(~~m~1'!IJ 


U.*:It!!,J;j(I'!IJ~.,~~p~~:It!!,J;j(I'!IJ@~,~~.PJ~~ 


001-6-9~:1'J 

M=~~~. 	 @ 

r~,~:i::1'J m 1'!IJ!fWJ~~~:It!!,f;j(1'!IJ51j]PJt:)?J(~·:1'J 

4
F=3 -n:Gpmr. 	 Q) 

fFfflr ~:i:j.J m e<J!fWJ~~~1'!IJ5 1 trffimillj] JCJ...tI'!lJ*j] I'!IJjc;J\j.J 
f=FsinB. ® 

sinB=2:. . 	 ® 
r 

(J:1'J r ~imill89 ~~~OC J'8]I'!IJ~ftJ , x :1'J!fWJ~fiLlt¥IJimJ! ~ ,~ c l'!IJ~m,j] 89 

j]JCJmJCJimilll'!lJ~~C~:It!!,OO...t!fWJ~I'!IJ.j]~~*~:1'J 


GMcm 
mg=~. 	 ® 

J:t~ Mo ~:It!!,J;j(I'!IJ~it . El3...tJ:tPJt:J1~¥1J 


4

g=3-n:GpRo. 	 (f) 

El3 t:J...t*J:tPJ t:J*1~ f=If; x , 	 ® 

PJ m,f ~~!ji~I'!IJ~!jij]~/iilffl'!lJ11Jl!j: ,ffi~"~JJ13t*~":1'J 

i!J1-6-8 



_~;g-~ ~i'e;$~ 
---------~--__o 

k=!!!:E ®R o ' 

!/1JJ1**tk-( C :;/g.1jl-OOtLft1$mnl§':lEiYJ, ~zgJ~:Im:;/g T= 21( JIf. ~ x = 0 !It:;/g 

"~~jJw.fi~"a9~A, iQ:1ll=fiii1! ill [:J!lt a9J1ll::iI::;/g m a9mt 11:. !fm1*¥lJit x = 0 !It 89l! 
JiJg L\) ,!QU;tIHmfi~:Ii~tg,1f 

tmL\)2 =tkCR/ -hZ 
). 	 ® 

~a:p h *~ijM,,¥ljiii1!a9Re7*i. fU!f~),L1f~~~,q~ 

Z_ Ro2-h2 
ni\ 

L\) -~g. 	 lUI 

m m, ¥1Jlisiii! a:p ,~ C a9i!Ji ~1o/J1*a9J1ll:1i5{;*. 
i.9:~ ilJ1ll::Jil Jg M a9!1o/.} 1*mt11:. T ill JJ A !It, J1ll:ii!::;/g m a91o/J1*mt 11:. T ill JJ B !It, 

l!Mit1::{iJ !<il B1 ff fi.ll: , f& :;/g 1::{n a9 ~ iYJ J!l :1m ;ffi !<il ,$:1::{n*t !<il BHU lisii i1! a:p ,~ C !It , 
ft~1:J~ttli~Hi.lUHiJltr, Wl!lo/.}i*l!Ii a9::k/J\tJ)~ L\) , :1Jtalffi&, ~~lUHiJ§, J1ll::li1J 
M a9!1o/.}1*a9i!Ji:;/g v' ,J1ll:il;:;/g m 891o/J1*a9i!Ji:;/g v, ~1~5E i!Ji:1J tal ~ E8 A tal B 

:;/giE,!QU1f 
ML\) -mVo =Mv' +mv. @ 

1 1 1 1I 
_ ML\)2 +-m1'.-I,z =-Mv 2 +-mif 	 @
2 2 2 2' 

3M-m 
~~@ifIl~@,q~ - Vo . 	 @v= M+m 

J1ll::fi:;/g m 89!1o/.}1*~ffl'~M B9:rr£ ,4-1::@l¥1Jiii1!ill [:J B !ltB1a9i!lt:;/g u ,!QIJ1f 
1 1 1

ZkCRo2_h2 ) +Zmu2=Zmif . 	 ® 

rtJ ~@®®ifIl~®fijTH~ 
2 8M(M-m)Ro2-h2 

u (M + m)2 ~ g. @ 

u iY:J:1JtalYft;§'iii!. ,ttH\S~;g, :rr£LB9~~PJft u 89:1Jtal~~Ji!,tY{}:itP)* B !It 
89-j;JJ~:1J tal, :!W'* u a9::k/J\'f'g-fi~ft/J\ :rr£:itP,~1$rmIJ!l:IEiYJ , !QU1f 

Mom _ U 2 
C	 @R o2 -m Ro' 

E8Jt®@ftff~ ¥IjJt@, mk-(1~¥U 

R --j7M-IOMm-m2 
h=-t 2M(M-m) . @ 
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P5.. ( 2004':i:OO!jo/JJ-'~JUa) frDIE 1- 6 -1 0 , a ,b ,c,d;;lt{i-fJbftJJ<.-'¥-~1lii 

L il9 2Y 1-11\ #J *, t 1fH~ mi :lt:l5] n m. a, b fli] 11 - § f&"* Itn l , 'j}]}jt ~,JfJ.. n kl il9 
~~biit ;c,d i::. fli] 11 - § f&"* Jtn l, 'j}] Jt -* ~n k2 a~ ~~ it it. 2Y 1-!fk7:1#t 89 tf 

._ ~-~ 1:1 ".1' G.• 	
~ 

~~ r, ,"" 
I\; :f£ ~ - 1: t&. L :iw* b,ctlt 1. ~i~, ~i:Ji;;lt 1G± 5!f 116'1, lL';;l~ at fSJ:tR m. . 7H~ 
at, j1i§' 1- 5!f ~ ~?t:f£ § f& -K1t:l*.;t , #J *c ,d ~ Jl:.,!fk7:1#t a ,b 1J;ffi ~ 9\j:i!}jt Vo J1iJ;(i 
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[7HITl tttltQj§n~mjl~± ~~7'C ~5~IH'l GnQ 1! , kSl !DHiffi ~!!f, ~± ~~~ 

J9:!. ill-ii77jtffQJ~Im a ,b .fLllfiX:8SJ~m:& c ,d .fLllfiX:8SJ~m QJ!@fiX:jn:jjn:jffilDJ 8SJ 4 l' 
5.(fl~JJ&~, illff59Ut±:l'Cint§-§8SJJJ&l';1J75f~' ~Fo¥Ilillr:J)jtff ,iBJ&. 

()N1 :f:E a, b Wl1o/J * rliJ ;t :IE iYJ i¥J u fi a:p ,b ~ c ~ - (k tlBI! ft ft ~ liiHi , 1'.f 1dE 
fmiYM&mB1rSJ p;j , Wl~~,JtiY:J*Ji~~?ICflit~~~{t, !It:f:E~*Ji;j;ki$, $: a,d a9 
:lEiYJ*~1t. EST b ,c J1ll::i:;f§~,lUHt~~~~~tE89, 'liH1UlUrfm)§,b 89i!Ii:;/g~ , c 
a9i!Ji:;/g Vo ,:1JtalrliJ;t. .jj,liti~~lUr~ B1 ,a a9i!Ii 1J Vo ,:1Jtal tal;t,b 89i!Jt:;/g~. a 

~ b 14;JJi!,tiY:J*m89J1ll:/L' M l ({;i:. rS-f-1tff.J tf ,!U:l:) B~i!J:t:;/g~ ,:1Jtal tal;t; c B9i!ri:;/g 

vo,:1Jtal tal;t ,d a9i!Ji:;/g~. c ~ d tt]Ji!,t a9 *m89J1ll:'L' M 2 ({;i:. rS-f-*ff.J tf A~) B~ 

i!Ii:;/g ~ ,:1J tal ?J)\ tal ;t. 

~), M, :;/g ili tiF ~ ,8 , Jt :sHlUlf! J1ll: 'L' - ®~), ~ 89 i!Ii tal ;t ili iYJ 89 ~ tiF * ,;J:t X' 

!jjI!~!l111o/J*9-"L'a9 li~t§1I!1f(;f*Jl:t,1':.# ~:h fffr'" 1':.:t;f:,f..),~), b ~ c trt 1:JI~-7X 


lUrtl89BH~f'i=7'JB;jI8) i¥J®,~ (t=O), 9lUtEJltJ1ll:/L,*tiF* a:p, li~j!; a ,b a9~' ~B~ a:p ,8 

~~~/FiYJa9 ,a,b 14;JJi!,tiY:J*m1lJW~'1$~Wll' '' W~-j)ffij~5E,~'fi a9 flM*g:;/g 


t ,JJJJi * fI:;/g 2kl 89~'fiJmT",!<il~, c,d tt]Ji!,ta9*m?J)\m;G Ji!,tWl1'5~~JmT' 

~iV-Jf89 IS M*Iii$j:;/gt, J}j Ii *fIi$j:;/g 2k2 • 


::s:~), xu' ,xu' ,x/ ,x/ :5HjIH-t* a, b-c ,d *!fm* ~7f~ § 3jZ-mtL~a9{iz~, 


!Q~1f 


x.' =Al COS(Wl t+<pi ). 

Xb I =A, COS(WI t+ <pz) . 

= f[f;.Jtl=p 	 WI 'V --;; 
AI ,rpl ,<pz :;/gq~5E1Il'1i. 


x, I = A2 COS(W2 t+ <pJ ). 




_~;g-~ ~i'e;$~ 
---------~--__o 

k=!!!:E ®R o ' 
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JiJg L\) ,!QU;tIHmfi~:Ii~tg,1f 

tmL\)2 =tkCR/ -hZ 
). 	 ® 

~a:p h *~ijM,,¥ljiii1!a9Re7*i. fU!f~),L1f~~~,q~ 

Z_ Ro2-h2 
ni\ 

L\) -~g. 	 lUI 
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1 1 1
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Mom _ U 2 
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~~biit ;c,d i::. fli] 11 - § f&"* Jtn l, 'j}] Jt -* ~n k2 a~ ~~ it it. 2Y 1-!fk7:1#t 89 tf 

._ ~-~ 1:1 ".1' G.• 	
~ 

~~ r, ,"" 
I\; :f£ ~ - 1: t&. L :iw* b,ctlt 1. ~i~, ~i:Ji;;lt 1G± 5!f 116'1, lL';;l~ at fSJ:tR m. . 7H~ 
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Vo 

a - bed 

m m m m~~ 
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::s:~), xu' ,xu' ,x/ ,x/ :5HjIH-t* a, b-c ,d *!fm* ~7f~ § 3jZ-mtL~a9{iz~, 


!Q~1f 


x.' =Al COS(Wl t+<pi ). 

Xb I =A, COS(WI t+ <pz) . 

= f[f;.Jtl=p 	 WI 'V --;; 
AI ,rpl ,<pz :;/gq~5E1Il'1i. 


x, I = A2 COS(W2 t+ <pJ ). 




__ 

"'>-c .. 

.	 ' wwW" ,cyjy, com ~-~ ~it:OO:fr _, ___ --------e ~ 
X/ =Az coS(WZt+<p1), 

= (2k;,J:t~ wz '\1-;;; 

Az ,<p3 ,<p, 1T1if5i:-m-:5:, 

:t:f t=O attlJ,T§xt)Jj:'L'~t~~f'f 


! ,_ Vo 
XaO =O'VaO -2 

I I Vo 
XbO =O,VbO =-2' 

I ,_ Vo 
Xc() =O,Vc() -2' 

I 1_ Vo
XdO = 0, VdO - - 2 

, lltj]fJJ :kf:t%:14', 
;fIJm~~12ll:1n!, 1:iJ)j(1~ Im-t- IN1IJtk:T§M)Jj: 'L'~t~~ i¥Ji!J}UHJ1J1T 

va' = - Al WI sin(WI t+<pi ), 

V/ = - A IW1 sin(wl t+CP2), 

V/ = - A zwz sin(wz t+<p3), 

V/ = -Azwz sin(wzt+cp,), 

~~3,~~i¥J*~J:t®fJJ:kf:t%:#I:iJ*m 

A Va TI TI 
I = 2WI ,<pi = - 2' Cf'2 = 2' 

Vo ~ =~ 
Az =-2 ,<p3 - 2 ,<p,

wz 

~lltI:iJ1~ 

! Va . 
Xa = 2WI Slilwl t, 

! Va· 
Xb = - 2WI Slilwl t, 

! Va . 
x, = 2wz Slilwz t, 

! Va·
Xd = - 2wz Slnwz t, 

! Va 
Va =2COSwlt, 

/ Va
Vb = -2COSwI t, 

! Va 
V, 	 =2COSwzt, 

! Va
Vd 	 =-2cOSwzt, 

2 ' 

CD 

(Z) 

~~ -£1. '1"l~lJ<iE1lt'L'*t>JI\", if<J: ,,; II: 	 L~.
'I' 

! l + Va . 
Xa =-2 2WI Slilwlt, 

! l Va·Xb 	 =2- 2WI Slilwlt, 
@ 

! l + Va .x, =2 2wz Slilwzt, 

!-l1-~sinwzt,
Xd - 2 2wz 

Ji.:s'z:ffixt*llITDll i¥J ~f~ ~, ;itJffi:A .I=j~-i~1ijHim~ ~5G at ab ~ &E i¥J)Jj: 'L' 
MI :!:il-, X~.I=j X!~:!:il-, j)I~T§xt* llIT ~t~~, 1m4?!J#ci¥J~f~:5tjjIJ1T 

1 +vo. l 
Xa=2 vot 2WISlilwlt-2' 

l Va· +lXb=2 Vat - 2WI Slilwlt 2' 
@ 

l +Va. +lX'=2 Vat 2wz Slilw2t 2' 

1 Va. 3l 
Xd =2vot - 2wz Slilwzt+ 2 , 

ffiM*llIT~f~~, :(§'4?!Jtk:B<:J~~ 
Va Vo 

Va 	= 2 + 2 COSwl t, 

_Va Va 
Vb-2-2COSwlt, 

® 
Vo + Vo 

v, =2 2COSwzt, 

Va Va 
Vd=2-2 cOSwzt, 

(Uk l =kz at 
i9:jJ;(j-t-5!(!JJ:i¥J~~~!J&1!f~~ k, j)I~f'f 

WI =wz =J!!f=wo, ® 

~-!X~~J§" a,b,c ,d T§xt* llIT~f~~ i¥J1.l'z.'ii®~~1:iJ ~ @J:t!j®J:t*1~ 
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@ 
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Ji.:s'z:ffixt*llITDll i¥J ~f~ ~, ;itJffi:A .I=j~-i~1ijHim~ ~5G at ab ~ &E i¥J)Jj: 'L' 
MI :!:il-, X~.I=j X!~:!:il-, j)I~T§xt* llIT ~t~~, 1m4?!J#ci¥J~f~:5tjjIJ1T 

1 +vo. l 
Xa=2 vot 2WISlilwlt-2' 

l Va· +lXb=2 Vat - 2WI Slilwlt 2' 
@ 

l +Va. +lX'=2 Vat 2wz Slilw2t 2' 

1 Va. 3l 
Xd =2vot - 2wz Slilwzt+ 2 , 

ffiM*llIT~f~~, :(§'4?!Jtk:B<:J~~ 
Va Vo 

Va 	= 2 + 2 COSwl t, 

_Va Va 
Vb-2-2COSwlt, 

® 
Vo + Vo 

v, =2 2COSwzt, 

Va Va 
Vd=2-2 cOSwzt, 

(Uk l =kz at 
i9:jJ;(j-t-5!(!JJ:i¥J~~~!J&1!f~~ k, j)I~f'f 

WI =wz =J!!f=wo, ® 

~-!X~~J§" a,b,c ,d T§xt* llIT~f~~ i¥J1.l'z.'ii®~~1:iJ ~ @J:t!j®J:t*1~ 



---~-~ ~i'P;l5Il7.}- _.,. __.___ ._ .... 
_-..__._-.~------

I +Va. l
X. =Z-Vat 2wo SI11Wo t-Z-' 

1 Va· +.1..
Xb =Z-Vat- 2wo Sl11Wot 2' 

l +Va . +lX 2wo Sl11Wot'=Z-Vat Z-' 

1 Va· 3l 
Xd=Z-Vat- 2wo S111Wot+Z-' 

Va+Vav. =Z- Z-C05WQt, 

_Va Va
Vb-Z--Z- C05WQt, 

'C\l Va 
v, =Z- +Z-C05WQt, 

Va Va
Vd = Z- - Z- C05WQ t. 

(J) 

® 


~rl*{£I:JFa~jEi9J tp ,b,e Jl.. iiJfi~:fI'IJl§, ep~=(X;ffi~ ,JjlIJJ.iiZ;fi 
Xb=X,. 

Ei:l(J):it,~~ si11Wot=0. ® 

t /G~T5?~m:/J\iE~ft1HIIIlJE wot= rr. ® 

b,e ;f!l:i!§BtffiX'J)9j:'L' ~~l!1tEi:l®:it , ®J:\~~ 

v/(l&)= ~. 

V/(~)=- ~. 

b,e ;f!lJl§Bt ,b ~l!1t[OJ;tl ,e ~l!1t[OJft,b,e ~1::~=(X~~, IXJIJ~Fal!1t3( 

~,;fi 

. v/(ff;)=- Va2' 

v/()f;)~~. 

b,e ~=(XffiJl§Bt ,a ,b,e ,d llY!jo/Jjjc~7f~ § .>jL1Jjf1iz.'ll~1izf$iiJ Ei:l ®AbtCD:it 
3j( ili , ep 

x.'=o. 
x/=O. 

x/=O. 

x/=O. 

*~~UHjHtT§~~~,X~~. 


~=(X~1i~tl~jCBt ,a,b,e,d;ffi~*ilii*t~~~l!1t 


~.-._----_._ ---,;g. ::.!-Y .. ~ ~. 
--'!; I4J .t.! • 

Va_Va=O,v.=Z- 2 

Vo _ 'Vo = 0,
vb=Z- 2 

@ 
_Va+Va _ 

v, - Z- Z--Vo, 

Vd = ~ +~ =Vo. J 

en~=i!~~tilXJtl1ijtjCB;J ,a,b l!1tjg~, 5"11{~{£ § ~~~, $:~Fa a,b mtJltJ: 
~ § ~.>jL1Jjfm]f;e ,d !Jj\~1£~ § 8iJ.lf-1Jjf1iz]f,#~ffi[i'ij~~N Va [OJ;tljEi9J, ~Fa 
-1I?]~jEi9J -F~ ,/F:ll}1*lY.J ,m/G4}~ft1::~ti. 

(2)k1 =4kz Bt 

-2 _~kl_~krz;) kl = 4kz •t&;fi Wl- wz- - z . ©m m 

~-{X~mFo' ,a,b,e ,d t§x~'* ilii*.fiF~B9m.'ll~l!J.tEi:l @:it~®:itiiJ*1~ 

l +Va. lX.= Z-Vat 2Wl SlflW1t-Z-' 

l Vo · + LXb=Z-Va t-2wISlflWlt· Z-, 

X l + Va . v)1 t l (
'= Z-Vat WI sm-Z+Z-' I 

(j) 

Xd =.l.Vat- Va s in WJ t + 11.. J 
2 WI 2 2 

Va+Vav. =Z Z-COSwlt, 

_ Vo Vo 
'Vb  Z-  Z- COSwI ! , 

_Va+Va Wit
v,-Z Z-COS Z , 

@ 

Vo Va WI t 
Vd=Z--Z-cos Z· 

~*l£~Fa~jElY.JMfttpb~ e4};ffi~,~~ 

X.=X, . 

El3@J:t;fi _ 1.. _ . (WIt)Z-SlllW l t-Sll1 Z . 

~ WI =2wz,1~ 

A~)] 

sinw,t(coswz t+ 1) =0. 

vnt=nrr. (n=0,±1,±2,''') 

Jttp~ t jg!fT~~~/J\iE~MriWJE 

I!l. 

wzt=rr. 

wlt=2rr. 

@ 

® 

@ 

@ 



---~-~ ~i'P;l5Il7.}- _.,. __.___ ._ .... 
_-..__._-.~------
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en~=i!~~tilXJtl1ijtjCB;J ,a,b l!1tjg~, 5"11{~{£ § ~~~, $:~Fa a,b mtJltJ: 
~ § ~.>jL1Jjfm]f;e ,d !Jj\~1£~ § 8iJ.lf-1Jjf1iz]f,#~ffi[i'ij~~N Va [OJ;tljEi9J, ~Fa 
-1I?]~jEi9J -F~ ,/F:ll}1*lY.J ,m/G4}~ft1::~ti. 

(2)k1 =4kz Bt 

-2 _~kl_~krz;) kl = 4kz •t&;fi Wl- wz- - z . ©m m 

~-{X~mFo' ,a,b,e ,d t§x~'* ilii*.fiF~B9m.'ll~l!J.tEi:l @:it~®:itiiJ*1~ 

l +Va. lX.= Z-Vat 2Wl SlflW1t-Z-' 

l Vo · + LXb=Z-Va t-2wISlflWlt· Z-, 

X l + Va . v)1 t l (
'= Z-Vat WI sm-Z+Z-' I 

(j) 

Xd =.l.Vat- Va s in WJ t + 11.. J 
2 WI 2 2 

Va+Vav. =Z Z-COSwlt, 

_ Vo Vo 
'Vb  Z-  Z- COSwI ! , 

_Va+Va Wit
v,-Z Z-COS Z , 

@ 

Vo Va WI t 
Vd=Z--Z-cos Z· 

~*l£~Fa~jElY.JMfttpb~ e4};ffi~,~~ 

X.=X, . 

El3@J:t;fi _ 1.. _ . (WIt)Z-SlllW l t-Sll1 Z . 

~ WI =2wz,1~ 

A~)] 

sinw,t(coswz t+ 1) =0. 

vnt=nrr. (n=0,±1,±2,''') 

Jttp~ t jg!fT~~~/J\iE~MriWJE 

I!l. 

wzt=rr. 

wlt=2rr. 

@ 

® 

@ 
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~______~=-~ ~l;t;JID2L__ --.------.---e 

b,c t§~Btt§x'tl9t>L,'* i¥Jl!lt Ell @rt.&®rt1~ 

v/ C:i/&) = - u,2 . 

v/C:i/&)=-~ . 

I2SI b,c ;f§~Bt, l!lti¥J*/H§~,:1J [0] ill~ [0] ft, *~ b, c t§~ rm/F.'&::t m~, en 
:3G~=7Xi>1rnl1. EIl @®~.&CD~PJ*1~ b,c ~=7Xt§~Bt, IIY!Jo/J#(t§xt* 13fjj{:lL 
Ei¥JULf$ 

x.' =o, 

Xb ' =O, 

xc'=o, 

x/=O. 

Q~~~••~~13~*lt.~~IIY~!Jo/J#(~m~.oo.~*i¥Jl!lt~jU~ 
u, u, 

v. =2+2=u" 

u,_u,=O,vb=2 
@

2 

u,_Vo=O ,v'=2 2 
_u, +u,_2-U,·Vd - 2 

Ell ~iEJJtBt a [O]~lE~, rm b jijr.!l, $:s!tl~¥H&'lli~, b fJOl!,a ~l!; Ell ~ c ~ 

.!l,d:iE~, $:s!tl.¥HiX:ru:*,c nol!,d ~l!; s!tlj7{i1Rr 3Z.7fMti1Rz;iJ. 
EIl®~,~ 

W2 t= 2rr. 

wIt=4rr. 

b,c ~*#(3Z.t§~, Ell (2)~PJ*1~t§~Bt , b,c t§xt191>L'*-f.iF* B9l!lt~ 
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Vb = =-2' 
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,...,

////////,-,,-,.,, 

~ 19: m ij} k~·Jt il9 , lL 5iii ~ E1\7 jfk *1$"* 7.; lCl> f.J.;g). 1#.-"fiI It 
III 1-6-11 

i!.!t Vo. 

[$HJT1 EI3 T iJlXlilliS1 t~ cp ~~E!:1J iCtZVJ ,~ j£2jj& ~?± lQl :cE 8SJ WiJi~HBJ iCtZ~~~ to ~ 
pJlI~~lill, ©\~Et8\j1Hc~gjg. ~cppJTi1S, ?±~~j$b:::iU!lA~~Ql8SJ~8\j , ffi30:j:~ 
5~mvtj£2'I~H~~~rOJ~)$~ Vo ~~-f4J1~7C~~8SJ75it. Vo m~5>A, qJffiVJIJg 
~rnl*J'fJ1¥. 

[~l .ft;.}A A ,8 [0] ftiE19JBt C:!io ro 1- 6 -12) , B3 ~!3:i:'1'-tg:ff 

--}mv02 +--}k12= --}kA2 +,umgCl+A). CD 

jt9" A ;li1:sl(i.i¥J:&l*lli~. 


!jo/J{*}A B ,8 [O]::biEWlBt ,fI 

Vo r --. 

~ kN = ~ kl 2 +,umgCl+A). (2) - , , 
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'W'.... (2006 • SI£iffl!lmJ~LOO.~) 
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w _ ~~~ _.~~]Bj} ___,C_--JJ_WW~'(~l'l!'com , _._., . .

a~~~~_M~~*'~~.4~.,ffi~.*~~~~~.~.*.~~~ 
§it]f;i ~ (explicit form), ~ it %'Iff ij(, r ,tJ :£ r~ ~SJll ;It M-*~ *1'''1)1[ a'.i ~%:it 8'~ 
7i'ft., 

,*-j'18. If ,~1i'J Jti)(.{U Jfl tJ ~ rSJ 3!t7t;fJT -1'- ~ tt J! ~'<] 


~. '~,~)fJ -1'-:!l:#~:i! fJ9 ~~ . ~it~ ,tj!f{.lG r, *'El 


~ rSJ jt -"1'.:::. ~ f lID, *11 $}Li1[;il1: it Sf- lID 1:. 89 - -*- il!J ~, t 
 -+-I ~ 

ffi. BJ!: #J-E:tJl ~~# iJ~1:td'~*~ . 01 x 

1t~-l'1?H-, fE 1-6-13 M~ 1-1'-jfj- x ~if7i ri;J 

~ ~ Il) § tt:fir _=f 8H~ $iLi!. 
1 

[!] 1-6- 13 E3 S3~!L=f I1-J ~WtJL j,1 
ID]~ A 1§~ 

(AD @j t±l ID til Jjlj: ,p,;;!1l $Jt,i! , ~ ,tm ,~~ Wi l' §;f§ f 11,1i-t- x= - 12 tJl x= ~ 99 

4: ffi.. M1~~ .:t r"l i€: ~ . 
(A2)~:9EiIHr( _=fg\j tlHJLi1E, -lli.aj!Jjlj:}it ~ m ~ -.\J1 j{;~ (F= -- kx)1~}fJ iJ'<] Jfff Ii

89 ;ffi $iL i1E. 
(3)15 t±l;ffi$,l(,i1Ea<J7i'f!tJl;f§m~#:-~, 

(b) @i ttl ill'* T ~t;jfJ $JLJit , 
(A3)~~ -t-*lt~ LJjlj::!fl:;f-i.Ht ruHi~, -Jili@ }t ,}3 --~'iff*.:Ii *' In a9 

J!r ,?U ~:h iJal£.it:h g). Jfl $ Jiji:tt* ~z !Ii] *ftJ a 1t JJ ~~ ~djE a~ :!l: #. ;f§ Sf- Uii k 

..h ( cia ) llJc u>- iJ- ~I.t .j,;;. -:u. -.- T.!L - '. '*- - ~ -k 'H.p:,~ "" ,,,"'#'!iF 
J)i{. 

"- -', .,"".' -kl 1:01 ' Il- "t " ~-r.: 7/IIi a, -,- 1Il1 hi. tr'J C't.'VJ,-T UlJ ,~JI %;IT @; W1:<:. a I' 1t< ~7Z ~J 'f~ I:;J. 1:.x. 
r 

J'J IX if;
at 

itt,;f Pl 'tiJjlj: ItJ ;ffi$1Li;[# ~ 1M&. § ,* K (it w.. ~t~ *'" ttl tit, i1[ ~ j;' @j m- *~?1'i. fI;J 

,ffl$JLii[. M ~ :fi!Ij:iH94ijo- -# tJ $JL:ii[ I';~~!f!z !J-.Jli,'{ tfi ~ ~ (~~~+~tA lli 1'fim4JLii), 

~,~:£~Hi~. 

CD] IHi B iff Z&fJ ~~l'ag 1*T 
~ J.t:E ~ a~ Hi~ at, ~1n1!i ,*,?\:1! Wi# ~ ~e~~jff-n. ~ - ~;lt!j J!ltfl' *e~ 

Jffi~~ (~i-1ii'~~), ~ Jfl F=-Yv*-*-~ ,(91 ~P W1$.':(£~1*~*-1* tf a"J:E i:Ji. ~.:::. ~ 
lUI{ it J.il JC.¥c a<J "t$~ ,$*.lJ' OJ Jfl F = f-1N _<It *-:it ,~ ~ 7i foJ ;fP § ;IE *it! ~ # fa] 
iJ'<];f§ ~tiVt a<J 7i ri;J;f§ ffi. (~iJJ~~), ~P -1'- 00 '~i'~jJ -l'@1**TIif a<J ~~. 

1t 59 $.:::.# #~)J 119 -1'-tM''lf1 ,Af ,~4(3f'-* $ 1:.;fP~-~ -}(%~iH~ tkI1$., ~* 
il9 jJ -1;iff ~;t. iHH$: B~ .:&f~ m, ~~ fl;Jg,b~ %~;Jt k, 4W1;jQVof.{ iID i::. r~11.l9 m:~ ff, 

.~0.;t~.*x~••~~#(~x=O:h~*~#~~~I).•~~•• 
'~;fD ~J4H#. %~ ;it;t§ JSl8~ ,t-7~& at *J t!JJ1$. 1i -f x=Ao (Ao >0) a91ili, :i!,~ ~~. 

(Bn ~ ~;~ nt;li h? 1* fJ r ,~l·~i~d'- ii~~ ij; 7i~ . 


(B2) @j tJj it -:JiR Ta~{§$iLiit, liJli;t t'& T 1J~~~1Hl. 


(B3):J!R T ~~~ ~ 1It *tirl$ ~Jt ~ r 1c 1:-~# Jl: ~ ~? YJl *;f;it , liftJ;t m. 'T tit·Jt, 

7t4:~ Jl: i1~ [R ~*Jt. 

~-~ 1J '# ~ .. -,' •
ct--- -. --- --------____ . __ , _ ..~ 

-!t ~ .r.~ '" 
CB4)lifil~~_=fii~ x if~ ri;J~ ~ ~*-1lil! j%:it A .1'f -* ~;& j§- a9~j,', ;ffi{~ Wi *

ltl ~~ *- if ri;J 1lil! $'i B~ at Iii] rSJ !Wi;lt %d1? ~ ~ x if ~ ri;J ~ Tl *-:IOC *- 1lil! j% :I- A (t,,)iJ~ 

*~~ ,jt tf tn ;lt~ n *-~ltl iE ri;J :IOC*-1lil! $'i!4.: a9 at r~. 
(85) @j ~ ~#!j at r~ 89.¥c ~ ,ff't.!;it#J1$. ,€- 89 '* ~ f.] ~ N. 


]£ : 4- ~ ~ a ;fIl b , tf '\.' tI -f If. ,~ B-1;1f1i lID 7i #. ~ 


x 
2 :1...

a2 + b2 -1. 

[,Hfil )2:lJi~-~*:F~!!\X3e'SlrOJ~, {6§n~~~ffi~l8J ,ffim1lli~~~.
niH A. moo 

p(ADtE~ 1-6-14 tp ,JIj( x $~}j!oJ@ilFf±t1.t~, EI3 

r Jtlj: ,~tEjJ;9ftl,f~ZrJ3] ~illl9J, ~~~~jJ ~f1:m, $:l9JiI:'<f p 

fg, l!P p 1_JJEm. ~i9:Jtlj:B;f1lftl,f~ZIB] ~ii.lHi1_J7'G~~~tt 
1 I~,$:mt~tEfttH~fitr~~l9J:i:*/J~~,1g}jrii];f§&:.lZ5l -fi 0 I if ~ 

Jtt*Jtlj:,~~*'MJLl1E~Il~ 1-6-14 eJT11'. ~tp!oJ1:l~iW~}j >--:-_pof-'--< 

!oJ ~IUj~ Jtlj: A til x m:tm 11D ~}j!oJ JE 19J , l!P m+x }j!oJ JE 19J ; I!I 1-6_14 

!oJ ft: ~ iW ~}j!oJ ,!J!IJ ~Vj~Jtlj:,~ til x m~y ~}j !oJ illl9J , l!n m - x }j!oJ illl9J. m1* ffil 
~ ,;f§~l1Eill~JI!oofI1#~}j!oJ. 

(A2) 

(a)i9:-~ml~~l9JJtlj:,~~l9J:l:1_J p, 1lzjt~IH'F1_J x, ,g, fl~:l:1_J E,!J!~ -=::1!i ZIB] 
~**A1_J 

.i!... kx2 
_ 

2m+2-E. CD 

LAiiJpj:~1_J L £- @2mE+2E- L 

k 

J/t1_J*Jtlj:AtE (x, p);f§3jL [!ij~;f~!tILl1E}j~A ,A p 

%~1_J-mirnn, tp'L'1lzr m:B (0, 0), ¥$-K?H.lIJ1_J J2mE 

j2mE~. 
(b);f{j~l1E~~%M~ 1-6-15 JYf~,ill~JI!oofI1 

#~}j!oJill1T. 

(A3)zJlj(Jtlj:B~l9J~~~:!iH[£,~, f!P~ff@i~ 
[!] 1+15 

~:J1f11~r9jfij ,f1:1_J:i:jJ ~flli~~,~, !J!~*Jtlj:,~tE~ 

jff1_Jaat~:i:jJ~flli1_JmgL(l-coSa),l9Jfl~1_J ~ m.J = ~ m(Lw)2,Atpjff~1t 

w=: =a. i9:Jtlj:,~~,g,fllifl1_J E,!J!~;f§$JLl1E~}jWA1_J 
1

ZmU aZ +mgLC l-coSa) = E. CID 

~' -
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(A3)~~ -t-*lt~ LJjlj::!fl:;f-i.Ht ruHi~, -Jili@ }t ,}3 --~'iff*.:Ii *' In a9 

J!r ,?U ~:h iJal£.it:h g). Jfl $ Jiji:tt* ~z !Ii] *ftJ a 1t JJ ~~ ~djE a~ :!l: #. ;f§ Sf- Uii k 

..h ( cia ) llJc u>- iJ- ~I.t .j,;;. -:u. -.- T.!L - '. '*- - ~ -k 'H.p:,~ "" ,,,"'#'!iF 
J)i{. 

"- -', .,"".' -kl 1:01 ' Il- "t " ~-r.: 7/IIi a, -,- 1Il1 hi. tr'J C't.'VJ,-T UlJ ,~JI %;IT @; W1:<:. a I' 1t< ~7Z ~J 'f~ I:;J. 1:.x. 
r 

J'J IX if;
at 

itt,;f Pl 'tiJjlj: ItJ ;ffi$1Li;[# ~ 1M&. § ,* K (it w.. ~t~ *'" ttl tit, i1[ ~ j;' @j m- *~?1'i. fI;J 

,ffl$JLii[. M ~ :fi!Ij:iH94ijo- -# tJ $JL:ii[ I';~~!f!z !J-.Jli,'{ tfi ~ ~ (~~~+~tA lli 1'fim4JLii), 

~,~:£~Hi~. 

CD] IHi B iff Z&fJ ~~l'ag 1*T 
~ J.t:E ~ a~ Hi~ at, ~1n1!i ,*,?\:1! Wi# ~ ~e~~jff-n. ~ - ~;lt!j J!ltfl' *e~ 
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p(ADtE~ 1-6-14 tp ,JIj( x $~}j!oJ@ilFf±t1.t~, EI3 

r Jtlj: ,~tEjJ;9ftl,f~ZrJ3] ~illl9J, ~~~~jJ ~f1:m, $:l9JiI:'<f p 

fg, l!P p 1_JJEm. ~i9:Jtlj:B;f1lftl,f~ZIB] ~ii.lHi1_J7'G~~~tt 
1 I~,$:mt~tEfttH~fitr~~l9J:i:*/J~~,1g}jrii];f§&:.lZ5l -fi 0 I if ~ 

Jtt*Jtlj:,~~*'MJLl1E~Il~ 1-6-14 eJT11'. ~tp!oJ1:l~iW~}j >--:-_pof-'--< 

!oJ ~IUj~ Jtlj: A til x m:tm 11D ~}j!oJ JE 19J , l!P m+x }j!oJ JE 19J ; I!I 1-6_14 

!oJ ft: ~ iW ~}j!oJ ,!J!IJ ~Vj~Jtlj:,~ til x m~y ~}j !oJ illl9J , l!n m - x }j!oJ illl9J. m1* ffil 
~ ,;f§~l1Eill~JI!oofI1#~}j!oJ. 

(A2) 

(a)i9:-~ml~~l9JJtlj:,~~l9J:l:1_J p, 1lzjt~IH'F1_J x, ,g, fl~:l:1_J E,!J!~ -=::1!i ZIB] 
~**A1_J 

.i!... kx2 
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2m+2-E. CD 

LAiiJpj:~1_J L £- @2mE+2E- L 

k 

J/t1_J*Jtlj:AtE (x, p);f§3jL [!ij~;f~!tILl1E}j~A ,A p 

%~1_J-mirnn, tp'L'1lzr m:B (0, 0), ¥$-K?H.lIJ1_J J2mE 

j2mE~. 
(b);f{j~l1E~~%M~ 1-6-15 JYf~,ill~JI!oofI1 

#~}j!oJill1T. 

(A3)zJlj(Jtlj:B~l9J~~~:!iH[£,~, f!P~ff@i~ 
[!] 1+15 

~:J1f11~r9jfij ,f1:1_J:i:jJ ~flli~~,~, !J!~*Jtlj:,~tE~ 

jff1_Jaat~:i:jJ~flli1_JmgL(l-coSa),l9Jfl~1_J ~ m.J = ~ m(Lw)2,Atpjff~1t 

w=: =a. i9:Jtlj:,~~,g,fllifl1_J E,!J!~;f§$JLl1E~}jWA1_J 
1

ZmU aZ +mgLC l-coSa) = E. CID 
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____ ._ ~-~_~ft;BIl.?1_ 

*m E i¥J:;ic/j\, mi,~i¥J~Z9JPJ)t,q1ZT~j-=-#%it: 
(l)E<2mgL 

mi,~ ~J:m:f~A1Jf~,~ ,-frt*@li¥JJm$J. * E«mgL,l)!ljJrtJmZ9J1Jf'ijVi:\'~$J. 
(2)E=2mgL 

mi,~~~*@l~Z9J, rm~~loJw.tJ:{E:m:~i¥Jf~,~, ~p~tt~iE..t:1JR§Ji;';1J 

L tl1. 
(3)E>2mgL 

mi};'HJm;ffi¥J~tt~1J ~{" ,fi\i~ IoJ i¥J ~~Z9J. 
..tJ£i¥Jmi,~~Z9J{E (a ,~);f§fOO..t, )tjJljxtJ:)\I-=-#~jJlj i¥Jif!liIL:i1E I?fI %,:ftQ I?fI 1

6-16 Yf7f;. 
Ep 

1ti a 
I 
I 
I 

a 

2mgL L _______ .1.. __ _ 

1!l1-6-16 

B. mZ9Jl¥ml'a1~.§.~~5t 

(B1) EI3 'Fnl-Z9JJf1*f1 i¥J:;ic/H!l4m1*i¥J~Z9J~$X*, fElJtt'Fffl i¥J:1J IoJ ;ftl!JWJ1* 
i¥J~~:1JIoJif!l&,~Jrt4m1*i¥J~Z9J:1Jfiit~m*~~~:1JloJrm~.~x~m.4m1* 
i¥J~$J:1J1oJ ,:j$;~~~ x=o B~-, :fJlLt~ts~~ i¥Jf$!11i jlJJ:W:, (EXJf1* i¥J'/W6L T, rnt~ 

JJ-f~,~. ~ x=:*~rjl)1*i¥J~~ ,x= ~t;*~rjl)1*EMJQ~~ ,4m1*i¥J~Z9J:1J 
fiitPJ5JJJ 

:ili: - -- Z fc @)=l x>O Bt,.;:;+(oO x=-~. 
m 

~ x<O Bt ,x+wo zx= fc. ® 
m 

it~ fc=png JJnl-Z9J~1*f1 ,UX] =J!JJwJ~JH~m;(£XJf1*'/W6LTB9JmZ9J 
m!%i$. 

(B2)~5Ui'1i~:i: Xl =x+A ,Xz =x-A ,l)!lj@);ftl®p;lJitPJ2l{5JJJ
mwo mwo 

Xl +wo zXl =0. @ 

.-._-_. ____-"~=.!.__.1,J '# ... 

Xz +wo zXz =0. (J) 

~p;lJit;f§~'F{E:7GJf.m6LTi¥Jf'ij.~Z9J:1Jfiit.•~~m,mZ9JJf1*f1xtmi 
,~JmZ9Ji¥J~OIoJ, PIf'ij1tJJJiI,q1Zf~,~i¥J:iH$; ~ x>O Bt ,:>jL~.B EI3:7G~jtH~6LTi¥J 

:>jL~,~ x=O,f$~ X- =-A=-EIt(J;,. Xl =0); ~ x<O,l)!ljf$~ X+ =~= 
mwo wo mwo 

EIt(J;,. Xz =0). 
wo 

EI3 (A2)~i¥J~*PI ~fi\if'ijit§'~Z9J i¥Jmi,~, {E (X, p);f§f- 00 i¥Ji'fliIL:i1E JJ- ~ f
~AJJ~~i¥Jm~.~Jrt;(£~mZ9J••f1t'Fffli¥Jm6LT,mi.B~Z9Ji¥Jif!liIL:i1EJJTJ£ 

p;IJ#mi~ 1tlJ~i¥JtEiii: 

(1) ~ x>O Bt, ~P{E p>O i¥J_¥fOO..t ,i'fltm:i1EJJ-~ X=X- JJ~{,'i¥Jmi~. 

(2) ~ x<O Bt, ~P{E p<O i¥J_¥fOO..t ,i'fliIL:i1EJJ-~ x=x+ JJ~{,'i¥Jmi~. 

..tJ£i¥Jp;lJm~x~'F p=O, ¥iJ,q1Z-%:i!@; i¥J 1tlJ~, 1E1.mOO i¥J~*iE tt'FH, 
rm ,~,~~:i: E ~.1*rm~/j\, $:~*Jl.iHBtI'S]rm :li~. mi,~ i¥J i'fl$iL:i1E 00 %:ftQ I?fI 1- 6-17 
Yf~. 

p(B3)EI3I?f11-6-17 i¥Ji'fliIL:i1EI?fI%, PI~tfjmi 
.B~-~~~~W.tJ:{Ex=Otl1.EI3'FB~•• 
1*~~;ftl$JJf1*~~i'fl~, ~miAittA X+ fIl x

p;IJ ,~ZIS] i¥J IR ~Bt ,~~PI ~~:it ilj %~w .tJ:, tl{ ~ 
JJf~;wIR,~*~JJ 

_ -.1:.f..:...-0!gx+ x- - z - z. ® 
mwo wo 

(B4)fi:~1?fI1-6-17,A(t);ftl A(t+T))tjJlj1J 1!l1-6-17 

mi.BiIL:i1E{E-x~..ti¥Jp;IJ~~.B~~,p;IJ#tfj~i¥J~~if!l~-~~AA.{E..t:1J_¥~ 

oo..ti¥JmOO~~*(~(; X -}jfoJ)JJ 2[x- -A(t)], T:1J_¥f-OO..ti¥JmOO~~*I)!UJJ 

2[x+ - A(t+T)], El31?f1..ti¥JJLfiiJ*~PJ1~ 

A(t+T)-A(t)=2[x- -A(t)]-2[x+ -A(t+T)]. 

A(t+T)-A(t)=2(x+-x-). ® 
mi.B{E+x:1JIoJ..ti!@;~mp;IJ&:m::;ic&f$,~~m-&%.i¥JJm.i¥J~~~ 

~JJ-~~AA ,:f£+x :1J1oJ..t:m::;ic1iLf$B9~j,':i:, PI5JJJ 

oM = IA(t)-A(t+T) I=2(x+ -x- )=~= (~24)T. ® 
wo nwo 

;(£+X :1Jr'tiJ..t:m::;ic1iLf$A .!=j t" ZIS]B9*~itA (tn ) ,PJ5JJJ 

A(tn ) =Ao - (~24 )nT=Ao - (0!g) tn. @ 
nuX] nwo 

~p mi,~ i¥JJm$~Jl.iHBtlS]rm~tE±I!!.~/j\. 

(B5)!JWJ1*Jm1%i¥J,~,&~ 
z 

N= Ao Ao (WO ) ©2(x+ - x-) 4,ug . 

x 

mailto:mi.B{E+x:1JIoJ..ti!@;~mp;IJ&:m::;ic&f$,~~m-&%.i�JJm
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____ ._ ~-~_~ft;BIl.?1_ 

*m E i¥J:;ic/j\, mi,~i¥J~Z9JPJ)t,q1ZT~j-=-#%it: 
(l)E<2mgL 

mi,~ ~J:m:f~A1Jf~,~ ,-frt*@li¥JJm$J. * E«mgL,l)!ljJrtJmZ9J1Jf'ijVi:\'~$J. 
(2)E=2mgL 

mi,~~~*@l~Z9J, rm~~loJw.tJ:{E:m:~i¥Jf~,~, ~p~tt~iE..t:1JR§Ji;';1J 

L tl1. 
(3)E>2mgL 

mi};'HJm;ffi¥J~tt~1J ~{" ,fi\i~ IoJ i¥J ~~Z9J. 
..tJ£i¥Jmi,~~Z9J{E (a ,~);f§fOO..t, )tjJljxtJ:)\I-=-#~jJlj i¥Jif!liIL:i1E I?fI %,:ftQ I?fI 1

6-16 Yf7f;. 
Ep 

1ti a 
I 
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2mgL L _______ .1.. __ _ 

1!l1-6-16 

B. mZ9Jl¥ml'a1~.§.~~5t 

(B1) EI3 'Fnl-Z9JJf1*f1 i¥J:;ic/H!l4m1*i¥J~Z9J~$X*, fElJtt'Fffl i¥J:1J IoJ ;ftl!JWJ1* 
i¥J~~:1JIoJif!l&,~Jrt4m1*i¥J~Z9J:1Jfiit~m*~~~:1JloJrm~.~x~m.4m1* 
i¥J~$J:1J1oJ ,:j$;~~~ x=o B~-, :fJlLt~ts~~ i¥Jf$!11i jlJJ:W:, (EXJf1* i¥J'/W6L T, rnt~ 

JJ-f~,~. ~ x=:*~rjl)1*i¥J~~ ,x= ~t;*~rjl)1*EMJQ~~ ,4m1*i¥J~Z9J:1J 
fiitPJ5JJJ 

:ili: - -- Z fc @)=l x>O Bt,.;:;+(oO x=-~. 
m 

~ x<O Bt ,x+wo zx= fc. ® 
m 

it~ fc=png JJnl-Z9J~1*f1 ,UX] =J!JJwJ~JH~m;(£XJf1*'/W6LTB9JmZ9J 
m!%i$. 

(B2)~5Ui'1i~:i: Xl =x+A ,Xz =x-A ,l)!lj@);ftl®p;lJitPJ2l{5JJJ
mwo mwo 

Xl +wo zXl =0. @ 

.-._-_. ____-"~=.!.__.1,J '# ... 

Xz +wo zXz =0. (J) 

~p;lJit;f§~'F{E:7GJf.m6LTi¥Jf'ij.~Z9J:1Jfiit.•~~m,mZ9JJf1*f1xtmi 
,~JmZ9Ji¥J~OIoJ, PIf'ij1tJJJiI,q1Zf~,~i¥J:iH$; ~ x>O Bt ,:>jL~.B EI3:7G~jtH~6LTi¥J 

:>jL~,~ x=O,f$~ X- =-A=-EIt(J;,. Xl =0); ~ x<O,l)!ljf$~ X+ =~= 
mwo wo mwo 

EIt(J;,. Xz =0). 
wo 

EI3 (A2)~i¥J~*PI ~fi\if'ijit§'~Z9J i¥Jmi,~, {E (X, p);f§f- 00 i¥Ji'fliIL:i1E JJ- ~ f
~AJJ~~i¥Jm~.~Jrt;(£~mZ9J••f1t'Fffli¥Jm6LT,mi.B~Z9Ji¥Jif!liIL:i1EJJTJ£ 

p;IJ#mi~ 1tlJ~i¥JtEiii: 

(1) ~ x>O Bt, ~P{E p>O i¥J_¥fOO..t ,i'fltm:i1EJJ-~ X=X- JJ~{,'i¥Jmi~. 

(2) ~ x<O Bt, ~P{E p<O i¥J_¥fOO..t ,i'fliIL:i1EJJ-~ x=x+ JJ~{,'i¥Jmi~. 

..tJ£i¥Jp;lJm~x~'F p=O, ¥iJ,q1Z-%:i!@; i¥J 1tlJ~, 1E1.mOO i¥J~*iE tt'FH, 
rm ,~,~~:i: E ~.1*rm~/j\, $:~*Jl.iHBtI'S]rm :li~. mi,~ i¥J i'fl$iL:i1E 00 %:ftQ I?fI 1- 6-17 
Yf~. 

p(B3)EI3I?f11-6-17 i¥Ji'fliIL:i1EI?fI%, PI~tfjmi 
.B~-~~~~W.tJ:{Ex=Otl1.EI3'FB~•• 
1*~~;ftl$JJf1*~~i'fl~, ~miAittA X+ fIl x

p;IJ ,~ZIS] i¥J IR ~Bt ,~~PI ~~:it ilj %~w .tJ:, tl{ ~ 
JJf~;wIR,~*~JJ 

_ -.1:.f..:...-0!gx+ x- - z - z. ® 
mwo wo 

(B4)fi:~1?fI1-6-17,A(t);ftl A(t+T))tjJlj1J 1!l1-6-17 

mi.BiIL:i1E{E-x~..ti¥Jp;IJ~~.B~~,p;IJ#tfj~i¥J~~if!l~-~~AA.{E..t:1J_¥~ 

oo..ti¥JmOO~~*(~(; X -}jfoJ)JJ 2[x- -A(t)], T:1J_¥f-OO..ti¥JmOO~~*I)!UJJ 

2[x+ - A(t+T)], El31?f1..ti¥JJLfiiJ*~PJ1~ 

A(t+T)-A(t)=2[x- -A(t)]-2[x+ -A(t+T)]. 

A(t+T)-A(t)=2(x+-x-). ® 
mi.B{E+x:1JIoJ..ti!@;~mp;IJ&:m::;ic&f$,~~m-&%.i¥JJm.i¥J~~~ 

~JJ-~~AA ,:f£+x :1J1oJ..t:m::;ic1iLf$B9~j,':i:, PI5JJJ 

oM = IA(t)-A(t+T) I=2(x+ -x- )=~= (~24)T. ® 
wo nwo 

;(£+X :1Jr'tiJ..t:m::;ic1iLf$A .!=j t" ZIS]B9*~itA (tn ) ,PJ5JJJ 

A(tn ) =Ao - (~24 )nT=Ao - (0!g) tn. @ 
nuX] nwo 

~p mi,~ i¥JJm$~Jl.iHBtlS]rm~tE±I!!.~/j\. 

(B5)!JWJ1*Jm1%i¥J,~,&~ 
z 

N= Ao Ao (WO ) ©2(x+ - x-) 4,ug . 
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________ ~=~_)~ti'f;.~7.:f__ - ..... 
xN {~);lcAE T lEi Ml ffJ iJHIil. !/WJ 1* ffJ 1.fL jH~ tift 

;filBtrB);<:IBJ S9** ff!j~:!Uloo 1-6-18 m;~. 
00 1-6-18 q,!/WJWffJjlfl%~$~T7GH11*,/,~ 

&rffJjl[H%~$wo=,J!,:i!!#WilJz~*1.fLft 0_1 
x· 	

n\II 
x 

ZIBJffJBtrB)&j;-1-J1!fJ:Jl,EJ, ep T= 2rc. !/WJ1**~
wo 

!#W;/J1l:~JtttL:ii!t ffJ~l~ (v= OH't A:~m"!R v9 00 1-6-18 

(x+ ;?-x;?-x- ) Btj;11:.. ~1DiI§-i5l., ~!/WJ1*~L[l:.~ ffJ~*1.fLft/J\T~m"!R ffJ-**lt 
Bt, !/WJ1**~11:.JE;/J. ;(£~~ffJ'tM&q" ~?iJW~jJ7'C~~11:.;(£~m"!R v9 ffJ1f-1.fLI. 00 
q, ffJ P .~ ep j;!/WJ1* ffJ ~11:.1.fL jl. 

"'~ (2004· ill!:1Hf4~JI.UnU~D 

~it~~l'J9t.agW!~. 

-"t$-~~~Jt -"t1'fat,ft T *~ i* ~, ItSJ ~/f ~Ul ~ ;lJll,1X.~))l~:I:~ 7'J, l!J,-lf-lli 
* Nt. 93.18 ndt. 7:. ~ ~ ~ '¥: 2 %~ -"t flfl- Wi'. ~;fr jJ 1*- M:!it i>l~ ~ ~ I'. (Body Mass 

Measurement Device). ;ft- tii .:f±J k -;ji 5I¥-ff , -1ffi1:it jf;fij- -'f , JJ -1ffi1:it iE -"t flfl- J:. iJ9 III 
!tA. 5I¥-ffiJ9$W~~:i±-"t$-iJ9MI',:,',5I¥-~iJ9~Lt%-:1zj; k=605. 6 N/m 

1. ~ -"t $-III !tiE-.tM il J:. at ,;fij--'f (k.A.* 1U iJ9:fil:;iJ ftl}tlj k To = 1. 281 95 s. 
·W~~:;fij--'f99M. mo. 

2. ~ -"t$-3;f ~~Jt -"t 11- at, * Nt. In JIU~ iE;fij- -'f J:., -¥t ,*)Jl~ :Ii;fij- -'f iJ9 ~;iJ ftl }tlj 
T ,)JlH~ T =2.33044 s. T k * Hit In lll.lI}:lm1t n § G iJ9 Mit, -{g ·itLxttii *~ jHt 
~. j; J 1~ jlJ § G iJ9 $ ~M:i ,1i-¥t,*i.l1~ it J ;fij--'f(k.A.*1t) iJ9:fil: ifJ ftl}tlj '1~ jlJ To' 

=1.27395s. 

M*~.iJ9.~Mtkf~?-"tflfl-~M.kf~? 
11: 5I¥-ff iJ9 M Jl OJ l!J, %{, II} , jij * Hit In k~~ ,*. 

[:St:fffl JX~*T,¥E§~ffi88'SJ~, J:t~m~~~~:f8'SJ~ZVJIOJ~, m~8j§5t 

~BJ381t~~tSJ1tm§. 

[~l 0) ~*JifISm5Ul1AE;(£~M~Lat, * T5~JtLffJ~~T (J9f"i" 'h mo) 
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~. ~-----..- .. ~ - ---~- ...----- 
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_- m 1- 83. 31 kg . .
M ... 
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.~m~~~~~.~~~~.~m~%~ 

(!)cosax= -asinax. 

(!) sinax=acosax. 

sin(A + B) = sinAcosB+ cosAsinB. 

cos(A+ B) = cosAcosB- sinAsinB. 

tRt%~i!JJ3ti~i~.fH~$JJ w ~7I:Tij~-I'JJ liw,~tf Ii 7J~IlJl3t'*'~Jl,t IV- 2;r. 

~ [§ jtpg!B JILl! - #f'JJt!.lYi $ JJ w ~ J'B1*~;I;. ~-l!LJ!-~~1-~~:t. :i1;t: -1-* 
;I;«~/f~ -1-At,~, iTii ~J!1-tt ~ -#~i~~;I;j]~ . ~1-~;I;. ~tEli~ f-7I:T 
ira *njff -1'. TiID a if1$tW.:f%~1- ,~. ~,* <gf J'E *!!fl 119 ~ r -$:51-. i~ Jt JiJ 1* !B - 4} 1L 
tLl:1R*~ § B9M.8.~n~, 

(c) n f- -;t s9.ft if w(A k), OJ ~p: ~;ff jf T, EX. ~ 1 1-? T,:s;. ~ 2 1- f' T, ~ 
;;{;Hf ~ ;It itJ1, ~ § S9 jff T , [§ JIL •nf- -1- ft. ;ff !.IYi $ w ~ #,' Jt«~ .OJ IV- it~ f :ltj ij~ 

i: CE (w». ~Jt Pp (w)*;;f-!.IYi$ nw If]. ~J!-~ p 1- jf T 89 J1 $. ~~ i f;l:';J fiP:,iU,t 

~ 
= 

~pliwPp(w) 
CE(w) > = L:,p-=o=___ 

~Pp(w) 
p-o 

~ 'l' f' T i,i& p ~:51- iL 99. !B f- ? T ~ 1R ~ •:#- lut f- * ~ p. Pp t 1~ 1R IJ' , [J 

JIL a if1OJ IV- *;jt1P:ft J& JU p= oo , ~ '§ I~ 99 *£ OJ IV- ~, ai(} /f it . J1 $ P pm ~ fF 11: 

~%~ 

( -Pliw)
Pp(w)o::;exp kBT • 

~ ttl ,;It tf kn JJ ~ fF 11: 11 'It ~. T JJ JiJ 1* 119 ~ JJ 5p~.It ({R;t 7; 'it ft). H:. ~~ Jf
~ Ej p 7C *' it1f. ttl ~ $ n w ~«~ ~ f :ltj ~p: t! . ~m99 0 ~ 

(!)e!(Y) = (~)e!(<l. 

r - # a in *it~ Jfu 1*!r-J ,~.lip: it E,. 11 (c) 'l' a if1 *i~ J !.IYi $ JJ w 99« -t... ~ f 
;l:';J ij~ 1:. n;jUH~:It ET • 'I!t~CE(w»*IV- !.IYi$l1 w 3'tl w+ 6w Z faJ 1!9 J'B 1* ~ ~l ~. 

~ 'l § • ~ 16 11 w=Q jlJ W=Wmn, 119 ~1- %; IE fpj<.;fIl. 

(d) JJ Tit ~ ,~·IiUl:. lR ~~ IS] !Wi 6k. nf-1R* B9 M,~~ N J). 6k ~* f- tEl ~~ 
(!tit)k iii. 89 £ ErJ't1Pl(', 11 iIt 'l faJ !Wi 6k 'l' ~%j;-« ~ ~? 

(e) JJ J ~U)f] (a);fIl( b) ~M'*'. ll[i~m (~) dw 1-\;.% 6k, #- mn w B9 ~7t 1-\;'* 

;;j<.;fIl (it£Jll l:. it w ~1f k ~;;5'1~J. 11~ 1-:il!:1~ r;;j<. ttl a'b1* 119~' ~ .~*X. :#- ~ ttl 
ET ~*:it~(~;r-~jf~lB*-). r?U~:51-OJ~~;ffm 

..... 

,eo • _ __.________ _ .. ______ 4.,.•~-~ 1J .;}j. 
4.. .f.t l~." 

fl d.x rr 
o /l=7" = z· 

(0 .it:4J,~ fF;l;!\:4J, cv ~P;~J: 'Or 5~tl 99 :Cv = ~; (T 7; 1A :h "f: )~Jt). nfftH~ 
119 Elb1*l1iR ~jBt.lt;fll1R 1~ j~.It r ~ ttl cv n T 99-*::i! ~ ( ~:tt~ i5i.. ~ ;\'C-Ij'- ;~Jt 

lEi] 1%. cv ~~ti:'. iE~1fr T fi'Ucli,·ti *g, ,iE~ T €f.J JL ;5:..;;5' A~·ti* -*). ;t'rt @j ttl 
cv Ej T 89 *~ ~ .:f~ ttl1R ilii ~.It ;fIl 1R i~ i:N!t it r !B /~ ~ 'ffl Jl!. !fJ Ej 1:it*~ 99 ~ '!t- . 

BHJTl JX~-~*T-~iEOO{;$~Zi1JtBr6J~ . m~iWim~U~W3R{~&i~ 38UnEi 
~~:Lt~, §~JillmlJ!&)j- JR)j-Jttij@~. 

UU (a)m.2'"=5(X,,+1 - x")-5(x,, - Xn-l). 

(b)~ I" =Asinnkacos(wt+a) •J1t:a:;Iik~:fHlt 18] i¥Jitti* 00'1&* *. pH~ x" = 

-w2 .rn. ~~1t.A(a). PJ1~ w ffl k i¥J**:a: 
-mAw2sinnka =A5[sin(n+ 1)ka- 2sinnka+ sin(n-l)ka] 

= ":" 4A5sinnkasin2 ~ ka. 

wl = 45sin2 .lka. 
m 2 


/9~ I±l ifk:ftilf i¥J k {i . *~fflJ.ll3'¥-~i4 


sin(N+ l)ka=sinkL=O. 
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w=woslnZka. 
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CE (w» = ",-p-=o=___ 

~Pp(w) 
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~pliwe-~ 
0' = k T2 (] = 
'" --& B :;-In '" ~ L.; e kBT aT L.;e keT o 

~-o ' n=O 

JLiOJ~~i¥J .tHIlj] . 

00 ~ __ 1 
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http:IiUl:.lR


t"~WW""CYjY , J!t-~..J~He:OO?} .. ..com ' 

.~m~~~~~.~~~~.~m~%~ 

(!)cosax= -asinax. 

(!) sinax=acosax. 

sin(A + B) = sinAcosB+ cosAsinB. 

cos(A+ B) = cosAcosB- sinAsinB. 

tRt%~i!JJ3ti~i~.fH~$JJ w ~7I:Tij~-I'JJ liw,~tf Ii 7J~IlJl3t'*'~Jl,t IV- 2;r. 

~ [§ jtpg!B JILl! - #f'JJt!.lYi $ JJ w ~ J'B1*~;I;. ~-l!LJ!-~~1-~~:t. :i1;t: -1-* 
;I;«~/f~ -1-At,~, iTii ~J!1-tt ~ -#~i~~;I;j]~ . ~1-~;I;. ~tEli~ f-7I:T 
ira *njff -1'. TiID a if1$tW.:f%~1- ,~. ~,* <gf J'E *!!fl 119 ~ r -$:51-. i~ Jt JiJ 1* !B - 4} 1L 
tLl:1R*~ § B9M.8.~n~, 

(c) n f- -;t s9.ft if w(A k), OJ ~p: ~;ff jf T, EX. ~ 1 1-? T,:s;. ~ 2 1- f' T, ~ 
;;{;Hf ~ ;It itJ1, ~ § S9 jff T , [§ JIL •nf- -1- ft. ;ff !.IYi $ w ~ #,' Jt«~ .OJ IV- it~ f :ltj ij~ 

i: CE (w». ~Jt Pp (w)*;;f-!.IYi$ nw If]. ~J!-~ p 1- jf T 89 J1 $. ~~ i f;l:';J fiP:,iU,t 

~ 
= 

~pliwPp(w) 
CE(w) > = L:,p-=o=___ 

~Pp(w) 
p-o 

~ 'l' f' T i,i& p ~:51- iL 99. !B f- ? T ~ 1R ~ •:#- lut f- * ~ p. Pp t 1~ 1R IJ' , [J 

JIL a if1OJ IV- *;jt1P:ft J& JU p= oo , ~ '§ I~ 99 *£ OJ IV- ~, ai(} /f it . J1 $ P pm ~ fF 11: 

~%~ 

( -Pliw)
Pp(w)o::;exp kBT • 

~ ttl ,;It tf kn JJ ~ fF 11: 11 'It ~. T JJ JiJ 1* 119 ~ JJ 5p~.It ({R;t 7; 'it ft). H:. ~~ Jf
~ Ej p 7C *' it1f. ttl ~ $ n w ~«~ ~ f :ltj ~p: t! . ~m99 0 ~ 

(!)e!(Y) = (~)e!(<l. 

r - # a in *it~ Jfu 1*!r-J ,~.lip: it E,. 11 (c) 'l' a if1 *i~ J !.IYi $ JJ w 99« -t... ~ f 
;l:';J ij~ 1:. n;jUH~:It ET • 'I!t~CE(w»*IV- !.IYi$l1 w 3'tl w+ 6w Z faJ 1!9 J'B 1* ~ ~l ~. 

~ 'l § • ~ 16 11 w=Q jlJ W=Wmn, 119 ~1- %; IE fpj<.;fIl. 

(d) JJ Tit ~ ,~·IiUl:. lR ~~ IS] !Wi 6k. nf-1R* B9 M,~~ N J). 6k ~* f- tEl ~~ 
(!tit)k iii. 89 £ ErJ't1Pl(', 11 iIt 'l faJ !Wi 6k 'l' ~%j;-« ~ ~? 

(e) JJ J ~U)f] (a);fIl( b) ~M'*'. ll[i~m (~) dw 1-\;.% 6k, #- mn w B9 ~7t 1-\;'* 

;;j<.;fIl (it£Jll l:. it w ~1f k ~;;5'1~J. 11~ 1-:il!:1~ r;;j<. ttl a'b1* 119~' ~ .~*X. :#- ~ ttl 
ET ~*:it~(~;r-~jf~lB*-). r?U~:51-OJ~~;ffm 

..... 

,eo • _ __.________ _ .. ______ 4.,.•~-~ 1J .;}j. 
4.. .f.t l~." 

fl d.x rr 
o /l=7" = z· 

(0 .it:4J,~ fF;l;!\:4J, cv ~P;~J: 'Or 5~tl 99 :Cv = ~; (T 7; 1A :h "f: )~Jt). nfftH~ 
119 Elb1*l1iR ~jBt.lt;fll1R 1~ j~.It r ~ ttl cv n T 99-*::i! ~ ( ~:tt~ i5i.. ~ ;\'C-Ij'- ;~Jt 

lEi] 1%. cv ~~ti:'. iE~1fr T fi'Ucli,·ti *g, ,iE~ T €f.J JL ;5:..;;5' A~·ti* -*). ;t'rt @j ttl 
cv Ej T 89 *~ ~ .:f~ ttl1R ilii ~.It ;fIl 1R i~ i:N!t it r !B /~ ~ 'ffl Jl!. !fJ Ej 1:it*~ 99 ~ '!t- . 

BHJTl JX~-~*T-~iEOO{;$~Zi1JtBr6J~ . m~iWim~U~W3R{~&i~ 38UnEi 
~~:Lt~, §~JillmlJ!&)j- JR)j-Jttij@~. 

UU (a)m.2'"=5(X,,+1 - x")-5(x,, - Xn-l). 

(b)~ I" =Asinnkacos(wt+a) •J1t:a:;Iik~:fHlt 18] i¥Jitti* 00'1&* *. pH~ x" = 

-w2 .rn. ~~1t.A(a). PJ1~ w ffl k i¥J**:a: 
-mAw2sinnka =A5[sin(n+ 1)ka- 2sinnka+ sin(n-l)ka] 

= ":" 4A5sinnkasin2 ~ ka. 

wl = 45sin2 .lka. 
m 2 


/9~ I±l ifk:ftilf i¥J k {i . *~fflJ.ll3'¥-~i4 


sin(N+ l)ka=sinkL=O. 


mlfE.1.:a:i¥J I< {ij] kL =rr,2rr,3rr,'" ,N;r, 


'*' rc 2rr 3rr N rc 

!l..x. k=L'L 'L"" ' L ' 

.1.00Yf:fM<J w ffl k i¥J*ffi:a: PJ~j] 


, 1 

w=woslnZka. 

~J1twi¥J~*{ij] wo=2J!. 


(c)~$j] w i¥Jfl5Ti¥Jf:I:5J~~~j] 


= 
~ pj;wPp(w) 

CE (w» = ",-p-=o=___ 

~Pp(w) 
p-O 

M;!- : 

~pliwe-~ 
0' = k T2 (] = 
'" --& B :;-In '" ~ L.; e kBT aT L.;e keT o 

~-o ' n=O 

JLiOJ~~i¥J .tHIlj] . 

00 ~ __ 1 

'" - T - .J.LL.; e kB - l-e kBT p-o 



_.. ___ ._ ~=-_~ ~},€;_f1B,?t 	 ~-~ b ~ _ ___ --------------_. . 	 .- -. ----- -- -- ,-- -. _._-------------'&- .-•~.y ,,, ... 

1~ 	 (e)lItdld*l¥.JfijiEm~I¥.J,~,~11 N. 

-- k T Z ~ In ( 1.Jt... ) = .Ja..Ir.v _
( E(w»- B i3T \1-e-kBT e B -1

k T 

jm~=: 
~. "'-hl,I;Pkwpp(w) LJrnwe~kBT 

( E (w» = =-o~ _ p~O-<-p- __ 

I;pp(w) LJe kilT.E1:.!.."' _ 
p=O p~o 

~ 1 

I;e~ = 1-e~' 
p~o 

'" ~ zd~~ zd ~ILJPfiwe kBT = knT 	 dTLJe-kBT = kaT dTCl- e knT)
p~u 	 p~O 

_...h:L
hwe ~BT 

(1 -e-¢-)z' 

_...1t.'L 
( E(w» = twe kHT ~ 

...JiL1-e~' ekBT - 1 

m$:=': 

A -~_ D- ~ _ J!.J,,_ mil
'< X- k T' - L-e kn' , JI.!~ 

B p-o 


D=1+e-' +e-1.T+e- 3.tc + ... = _ 1
1--e-x ' 

R~ Q= I: Pliwe- ¢ 	 ,Jll~ 
p=o 

Q= liw(e- X+2e-2x +3e-3r +... ), 
e-xQ=liw(e- 2x +2e--3x +3e--\x +... ), 

2x + e- liwe(l-e-r)Q=/iw(e-X+e- 3x +...)= 1 -.: ' 
-e x 

liwe- x 

Q= Cl-e-x )2 ' 

Q /iwe- T Ii Ii 
( E(w»=D =1- -J= x ~1= ~w . 

e e eknT-1 

(d)}A(b)i¥Jr~*i'iJ:mfltftifi¥J k m11 
k=Ji 21( 31( ... N1( 

L'L'L' 'L ' 

;tt~l'f§~5 kUla9l'aJmiJ; ~.;er 61<» ~ ,mUtE 6k lRli3]l¥.JfijIEA~Jt~§~] 

61<= (~)61<.
1( 1( 

T 

61< il!fl;J,~T (~)dw,	~lIttE 61< 1R 1l3]i¥JmriEm~~ § PI~11 


dn = ( .b. ) 6k = ~ elk) dw. 

1( 1( dw 

fiJ,lij(b)B9~*, PI1~ 

dw_ 11 k _ 1 r 2dk -2'awocos 2' a-2'a V Wo 
2 
-w . 


d =.b. ( 2 )dw (N+Da( 2 )dw 

n 1( a -Iwo 2- w2 1( a -Iwo 2-w2 

2(N+1) 1 dw 

1( -Iwo 2 -w2 • 


miEm~B9,~,~11 

f dn = fWO2(N + 1) dw 2 = N + 1 ~ N. 
o 1( -Iwo 2 -w 

jflJ,lij (c).p 139 ( E(w»~ (e).p B9 dn, PI1~~-I*B9,g,~~iI: ET 11 

ET = fwo ( E(w» dn = 	 2Nfwo (.Jt...1r.v )~
o 1( 0 ekBT - 1 ..;. 2 2 • wo -w 

CD ill T (e..;t -l)-'11-J!lH~lt T 7t-i'iIiITij1i!lftJ1iil!1.±ti:kB9 iiEj~, $: ET J!lH~lt 

B97t-~ITij1t:k. 

~ T--O at, (e~-l)-I~e-~. 

$: 

2NfWO ~ dwET ~ - twe kBT 2' 
1( 0 -Iwo 2 -w 

~ X-k~~,!i!u..t~PI~11 


ET ~ 2N (k T)2f~ xe-X cix 
n 
o 

1(lr.v 0 )1- (k::x f 
~ 2N (kBT)2f~ xe-xcix. 


TClr.vo 0 


ill ..t~PI:m ET ex:. T' , ~ lit~-I*B9 ftt j\);£~~Ft~:11 

dET
CV = dT ex:.T. 


JJ fii¥ : 


http:e-1.T+e-3.tc


_.. ___ ._ ~=-_~ ~},€;_f1B,?t 	 ~-~ b ~ _ ___ --------------_. . 	 .- -. ----- -- -- ,-- -. _._-------------'&- .-•~.y ,,, ... 

1~ 	 (e)lItdld*l¥.JfijiEm~I¥.J,~,~11 N. 

-- k T Z ~ In ( 1.Jt... ) = .Ja..Ir.v _
( E(w»- B i3T \1-e-kBT e B -1

k T 

jm~=: 
~. "'-hl,I;Pkwpp(w) LJrnwe~kBT 

( E (w» = =-o~ _ p~O-<-p- __ 

I;pp(w) LJe kilT.E1:.!.."' _ 
p=O p~o 

~ 1 

I;e~ = 1-e~' 
p~o 

'" ~ zd~~ zd ~ILJPfiwe kBT = knT 	 dTLJe-kBT = kaT dTCl- e knT)
p~u 	 p~O 

_...h:L
hwe ~BT 

(1 -e-¢-)z' 

_...1t.'L 
( E(w» = twe kHT ~ 

...JiL1-e~' ekBT - 1 

m$:=': 

A -~_ D- ~ _ J!.J,,_ mil
'< X- k T' - L-e kn' , JI.!~ 

B p-o 


D=1+e-' +e-1.T+e- 3.tc + ... = _ 1
1--e-x ' 

R~ Q= I: Pliwe- ¢ 	 ,Jll~ 
p=o 

Q= liw(e- X+2e-2x +3e-3r +... ), 
e-xQ=liw(e- 2x +2e--3x +3e--\x +... ), 

2x + e- liwe(l-e-r)Q=/iw(e-X+e- 3x +...)= 1 -.: ' 
-e x 

liwe- x 

Q= Cl-e-x )2 ' 

Q /iwe- T Ii Ii 
( E(w»=D =1- -J= x ~1= ~w . 

e e eknT-1 

(d)}A(b)i¥Jr~*i'iJ:mfltftifi¥J k m11 
k=Ji 21( 31( ... N1( 

L'L'L' 'L ' 

;tt~l'f§~5 kUla9l'aJmiJ; ~.;er 61<» ~ ,mUtE 6k lRli3]l¥.JfijIEA~Jt~§~] 

61<= (~)61<.
1( 1( 

T 

61< il!fl;J,~T (~)dw,	~lIttE 61< 1R 1l3]i¥JmriEm~~ § PI~11 


dn = ( .b. ) 6k = ~ elk) dw. 

1( 1( dw 

fiJ,lij(b)B9~*, PI1~ 

dw_ 11 k _ 1 r 2dk -2'awocos 2' a-2'a V Wo 
2 
-w . 


d =.b. ( 2 )dw (N+Da( 2 )dw 

n 1( a -Iwo 2- w2 1( a -Iwo 2-w2 

2(N+1) 1 dw 

1( -Iwo 2 -w2 • 


miEm~B9,~,~11 

f dn = fWO2(N + 1) dw 2 = N + 1 ~ N. 
o 1( -Iwo 2 -w 

jflJ,lij (c).p 139 ( E(w»~ (e).p B9 dn, PI1~~-I*B9,g,~~iI: ET 11 

ET = fwo ( E(w» dn = 	 2Nfwo (.Jt...1r.v )~
o 1( 0 ekBT - 1 ..;. 2 2 • wo -w 

CD ill T (e..;t -l)-'11-J!lH~lt T 7t-i'iIiITij1i!lftJ1iil!1.±ti:kB9 iiEj~, $: ET J!lH~lt 

B97t-~ITij1t:k. 

~ T--O at, (e~-l)-I~e-~. 

$: 

2NfWO ~ dwET ~ - twe kBT 2' 
1( 0 -Iwo 2 -w 

~ X-k~~,!i!u..t~PI~11 


ET ~ 2N (k T)2f~ xe-X cix 
n 
o 

1(lr.v 0 )1- (k::x f 
~ 2N (kBT)2f~ xe-xcix. 


TClr.vo 0 


ill ..t~PI:m ET ex:. T' , ~ lit~-I*B9 ftt j\);£~~Ft~:11 

dET
CV = dT ex:.T. 


JJ fii¥ : 




'"--__ ~-~ ~if;m?1 

•'0 

E =2N~~.~ 
T L.J .J.... .;, Z Z· 

1( ..~o ekBT - 1 Wo - w 

~ T-Oat 

2N"'O --..&... 6uJ 
ET ~ - L; t.we k B T ---;::::::;:==::;:: 

W21( 1<1=0 ~WO 2 

= 2N (kBT)Z L>-X6x. 
1( f.wo x 

x 

+.J.... + hw~ T-=fl~ . ekBT~1 kBT' 

ET ~ 2NJ"'max _f.w_ 1 dw = 2NkB T.2I.= Nka T. 
W Z1( 0 k.;CLIO Z - rc 2 

kaT 

®JIt~W.691t~JE?g~?g1J 

ciET
Cy = dT~Nka . 

ElL.t:ct:;~ Cy 1J--;t~.f*1J;f±/li-¥BWJE1*. 
J3~: 

..!u.. 1 hW±h~ T-= flt. e<BT - ~kBT · W. 

2N "'. 6uJET ~ -kaT L.J -- . 
rr w ~wo2 - w2 

®1JI.:ct:;a<.Jil1JulJI/G1?lffil.iJt T. rtJ:. ETocT.!1T0, Cy 1J--;t~. ~ t:f:j Cy M T 69 
~* BE ~:!UlT. 

c. 

R 

Jti!iEi: - ':il·q& 

=T 

T 
001-6-20 

~ ( 1997 OOj\.F!IMl~~U;!D -/J"qd!di:Tx~~a9l1.~~~;jUIW.J:. r0 

~ i}J •Jt mJ ~ j/Jj $.:h j. fr.D -* '* Jf(. 5$'. ~ fA tf fiiJ .j;JJ :f.¥ - 4'- •H: J:. ~ - IJ\ I1t •91U *'i" il9 ~ ~ 
!iYi$/;'t$Y? 

BHJfl JX~-~~~4S:~~~~~~~.Ra.Jljj-f1T:±J5~~~¥J.JI!H;;i~!:§~~ 
~~~*~.~~~*~:H-tA~~Ji&~~Iej]W3~Jt;it§Oqr*~ /. 

[ml i&'w-5~~*1J l.~j].oc*~1J k. tt:(£lIt5~~*~~]~:i:1J m a<.J /J\fJj(a<.J 
~iYJ~*1J 

~-~ .1L- _tlf .. ________ 1.--• ~'{<!:1'"•J=.l.. 02rcY;;: . 


~iJt*~1J k.:@:11UJ{tJ~~1$* 6x ~1ifflj] F .910 

F

k= 6x. 

;J§-mllt1$*:liWtj:t5~~a<.J tj:t ,8:(£~-1ifflj] FT. 't.R~iYJ T Rei*) ~. ®lit 

¥-ti5~~a<.J5~'Ii*!J&1J 

k
J =L=2k6x . 

2 

T~tt:(£lIt¥~5~~*~a<.J /Nj(Et9~iYJ!w!*1J 

/ =.1 (2k =J2j. 2rcY;;: 

-It .~ Ir.~ A~--b1 /.,/ '1"" "IT- a 

~ (2008 :i:OO!lm~Bi.~ )0 

C1 )1E - -*" ~ 1L ~ i~ ~ J:. f& Jjz i.9: ~ =- ~~~ it %;I:J LI ,Lz ;fI1 L3 • Lz Ej LI ;/{J lle 

80 m. L3 Ej LJ {tHE 120 m. <It ~1§%;I:J !Ill.ffi fi:'E ~ at IS] fiiJ 1%$;It 20 s.lit ffi h 'E 89 
at fiiJ fiiJ 1% $;'t 40 s. LI Ej .Ls ~ at !Ill. ffi ~ 'E •Lz 91IJ1E LI !Ill. ffi h 'E fi m 1 l Os at 7f 
ft6'!Dl.ffi~'E, ~Jt$.~~±i:=- ~1§% ;l:Jfim il9 at fiiJ :f4H!±i: 150 s, *'~ -~-5J1! 
Ji;) ~D lJH9 t\ $. i@±i: LI il9 at ~J j[ %;It LJ M~ 7f j~ !Ill. ffi ~ 'E il9 at t lJ •91tlJ1t i\ $. A~ :f 
1Hffi:lil?:i!±i: =- ~ it %;I:J il9 m: *-:it $;'t m/ s; *' - ~ -5J:i! Ji;) "M" D ~ il9 E! 4f 
$.:i! ±i: LI ~ at tIJ;'t LI lit ffi ~ 'E fi m1 lOs il9 at ~J, 91~ Jf(. E! D $. fi~ :f 1,HHil?:i! li 
=-~~%;I:J~.~1!$;'t ~& 

(2)1i T 7l<.i'- Jtffl ~ 1lii J:. ~ n -1'- %±;/{J ~ il9 IJ'#J :/jt7.}--*"1L ~fi~ 3iIJ .;/{J 4~+ tfrJ 
:/jt fiiJ $#1E -;t ~ lle ~. E! iL Ji;);t ~. J!t 1 -1'-/Hm :/jt#i[. Jg PI • J!t 2 -1'-/J' #J ~# 1[. 
Jg Pz , J!t 3 -1'-+ #J~#i[.Jg P3 • $ $. m: J6" - -1'-/J\ #J ~ Up 1OC;tJiz. ~ IHfrJ ~#i[. Jg 

~.~~~~atM<It-1'-+#J~--1'-~Ji;)$Ji;);t~*-~4:f;/{J ~il9:i!~ .Jttf.*-~ 

:!t~ i[.1~ VI ,Jli IJ\ il91!~ i[.1~ V". 11'- T JOC *-:!t~ 5fP:a: IJ\:!tit fiiJ 99 41!~ w*- jH\ 
-It. Jjz i[. Jg 'V2 , V3 ••• , "v',-I. *' ~ IJ\ tfrJ ~ it 1. ~:Jrg at , ./i! ~ $ ;It 5$'. 'Ii if. ~ • ll./i! ~ at fiiJ 
of&.n,91HU~·/J\#J~ PI ,Ph P3 o •• ,p" :!t~b9*-/J\f&JjzJg ____ 

(3) - J!i'-:m~ &, &JYi 991liit; 5=40 mZ
• J!t -Jjz:it~ r 1 t=24 h I!\J m. miill 

7.} ~ 1L ~ Ji;) 1;1, v=5. 0 m/s ~:!tlt rt. j~ &JYi . 1FX.Jt miit! it iIr Ii JYi il9 at fBJ of&. n ll:f R 
5$'. ,:# Jt IlP j},E;t, ~.=. Jjz Gdli1E~ r '* Til ~It . ffilll;lt T >ffi m • -l!!, r 1 24 h. ±$ 
>ffimJtj~&JYi~$!t~*:#'i01E&JYiJ:..~H.lf*~il9N~ d=25 mm. E,j3J~Jjzr 

http:J~#i[.Jg
mailto:k.:@:11UJ{tJ~~1


'"--__ ~-~ ~if;m?1 

•'0 

E =2N~~.~ 
T L.J .J.... .;, Z Z· 

1( ..~o ekBT - 1 Wo - w 

~ T-Oat 

2N"'O --..&... 6uJ 
ET ~ - L; t.we k B T ---;::::::;:==::;:: 

W21( 1<1=0 ~WO 2 

= 2N (kBT)Z L>-X6x. 
1( f.wo x 

x 

+.J.... + hw~ T-=fl~ . ekBT~1 kBT' 

ET ~ 2NJ"'max _f.w_ 1 dw = 2NkB T.2I.= Nka T. 
W Z1( 0 k.;CLIO Z - rc 2 

kaT 

®JIt~W.691t~JE?g~?g1J 

ciET
Cy = dT~Nka . 

ElL.t:ct:;~ Cy 1J--;t~.f*1J;f±/li-¥BWJE1*. 
J3~: 

..!u.. 1 hW±h~ T-= flt. e<BT - ~kBT · W. 

2N "'. 6uJET ~ -kaT L.J -- . 
rr w ~wo2 - w2 

®1JI.:ct:;a<.Jil1JulJI/G1?lffil.iJt T. rtJ:. ETocT.!1T0, Cy 1J--;t~. ~ t:f:j Cy M T 69 
~* BE ~:!UlT. 

c. 

R 

Jti!iEi: - ':il·q& 

=T 

T 
001-6-20 

~ ( 1997 OOj\.F!IMl~~U;!D -/J"qd!di:Tx~~a9l1.~~~;jUIW.J:. r0 

~ i}J •Jt mJ ~ j/Jj $.:h j. fr.D -* '* Jf(. 5$'. ~ fA tf fiiJ .j;JJ :f.¥ - 4'- •H: J:. ~ - IJ\ I1t •91U *'i" il9 ~ ~ 
!iYi$/;'t$Y? 

BHJfl JX~-~~~4S:~~~~~~~.Ra.Jljj-f1T:±J5~~~¥J.JI!H;;i~!:§~~ 
~~~*~.~~~*~:H-tA~~Ji&~~Iej]W3~Jt;it§Oqr*~ /. 

[ml i&'w-5~~*1J l.~j].oc*~1J k. tt:(£lIt5~~*~~]~:i:1J m a<.J /J\fJj(a<.J 
~iYJ~*1J 

~-~ .1L- _tlf .. ________ 1.--• ~'{<!:1'"•J=.l.. 02rcY;;: . 


~iJt*~1J k.:@:11UJ{tJ~~1$* 6x ~1ifflj] F .910 

F

k= 6x. 

;J§-mllt1$*:liWtj:t5~~a<.J tj:t ,8:(£~-1ifflj] FT. 't.R~iYJ T Rei*) ~. ®lit 

¥-ti5~~a<.J5~'Ii*!J&1J 

k
J =L=2k6x . 

2 

T~tt:(£lIt¥~5~~*~a<.J /Nj(Et9~iYJ!w!*1J 

/ =.1 (2k =J2j. 2rcY;;: 

-It .~ Ir.~ A~--b1 /.,/ '1"" "IT- a 

~ (2008 :i:OO!lm~Bi.~ )0 

C1 )1E - -*" ~ 1L ~ i~ ~ J:. f& Jjz i.9: ~ =- ~~~ it %;I:J LI ,Lz ;fI1 L3 • Lz Ej LI ;/{J lle 

80 m. L3 Ej LJ {tHE 120 m. <It ~1§%;I:J !Ill.ffi fi:'E ~ at IS] fiiJ 1%$;It 20 s.lit ffi h 'E 89 
at fiiJ fiiJ 1% $;'t 40 s. LI Ej .Ls ~ at !Ill. ffi ~ 'E •Lz 91IJ1E LI !Ill. ffi h 'E fi m 1 l Os at 7f 
ft6'!Dl.ffi~'E, ~Jt$.~~±i:=- ~1§% ;l:Jfim il9 at fiiJ :f4H!±i: 150 s, *'~ -~-5J1! 
Ji;) ~D lJH9 t\ $. i@±i: LI il9 at ~J j[ %;It LJ M~ 7f j~ !Ill. ffi ~ 'E il9 at t lJ •91tlJ1t i\ $. A~ :f 
1Hffi:lil?:i!±i: =- ~ it %;I:J il9 m: *-:it $;'t m/ s; *' - ~ -5J:i! Ji;) "M" D ~ il9 E! 4f 
$.:i! ±i: LI ~ at tIJ;'t LI lit ffi ~ 'E fi m1 lOs il9 at ~J, 91~ Jf(. E! D $. fi~ :f 1,HHil?:i! li 
=-~~%;I:J~.~1!$;'t ~& 

(2)1i T 7l<.i'- Jtffl ~ 1lii J:. ~ n -1'- %±;/{J ~ il9 IJ'#J :/jt7.}--*"1L ~fi~ 3iIJ .;/{J 4~+ tfrJ 
:/jt fiiJ $#1E -;t ~ lle ~. E! iL Ji;);t ~. J!t 1 -1'-/Hm :/jt#i[. Jg PI • J!t 2 -1'-/J' #J ~# 1[. 
Jg Pz , J!t 3 -1'-+ #J~#i[.Jg P3 • $ $. m: J6" - -1'-/J\ #J ~ Up 1OC;tJiz. ~ IHfrJ ~#i[. Jg 

~.~~~~atM<It-1'-+#J~--1'-~Ji;)$Ji;);t~*-~4:f;/{J ~il9:i!~ .Jttf.*-~ 

:!t~ i[.1~ VI ,Jli IJ\ il91!~ i[.1~ V". 11'- T JOC *-:!t~ 5fP:a: IJ\:!tit fiiJ 99 41!~ w*- jH\ 
-It. Jjz i[. Jg 'V2 , V3 ••• , "v',-I. *' ~ IJ\ tfrJ ~ it 1. ~:Jrg at , ./i! ~ $ ;It 5$'. 'Ii if. ~ • ll./i! ~ at fiiJ 
of&.n,91HU~·/J\#J~ PI ,Ph P3 o •• ,p" :!t~b9*-/J\f&JjzJg ____ 

(3) - J!i'-:m~ &, &JYi 991liit; 5=40 mZ
• J!t -Jjz:it~ r 1 t=24 h I!\J m. miill 

7.} ~ 1L ~ Ji;) 1;1, v=5. 0 m/s ~:!tlt rt. j~ &JYi . 1FX.Jt miit! it iIr Ii JYi il9 at fBJ of&. n ll:f R 
5$'. ,:# Jt IlP j},E;t, ~.=. Jjz Gdli1E~ r '* Til ~It . ffilll;lt T >ffi m • -l!!, r 1 24 h. ±$ 
>ffimJtj~&JYi~$!t~*:#'i01E&JYiJ:..~H.lf*~il9N~ d=25 mm. E,j3J~Jjzr 



www.cyj.{.com ~-.L~~~~ 
3"ilH~ m:It #J ~ , W. &~ \1' ,oc 7.J 9 X 102 kg/ m • IiJ I;LU,UIPJ1't ~1!f ~ -=- *T' ~ '*ftH! 

A ~ w.~& ~ ~K h7.J N;~-*T'mrlU~.~&~ ~.~~.~& 
Jji ~ ~U ~K h 7J N. 

[~*fil ~C 1)Jj \~JillH-illlm1\~fcl~n2J8JBSJI~lm, H~nBSJil~~Bj l~LZ$lCFo 

~@;,~~~~ilt~~~m~;~(2)Jj\~m~Jffi[OJm~211§]~±5~!H1mHi)jf~c:p 

~~3CWm)J~;~ C 3)Jj\~c:pm IIDJ~~~l:±:l)*BSJmJJ~Oq,{6~ 2Jj\IDJJill:s~ 1 

t'J>BijrBJ~XjgJwBSJ ;CPJJ, JltQJ:J§~~ZVJ~7E~. 

[~l . (l ) 2;i~; ( 2)v",v"-I"·,u'3'Vl'VI;(3)9 X I03 ;0. 052 . 
~ (2006 . :i:~!fmJlBi~H!D M#-:l:tL.lnlJ e A 

:fr..M~ ilif,~ ~ ,~.z..!Jt~~ :!l!!. ~ ~ ~t:f&.A N, ~ >Jt1J.M fJT m 
~~t.~.•~:!l!!. ~~ - m.~0~.~.@~ R~ 

~-lt1$.,R=6 400 km E'" ~£ if Ja m D94k11'f.;{E:!tI!.J.t. 51 kit 
Jflr1'*.k.:jfflOO~ i;b at, ft. fitx E .!giP!iOOffdta B9 #;:ffo .7;) 

E= -C~:l. 
~~ MJaJtI!.J4t JJfrI: ,C 7J3 Ih it:!. 
Cl ) itUOtl!. J4t ilt;(;f § ~ , >Jt Jii IJ' 1J. M:it,OC D9 *- ;J' tp 7J 

N 

I 

-----10: --------~ c 

i!l1-7 -1 

[l;J cm itJ.t;;5"faJ~M.~',:,; 0 f~~M ,~, e {riJ.i!t~.z.foi] {riJ ~rn ~7F ) . 

(2) *" ~mJtl!.J.t 119§ ~ , .9!H~: IJ' 1J. M:i!'oc D~ 7UJ' Ja §; ~? 

( 3)i~ ~ lli E= -C~: . 

[~*fil ~~Jlt~iWi~m~U75~51:1J7E~ -fJL.t*~§<g1~~~ , ff~$jj:@~LZ~ 
~c:p~~Jjlfj [@BSJ9iDiR. 

UU (1) l!Ji!:-1-:kR.)J[iEZ9] , -\'f~'tHtFo, :(£:it!!.fJj(iJ Ih t'Ffflr~rB-:JM [@]!€I!. 
~~i9J. ~1l:*-\'f~$.~~fHIJ N g, YlIJ.lIt:jllfj[!ii]-5E1lLTljJfiz'8 O , ~ttR,8 N til$:i!l..t 
Bs3:.M,8 e ~ll.Mrj{]fOOUI:.+ tli1Jt e ,~.frJf..tf. iII] -t1-tli1 ) pg, ~.lIt~~'rj{]J;UJt~~C;fJ] 
ittt v) IJ6'%lllitEJtt1f-OOpg ,±iJl.,L, 0 Ji!:1P~~ B~--1-~ ,8, . :jtH~xtf*'i'±, ff }!¥lJm~..t 

rj{] CN p;g,8iU~,8 0 rj{]l!e.mt§~, t&m~~m@1 rj{] * !illl~:i1 0 ,~@(~ eN B~ ll 
~,!!n r~..trj{]H~ AB,mOOrj{]Jj -~ ,81J6' :(£ AB..t. B~J9l::JH:tJ m rj{]~1*:(£J9l:M 

:tJ M rj{]:it!!.fJj(rj{]~lht'Ffflr f~tMmJiEi9JBt ,~1*t1li&fJj(:j:1gMB~~mB~~~~ EC ft.. ti 
jz1.1t j/] ~1:fJ :JN~ {riJ ;$:..~, ) ~1J!fj@)*-*!illl a rj{]**:tJ 

E=_C~m. CD 

~*3:.~trj{]~~fi~j-' , !!n~*1J!fjrnll rj{]*-*!fIIl a :Ql~ . ;jtHI5:jllfj@)rj{]JL1iiJttJ9l:rlJ 
~,m[!ii]rj{]p;g1:f;,8iIJm@)..t1f- ,8B~lIE~Z~~] 2a,~ e ,8ilJ-1-~ ,8 0 rj{]REm 
~5E{fL ~T:it!!.fJj(rj{]*-~£ R, H~ilLTi':!fdl..trj{] Jj -1:f; ,8ilJ e ,8 rj{]l!e.m :Ql;J\, it-m 
[!ii]rj{]*-*!AA;?;t!~Jj\. l[M, ~Jj-fitgilLT e ~IJ AB rj{]¥~rj{]¥JHtBt, e ilJit-fit 

~-~ 1J ~ -, ..-_.--• 
,8, rj{] RE ~ IJ6,:Ql;j\. mJLfiiJ ;;X: * rlJ ~ 

2a=R+./2
Z R. 

i,9:3:.MBt~~'rj{]~J.t:tJ v,JjlIJ1f 

E= ~ m-J-CM;. 

fff!r.CD@@:rtAft v=\Fc:rC./2-1). 

C Mm[;§ R Z 

@ 

@ 

® ~ 1-7-2 

_ 
-mg. 

ttf,Z®®p;g:r.t~f!t v= V 2RgC./2-l). 

1~A1f;;X:~i!Hf!t v=7. 2 km/ s. 

il~~~~tE e g~1J!fjOO.~ffiW.•••~JLfiiJ~m,:i1m~..t-grj{]w 

~rj{]¥H~ ,f:5j-001:f;.~,ilJit-g:ii~ rj{]~m L.OCP. »-00 ~rlJ ff tJ:j, ilJ.t~ ~ ~ 
OCB9~m 

8=90°- ~ X45°=67. 5°. ® 

(2) EI3 T:it!!.fJj(~:imi1 ON WIlll § $t ,:(£$~..t e ,8ffixt:it!!.,L'rj{]il)J[:tJ 
27tR 

Vc = ""T ' ® 

:r.tt:? R Ji!:iI!!.t*rj{]*-~£, T :tJ:it!!.fJj( § ~rj{]fii.lAA, T=24 X3600 5=86 400 5, it{ 
'4::=0.46 km/ s. ® 

e ,8l!)J[rj{]~ ~¥HTTLf Jm CI!l 'I' j~ di1 ). flL T$iEt..t e ,8 rj{]-\'f~'3:.~tJrU ill 
1f~TLfOO¥llrj{]~J.t vc , :tJ1t~~~ffiXtlTiI!!.{.'l!)J[flLTTLfOOI*J ,-§.tfiiJ.IE(J)® OO 

:r.trj{]~*'~~'t§xtTit!1.JmCe .~,)rj{]3:.M~J.tmz1f-:k;J\~T '4::,~~~ Vc t§& 
rj{]%l!)J[ , t:J 1t~~&!:(£llt:/J ~t§xtTit!1./L' rj{]ilJ.t:tJ11;, -\'f~!f!rj{]l!~ rj{]:k;J\:tJ 

v' = /-J + '4:: z . ® 
1~A1f;;X:~.~f!t v =7.4 km/s. @ 

1:::(£$iEt Jm pg B9%~It~ '4:: t§& , 1:::(£TLf Jm I*J rj{] 0'l!~ tfiiJ.IE (J)® Wi:r.t. 
(3) J9l::Ii:tJ m rj{]J9l: ,8tE:it!!.fJj( iJ Iht'Ffflr rj{]iEi9J~~»-m :jjU~~tg5E~f07finJ.J 

~~,t&xtT~it!1.g~~it!1.g1fr~;;x:*:r.t 

...lmvlz 
2 

CMm=...lmvz z_ 
1'1 2 

CMm. 
T Z 

© 

1 1 
ZTIVI =ZT 2Vl. @ 

:r.tt:? VI ,Vl %~IJ :tJ~1*:(£~:it!!.g~~:it!!.,8rj{]il~,TI Jz :tJ~i&,8~~±1!!,8~1J 

±I!!,L,rj{]lIEm. ¥f@:r.tt:?rj{] VI 1~A@:r.t,~2~HllHf!t 

1 Z (T'Z ) GMm
-mVl 2-1 = - - CTZ- TI ) . ®2 7"1 TITZ 

G. 

--<'. ~ .t~ '\. 

" 

® 

® 
(J) 

mailto:1~A@:r.t,~2~HllHf!t
mailto:f@:r.tt:?rj
http:tfiiJ.IE
http:4::=0.46
mailto:fff!r.CD@@:rtAft
http:rj{]l!e.mt
http:frJf..tf
http:www.cyj.{.com


www.cyj.{.com ~-.L~~~~ 
3"ilH~ m:It #J ~ , W. &~ \1' ,oc 7.J 9 X 102 kg/ m • IiJ I;LU,UIPJ1't ~1!f ~ -=- *T' ~ '*ftH! 

A ~ w.~& ~ ~K h7.J N;~-*T'mrlU~.~&~ ~.~~.~& 
Jji ~ ~U ~K h 7J N. 

[~*fil ~C 1)Jj \~JillH-illlm1\~fcl~n2J8JBSJI~lm, H~nBSJil~~Bj l~LZ$lCFo 

~@;,~~~~ilt~~~m~;~(2)Jj\~m~Jffi[OJm~211§]~±5~!H1mHi)jf~c:p 

~~3CWm)J~;~ C 3)Jj\~c:pm IIDJ~~~l:±:l)*BSJmJJ~Oq,{6~ 2Jj\IDJJill:s~ 1 

t'J>BijrBJ~XjgJwBSJ ;CPJJ, JltQJ:J§~~ZVJ~7E~. 

[~l . (l ) 2;i~; ( 2)v",v"-I"·,u'3'Vl'VI;(3)9 X I03 ;0. 052 . 
~ (2006 . :i:~!fmJlBi~H!D M#-:l:tL.lnlJ e A 

:fr..M~ ilif,~ ~ ,~.z..!Jt~~ :!l!!. ~ ~ ~t:f&.A N, ~ >Jt1J.M fJT m 
~~t.~.•~:!l!!. ~~ - m.~0~.~.@~ R~ 

~-lt1$.,R=6 400 km E'" ~£ if Ja m D94k11'f.;{E:!tI!.J.t. 51 kit 
Jflr1'*.k.:jfflOO~ i;b at, ft. fitx E .!giP!iOOffdta B9 #;:ffo .7;) 

E= -C~:l. 
~~ MJaJtI!.J4t JJfrI: ,C 7J3 Ih it:!. 
Cl ) itUOtl!. J4t ilt;(;f § ~ , >Jt Jii IJ' 1J. M:it,OC D9 *- ;J' tp 7J 

N 

I 

-----10: --------~ c 

i!l1-7 -1 

[l;J cm itJ.t;;5"faJ~M.~',:,; 0 f~~M ,~, e {riJ.i!t~.z.foi] {riJ ~rn ~7F ) . 

(2) *" ~mJtl!.J.t 119§ ~ , .9!H~: IJ' 1J. M:i!'oc D~ 7UJ' Ja §; ~? 

( 3)i~ ~ lli E= -C~: . 

[~*fil ~~Jlt~iWi~m~U75~51:1J7E~ -fJL.t*~§<g1~~~ , ff~$jj:@~LZ~ 
~c:p~~Jjlfj [@BSJ9iDiR. 

UU (1) l!Ji!:-1-:kR.)J[iEZ9] , -\'f~'tHtFo, :(£:it!!.fJj(iJ Ih t'Ffflr~rB-:JM [@]!€I!. 
~~i9J. ~1l:*-\'f~$.~~fHIJ N g, YlIJ.lIt:jllfj[!ii]-5E1lLTljJfiz'8 O , ~ttR,8 N til$:i!l..t 
Bs3:.M,8 e ~ll.Mrj{]fOOUI:.+ tli1Jt e ,~.frJf..tf. iII] -t1-tli1 ) pg, ~.lIt~~'rj{]J;UJt~~C;fJ] 
ittt v) IJ6'%lllitEJtt1f-OOpg ,±iJl.,L, 0 Ji!:1P~~ B~--1-~ ,8, . :jtH~xtf*'i'±, ff }!¥lJm~..t 

rj{] CN p;g,8iU~,8 0 rj{]l!e.mt§~, t&m~~m@1 rj{] * !illl~:i1 0 ,~@(~ eN B~ ll 
~,!!n r~..trj{]H~ AB,mOOrj{]Jj -~ ,81J6' :(£ AB..t. B~J9l::JH:tJ m rj{]~1*:(£J9l:M 

:tJ M rj{]:it!!.fJj(rj{]~lht'Ffflr f~tMmJiEi9JBt ,~1*t1li&fJj(:j:1gMB~~mB~~~~ EC ft.. ti 
jz1.1t j/] ~1:fJ :JN~ {riJ ;$:..~, ) ~1J!fj@)*-*!illl a rj{]**:tJ 

E=_C~m. CD 

~*3:.~trj{]~~fi~j-' , !!n~*1J!fjrnll rj{]*-*!fIIl a :Ql~ . ;jtHI5:jllfj@)rj{]JL1iiJttJ9l:rlJ 
~,m[!ii]rj{]p;g1:f;,8iIJm@)..t1f- ,8B~lIE~Z~~] 2a,~ e ,8ilJ-1-~ ,8 0 rj{]REm 
~5E{fL ~T:it!!.fJj(rj{]*-~£ R, H~ilLTi':!fdl..trj{] Jj -1:f; ,8ilJ e ,8 rj{]l!e.m :Ql;J\, it-m 
[!ii]rj{]*-*!AA;?;t!~Jj\. l[M, ~Jj-fitgilLT e ~IJ AB rj{]¥~rj{]¥JHtBt, e ilJit-fit 

~-~ 1J ~ -, ..-_.--• 
,8, rj{] RE ~ IJ6,:Ql;j\. mJLfiiJ ;;X: * rlJ ~ 

2a=R+./2
Z R. 

i,9:3:.MBt~~'rj{]~J.t:tJ v,JjlIJ1f 

E= ~ m-J-CM;. 

fff!r.CD@@:rtAft v=\Fc:rC./2-1). 

C Mm[;§ R Z 

@ 

@ 

® ~ 1-7-2 

_ 
-mg. 

ttf,Z®®p;g:r.t~f!t v= V 2RgC./2-l). 

1~A1f;;X:~i!Hf!t v=7. 2 km/ s. 

il~~~~tE e g~1J!fjOO.~ffiW.•••~JLfiiJ~m,:i1m~..t-grj{]w 

~rj{]¥H~ ,f:5j-001:f;.~,ilJit-g:ii~ rj{]~m L.OCP. »-00 ~rlJ ff tJ:j, ilJ.t~ ~ ~ 
OCB9~m 

8=90°- ~ X45°=67. 5°. ® 

(2) EI3 T:it!!.fJj(~:imi1 ON WIlll § $t ,:(£$~..t e ,8ffixt:it!!.,L'rj{]il)J[:tJ 
27tR 

Vc = ""T ' ® 

:r.tt:? R Ji!:iI!!.t*rj{]*-~£, T :tJ:it!!.fJj( § ~rj{]fii.lAA, T=24 X3600 5=86 400 5, it{ 
'4::=0.46 km/ s. ® 

e ,8l!)J[rj{]~ ~¥HTTLf Jm CI!l 'I' j~ di1 ). flL T$iEt..t e ,8 rj{]-\'f~'3:.~tJrU ill 
1f~TLfOO¥llrj{]~J.t vc , :tJ1t~~~ffiXtlTiI!!.{.'l!)J[flLTTLfOOI*J ,-§.tfiiJ.IE(J)® OO 

:r.trj{]~*'~~'t§xtTit!1.JmCe .~,)rj{]3:.M~J.tmz1f-:k;J\~T '4::,~~~ Vc t§& 
rj{]%l!)J[ , t:J 1t~~&!:(£llt:/J ~t§xtTit!1./L' rj{]ilJ.t:tJ11;, -\'f~!f!rj{]l!~ rj{]:k;J\:tJ 

v' = /-J + '4:: z . ® 
1~A1f;;X:~.~f!t v =7.4 km/s. @ 

1:::(£$iEt Jm pg B9%~It~ '4:: t§& , 1:::(£TLf Jm I*J rj{] 0'l!~ tfiiJ.IE (J)® Wi:r.t. 
(3) J9l::Ii:tJ m rj{]J9l: ,8tE:it!!.fJj( iJ Iht'Ffflr rj{]iEi9J~~»-m :jjU~~tg5E~f07finJ.J 

~~,t&xtT~it!1.g~~it!1.g1fr~;;x:*:r.t 

...lmvlz 
2 

CMm=...lmvz z_ 
1'1 2 

CMm. 
T Z 

© 

1 1 
ZTIVI =ZT 2Vl. @ 

:r.tt:? VI ,Vl %~IJ :tJ~1*:(£~:it!!.g~~:it!!.,8rj{]il~,TI Jz :tJ~i&,8~~±1!!,8~1J 

±I!!,L,rj{]lIEm. ¥f@:r.tt:?rj{] VI 1~A@:r.t,~2~HllHf!t 

1 Z (T'Z ) GMm
-mVl 2-1 = - - CTZ- TI ) . ®2 7"1 TITZ 

G. 

--<'. ~ .t~ '\. 

" 

® 

® 
(J) 



----www.cyjy.com .___ ~=~_J~i~flQ:5i. 

ff~¥1J r, +r2=2a. ® 
1 2 GMmr,

1~ -m'V2 =--- @
2 2a rz· 

E= ~m'V2 2 _ GMmI2SI 2 r2 . ® 

E =_GMmffi ®@®JOt1~ 2a . 

~ (2004' ~1~J!!o/}~ffi~J!§) ftp JIB 1 .4 

7 -3 ffi:iF ,B ;It JVt I: j; mB ,4- Kn R ~~ 7t ~ 4- J.j( 

J!) ~~ , j!z;r± 7t ;1j- ~ *- 1'- '*- IliLl. A;It JVt I: j; m A 

c ~~ ffiJ *:itf,:fit ~;t ~ 7t ~*" C JIu %tE 'l£:i 
/J [i;J ,A OJ § tfLl T 1E:i)&. ~to tf e9 JVt:f 7C~ j; 
mB = 2mA. ;f7J ~& at ,A tf:flt tit 11, 1R -#- T ~ .iE :ij
~ ~ B~ 4- J.j( ilii ~ L itL t,J: *~(~t1 11]). fI.t ffi JA ft 
Jl:.7fftHf~ A,A,B ~7f%'1E:i)&. 1)( A tf~1ft rn 1-7-3 

j! Jfl e "*:iF ,e j; -1iflilii ~ It I\.,' 0 ~ A if T ~1Iij ~ J.j( ilii *ftI:k ,B, ~ :iH~ /J [i;J to 'l£ 1L /J [i;J 

ZI'al ~ jUii. >It A ~ B 1!)jt ~ *- + (k- if- Pi.. cl{l] ifu.l:i;J. 

[~~fi1 JJt~~1§t~~:ffi~ illZVJBSJ Iq]~. ft11'JJillffl~M BSJ"§'rnEd1g ~1~53'~BSJ;q] 
iP§D qJ ~t±:l~~. 

UU ffi N2 i9: ~d4 ~!], ~Hldw. llil $ ~*x.m A. 

lPm ,JilHffcrsHiJ ,A l'ffl\£H:JJjQ]]EZ9J, i9:JtJ!m':h 
'VA,B l'ff7.K3JZ-:7JjQ]:iEZSh,i9:JtJ!m':h VB . ~kJ, B 

:h$~*,M. B ~~Ij, JiliJ A ffilllM'tEl\£H:7J jQ], 
~~.~.M~tE.llil~~*~:hR~~~]E 
Z9J, J!m'~:7JjQ] ~ !Qdl~;f!31JJ, i9:JtJ!Jj'j; VA '. ff 

::::~!::;~;f;~~!!;::::: l,;;",~;;~-~ J""""",;" 

rn 1-7-4f1l" iI9:ill%Pfijf-;. ffi ~ 1-7 -41~ 

VA' sinf)= VA. CD 
VA'COSe= VIJ. CZ) 

I2SIrm VB =VA coW. Gl 
1 ?+ 1 2ffi 1l~:I:"ft.§: mAgR cosO=2:mAVA- 2:mBVB. @) 

ffi(]@)MJOt.& mS=2mA 1~ 

. /2gRcosO 
VA =Slnf}y 1+cos2(7 · 

/2gRcosO 
VIJ = cosO Y 1+cos2e . 

____~_=- ~ _,1?____~___"._ ,_,..-- ._- -,,- 
~'" ,I>'" 

~ (2001 • ~OO!jo/}~ffi.J!§) ftP JIB 1-7-5 ffi:iF, tf C B •
OA *j; R , OJ ~:l± 0 ,B, e~ *- 1'- t.B tE !l£ :i 1'- ilii rkJ ~ :i)& , -#- jllij ,B, ~ 

A ~;f-~:l±;t~~ B ,C S9.:f OJ 1$ *sH£~, ;U9 jJ - ~ ~ 


- 4i8:ljt M. )1J"!it ~ 4-i} OJ ~, ~ ,B tE 0 ~.iE.1li ,OB Z rSJ !1~ 


Ifr. ~ j; H. ~ - at;tiJ, ~ gU9 BA -& ~ OB Z fSJ e93Uii j; a at, 

tf ~ fil1!)jt j; w, >It lit, at 4i8:ljt M e91! $ VM. . 

M 


[~~fil JJt~BSJ~~~IEmJ7:HfT~tR M BSJ~~ VM E§H 
BSJiiiifi,gA ~O ,g11&~~illZVJBSJ~~M VA BSJ~~. 

UU ff~!lifflB A ~mOB1i\X!Qdl~~ZSh,JtJ!m' VA ~ 

:7JjQ]~ffOA ~H,Jt*/J\:h 001-7-5 

~=~. . CD C B 
xtJ!m' VA fF~Qm 1- 7-6 Pfijf-; ~IEx7tfiJIf, l'fffi@. BA ,., ,I., 

~7tii~,t~!jo/J:l;.k:M ~~*VM,Jiltl 

VM=VACOS~. CZ) 

ffi lE 5~;:E l.I~ 
MsinLOAB _ sina (]H -T· 

ffi~litl:l LOAB= ; +~. @) 

ffikJ, J:~ JOt IlJ1~ rn 1-7-6 
vM=wHsina. 

~ (2000 , ~OO!lm~ffi.J!§) ftPJIB 1-7-7 ffi:iF ,tEJJ\.1'-'*-ilii .1W./(if**;ff{ 
C, C .1;t~)t I]j;t Hi~ p, tE C .1iL~;.fP 'f' ,1t5t~j):/(if +4i8:ljtA to B ,A,B ~ JZ -t 
i;.Z,R P 89)J)jt '§' OJ~, ~.:f it,A ,B Z fSJ to B, P Z rSJ sHe: !iii '§' j; L. 1.3: * i'&. C ~ '*
ilii z rSJ 5C" ~ ,A ,C z rli] to B ,C z fSJ s~ ~ ~ ~ I3J ~,R :i)& ,,~ I3J 1&.:BJ j; f1 ' A, B, C 
(:i!~-Hi;fh.P)~JVt:tfE1JiiJ. 7f~&at,B;fpC ftJl:.,A i;.Z~ P 

- w it';: I>J "Ji jb. i!( IWHHiPJt!C iI' lUI: >E' ~ jut A B ~ 
~ >It ili I!]itH;: l!' It iJt oj "Jj(A '" wit';: v. J'l iilJi' '" ~ $ C 
'~Hf, JX;;t :Ii i.)t, sJJ .:f ~~ ~ !t ~ >! tfJ . 7/1 77 ~~~ / 

(l)4i8:ljtA ~ B ~!t~~; 

(2) 4i8 :ljt A Ej B ~ !t -li.Jt:j$[ (it JJ W- 'tihjU~:) ffi , 4i8 :ljt rn 1-7-7 

B ~Hii'&.P ~!t-liI3t; 
(3) 4i8:ljt B ~ Hii'&. P ~!t ~it (itJJ W-,ti"'iU~) ffi, 4i8:ljt B ~ A tE *;ftz C .1W

~!t:{ilit ; 

(4)4i8:ljtAJA*~tzC .1#T*; 
(5) 4i8:ljt B JA*i'&. C .1# T *. 
[~~fil jS~-@tJ("§"l1jIJ!.5~BSJ~~~. ~~8j~)l~: (l)jj;~}jf~, EHa}j 

ffe~~tB~:1J~R,~Bff~~BSJ:1J$nil~; (2) )l~~~ctJ)±v'&BSJ~~EIl~BSJ 

mailto:jS~-@tJ("�"l1jIJ!.5~BSJ
http:www.cyjy.com


----www.cyjy.com .___ ~=~_J~i~flQ:5i. 

ff~¥1J r, +r2=2a. ® 
1 2 GMmr,

1~ -m'V2 =--- @
2 2a rz· 

E= ~m'V2 2 _ GMmI2SI 2 r2 . ® 

E =_GMmffi ®@®JOt1~ 2a . 

~ (2004' ~1~J!!o/}~ffi~J!§) ftp JIB 1 .4 

7 -3 ffi:iF ,B ;It JVt I: j; mB ,4- Kn R ~~ 7t ~ 4- J.j( 

J!) ~~ , j!z;r± 7t ;1j- ~ *- 1'- '*- IliLl. A;It JVt I: j; m A 

c ~~ ffiJ *:itf,:fit ~;t ~ 7t ~*" C JIu %tE 'l£:i 
/J [i;J ,A OJ § tfLl T 1E:i)&. ~to tf e9 JVt:f 7C~ j; 
mB = 2mA. ;f7J ~& at ,A tf:flt tit 11, 1R -#- T ~ .iE :ij
~ ~ B~ 4- J.j( ilii ~ L itL t,J: *~(~t1 11]). fI.t ffi JA ft 
Jl:.7fftHf~ A,A,B ~7f%'1E:i)&. 1)( A tf~1ft rn 1-7-3 

j! Jfl e "*:iF ,e j; -1iflilii ~ It I\.,' 0 ~ A if T ~1Iij ~ J.j( ilii *ftI:k ,B, ~ :iH~ /J [i;J to 'l£ 1L /J [i;J 

ZI'al ~ jUii. >It A ~ B 1!)jt ~ *- + (k- if- Pi.. cl{l] ifu.l:i;J. 

[~~fi1 JJt~~1§t~~:ffi~ illZVJBSJ Iq]~. ft11'JJillffl~M BSJ"§'rnEd1g ~1~53'~BSJ;q] 
iP§D qJ ~t±:l~~. 

UU ffi N2 i9: ~d4 ~!], ~Hldw. llil $ ~*x.m A. 

lPm ,JilHffcrsHiJ ,A l'ffl\£H:JJjQ]]EZ9J, i9:JtJ!m':h 
'VA,B l'ff7.K3JZ-:7JjQ]:iEZSh,i9:JtJ!m':h VB . ~kJ, B 

:h$~*,M. B ~~Ij, JiliJ A ffilllM'tEl\£H:7J jQ], 
~~.~.M~tE.llil~~*~:hR~~~]E 
Z9J, J!m'~:7JjQ] ~ !Qdl~;f!31JJ, i9:JtJ!Jj'j; VA '. ff 

::::~!::;~;f;~~!!;::::: l,;;",~;;~-~ J""""",;" 

rn 1-7-4f1l" iI9:ill%Pfijf-;. ffi ~ 1-7 -41~ 

VA' sinf)= VA. CD 
VA'COSe= VIJ. CZ) 

I2SIrm VB =VA coW. Gl 
1 ?+ 1 2ffi 1l~:I:"ft.§: mAgR cosO=2:mAVA- 2:mBVB. @) 

ffi(]@)MJOt.& mS=2mA 1~ 

. /2gRcosO 
VA =Slnf}y 1+cos2(7 · 

/2gRcosO 
VIJ = cosO Y 1+cos2e . 

____~_=- ~ _,1?____~___"._ ,_,..-- ._- -,,- 
~'" ,I>'" 

~ (2001 • ~OO!jo/}~ffi.J!§) ftP JIB 1-7-5 ffi:iF, tf C B •
OA *j; R , OJ ~:l± 0 ,B, e~ *- 1'- t.B tE !l£ :i 1'- ilii rkJ ~ :i)& , -#- jllij ,B, ~ 

A ~;f-~:l±;t~~ B ,C S9.:f OJ 1$ *sH£~, ;U9 jJ - ~ ~ 


- 4i8:ljt M. )1J"!it ~ 4-i} OJ ~, ~ ,B tE 0 ~.iE.1li ,OB Z rSJ !1~ 


Ifr. ~ j; H. ~ - at;tiJ, ~ gU9 BA -& ~ OB Z fSJ e93Uii j; a at, 

tf ~ fil1!)jt j; w, >It lit, at 4i8:ljt M e91! $ VM. . 

M 


[~~fil JJt~BSJ~~~IEmJ7:HfT~tR M BSJ~~ VM E§H 
BSJiiiifi,gA ~O ,g11&~~illZVJBSJ~~M VA BSJ~~. 

UU ff~!lifflB A ~mOB1i\X!Qdl~~ZSh,JtJ!m' VA ~ 

:7JjQ]~ffOA ~H,Jt*/J\:h 001-7-5 

~=~. . CD C B 
xtJ!m' VA fF~Qm 1- 7-6 Pfijf-; ~IEx7tfiJIf, l'fffi@. BA ,., ,I., 

~7tii~,t~!jo/J:l;.k:M ~~*VM,Jiltl 

VM=VACOS~. CZ) 

ffi lE 5~;:E l.I~ 
MsinLOAB _ sina (]H -T· 

ffi~litl:l LOAB= ; +~. @) 

ffikJ, J:~ JOt IlJ1~ rn 1-7-6 
vM=wHsina. 

~ (2000 , ~OO!lm~ffi.J!§) ftPJIB 1-7-7 ffi:iF ,tEJJ\.1'-'*-ilii .1W./(if**;ff{ 
C, C .1;t~)t I]j;t Hi~ p, tE C .1iL~;.fP 'f' ,1t5t~j):/(if +4i8:ljtA to B ,A,B ~ JZ -t 
i;.Z,R P 89)J)jt '§' OJ~, ~.:f it,A ,B Z fSJ to B, P Z rSJ sHe: !iii '§' j; L. 1.3: * i'&. C ~ '*
ilii z rSJ 5C" ~ ,A ,C z rli] to B ,C z fSJ s~ ~ ~ ~ I3J ~,R :i)& ,,~ I3J 1&.:BJ j; f1 ' A, B, C 
(:i!~-Hi;fh.P)~JVt:tfE1JiiJ. 7f~&at,B;fpC ftJl:.,A i;.Z~ P 

- w it';: I>J "Ji jb. i!( IWHHiPJt!C iI' lUI: >E' ~ jut A B ~ 
~ >It ili I!]itH;: l!' It iJt oj "Jj(A '" wit';: v. J'l iilJi' '" ~ $ C 
'~Hf, JX;;t :Ii i.)t, sJJ .:f ~~ ~ !t ~ >! tfJ . 7/1 77 ~~~ / 

(l)4i8:ljtA ~ B ~!t~~; 

(2) 4i8 :ljt A Ej B ~ !t -li.Jt:j$[ (it JJ W- 'tihjU~:) ffi , 4i8 :ljt rn 1-7-7 

B ~Hii'&.P ~!t-liI3t; 
(3) 4i8:ljt B ~ Hii'&. P ~!t ~it (itJJ W-,ti"'iU~) ffi, 4i8:ljt B ~ A tE *;ftz C .1W

~!t:{ilit ; 

(4)4i8:ljtAJA*~tzC .1#T*; 
(5) 4i8:ljt B JA*i'&. C .1# T *. 
[~~fil jS~-@tJ("§"l1jIJ!.5~BSJ~~~. ~~8j~)l~: (l)jj;~}jf~, EHa}j 

ffe~~tB~:1J~R,~Bff~~BSJ:1J$nil~; (2) )l~~~ctJ)±v'&BSJ~~EIl~BSJ 



:..----__~.:::_:~ .J~~§l;lj;L _____._. __ ._ ._.~__ . ___¢ 

IIffiW*148SJ7.tt!f. 
niH 0) lJ, m ~~ A ,B ~ C 1¥.JmJ:., ~!/&J* A VJtJJ"MlJ!It Vo rtiJ ;t~$1st, 

A ~$IJ*l& CPffi:iJua9je/J\j;; ,umg I¥.Jm$1llj!'l*j:]rm~J! ,*;f& CiJ!1J~JIJ A Pffi1mI¥.Jje 
IJ\j;; png 89m$1$'1*j]~!jo/J* B Pffi:iJUl¥.Jje/J\j;; f 1¥.J$'1*j:] rm1~:bo~~$1. B iJ!1j IZ9 
~ C Pffi:iJul¥.J$'1*j] f fFJtlrmnuJ!. ~ A,B,C ':=:~l¥.Jnu~JJt*3iIJj;; aA ,aB ,ac ,iJ!IJ ill 
L:j::tjjm=JE1$,~ 

png=maA' 
png- f=mac, 

f=maB. 

~~J:tEJlt;ll!]9=t aB =ac, ~n B,C zrBJXffi.X<.t~$1, :i2;::il1::kSij;; ~ aB =ac lit, ill 
J3tPI1~ 

1
f= 2,",umg. CD 

'f::/J\T!ijeD~l*j:] png. PI .m1fIt~1*j:]~ B,C zrBJ/F:&':tffi.X<.t~$1. ;E'o/jiJ 

* A fXjIJM.!J!/&J:I;;tc B /Fti':t1ilHi,iJ!Ij!jo/J* A ~$1fiJ!Jo/i* B iYfiE:tiBt ,A.!J B I¥.JJ!It 
je/J\ffi~. kSi~ B .!J*;f& C I¥.JJ!Itffi~ ,iYfVJJltBt=~ I¥.JJ!JJt±5Jffi f"l, ~j;; VI, m 
$1:1:9' tN5:E 1$~ 

nwo = 3mvl. @ 

tEJlt:i:1tj!9=t ,i9:*;f& C~$18<J~if.¥j;; SI ,iJ!IJ!jo/J* A ~ $1 89~1"31j;; SI +L, ~O ~ 
1-7-8 iYf~. ill$1~~5:E:ElI[~ 

B p~~ 7rru12 - ~ nw02 =- ,umg(SI +L), (J) P 0 C\ p, 

~ (2m)v,' ~ ""g',. @ I A mE C, ~ 
~~~,iEJlt:i:1~9=t~1-*m$1~~89t!!C~~T*,Sl I L~ \ 

m~$ffi~~l¥.Jm~.l*j:].~I¥.J~~~((J)~@~ 
~-t iJ'i jilAfJ./w) , ~n 001-7-8 

1 12," (3m) VI 2 - 2,"mvo 2 =- pngL. ® 

:ct: 9=t L $t:il1:: A ffi.X<.t C~ $1 I¥.J ~W. m@®:ct:, 1~ 

Vo = ../3pgL. ® 

~n!/il]* A I¥.JmJ!JJt Vo = ../3pgL B1" ,A fXjIJM/G.!J B :&':t1ilHi,;E' vo> ../3pgL , 

iJ!1J A *t.!J B ti':tjP1Hi,i'i9: A.!J B :&':t1j~Hml¥.J:SR-14:il1:: 

Vo > ../3pgL. (J) 

(2) ~!Jo/i* A I¥.JtJJJiJJt Vo tWJE(J):ct:st ,A .!J B *t ti':t1i1Hi, iR:mt1imrllYHBJ ,A, 
B,C ':=:~89i!JJt*3ilJjg VA, VB ~ Vc ,iJ!Ij:fl 

VA> VB ,VB = Vc. ® 
;(£ A ,B ti':tmt1il¥.Jt&'%Istl8J ~ ,*;f& C.X<.t'f::1fJ 1¥.J~1*j:] 8<] {lj:I:i:~~ 'It IJ\, PI!@ 

___ ._____ m-L 1J_._ 1 __ 
-4 '" t' '\. ".Bt~/Git. i'i9:tEmttl:i:1W9=t ,A.!J B ;j:j;JJj)tI¥.J*m89$1:;:9"t!L rm*1R C 1¥.JJ!Jl'1*:f4'/G 

12. kSi~ A,B rBJ I¥.Jliill':fi:iiJiH11¥.J, *mEJ<Jm;jJ1U~9'tN, X IZ9 jg mJ::I:;f§~, ill $1.9' 
tNtllm1JJt~~9'tNPI lJ, iiE~ CiiES}] M.4) ,mt:fifuFo A ,B X~J!JJt. ;E'mtfifXjIJ~*Bt, 

A,B,C ':=:~EJ<JJ!JJt*3iIJ~ VAl ,VBltll vel ,IJlIJ:fl 
I I I 

~ ~,~ ~,~ ~. @ 

ill®®:ct:PI9:Il ,A .!J C J!Jl'ffi~, 1*tH13X1"~11l::.. rm B .f§X'JT A ,C (ci] ::Ei:iEitIJ, 
W,Foti':t8<]:i:1Wffi~T~fH 1) liJ] 9=t iYf:it!1'J:i:1~I¥.JM~, ill 4m* B W~ A m~ (ci];t 
~$1. 

;E'o/jiJ:f;;I( B fXjlj~f.!J:t];f& p /G.tt':tTjiIHM'i,jJ1IHm* B VJJ!JJt VIl' fA C;f&1¥.J 9=' ,#.~$1 
tlJrll;f& P JiJTtE:tist ,B.!J C EJ<JJ!ltffi$l. (!S] A .!j C i¥Ji*Jl':k:.;j\;!Hi'I$l89, Itt A,B,C 

.=:~ 8'jJ!J}tti'l~, iR: lLtat .::::~ i¥J ~JJt jg V2. 1N.1Ih9J:/i9"tN5:E1$:fl 
nwo 3nw2. ® 

A VJtJJl£1)t VO 7f~~~$J ,t:fMr.!J B t;Z':t3t~~"limt:fi 'li~HiFo A .f§X;j"C~.1l:., 

13 jljlt p iYfiE:ti:i2;: -m1-:i:1W>p,}t;lB A ti'lM C~$189~1"31j;; L, jj!~:f& B ;f§x1" C 
JE itIJ 89 Mf1"31 jg L, ~1-* m$1 ~~ 8<] t!3i: 12 ,#HIV, T J: [[f m ( 1) riJ] m~ 9=t ®:ct: I¥.J is?, rt ,$l 
T*m~$ffi~~l¥.Jm$1••j:].~89~fttll,~ 

~ (3m)v2 2- tnw02 =-png • 2L. @ 

m®@Wl:ct:,1~ Vo= ·/6pgL. © 

~r.!Jo/i:f;;l( A S9fJJJ!Jl Vo = ../6pgLBt,A .!J B 1iJ:f;:fi ,{§. B .!J P fXjIJM/G:&':tmtfi. 

;E' Vo > ../6(-lgL ,*"t~M~ B Ej P :&':t1iJ:f;fi, t3i: AEj B mtnf:£Fo,!Jo/i#i: B .!J:t]1R P :&':t 
*t~8~5Rf4:f& 

Vo> ../GpgL. © 
(3);E'!Jo/i~ A 89m~J¥ Vo rm/'lUrd4@,:ct:,IJlOif A,B :&':tjPjHtlFo, B ¥J.!J:t];f& P 

ft1:.MH~. i9:iE1iJ:f;tMBIT~I8J ,A ,B,C ':=:1if~~jj[*J.lIJ jg v/I ,vr//tll vc" ,IJlIJ:1f 
'On" > v./' = veIl. @ 

B.!J P li1.lHiJ6" Et9 ily'1HBJ ,A,B,C =~1¥.Jj£1t)t3i!JJ7 v/I/, V/J"I, VC IIl 
,1Jl!JfJJ~1b(T~ 

(2) riJ]m~9=t®:ct:i'!'Ji~:r-', ~ 
/II 1/1 III 1// /1/ 1/1

VB 'Vc, VC VB ~ "U,I\ VA. @ 

Ei3@©:ct:Pf9:ll,B.!J P fXjIJli~HiFo,~:f;;I( A -~ B ~~JJtt§$l,t~/J\T*t& C I¥.J~ 
JJt , en 

lU ®vc > VA/I/ = VIJ I!I , 

tEW,FoB'J~$1:i:1W9=t ,*l& C W,$Xjei'l9no~JJt(ci];t1~~J!~$1, rm4WJ* A tll B 

VJt§ f"l1¥.J~/j\89j]Q~JJt (ci] ;t1~noJ!JEi9J ,1lQJ£J¥l¥.JjCJJ\)t!jjIJj;; 
ac = 2pg,a;l = aH = 145. @ 

j]Q~:i:1~*~~~~~AtllB.!JCI¥.J~Nffif"l,'=:~W,ffi~J!~~Vo(ci];t. 

mailto:Ei3@�:ct:Pf9:ll,B.!J
http:f�X;j"C~.1l
http:iYf:it!1'J:i:1~I�.JM


:..----__~.:::_:~ .J~~§l;lj;L _____._. __ ._ ._.~__ . ___¢ 

IIffiW*148SJ7.tt!f. 
niH 0) lJ, m ~~ A ,B ~ C 1¥.JmJ:., ~!/&J* A VJtJJ"MlJ!It Vo rtiJ ;t~$1st, 

A ~$IJ*l& CPffi:iJua9je/J\j;; ,umg I¥.Jm$1llj!'l*j:]rm~J! ,*;f& CiJ!1J~JIJ A Pffi1mI¥.Jje 
IJ\j;; png 89m$1$'1*j]~!jo/J* B Pffi:iJUl¥.Jje/J\j;; f 1¥.J$'1*j:] rm1~:bo~~$1. B iJ!1j IZ9 
~ C Pffi:iJul¥.J$'1*j] f fFJtlrmnuJ!. ~ A,B,C ':=:~l¥.Jnu~JJt*3iIJj;; aA ,aB ,ac ,iJ!IJ ill 
L:j::tjjm=JE1$,~ 

png=maA' 
png- f=mac, 

f=maB. 

~~J:tEJlt;ll!]9=t aB =ac, ~n B,C zrBJXffi.X<.t~$1, :i2;::il1::kSij;; ~ aB =ac lit, ill 
J3tPI1~ 

1
f= 2,",umg. CD 

'f::/J\T!ijeD~l*j:] png. PI .m1fIt~1*j:]~ B,C zrBJ/F:&':tffi.X<.t~$1. ;E'o/jiJ 

* A fXjIJM.!J!/&J:I;;tc B /Fti':t1ilHi,iJ!Ij!jo/J* A ~$1fiJ!Jo/i* B iYfiE:tiBt ,A.!J B I¥.JJ!It 
je/J\ffi~. kSi~ B .!J*;f& C I¥.JJ!Itffi~ ,iYfVJJltBt=~ I¥.JJ!JJt±5Jffi f"l, ~j;; VI, m 
$1:1:9' tN5:E 1$~ 

nwo = 3mvl. @ 

tEJlt:i:1tj!9=t ,i9:*;f& C~$18<J~if.¥j;; SI ,iJ!IJ!jo/J* A ~ $1 89~1"31j;; SI +L, ~O ~ 
1-7-8 iYf~. ill$1~~5:E:ElI[~ 

B p~~ 7rru12 - ~ nw02 =- ,umg(SI +L), (J) P 0 C\ p, 

~ (2m)v,' ~ ""g',. @ I A mE C, ~ 
~~~,iEJlt:i:1~9=t~1-*m$1~~89t!!C~~T*,Sl I L~ \ 

m~$ffi~~l¥.Jm~.l*j:].~I¥.J~~~((J)~@~ 
~-t iJ'i jilAfJ./w) , ~n 001-7-8 

1 12," (3m) VI 2 - 2,"mvo 2 =- pngL. ® 

:ct: 9=t L $t:il1:: A ffi.X<.t C~ $1 I¥.J ~W. m@®:ct:, 1~ 

Vo = ../3pgL. ® 

~n!/il]* A I¥.JmJ!JJt Vo = ../3pgL B1" ,A fXjIJM/G.!J B :&':t1ilHi,;E' vo> ../3pgL , 

iJ!1J A *t.!J B ti':tjP1Hi,i'i9: A.!J B :&':t1j~Hml¥.J:SR-14:il1:: 

Vo > ../3pgL. (J) 

(2) ~!Jo/i* A I¥.JtJJJiJJt Vo tWJE(J):ct:st ,A .!J B *t ti':t1i1Hi, iR:mt1imrllYHBJ ,A, 
B,C ':=:~89i!JJt*3ilJjg VA, VB ~ Vc ,iJ!Ij:fl 

VA> VB ,VB = Vc. ® 
;(£ A ,B ti':tmt1il¥.Jt&'%Istl8J ~ ,*;f& C.X<.t'f::1fJ 1¥.J~1*j:] 8<] {lj:I:i:~~ 'It IJ\, PI!@ 

___ ._____ m-L 1J_._ 1 __ 
-4 '" t' '\. ".Bt~/Git. i'i9:tEmttl:i:1W9=t ,A.!J B ;j:j;JJj)tI¥.J*m89$1:;:9"t!L rm*1R C 1¥.JJ!Jl'1*:f4'/G 

12. kSi~ A,B rBJ I¥.Jliill':fi:iiJiH11¥.J, *mEJ<Jm;jJ1U~9'tN, X IZ9 jg mJ::I:;f§~, ill $1.9' 
tNtllm1JJt~~9'tNPI lJ, iiE~ CiiES}] M.4) ,mt:fifuFo A ,B X~J!JJt. ;E'mtfifXjIJ~*Bt, 

A,B,C ':=:~EJ<JJ!JJt*3iIJ~ VAl ,VBltll vel ,IJlIJ:fl 
I I I 

~ ~,~ ~,~ ~. @ 

ill®®:ct:PI9:Il ,A .!J C J!Jl'ffi~, 1*tH13X1"~11l::.. rm B .f§X'JT A ,C (ci] ::Ei:iEitIJ, 
W,Foti':t8<]:i:1Wffi~T~fH 1) liJ] 9=t iYf:it!1'J:i:1~I¥.JM~, ill 4m* B W~ A m~ (ci];t 
~$1. 

;E'o/jiJ:f;;I( B fXjlj~f.!J:t];f& p /G.tt':tTjiIHM'i,jJ1IHm* B VJJ!JJt VIl' fA C;f&1¥.J 9=' ,#.~$1 
tlJrll;f& P JiJTtE:tist ,B.!J C EJ<JJ!ltffi$l. (!S] A .!j C i¥Ji*Jl':k:.;j\;!Hi'I$l89, Itt A,B,C 

.=:~ 8'jJ!J}tti'l~, iR: lLtat .::::~ i¥J ~JJt jg V2. 1N.1Ih9J:/i9"tN5:E1$:fl 
nwo 3nw2. ® 

A VJtJJl£1)t VO 7f~~~$J ,t:fMr.!J B t;Z':t3t~~"limt:fi 'li~HiFo A .f§X;j"C~.1l:., 

13 jljlt p iYfiE:ti:i2;: -m1-:i:1W>p,}t;lB A ti'lM C~$189~1"31j;; L, jj!~:f& B ;f§x1" C 
JE itIJ 89 Mf1"31 jg L, ~1-* m$1 ~~ 8<] t!3i: 12 ,#HIV, T J: [[f m ( 1) riJ] m~ 9=t ®:ct: I¥.J is?, rt ,$l 
T*m~$ffi~~l¥.Jm$1••j:].~89~fttll,~ 

~ (3m)v2 2- tnw02 =-png • 2L. @ 

m®@Wl:ct:,1~ Vo= ·/6pgL. © 

~r.!Jo/i:f;;l( A S9fJJJ!Jl Vo = ../6pgLBt,A .!J B 1iJ:f;:fi ,{§. B .!J P fXjIJM/G:&':tmtfi. 

;E' Vo > ../6(-lgL ,*"t~M~ B Ej P :&':t1iJ:f;fi, t3i: AEj B mtnf:£Fo,!Jo/i#i: B .!J:t]1R P :&':t 
*t~8~5Rf4:f& 

Vo> ../GpgL. © 
(3);E'!Jo/i~ A 89m~J¥ Vo rm/'lUrd4@,:ct:,IJlOif A,B :&':tjPjHtlFo, B ¥J.!J:t];f& P 

ft1:.MH~. i9:iE1iJ:f;tMBIT~I8J ,A ,B,C ':=:1if~~jj[*J.lIJ jg v/I ,vr//tll vc" ,IJlIJ:1f 
'On" > v./' = veIl. @ 

B.!J P li1.lHiJ6" Et9 ily'1HBJ ,A,B,C =~1¥.Jj£1t)t3i!JJ7 v/I/, V/J"I, VC IIl 
,1Jl!JfJJ~1b(T~ 

(2) riJ]m~9=t®:ct:i'!'Ji~:r-', ~ 
/II 1/1 III 1// /1/ 1/1

VB 'Vc, VC VB ~ "U,I\ VA. @ 

Ei3@©:ct:Pf9:ll,B.!J P fXjIJli~HiFo,~:f;;I( A -~ B ~~JJtt§$l,t~/J\T*t& C I¥.J~ 
JJt , en 

lU ®vc > VA/I/ = VIJ I!I , 

tEW,FoB'J~$1:i:1W9=t ,*l& C W,$Xjei'l9no~JJt(ci];t1~~J!~$1, rm4WJ* A tll B 

VJt§ f"l1¥.J~/j\89j]Q~JJt (ci] ;t1~noJ!JEi9J ,1lQJ£J¥l¥.JjCJJ\)t!jjIJj;; 
ac = 2pg,a;l = aH = 145. @ 

j]Q~:i:1~*~~~~~AtllB.!JCI¥.J~Nffif"l,'=:~W,ffi~J!~~Vo(ci];t. 



~.r -..l1:ww .CYjy. com _ ~-~ _~tt:~~ - __. - - __ . 

~~ilii}] ,gt~*:tR A h\*f& C LifTf*. ~Jlt~:tR B ~A :(£*f& C L~PJfili 
~~1=:f~Hi. 

(4);S: A ~IJIXJ~txh\*f& CLifT*, &P A flJkS C a<JftJtilijBta<J~Jl'1t:tJ ~ C ;f~ 
fii1, ~Bt-=~a<J~Jl' ~ffifii1, 1;) V3 *~, EI3 i}]:i:"'ftll:1f 

3mu3 = muo. ® 
h\ A 1;):m~Jl'vo :(:f*f& Cl¥Jftjljj'ij7fMlilii)] ,~ii B ~ p ;f~~,lUiJ A ~IJtxh\ 

*f& C a<Jftjljj'ijifT* ,jzJ~-t-ii~9" ,*ml*J$%~ A ;f~xt C ilii}] a<Jll@-~:tJ L; tl( 
~ B;t~xtc ilii}]i'!<:Jll@-~iJ1~L;B ~ p ~j§-1[flJA ~~txh\*f&C LifT*,A ~B 
ffixtCilii}]a<Jll@-~iJ1~:tJL.•-t-*~~~a<J~~$.~I*J$ffi~~a<Jmi}j•• 
j] frt:r}J a<J {-\J& jfO , &P 

~ (3m)V3 2 - ~ muo2 =-f1TI1.g' 4L. ® 

EI3 ®®w;jA; .:(-t Va = j 12pgL. @ 

&P§~:tR A a<J:m~Jl' Vo = j 12pgL Bt,A ~~%/f'~h\*f& CLifT.;S: Va> 

j 12pgL ,9)IJ A :f4h\*f& CLifT,~ A h\ C LifTa<J~14fik 
Va > j 12pgL. @ 

(5);s:~:tR A a<J:m~Jl' Vo mJE~{4@A;,J)lIJ A :f4h\*f& C LifT*,~ A ~~ 
~h\*f& C L:ffT*Bt ,A,B,C -=~a<J~Jl'?tJjfJ:tJ VA"" =VBI"'jfO vc"" ,J)lIJ1f 

IIII II ll 
VA VB" < Ve" , @ 

j!Bt®A;m~J(!:§ JJ.lt mVa =2mVA"" +mLt"". @ 

®A;m~~JJ.lt 

1 (2 ) /1"2 + 1 /11/2 1 2 - 4L ,<i;hZ m VB Zmuc - Zmvo -- f1TI1.g. • 1(61 

~!fP.J:tR A h\*f& C LifT*§ ,;S:!fP.J:tR B ~~%/f'~h\*t& CLifT, &P ~ C 
:(£ftJtilijjlfL B Bt,B ~ C a<J~Jl'ffi~. i9:JltJ!Jl':tJ v, ,J)l!J;<t B,C j!-*~*iJt, EI3 
i}]:I:"T ill:)E tt ,1f 

mvB"" + nrvc"" = 2nrv,. J2)l 

:(£Jltii~9" ,xtj!-*~*i)Lmi}]••j]1i\f{~a<J{-t~jfO:tJ-,umgL, El3z;iJ~8JE 

fJIlPJ1-t 
1 (2 ) 2 (1 11112 + 1 - - L11112) ~Z m V, - ZmuB -Zmvc - f1TI1.g . w 

EI3@@J2)l@A;PJ:(-t Va = j16pgL. @ 

&P~ Vo = j16pgLBt ,!fP.J:tR B ~fm/f'~8h\*f& C LifT.1r Va> j 16pgL ,J)lfJ 
B~h\*f&CLifT,~~Bh\*f&CLifTa<J~#fik 

Va> j 16pgL . 

_ "n ( 1999' ~OO~~Bi¥l~) 1997lf. 8 fJ 26 8:fE 8 *#~H\J 00 ~'f* jc,* *
%L,~oo Max Planck ~%a\J- 1-,*~'Uil~;$" J ~1iJ a\)~~fi'U~:.:4!U'J * fi<J tpl\..' PIIiHf 

~ ~-~ n 
-" 0(1 "' ... 

:fE-1-*-.R.~mfi<J••~mO@~&5mfi<J*jc.~.~.~.tp~~.~*tp•
I\.,' \lfti![ a\J Ji:f;$;·:iitfii![ 6lf. a\J'Je )'y!~J'JTft fi<J ~e. ~1fJ~~, lle ~ 4R,fPJ *tp I\.,' #J 6X l(f km 
fi<J £ 1*.iE JV, 2000 km/5 e\Jitlt iii fjHR~ * tpl\..'~~.••L Iliib\)~.,i;l;.{U}~.7J?f: tIJ 
~ IiII*J CJi:A~.,:r- 2), i@i±iH1:"flli,\, ~P*.jPJ * tp I\..'.f~ ~{f:fE.R b\)i'&, .;Jt:~*- -tf};lt $ 
Y? (~I.7J,*itG=6.67XIO-11 km3 • kg-I. 5-2 ) 

m~: 1. ~R;lt -# Itlt~*- e\) *1*,.;Jt:;tIt ilii b\J ~1.7J;lt~ JIt..z5!, JV, ~ ~~:f5 

7\:;:fE I*J e\) J'JT;f;j #J m~ l!A!t;f J .;Jt: ~1.7J 'lfm. 
2. it1t tp PI (;Uli:m #1- #m i£~~ R~?Xi., :fE:ii#~?Xi. tp, :fE~)fiiJ;tIt Ilii L e\) 

J'JT;f;j #J m , liP 1HJJitlt~ ~ 7tit ( -tl1l!A!t;f J .;Jt: ~1.7J tIJ 'If m. 
[~1ff] ~~ 1,2 ~m~~~ml~,~:rr75~BSJiiX1I5. ~\~g;m'$~Bf.lMtJ@~ 

~~~~lI:r~~. 
U~] t!*3j( tI:l-JEJ1Il::l:a<J i] Ij] w,JJ.lt:tJ ~i~mm JE a<J *,,{4. * ,~~mUIIiJ a<J )ESC 

-§M 1;)jtl!ilii)] a<J jtTiJ1/f'~8Jm~~~ a<Jl!& i] I , &P~~b~Jl~ ~?f.l a<J* 00. ffiJti'Litti'L 
wr~~~~mru!J)liJtejt~1i\f{fik1;)jt~ (ilii}je9;1t#~T . :ft{iJ~jg,~1*:(£i]Ij]fF 

fflTB~~H8fik:P1 a<J, ~1*',*~8~~i]1 j]fFffl, *~~1*~?ij]¥iJ:7G~&ili;a<Ji1~ 9", Jt 
z;iJ~~,,*%~$ffl ~RJR i] Ij]1i\f{:r}J. ~1*{E:7G~~:@~Bt, ?ij]~~fIl~~8~~.'f~. ~~ 

1ttC~~~1*~:(£i]Ij]W,*OO~Bt ,Jt?ij]~~~~~~zjfOZJj,~~~. !fP.J1*~~8~~i]1j] 

fFffl, *~~~1*MJ*¥iJkS:7G~&:@~,Jtz;iJfiliE~$m~51~Ri]Ij]1i\f{:r}J ,{§ i]1j]~ 

~MJJfikff! a<J. j!~~~'t:(£i] Ij] tm(* 00 ~Bt, Jti}j~~~~~~ZjfO/J\~~. ;s:;1ti] Ij] 

tm(a<JJ1Il::!i::tJ M,,*~:tJ r B , J1Il::i::tJ m a<J~T:(£i] Ij]W,*OOa<JJ!Jl'.~jtJ!, {§'81JJ 
/f'~~~~i]Ij]fFm ,J)lfJ*4~Mj]~a<JXffiAm1fT~IJ** 

1 2 Mzmc -c --;;;m < o. CD 

gt rB < 2GM c 2 • CZl 

~ff,tfiki~,xt'fJ1ll::I::tJ M a<Ji] Ij]tm(, J;(1fJt,*:(:£ rB (·11tt,1lKiJii] {0;;1 }] +1~)/J\~ 

2~Bt;t~l£Jt*OOF1=:JE$5i!1a<Ji] Ij] ,~:(-t-§Mjt:(£ I*J a<Jm1f~J1Il:U~~~Jm~Jti] I 
c 

j]fFffl. MjtffiJ§ ,A{fJ~:7Gjt!Jmiijt~lYl~it~flJ'8 ,~ff,t~te'8u4{i\f{~~a<JJJj@. 
.:(£~*a.Xffi••••)E~:(£~mw*9"~a<J*.~a<J,*~.i9:m~mW 

* 9"{"e9i]1 j]iW-a<JJ1Il::i!::tJ M, mmw* 9" IL' 1ifE~a<J£1*a<JJ1Il::II::tJ m, ~£1*frt~fiil 

ilii}jBt ,1fT~IJ** 
V

2 mMm-=Cr r2 . 

M=rJ&P c· 
r :tJ$JLjg,*K ;s:tti] I j] tm(:tJ.m ,J)lIJJtJ1ll::m?t1tJlOj(a<J'*1:£mmJECZlA;, &P 


< 2C if r _ 2 if r 

rB (2 C - (2' @ 
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~~ilii}] ,gt~*:tR A h\*f& C LifTf*. ~Jlt~:tR B ~A :(£*f& C L~PJfili 
~~1=:f~Hi. 

(4);S: A ~IJIXJ~txh\*f& CLifT*, &P A flJkS C a<JftJtilijBta<J~Jl'1t:tJ ~ C ;f~ 
fii1, ~Bt-=~a<J~Jl' ~ffifii1, 1;) V3 *~, EI3 i}]:i:"'ftll:1f 

3mu3 = muo. ® 
h\ A 1;):m~Jl'vo :(:f*f& Cl¥Jftjljj'ij7fMlilii)] ,~ii B ~ p ;f~~,lUiJ A ~IJtxh\ 

*f& C a<Jftjljj'ijifT* ,jzJ~-t-ii~9" ,*ml*J$%~ A ;f~xt C ilii}] a<Jll@-~:tJ L; tl( 
~ B;t~xtc ilii}]i'!<:Jll@-~iJ1~L;B ~ p ~j§-1[flJA ~~txh\*f&C LifT*,A ~B 
ffixtCilii}]a<Jll@-~iJ1~:tJL.•-t-*~~~a<J~~$.~I*J$ffi~~a<Jmi}j•• 
j] frt:r}J a<J {-\J& jfO , &P 

~ (3m)V3 2 - ~ muo2 =-f1TI1.g' 4L. ® 

EI3 ®®w;jA; .:(-t Va = j 12pgL. @ 

&P§~:tR A a<J:m~Jl' Vo = j 12pgL Bt,A ~~%/f'~h\*f& CLifT.;S: Va> 

j 12pgL ,9)IJ A :f4h\*f& CLifT,~ A h\ C LifTa<J~14fik 
Va > j 12pgL. @ 

(5);s:~:tR A a<J:m~Jl' Vo mJE~{4@A;,J)lIJ A :f4h\*f& C LifT*,~ A ~~ 
~h\*f& C L:ffT*Bt ,A,B,C -=~a<J~Jl'?tJjfJ:tJ VA"" =VBI"'jfO vc"" ,J)lIJ1f 

IIII II ll 
VA VB" < Ve" , @ 

j!Bt®A;m~J(!:§ JJ.lt mVa =2mVA"" +mLt"". @ 

®A;m~~JJ.lt 

1 (2 ) /1"2 + 1 /11/2 1 2 - 4L ,<i;hZ m VB Zmuc - Zmvo -- f1TI1.g. • 1(61 
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Y? (~I.7J,*itG=6.67XIO-11 km3 • kg-I. 5-2 ) 

m~: 1. ~R;lt -# Itlt~*- e\) *1*,.;Jt:;tIt ilii b\J ~1.7J;lt~ JIt..z5!, JV, ~ ~~:f5 

7\:;:fE I*J e\) J'JT;f;j #J m~ l!A!t;f J .;Jt: ~1.7J 'lfm. 
2. it1t tp PI (;Uli:m #1- #m i£~~ R~?Xi., :fE:ii#~?Xi. tp, :fE~)fiiJ;tIt Ilii L e\) 

J'JT;f;j #J m , liP 1HJJitlt~ ~ 7tit ( -tl1l!A!t;f J .;Jt: ~1.7J tIJ 'If m. 
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~MJJfikff! a<J. j!~~~'t:(£i] Ij] tm(* 00 ~Bt, Jti}j~~~~~~ZjfO/J\~~. ;s:;1ti] Ij] 

tm(a<JJ1Il::!i::tJ M,,*~:tJ r B , J1Il::i::tJ m a<J~T:(£i] Ij]W,*OOa<JJ!Jl'.~jtJ!, {§'81JJ 
/f'~~~~i]Ij]fFm ,J)lfJ*4~Mj]~a<JXffiAm1fT~IJ** 

1 2 Mzmc -c --;;;m < o. CD 

gt rB < 2GM c 2 • CZl 

~ff,tfiki~,xt'fJ1ll::I::tJ M a<Ji] Ij]tm(, J;(1fJt,*:(:£ rB (·11tt,1lKiJii] {0;;1 }] +1~)/J\~ 

2~Bt;t~l£Jt*OOF1=:JE$5i!1a<Ji] Ij] ,~:(-t-§Mjt:(£ I*J a<Jm1f~J1Il:U~~~Jm~Jti] I 
c 

j]fFffl. MjtffiJ§ ,A{fJ~:7Gjt!Jmiijt~lYl~it~flJ'8 ,~ff,t~te'8u4{i\f{~~a<JJJj@. 
.:(£~*a.Xffi••••)E~:(£~mw*9"~a<J*.~a<J,*~.i9:m~mW 

* 9"{"e9i]1 j]iW-a<JJ1Il::i!::tJ M, mmw* 9" IL' 1ifE~a<J£1*a<JJ1Il::II::tJ m, ~£1*frt~fiil 

ilii}jBt ,1fT~IJ** 
V

2 mMm-=Cr r2 . 

M=rJ&P c· 
r :tJ$JLjg,*K ;s:tti] I j] tm(:tJ.m ,J)lIJJtJ1ll::m?t1tJlOj(a<J'*1:£mmJECZlA;, &P 


< 2C if r _ 2 if r 

rB (2 C - (2' @ 



.~_...A-=~_..~:~OO~ ... 
~'iHm%il,i!i!!J~m,v=2 X 103 km/ s=2 X106 m/ s,r=60 X108 km=6X 1012 m, li'il 

c=3 X108 m/s , tel!~~mf-tA@.rt:,1~ 

rB < 5. 3 X 108 m = 5. 3X 105 km. @ 


l!i~aJl, MI9tl:m @.rt:tR:JiUI9iJlj]m*i3L "*"1?:/j\ T 5. 3X 105 km Bt;:t~~ 


7IOJ, 7cTl!1-~-mJJltl/G~~lfo]. YrV)3Ul;~H1UiiJ*"P/L.'fftE~lfo] ft<Jf8, it~7~ ft<J=l£1£ 

I j\T 5. 3X 105 km 

-&Z:- (2008, ~OO!IW!I~;n~D "~~ - %"~)] .l. £ l§ "*1iE~ %" f.. 'fJ} 

it]§" •'*JdJUtlt.:iE ft ~ :jj1j[~ $.!L*-, l!i:!1!!"B: i%:!1!!, ii ~ Hn =2. 05 X102 km,:i&:Jtl!, ,~ 1ii:!1!!, 

ii~ HI=5.0930 XI0· km,%]Wlf.9j; 16h.{q:j; 16 /}nttiL:@C:ko oo 1-7-9 <fU!7~1 
PJf~ ) . fiR]§" ,7J r 19!..l. £ i% :!1!!,~*;t!& liS. £ ~:K ij;;fJl,7It:t£ J&:lt\r. ,P., A :k .19!. ~ £ ,* A 
~ tiL*- C~ 00 <f U!7 ~ 2 pJfn~).1;1, %~ l!i:!1!!"P.,. J§" *x..:ii~ ~ )jz {£ %~ 1;1, J§" a~ l!i:IiE ,P., 
,B::k, 19!..l. £ i10 it fo ~ tiL, %i1iii liS:!1!!, ,B: ,;tEl ~ '* A 24 IJ' at $.h.*-, 48 !J' aH.!L*-*,;!:t\r.}] 
~ ~tiLJi.t ( ~~IHo 00 <f U!7 ~ 3,4 ,5 PJf~). E, ~.l. £m i: m=2. 350X W kg, :I\!1.J.jt-4=
4~ R = 6. 378 X W km,:l:i!1. ii t: 7J flo:it It g = 9. 81 m N ,}] *#- 4~ r = 1. 738 
X103 km. 

2 

5 

1!J1- 7-9 

1. i ;!;. it ~ 16 IJ' at tiL:@ ~-'¥-* $IJ a*,4- ~R$IJ b S9~1t 1;1,.R;lJlIiOO ~ I\,' $. e. 

2. {£ 16 IJ' at $.!L ~ ~ liS:l:l!!. ,P" A :k at ,1". i9: .l. £ J'Jf ~ :Jt 7J ~ jJ (.j l§ .l. £ it It jJ 

rIiJ ;f§ ~ , 1m lL ,P., f.. at ["l'fl!. ~R •Pf 1;1, R j; .tnf lID ~.!L:@ * $iI 7i rIiJ ;f ~. i9::Jt 7J "* IJ' F = 

490 N,~HE.i!Ul!!.A%~JU 600 km, [OJAf..at["lS#t%%*? 
3. i>\:.,fU6fti1 El J'Jf ~~ t%it~.l.£:t£ 16 IJ' attIL:@~ ;OIT- :iiH"r %J WJ. 
4. .l.£JiiJ§",* A tiEJ1 OO%tIL*-,~EJ1 iir%.It Hm =200 km.%JWl Tm= 

127 min. i>\:.:Ji6 Jlt1t ~)] J;j(. M: I: l§ :!1!!,J$.M: I: Z ~LW.. 
[~~JTl )2~-J!~H"r~:AJ.§n~tB~El. j(f-j!i§Jlt~ffii5ZD:&D~511J!.E~ , §g~ 

'B'1fi ,~ZiJJ~'<T1fi:&~~@ZiJJ~~~miR 
UU 1. 1ll1i~¥*~ a ~TiliJtJ1.}~fQlZt±~ ,~.<::..ra]~~ft<J-$, ep:llI!tl!. ,~.!:]lZt 

:t1E.~5C1£~il (H.J ~li.E £f~ J.tl!",:; (rIJ~!i. $i ) rn .!=j rr ft<J;~li*3fB]m, ep7ff 
1 1 1 a="2 ern +rl) ="2[ (Hn+R)+ CHI+R) J="2 (Hn+ HI) +R. CD 

1-tA~tm1~ a=3.194 6X I0' km. ® 

-'-_._. --- ---__!.=- ~:.__7!_.~. ___ 
.~"*"~~b~Tfi~~'!:]~*~5C1?:*~ft<JnW~B]-m,~7ff 

b= ~. Q) 
ftA~m1~ b= 1. 942 X10' km. @ 

../a2 -b2 

11l/i fMl ft<JifiH,'I¥ e 
a ® 

1-tA~m1~ e=O. 794 1. ® 
2. .§.:rr~:tE 16 INJ;j"~li!t..tili1iB;j", V) Vn 5fIl Vr ?H.l lj ;&~'E:tE:U!*~fQ:iil;* ,~ 

ft<J ~ il. *m fl~:!i 'fm ,.:rr~.it:U!*~ fQ lZt:lt!!.,'i'?"f~i!:.ffi ~ ,ff 

.l.mv 2 - GMm=.l.mvr 2 _. GMm. (j)n2 rn 2 rr 
~~ M ~:lt!!.~lW::!i,G ~]JffiJl j] 1il"it. ~.:rr£tEiIT:ttl!.,~fQ:iil;:ttl!.,~ ft<JJ!~~ 

.!:].:rr£R:ttl!.~ft<J~~~~,*m~~.~mff 
mVn rn = nlVr Tf. ® 

GMa::t!.¥1J W=g· ® 
EB (j)-® =:.rt:liJ 1~ 

- / rr 2g R. 
Vn-V rn Crr+r ) ®l n 

_rn _~rn 2g RVr--Vn - • ® 

~.:rr£m 16 Ij\B;f$JtjH)g1TB;j", *m~ 13 ffr~i'ie<J~!tHf rn = R+ Hn, rr =R+ 

Hr. EI=t~@'*1-tAff;1c~m1# 
vr=L 198 km/s. © 

*~~ ,:tElZt:ttl!.,~~¥t~~fJL.~;k, .M.:rr£1~~Btr8]:bo~, :bo~~ ft<J1J rQj.!:].:rr 
£Et<J~~1J«iJ1§f;'lJ. :bo~J§, *!iI!!1J«iJ~ff"&:~ .$:bOi$~ti*B~· ,.:rr£ft<JJ!il.!:]ttrifL 
jHft<J-K!iIIJ~1i ,.:rr£YrtE:£t*t~fffrifL~ft<J~:ttl!.k YrV), ttrifLjHft<J:iil;:ttl!.,~ ~~ Hr' 
= HI =5.093 OX10"' km.fg;'f,lfifLjH:u!:ttl!.~ifIi~ Hn' =6. OO XWZ km. m~®riJ3j(:f~ 
.:rr£:tEttrifL~~:ttl!.,~:£tft<J~~jg 

n rr (rr+rn) 

vr' = L 230 km/s. @ 

.:rr£~;;:ft<J~:bn;;:~T.:rr£Yr~mj] F ft<J/*ii. i9:~~m~j(B;f I'a] 1J 6t,ff 

m(vI ' -vr)=F6t. @ 

m@~@=.rt: ,JH-tA~~~m1~ 

6t=1. 5X102s=2. 5 min. © 
l! H~~1TfrJJWJ/H~~. 
3. ~.:rr~m-milIDl*jlm~1TM, V) r ~~'EYr:tE:£t9C1£ft<J7c/j \, v ~~;J:tJ!ilft<J 

7c /j\, () ~~5C1£'!:]J!~ft<J~ffI ,JJltl.:rr£ft<JfflzstIil:ft<J7c/j\ 
L=rmvsin8=2m(J, @ 
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.~_...A-=~_..~:~OO~ ... 
~'iHm%il,i!i!!J~m,v=2 X 103 km/ s=2 X106 m/ s,r=60 X108 km=6X 1012 m, li'il 

c=3 X108 m/s , tel!~~mf-tA@.rt:,1~ 

rB < 5. 3 X 108 m = 5. 3X 105 km. @ 


l!i~aJl, MI9tl:m @.rt:tR:JiUI9iJlj]m*i3L "*"1?:/j\ T 5. 3X 105 km Bt;:t~~ 


7IOJ, 7cTl!1-~-mJJltl/G~~lfo]. YrV)3Ul;~H1UiiJ*"P/L.'fftE~lfo] ft<Jf8, it~7~ ft<J=l£1£ 

I j\T 5. 3X 105 km 

-&Z:- (2008, ~OO!IW!I~;n~D "~~ - %"~)] .l. £ l§ "*1iE~ %" f.. 'fJ} 

it]§" •'*JdJUtlt.:iE ft ~ :jj1j[~ $.!L*-, l!i:!1!!"B: i%:!1!!, ii ~ Hn =2. 05 X102 km,:i&:Jtl!, ,~ 1ii:!1!!, 

ii~ HI=5.0930 XI0· km,%]Wlf.9j; 16h.{q:j; 16 /}nttiL:@C:ko oo 1-7-9 <fU!7~1 
PJf~ ) . fiR]§" ,7J r 19!..l. £ i% :!1!!,~*;t!& liS. £ ~:K ij;;fJl,7It:t£ J&:lt\r. ,P., A :k .19!. ~ £ ,* A 
~ tiL*- C~ 00 <f U!7 ~ 2 pJfn~).1;1, %~ l!i:!1!!"P.,. J§" *x..:ii~ ~ )jz {£ %~ 1;1, J§" a~ l!i:IiE ,P., 
,B::k, 19!..l. £ i10 it fo ~ tiL, %i1iii liS:!1!!, ,B: ,;tEl ~ '* A 24 IJ' at $.h.*-, 48 !J' aH.!L*-*,;!:t\r.}] 
~ ~tiLJi.t ( ~~IHo 00 <f U!7 ~ 3,4 ,5 PJf~). E, ~.l. £m i: m=2. 350X W kg, :I\!1.J.jt-4=
4~ R = 6. 378 X W km,:l:i!1. ii t: 7J flo:it It g = 9. 81 m N ,}] *#- 4~ r = 1. 738 
X103 km. 

2 

5 

1!J1- 7-9 

1. i ;!;. it ~ 16 IJ' at tiL:@ ~-'¥-* $IJ a*,4- ~R$IJ b S9~1t 1;1,.R;lJlIiOO ~ I\,' $. e. 

2. {£ 16 IJ' at $.!L ~ ~ liS:l:l!!. ,P" A :k at ,1". i9: .l. £ J'Jf ~ :Jt 7J ~ jJ (.j l§ .l. £ it It jJ 

rIiJ ;f§ ~ , 1m lL ,P., f.. at ["l'fl!. ~R •Pf 1;1, R j; .tnf lID ~.!L:@ * $iI 7i rIiJ ;f ~. i9::Jt 7J "* IJ' F = 

490 N,~HE.i!Ul!!.A%~JU 600 km, [OJAf..at["lS#t%%*? 
3. i>\:.,fU6fti1 El J'Jf ~~ t%it~.l.£:t£ 16 IJ' attIL:@~ ;OIT- :iiH"r %J WJ. 
4. .l.£JiiJ§",* A tiEJ1 OO%tIL*-,~EJ1 iir%.It Hm =200 km.%JWl Tm= 

127 min. i>\:.:Ji6 Jlt1t ~)] J;j(. M: I: l§ :!1!!,J$.M: I: Z ~LW.. 
[~~JTl )2~-J!~H"r~:AJ.§n~tB~El. j(f-j!i§Jlt~ffii5ZD:&D~511J!.E~ , §g~ 

'B'1fi ,~ZiJJ~'<T1fi:&~~@ZiJJ~~~miR 
UU 1. 1ll1i~¥*~ a ~TiliJtJ1.}~fQlZt±~ ,~.<::..ra]~~ft<J-$, ep:llI!tl!. ,~.!:]lZt 

:t1E.~5C1£~il (H.J ~li.E £f~ J.tl!",:; (rIJ~!i. $i ) rn .!=j rr ft<J;~li*3fB]m, ep7ff 
1 1 1 a="2 ern +rl) ="2[ (Hn+R)+ CHI+R) J="2 (Hn+ HI) +R. CD 

1-tA~tm1~ a=3.194 6X I0' km. ® 

-'-_._. --- ---__!.=- ~:.__7!_.~. ___ 
.~"*"~~b~Tfi~~'!:]~*~5C1?:*~ft<JnW~B]-m,~7ff 

b= ~. Q) 
ftA~m1~ b= 1. 942 X10' km. @ 

../a2 -b2 

11l/i fMl ft<JifiH,'I¥ e 
a ® 

1-tA~m1~ e=O. 794 1. ® 
2. .§.:rr~:tE 16 INJ;j"~li!t..tili1iB;j", V) Vn 5fIl Vr ?H.l lj ;&~'E:tE:U!*~fQ:iil;* ,~ 

ft<J ~ il. *m fl~:!i 'fm ,.:rr~.it:U!*~ fQ lZt:lt!!.,'i'?"f~i!:.ffi ~ ,ff 

.l.mv 2 - GMm=.l.mvr 2 _. GMm. (j)n2 rn 2 rr 
~~ M ~:lt!!.~lW::!i,G ~]JffiJl j] 1il"it. ~.:rr£tEiIT:ttl!.,~fQ:iil;:ttl!.,~ ft<JJ!~~ 

.!:].:rr£R:ttl!.~ft<J~~~~,*m~~.~mff 
mVn rn = nlVr Tf. ® 

GMa::t!.¥1J W=g· ® 
EB (j)-® =:.rt:liJ 1~ 

- / rr 2g R. 
Vn-V rn Crr+r ) ®l n 

_rn _~rn 2g RVr--Vn - • ® 

~.:rr£m 16 Ij\B;f$JtjH)g1TB;j", *m~ 13 ffr~i'ie<J~!tHf rn = R+ Hn, rr =R+ 

Hr. EI=t~@'*1-tAff;1c~m1# 
vr=L 198 km/s. © 

*~~ ,:tElZt:ttl!.,~~¥t~~fJL.~;k, .M.:rr£1~~Btr8]:bo~, :bo~~ ft<J1J rQj.!:].:rr 
£Et<J~~1J«iJ1§f;'lJ. :bo~J§, *!iI!!1J«iJ~ff"&:~ .$:bOi$~ti*B~· ,.:rr£ft<JJ!il.!:]ttrifL 
jHft<J-K!iIIJ~1i ,.:rr£YrtE:£t*t~fffrifL~ft<J~:ttl!.k YrV), ttrifLjHft<J:iil;:ttl!.,~ ~~ Hr' 
= HI =5.093 OX10"' km.fg;'f,lfifLjH:u!:ttl!.~ifIi~ Hn' =6. OO XWZ km. m~®riJ3j(:f~ 
.:rr£:tEttrifL~~:ttl!.,~:£tft<J~~jg 

n rr (rr+rn) 

vr' = L 230 km/s. @ 

.:rr£~;;:ft<J~:bn;;:~T.:rr£Yr~mj] F ft<J/*ii. i9:~~m~j(B;f I'a] 1J 6t,ff 

m(vI ' -vr)=F6t. @ 

m@~@=.rt: ,JH-tA~~~m1~ 

6t=1. 5X102s=2. 5 min. © 
l! H~~1TfrJJWJ/H~~. 
3. ~.:rr~m-milIDl*jlm~1TM, V) r ~~'EYr:tE:£t9C1£ft<J7c/j \, v ~~;J:tJ!ilft<J 

7c /j\, () ~~5C1£'!:]J!~ft<J~ffI ,JJltl.:rr£ft<JfflzstIil:ft<J7c/j\ 
L=rmvsin8=2m(J, @ 



l 

J.  " _~.Cyj~om -h ~-~ Jfi,£:fmit 	 • 
1 . @jttp 	 a=Zrv5mB. 

_~.~@~.~"~~~~~oom,~~.~oom~~.~~M~._~. 
~,i\"!{ a _.:1:. ;fIJmllt~,?\~~jfj~ii ,1~ 

1 
a=Zrrvr. 	 ® 

X~~~.~ft-~~~~R~~oom~ 
S=1(ab. 	 ® 

T=~. 	 @Jifit:)~.?lHJLii~~~f<ijWl a 

T=21(ab 	 @
~®----@=A1~ rrVr . 

1-\;.A1f:~!!&!\!H~ T=5. 678X10' 5=15 h46 min. @ 
ff :*/J\1m1f~{<pMH*. {j~~m, ~*~W1~=5E1f1f ,~~,*iE1TI¥JP;§1-~£~ 

~Wl T.Ej To zttl¥J~1J~~'t:1fJW#Lii$*!illl a.Ej ao zttI¥JJL.1J, &P 

(If=(~t
To ao 

jttp ao :ll1::~£m~,*¥iH~ll$JLii~~W#Lii$1£ ,!ilO1f 

GMm_ (21()2

a02 -mao To . 

rh ,J.V 'g To 2= 41(2 = 41(2

1:t11J.L1v ao3 GM gR2 . 


M. mH~ 	 T= 2~a-If. 
1-\;.A1f*~Wf!PJ*1~A@. 
4. 	~m~ I~HHJLii..t,*W7J1f5IjJtE1f;fll*WltE1f1f 

GMMm_ (21()2 @--;:-;:;z- - mrM TM • 

J!£ TM=r+HM :ll1::~.m~$JLii$1~,MM :ll1::~~J9ti:. ~®@~APJ~ 
_ 41(2 rM 3 

~-gR2~2M 	 @ 

1-\;.A1f*!!&W1~ 7:;=0.012 4. 	 ~ 
~ (2005.;t(@~HUnUJD jlDoo 1-7-10fJf:iF,.tE-1-WJlt~~JJ k tf-J 

~]jbJ!f.~ p;!j1fiij7t}JH~~ -1-~ft JJ m it'g IJ\~A *,~j[ JJ 2m a~ IJ'* B. A J1HiI1 ~ 
*1i ~jHfo*' ~ m?t f"~;.Jl:.~ ~,Jlt at 5!f. ~*~ JJ L. ~¥t!m~;\Ii: ~,#-1iA Jlt at JJ 
it at ;'f ,fj, , ~ - #J n:li!!, ilD ~ .Jl: it'g , ~1: toJ l' JJ if. 7f toJ it'g ~#; $dl Ox, J!f A 0 ~ Jlt at A 

I;jUJHdi 1: %( -.!to 00 ). 1i, >It -If;t at i<'J p;!j I4\. tf-J ~ #;. 

[~ml tt~~*.~~~~m~~M~~.~~n.•~ct~.ffi~m® 
~(:4H~,t'l ~) &1f3j~iliEIJ~~*;J;[HR 

1J ~.-- ---.._..._--- ~-~ ._---. "'--= "" ///11 11 ~~ .
///111/<un -n$.1: •

X;j~~/J\~ A,B 5fIl~~JH~)vUI9*~1L ~ A,B ZI'aJl¥Jlle 

I 
____~~ L M, B~ mA =m,mB=2m , ~J9j>L' l¥JtE5(, PJ~*ml¥J 0 _ AT-J9):iL' C~A I¥Jlle~ 

2 k
LC=3 L. CD 


i\"!{ A,B iOJ9):iL' C ~IfE~~HJIJ~ J ___ 

x B 

2 1 
lA=3 L,LB =3 L. 	 ® 00 1-7-10 

~ lV- J9): iL' C ~:f$::;\J * (Jfff ,,:; .f. ) , !iliJ@>L' C :ll1:: lID tE 7f' i;IJ 

I¥J ,li~ A,B 1¥J~/f1itPJt:)*.G!Z~1-s/f1it CA ;fIl CB. i9J/fJt CA I¥J § M*~~ LAO' 

~~*~~ kA ,-9ilff.Ej/J\~ A *§J1:,J3-~~tE~ CA\d/f1it CB I¥J §M*~~ 
lBO' ~~*~~ kB ,-9ilff.Ej/J\B}( B*§li ,~-9ilffiJJ'lIDtE:(£ C,?\. ~li~ A,B 1¥J~/fJf 

~ § ?~*~~ to ,;j:&W1m~1f k(l-Lo) = 2mg. ® 
~®APJ~~/f1it CA;fIl CB 89 §M*~*j]iJ~ 


2 1 

LAO =3 Lo ,Loo=3Lo. 	 @ 

~ Af1t~1t,*m!;1~Mi.tl:at, B~J1:~ A,B ~~~Jt*~~ L, ~®APJ~ ,!It 
Bt~/f. CA ;fIl CB ~*~*j]IJ~ 

2 1 
LA =3L, LB =3L. 	 ® 

~/f1it CA,CB f'Fm~ A,B 1¥J~~jJ*JJIJ~ 


2

fA =kA (LA -LAO) =3kA (l-Lo). 

1
fa =kB (LB -Loo) =3kB (l-Lo). 

@ fA JE Wt:ll1::li~A ,B 1¥J~/fJit~tld!llffijf='±.~~/fjJ f, &P1f 

fA = fa= f=kCL-Lo). 


~ !It~ kA = ~ k, kB = 3k. 	 ® 

*§Xi~iID ,J9):iL' C:ll1::~i#JI¥J,~ t=O at*O, &P~~lXJiJifl:llYT"*IJ,A UL~ OX !illl~ 

J]':,?\ 0 ~,&n XA (0) = 0; B ~~fjji XB (0) =L. ~CDA' PJ~!It" J9):iL' Cl¥J~fff,~ 

2
xc(0)=3L. 	 OJ 

~~~ifl:WTt:))§",f'Fm~*m~7'~jJ_:m:jJ(m+2m)g. i\"!{J9):iL't:) g ~1Jo~~ 
flk~1Jo~H~~~ ,1f~Bt*iJ t,J9):iL'~~fff, 

1 2 1
xc(t)=xc(0)+Zgt2=3L+zgt2. 	 ® 

~ T J9):{,'f~1Jo~iEi#J, J9):iL' *_~Fmtt*. :(£~FffJttt:f$::;\J* tp, J1Zm*Wl~= 

mailto:2005.;t(@~HUnUJD
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2
xc(0)=3L. 	 OJ 

~~~ifl:WTt:))§",f'Fm~*m~7'~jJ_:m:jJ(m+2m)g. i\"!{J9):iL't:) g ~1Jo~~ 
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xc(t)=xc(0)+Zgt2=3L+zgt2. 	 ® 

~ T J9):{,'f~1Jo~iEi#J, J9):iL' *_~Fmtt*. :(£~FffJttt:f$::;\J* tp, J1Zm*Wl~= 



'~=_~---.:~~_____~=-.L~.~.~7}-----. It 

;E1*1itfji4m1*E8iEztlJat, 4m1*~~J{~j] fFffl7~, i13~:'tmtt1JfFffl. ;firr@>L' * ~ 
~-~;j:ff,!iI!l 0'.1:' ,.Jffi:ffi. 0' ..i:3M,L' C jjI[I~ ,~!!£HrOJr~ 0'x'!iI!lE8iEjjrOJ, ~/J\pj( B 

{E~$~*~E8~;j:ff,~ x/at,~~f!t CBfFffl'T B E8~~t£j] 
fB=-kB(XB'-Loo ). 

~ XB'>Lroat ,jjrOJ!!£1l:rOJ...t. 1It7~,B ~~ilJ:m:j] mg ,jjrOJ!!£HrOJr d1Jtttj] 
:k/J\~ mg,jjrOJ!!£HrOJ...t. fFffl'T B E8i';j] 

FB =-kB(xB'-LBO)-mg+mg. 

83®@)~1~ -  [ '_l..( -~)JFB  kB XB 3 L k . ® 

4 XB=XB'-l.. (L_ 2mg )
3 k' ® 

;ff FB=-kBXB. @ 
~ XB=o,fFffl'T B E8i';j] FB=O,B n'Tf-~:I*;$;. 83®~PJ!#l,rrM'L'* 

~ ,B E8f-~{\zIE8~;j:ff, 

'=l..(L-~ ) fIilIXro 3 k' \,lY 

XB ~ B ~3fjtf-~1jzIE81jzf$,@~~1jJ3 ,fFffl'T B E8i';j]J'l.;ff~~tEj]B~tE 

M, t&:iE FB fFfflr ,B *tiEf-~{\ZIllffili1rtfa'jii'riEztIJ ,:Ji[ztlJlM!!fj)j.$ 
_ (k;: _ (3k fIilI 

WB -'\j;;; -'\j z:;. ~ 

~3ff-~1jz:'l:E81jzf$ X B =ABcos(WDt +CPB). @J 

AB ~jlH~i.cpB ~tJH!l1jz. rr t=O at~u, &P~~jXJu~ltITat~u ,B ~'II¥ll:.E8, t&:1It 
at B ~3fjtf-~1jz:'l: xro' B~I€~;?,t~fa'jil§'iEztlJE8t1R.$:i A B, mJiE t=O aHII, B ~3f 
M'L'E8I€~ ~n®~~lli E8 LB , t&: B ~3ff-~1jz:'l:E8I€~ ~PtIR.$:i 

AB=LB-Xro'. 

83®@~1~ A =l..L-l.. (L_ 2mg ) =~ ®B 3 3 k 3k . 

f§ t=O,XB=AB,J3. X B ~iEE8 ,t&: 
CPB=O. 

8311t1~ XB=2~gcos(Jf£t ). ® 

83®~,t at~uB iEMIL'*~E8~;j:ff, 

, -l.. ( _~) ~ ((3k) @IXB (t) - 3 L k T 3k cos '\j z:; t . 

rrJt!!.iID$~*E8~t:tff, XB(t)=XC(t)+XB'(t). ® 

1~ XB(t)=t+ ~ gt2_2~g[1-COs(Jf£t) J. ® 

I'll~, ~/J\pj( A rrM'L'*~E81Hff,~ XA'at, ff~iiJ XA' ~:ffta<J ,j!Bt ,~~f!t CA 

E81$*il:~ 

..._---..-.--- _ __ . ~-~ 

'+ - '+.1.LXA LAO - XA 3 0 

~ XA' + LAO ~:fftBt, ~~j] rOJr ,~iE; 

tJ_ '!?f. _
'--~ 

..,J(,. I;l. ~-
- +.1. ( _2mg)- XA 3 L k . 


~ XA' +LAO ~iEa1', ~~j] rOJ...t,~:fft, t&:;ff 


- [ 2 ( L-~)J .fA--kA XA+3 k 

fFffl'TAE8i';j]~ 

FA=-kA[xA+ ~ (L_2;g)]. 

A
"< XA =XA +.1. (L_ 2mg )

3 k' 

;ff FA=-kAXA. 

~ XA =o,fFffl'T A E8i';j] FB=O,A n'Tf-~:I*;$; ,A E8f-~1jz:'l:E8~;j:ff, 

-_.1.( _~)XAO - 3 L k . 

XA ~ A ~3fjtf-001jz:'l:E81jzf$, t&:rri'; j] FA fFfflr ,A *trrf-001jz:'l:llffili 
1rtfa'j ii'r iE ztIJ , tIR. ztIJ 1M! ~.$ 

WA = (k; = (3k. @'\j -:;; A.j z:; 
~3ff-001jz:'l:E81jzf$ XA =AA COS(WAt +CPA ). 

AA ~:Ji[$:i 'CPA ~tJJ;f§1jz. rr t=o at~u, ~n~m~jXJIJ~ItITBt~IJ ,A ~f#ll:.E8 ,A ~ 

3fM'L' C E8I€Iill~ LA ,A E8.1JLOO1jz:'l:lill3f Ej>L'E8I€~~ IXAO I ,t&:.lltBt A ~3f.1JLOO 

1jz:'l:E8I€~ ~n ~tIR.$M AA. 

_ _ -.1. _.1.( _2mg)_..i.~
AA -LA IXAO I - 3 L 3 L k - 3 k . 

mJ litat XII = - AA , ~!z CPA -1(. 

rh ,J.V'J3 X =-~ ((3k)
I:t:I .iJ.u1"T A 3k cos A.j z:; t . @ 

iEat~u t,A :(£lilliID$~*~E8~t'F 


XA (t) =Xc(t) +XAO +XA 


2 1 2 2 ( 2m"') 4 m'" ((3k)=3t+Z gt -3 l-k -3kcOS A.j z:;t 

=l..gt2 +~'[l-COS( (3kt) ] @2 3k A.j z:; . 
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' 

~ , --;;;.~q,. ~ 

, '" ~.:-~_.~_~]!3?} • 

;J't1Jo J!~ 1;; aA = g+ 2~k (xc - ~ to  x ). CD' 

;J'tt§xt T }1lJ>L' i¥J1Jo J!~1;; 

aA'=aA-g=2!2k (XC~ to-x) 

=-2~k[x-(xC - ~ to) J. (2)' 

;J'tq:. x- (xc - ~ to ) ~~ A ~;ff!xtT;J'tf~1}L'i':i¥J1}Lf$, (Et§~fZW i¥JW[1'

~~*q:.,t§xt1}rf$~~~*;t*. 
LA~~ ,;ff!xtJtlJ>L' ,A J;j(i¥J1JOJ!J! ~;J't;ff!xtT~~1}L~i¥J1}Lf$.QlUE ~Ui& 

1oJ. ti1ff,tJ'i;:iJt, A J5}tt§:xt )9i>L'l$:1Wi It;Tili ZW. 
[OJ JlI1 ~ lIE 

t
F/J=2mg- 3k(x-xC- ; ). 

an =g-i![x-(xc + 
t
;) J. @' 

;J'ti'§xtTmt'L' i¥J:JJOJ!~Jg 

an'=-i![x-(xc-~ to) J. @' 

Aq:. x- ( Xc + t; )~~ B ~;ff!xtT;J't~~1}Lj[:i¥J1}Lf$, t§xt mt 'L" B ~ i¥J1Jo 

J!J! ~;J'ti'§xtT~~1}Lj[:E91}Lf$MlE ~~fi& IoJ , ~n B ~;ff!xtmt 'L'ti1{$:fij It;Tili ZW. 
fif.i A ~ B ~ZW i¥J ~~-$i'§~, ~n 

@'WA=WB=~' 
niid: 
:(:EJtl!.Tiil~~* q:. ,JU A,B i¥Jtt~Yi~~:IJ~ 

rna] =mg+Hxz-x]-to) . CD" 
2ma2 =2mg-k(x2-X] -to). (2)" 

XI ,X2 J'i;: A,B i¥J~tji ,to J'i;:5~Jti¥J Ii:! 1&K 
t=O at ,f.i 

XI =O, v] =0. 

X2 =t,Vz =0. 

t1;;wtmat, ~P~!H~~~~~at~B~~i¥J*~, f.i ** 
k(l-to)=2mg. 

t =t_2mg
Yf~ ok' 

EECD"A+(2j'A'1~ 
a] +2a] =3g. 

.--& ~-. n 
1=1 ///4/////// '" !"." ~,,~JIc ~ "~,Jil en '~Hf:~~~:~;~;::';;-1-tl!j£iI'J'"i£:"A~ ~•• 


XI +2X2=2t+ ~ gt2. crf' 1]r
{J} EE (2)"A - 2 X CD"A' 1~ k~ l 

2m(a2-a;)=-3k(X2-X]-tO ). @" __ 1__
~J'i;:-1'-~AJg~~*m~B~~ilizwi¥Jzwn$:IJ 

B X2 

~ ,fiJ'i;: r~htf i¥J ,Yf ~lH~1§ tlJ fUit~ 

X2- x] -to=Acos ((3k ) x~irfJJtm~dtf \j z;t+a . 
001-7-11 

t-to =Acosa. 

A (3k.\j ~ Sll1a=0. 

1~¥lJ a=O. 


A=t-l =2mg
ok' 

JiJf~ X2-X] =lo+2;gcos(~t) . 

- '0!!g+'0!!g ((3k) @/1~P X2 -X] ~t- k k cos \j ~t . 

EE @"A-2X@"A '1~ 

--.1 2 +~[ - ((3k)] ®/1XI - 2 gt 3k 1 cos \j ~t . 

EEcrf'A+@"A'1~ 

2 gt2_'0!!g[1 tX2 --t+-.1 3k - ((3k)]\j ~ A\"..:vcos . 
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~:i ,e 7tT ~I jd\'i:. .:E.£.l~;W fliJ:If: ~~ ftJ .!ti.9lHi1x., "Ti.9l1 tB.:E. £ ~ 1:f:- ~ Wi,~ 89 Wi 
*~~~~f1IJ~ftJ.~~~-# • • ~.,~m~Wi1'-.t~.~*~'t'~£~ 
~ :It£,,\,,, iE;Jk at ttl f1IJ!le:;%. (J)tJ6 ~t *-~¥m %JlH~ifr;fa~J4l+~~ R *- iF) 

[5ttlfl ~~JJt~~ffi~Ufi13illJ~g~,tJUi~~§g~EZ~*=fi139QJiR~. 

un ROOO 1-7-12,E£~Jtl!.~ili Lj]i¥J$J1.J!1;;-1IUJI ,±-tl!.'L'1}LT$J1.J!m~E9-

1'-~,~ o:tl, i&f~iJi1tl:i:£1*1}LT C:tl. mm~]q:, ~-1'-E£ilizw¥iJ$J1.J!i¥JJli±m,~ 
A at ,JJ-1'-E£'I'€r:!lf¥iJ~illiJtl!. ,~ B :tl, Q~1}LT A ,~i¥JE£ ffl:ffl ~i1jltl:l:1XiJi1tl tlJ 
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BC AB 
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XAf x 
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~ 1-7-15 
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ep:ff (h-y)2+ X 2=(t__ y)2. 
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~~.~.E£.%~~~*~m~~~t~A*~~~~,-.*••~~~ 
.~M~.~.A~~ME£~*~.%t.?~~.ofII~*~.~~~I~~~ 
trj~::Hi . 

4. ;flHi~)(#1}tie- ,~;/J~lHtM>.JJ:.I1~#fi. fft:W, )(#1nie-,#1I 51 jJ ~ tp 
f~.~13:*.d13:~~.ttp#1nie-~~~#~S.~~~~E£~#~_W~ 
)JiU irr5 ~#:~,~ ~ #!vtlft.1iX i~E £13: ~_Wh=2. OO X lO' krn 11~ lID 3fHJL:at~~IT,
_*4- fi R, 7\:;it c ;ftJ_ W:i jJ j]u1!lt g *~ 2 /j\jlg tp ~ 11~-OO:. 

C I )fftiU#E)(#1nii,1t.1t#:I1!!.~~#i~:i± 24 h Fot 11~-jf;fJ:.~ E£~~l+~ 
-jf;fJ:.~~~?t13:~~~-Mjlg~, "J ~~0it••~;/Jtp~#k~~0~Jflf 

01!1ID~~;/J. 
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ClOffti%, )(#1 jtii, # 13: 51 jJ ~ tp f 't~ ~ 0 f-;It (1-~r ' ¢;It # 1ft 13: 1ft 

iT. 99 51 jJ '# Cup ~I :!J !Ji-~t~ ~ iii :!J it.m iI~ #J#-JffJ. 1:z ~t.; Jji;t, flll&.9t iii :!J!Ji-:h *) 
9~*/j\. it.f"l:l1!!.~~ 1+ 24 h Fo, E£~~# ~-jf;§&~ :11!!.~99# ~ -jf;~~ ~~? 

[:$1 tIT1 JIt ltQ! 7ZV :&~))( ffi X"J i£ t:§ r ))( ffi X"J i£ ~ 9:D iH ,tt@~ 811 ~ i!HH!X ~ 
55:11;(. 

UIU 1. CI )~~-1'~f.iF~*~UJE.TI£ B9JEZ9J ,;¥;t£~UJE&-Bt~tl.TI£BiJ 

1}L~~:fffix,y,z. i5[.TI£:t£ t BHtl£tilB91~%E£!,l&'¥IJ~~i l':it!J,lIffj~BiJ BtM1>Jt i.lZ9 

~.TI£*%E£!,.~*~c~.,~£~~~til 
cx-xY+Cy-yY+Cz-zY=CZ(t-ti)Z. Ci =1, 2,3) CD 

~"p Xi ,Yi ,Zi £~ i 1':it!J, lIffMBiJ1.iLii~f.iF, ~ ~:;'J:Pl)t;~U~,£ B~ 8<]; ti ill~~ 
mfilllIfffl~ BiJBt#*~U~; t m.TI£1~%E£!, l&'~ til , ill~B ffi 8<]. 1'-H), Jrl'iCD"p1f':::: 
l'*ffi~ x,y,Z, ~1f .=.1'E:.t§5!R.lLBiJJrl'i, ill~,Jt£*, ~:J-'~~§13 =:1':it!J, lIffj~, 
.=.l'Jrl'ixtJ3iI~~CD"p i=1,2,3 BiJ·~(£. 

CIT) Ci ) ~o 00 1-7- 17 f1T7F, ~:;. :it!J,{,' 0 ;fIl ~l' %IliYliJj~ Dr ,Dz S9 1.iLii ~ ]yi,8 f1T 
flJ~BiJ.=.m%£~~.=.m%,MH~~ R.1!.HU2~;, ~ffi.TI£Lsttl:l1*%E£!,l&'g;JHE~ 

~l' %Il~u j~ BiJ HE -p;;; ffi ~,m£ 
L=cr. @ 

O()V I ~p 
I 

Ii • :::::= --=- H ----: 
I 

001-7-17 

• ~-~ b @ 
~~ ~. "" 

~.TI£ p ~~-.t~.::::m%Jifi:t£BiJ:Ijl-lIffpgBt ,lIE~jjglIffBiJ~lllll*, &P H. ~ 8 .•
;&7F DJ ,Dz f1T~BiJ~ll, m~5t;EJ1I!~ffi 

U = RZ+ CH+ R)Z- 2RC H+ R) cosO. (3) 
E8 @(3)~~q~ 

H= ./Ccr) Z-CRsinB)Z -R(l-cosO). ® 
~®ill~ml!lll~~ tI:l. 
Cii )ti{~~,~o*~ll1filVJ\BiJ~~ 68,!iltlm~®~ffi,~sl® H £~~~ 

e::.H. J!BHf 
LZ= RZ+ C H+ e::.H+R)Z - 2R( H + e::.H+ R)cosC8+ 68). ® 

~~®JiVf, lZ9 68iIVJ\,lAffil e::.H illiIVJ\, ~~~i!1li?X:r.m ,:j'l}~~®;f§~ ,q~ 

e::.H=_RCR+ H)sinB68 ® 
H + (l-cosO)R' 


Jt"P H m®~~tl:l. 


Ciii )~O*BtrB] r 1f e::.r BiJ*~ ,!illj L 1f~~ 


D.L=ce::.r. CV 
m~(3)~ffi ,J!~'JI® H f'~*~ e::.H. J!BHi 

CL+D.L)z =Rz +CH+e::.H+ R> z- 2RCH+ e::.H+ R) cosO. ® 
m~CV®;fIl® , ~~~iJz:r.m, ~w. 

e::.H= TT cZ re::.r ®I 

Jt"P H m~®~tI:l. 

2. ( i )tr~®"pftA!t&m,JH~ H =2. 8 X 10' km. ( ii )tr~®"pftA~m, 
~q~ e::.H==t=25 m (iii ):t£~®"p1-tA~m.~q~ e::.H=±3. 0 m 

3. 12t1%:-l'*-f.iF*, i5[f&:j~WIo/J1*q;f;E1.iLiiBiJ~f.iF~ X ,y,z,1;f;EBHtl1J t, ~ i 
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CX- Xi)Z+CY-Yi)Z+CZ-Zi)Z=CZ(t-ti)Z, (i=1,2 ,3,4) ® 
FE ~1J~CD1f rl!l1'*~~ t,X ,y,z, fRf~ rl!l1'-M!.lLJrl'i/f1f1iJfl~ ft<]~, tOcflti ~ 

g;J~~~~rl!ll'~~.TI£BiJ*%.•~~Bt.1*BiJ~ii;fll~Bt~f1T~~BiJ£~® 
"p i=1,2,3,4 f1TxtJ3iIft<Jrl!ll'M!.lL1Jl'i. 

4. CI ) m~.TI£-.t#BiJ ~'~lZ9T1J [1- ( ~ f Ji ,fill-.tBiJ#BiJ7Ffl T~.TI 
£-.tW#BiJ7F~t Z~~ 

T - t=T-J1- ( ~ f T=[ 1-J1 - ( ~ f J T. (j)) 

~~v£.TI£ffixt~:it!J,lIffBiJ~ll,~E8~~Jrl'i~til 

if GM @-;=7' 
Jt"P G~7J1fsljJ1ltii,M £fill:f3)<i9!ji,r £$JLi1l:*q~. ~(j))~tl:l 
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e::.H=_RCR+ H)sinB68 ® 
H + (l-cosO)R' 


Jt"P H m®~~tl:l. 


Ciii )~O*BtrB] r 1f e::.r BiJ*~ ,!illj L 1f~~ 


D.L=ce::.r. CV 
m~(3)~ffi ,J!~'JI® H f'~*~ e::.H. J!BHi 

CL+D.L)z =Rz +CH+e::.H+ R> z- 2RCH+ e::.H+ R) cosO. ® 
m~CV®;fIl® , ~~~iJz:r.m, ~w. 

e::.H= TT cZ re::.r ®I 

Jt"P H m~®~tI:l. 

2. ( i )tr~®"pftA!t&m,JH~ H =2. 8 X 10' km. ( ii )tr~®"pftA~m, 
~q~ e::.H==t=25 m (iii ):t£~®"p1-tA~m.~q~ e::.H=±3. 0 m 

3. 12t1%:-l'*-f.iF*, i5[f&:j~WIo/J1*q;f;E1.iLiiBiJ~f.iF~ X ,y,z,1;f;EBHtl1J t, ~ i 
l'.TI£:t£ ti Bt~tlBiJ*-f.iF~ Xi ,Yi ,Zi . .TI£1~%Egl&'t:)7't~1~., ~ ~~ til 

CX- Xi)Z+CY-Yi)Z+CZ-Zi)Z=CZ(t-ti)Z, (i=1,2 ,3,4) ® 
FE ~1J~CD1f rl!l1'*~~ t,X ,y,z, fRf~ rl!l1'-M!.lLJrl'i/f1f1iJfl~ ft<]~, tOcflti ~ 

g;J~~~~rl!ll'~~.TI£BiJ*%.•~~Bt.1*BiJ~ii;fll~Bt~f1T~~BiJ£~® 
"p i=1,2,3,4 f1TxtJ3iIft<Jrl!ll'M!.lL1Jl'i. 

4. CI ) m~.TI£-.t#BiJ ~'~lZ9T1J [1- ( ~ f Ji ,fill-.tBiJ#BiJ7Ffl T~.TI 
£-.tW#BiJ7F~t Z~~ 

T - t=T-J1- ( ~ f T=[ 1-J1 - ( ~ f J T. (j)) 

~~v£.TI£ffixt~:it!J,lIffBiJ~ll,~E8~~Jrl'i~til 

if GM @-;=7' 
Jt"P G~7J1fsljJ1ltii,M £fill:f3)<i9!ji,r £$JLi1l:*q~. ~(j))~tl:l 
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___ 3-i;iU.~1.'t;~'I___ ----.. 
v= (Gfiil= CiR=J-ILR.'V ---;- "1/ -;:- R +h 

Jt~ R ;l~Jt!lJ*~jq~ ,h ;Ji!::J2£ ~ ill! iIO i'fIJ ~ J.t ,g = ~~;Ji!:: 11!!. OOJ'i: fJ1m ~ J.t d-tA 

~m;ff v=3. 89 km/s. 'f~ ( .!!.. f "",,1. 68X 10-10 ,J!~1fVJ'i'fIJ~. }~J1T.(
c 

( v) 2Ji 1fV)2[1- - "",,1--\-. 
c 2 c 

~J§, IlJ l~jJ~: ili 24 h i'fIJM& 
_ ~--.L (.!!..) 2T---.L gR2 = ©T t~ 2 c • - 2 c2 (R+h) T 7. 3 fls. 

(IT )J2£...ti'fIJ#i'fIJ~~ t ~~~[t®11Jt'I1~~(8#i'fIJ~~ T o Z& 

@t-To=J1-2 -!z To-To= (J1-2 -!z -1) To. 

J2£...ti'fIJ#Jifi~i'fIJ:mjJ~fmi'fIJ:k/J'11 
GM R2 ®</>=R+h=R+hg · 

.i.-~ ®Jifi ~) c2 c2 (R+h)"-

{-tA~m;ff-4 = 1. 68 X10- 10 ,J!~1IVJ'i'fIJ~. A:@llIf!;'(11
c 

t- ~ "",,_.i.~ @ 
o c2 o· 

.~.,1I!!.oo...ti'fIJ#i'fIJ~~T~~~~.tt~i'fIJ#i'fIJ~~Z& 

@T- To =J1- 2 , To- To = (J 1- 2 , -1) To. 

.iIO...ti'fIJ#J9f~i'fIJ~jJ~~~(8jvJ'11 
GM @</>E=T=gR. 

~-gBJifi ~) c2 - c2 • 

f-tA~m;ff~=6. 96X 10-10 ,J!~1IVJ'i'fIJ~. ~...tOOi'fIJ'~%~{!;'(,A:@i!i1!;.(11 
c 

T -'T'
10"'-"";:;"
~_~'T'

2 1 0 · 
@ 

C 

@@~A:•• ,~.J2£...ti'fIJ#i'fIJ~~~.OO...t(8#i'fIJ~ftZ& 

t-T"",,-P-/,ETo. @ 
c 


1>\A:@~1Wfili To,jH-tAA:@1jj 


.,._ ___._.________.. _ .JI1.:::-ffi. ,..R _ !it 
",., ~ ... 

-~ •
t-T""" ? T"""-~T=gB-h-T

2 @1-~ c c 2 R+h . 
2c

Yi:@': ,/ffi § ~ S9 24 h :fikf~1I!!.OOI¥.J4:JI':Jti1i'fIJB;tr81 T. ~J§,;lflli 24 h J2£.l'.iY-Ji'P 
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(AU ;9!!e ~ {)!J ~ ~ i¥-1.i, ~;f- k Fa :fo ~J.t<.z fal .¥:1 4- ~!!e iii, ; 1 AU = 1. 495 X 
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[~] 1>\ itB J:j( ~Uijj~Mf 'ill~Jmat ,~{OWd lSim 0.)E ~Jt jcSg 4JJ fl~ ,~121,£ %H~ 

:It!!.~sl jJfFffiJ5, fJJJ'l..;ffit-~iY-J~J.ti!!A~:k~~£I1TB9m~$;/L~. J1t1r.J, lS~a~1I!!. 
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07= .jrSE 2 - (a - SP)2 . @ 

~CD(Z}p;!;fA:,#*t a=rsE = l AU,SP=O. 01 AU ftA,q~ 

b=O. 141 AU. Q) 

00 1-7-18 
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{ElS~IH~~j1!fj~$fL:i1!~:t:~S ~1ijj:~9=' ,~~):t:~S1J~~*, lSMe<J1fl z;IJ:l:f1ltfL 
;fJJX.fl~~'<1-t!!e<J. iilSMa E J~i'lgillljg v,{EJlI B}!?,Sgilll:1J Vp, lS~ae<JJ.9l::I::1J m, 

:t:llSe<JJ.9l::I::1J Ms ,91IJ1f 
mvasin8=mvp SP. ® 

~ 9=' 0 jg J£JJt v e<J:1J!oJ -'=j E,S "Wi #.31~ i'ilJ e<J *1fl : 

sin8=Jz.. ® 
a 

EB m~flE'<1-t!!, 1~ 
~mif-CMsm=~mv 2_ GmMS. ® 
2 a 2 p SP 

129±illllj(:~*~S:iE1ie<JWlM T ~B~i'lg(T=365 d ) , ~±illllj(:e<JJ.9l:1i:1J ME ,IJ!IJ1f 

CM~r;rE =ME e; fa. (j) 

~Q)~(j)~, ;tHtA1f ~!J&~'1~ 
v=29. 8 krn/ s. ® 

®~~ i±l e<J v ~ lSMa E }!ii.if§x1T:t: ~S e<JJ£1l e<Jjc /J\, fln lSmaa%nlliill:E1<i51 
h~m~~EA*Am~~:i1!~~~~A1fe<Jif§~T:t:~e<JJ£ll . ~{EEAlSAA 
t§ x1 ±ill llj(: e<J it1l:1J u , 129 ±ill llj(: if§ x·J' T :t: ~S e<J 0 ~JlJi :1J 

21(a krn/VE =y=29. 8 s. ® 

:1J!oJ~QOO 1- 7-19 ~ffi. EBJlllilJit0~, PJ~ 


~=:+~. ® 


illlilJite<J*-i:OO~Q 00 1-7-19 ~ffi, tE;"@':¥U VE -'=j ES¥1:, 1f 


U=~if+VE 2 _2'VVECOS( ; -0). ® 

1tAJH~S.1~ u=39. 1 km/ s. @ 

u.lSMaEAffi~T~llj(:e<Jitll,ill~.~.*e<J~MJl 
1l Uo. :1JT*1~ Uo, PJI:)~ .!:jiiM", ~;EJ!~tE-~e<J~~**~ 

VF. 

~lS~ae<Jjgz;IJ.l29lS~at§~T~llj(:e<J~MJlJj:1J Uo ~1 , lSJ.lS:~±ill 001-7-19 

' L'I¥JJEE~~T±ill~¥~ RE • ~ lSMif§~ T±ill~e<J Jlll:1J u a1, il!!,~i51 JJ~mPJ 1:) 

~~. EB~~:I:'ift!! , 1f 
1 2 CMEm_ 1 2 @Zmuo - T-zmu . 

@±ill OO!i1i'1gm:hhQitll:1J g= C ~~. 
~@@"Wi~'1~ Uo = v'u2 + 2gR E • ® 
EB®~liZ.1f~!J&~,1~ Uo = 40. 7 krn/ s. ® 
~*lSMtEEA!i1~-'=jOOffiffi&e<J:1J!oJ*Aj1!fj~~:i1!,~®~~.if§Jjlze<J~ 

• __________._ .___ .___. ~ - ~ 11 ~ 

~.lltat, 'f::Jjlz :1J 

u=~if +VE 2 
- 2'VVEcOS ( ; +0) . @ 

t§Jjlz-W~: , PJ1~J3-~ 

u=45. 0 km/ s,Uo =46.4 krn/ s. @ 

~*lSM*Am~~:i1!e<JitP,A~tEEAe<J~~A!i1(~~_~a~~~~M 

tit a ~~fl1 J7 -1'--3tAJ:. ) ,IJ!Ht1l=i1~t§['il] ,~*~~. 

~ (2006 • :i:OO~J!~JU~:> J.tJ! --*- ~~ ~ rEJ;k:£ 119 *~,~A 1fl *-~ 119 
~~" ~1-;fE ~ 00 *A;t$] (NASA) :t~r, ~m 1"'Jtl:~m 00 *:%!JfL:r et t+¥ *e,;fE 

*ft~~W~~!.-#M~~~~~~*_.~--*-*-~~~~~.~~mt 
:l$J -5] 71- ;$' ~ ~'-V~ , t rB - # ;fIj 51 It ,1UH9 #J *,;jUlf ~lJ,o~ , rB -it fx ~ ;k :£ "t ilil-:E ,iIJ 
;k ~_l.ME 't~'t*- ~HHl!!.J;jt* 00 . jj'kJf;~,i1~#8tiJt ~~1i.iL *;j)ii;jl:jf 1. A ~iJt; 
$~.ftrEJ;k:£,r.~~_W~M~~_W~~~~~~m ; .~*.~~~_ 

lUt Jl:.:f ij} . :itP*.R:iJf re.:ll!!.J;jt~ *;j)ii at ~*51JJ , ~;jt JI!:.*_ 119 *-~. e, jo:ll!!.J-tt-'f
21~ Ro= 6. 37XW m,_J,jt*Wji~:iJJ .7JP:i!~ g= 9. 80 m ' 5- . 

BHJTl :$~~ffl~Ji5~5IJJ:iE~ ,mil~\~n.tJ:iE!~, ;Eij~ffl~~)Ziillij*fD . 

UU .{~7C~t§xtTiill:f*ftll:.~z;IJ, EB:lt!!.OO1$!oJ:t:2:, -'=j:l~OOZI8]7Gt§B: fF 
mJJ, ~ff e<J7C~e<Jri'ijlij,R ~E{lzT~:i1!.t.~~ , '§':7C~-'=jit!i1il!L~*OO¥1:, fr-'=j 
il!L~['il]tP-~z;IJ: ~G'o OO 1- 7- 20 ~ffi. 

02L L R, 'I 
001-7-20 

1A~IHffi)ffi,~,-'=jil!LJ'jj( 9=' IL'~J! , ~tffiti!llm!oJtg£e<J'lmtt~:~ **~, :7C~~iillJ'jj( 

-~ql!~z;IJ . 7C~Jifi~e<J7rh,R1fitP,~eg:n1fi5IJJ . re:7C~~f~~EB~~JJt1J p 

e<Jif~~~1lt /J\e<J/N~!AJit, ~~&/J\~HIJ±illJ'jj(9="L'e<Jlfe:~~['il], I29rmm~~lJiillf~i51 JJ 
i'I~jc/J\m~fii1 ,A9='-'=jitP,{,' e<JJEE~:1J ri - } ¥IJ ri 1'8] e<J*1t:1J 6ri e<J /H~:~3ti-tl!.llj(:i51 

JJ7J 

Ji = C M,06r,
r j 2 . CD 

~1'-:7C~~~e<JitP,llj(:i5IJJ F $t~T&/N~~~itP,J'jj(i5IJJZ~, fln 

F= ~ J;= ~ cMp~r,. ® 
i=1 ; = } ri 

r.f% t *ffiM~1f/H~::::j(f1l.129 6ri=ri-ri-l~1'-/H!Lff~¥1J riri-l = 
;=1 

ri (ri - 6ri )~ri2 ,I29Jtt 
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F p- FQ + fNCOsa - F",sina= O.. @ 



W \'!- b' · ...... ~m . ~~.. ___~-~ W~$2J:__._______ 

FII-FNcoSq- jp- jQ- jNsina=O. @ 

El3 CD~CDAfIl®@A'ff~Q)A 9" ~NfJ F!&ffl F'~~ , iiJ1~ 
F' Zk1xIO (tana-f.l)+k2X 20 Cl +l) + 4kl tana(tana-g) +k2Cl +l) @ 

l-/+Zf1tana l-/+Zf1 tana D.x2. 

tE kl ,k2 ,a'f1 fIl XIO ,X20 Biifij;:E~'Ifl6LT , ®fIl@A9" ~m-:rm*llm=:rm D.x2 

~*!J&±5]j;1Iti! ,~*f!J] F B.X. F' Ej D.x2 M~tl:*]1;. iiJt:)fE F(iX, F')~~;f&El3-

1-t§:fJ Fo(iX, Fo')fIl-1-Ej D.x2 MiEltW:ftfJ KD.x2(iX, K'D.x2H1::boffiiM~,~n 

F=Fo+KD.x2. @ 

F' = Fo ' +K' D.x2. ® 
F _ Zk1X 10(tana+g)+k2X20Cl+d)

~9=' 	 @o - 1 - / - Zf1tana 

F' Zk1X 10(tana-g)+k2X 20( 1+d ) @ 
o l-/+Zf1 tana 

K 4kl tana(tana+g)+k2Cl+/) 
®1 - f12 - Zf1tana 

K' = 4kl tana(tana-g) +k2Cl +d) . @
1 - / + Zf1tana 


IT D.x2 El3~~:bo¥1J D.xm ~i1~9=',fJ Fj$'~:9Jj; 


W=Fo D.xm+ ~ K(D.xm)2. 	 ® 

IT D.x2 El3 D.xm ~/J\~J~~i1~9=',j] F'j~~:9Jj; 

W' =Fo'D.xm+ ~K'(D.xm) 2 . 	 @ 

El3 ®@~.&'W.1&$~;:E;X.iiJ1~ 


_W-W' _ W' _ 2Fo'+K'D.xm
1]------w-- 1- W - 1- 2Fo+KD.x
m 

• 	 @ 

ff~¥IJ@~@~,1"tA~*g&*, iiJ~lli 

1]=0.74=74%. 

~ (2001 · ~OO!/m~;jI;~~ ) 31D rn 1-7-28(a)pJTIF ,tEJJ<.i'-J\';Trtil9:t Uil 1:. 
;(;) -;;f:;ffi. A, -~)fJ ~~ ~ J~'!l;ffi:il. :t Uil 1:.;(;) -IE Jt tll:l;lc B, ~ A ~ B ~~ at, 
~~Hg.:ij-.1Jjt:W-*. ~*A}A~ B ~~it--'J1]:.JiJ!iJ;tn-&ftEi% loOf.-1t-tfJt.W-'t1. 

FRJ1f.. J'9 ) , )fJ .f- t£ 1i. M$ , tE A 1:. llif :!it -1- /J\ ;;f::ljc C ( or;f.!t1t Jffi ,*. ) , J\!, I!I 1 - 7 - 28 

(b). E, ~ A i19*~n L=O. 700 0 m,A ~9 Mit M=10. 00 kg,lo =1. 000 m,C 09 m 
il: m=O. 010 00 kg,C ~ A rSJ i19;& "*~ [§ f< f1 =0.400 0, ~~~ [§ f< ,uo =0. 401 0, 

"$!f.'Pf: iI9 ~~~ if((n k=45. 00 N/m. I'D]: *C:!ittE A 1:. it -i:ItE.:t (m;!e A idi;iriJ;!e 

~ D ~iF) at, ~ii A tl-'J .f-it.7f Fo ,C fj~:iI~% fil tE A 1:.? 
A ~ B it--'J .f!~n 7t~~~"$!f. 'fi it--'J . 1l jJ /JP:i!~ g=9. 800 m/ s2, ~.il} C xi A ~;& 

09:!lJ ')1;]. ~.il} ~~M:lL ~,il} ~ ~,P1I.jJ. (~~ator vA1~JfJ it .!T-S) 

C!>-.__.•._._.•____ ._.•__~ - ~_ 1] ~ .. 
.~ "i ''' ''' 

~ ~ 
81-L--'I 	 81-10-1 

(a) 	 (b) 

001-7-28 

[~HJfl ~* C ~l/ij~M7f A 1::, ~O C 1'~M A 1r9:O(j)ffi~~, ttl1'~M A Ir9 
:£(j)ffi~~ ,JXiitt~i1tQ A !:3 C ffi)illiVJ~~, A iC&iS.l~illiVJ, C 7f A 1:: qJ~gffi5!j~ 
IT, ttlqJ~giC&~~~~~illiVJ, X1!ltRil'Jfffii!lJJ7:Hff&TJZ . 

UU Cl)A~iiij] ~:I!~ia:,/F~f.:\tCxtA iiij]~~DJoJ,ti!l:A ~@ij];f&1m 

*~-f.i:lM~mIl~@ij]. lmM Tj; 

1M T
T=2n:'\j k =2. 962(s)' "4 =0. 740 5(s) . CD 

;itj1Llt l ~BtrB]~~1tj; 

l(t) = locos(Z;t),o~;;p,;; I· 	 @ . 

(Z)C ~JEij] A ~IJ~~$:at, ;it:bo~It~1J(C) (c)1C, ;it*/J\j; 

klo 2 a= M =4. 5(m/ s ). 

;s- C fmllinA -~JEij] ,91IJ C Jj)I~¥IJ (c)ft~j] ,.ft;it*/J\Jj)I1-J 

c klo 
'0 =ma=m M =0.045 O(N). 

Jit j] PJ~El3 A,C rB]~~11Jj]t!!1Jl<,1gW: .I¥~j] ~~*mj; 


,uomg=O. 401XO. 010 OX 9. 80 N=O. 039 3 N. 


~?'t ,,uomg<Fo , ~Jit C /F~~~ A -~@ij], if§xt-'f A 't;:j%.(c) ;(5mWJ . if§xt 


-'f*ITiJ't;:j%·ITmij]$:~j]~fFfflT(C)ftj~0:]:bo~@ij]. i~ yet)j; t Bt~IJ C ~;it1JJ 


M1j1L1i (~=* dO) ~JEE:1iIl ,91IJ~ 


1
yet) =Zf.lgt2. 	 Q) 

(3)C /Ffffi:M T(8~j<j: ;s- C:(£ A ...tm~J A ~;(5lljffllV.lW~~~1.I:.if§xtmij], ~n 


=1lf:iZs¥~(~=*dO)if~\i'iJ~J!Ji ,91IJ C 8,.t/F~fffi:MT ,N91IJWt~fffi:MT . 


TITiJ%~~CfIlA:iZs~ffi\i'iJ~Jiat~at~'&~11f~JEE:IiIl.ia:~~A~J!Ji 


v' (t)Ej C ~~Ji(~=* dO )v(t);f§\i'iJ ~at~u ,91U 


) _ 1 2 
Y ( tl -zf1gtl . 	 @ 

vet) = f1gtl. 	 ® 

let l ) =loCOS~ll)' 	 ® 

v'(tl)=lo~sin~tl)' 	 CD 
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*~-f.i:lM~mIl~@ij]. lmM Tj; 

1M T
T=2n:'\j k =2. 962(s)' "4 =0. 740 5(s) . CD 

;itj1Llt l ~BtrB]~~1tj; 

l(t) = locos(Z;t),o~;;p,;; I· 	 @ . 

(Z)C ~JEij] A ~IJ~~$:at, ;it:bo~It~1J(C) (c)1C, ;it*/J\j; 

klo 2 a= M =4. 5(m/ s ). 

;s- C fmllinA -~JEij] ,91IJ C Jj)I~¥IJ (c)ft~j] ,.ft;it*/J\Jj)I1-J 

c klo 
'0 =ma=m M =0.045 O(N). 

Jit j] PJ~El3 A,C rB]~~11Jj]t!!1Jl<,1gW: .I¥~j] ~~*mj; 


,uomg=O. 401XO. 010 OX 9. 80 N=O. 039 3 N. 


~?'t ,,uomg<Fo , ~Jit C /F~~~ A -~@ij], if§xt-'f A 't;:j%.(c) ;(5mWJ . if§xt 


-'f*ITiJ't;:j%·ITmij]$:~j]~fFfflT(C)ftj~0:]:bo~@ij]. i~ yet)j; t Bt~IJ C ~;it1JJ 


M1j1L1i (~=* dO) ~JEE:1iIl ,91IJ~ 


1
yet) =Zf.lgt2. 	 Q) 

(3)C /Ffffi:M T(8~j<j: ;s- C:(£ A ...tm~J A ~;(5lljffllV.lW~~~1.I:.if§xtmij], ~n 


=1lf:iZs¥~(~=*dO)if~\i'iJ~J!Ji ,91IJ C 8,.t/F~fffi:MT ,N91IJWt~fffi:MT . 


TITiJ%~~CfIlA:iZs~ffi\i'iJ~Jiat~at~'&~11f~JEE:IiIl.ia:~~A~J!Ji 


v' (t)Ej C ~~Ji(~=* dO )v(t);f§\i'iJ ~at~u ,91U 


) _ 1 2 
Y ( tl -zf1gtl . 	 @ 

vet) = f1gtl. 	 ® 

let l ) =loCOS~ll)' 	 ® 

v'(tl)=lo~sin~tl)' 	 CD 



~-i\lI ~it$iJ 
.-----~---.------.---. 

" . _. .. h 

j2;J t l ~JE v' ( tl ) =V<t1). ® 

ep~~ pgtl=lo/\/{;Sin(~tl)' ® 

~ k~pg~tl =sin(~tl)' @ 

~~~~~~ A~=~~. @ 

fT M 
;l§t;9" ~ =Y Mtl ,A=kloPg=O. 87 11. 

ffi @~~f2.(~JfIHt~~;UIH&ffim7!~ ili ~ 89~: 
smcp AcpcP 

O. 7 0.6442 0.6098> 
0.8 O. 717 4 > 0.6969 
0.9 0. 7833 < 0.7840 ffiJitPJ.'A!. O. 8<~<0. 9 

0. 89 0.7770 9. 775 3> 
O. 90 0.7833 < 0.7840 ffiJitEJ.'A!. O. 89<~ <0. 90 

0. 897 0.781 5 . 781 4> O

0.898 O. 782 1 < 0. 7822 ffiJitEJ.'A!. O. 897<~ <0.898 

0. 8973 O. 781 65 > 0.781 64 
0.8974 O. 781 71 < O. 781 73 ffiJitEJ.'A!. O. 897 3<~ <0. 897 4 
fftJ§1~ 3 f.\z.1f~~:=Y:89 C(JJ ~ 

CPI =0.897. @ 

f-tA <pJ =J{;t I , ~1~ tl =Jli!CPI =0. 423 s. @ 

1
-"3CD~ tt!&EJ~ tl<"4 T. @ 

J!*~:tE ! T P3 ,e;f!l A fftE1f~IPJ~J}UfJJW. ~@~f-tA@~;fIl@A, EJ 

*~~h\ t= O¥U tl BtriiJ P3 e *1] A ~z;lJl¥JRE~ 

_ 1 2 
YI -zpgt1 . 

lo -letl ) =lo --lo COS(J{;tl ). 

Jit~Az~~~etEA~ffi~Amfi89RE~ 

d= lo - lo COS(J{;t I) - ~ pgt! 2. ® 

.-.______.. ~.___~~ =!!_R._.__tlJ .____.____ 8 . 
~~~"" 

d=O. 025 6(m). 
.R~7fMtBt e ~ A ;f;YifflB~RE~~d ,e 8;t:::F4fM..J§ooj'lrF, ffiJlt~~ 

D~L-d=O. 674 m. @ 

(4)e 1.li1f$lJ:\lr*89*:1Lf e tEA ~(O];f;ftit1T O. 0256 m J§ ,e ffiM=r A 1l't 

If.:. ,JitFo e gt;f!l A f2.( ffi IPJ 89 if!l' rtJ 3: ill;IJ, 1: ¥iJ A -"3 B ;f§ it'lL J! Bt t = r= 

~J¥ , f-tACVA~*1~JitBta9~1PJJ!Jl' 

v' ( T) = fTlosin( !T . .!l fM) = fT. lo @
4 YM YM 2YT YM . 


1&.Fo A ~lf.:.,e t:J v' ( r) ~1JJJ!(o]$1f1T,~~~~~,¥Uwlf.:.illjm-1T89~E~~ 


[VI ( r)]2 

s= ®2pg 

s= klo2
ffiA@®1~ ®2pgM 

5=0. 574 ( m ) . 

.R~ e ;/'Ilxt=r A fft If.:.ll~·REA ti:~a<jlfe~:k =r s ,mrFo e &t:::F4f(o]iWlJ:\lr. ffi 
JltEJ:m e :::F(lpr89~f41; 

D~s-d=O. 548 (m) . @ 

tiii'~:~f~ e !m~'tfJtEA ..LffMt[]t e~ A 89ti:9jffil¥JRE~16'%1Nirr:a:~* 
o. 548 m~~O. 674 m. 


_~ (2007 • ill!i+WI~J!~~l/l~ ) 


nli~~tt~~i;fJ 

~.~.~.**~*~¢N_*~tt~.~.¢ft_**~~~f~~~ 
:t (.i] ;fP ~ ~ :t (.i] ; ill -f" *- tjdJ~ t5 AIHi , ~-It a'! ~ ~ ¥t ..,- :0- J[ ~. T ilU Mt tl:l - # f.ilJf!.-t}t 
7J1!., *nJz - fo];@I o~ ftif4t1r ffii,jl} llh. 

#1£JJ r,m-.m- JJ mD9 !XJH1l\iJ4\.1t, jt fJ 1t i~ m-fil: JJ M S9;1k # #J m- w, t fl:.1'r 
~~~ S9 ,tim-. :if[ # 'tfi )J1, T W .¥. ilt;t , Pf llJJ J!~, iJ,t 1*- (&. If 1£1"1" ;f.i;i1f 't1.); ~ :Jt j~ #.= 
:#-it}f] (~" ~ )'9,,) ilt,W ;j;t:l!:it ~ JJ ~ ~ (ii#1t m~J.j<..~ I' .i. J1It j)" a'-)}] ~}] #.) , 1£1. 

1*{J()Jr;#~ f, -it jfJ ~~ #(.x..mii fJJ *~ . ~iC *ltU). T{;,l #Jt.)~#1i JJ R(R> 

r) iJ() ~i.JfJ~i~ 1"£ ~* ijJ. i.VM€!3t~:i±~ b9 J.;\t,\" D 99.'l£: j: if- ilU (~" III 1-7 -29) ~ ~ 
~. -1f T ilU :=. # ·t~ IJL T ~~pjt 09 ~~ . 

1. W .%oo;t, ~ J-it 1t:ii~ -1*-. 
O. }) it j¥': ~¢:xt :i±ljt,\,' e iJ() $.HHt ~'~ :I: l. (~¥ 1'i til #~it J.-:V-w') 
( 1. 2);jt¢ftJ4\.JfJJ;,'1.*1tj:+ 7i li~;.[;,.~a~r.!1t'l T I • 

2. W }i *;t U.tIJ Jl'. ~~,'ff.1f.) , ~ 1:jt 1t faJ }[, It? ~.7J -it Jfl. ;Jut ~ ltN _* 1tj: + 
~ 1£ :if ;.[;, *-~ iJ() %J 1t'l T2 • 
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#1£JJ r,m-.m- JJ mD9 !XJH1l\iJ4\.1t, jt fJ 1t i~ m-fil: JJ M S9;1k # #J m- w, t fl:.1'r 
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1!l1-7-32
~~59-t*-59RI #JOO$k:itt,]il1E£;(£P,?i..jt(fJ:!tltu21.; 

~ fk ~ ,i. U3 • i>l: I'D] U3 S 59 $ *- ? IV- uz-Ro f.J RI *:;if- . 
(f):/lP-*..:E. £;(£ 1lioJ.l ~ J1- 59 af;f& 9:H~~ tt, 1R,!t.~ ~ ~*-t 1llJ R l (fJ 3t 


~ tro$JL:itt .:Jt-!fE£z:1£ (.;J 1le it r,~ r%f-:P.Jit:itt-t1l RI #]~$ ftl:l\ll T. 

y 

-
,,,,,,,, 
,, 

I 

3JZ:l:)J'#l@'f-1lR,-i , MV j ~lOt 

, 0', ,I , 

00 1- 7- 33 

t~:iF :*11F V. lJ *1.; ~ , )rt '* af or1! JfJ E £;(£ ~:itt.l #J:IE ij) 7J ff. ~ 
2 

m[d r _ (dO)2rJ = _G Mm 
dt2 dt r2 . CD 

IV- R ~ ij) i: 'f 'rE 7J ff. ~ mr1 ~~ = it ~ . (2) 

( gHlllB} @j ill !1'l1'-~ it ij} (fJ ~:itt{o ~ jt ?Ie ~ :It ij} #J $JL lit (fJ %it 
[7j-tlT] JX~-if;E~Ttt!l}j(J2*~iVJtISJ~. )gnmililDJ5~5 1 t.J~~ , ~®.J~ 

iVJJ'13iVJ~v~,Illi~v~~~~9<lJtC(,~~ij~~F§~U~7175~D=JtlttCf&Tf~ 
~~9<lJiR 

mU{) 2 GMm (GM
[~] (a)--Y;;;=W'U{)=YR;' 

(b) El3 #J i9Jit'<'ff.~:~r~1~ mUI R o=mu2 R 1 • 

El3 fiti:il:'<'ftg~W1~ 

...!.mU22-GMm=...!.mu 2_ GMm 
2 Rl 2 1 R o ' 

El3 V) ..t~:t\MH~ 

[(RO)2 -lJuI 2=2GM( ...!._...!.).
Rl RI R o 



____.---e .~=-~~ J~l?W?1.--
(Ro-R1 )(Ro+R1) 2= 2GM (Ro-R1)

R1 2 Ul RoRI 


IGMJ 2Rl ~ 

UI=VRo R1+Ro -uo\j~' 

(c) lim Ul =nuo . 
R1-OO 

Ro n Ro 
(d)U?=Ul R =uO 

- 1 j R1 (R1+Ro) 

(e)U3 = fGM = fGM fRo =Uo fRo\j If: \j Ro\j If; \j If; 


= ( j R1 (R1 +Ro) }f{io= ,JRI + Ro 

U z to R U2 2R'v2Ro ] 0 

(f) -@}fiJ\/W 9=> B9<DfIl CZl w.J:rt ,IlH~ 
d2 r C GM 
dt2 - mr3 =--;::Z' 

:rt9=> C :1g1it~. &t-*-~2:1g Rl B9rnl1!f}L~Iffi1f ,ifIJJf.Lt:rt, llJ~~ 


C
-=GMR]. 
m 

.t~~7t:7J~:rtllJ~:1g ~;_G~I =-~t;'f. 
~~~tJtB9!fJL~ffij§ ,i1[ r=Rl +7J,:rt9=> ~<RI ,~j,z1-tA.t:rt,~~ 


D- GMRI GM

2 

dt RI3 (1+Jtf RI 2(1+Jtf' 

ifUffl=rJr:rtJiJf ,1Jtl:\¥I ~JtB9-~:7JrJr ,1~ 


D _ GM(1-3 .!L)~_GM(1- 2.!L)

dt2 R12 Rl ~ R1 2 RI 

D (GM)di + R;3 r{"'<0. 

.t:rt:1gmH~~Z;fJB9:7Jf¥:rt, jljj:TI£iliti~f:l!g!fJL~-*-12 RJ B9~r%!ij!$:1g f= 

217(J7g ,;It?<ilAA:1g T= } =21(~- ff~Jlt?<ilWlfllrnll!f}L~B9.ffilWH€I\iiJ. 
(g)1!I1-7-34 :1g~1'-~mZ;fJ8~!f}L~fIlJ](Jt*~mZ;fJ8~!f}L~%~. 
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-_ """ .'.1'''" /.ht;,!:«;/::: _<>.../ x.vC.,;) o'J'i',L ..... 
~I ',' m 

// R\ \I. \I 
f I '1 

~\ M II x 

*'5t:J)ti;lJ~!fJL~ ...;,,\ Y 
" /'''': '''- ... ---~ ... _--_ ... 

001-7-34 

•._ '"' _ _~-~._. R ~ ' 
# '11 ;\>."" 

.......,.... (2001 • .ill!.l+Ii!lm~~.~ ) 

Fl~fiiJll1~pt~/EJtl7J!~ 

fJ Ijt § # Ii] %l ;!til , .Eg fJ Ijt §~:!(j1, I.jt ~1i (};. # /~#) ~ %l ;!til , § ]fJ if. %Jt.;ftl [EiJ ~ , 
g) JIt fJ Ijt ,(S. Jt. l;J, .#J [EiJ Il] - iID , iID [i;] *":!lj1, Ijt. Jt jJJj ~ ftl ;!tIl;ffi [EiJ ~ w. g) , "T ~~ Jt. fJ J$..Eg 

:±1E J;jt fliJ 119 ~ ~;iJ *;!tIlfFffl ~ it ;IIL 
;f:ci:, § ]fJ:!lj1,J;jt § # a9 ftl M , t: fJ J$.~:!(j1,J;jt _0_# ~%l;!tll m. g) J1t, ~ i9 ;iJ {7J M:~ 

~~ fF ffl , l;J,3JO~ J$. 119 § # it1t X 't~ , ffli fJIjt.Eg :!lj1, I.jt fliJ ~ l!e $i '-\!!A~ X~ tl& *M, lit. . 
1i '* f"l :Nfl 0/ ,~ 1fl ~,1t it , lU *:if tff ~ $ !A , :!lj1, I.jt § # 119 %l ;!til , *% $ -t fJ J$. ~ 

:±1E,;jt_0_# ~%l}tll. lU ~~1'- at1*- , fJ *:J+~ 59 -~ [EiJ, J!. £, $tit ~ Jt1i3C ~ 0/ ~ tm 
1* -#, jklit. til ~1i [EiJ -1ft 'lL, ~~1f~' %i~1i :!lj1,J;jt iID ~t fJ J;jt ~}]~ - iID , *~~ ~ lu 
fJ *' jJ 1r~1il1!!.~,~l1t, ~ MJ!~ jJJj~ ftl }tIl1'~.#J [EiJ at ,:!lj1,J$. § ~ ~ Jt ~ Jl-*, 
$j;'atfliJ? 

~1(J*ffl jJJj~;t'f~J ~RJii ~#* ,fF 59 ~*£>i. Jt jJJj~ ~#* ~~ =- ~# 
$dJ ,it JIt [EiJ [i;] -'¥- IT , tSH!~' R -t fJ J$. 119 ilL l1t -'¥- iID . 

( if! ) ~ -1'-~ # * , * 59 JJlt J\,' (};. !Wi # CM) ~ # * , Jt. -1'- '1J!t 't1 ~~ * , Jt W. ,B, 

1ft -t:±1E* - fJ J;jt * ¥it 119 JJlt J\,' C. 
(l.,) ~:::"1'- ~# * , *59 xyz ~#*,N. ;P" 1ft -tf1E J\,' Q,z $dJ.Eg:!lj1,J$. ~ § ~ $dJ 1: 

% , ffli x $dJ ~1 ;I(} *" fJ 11\..Eg :!lj1, J!1:. I'D] ~ it J\,' ~ , ;It if. 1J [i;] .Eg ill 1- 7 - 35 0/ # :;J.; 119 ~ 1ft 
* :1;' .#J[EiJ .1iJlt~#* o/.fJ J$.jklit.~1iftt x ~J:.. 

1i ~ : ill 1-7 -35 ;# ?Ie '* ,11!\ ~ Jl;f-lt 171 ~ ~J , ill 0/ jJJj 1'-1 ill! fij- fk fft t§' ~ 1J [i;] , ~p 59 
:!lj1,J;jt § ~ 2k.fJ J$. /~# 1191J t.J. :!t!!,J$..Eg fJ JijiJIiJ ~ l!e it l;J, r *:;J.; . 

rf~~~,t!;J£ e.~: 

(a) § M, fJ *lU :!(j1,J;Jte\]l!e i% 59 ro =3. 85 X1QB m, lL~~~ j]p 0. 038 In. 
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001-7-35 

( b)fJI.jtElM~ _0_#%J}tIl39 TM=27.322 8. 

(c)fJJ;jtm:llt59 M=7.35X 1022 kg. 
(d)fJ J$.#-i£59 RM=L 74XW In. 

( e) :!lj1, J$. § 1lfi" 1'19 EJ # ftl ;!til 59 TE = 23. 933 /J\ at . 

Cf):!lj1,J;jtm:li59 ME= 5. 97X 1024 kg. 

(g):!t!!,Ijt#-i£59 RE=6. 37X106 m. 


( h) :n~5 1 ;iJ 1it~ G=6. 672 59XlO-1I N· m2/ ki . 
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(c) lim Ul =nuo . 
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- 1 j R1 (R1+Ro) 

(e)U3 = fGM = fGM fRo =Uo fRo\j If: \j Ro\j If; \j If; 


= ( j R1 (R1 +Ro) }f{io= ,JRI + Ro 

U z to R U2 2R'v2Ro ] 0 

(f) -@}fiJ\/W 9=> B9<DfIl CZl w.J:rt ,IlH~ 
d2 r C GM 
dt2 - mr3 =--;::Z' 

:rt9=> C :1g1it~. &t-*-~2:1g Rl B9rnl1!f}L~Iffi1f ,ifIJJf.Lt:rt, llJ~~ 


C
-=GMR]. 
m 

.t~~7t:7J~:rtllJ~:1g ~;_G~I =-~t;'f. 
~~~tJtB9!fJL~ffij§ ,i1[ r=Rl +7J,:rt9=> ~<RI ,~j,z1-tA.t:rt,~~ 


D- GMRI GM

2 

dt RI3 (1+Jtf RI 2(1+Jtf' 
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D _ GM(1-3 .!L)~_GM(1- 2.!L)

dt2 R12 Rl ~ R1 2 RI 

D (GM)di + R;3 r{"'<0. 

.t:rt:1gmH~~Z;fJB9:7Jf¥:rt, jljj:TI£iliti~f:l!g!fJL~-*-12 RJ B9~r%!ij!$:1g f= 

217(J7g ,;It?<ilAA:1g T= } =21(~- ff~Jlt?<ilWlfllrnll!f}L~B9.ffilWH€I\iiJ. 
(g)1!I1-7-34 :1g~1'-~mZ;fJ8~!f}L~fIlJ](Jt*~mZ;fJ8~!f}L~%~. 
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fJ Ijt § # Ii] %l ;!til , .Eg fJ Ijt §~:!(j1, I.jt ~1i (};. # /~#) ~ %l ;!til , § ]fJ if. %Jt.;ftl [EiJ ~ , 
g) JIt fJ Ijt ,(S. Jt. l;J, .#J [EiJ Il] - iID , iID [i;] *":!lj1, Ijt. Jt jJJj ~ ftl ;!tIl;ffi [EiJ ~ w. g) , "T ~~ Jt. fJ J$..Eg 

:±1E J;jt fliJ 119 ~ ~;iJ *;!tIlfFffl ~ it ;IIL 
;f:ci:, § ]fJ:!lj1,J;jt § # a9 ftl M , t: fJ J$.~:!(j1,J;jt _0_# ~%l;!tll m. g) J1t, ~ i9 ;iJ {7J M:~ 

~~ fF ffl , l;J,3JO~ J$. 119 § # it1t X 't~ , ffli fJIjt.Eg :!lj1, I.jt fliJ ~ l!e $i '-\!!A~ X~ tl& *M, lit. . 
1i '* f"l :Nfl 0/ ,~ 1fl ~,1t it , lU *:if tff ~ $ !A , :!lj1, I.jt § # 119 %l ;!til , *% $ -t fJ J$. ~ 

:±1E,;jt_0_# ~%l}tll. lU ~~1'- at1*- , fJ *:J+~ 59 -~ [EiJ, J!. £, $tit ~ Jt1i3C ~ 0/ ~ tm 
1* -#, jklit. til ~1i [EiJ -1ft 'lL, ~~1f~' %i~1i :!lj1,J;jt iID ~t fJ J;jt ~}]~ - iID , *~~ ~ lu 
fJ *' jJ 1r~1il1!!.~,~l1t, ~ MJ!~ jJJj~ ftl }tIl1'~.#J [EiJ at ,:!lj1,J$. § ~ ~ Jt ~ Jl-*, 
$j;'atfliJ? 

~1(J*ffl jJJj~;t'f~J ~RJii ~#* ,fF 59 ~*£>i. Jt jJJj~ ~#* ~~ =- ~# 
$dJ ,it JIt [EiJ [i;] -'¥- IT , tSH!~' R -t fJ J$. 119 ilL l1t -'¥- iID . 

( if! ) ~ -1'-~ # * , * 59 JJlt J\,' (};. !Wi # CM) ~ # * , Jt. -1'- '1J!t 't1 ~~ * , Jt W. ,B, 

1ft -t:±1E* - fJ J;jt * ¥it 119 JJlt J\,' C. 
(l.,) ~:::"1'- ~# * , *59 xyz ~#*,N. ;P" 1ft -tf1E J\,' Q,z $dJ.Eg:!lj1,J$. ~ § ~ $dJ 1: 

% , ffli x $dJ ~1 ;I(} *" fJ 11\..Eg :!lj1, J!1:. I'D] ~ it J\,' ~ , ;It if. 1J [i;] .Eg ill 1- 7 - 35 0/ # :;J.; 119 ~ 1ft 
* :1;' .#J[EiJ .1iJlt~#* o/.fJ J$.jklit.~1iftt x ~J:.. 

1i ~ : ill 1-7 -35 ;# ?Ie '* ,11!\ ~ Jl;f-lt 171 ~ ~J , ill 0/ jJJj 1'-1 ill! fij- fk fft t§' ~ 1J [i;] , ~p 59 
:!lj1,J;jt § ~ 2k.fJ J$. /~# 1191J t.J. :!t!!,J$..Eg fJ JijiJIiJ ~ l!e it l;J, r *:;J.; . 

rf~~~,t!;J£ e.~: 

(a) § M, fJ *lU :!(j1,J;Jte\]l!e i% 59 ro =3. 85 X1QB m, lL~~~ j]p 0. 038 In. 
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( b)fJI.jtElM~ _0_#%J}tIl39 TM=27.322 8. 

(c)fJJ;jtm:llt59 M=7.35X 1022 kg. 
(d)fJ J$.#-i£59 RM=L 74XW In. 

( e) :!lj1, J$. § 1lfi" 1'19 EJ # ftl ;!til 59 TE = 23. 933 /J\ at . 

Cf):!lj1,J;jtm:li59 ME= 5. 97X 1024 kg. 

(g):!t!!,Ijt#-i£59 RE=6. 37X106 m. 


( h) :n~5 1 ;iJ 1it~ G=6. 672 59XlO-1I N· m2/ ki . 



_____~_-~_Eli~_~?;l --.------- ... 
~1!9l at, 1iJ fH). r 1'§-fIX i~: 
C i ):I~Jt -j] ~:it -1--~ir. a~ ~ #t, lj f Eli jt:.~~ :0-7'G-i- f%~. 
Cii )j] ~fJt:l~~~$A,1tJ.7IID*· 
Ciii )~~elJ ~ ~Uh*j: f- j] ~/l<JilL1t -'¥-iii. 
Civ) jpj] ~;f1f1t, ll.:ltkl:,'1.# 7G EJ ~, )i!1j:L1\1.It ~mJ::0-;jjJ ~.[ Itn {;j:,:ltk~ ~ 

#1~J.7 RE • 

CV );f i\>;!t:ltk It ~ j] It, ~ ~:@':i± jt:. tf I\,' /l<J 1f - ~ ~ iJJ at , jt:. ~ iJJ ,~. I,:I$J lj 

mi: M,# 1£J.7 R z:I$J~ ~1*1ID lit.#1 M, llP I=2~2. 
Cvi):lt!Ilit%J OO/l<J?l<. ,.#1n f- xyz ~#*, 'mi~AHf-Jl:.. 

ii. @l ~ r ?~ (OJ,8! :. 


C1) I;). mI\,' C J.7 ~;if A , :I~ ~ - j] lit ~ #t ~ ,€. jij iJJ t L, I'J 1ltr a~ i: -00: J.7 %*-? 

(2) ~~lit EJ ~~%JJttJ ,$f- j] lit~~ /l<J%J 1JJ at,~Jt EJ ~-* ~ at %7..? ~ 

~ I;). T f·U~.: , #- I;). I'J 1ltr z g C~ JU J.7 lfi1ft. .R ff *" ;jt tl:J 1![ 1~ ~, 0 Jft 1iJ mffi. j, J!:llt 
;t;: Cl!11!Uk) ;jt~. 

(3)~:I~lit.flJ.7 -1-- EJ ~ ~1*m)Jt,1t M> Jl:.z~?l<.* r ~ iJJ. if -#~ 'S!,;if ~ 
lEJ~~1*OOlitlj*?l<.*zM/l<J••i,#-flX~~f-:lt!IIt~iJJ ~.~,~.ft. ~ 

-~11l,f1ltr*,~~~*. gZ:it/~~,lj x ~*-iflltO',jp[E 1-7-36 rJTiF. 
[] Jft, I;). 0 J.7~;if ,P,. at, j] ~n:l~~/l<J. ~ i , jt:.i ~ I' #-~~ J.7 Jt ,~~tJI:J EJ ~ 

[] W %-:Hi. Jft~'S!fIX i.~ 0' jij J.7 ~,It it, lj:lt!llit ~ j] litz l1e i% r 7G *, 1!! $ Jlj j] lit 
~~ lj ~~ EJ ~~Jlt Fol tv at ,•• jJ llP;fj, 1f1t,0' jij ~;tt ~*Jt. *Jft~ 'S!, jJ ~ 

I' lj :ltklit~j] ljtzl1e;% r if-# It~J *~, llP I' lj -t*iUt. r

'* Jlt~ 'S! ,:ltk lit EJ ~ lj j] lit -0- ~ a~ %J JttJ , ~ ¥f:i± %l' at (j;] , *%-.#1 $? ~~ I;). 
tf 1.1(,* ,#-1;). I'J 1ltr/l<J~ J.7lfi1ft. 

~ ~f;j(1(/ '1'~\)
I~ 0 

1IJ1 -7 -36 

r ?Ij ~ Of -0- *.1t ~ 1!9l at 1iJ Ii~ if JfJ : 
CM1);€r 0~5<r , Wx =5cosB,)i!lj 

1 (1 x 3r -52 )
j?+~:::::; -;--;-r +----z?+.... 

CM2)* a#O, W:=bwI-a ,)i!~ waCt')-W"Ct)=Ct'-t)ab. 

[5Nlf1 J2~-~*::F ttQ , i=:H-*illZi1J BSlIIID ,~IIIDB1iWiilil EH~Zi1J1'mii ,ffl Zi1J ~ ,ffl 

=!..../]•• - - --~ _-~ -----
~ ..tt J{I .:-;) 

Zi1Jii~tE:, B~$jJ~=J:Ejf~9{]tq, ill~B1~jjUffii5.l~)tHj~?:FJ3:1~. -
[Ml Cl)J;.t~'L' C j;J~~,Si.B1 ,:ttI!.~-}§ ~~m~ ,~, ~;/Jjf[ L= Lz, PJ*m¥ 

.!Ul~: 

129 Jifi ~a~~ ;/J;I:11lMff ~ z !ill! ~1J [OJ , 129 itt,R \VHt~4l-~ ;/J:Ii ~ d t:li. 
£'L' C ~J±i!!. 'L' 0 8i.J~~j;J 

- Mro 3. 85 X 108 _ 8 6 - R 
r(M- M + M 597 m-4.6 X 10 m-0.735 E. 

E 

1 + 7.35 

A~0~~ffli!ltj;J 

2 
w, = 27.322 :;86400 rad/s= 2. 661 7X 10-6 rad/s. (Da 

)§ ~m£'L' C ~$;/LJ]:ffl;/JlIj;J 

LM =MC ro -reM )2w, 

= 7. 35 X C385-4. 68)2 X 2.661 7 X 1028 

=2. 83 X 1034 kg· m2/s. 

}§ ~ E!~~~i!lt!2M ~0~~~i!lt w, ;.fBIPJ ,:f:jJj;J 

!2M=w,=2. 661 7X 10-6 rad/ s. 


}§~~E!~ffl;/J:i!:j;J 

SM = ; MRM 2!2M= ; X 7. 35XCl. 74)2 X 2. 661 7X 1028 

=2. 37X 1029 kg· m2 / s= 8. 40XlO- 6LM. 


ffi l:t~Z~ ,}§ ~~ E! ~~ ;/JH!:1Zt I;t't:~$;/LJ]:~ ;/J:§:/j\ , l29ittEJ-Y.~~. 

:ttI!.~mmt'L' C ~$;/LJ]:ffl ;/Jil:j;J 


LE =MEr(M2w, = /:t LM = 7
59

375 X 2. 83 X 1031 = 3. 48 X 1032 kg • m2 / S. 

:ttI!.~E!~~~iiltj;J 

5!2E 23. 93;~ 3 600 = 7. 292 6 X 10- rad/ s. 

:ttI!.~m;ft E!~!iIl! Et9~;/Jt~~ilj;J 

1= ; MERE 2=0. 4X5. 97 X C6. 37)2 X 1036 

=9. 69 X 1037 kg· m2 / s. (Db 
:ttI!.~a9 E! ~~;/J:j:j;J 

2 2SE=SMER E !2E=7. 07 X 1033 kg· m2 / s=20. 3LE • 

¥J- V..t.t.JiJf~~~ffl ;/J jl:1rit, f;!n~~:ttI!.~ -)§ ~*~Et9 .~.~;/J:I: L j;J 

L ~LM+LE+SE+SM 
=C2. 83+0. 034 8+0. 707+0. 000 0237) X 1034 @ 
=3. 57Xl034 kg· m2/s. 

http:j;J~~,Si.B1
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#1~J.7 RE • 

CV );f i\>;!t:ltk It ~ j] It, ~ ~:@':i± jt:. tf I\,' /l<J 1f - ~ ~ iJJ at , jt:. ~ iJJ ,~. I,:I$J lj 

mi: M,# 1£J.7 R z:I$J~ ~1*1ID lit.#1 M, llP I=2~2. 
Cvi):lt!Ilit%J OO/l<J?l<. ,.#1n f- xyz ~#*, 'mi~AHf-Jl:.. 

ii. @l ~ r ?~ (OJ,8! :. 


C1) I;). mI\,' C J.7 ~;if A , :I~ ~ - j] lit ~ #t ~ ,€. jij iJJ t L, I'J 1ltr a~ i: -00: J.7 %*-? 
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=!..../]•• - - --~ _-~ -----
~ ..tt J{I .:-;) 
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[Ml Cl)J;.t~'L' C j;J~~,Si.B1 ,:ttI!.~-}§ ~~m~ ,~, ~;/Jjf[ L= Lz, PJ*m¥ 

.!Ul~: 

129 Jifi ~a~~ ;/J;I:11lMff ~ z !ill! ~1J [OJ , 129 itt,R \VHt~4l-~ ;/J:Ii ~ d t:li. 
£'L' C ~J±i!!. 'L' 0 8i.J~~j;J 

- Mro 3. 85 X 108 _ 8 6 - R 
r(M- M + M 597 m-4.6 X 10 m-0.735 E. 

E 

1 + 7.35 

A~0~~ffli!ltj;J 

2 
w, = 27.322 :;86400 rad/s= 2. 661 7X 10-6 rad/s. (Da 

)§ ~m£'L' C ~$;/LJ]:ffl;/JlIj;J 

LM =MC ro -reM )2w, 

= 7. 35 X C385-4. 68)2 X 2.661 7 X 1028 

=2. 83 X 1034 kg· m2/s. 

}§ ~ E!~~~i!lt!2M ~0~~~i!lt w, ;.fBIPJ ,:f:jJj;J 

!2M=w,=2. 661 7X 10-6 rad/ s. 


}§~~E!~ffl;/J:i!:j;J 

SM = ; MRM 2!2M= ; X 7. 35XCl. 74)2 X 2. 661 7X 1028 

=2. 37X 1029 kg· m2 / s= 8. 40XlO- 6LM. 


ffi l:t~Z~ ,}§ ~~ E! ~~ ;/JH!:1Zt I;t't:~$;/LJ]:~ ;/J:§:/j\ , l29ittEJ-Y.~~. 

:ttI!.~mmt'L' C ~$;/LJ]:ffl ;/Jil:j;J 


LE =MEr(M2w, = /:t LM = 7
59

375 X 2. 83 X 1031 = 3. 48 X 1032 kg • m2 / S. 

:ttI!.~E!~~~iiltj;J 

5!2E 23. 93;~ 3 600 = 7. 292 6 X 10- rad/ s. 

:ttI!.~m;ft E!~!iIl! Et9~;/Jt~~ilj;J 

1= ; MERE 2=0. 4X5. 97 X C6. 37)2 X 1036 

=9. 69 X 1037 kg· m2 / s. (Db 
:ttI!.~a9 E! ~~;/J:j:j;J 

2 2SE=SMER E !2E=7. 07 X 1033 kg· m2 / s=20. 3LE • 

¥J- V..t.t.JiJf~~~ffl ;/J jl:1rit, f;!n~~:ttI!.~ -)§ ~*~Et9 .~.~;/J:I: L j;J 

L ~LM+LE+SE+SM 
=C2. 83+0. 034 8+0. 707+0. 000 0237) X 1034 @ 
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ff~ :L"'='LM + LE +5E. 
(2)~tj:.ijlYlJJq:EJiJJj!iBtfH~EJiJ7f~1¥JJ1'J£JE79J~rE:~~, Yl f$0~EJiJftl itJl: W 

~~~ -Yl~~EJiJm.r.~~~EJiJ** 
w2~ =G(ME+M). ® 

129 lIt. ~f$- Yl f$*m;t§xt'T J.~>L' c a<J~JJ!,~,ftl79J:m: L jJ 

. MEM [GZ J1 @L=(M+ME)?w=lvfME ,..(M+M~) . 

ff~:LM=M(M~::-rE / w,LE=ME(M~~E) 2w ,$. L=LE +LM. 

¥f Yl ~EJiJ gj ~ftl79J;;: 5Mi1?{,~,!i!~~fl!J.~ gj ~EJiJftlitJl: DE 1$'TYl f$i~~EJiJftl 

itJl: w at ,~f$- Yl ~*mEJiJ,~,ftl79J:I: L jJ 

GZ J1 2
L =LM+LE+5E+5M",=,lvfME[ (M+ME)w + S MEREzw 

.1 
=7 35 X5 975 X (66. 726 X66. 726) 3 X 1030 -.1 +9 69X 1037 

. . 5.97+0.0735 w 3 . w 

2=3.96 X lOn w-1 +9. 69 X1037 w= 3. 57 X1034 kg· m ~a/5. 

Lj.\:'; 9:t ~Fo EJiJ1$j.\:';, ;Iil:~~mftl79J:li'<f'tg Ej CZ> j.\:';Pfi1~EJiJ~ :~t 

El3 Q)a j.\';1JJ~ w EJiJ~:li~~$jJ 10- 6 
, $.jJTSjH~-1'-*'T w EJiJW:$ftitffi, 

PI i1?{,~~a:A; 9:t:t\!!.f$EJiJ gj ~ftl79Jil: ( f!r J\lJ6 -HfrIJ ~..::.~ ) ,ii'iH~ 

W"'='WI = C35976) 3 = 1. 36 X10-6 rad!s. (;joJJ 1-s ~ ) 

:!1051H1i:Wftffi WI ~t±l:t\!!.~EJiJ gj ~ftl79Jiit ,:jI}m:t;ff~~a:A;, 9ltlPI~1~J!?!E~ a<J 

1iiitffi, it:~*= jJ 

W"'='Wf = e35966) 3 = 1. 38X 10-6 rad/s. ( ik1-s J1i- ) ~b 

~,~~LEJiJ%~ ,J~J[*m~a j.\:';, PI~Jl!lE~EJiJ~~ ,1E!~$ .R~~uloJ~1lY1iL 

V)FoEJiJ:ff~~~. 
$~L, El3 'T~a :A;PI*~Jit--i'-IZYl'7Z:n~j.\:';, i5!£it:*:<.~m PI1tH!,S0j.\:';11E~ 

*1~ ,~*=~~J!w;]#*m:nj.\:';EJiJ~~ ,;Iil:~~-l&EJiJ ( ~ft;}Jk1C'J ik7f-t1.AAilfrIJ {;J;;-(! 

/~;'\*-Mat,}i "f1-¥-- ~~~il~ ~ jl4it~il,-i!!.~I:..E-1-{r<-, 1Hf;f.f"lMfrIJ ~i: ) . 

$.~Yl.~Jit:t\!!..EJiJ~:$~£~,fl!J..gj~-~~·EJiJ~~jJ 
21t 6. 283 2 

T f = Wf = 1. 38X 10 6 X86400 =52.7 E. 

(3) I29I]liQ:Yl.lWl~JJ EJiJJJm r ~ ~ JitlE ~t., miEl3 [!J 1-7 -37 PI ~ r jJ @]:!tJJ 

m,$.1~ 

~r='M'~ . ® 

__ .....~ --:_~_.12.__ $..---- -  ~ ~ .lI'"•
}l£j( 

001 - 7-37 

i)1: r ~ r §fu":<.ffi0-J3lJjJ r o ~ ro ,!i!IJEl3j.\:';®PI1~ 
6r=(r;)ro. (j) 

I29jJ~ r ~1$'T±t!!.~ gj ~ftl79Ji: In EJiJ12{t¥, ep 

I~=~ ® 
~tj:.ijlYl~~ ,~ftl79J:i:'<f'tg~~, - r J3\z1$'T±t!!.f;jC- Yl f$*ma<J!@Lm,~, ftl~i!: L 

EJiJ121t$,$. 

eIL=-r ®dt . 

1E!El3 ®j.\:';~ w2~ =G(ME+M). 


ifO@j.\:';PIj;!£~ jJ 


_ lvfME ) _ (G) t .1
L - (ME+M 

_Z 
-lvfME ME+MW I rz 

.1 1~) 3 W-3. ®l=lvfME(ME+M 

G )t _ l_dr
$.1~ -- 1 dteIL=lvfME(ME+M 2r2dt 

1 (G2 )t1dw @"3 lvfME=- ME+M w1cit=-~ 


§1ltrJJm:<'ffi ro PJ;flJffl@j.\:';*1~ftQr: 


-ro =(~)o= ~lvfME J(ME!;.M)ro (~;) o 
~----~--

_ 1 46 / 66. 7 X 10 44 3. 8 X 10-8 

-Z- X7.35X5.97 X10 X'\j (0.0735+ 5.97) X(3.85) X3.65 X8.64 

=4. 5X 1016 N • m. © 

elL 1 _ (G2 )1 1 dw ( 1'0 )6 
El3 @j.\:';~ dt" = - "3lvfME ME+M wt cit =- -;- roo 


ii'iJ;J'lJffl® j.\:'; ,Lj.\:';:m:{jJiIi¥J r PIj;J[ffl W *ffi, $.1~ 


1 (G2 )1 (dw) (ro )6ro J.§
3 lvfME ME+M dt r ~ "I ' ,~., ? w3. 

dw = { 3( r o ) 6 ro , } wIf = bwIf 
dt GMEM[G(JV1E+ A-1) J3' . 

6-3 
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_11 _11 -13b
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~~ tl 1~*El3mlt£~®,YlJ5j(~.ll!Z:ltP.J5j(IiiItP-J!£Yf 1%'~8tr8]. ~CDa fIl®b p;!.J 
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tl= 13b(WI 3-CtX) 3 )=3.4 X 0.38) 3-(2.6617 3 X 10 

=3. 4 X 1018 X (0.248-0.014 376) 
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=2. 5 X 10Io~. 
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-- - -. -

(AI XAz) y= (AI )%(Az)x - (AI )x(Az )%. 

(AI XAz): =(AI)x(Az) y- (Al)y (Az )x . 

(1) 'fjM~ 
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~'?'I£ 

j =(reMXP+lw) · B. 

1. t. cp I JJ ~ 1~~ -f-~~i±lfff I\; lL ~.R T l I1HUlJ !iJ ~ i}IJ '~iLEn 9J-*:Ih li 
f.J tiJ $ 1ft !;c :i. 

ii;t: ;<111:t -=-!;c i:AI ,Az ,RA3 , ~ r -=- *- *t. ~%. iL: 
-. - --

Al X A z= -Az XAI_ 

At . (Az X A3) =(AI X A z ) • A 3 • 

-.. -... - - - - .-
Al X (AzX A3) =(AI • A3)Az-(AI • A z )A3 • 


~"l ~Jfl1. ?~ rltr ::..~ /~ ~, OJ ~E %% ill,·f.!¥ al *;!!! tp i/g '? 'm{$:. 
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JJ WJz. 

(a);(f Cl.O + T -11ffi .f'r-11 Ct\. ,3U)l!:, I@. f~;flt -f- 5t5i ~~ lfff I\.,' j[,m.~!m a\) ~ #J. *tl:l Ct(. 
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Qz c+R(V2 -VO)Po 

@" , (2000 '~OO~JIIlBi.~ ) ~ ~Jt~ A ~ - ~ fl J§ jJ -$t:\ It A If.) $ 
t:\*~~1~ $ ~ ~J?\.$~ B .:f1l:it. 7f:9~at I~ fl * f.fJ, ~$a tf ~f11iiJ # 111S "i..~,]'g, 
It 10 7:J 30 'C,B tf "i.. ~ a9 Bd!J.! A tf If.) Wi 'flt. ~-¥f ~ fla'tl:JT7f, A ~1:U!.:f1l~ at 
*f.fJ.M~at$~Atf"i..~If.)_lt7:J$~?~{E:JT7f.*f.fJ~fl~~«tf~~ 
Atf~"i..~J§~{EBtf~"i..~zraJ}(;~~ •. ~~•• ~."i..~~fJ.7:JE= 

~ RT, ~ tf R ktlt "i.. ~'I§.I:, T ~~}tjl1t . 

[?t;f,fj'] nff~nFo,B ctJ§BB4.~mAA @~,B ctJ4.~y;J}2§BB~,=\,6)f11& 

J}J~~TA ctJ4.~BSJ0J~~~. 83Jltq5f<~ A ctJ4.~BSJjJffi~. 
UU i9:4",1* a<J ~~mt:;: jJ M, ·~n~ A a<J 1*:f.g jJ V, WJ f11T 7Htr , Jt 9=J 4", 1* a<J 

mtiijJ m,lBiliJ;j p, mA}j(J;j T. EE pV= ;:;RT. 

'.EI. _MpV 	 CD
h m- RT' 	 1 

~j;j~~ B 1~* ,Yf~;(£R]i9=Jpfi~a<Ju~ 9=J ,B 9=J4",1* a<JffsilifIltM,}j( ~iiJt!\\jJ 
/f52. ~~R]i~, 1T7fWJ f1'>O~I:tJJ§,A 9=J 4", 1*a<Jff5ili~jJ 2p, ;e:;JtmJl:jJ T ,mt:l: 
jJ m' ,)l!Uif 

m ' = 2Mp,v
RT . ~ 

ittA A a~4",1*S<Jmtil: 

t:.m ,=m-m= MPV( 2 1 ) R Y-T' Q) 

i9:J!~~1*tti:iE~~ B 9=JYfr!la<J1*:f.gjJ t:.V,)l!U 

t:.m 
b.V = 2MpRT. 	 @ 

jJreJ!~4",1*ffA~~ A,~~ B 9=J;Jt{ml=(.1*xtJ!~l=(.1*f/tI:a<JJ}JjJ 

w = 2pb.V. ® 

EE Q)@)®~11'} W=PV(¥-1). @ 

A 9=J 4",1* p;] ~~ a<J 52ft 

6.£ = ~ X 2. 5R(T - n. (j) 

~J;]~*~~if~~.,.~fAjJ~m-JE1$if 

W = 6.£. ® 

EE~@(j)fIl®~11'} (¥-D=2 X 2.50-f). ® 



1 ¥ ~ ~~~ - _.__ ~-~ . ~i'£$:5;t ___. ._---_.---r:~~ 

M .!f: ~.".~ M • ~ ~ .:::. -r ,.., /.I '-'j'" ~ - ~ 'IT 

-&J- (2007 ' ~OO~J!BiJU~D ~pm 2-2-1 f)j-ff, ,~~~~£ 5 te.-JtJUti: 

"'UA.1* ("Of;"" "-"' 'L#-) " II,,"' 'I'll ~ .~ It j!." € E 
M.fJ. )!£'iiJ{E"i..M.fJ}(;~~:llllm-;iJ. "i..M.tc.~~If!:.#.d~ 	 5 

'iiJ~H~.~"i..M.fJ"i..~+~.~~~~·"i..M.~{E* 

"i..tf,Jc\.II51J.! Po. :W:9~at, "i..~a91*t:\J.! Vo,BdlJ.! III 2-2-1 


~.~~1m~."i..~.~*a1Kat~fJM~*tJ.!-~~@t~*~~~#~ 


«tflf!:.~~1t§g."i..~fl9~1: QI J§ Qz zit: 
1. }A:W:9~tIt~ Ifj *,1*#1§-£ 5 1ftii~;t,{E ~ ~ ~ tf ~~ ~~ If!:._, #-# ~

Stat faJ, ~ fc'1f.il:.l@. If!:.,~ "i.. ~:lt.~u m-f-m at, iJ!~ ~~ "i.. ~a9.II 5!J.! PI; 

2. {7j}A:W:9~tIt~ Ifj * ,-i1~ £~{E ffl If1 tIt~, {E If!:. ~~ tf l@. ~ ~~ ~., m#~ 

-St at raJ , ~ fc' ~.il:. l@. ~, -i. fc' ~H~ "i.. ~ a9~{f..J.! Vi. 

[?t;tJT] ?:EB~iffl}1~I~rrnBSJ~!itlJ.t~Ff.!~~4.~~~75f~~J);Zmn~5f3

iE~~q5f<~· 
uu ~ m *~4",!liI p;]4",1*a<Jmtlt'fL *~;Jt~~mt:l:. ~4",1*tti:1±fJJMi~:$ 

at, B~;JtEBilijJ Po ,1*:f.gjJ V o. ~m}j(jJ To, EE~~4",1*:I7\:;$:fjfjif 

Po Vo=.!!!:.RTo. 	 CD 
fL 

iEi1fj 1 cp ,xt4",1*;/JQ~8t, m~ 5 f1L~~JE/fij) ,4",1*1*fRfjj1d~/f52,4",1*xt 
"~/ff/tl:J}J. ~!.H\S~jJ~m-JE1$,if 

QI = m c (TI - To ) . 	 ~ 
fL 

~cp TI jJ;/JO~J§4",1*a<Jlm.}j(. ~!.HIU!~,J!at4",1*a<JJBilijJ PI. EE~tJ~t4",1* 

:l7\:0:fjfjiiJ~ 

PIVO= m RTI . 	 Q) 
fL 

c 	 @EECD~Q)~11'} QI=R VO(PI-PO)' 

iEi1fj 2 cp ,xt4",1*;/JOt.!~at, m~!~H~ij) ,4",1*a<J1BEd*J~ Po ~PA:,1*fREE V o 

5ejJ V 2 ,l=(.1*xt,,~f/tI:J}J. ~~~jJ~m-JE1$,if 

Qz = m c(T2 -To)+Po (V2 -VO). 	 ® 
fL 

~cp T2 jJ;/JofAJ§4",1*a<Jm}j(. EE~1;~tl=(.1*:tR~:fjfjiiJ~ 

@PoV 2 =.!!!:.RT2 • 
fL 
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Qz c+R(V2 -VO)Po 
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*f.fJ.M~at$~Atf"i..~If.)_lt7:J$~?~{E:JT7f.*f.fJ~fl~~«tf~~ 
Atf~"i..~J§~{EBtf~"i..~zraJ}(;~~ •. ~~•• ~."i..~~fJ.7:JE= 

~ RT, ~ tf R ktlt "i.. ~'I§.I:, T ~~}tjl1t . 

[?t;f,fj'] nff~nFo,B ctJ§BB4.~mAA @~,B ctJ4.~y;J}2§BB~,=\,6)f11& 

J}J~~TA ctJ4.~BSJ0J~~~. 83Jltq5f<~ A ctJ4.~BSJjJffi~. 
UU i9:4",1* a<J ~~mt:;: jJ M, ·~n~ A a<J 1*:f.g jJ V, WJ f11T 7Htr , Jt 9=J 4", 1* a<J 

mtiijJ m,lBiliJ;j p, mA}j(J;j T. EE pV= ;:;RT. 

'.EI. _MpV 	 CD
h m- RT' 	 1 

~j;j~~ B 1~* ,Yf~;(£R]i9=Jpfi~a<Ju~ 9=J ,B 9=J4",1* a<JffsilifIltM,}j( ~iiJt!\\jJ 
/f52. ~~R]i~, 1T7fWJ f1'>O~I:tJJ§,A 9=J 4", 1*a<Jff5ili~jJ 2p, ;e:;JtmJl:jJ T ,mt:l: 
jJ m' ,)l!Uif 

m ' = 2Mp,v
RT . ~ 

ittA A a~4",1*S<Jmtil: 

t:.m ,=m-m= MPV( 2 1 ) R Y-T' Q) 

i9:J!~~1*tti:iE~~ B 9=JYfr!la<J1*:f.gjJ t:.V,)l!U 

t:.m 
b.V = 2MpRT. 	 @ 

jJreJ!~4",1*ffA~~ A,~~ B 9=J;Jt{ml=(.1*xtJ!~l=(.1*f/tI:a<JJ}JjJ 

w = 2pb.V. ® 

EE Q)@)®~11'} W=PV(¥-1). @ 

A 9=J 4",1* p;] ~~ a<J 52ft 

6.£ = ~ X 2. 5R(T - n. (j) 

~J;]~*~~if~~.,.~fAjJ~m-JE1$if 

W = 6.£. ® 

EE~@(j)fIl®~11'} (¥-D=2 X 2.50-f). ® 



~-ti _~lt~~________.__......f ;, .. 

~*j; T=353CK). 

[it~] It J'fl ~Jl i±~ 9=' .A 9=' ~1*)j!j:I::!t t 1tit~.1!! ~ jJ ~ 3;t - Jiut17J f&~ 
m.~-,R$:-oo:tlt~4f~·~. 

~ ( 1999 • ~OO~HlHi.m) :ilI1 00 2-2-2 , 

IH' , JI'i -Nt Iii "" >I .~ I>lli '" f:.g, 0(; ilL f: lJ ,;; " iI I 0'
H.J:.JlHtf;t].E::iiL?G..nJ:.J#&:!t-1-IiT~1I?G..nyl;Jx H r 
,f~i1t;iJ9\))f£. Wi?G..nw~*fWJfl~4&~>f:it;f§ 0 

:it~.?G..n,16~~~>f-i)l:!t~~iJ9. ltft(;at. ~ fl * ~ 2-2-2 

Ptl.E::iiL?G..n 9=' ~*~jJ ~ jl1tJJ To ~ 1f!-Jjf. -T~~!I ~ 1*. -f~ at 16 ~jlJ ?G..n~ ~ 
«~i% JJ H .;;t:iiL ~.ff. yl;J JJ ~~. JJi,¥l- ~ fl tHi trlt. 16 ~~~,~ r flf. 1: ~ -* ~:itjIJ 
-f~. >JtJlt. at E::iiL~.n 9=' if ~~~ lt~,ir yl;J ~ 1* a<J jilt. 

m~:l mol1f!-'* -T~~.~1*a<J yl;Jji~JJ ~ RT.$- tf R JJ *1J;~1*1tI:. T JJ ~ 

1*a<J~jJ ~51lt . 

[~:m-] ~ncfJ.~{t;cS~~~A.f§ffi§1'~.)c~X1~{t;j5JT{(ru;1J~~ 

19~v.M'SJpt;j~ ~~~mmrA1J~~-rE~~~H~Oqr~ 

[~] iQ:f¥~jj{]~W~~ A.tiffiiEf¥~tpjj{]E(Jt'-j; 11 mol.~nn7fftJ .~1* 

EJ<JI.B3ij; Po. EI3 J1M;t~1*t\:~:n~:fi 
PoAH = nRTo. CD 

n7f~n§. ~1*Jm:i:HIII~J1!A;tJt1~~ . r.!i~tl't~«i]rf$;tJ.~1*fFmTm 

~jj{]ffij3i{)Jj; Po. m~xt~1*jj{]ffiJ3itE.~ Po. iQ:JtilPl'-~a1tl5~EJ<Jil1IiJ3[JJ x.~1* 

A~ Ujl'oc j; T. !J!IJ;ff 
poCH+x)A=nRT. ® 

·ttHmY~f1~m-;:E:1f. r.!i~:xt~1*J'fi{iJtjj{]:9J~T~1*pg~~jj{]i1l]ll:. ~n 

3PoCH-x)A = znRCT-To). Q) 

EI3 CD®Q):r.t ifF 1~ x =J..5 H • 

7
T= sTo . 

~ (2003 • ~OO~JI••IB) U ~'fa<JWi:ttt A,B ~;k-ftt C tlIk til yl;J1£ 
~~~~~~'f._a<J,t~~yl;J@~'f*;f§~tlIliT._~~.~_~.~~.W~~ 

))1 JJ SA =l. OX 10-2 crd ,58 =3. OX 10-2 crrt ,$:-=2. OX 10-2 an2.1I C 'f 9=' 7,i] -&~ 

~U, Wi1!lHlt;k{Utl~. >J!J jlltJJ tl =27 ·C at. ~~U*JJ l=30 anC -lto1Il 2-2-3 foJf-.F). 

C tf~uWi1l!lJa!J;k{Ru*~jl1JJ a=2. 0an.b=3. 0an,AB Wi:t'ftll1~*,$-9=' ~;k{R 

U~~JJ h= 12cm *~1I~!1!¥difJJ jJo=76 an Hg ~~ . ~jJt.t51ltx1tat>f;fP;k{R 

~~~Jlk. i#.>Jt~U 9=' ~~jllt~'l~fr-~ J~ t=97 ·C at~~a<J1*t;. 

...---.__ ..- -----_.. -~:::•.~ ~ -- ~.: - --. 
~~ !,, " 

A B 

~ 2-2-3 

[~fJT] I±lr B '§itilllfR~A '§ttsJ 3 {g.0!z?±~{t;~~~8j~UaiOO~ ttsJ7.K@~~ 

§%fEl~8BffiA B gcfJ. ~ilt79tJJA,g%it.~{t;)Jffi~ ,1ij~~~)Jffi~tt~::1Iili*U 
wr~~~~Jn. 

[~] 1£m,OCj; TI =C27+273)K=300 Ka1 .~;f3:tpjj{]£~jj{]ffiJ3i~1*f.R:5t 
J3IJj; 

PI =Po+h . CD 

VI=l~. ® 


~~;f3:tp:2~jj{]i1iii'ocft-il1IiBt, 9:;f3:~1Y!~jj{]7.km*tM:tl't~ffiA A ~fj] B ~. iQ: 

Ujl,OCft-j'i(j¥O T2 B~- , ~;f3:;tfYlIJ7M&/X.IIJ%~$ffiilJ B ~tp ,1t~tp7.km~1i:tt(j* 

. AL=~ Q)~t 58' 

E13~~~~;f3:tp£~~f.R~i1l*~j; 

~=~. @ 
~~~~.~tt~ru~*m~:fi-$:5t~AA~.J1!AA.jj{]*.1tA.tp 

jj{]*••'oc~~i1l*M,m~~.jj{]ffi~•• ,E13~~~~;f3:£~1*f.Ri1l*.j; 
t::'v'=M5A • ® 

mI:.,.(. ~~1ij-J T2 Bt£~jj{]1*fJ~fj]ffi53i:5tJ3IJj; 

+c::,v/ +c::y/. V 2 =V I ® 
P2=PI+M. (J) 

.t2Yt. _ P2 V2E13;jj\~:n~;m T, - T2 . ® 

E13V)...t~:r.t.ftA~tI5PJ1~ T2=347.7K. ® 
~1i1[1J\T!N~jj{]liH4~'oc T=273+t=370 K.JifiV)'~1i*tm~ft-iI1Ii. h\~~ 

~. "\;f3: tp a9£~fiJt~lf~1t. ~Ujl'oc ¥O~ T Bt, ~;f3:1*fRj; 
T

V=T V2. ®2 

1~A~tI5PJ1~ V=O. 72 cm3
• 

____ (2002 • ~OO!lmJl~l¥~ ) 9.D III 2- 2- 4 Yft:T-. ~ 1-~ ~ 09, ~~ {El M~ 

J,t i7t~.n A ,B,C. m'* * ~ fl K" K2 ~ ~~~ f':it:@.. {~~~ Wi IitIlt I\.,' a<J ~ It.£ h 

= l. 00 m ;f7Jft(;at . ft'!J n:!tl: I~ 99,A 9='!l~ 1mola<J ~CHe) ,B 9=' ~7,i] 1 mol 091& 

http:T2=347.7K
http:tt~ru~*m~:fi-$:5t~AA~.J1!AA.jj{]*.1tA.tp
mailto:f._a<J,t~~yl;J@~'f*;f�~tlIliT._~~.~_~.~~.W
http:t:iiL~.ff


~-ti _~lt~~________.__......f ;, .. 

~*j; T=353CK). 

[it~] It J'fl ~Jl i±~ 9=' .A 9=' ~1*)j!j:I::!t t 1tit~.1!! ~ jJ ~ 3;t - Jiut17J f&~ 
m.~-,R$:-oo:tlt~4f~·~. 

~ ( 1999 • ~OO~HlHi.m) :ilI1 00 2-2-2 , 

IH' , JI'i -Nt Iii "" >I .~ I>lli '" f:.g, 0(; ilL f: lJ ,;; " iI I 0'
H.J:.JlHtf;t].E::iiL?G..nJ:.J#&:!t-1-IiT~1I?G..nyl;Jx H r 
,f~i1t;iJ9\))f£. Wi?G..nw~*fWJfl~4&~>f:it;f§ 0 

:it~.?G..n,16~~~>f-i)l:!t~~iJ9. ltft(;at. ~ fl * ~ 2-2-2 

Ptl.E::iiL?G..n 9=' ~*~jJ ~ jl1tJJ To ~ 1f!-Jjf. -T~~!I ~ 1*. -f~ at 16 ~jlJ ?G..n~ ~ 
«~i% JJ H .;;t:iiL ~.ff. yl;J JJ ~~. JJi,¥l- ~ fl tHi trlt. 16 ~~~,~ r flf. 1: ~ -* ~:itjIJ 
-f~. >JtJlt. at E::iiL~.n 9=' if ~~~ lt~,ir yl;J ~ 1* a<J jilt. 

m~:l mol1f!-'* -T~~.~1*a<J yl;Jji~JJ ~ RT.$- tf R JJ *1J;~1*1tI:. T JJ ~ 

1*a<J~jJ ~51lt . 

[~:m-] ~ncfJ.~{t;cS~~~A.f§ffi§1'~.)c~X1~{t;j5JT{(ru;1J~~ 

19~v.M'SJpt;j~ ~~~mmrA1J~~-rE~~~H~Oqr~ 

[~] iQ:f¥~jj{]~W~~ A.tiffiiEf¥~tpjj{]E(Jt'-j; 11 mol.~nn7fftJ .~1* 

EJ<JI.B3ij; Po. EI3 J1M;t~1*t\:~:n~:fi 
PoAH = nRTo. CD 

n7f~n§. ~1*Jm:i:HIII~J1!A;tJt1~~ . r.!i~tl't~«i]rf$;tJ.~1*fFmTm 

~jj{]ffij3i{)Jj; Po. m~xt~1*jj{]ffiJ3itE.~ Po. iQ:JtilPl'-~a1tl5~EJ<Jil1IiJ3[JJ x.~1* 

A~ Ujl'oc j; T. !J!IJ;ff 
poCH+x)A=nRT. ® 

·ttHmY~f1~m-;:E:1f. r.!i~:xt~1*J'fi{iJtjj{]:9J~T~1*pg~~jj{]i1l]ll:. ~n 

3PoCH-x)A = znRCT-To). Q) 

EI3 CD®Q):r.t ifF 1~ x =J..5 H • 

7
T= sTo . 

~ (2003 • ~OO~JI••IB) U ~'fa<JWi:ttt A,B ~;k-ftt C tlIk til yl;J1£ 
~~~~~~'f._a<J,t~~yl;J@~'f*;f§~tlIliT._~~.~_~.~~.W~~ 

))1 JJ SA =l. OX 10-2 crd ,58 =3. OX 10-2 crrt ,$:-=2. OX 10-2 an2.1I C 'f 9=' 7,i] -&~ 

~U, Wi1!lHlt;k{Utl~. >J!J jlltJJ tl =27 ·C at. ~~U*JJ l=30 anC -lto1Il 2-2-3 foJf-.F). 

C tf~uWi1l!lJa!J;k{Ru*~jl1JJ a=2. 0an.b=3. 0an,AB Wi:t'ftll1~*,$-9=' ~;k{R 

U~~JJ h= 12cm *~1I~!1!¥difJJ jJo=76 an Hg ~~ . ~jJt.t51ltx1tat>f;fP;k{R 

~~~Jlk. i#.>Jt~U 9=' ~~jllt~'l~fr-~ J~ t=97 ·C at~~a<J1*t;. 

...---.__ ..- -----_.. -~:::•.~ ~ -- ~.: - --. 
~~ !,, " 

A B 

~ 2-2-3 

[~fJT] I±lr B '§itilllfR~A '§ttsJ 3 {g.0!z?±~{t;~~~8j~UaiOO~ ttsJ7.K@~~ 

§%fEl~8BffiA B gcfJ. ~ilt79tJJA,g%it.~{t;)Jffi~ ,1ij~~~)Jffi~tt~::1Iili*U 
wr~~~~Jn. 

[~] 1£m,OCj; TI =C27+273)K=300 Ka1 .~;f3:tpjj{]£~jj{]ffiJ3i~1*f.R:5t 
J3IJj; 

PI =Po+h . CD 

VI=l~. ® 


~~;f3:tp:2~jj{]i1iii'ocft-il1IiBt, 9:;f3:~1Y!~jj{]7.km*tM:tl't~ffiA A ~fj] B ~. iQ: 

Ujl,OCft-j'i(j¥O T2 B~- , ~;f3:;tfYlIJ7M&/X.IIJ%~$ffiilJ B ~tp ,1t~tp7.km~1i:tt(j* 

. AL=~ Q)~t 58' 

E13~~~~;f3:tp£~~f.R~i1l*~j; 

~=~. @ 
~~~~.~tt~ru~*m~:fi-$:5t~AA~.J1!AA.jj{]*.1tA.tp 

jj{]*••'oc~~i1l*M,m~~.jj{]ffi~•• ,E13~~~~;f3:£~1*f.Ri1l*.j; 
t::'v'=M5A • ® 

mI:.,.(. ~~1ij-J T2 Bt£~jj{]1*fJ~fj]ffi53i:5tJ3IJj; 

+c::,v/ +c::y/. V 2 =V I ® 
P2=PI+M. (J) 

.t2Yt. _ P2 V2E13;jj\~:n~;m T, - T2 . ® 

E13V)...t~:r.t.ftA~tI5PJ1~ T2=347.7K. ® 
~1i1[1J\T!N~jj{]liH4~'oc T=273+t=370 K.JifiV)'~1i*tm~ft-iI1Ii. h\~~ 

~. "\;f3: tp a9£~fiJt~lf~1t. ~Ujl'oc ¥O~ T Bt, ~;f3:1*fRj; 
T

V=T V2. ®2 

1~A~tI5PJ1~ V=O. 72 cm3
• 

____ (2002 • ~OO!lmJl~l¥~ ) 9.D III 2- 2- 4 Yft:T-. ~ 1-~ ~ 09, ~~ {El M~ 

J,t i7t~.n A ,B,C. m'* * ~ fl K" K2 ~ ~~~ f':it:@.. {~~~ Wi IitIlt I\.,' a<J ~ It.£ h 

= l. 00 m ;f7Jft(;at . ft'!J n:!tl: I~ 99,A 9='!l~ 1mola<J ~CHe) ,B 9=' ~7,i] 1 mol 091& 



_. __~-=-~ ..J~~~?t_____ 
~-.~ 

(Kr) ,C 'f ~ 1'f 1mol 119@..(Xe), c:.;j\f ~ 51lt;fP Ed! til #J ~ , "\ 1* 
:l4J liT t! JJ Jl~, "\1*. 3)iI, IT:7t ~ fl Kh Kz , c:.;# "\ 1* #J § 5/t 1}, -a 
~.-;#,,\1*~.~*.'f:l4J~~*,c:.~*.'f,,\1*~~lt#J 
~. $"\1*51lt 89 ~ ~:t. e, ~P c:.;# ~1* ~ ~ 3fm:i~jJU JJ 

,uH,=4. 003X10- 3 kg· mol- l 

,uK< =83. 8X10-3 kg· mol- l 

,ux,=13l. 3X10-3 kg· mol- l 

~1*jf);/f~flt,~c:.;#,,\1*i11'T-;#.~3f51lt7t~ 1 K, 

J'Jf "J{ Yk. ~ ~ :I :l4J JJ 3:' R JJ -t~~1* 'It :i. 

[7t:tfil tt=f£1l'=l.~ffig)~g)jJ~CP, ~mtD~~~8±~{t 
tt~{t/9~mtD~~LMffi5~I~'=l.~~~tD29:~. 00 2-2-4 

UU ;flHJiS~~1¥J%:-14-, PJ:m :7fMlBt A 9"m:l¥Jmfi mH,=4. 003 X10-3 kg,B 9"~ 
9:l¥Jm:l: 77JK,. =83. 8X 10-3 kg,C 9"TIK9:l¥Jmfi rnx, = 131. 3X 10-3 kg. _=)1'1'9:wHJ¥ff.ir 

A 

15 ,A 9" I¥J He:if3"1 rrol ~A B 9" ,:if3"1 rml ~A C9" ,He 1¥J:i:j]~~~~fij; 

1 16.EH' =3"mH,g( -h)+3"mH,g( -2h)= -mH,gh. CD 

B 9"1¥J Kr:if ~ molf\-AA 9",:if ~ mol ~A C 9". Kr 1¥J:i:j]~~~~fij; 

1 1
6EK'=3"mK,gh+3"mK,g(-h) =0. CZl 

C 9" I¥J Xe:if ~ molf\-A A 9",:if ~ molf\-A B 9". Xe 1¥J:i:j]~~~±~itj; 

1 16Ex, =3"mx,gh+3"mx,g2h=mx,gh. Q) 

mir15,~~9:wl¥J:i:j]~~~~~ 
6Ep = 6EHc +6EK, +6Exc = (mx, -mH,) gh. @) 

1EI:eJ(~ 7~Wt~~, t!113t:if 7~ j]xt9:W{~:9J, $::i:j]~~~I¥J~;lJO!lM;B I® P'l ~~ I¥J 
~j-'. ifwfR/j~1t:Bt ,9:W~{~:9J. EE~j]$:m-/E1*PJ:m ,JttBt1{~9:wl¥J1!.\fiill: 

~'f9:WP'l~~I¥J~:I:.1glElJ1.m.9:WIiIJ P'l~~p. EE ilifrNtR:/E, ~wfR7C*, $:P.~tll 
N~~:l:ffi~,~W~~~%:-#~P'l~I¥J~.t!1.~ff~ctfi9"J1.m.9:WP'l~1¥J 
~fi. ;flH\S~~I¥JB:m%:-14-,ff~ilj*IB9"Yr?g~I¥JJ1.m.9:W~:if 3 mol.$::if 

36Ep =-3X -ZR6.T. ® 

.t.:rt9";t:!:!Jj;9:WP'l ~~~P., 6.T *~9:wtllNI¥J~., EE@)®~it1~ 

6.T= 2(mx, -mHo) gh ®9R 

~B:m~!\HtA,ff~ilj R=8. 31 J • K- l 
• mol-I, 

_____ ~=~ 1.!;\ ~ ~. 
~ "' !;> ... 

PJ1~ 6.T=-3. 3X10-z K. (j) 

&nrff.ir159:wilifrN~1~ 3. 3X 10-z K(:b*-* !£i9:.ic.U: R fl'J~1i,R fl'J1i or m 
;f;fi1t~k.~fl'JLE5! Po=l. 013X105 N· m-z ,ilf<$.. To=273. 13 K;fn 1 mol J!l'.~~#-

1'f.;f;fi1t~k.~Tfl'J#-;fy,. Vo=2. 24X10-zm3 ¥i.:t,l!r R=P~O). 

~ (2003· ~OO!!o/Hm~JU~) 51'm:i;ffi~~~mJ4t,*'f 41'~1~:l4JJJ 

a ~ J4t ,»J1:. ffi: ~~ 1~ JJ R 119 ~ J$. *~ r*J , t if] ~ J$. 1(,' ~ ~ - ;d<. if r*J , J3 1 l'~ 1~ 

JJ b ~ J4tffi:~ 4 J$.2:.1:.. i9:,*:ia'k ilii til jt7t~ ~, ii.$~ ~ ~1~ R ~1[~k it i. ~it 
fltT' ilii ~ J$.*T;ffi § 5}~. 

[7t:tfil ~-~~)]~tD~IDJ~,1B1Hj~)]:5:HJTBj,)l,~;fUmrLffljfjJ\/i'1. 

UU ~*1~j; b I¥J:eJ(JlJ:if 41-:eJ(.t.15, ~oo 41-:eJ(1¥J1.t:j[*~. ~ m *~& 

1-1'j(l¥Jmfi, ~oo 41-PjtI¥J:eJ({,'%M-1-1.t:'f7j(~00P'll¥JiE:!J% ABCD'{'llm\rn~o 
rn 2-2-5 Yr~. 0 j;iE:!J%X;J1EI?&I¥JX,8,~:eJ(ZJB]I¥J;f§E:i'Fmj]:7c/J\HJj; Fl. ~ 

!\SX;JlYF'l1: ,*ff~ilj~ffr!l!oot~~7tntl¥J, PJ:m&1-:eJ(~ilJ;f§4~~J=*i'Fmj] l¥J%j]t~ 

j;/2Fl ,:!JrOJ%\-xt1El?&. 

00 2-2-5 [§] 2-2-6 

EE JL1ilSX;J lYF '11:0-iff , PJ:m X;J 1EI?& AC .t. 001'j( 1¥J:eJ( {,' E 5fIl lin I¥J :eJ({,' 0 I ill: if 1"]

,!£]I~ 00 P'l ,~Q rn 2- 2-6 Yr~. i9:.t. 00:eJ(~~ 00 &1-1'j( I¥J ffiE: i'F m j] I¥J :7c/J\HJ j; 
Fz ,X;J A 1'j( ,Fz l¥J:!JrOJ%\-:eJ({" A,E Ji?&. ~~BtX;J*1~ b 1¥J1Jj(~ 

mg=4Fzsina. CD 
it 9" a ~1Jj({,'Ji?&AE ~7j(~?&AC zrB]I¥J~1EI. ~ 

AO /2a 
cosa= AE = a +b' CZl 

X;J'f ~00&1-:eJ(, ~01'j( A, ~¥Ij l¥Ji'Fm j]:if:i:j] mg, B,D ~:eJ(X;J'tI¥Ji'Fm l¥Jir 

j]/2Fl ,.t.oo:eJ(Ef'Jf'Fmj] Fz 5fIllinool¥Ji'Fmj] F3. EE'fW~X;JlYF'§'~ffr!l!oo7tnt,~ 

j] HJJlct:eJ({" A, F3 ~Jlct (j , ~~Bt:if 

/2Fl +Fzcosa- F3sinf3=0. Q) 

F3 cos(3-mg- Fz sina=O. @) 

T95 

http:41-:eJ(.t.15
http:wHJ�ff.ir


_. __~-=-~ ..J~~~?t_____ 
~-.~ 
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EE JL1ilSX;J lYF '11:0-iff , PJ:m X;J 1EI?& AC .t. 001'j( 1¥J:eJ( {,' E 5fIl lin I¥J :eJ({,' 0 I ill: if 1"]
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Fz ,X;J A 1'j( ,Fz l¥J:!JrOJ%\-:eJ({" A,E Ji?&. ~~BtX;J*1~ b 1¥J1Jj(~ 

mg=4Fzsina. CD 
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j]/2Fl ,.t.oo:eJ(Ef'Jf'Fmj] Fz 5fIllinool¥Ji'Fmj] F3. EE'fW~X;JlYF'§'~ffr!l!oo7tnt,~ 
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/2Fl +Fzcosa- F3sinf3=0. Q) 

F3 cos(3-mg- Fz sina=O. @) 

T95 



•• II ,F ~-~ ~i~flB:fr 

T ". 
P:9=',8~ F3 jj!oJ.Ej~~~B95Uf'l,~ 

. AO /2a
sm,8=W=R-a' ® 

F2 =...I!!:lL @ffi P:CD OJ ~~ 4sina' 

El3j.~@fO@OJ~~ F3 == 1::,8' (f) 

ffiP:®@fO(f)OJ~~ FI =~(5tanfJ-cora), ® 
4",2 

~Q* FI ~O,*~TOOB9 41-r*;f§:!i*iA!I!,41-f.1<t£jjjj)~B9{)L~; 

~Q* FI < O,yWTOOB9 41-f.1<~;f[j:!i*~ , ~TOOB9 41-f.1<*~at, ffiP:®~~ 

5tanfJ-cora<O, ® 
;f1Jm@fO®,p:@1-tj; 

5/2a < /2a ®
.jR z-2Ra-a2 .jbz+2ab-a2 

fil'fP:®~~P:,OJ~~ R> .j25b2 + 50ab-23az +a. @ 

~PlinB9*l£ R mfEl:~at, TOOB9f.1<~*~. 
~p:@~m,@~ 25bz+50ab-23az ~O, @ 

4
~P b~(5J3 - l)a. @ 

ffi TTOO~f.1<J1E 0 B9MJJ\J1E~j; (/2 -l)a,}jill:OOB9r*~~$:;(£ 41-f.1<B9l:00, 

*1lA 
b> (/2-l)a. @ 

ffii /2> 4f ,Jifil;J.R~~ 51-JSJ(~~$:;(£ 41-JSJ(B9l:00 ,A@-JEJll(;3'L. 

&l... (2006 • SIEiIIt~iI!S!!JU~ ) T-;if J;t. m il: !J(FiiT f.¥;& 16 £ tE$~7} it<. jiij l' 
~7}, $~Jt.q;Jt)U(~. ~ a<;, $~ a<; - ~ 7};(if ml = 3.00 g a<; »:.$1: T~ ~, jlltJt 
TIO =300 K,}3 -~7};(if mz =16.00 g a<; »:.$1: T~~' jlltJt T 20 =400 K. ~tp~ it~ 

1ft 1fmit7})ltl:h f.'1 =2,00 g/ mol tp f.'2 =32. 00 g/ mol. ~1*-tlt 'It ~ R=8. 31 J/( K 

• mol), i\.~tp~~z fa] a<; 16 1£:;f;f l£1t a<; ~ #;" , J\'( ~ $ #f, a<; ~ft:ltj1 f-~, J'ft;f;f a<; 

iH!ljl Jt >/t ~ it a<; • 


CD $ #f, Ilk ~ a<; :ilft T Jt $ j>? 


(2) $ !jdk~Hd! PI tp:fJ;#;J.f.~! Pi z tt.:h $ *? 
(3)JA~~ftl!~~~ a<;#;,,:li!: QJt$ j>? 

[~m] EI3~~Sl:{Jg~pg8SJ~V$~ffll'9-l'1Jl\rr~m , ff-B\j~IJ[J,l§flB:5j-~V$ 

pgt"lB2ffi::f ~ ,t"lB§@m)5~ffilnJJffiJ@m{£W§g{l:5j-~~21~~litJ, @ffit"lBii5ftEjE 
~('*'~)]*~ - Jt1t )ffirnL~'=1~~~75f~IL&V't'I::5j-it~~Oqy*ID!¥::$:~. 

UU Cl)I2i3t~1*?ff~fO~H1!.1Wi§fg ,H*IWiw;i~£B9T1S~~A&it, $?ff~ 

_ _ ~ =:~ ffl . ~_. 
~ ~ ~!. 't. 

pg(fj~1**t7E ( £\. ~A\:1'¥\'1'i..);(£r!E'Nrt~W~{.t:Ufi9=', :xt~~:W-B9~~x~j;~, yr~ 
EfJ ,~, J}]-ti!j;~, ~Jlt~~1**t7E:(£1f-BtttlEfJ.~, pg~~tt"ftl!. *?ff~ pg~fO~a'~t@ 

J.t*J.ltlj; TI ;fU Tz ,!i!tl 

~G~ +~Gn=~G~+~G~. ® 
f.'1 f.'Z f.'1 f.' Z 

~9=' f.'1 ;fU f.' Z *~IJj;~;fU~a9~~&:m, ~m:T~{*B9JE?ff~~~~?ff c" = 

~R. ffiT@ii~TIS~A:ft~~~B9~~'Ii, ~~1**mJ25~JM:FoB93jl-~:l*~Bt, p:lj~ 

~B9rm.J.t;f§~, ~P*t7E~Fo89f-~rm.J.tj; 

ml T,o+ mz T,o 3. 00 X 300 + 16. 00 X 400 
T fl.1 . fl.2 - 2. 00 32. 00 = 325 K @ 

ml+mz 3.00+ 16.0 . 
f.'1 /-,z 2. 00 32. 00 

(2) El3 l:~B9f-~iffi\.J.tilJ ;m, ~~B9rm.J.tT~ ,1Ai!:ffi~~~ffi TIS~EfJ~H~~, 
~.A?t~~ffiift!trm.gOti%. ~*ft~~~B91*fQ!:11i /J \, ffii~~*B91*f:R!i!U~ :;I(, 

TIS ~tt~9:. ~ B9 jj !oJ ~ ZSIJ. El3 T TIS ~ B9 &:Ii j;::f , $;(£ "I:I*~{.t 89 ft mr~:u ij[ 9=' , 

jl}.j~~B9EBm;f[j~,m P*~. ifIJm}]!m9:.1*:l*~jjfi pV= mRT, 'ilT~~ 
f.' 

ptNI +VI 6P= Inl R6Tl . @ 
f.'1 

pt::.Vz+ V z6P=mzR6Tz. ® 
f.' Z 

A9=> VI ;fU V z *~IJj;~~;fU~~B9{*f.R. ffiT?ff~B9l{:,1*fQ V = V I +VZ ~ 

XE,$ 6VI+6V2 =0. :{:1f@fU@w;iJ:t;f§:iJD ,jt:;f1Jm~@p:~*EfJ~*,~~ 

(VI +Vz) 6P=R(m16Tl +mI 6T2) =0,6p=0. ® 
f.'1 f.'1 

ZJ)\~P;(£"I:1*1NtB9r!Etflt~:i:tfi 9=', ~1*B9.ffiJm{~a~~~ , ~P PI = Pi , $~)§' lli 

5m PI ;fU 17J il€t.IBm Pi B9 ~t-at j; 1. 

(3)~~B9 pg~~~{.til!:j; 

6U =;: [ ~ R(T-Tzo ) ] 

16.0[5 ]=32.0 Z- X8.31X (325-400) = - 779J. 

;(£~1*~{.tB9lIUit,~:Uij[ 9=' ,~~B9{*fQ!:11i/J \ ffii:xt~Hi\!~ J)], ;f1Jm@;fU®w;iJ:t 
B9~*, nr~~ 

J
mz 

W = 
Vz 

pdV=p6Vz= -R6Tz 
f.'2V30 

= ~~: ~ X 8. 31 X (325-400) = - 312 J. 

EI3~JJ*~-JE1t 6U= Q-W, OJ~~ §~f~?ti\:B9 ,~,~:!ij; 

http:B9rm.J.tT
http:P*t7E~Fo89f-~rm.J.tj
mailto:El3j.~@fO@OJ
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ffii /2> 4f ,Jifil;J.R~~ 51-JSJ(~~$:;(£ 41-JSJ(B9l:00 ,A@-JEJll(;3'L. 
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~7}, $~Jt.q;Jt)U(~. ~ a<;, $~ a<; - ~ 7};(if ml = 3.00 g a<; »:.$1: T~ ~, jlltJt 
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• mol), i\.~tp~~z fa] a<; 16 1£:;f;f l£1t a<; ~ #;" , J\'( ~ $ #f, a<; ~ft:ltj1 f-~, J'ft;f;f a<; 
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[~m] EI3~~Sl:{Jg~pg8SJ~V$~ffll'9-l'1Jl\rr~m , ff-B\j~IJ[J,l§flB:5j-~V$ 

pgt"lB2ffi::f ~ ,t"lB§@m)5~ffilnJJffiJ@m{£W§g{l:5j-~~21~~litJ, @ffit"lBii5ftEjE 
~('*'~)]*~ - Jt1t )ffirnL~'=1~~~75f~IL&V't'I::5j-it~~Oqy*ID!¥::$:~. 

UU Cl)I2i3t~1*?ff~fO~H1!.1Wi§fg ,H*IWiw;i~£B9T1S~~A&it, $?ff~ 

_ _ ~ =:~ ffl . ~_. 
~ ~ ~!. 't. 

pg(fj~1**t7E ( £\. ~A\:1'¥\'1'i..);(£r!E'Nrt~W~{.t:Ufi9=', :xt~~:W-B9~~x~j;~, yr~ 
EfJ ,~, J}]-ti!j;~, ~Jlt~~1**t7E:(£1f-BtttlEfJ.~, pg~~tt"ftl!. *?ff~ pg~fO~a'~t@ 

J.t*J.ltlj; TI ;fU Tz ,!i!tl 

~G~ +~Gn=~G~+~G~. ® 
f.'1 f.'Z f.'1 f.' Z 

~9=' f.'1 ;fU f.' Z *~IJj;~;fU~a9~~&:m, ~m:T~{*B9JE?ff~~~~?ff c" = 

~R. ffiT@ii~TIS~A:ft~~~B9~~'Ii, ~~1**mJ25~JM:FoB93jl-~:l*~Bt, p:lj~ 

~B9rm.J.t;f§~, ~P*t7E~Fo89f-~rm.J.tj; 

ml T,o+ mz T,o 3. 00 X 300 + 16. 00 X 400 
T fl.1 . fl.2 - 2. 00 32. 00 = 325 K @ 

ml+mz 3.00+ 16.0 . 
f.'1 /-,z 2. 00 32. 00 

(2) El3 l:~B9f-~iffi\.J.tilJ ;m, ~~B9rm.J.tT~ ,1Ai!:ffi~~~ffi TIS~EfJ~H~~, 
~.A?t~~ffiift!trm.gOti%. ~*ft~~~B91*fQ!:11i /J \, ffii~~*B91*f:R!i!U~ :;I(, 

TIS ~tt~9:. ~ B9 jj !oJ ~ ZSIJ. El3 T TIS ~ B9 &:Ii j;::f , $;(£ "I:I*~{.t 89 ft mr~:u ij[ 9=' , 

jl}.j~~B9EBm;f[j~,m P*~. ifIJm}]!m9:.1*:l*~jjfi pV= mRT, 'ilT~~ 
f.' 

ptNI +VI 6P= Inl R6Tl . @ 
f.'1 

pt::.Vz+ V z6P=mzR6Tz. ® 
f.' Z 

A9=> VI ;fU V z *~IJj;~~;fU~~B9{*f.R. ffiT?ff~B9l{:,1*fQ V = V I +VZ ~ 

XE,$ 6VI+6V2 =0. :{:1f@fU@w;iJ:t;f§:iJD ,jt:;f1Jm~@p:~*EfJ~*,~~ 

(VI +Vz) 6P=R(m16Tl +mI 6T2) =0,6p=0. ® 
f.'1 f.'1 

ZJ)\~P;(£"I:1*1NtB9r!Etflt~:i:tfi 9=', ~1*B9.ffiJm{~a~~~ , ~P PI = Pi , $~)§' lli 

5m PI ;fU 17J il€t.IBm Pi B9 ~t-at j; 1. 

(3)~~B9 pg~~~{.til!:j; 

6U =;: [ ~ R(T-Tzo ) ] 

16.0[5 ]=32.0 Z- X8.31X (325-400) = - 779J. 

;(£~1*~{.tB9lIUit,~:Uij[ 9=' ,~~B9{*fQ!:11i/J \ ffii:xt~Hi\!~ J)], ;f1Jm@;fU®w;iJ:t 
B9~*, nr~~ 

J
mz 

W = 
Vz 

pdV=p6Vz= -R6Tz 
f.'2V30 

= ~~: ~ X 8. 31 X (325-400) = - 312 J. 

EI3~JJ*~-JE1t 6U= Q-W, OJ~~ §~f~?ti\:B9 ,~,~:!ij; 



.3=-~ ml~OO:fr _._---_.-.. 
Q=.6.U+W=(-779)+(-312)=-1 091 J. 

j.\9='~:6't % R~*jf,:fA:i!: § ~~{~ili. 

~ .E.. "it ;fh itf .1j ~ {t ~ 

~ (2003 • ~OO!jo/]JlfiliJUPi) iOH~ ~.I tf , ~ J.1~~ i't m = 4.20 kg a9 
~ %~H!:J 1if fh'. lit J 1* j,1t§. tf r.J 1Hn.£~ t= 90 'C at; 1. 200 kg e<; ID Jk 5'~, 7C.;)t~ 
;it:5m:. i>\~ ill -1- t! it:t ~, ~~ if~ JfHt. ~ ~ Jk 1t;fl;i 1if })d.£ ~ to = 10. 0 'C :7t i' fU 
66.0 'C IV- .1 (*" 66.0 'C)' j1:J!:i:1 i.t~ ~ i.iE {$ ~:If~ . B ~ f81h~ (J<] tU!'~ ~ 


c=O. 880X 1Ql J. (kg · 'C)-1 ,7j(~ ttfA~ Co =4.20 X 103 J • (kg · 'C) - I,::fit 


(0] mIE ff:~Ut$l( ~ fA it. 

HHJTl 2IS:~i2VEdUJ2f$-l'~~ffiJIOJ~: ~Oro1DJ)t7.JfUfflw.J~8'9m,~g. m;ttl. 

~~l'iml'75~: -~~~~$m,7.K- J}Z1t1~~{'i=;ge8, =~~~m,7.K7.JET J}Z ~~{'i= 
{-(XJ}Z)EE8, ~~ft~~g~1'-f$. ~1Y(~;g§nMJ2-J?3iHjJ~'S. 

UU 1. ~fF:If~:~{~iU~!m9=' t=90. 0 'CS9~7j(7H:fT~1ltJili*. ~- (jz* 

{ilJili-$?t, .Ej~1t1J to = 10.0 'C ~;ft]{tj:JE?t*fti!k, fH~iUfAf~ ,;ft]{lj:mfr~ B;fI
~i~ t , ,~J!$?tmfr~1J t, Jj{]7j({m~. :j3}h\1,!F:ilEUni{i1jili - $?t~7j(,:j3}~.Ejmfr~1J 

t, ~;ft]{~:JE?t~fti!k,j1:~iU~f~,Jltat;ft]{lj:mfr~B;fI-~iU t2 ,:j3}~J!:@rl&~1J t2 

~7j({ilJ:j!j!. r&J§:j3}h\1*~tifl:9='{i1j ili-$?t~7j(*~"ihli~1J t2 ~;ft]{lj:;fI-~ ...... A¥lJ 
:M:J§-lj(, ~~J~~~7j(~${ilJ ili*.Ej;ft]{tj:~Al!l!, ~¥IJ~.lfL~. 7J.~&$?t7j( (J<]mt 

jiJ£fi./t/J\, :QH~J1,tPJ{~;ft]{lj:~mfr~~itlM'~* ~11l. 

2. ~1iEi.t~: f9tJ~Il,~ 1. 200 kg ~7j(?t 5 ~{ilJ ili *, &ljz{i1j ili mo = O. 240 kg, 
tEm-(jz~~7j(.Ej;ft]{lj:~¥IJ fA.lfL~~J:1W 9=' ,7j(jjt~1J 

Q, =Como (t-tl) . CD 
;ft]{tj:f!&.~1J QJ I =cm(tl - to). @ 

Ei3 Ql =Ql '&n2~~t\s. PJ~~ tl =27. 1 'C . ® 
[PJ:fll!'~ =l:?\.{ilJili 0.240 kg ~]j(J§, PJ~;ft]{tj:;fI-mfr¥lJ 

® 

PJ!Ji!, ts =66.0·C ,~it~*. 
Ilf;t:~~ 1. 200 kg ~]j(?t 4 ~{ilJ,&Ij({i1jili o. 300 kg,*l:?\.~ili tl ~t~ ~~11l , 

~1l~*9='~~i!iS : 

•. -----. « .. 
~~ IA " 

_______.____~. =~ 1.!\ ~_ __ ._~___ •0-- __ .~_.___ _ 

2 3 

30. 3 45. 50 56. 8 

::f*~j.'T 5 IX. 

_. _ (2001 , ~OO!jo/]Jlm~~) #JJ.VJ' ~na9 fiil 'tiElOH'g ~};:1<\k J -1-:iK 


#- e<; '7:. Jjfr :~ ir1 tE -1- '7:. I\.,' a9 *- ~ J$. 7JD ~ lU ~ 1.£ J! t, MJ6 tE t, 7ik iE M- # a9 WJ rm .1 

(;;r-;a.~G$4) ,i§I;i(:i.l1[i$iflflA# fJ. ~~J$.;P.j!Vf flfl at, j~u ill tRa9*1~,~ fl§ A# tf it9 

&.Jt h. ,*1§JUD#"lU/f fiil at;1'Lt, ~;l.l:l£.~-*r 8 *-, -JK#-qHu:ilPT~:J.i: 


7 
 8
6
4 
 5
2 
 3
1
'7:.JjfrN9Iff~ 
120 
 140
104 
 llO70 
 92
85
55
~~tRa9 1.£~ t/'C 
17. 0 16. 8
18.017. 012. 9 
14. 8 
16.0 9. 0fl§ A*~ h/ cm 

-

~~1§e<;*Lt~~#at;*~at;3~,~'7:.Jjfrata9~~.~~Mrm*it9.J!~ 


~ 0 'C. ~ ~ JIG ,tw ~ T , )11- 89 ;I;t iI!if t-!', ).. = 3. 34 X 105J / kg. 
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I!fI 2- 3-1 

(lH~*Jfl IV-.l~ ~~ :J.i1t~~ 9\J H:, #",t: C; 

(2) ~t At tit 'f,t?lUfJ ~7 '7:. lJHU;, i>\lj/, 1JIl;p *Jfl a9 fJi. ~ ,#it ill taUt. 
BHJTl 2IS:~q]5fUffl~\llli~t6ffl{'FI~J)l>J<lD¥. tt!}1W~\llli~t681Jilln:j!f~tgij( 

1'~5Q h ~U?gH:;ffiJ)*ffiJ¢W2r8JBSJJ;E~*~· 83TtgffiJttOOq]@79~~ , ~ 
~~~BSJ~~tt~~q]~8~-~~ · ~T~~m~~BSJ~1'~*ffl. 

un (l)fgfjj(.b't~,~o}(~1t. i.9:~lHgJ5j(~71f!~1J to 
at, ~~~1ti7}(~:M:*1*1R1if.Ej,*1'f8J*~1*lRffi~, ~Pf8fjj( 
~.~~~~~~~h.Ejfjj(~,**Rffi•. ~~f8J5j(~"ihli 

~ t>to at ,f8J5j(.{f£~~~~~~ h>R,iG1t~i71\~1*lR 
.T-1'rnlltt1*~1*lR.Ej,*1'f8J5j(~1*lR,G;frl,~Il00 2-3-2. 

i.9:f8~*~1J PAl, tt~1J c, i71\~*~1J p,~Mt~1J 00 2-3-2 
)..,91U f8fjj(~71f!1th\ t 'C~t1J 0 'C~J:1W9=' ,ji!ul:l~~it 



.3=-~ ml~OO:fr _._---_.-.. 
Q=.6.U+W=(-779)+(-312)=-1 091 J. 

j.\9='~:6't % R~*jf,:fA:i!: § ~~{~ili. 

~ .E.. "it ;fh itf .1j ~ {t ~ 

~ (2003 • ~OO!jo/]JlfiliJUPi) iOH~ ~.I tf , ~ J.1~~ i't m = 4.20 kg a9 
~ %~H!:J 1if fh'. lit J 1* j,1t§. tf r.J 1Hn.£~ t= 90 'C at; 1. 200 kg e<; ID Jk 5'~, 7C.;)t~ 
;it:5m:. i>\~ ill -1- t! it:t ~, ~~ if~ JfHt. ~ ~ Jk 1t;fl;i 1if })d.£ ~ to = 10. 0 'C :7t i' fU 
66.0 'C IV- .1 (*" 66.0 'C)' j1:J!:i:1 i.t~ ~ i.iE {$ ~:If~ . B ~ f81h~ (J<] tU!'~ ~ 


c=O. 880X 1Ql J. (kg · 'C)-1 ,7j(~ ttfA~ Co =4.20 X 103 J • (kg · 'C) - I,::fit 


(0] mIE ff:~Ut$l( ~ fA it. 

HHJTl 2IS:~i2VEdUJ2f$-l'~~ffiJIOJ~: ~Oro1DJ)t7.JfUfflw.J~8'9m,~g. m;ttl. 

~~l'iml'75~: -~~~~$m,7.K- J}Z1t1~~{'i=;ge8, =~~~m,7.K7.JET J}Z ~~{'i= 
{-(XJ}Z)EE8, ~~ft~~g~1'-f$. ~1Y(~;g§nMJ2-J?3iHjJ~'S. 

UU 1. ~fF:If~:~{~iU~!m9=' t=90. 0 'CS9~7j(7H:fT~1ltJili*. ~- (jz* 

{ilJili-$?t, .Ej~1t1J to = 10.0 'C ~;ft]{tj:JE?t*fti!k, fH~iUfAf~ ,;ft]{lj:mfr~ B;fI
~i~ t , ,~J!$?tmfr~1J t, Jj{]7j({m~. :j3}h\1,!F:ilEUni{i1jili - $?t~7j(,:j3}~.Ejmfr~1J 

t, ~;ft]{~:JE?t~fti!k,j1:~iU~f~,Jltat;ft]{lj:mfr~B;fI-~iU t2 ,:j3}~J!:@rl&~1J t2 

~7j({ilJ:j!j!. r&J§:j3}h\1*~tifl:9='{i1j ili-$?t~7j(*~"ihli~1J t2 ~;ft]{lj:;fI-~ ...... A¥lJ 
:M:J§-lj(, ~~J~~~7j(~${ilJ ili*.Ej;ft]{tj:~Al!l!, ~¥IJ~.lfL~. 7J.~&$?t7j( (J<]mt 

jiJ£fi./t/J\, :QH~J1,tPJ{~;ft]{lj:~mfr~~itlM'~* ~11l. 

2. ~1iEi.t~: f9tJ~Il,~ 1. 200 kg ~7j(?t 5 ~{ilJ ili *, &ljz{i1j ili mo = O. 240 kg, 
tEm-(jz~~7j(.Ej;ft]{lj:~¥IJ fA.lfL~~J:1W 9=' ,7j(jjt~1J 

Q, =Como (t-tl) . CD 
;ft]{tj:f!&.~1J QJ I =cm(tl - to). @ 

Ei3 Ql =Ql '&n2~~t\s. PJ~~ tl =27. 1 'C . ® 
[PJ:fll!'~ =l:?\.{ilJili 0.240 kg ~]j(J§, PJ~;ft]{tj:;fI-mfr¥lJ 

® 

PJ!Ji!, ts =66.0·C ,~it~*. 
Ilf;t:~~ 1. 200 kg ~]j(?t 4 ~{ilJ,&Ij({i1jili o. 300 kg,*l:?\.~ili tl ~t~ ~~11l , 

~1l~*9='~~i!iS : 

•. -----. « .. 
~~ IA " 

_______.____~. =~ 1.!\ ~_ __ ._~___ •0-- __ .~_.___ _ 

2 3 

30. 3 45. 50 56. 8 

::f*~j.'T 5 IX. 

_. _ (2001 , ~OO!jo/]Jlm~~) #JJ.VJ' ~na9 fiil 'tiElOH'g ~};:1<\k J -1-:iK 


#- e<; '7:. Jjfr :~ ir1 tE -1- '7:. I\.,' a9 *- ~ J$. 7JD ~ lU ~ 1.£ J! t, MJ6 tE t, 7ik iE M- # a9 WJ rm .1 

(;;r-;a.~G$4) ,i§I;i(:i.l1[i$iflflA# fJ. ~~J$.;P.j!Vf flfl at, j~u ill tRa9*1~,~ fl§ A# tf it9 

&.Jt h. ,*1§JUD#"lU/f fiil at;1'Lt, ~;l.l:l£.~-*r 8 *-, -JK#-qHu:ilPT~:J.i: 


7 
 8
6
4 
 5
2 
 3
1
'7:.JjfrN9Iff~ 
120 
 140
104 
 llO70 
 92
85
55
~~tRa9 1.£~ t/'C 
17. 0 16. 8
18.017. 012. 9 
14. 8 
16.0 9. 0fl§ A*~ h/ cm 

-

~~1§e<;*Lt~~#at;*~at;3~,~'7:.Jjfrata9~~.~~Mrm*it9.J!~ 


~ 0 'C. ~ ~ JIG ,tw ~ T , )11- 89 ;I;t iI!if t-!', ).. = 3. 34 X 105J / kg. 
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I!fI 2- 3-1 

(lH~*Jfl IV-.l~ ~~ :J.i1t~~ 9\J H:, #",t: C; 

(2) ~t At tit 'f,t?lUfJ ~7 '7:. lJHU;, i>\lj/, 1JIl;p *Jfl a9 fJi. ~ ,#it ill taUt. 
BHJTl 2IS:~q]5fUffl~\llli~t6ffl{'FI~J)l>J<lD¥. tt!}1W~\llli~t681Jilln:j!f~tgij( 

1'~5Q h ~U?gH:;ffiJ)*ffiJ¢W2r8JBSJJ;E~*~· 83TtgffiJttOOq]@79~~ , ~ 
~~~BSJ~~tt~~q]~8~-~~ · ~T~~m~~BSJ~1'~*ffl. 

un (l)fgfjj(.b't~,~o}(~1t. i.9:~lHgJ5j(~71f!~1J to 
at, ~~~1ti7}(~:M:*1*1R1if.Ej,*1'f8J*~1*lRffi~, ~Pf8fjj( 
~.~~~~~~~h.Ejfjj(~,**Rffi•. ~~f8J5j(~"ihli 

~ t>to at ,f8J5j(.{f£~~~~~~ h>R,iG1t~i71\~1*lR 
.T-1'rnlltt1*~1*lR.Ej,*1'f8J5j(~1*lR,G;frl,~Il00 2-3-2. 

i.9:f8~*~1J PAl, tt~1J c, i71\~*~1J p,~Mt~1J 00 2-3-2 
)..,91U f8fjj(~71f!1th\ t 'C~t1J 0 'C~J:1W9=' ,ji!ul:l~~it 



~ -I~;ww-:-c.YIV .comC$Th----~-~ - . ___.__~=~_~}~~2I____.. _------...---..-c. 

_ 4 03
QI -3'ToJ\. pAlet. CD 

1,g it EJiJ OJ( PR r& B'oJ ~~:I: 

Qz=p[nR2 (h-R)+ ~ X j nR3 J;.. (2) 

~i&/FiH3~1!oj(1,g1-t31@~ [ii]>Hl!.'ItX)lcEJiJ~:i: ,iJlU;ff 
QI=Qz. Q) 

,(;,71/ tiRe 1 rA\
JlJ'F1~ h=),-t+3'R. ~ 

iJlU h Ej t lVt~M17U~ . Jltj\;,Rxt t>to Il;JlVtJL . ~*~FpnffSITi1jtE hot [] ~ ,1~ 

~ 1,2"',,8 (X#:¥M:xtJjlzEJiJ,~ /LB,···,H. !J&1jiiL~ B,CD,E,F lL~l1JlJ.f))'--frlVt-· 

H~, ftQ[]friii, 2-3-2 J5frlJ; . Jlt1[~JjlzEj@j\;--j&. ~~ ,.f:EJtt:;H~l: 1fJf~jj};L~ ~n 

t\ii ,1'tA@j\;, f!}friii,~JLJJ@, ~Pjff*ili tt:;~ e s"Jm. f9lJ:lm, .f:E1i~:\LtJtZ;f[:!RP.W~ st 
:m~~.1J 8 *ill00 EJiJp;t],~ XI llJ X2 , t;1iJEJiJ~tffirn ~ 2 -3-3 PJitq~j; 

Xl (8. 0,5. 1). Xz (l00, 16. 7). 

*tJlt~t\ii,&;. EJiJilHtA@j\;,WH,2 R '1~ 

It/O.Oim 

20 
19 
18 
17 
IG 
~ 

g 
12 
II 
10 
9 
8 
7 
6 

5 

4 
3 

2 

I 

e=8. 6XI02 J/(kg' ·C). 

F 

-L]ls- E 
_ 
G 

B 
C 

[?f] 2-3-3 

® 

~ 

H 
-

~~ 

(2) tE*~fFft9[] 2-3-3 ~,~ L 7 ,8 (X~~EJiJn1Mxt1i\Zst,~1tu~H~~:Q1, 

*~*}fj .Q,:-=1-~W:~t\ii.f:E h-t l!I..tEJiJiHlP .'LG,H. 
A ,~j;tt-i-1tu~H~~:Q1? ®j;~ h~R 6t ,1>\@J:\;1~XtJjlzjj{]tIil\.J3t to~65 'C, 

@j\;;ff t>to B~~{4r/tlVtJL. 19~-(X#:W:Il'.Jm~ft<Jt\i\.J3t tJ =55 'C<to ,1,giti¥] 
;JjcEJiJWTJ=VJ\"f·f:1-f:j(EJiJWlQ, tJ@A/FlVtJL . 

G,H .1J1i--i-fiiU~~1[~~~? ®:1ltgJOj(EJiJt\i!.J.tut% (120 'C, 140 ·C) ,1!q~-$ 
*;Jjc*$lVt.~,~®m~Ej~~~tIil\.J3tffi~~*~~~~m.~$,(2)Q)j\;/FlVt 
JL, ®~@j\;/F$;JL . 

..... --..!! =~ ~.- $ ._---
-~ ~ ,... .. 

~ (2008, ~OO~H.unu~) i£:l-tE, W J:.j} ~1i f -* ~E17\'; il9 AMj} roJ ,m:!i 
-#-1~ R=O. 10 ffi, ~!lE f=O. 50 ffi il9 ~ 0~tt ,i£~~4t 1~j} 8\; 1,if, WJ:.m:1L - ~ 
~:jfj. 00 J1t. (~it 'f'\'; lj it15t~,A ~1f;-), fft1: OJ 10i£~~!lID ilt J:.WA:k ~ 89~. ~ Ju 
~~OOiltil9#-~ft1::k~.~#-~~2~,J1t.~~~~«~,00J1t.~_W~~il9!lE. 

:ft *- R:k ~ roJ 1Hi~ Mit~ w~ I:~ J,UUr fhi- -:fit 1F #: J:. Jt1* :$ 1ft at I'SJ fJ ,i£ Jt: $1Ht 
W5fJ\J:. roJ 1~tiMiJ9 fit I: j; W=ar, ~ 'f a j; *#,$--:fIt 1F #:.i #1:, T j; tiM1** 
Wil9 ~n il,OC. n:k ~E1 [Ii] 't ,*Jt: i£.Jt ts = 5. 50 X 103 ·C. *- ,\,Xi -*- ~ fit ~ '2Z tjjz '*- j; 
a=O. 40. x..l~~~ 00 ilt,XHHti Jt:J:. il9:k ~ fi~±$ '2Z tjjz, ~ at 00 ilt-tl!,*:Wr4;flJ-:fIt 1F 
#:~;t 1* roJ 1~tiM Ii~ 1:. ftp*;;f~~ ~ '\ iJ~ nit, -tl!,;;f ~~**-7\'; 89 ~ ifoJ .-i#. l'iiJ 1!!t 
OOilt~~.;t~~atOJ~~~~.~ilJtj;$~.~Jt. 

[:5tfffl )2J~-~~r::t~B~~Flli8SJIOJim. ~m~~m~~:§i®l&8SJI@~~g 

~J:t[O]9~8SJI@~~gffi~Bj ,'Elt;~~~~lJE~~, JttB\j'E8SJj@~lt;~U~r'6J. 

uu *mtWi%,l4-I£jftt~JE1f ,.f:E~ifLBtrB] pq*~S*OO~1.trOOlQ(o]>'r jtM 
st~~:l:j; 

• 

W s =aTs4. CD 
Jt~ a j;Wi%,lI-I£jftt~1il":I:, Ts j;*IlEl*OOEJiJg~xt~J3t. ~*~S S9-*1£);] 

~,~~ifL~~pq.1-*IlEl*OO[ii]*mM~m:l:j; 
Ps=4nRs 2Ws. (2) 

~1.trBtrB] pqJ&31IJ.*~Sj; ~'L'EJiJ1f~-1-~OOEJiJ~~:I:~~~ Ps. i9:*~S ~J±m~ 

EJiJRP.~j; rSE ,:5l5mjU±m~JWJ 1E*~EJiJr¥kr&, ±m OOJlftilI -*1£j; R EJiJ~mjj(r&~J EJiJ* 
~SmMEJiJ~~:l:j; 

P=nR2 (I-a) 4Ps . Q)
rSE 

.~~.~re~~m:l:~.~."fJtm.OO..tEJiJ.~A..t,*~.~A~$ 

PR~Y:. jUr, ®j;.~Am(o]>'rmM~~:I:. i&t~AEJiJ-*1£j; Rd , 1lJAJ3t);] Td • ff~~J. 

~A~~1-*OO.~~fttE~ifL~~pqmMEJiJm:l:j; 
Pd =2(nRdZ ) (aT/). @ 

~f<&,~ Pd=P. ® 
~~A~ifL~~pqjj(r&~EJiJm.Ej~ifL~~pqmMEJiJm:l:ffi.~,~A~~ 

~,JEi!C~,Jt~J3t~~J~il11i. EIlCD~®1ij\;1~ 

R2R2 J+ 
Td = [ (l-a) 2rsE2 k/ Ts. ® 

*Jm~, .~AEJiJ-*1£j;*IlElEJiJ1fU9-*1£ Rs' EJiJ 2 ffi, ~p Rd = 2Rs '. Ell ~.lVt 
~0j\;~ 

Rs' =Rs 
f rSE 

Rd=2 Rs f. (j)"f~~ rSE 
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QI -3'ToJ\. pAlet. CD 

1,g it EJiJ OJ( PR r& B'oJ ~~:I: 

Qz=p[nR2 (h-R)+ ~ X j nR3 J;.. (2) 

~i&/FiH3~1!oj(1,g1-t31@~ [ii]>Hl!.'ItX)lcEJiJ~:i: ,iJlU;ff 
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,(;,71/ tiRe 1 rA\
JlJ'F1~ h=),-t+3'R. ~ 

iJlU h Ej t lVt~M17U~ . Jltj\;,Rxt t>to Il;JlVtJL . ~*~FpnffSITi1jtE hot [] ~ ,1~ 
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JL, ®~@j\;/F$;JL . 
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~ (2008, ~OO~H.unu~) i£:l-tE, W J:.j} ~1i f -* ~E17\'; il9 AMj} roJ ,m:!i 
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Td = [ (l-a) 2rsE2 k/ Ts. ® 
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---_~=L~.~.OO.2t., _____ 

recvJt1-tA@Jt1~ Td = [ (l-a) :;rTs. 	 ® 

1-tAE.9;O~ji,#B:~¥U Ts=(273. 15+ts) K 1~ 

Td = 1. 4 X 103 K. ® 
&P~ td=Td-273. 15 K=1.1XI03 °C. 

~ (1999 • :i;OO1mIUnU~D - ~ h i8 {7JYil1*~.7J Vo ,Jt: 0/" ~ 2 mol i8 
:£ ~f-p j;-I: i8 Jk(¥f01;f.:f-RO[.t·4). Sf'-~ at ~ 1* 89 ,~. JHi;:1t 3.0 atm, ~~ ~ jlJW JlK 
1i-!t-1*~lJD1%, 1tJW mdt *- at, -!t- 0/ 89 Jk JXJtl %±-$ y~ *-, JIt at i8 ,~. EId!.7J 2.0 atm 

*ilJt:iIf #iii;\!: ~ jlJW JlK, 1i1*~-Jlt *-lJp1lf. ~ it;i¥: JIt at: 
(D)~ h 0/ ~ 1* i8 jIlt; 
(2) ~ h 0/ Jk#; ~ i8 ~ fF i#j:; 

(3) )~h 0/ ~ 1* i8 ,~,1I ~1il.. 


1R Jt :£ ~ {P Jk $,. ~ :i5PT ~ i;\!: Jl ~, ~ 1* 7t. >1. 

[:51:tJi'] *~B1tt~Wl,Q: -~if5fS-hl(~)flftijUjf)jftC:P, i±lT;EU~7}(8SJ13 


if, ~L758SJt§ffi~~ffi5§::t:~; =~Jj7}(~~mqJJillffi~i1\j;75f~. 

n¥l (l) .R~~r1H~*;fftE, ~lfUBtfCfIiI 9='~1*i¥J.g,ffiJ,;~,Jt~T~~ffiJ';~ 

@f07J(})~~ffiJ';zfO , 
P.~o = P",-o + PM = 3. O(atm). CD 

~-iXJm;!*)§-, VI =2Vo. 

P.'61 = P",-l + PM = 2. O(atm). (2) 

mT~-iXJm;!*ft~tlfr:tt~ ,Jifi l2,( 

P",-o Vo = P"'-l VI = 2p"'-l Yo. (3) 

~CD(2)(3)-=:Jt '1~ 
PM = 1. O(atm). @ 

P",-o = 2. O(atm). (5) 
P£l = 1. O(atm). @ 

mT PM = 1. 0 atm, PI9;Or-GfIiI 9='~1*i¥Jtlfrlt 
To = 373 K. cv 

*ji~~, t~w:JlXJm;~*, ~1*tlfrlt*~l[. 

(2)NJJ<.m~:h n* mol. t~~-ixJm;!*, *itffl3l[M7J<.m~, *m~i¥Jffi5';{JJ:;tg 

PM ,Ji\:BtxtTJJ<.m~fO~~:5tjjU~ 

Pli! VI = nlt RTo. ® 
P£l VI = n£ RTo = 2RTo. ® 

mJltw:JJt'&(5)@JtPI1~ n* = 2(mol). ® 
( 3) tE~=;'XJm;!*:tt~ 9=' ,r~ il'-~1*PI15(:£jfc1l. ~1i':£t:fj ,~ 

PiOl.2 V2 = p~j VI. @ 

m~~9;O,V2=4Vo,VI =2Vo ,N~(2)JO\;1-tA ,:f~ 
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~=~ ~ c 

~ o4i ~l '" 
. 	 .._-_. ~ (i 

P.I<,2 = 1. O(atm). © . 
_~ (1998 • :i; 00 1m!lll. !nf,'I~J 1t - l'#hltilii ~.7J 5 a(nt Pll.?G-.3- 0/ ,~ -1' 

lJPt 1:.7J m Ii] 15 *- tE. .?G-.3-1% A I , II 00 'i:, I 'i: 0/ ktt {P Jk $,. ~ , II 'i: 0/ ~ JPt:lit.7J m 

i81iiA. 15 *- PJ 1t.?G-.3- 0/ )t ~~J~ l1f ;&. ;w: *- ,.?G-.3- t't Jk Sf'- f~ m: j'AE:l!Ulii l.. 15 *-7t. 
-tSf'-~ at, 15 *- 00:liL~ 1* i8 J~lt:t~.7J To =373 K, 1I ~1il.I§J.7J Po, Jp 111 2-3-4(a) J')f;;f;. 

4-'*1t1'.?G-.3-iltV~# lU 111 2-3-4(b) m;;f; #].t. iL 1iLj[, 00 'i: PJ 8'1 jIlt 1JJ.7J To,:#

~ j;- :Ii Jk #; ~ JPdt AJk. e, Jt! 7)<. i8 )~ 1t 1A.7J L, Jk $,. ~ f-p ~ ~ 89 '* fF JPt I: 7H;tl .7J 
Ml f-p M2 • oRtE :tl1':i±t£ 0/ , I 'i: PJ i8 -* ~ 1ij 7r.w- X~ i81A:Ii. 

bb 
n 

n 

(a) 	 (b) 

~ 2-3-4 

[:51:tJi'] ~~§~:§[nFo, )rJ~rDl'"f~frJJ~~ffl1TI§ljZ~. JltB1 I ~fO II ~~~8SJ 
~fR7:J~U)AAj)fO~1.JDJ tN. ~~j)~m~)'SJ 6m 8SJ7}(~~;mH:;J$;7}(,{6ffi5§mqJ 

tffi)'y po ,pjf*T,~~ Q= !:.mL, ~Jlt*~ 6m )'SJ~~8SJ~J9l 

[fm] ~?g:~lli1£tlJ~i1{a8t,wJ<.m~i¥J1*l~:h VI ,~~i¥J1~R:h V2. ~?g:~9t 

tE1f\r{a8~·,7J<.m~frs1*l~:h Vj -6V,ru';{JJ:h Po ,~~frs1*l~:h V2 +6V,ru,;:;tg 
I 

P=Po-!!!:...R 	 CD5 

IZ9 Po V 2 = ;;;2 RTo. 	 (2) 

mYlU p(V2 + 6V) = M2 RTo. 	 ® 

m'gVzV 
mCD@Q)JO\;~1~ 6 - , . 	 @

poS-mg 

i9:~~M7J<.i¥JE3:il: :h 6m,YlU 1Z9:h.R~y:i: eS7J<.m~~:h 7J<., Jifi ~)7J<. frs1*mPI 
re~;;fH'T~ 

6m = MIPOVI _ M1po(V\ - 6V) = M1po6V (5)
RTo RTo RTo . 

~·@JO\;1-tAC5)JO~1~ 

6m = M1po. m'gV, , = MI. m'g , m. @
RTo poS-mg M2 poS-mg 


I ~ P'l8<J *~1oJ >'rWJlJili i¥J~:I::h 

_ _M\ mIg

Q-6mL-- • , mL.
M2 poS-mg 

20.3 
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~ (2008, ~1!l!fmIm;jHU~D ?&;<}·tfL;it.:Im.:i±1H¥-:ntIL~#.k:0, reJ)drl:. ylfr?J:. 

ft*~~.*~*~~tlLa.:0M~~~~.-~~~a.?J:.~m.;~~~~ 
jlfr?J:. a9 jlfrlUf1rl:., i% jlfr?J:. t1~ jlfrlt tr i%. E, ~ ~ ~;<} tIL.:c it1t ~ ~t jlfrlt n TJ ~ a jN, 
jt;fP ~~j&J.t n 12 a91rl:. jlfr?J:.i::. flii flt, ;fH&;<}mJAi~ jlfr?J:. ft * 991f.i,. n Q, 1r~n 

?&;<}m1tJ: 89:r;Q n W, .Vl~ * 
Q~ T2 
W-..o:::TI -T2 • 

f\. 0/" = " ~t $. -f l! if: .1. a\)l! ~. 'If ~,. f.t?& *til1t ~ 7C it fJ 1& ~ {t Jfl (I1r ~1It:<l 
110];fJL) ,1t 'i 1i'7lfr~ fJ - 5. 00 'C 99 't~n)L r ,'it ~,% fli] fJ ~9 ~ It {tM'1t 20. 00 'C. m-f 
'i fJ j.i J.t ~ -f 'i * , ;IX ~*1i'dVA ~ fJ fH1Dtl 'i 1~. '* P! .R ::t },~.lrt ~ :t ~ bHH& , 
~BVAI;.J. r a<.J~14t:i~-:ljc~t).1,JL$~1tn L, jjjjjfJ(n 5, jij~jlfrlt* a<.J juJ'n T, 

~.tt~MfJ.:i±~1f.i,&m~~~~~~~~?J:.a<.J~.fJ 
{:"T

H=JC-S.
L 

!t: 0/ JC #n ~~$ ,**-f~~&-#i/499'1i$. 

1. 1& i~ ~,% (Ii] IiiJ 11' 1\!{ ft.,;it. mWIiiJ 'i 11' a9 WjfJ( 5= 5. 00 m2 ,If.It L= 2. 00 mm 
a<.J~~;!lt51~a<.J. E,~~~J,%~t&~$ JC=O. 75 W/ (m' K), It~ n4itlt 0.50:7G. 
1i.>Jt1tll~.t~~ -F~ t).1,~.:c if 12 h ~irJ ~ j' It ~? 

2. *~.1.l!~~;!lt~n"»:'&W~:+ht", jij&w~ a<.JJf-It1!>.Jn 2. 00 mm,w~;!lt 
i::. (Ii] 3E* Jf-lt Lo=O. 50mm b9~~&,~i~~~a<.J~~$ Ko = O. 025W/ (m' K), It~ 

1J} n 4iJ.-lt o. 50 :7G. *~ ~~ 1J} f!.t.:c if 12 h, I;,l:l! ~ a<.J It ~ ~ .1. - fOJ $ &~ ~ ,t~ W 
1i~~j'? 

[7j:ml :$~~Ims~~~~7:E~ijij"D~;;ml'1~"8'SJ~p~l'Fffi. J'lJBJffi~JT~ 

*~m,( ,*,!:t;t;fJL, !Edt<.. ~)ffi11~H~@75llii8'SJ~~mJ~. >K~81iWi~~El~j#8'SJM1' 

~~1iitj'F7C7J-El~,t=ttt~~1jZIJ(;I~i\';.#:t l*J iiiJt;r. :t)PJT§~8'SJ~El*j!i=.:$ 

~~=IDJA~~~~-ro.J1t~njf~,1I2m~x~IEf8lml!~J;Ej~if.1:~~fF1t~. 

un 1. *»!~,7.Jtt~I*J~~"*~:;P3£,~* [<ir~ 1*J$:~(j{Jw.$Jjiz.!:jmraj 

1c1~7'Htt~(j{J~J.$;ffi~ . 1ft~*:(£~I*J:Ql(~(j{JW*JJ q, m=~tf1jf€(j{J rt!.W.$JJ P, Jl1IJ 
'B»-~7't-(1~iii?l:)i&1&~:I:(j{JW*JJ q-P.ltH~»!~1f 

q-P T2 
p ~TJ -T2' CD 

j\r:p TJ jg~I*J(f.jiii?l:)(j{J~xt~~,T2 JJ~7'~(j{Jt~xtm~. EBj\CD1~ 

P:>- Tl - T2 rz" 
~ TJ q. 'kJ 

JiH~, JJttlt!.~Uij.',p JjizlOCfVH~; ~Pj\@ r:p i¥.J" ~"%JjizlOC~% ,xtJjiz~l!~ 

·tl!li:5fF P :ft/J\. ~:lIVJ\lt!.W.$ 
P = TJ -T2 

min TI q. ® 

~=~ m o?!j.
0---- -.--.. -- -- -.-------.. --------.- -_. ' 

~/(j /.l 

Jl.. *»Ji~ ,~ fal EBt&:$ltijHUi~1t~:7Jj\fOJWI~~~, ~t~H8W.$ 

H = TJ - T2S ,,( L • @ 

~1*t#~I*J¥lNt~tgJE ,Jjiz1f q=H. ® 
e!:i ®-®=:j\1~ 

= S(TI --T2 )2 ®
P mm JC LTI 

1Q:~*I1tBtfajjg t, &}j[ 14! (j{Jrt!. :m1] e , 9lIJtA*If'l:m=1t~(j{Jjjlj.'~ ~ 
Cmin = Pmin le. (J) 

ff:~nlJ TI = 20.00 K + 2'i3. 15 K = 293. 15 K, T2 = - 5.00 K + 273. 15 K= 
268.15 K,1 Jl:rt!.=1 kW· h. EI3 ®CU~j\ ,#1~A~*=~j~H~ 

(TJ -T2)2 S 23 99 C~min = TI L JCte= . ]G. ® 

Err VJ , -r:E~1iH~!'~1.£T ,W:~*IW 12 h fliWJ 24 :JG rt!. ~. 
2. 1ft "P raj ~~m PHHm(j{J mit 7.J '1'i ,7'~~Hm (j{JUi1~JJ To , Jl1U ~{1zBt IS] Jl-J iHH1 

~!g~~~~, ~p r8]~~mftl~~}~J1/(Jj.lj11i~ (tIJ~:!i?HJiJJJ 

HI =JC Tl -Ts ®L ' 

H2=JCOTi ~Ta s, ® 

- T a-T2H3- -JC--S ®L . 

f:E~.JE1t~e9,/,FiI.£T,~ H I =H2=H3' @ 

EB®~@1mJ:\1~ 

TI-T, = T,-Tuftl T -T;=T -T2. @1 aJC l Ko La 

flff.P:@:f~ 

La JC+ LKo + LKe T @
T; = LaJC+ 2L/Co TI LaJC+ 2LJCO 2· 

:J%j\@1~Aj\®l~ 

""0H I = L K+2L/Co ( T: -T2)S. ® a

~,,*w~~Jl-JmJ!'@JE, Jjiz~ q= H J • ffi j\®tm, :(£~m~!fil '~(5L T1t.'~ *t~f€B9 

:lIVHltW.$ 
p . f=_~(TI-T2)? S @ 

nun LaJC+ 2LI<0 TI . 

f:E~mm~T,~*I1t~~t.~(j{Jrt!.. 
COlin' = PIT'in ' tc . @ 

1-tA~*~tj:H~ Cmin ' =2.525[;. @ 

ErrVJ,i&Jf.JJ!JfjZi;(j{J~m~Jj.lj~J§,W:~*I1t 12 h pHXil~(j{Jrt!.. 

mailto:flff.P:@:f
http:a<.JJf-It1!>.Jn
http:tt~MfJ.:i�~1f.i,&m~~~~~~~~?J:.a<.J~.fJ
Www.c,!:ij":~om


II , rJ
""> 

· r~ 

. . Www.c,!:ij":~om . . ~=~_ ~~~?t __ _ _. __ ._. 
~ (2008, ~1!l!fmIm;jHU~D ?&;<}·tfL;it.:Im.:i±1H¥-:ntIL~#.k:0, reJ)drl:. ylfr?J:. 

ft*~~.*~*~~tlLa.:0M~~~~.-~~~a.?J:.~m.;~~~~ 
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~.tt~MfJ.:i±~1f.i,&m~~~~~~~~?J:.a<.J~.fJ 
{:"T

H=JC-S.
L 

!t: 0/ JC #n ~~$ ,**-f~~&-#i/499'1i$. 
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HI =JC Tl -Ts ®L ' 

H2=JCOTi ~Ta s, ® 

- T a-T2H3- -JC--S ®L . 
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~-~ ~itOO:fr__-'-... _______._ 
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6.Cnun =Cm;n l -c",;n I = 21. 47 )G. 

~ (2006 , OOI\.j;!lmJ!~IU~j) 

;f.ti2H(.]~m: 

C~*'1;l;Jt.~*il'J4i11i.) - JUAJilLh To =4 'C ~ iJJdfi JRlR ill tJ9 ~~, A~it 
~A - l' 'JHr iJIi JJ<. ~ #pp , 7J<J€i #§.1,j1d'f i~ Mf, 7H~ illLh T I • 

Cl)~~~~~J'JT~~1t:m: U Jt%y? 
(2)#.!§f~~J!b~B'J1f.\.~Jrd[ j ;'t%y? 
(3)#.!§f~~JfO~1f.\.lh$ P ;'t%y? 
C4) ~ ~ $.: %j.,,;f ij~ n'. ~ ~ itm: ,~p 1G 1:-;~ @ ? 

it ;if' :11 or ~ JfJ 1~ 1t iJ9ilJ!..!. tt;twj = K ~~ , .jt tf 6.T Jk.lij fOJ;liJl 09 4HE R It 6.r 

tJJUH9:illt~.1f.\.#.E1: j ¥J~1i7't. w· m-
2

• 

3j;t'*: ,'lfb~a9!&lt.JJ ,u=103 kg· m

J%~a9lk.;tl.i~.JJc=4.2 J'K- 1 . g-l 

J%~~.!f!-1~.JJ R=2. 5 em 

~ S C~1b*il'J1f a.J9f) ~ i);t @ ,~, Tc =65 "C 
~ff.!§f,*~ ,,= 0. 64 W · K- l 

• m- I C1flitilk.~;fu!!l ~*ail'J;t,l{,#-*~4i;ffJ 

1aJ) 

[:5t~JT] :¢:~*~)HjEZ~~CP-®~:¢:ml~. ~;FCm8SJit~=!3~~roBSJm~ 

Dt:cE~~Oqr. 

UU (1 )~1fB<J~Jl:~j,'~..tf!-ilJi~~ ,g ,;lJo1AilITJ§iffil.& 
6.T=Tc -To= 65 'C-4 'C=61 ·C. 

HlfIV
47tR3 

U=,u - 3- cCTc -To)=16 768 J. CD 

(2)ifUmm1tB<J1w~ wt ;;:E~, ~tHiLR. "t 6.r= R, ;f§5!Z ~iffil.JJ!:&1f'Z 6.T= Tl 

To, TI =100'C ,'f'~ 

2j="TI~To =2458W ' m- • 

C3) 1AmE :I!J!~ IV-~00 ffH~ iU 1A:9J* 
P=47tR2 j=47(ICRCTI-To)",,=,19. 3 W. ~ 

C4) El31A:9J*~~*il ,g,t!~:i: CD~PJ IV-1t~;lJ01AB<J8trll] 

'[= ~ =869 5""='14. 5 min. 

,>;!!o"F__00___.....---. ._--_.- ~=~.- ~ .~ ", .",• 
M .JJ. ~~ f~ A~ ~ 11 ,.., '"1' 7 .... " Q 

____ (2008 • ~OO!lmJlNi~U~D C1) frp I?fl 2-4-1 J'JT:if:, ~ 1'. {E fHHIL:li£ALl 

B'J";ij' JJ<. 09 ~~ tf ,tHr WI *#]:;<r ~~ ~1i'm.;'t ~;t 09 w,J$l"i a {P b. ~ 09 l-:},\ij;fljl 
aJkit I~ a~ ,'f ~*;fljl;'t:Jf p B'J. ~ fJ itJJ<.~it;ij' -;t~:i 09 ~:(;t.. fi%' 

at ,a iff fJ 09 JJ<. im lk.1' jHIl:. ,b If fJ 8~ JJ<. im l:t 1f jhfJi. ~ -t fHHIL fA 

M> Jl: :Jf ~& ;lip it' 'f flf , e. Jo {E Jlt. :i±;f1 tf 1f fJ ~ 1*17] it it f;fj {E iff fJ ,lL rtj ttlf-

tiJJi tJ9 :i±;f1 or ;fJt.JJ ge 1f.\. :i±;f1 , 9!~ {E Jlt. :i±;f1 tf C ) . 
A. a 'f ~#- r9 ~1'.¥r:iW j;o ,b 'f ~#- r91iI'.¥r ;A~· 

B. a 'f ~#- rkJ 1iI'.¥r;A~· ,b 'f ~#- r9 ~I'.¥rpcj;o I!I 2-4-1 

C. a,b 'f~#-r9lit:1ft;#-PCj;o 

D. a,b 'f~#-r9IiI'.:1ft;+t;A~· 

d(2) v.B 2-4-2 J'JT;if' Jg cl:J .:f1l.!HJ:t8 -5] a~!HJ w,~ ~ ~ cl!J #, B9" h'Z U 
a 

W'f" ,a,b,c,d Jg;Jt: 11!H~: 1£ A ~ -NH},;Jt: tf a,d l- 3i/ij;'t:Jf p B'J , 
?t {E *~ tf . ~ tf 09 JJdR n'. - & ~ 1*;fi *it {E b, c fJ , 1[, ilj f 'i%' 
at , ~ fJ JJ<.4R im B'J 1i j[ 1;.P ~ fJT ;if'. ~ *& '~ :It\>. ~* 11l:. ~ (i tf ~ 1* !i9 :il 
It ,$- c tf ~ 7l<.4R im l- 7t T - +& ~ It M, 9!~ C ) . 

A. b 'fil'J7]<'4111iJ~J:.1I- M 
I!I 2-4-2

B. b 'fil'J7]<'411Ui1~J:.1I-,1E.J:.1I-il'J~tt-J'T M 

c. ~;fl, 'f ~#-Ji.5!il'J;A~·"i-~T~39 M il'J7l<.4f,,;fl,folf? 1'..ff.JJi.5! 

D. ~;fl,'f '\.#-Ji.5!il'J;A~·i:~T~39 26./1 il'J7l<.4f<..;fl,folf? 1'..il'JJi.5! 
[:5t~JT] ~(1 )IJ \~§$lCjjffTft~~J11JD~l'~ttf~cp ,a ,b ~g;CP1€Zig~'=i~ 

~~BSJg!{t~)5t, ;EijEE~(3~tt~cp8SJ~n~~-~~rojWuwr. §fg C 2) IJ \~)HjEZ~U 

~m'=i1$~~15~ffi :1J:ljZ~151m 8SJmt~. 
[1m] CDB; (2)A,D. 

~ (2005 • ~OO!lm!!NiJfI!) frp I?fl 2-4-3 fJT;if', Wi *1i T Iii] -JJ<. f fJ B'J-'¥
iTa9 A *~J.t .!§f~,?t T '~~~~ tf ,m*h 7J r.J.lij.!§f ~fftlI1f im ~A. -~:{g Jg m 

~9 ~ -5] .!§f1*!HJ;ff, ~1I.!§f 4JLl-,:#,.lij .!§f 4JL~A, orill-.!§f 4JL}(;~Jff-:lt\>. ~ ij], itD;ff.lij .!f 4JL 

B'J It P.ll ~ or ~. ~ /fi.t . .!§f 4JL ~ i.£ ~ .lij - *Pli lR.JJ Ro B'J It Il.lH~ tJ :Jt , It Illi g 1:. T 
~ 1f.\. ~~ tf , It!, mg ~ ;tl.i ~ :it /f i.t . ?ff. ~.lij - JJ<. f ~ Ji U9 :Jf P !HJ l' .#J :l@. , !HJ "i fJ ;ij' 
-~imJg 5 ~/J'*;fiC.J9fi:/fjt),*;fi¥f 1 mol ~1*COf;fJi!,39Jl:~'\.#-)itl~{E~ 

~ tf. e. Jo jilt 7t"tJ 1 Kat, ~ ~ 1* B'J fJ R~ ~ ~;ho:l.JJ ~ RCR 39 %i!. '\.#- '*' 1I),

*~1f S! Jg Po. ~ -t !HJ ;ff ;'1} .!§f $1L 7J r.J ~.lA7J it' 1'-Il r.J;f; ±E. ij] ,.;,j,;jt:it ilJ f 1% at jm "i tf 
*;tHHl:.#. 

http:il'J7l<.4f
http:J%~~.!f!-1~.JJ
http:lfb~a9!&lt.JJ
http:tJJUH9:illt~.1f.\.#.E1
http:3)#.!�f~~JfO~1f.\.lh


~-~ ~itOO:fr__-'-... _______._ 
__a·____ p ____ •__ ~ . 

6.Cnun =Cm;n l -c",;n I = 21. 47 )G. 

~ (2006 , OOI\.j;!lmJ!~IU~j) 

;f.ti2H(.]~m: 

C~*'1;l;Jt.~*il'J4i11i.) - JUAJilLh To =4 'C ~ iJJdfi JRlR ill tJ9 ~~, A~it 
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2
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• m- I C1flitilk.~;fu!!l ~*ail'J;t,l{,#-*~4i;ffJ 

1aJ) 
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6.T=Tc -To= 65 'C-4 'C=61 ·C. 

HlfIV
47tR3 

U=,u - 3- cCTc -To)=16 768 J. CD 

(2)ifUmm1tB<J1w~ wt ;;:E~, ~tHiLR. "t 6.r= R, ;f§5!Z ~iffil.JJ!:&1f'Z 6.T= Tl 

To, TI =100'C ,'f'~ 

2j="TI~To =2458W ' m- • 

C3) 1AmE :I!J!~ IV-~00 ffH~ iU 1A:9J* 
P=47tR2 j=47(ICRCTI-To)",,=,19. 3 W. ~ 
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,>;!!o"F__00___.....---. ._--_.- ~=~.- ~ .~ ", .",• 
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____ (2008 • ~OO!lmJlNi~U~D C1) frp I?fl 2-4-1 J'JT:if:, ~ 1'. {E fHHIL:li£ALl 
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at ,a iff fJ 09 JJ<. im lk.1' jHIl:. ,b If fJ 8~ JJ<. im l:t 1f jhfJi. ~ -t fHHIL fA 
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J:.W#~~~<\1*~~M<\1*,m4~~/Fm~M<\1*~~~~{I;fP~M~ 
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83 ~®:tH-tA;ff3C!!&m1~ 
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83JltOJ~,en~ VM+Vn tt 18VB :ffl*-,8,~~ii:!J)\/F4l:~iliW!IJilffi.i'@' B. 
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rg =l?:_ ~.:......... '# 

~", {.>.---- .. 
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fiII%±tAill.3Q:/Fl.lj<\. 
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J:.W#~~~<\1*~~M<\1*,m4~~/Fm~M<\1*~~~~{I;fP~M~ 

1* S9 fJ li~.R q i1!t~~*B'J 9:0 iJ\, 3jt all¥l 2-4-6 tf ~ 1*mU1Hfi 3Q: s~ ~ ~ A q 3J - ~ 
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~ , m-i\i Wi'E:0011 , ,... .__....._-_.-..._--- .•. .--- _... .. "---' -.--. 
~-~f~~1'qJ~~)':E~*Bj. -f!1JqJ~Bjlfgi:2~: i.t~¢i1&~Tf,H~§~ (~1t# 7j] 

,liJ"i' Jt ;f.7j]) ,~J~cpr~~~ cut at Vc=VB)Foi.t)(5~~~ffijoth~iVJ,®~~J~ 

~~ B. *~~~cpffl~Um1it3nl'J5~itDJ.bZmn~~-~~~. 
[lNl EE pV'=k.(a> l) CD 
OJ~,~ V~*8t ,p ~1li1!Z.I1!l1\11'C ~ v ~,J , at,p :!+~z~;k.) ,tE frY I~L.tl1 

t'C~A JiJf:xtJ.ili:i¥J!l!J~*3il!jQOO 2-4-7 JiJflF. tE!l!J~_.tI&1*fR-";)t'C;$ B i¥J1*fR;f§1"I 
8<1t'C~ c. 
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I!l 2-4- 7 

l.ffitf19:;m~1*lA t'C;$ A t±L~, WM' Qt Jt 7f' Z9J , ffif -t TiS £!l 't1f ±~ rDJ ;fi f$ Z9J ,1le ~ 
1*~IJj:E, EE t'C~ A f1J~t'C;$ C ,tEllt:i1W r:p, ~~Jf:x~'~1*1$:~ 

W=a~I (V)-l-V)-l)' CZ) 

ffl U,\ Dc 7HW&lF~1*:tlTt'C;$ A ,C Bt8<1 pg~~, ~j;;;ljHMA:i1W., ffr V.l pg ~~ 
B9J~i1t~T~~W:xt~1*1i1t8<1~, IlP 

Uc-UA =a~I(V)-I-V)-I). @ 

f!}19::m~1*:tlTt'C;$ C Bt ,WM';l't:1*fR7f'52, IlnWt~m£7f'Z9J ,4- Qi-Jt VJ;ffl~ 
!3t w 1ltf~'-J ~~ Z9J ,~:W Qt Jt &t ~ :5'iJIX ~1* ~ll. jJ ffif 1i1t ~. IZ9 j;; ffiI ~ liZ m£ 1!i~;lHe ~ 
8<1, $~X7f'Z9J, JiJTIV,llt~5G~ffl31U:lrj]o~1*8<1 pg~~. IZ9 j;;~1*1*fR7f'~, fjf V.l t 119 
lIfii!3tfllfu5nMHl-it'i ,:Ntj§--ttf1J~t'C;$ B. ~:t1W~:t1i¥J8trB]ffl .6.t *IF, JilIJ Qt Jt 
3l~oc~1*~ll.jJfilt~ 

W' =Lw6.t. @ 

-t uB ~~~1*:tlTt'C;$ B Bti¥Jpg~, EE~jJi!t~-JE1$1~ 

UB -Uc = Lw6.t. 

EE~~ ~-a-lL' w.
6.t  V ® 

EE@®A1~ 

VB
U 13 -UC =a _ I (PB - Pc) . ® 

_____.._____ . ~~_!L}~ ~ 
®Aj]O@A,1~ -'--- _._______.-13~ 

VB k (1 1) (f)UB-UA=a-I (PB- PC)+a-I V ·- I -VA·-I .c 

~Jffl pV' =k fIl VC=VB 1~ 


1

UB-UA= a- I (PBVB- PA VA). 

~ (2007 • ~{ifiJ!l~JJ!••J!) :!IJl m2-4-8 fJf ~, - ~~;6:: 1llIJ ~ * '$ fl K, , 

;fi'fii~~*~~ B, - fJJ."- "T!if, ~ Ii$-~ 1%;.\1t M ~*~!Wi JfX. a ,b Wi i:,M J:.~~ 'If; fl 
K 2. ~~,!Wi;.\1t, 'If;~.R 'If; fHIl;Jt ~ ~ il9. !Wi;!li;fP 'If; ~ "T J¥HlHr f§J .it, ~,HHHr ~ "T 
:!l~~ fJ;6::;fi.lflt, ~ ij]!If /f ~ftr~fF: Jfl II. /f iIi;~. J!1-~~I f JI 51 59 po, 71ft 
59 To at 3\: ~ '1'. fJJ:!IiI at ¥l- 'If; ~ B Jfl1'Hr §'l ;.t;fE ~ ~ il9 iiI. I'. , !Wi ~ M @ Jt;fE ~~ 
PQ?l: ,ft a,b ~~~~"f Vo ,K l ,K2 *- FlJ. Jltat ,b i'~~ ,a ~ 'I' ~1l-.it:!! 

il9 ~~ (:z;:. 2- r9 71' ~ -if. # ~;f~ Iil , Jl. ~ or ~ 59 Jl'. ~ ~ -if.) , jt JI 5! 59 ~ po, 7£ J1 59 

To. e,~1 mol ~~ jl"-7J-~ 1 K Il<JfJ~~il9iWj!:7a Cv,-tit~#'-:''';-j;59 R. 
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Ba 

K, K, 
M 

I!l 2-4-8 

1. ~Ar7f Kl ,*~~ fJ 71- JI 5Hm~ IftE,Jt*- FlJ K, (-1RJt.Jlt:i±:fI. tf ;'):~~2- r9 
{fJ ~-if.Jr, ~~~2-7r{fJ ~1f.Zr8] JU~ it ~i~J. *:i£~lj f~!If ,a i: 'I' ~#. at i&"-. 

2. **rr7f K 2 , 1~ a ,b Wi i: 'I' ~ #.:i£flj.lf~)§-, *- FlJ K 2 • :tt#fJf 1l1Hr. ~,ti 
.ij]'If;~B.~~:i£~~il9PQ~ • . *;fE.~'If;.li.'I'I%;!Ii~ai:~~M. 
il9J}]. e,~;fEn~'If;~:l±tl'l',~#.atJI51 P lJ#.~ V ZriiJb9fd~59 pvr='jgj!:, 

",..h =Cv+R 
~T y C ' 

V 

BHIT1 7:E~ 1 roJ ~f~ cp ~4.¢ffi~~ji ( v:J.1tt .y; e~ 1!UO i.m A a ~,)i;ffiw;t@ 
~¢~~J5f~ffimn~~-~i$~qJ*M. iTIi~ 2 jOJCP§~~±8SJ~w;t@~{I.t:\~ 
mEll±lij~~, Jlt~f~ cpil~)ill\~1'~, JtFo8SJ~mffitl8~f~ )~XEm1it3~mJ5~~, 
~¢J5f~ffimn~~-~i$~;m~WJ~. 

UU 1. i9:a~r:pJ]'..1f~1*j;;vmol,n3fKI Fo,1f-$7t'2:~*Aa~;]! 
iiJ Kl ;'tJflM ,a ~r:p~1*~j]Oi'J v' mol. xi9: a ~ r:p:!\¥lj]O 8<1 (v' -v) mol ~1*:t£*A 
~:$lltr8<11*fRj;; 6.V. ~1*j1!A a ~B'~:i1~<P ,*~:xt~$7t~i*JiJf1$:a9~j;; 

A= Po6.V. CD 
ffl T *"~ K, 3CffiFo a £.pec.1*j;8i'J3fl-~sti¥Jtlfu1t ,JiliJ a ~r:p'-"\.1*pg~~~j]Qfij] 
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UB -Uc = Lw6.t. 

EE~~ ~-a-lL' w.
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VB
U 13 -UC =a _ I (PB - Pc) . ® 

_____.._____ . ~~_!L}~ ~ 
®Aj]O@A,1~ -'--- _._______.-13~ 

VB k (1 1) (f)UB-UA=a-I (PB- PC)+a-I V ·- I -VA·-I .c 
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1

UB-UA= a- I (PBVB- PA VA). 

~ (2007 • ~{ifiJ!l~JJ!••J!) :!IJl m2-4-8 fJf ~, - ~~;6:: 1llIJ ~ * '$ fl K, , 
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To. e,~1 mol ~~ jl"-7J-~ 1 K Il<JfJ~~il9iWj!:7a Cv,-tit~#'-:''';-j;59 R. 
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{fJ ~-if.Jr, ~~~2-7r{fJ ~1f.Zr8] JU~ it ~i~J. *:i£~lj f~!If ,a i: 'I' ~#. at i&"-. 
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BHIT1 7:E~ 1 roJ ~f~ cp ~4.¢ffi~~ji ( v:J.1tt .y; e~ 1!UO i.m A a ~,)i;ffiw;t@ 
~¢~~J5f~ffimn~~-~i$~qJ*M. iTIi~ 2 jOJCP§~~±8SJ~w;t@~{I.t:\~ 
mEll±lij~~, Jlt~f~ cpil~)ill\~1'~, JtFo8SJ~mffitl8~f~ )~XEm1it3~mJ5~~, 
~¢J5f~ffimn~~-~i$~;m~WJ~. 

UU 1. i9:a~r:pJ]'..1f~1*j;;vmol,n3fKI Fo,1f-$7t'2:~*Aa~;]! 
iiJ Kl ;'tJflM ,a ~r:p~1*~j]Oi'J v' mol. xi9: a ~ r:p:!\¥lj]O 8<1 (v' -v) mol ~1*:t£*A 
~:$lltr8<11*fRj;; 6.V. ~1*j1!A a ~B'~:i1~<P ,*~:xt~$7t~i*JiJf1$:a9~j;; 

A= Po6.V. CD 
ffl T *"~ K, 3CffiFo a £.pec.1*j;8i'J3fl-~sti¥Jtlfu1t ,JiliJ a ~r:p'-"\.1*pg~~~j]Qfij] 



Ii ~ 

o 
~f) 

='f!:.~Y!r .~ _~ ____~_~~ ~i't:$jj-~ --_._-------. 

6U=v'Cv CT-To). (2) 

ffi~j]~m-;E~,PJ~ 

t:.U=A. Q) 
ffi J£!ll ~1*:l*~1:ffj , ~ 

45 Po Vo =vRTo. (4) 

Po!:::.V=Cv'-v)RTo. @ 

Po Vo=/RT. @ 

ffi !;(...t~ :A;ifR ttl 
T=SCCv+R)T '7'-

SCv +4R ·o \J..) 

2. Kz 1T7fJ§" ,a ~~ 89~l<fqO] b ~ ~ ffi ~nlE. 131 *~jH~1A, X;',t~~w.f;\!{J}J, 4
1*rJ;jtm~~ ,YT!;(~fl~/j£C 17]7.1 T), jjj]l*f.R~*1:7}ffi:*89 2 f[§. ffi :l*~1:ffj~ ,4
1*£B!il.~);] 

1
P=ZPo. ® 

*ffi Kz ,a,b Wi~~89~1*:l*~ffil"J, ~p 

Pa = Pb = p, Ta = Tb = T, 

Va = Vb = Vo ,Va= Vb = ~ / . ® 

,*pMMTJ§" ,~tlt1H9Jffl~ B,ff~4-1*89i1fj1:7g~Y.~i1fj. :i2siU~~:l*~B;f, 
ixWi~4-1*89ff~iiL1*f.R;f!:JlffiI.fl:5H:lU1:7 Po' ,p/Ya ' Y/ -Yo', T,,' ,.!i!~~ 

(Cy+R) (Cy + Rl 

P. V;;-C;;- = Po 'Va '----cv- . ® 
(Cy+R) (Cv+R ) 

Pb V~ = p/ V,,'----cv- . ® 
ffi TI%;f&~~~rJ;j~;',tJf~, $~ 

po' = p,,' . @ 

ffi J1I1~4:1*:l*~1:ffj~ 
Pa 'Va' =V.RTa' , © 
Pb'Vb'=VbRTb'. @ 

IE! V.'+V,, ' =Vo, ® 
ffi ®~®s3::PJ~~ 

V.' = V,,' = ~ Vo, @ 

To' =T,,' =2#VT. @ 

:(£flZ9Jffl~ff~<=t1*j!-~~i1f:fj[~ ,1Wit&:x;f a ~<=t1*1~89J}J W ~Ta ~~ 
4:1*rJ;jtm89~1JO, ~n 

W= ~ v'Cv CT/-T). @ 

_~~=~__ m ~ __.____~ .._. ...--- 
4. '" 

ffi @@@~s3::~~ 


Cv ~ 

W = 2R (2cv - 1 ) po Vo . 

.....,j'!!;"- (2005· ~oo~~~nU~D jallE 2-4-9 J'Jf~,Jk.!j1-.aiIB'JtJt~W~JJ 5 
B'J '* ~15 ~ 0\] 00 to] W~;Ii!q~:* 0/ ~ ~ 1 mol B'J J! 12A #-. ft I*J ~t U= CT,C JJ e. jp 
f:li, T JJ 1/!, /J iff jIlt. *!ilifP 15~.z iii);f llIi q,1I.1ftEJf~, J\1 *'At Jf ~ /J ~ Tr! ij) 
Jf~ /J ;ffi $1I.l§' JJ F. (!j 0/ r JJ ~ ~i ~L Ji! ~ at 1if ~t '\ #-iHij]D 1/!,. ~~~ at, '\ 1*
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IlYJBt, p;j$7.k~"\E.1§~. EE 00 2-4-13 1lJ~ ,tE t= 27 'C Bt ,@~ E.~ili*~t§~,,\ 

& pw(27) = 3. 6X 103 Pa, ~Bt~p;j~"\~&5.i C .m Pa AliF )J] 

P. (27) = pC5 000) - pw(27) = C53X W - 3. 6X W) Pa 

=49. 4X 103 Pa CD 
~iJjft!l' 7t-if1IiBt ,~p;j~"\(j<j&~.itl!IlJfi: z.7t-~, ~:tE Wi\.!l'J] t 'c Bt, ~ p;j 2"\& 

~.iJ] Po Ct) . !Jl1J::ff 

.P..Jtl. - .P...SJJl. 
273+t - 273+27' 

P. Ct)= 064. 7t+45. OX 103) Pa ® 
;E1ftE t=t' Bt ff j] 1lYJ1XI1JM-7fMlfltrvt® ,!JlIJ::ff 

pw Ct') +P. Ct' ) = p' . ® 
EE Jlt:f1'J. 
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BHJTl ffi1J~CP7J< i91l~BljtB)iffiW', EtrffiJillt§fD~nffj5JT~)tj~UtBfiAffi59l. 

IR7E. 0)Iq]cpmffi5$~~~ttlltBA'~ffi. (2)Iq]cpmffi5$N~tt!lA4:ffifDffi1J~tB 

ffi51R2;f[J, ff5?f (3) Iq]CP!i1U~JO~WW~'i'4:8SJffi51B. , E§ff5*~ pw ~$~tB~fI. 

UU (1) E.~tE i'iiPfOO!lt , :7c"\EEJ.i p CO) = 101. 3 X 103 Pa. tE z= 5000 m 

!It , :7c"\EE3.i 
pC5 000) = 53 X 103 Pa. CD 

Jlt!lt*$~Bt~t'E!~~fI;EE. pw J.)iz ~TJltf1L ill 00 2-4-14 1lJ~ ,xtJ.)izBgm~lIp 

¥Jt R,i:J] 

tl =82 'C. ® 
JtilJJltm!l'Bt~ p;j7.kiJll~, m!l'/G·j3Hj-~, 'li9:tE 5 000 m ~W..t ,;E1f/Gj]U.w.EE.j] 

~~,~p;jWt~iiif1liIlJJt 82 'C. 
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(2 ) illOO 2 -4- 1 41lJ~,tE t=120 'c Bt,7.k(j<jt§~ ~ fI;& PwCl20) = 198X 

W Pa, j1jJtE~-'/ZOO!lt,:7c"\EE.5.i pCO) = 101. 3XW Pa. 1lJ~EE.j]~(j<jJlftj]U1B.i J] 
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= 96. 7X 103 Pa Q) 

tE 5 000 m if1IiW..t , :7c,,\&~.i£jEE.j]~(j<jJlftj]Dff~.iz.~J] 

p' = p, +pC5 000) = C96. 7X103+ 53X 103) Pa 

=149. 7X 103 Pa @ 

;E1ftE t=t2 Bt~~1&:rvt®,!JltlJltBt~ pw J:ilZ ~T p' ,liP 

pw =P'. ® 
illOO 2- 4- 141lJ:m t2=112 ·C. @ 

JltBtm p;j7.k7fMll:!!l~, iflj\,!l'/Gft7t-if1Ii ,ti{iE liffI:;IJ?!{~JijJltllij]m, tE 5 000 m if1Ii 

IlJ..tm p;j7.k (j<jiflj\,!l'iiif1liIlJJt 112 'C. 

(3)tE*ti{iEliffI:;IJ?tdtmffj]~Bt, ~ p;j::ff~ "\ , lH)!~"\/Gi$T7.k. ~j]uffj] 

IlYJBt, p;j$7.k~"\E.1§~. EE 00 2-4-13 1lJ~ ,tE t= 27 'C Bt ,@~ E.~ili*~t§~,,\ 

& pw(27) = 3. 6X 103 Pa, ~Bt~p;j~"\~&5.i C .m Pa AliF )J] 

P. (27) = pC5 000) - pw(27) = C53X W - 3. 6X W) Pa 

=49. 4X 103 Pa CD 
~iJjft!l' 7t-if1IiBt ,~p;j~"\(j<j&~.itl!IlJfi: z.7t-~, ~:tE Wi\.!l'J] t 'c Bt, ~ p;j 2"\& 

~.iJ] Po Ct) . !Jl1J::ff 

.P..Jtl. - .P...SJJl. 
273+t - 273+27' 

P. Ct)= 064. 7t+45. OX 103) Pa ® 
;E1ftE t=t' Bt ff j] 1lYJ1XI1JM-7fMlfltrvt® ,!JlIJ::ff 

pw Ct') +P. Ct' ) = p' . ® 
EE Jlt:f1'J. 
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pwCt/) = pi - Pa Ct/) = (105 X103 -164. 7t/ ) Pa @ 

ITID lli i'E!t& p'-Po Ct' )i¥J1!I~,~ 
t=O ,pi - P. CO) = 105 X103 Pa. 

t= 100'C ,p' - PaClOO) =88. 6X 103 Pa. 
EB.lIt=,~~iiJi£1!I 2-4-1CtITID lli1r~ . .lIt1r~~*:r~I.p i¥J pw CtH 1I!!~i¥J3i: 

,~:tJ A,A ~~ :tJJifi*i¥JmJE®Ai¥J,~ . mI!I iiJlf lli ~ A .~~;Jmzi¥Jj.ffiiit:tJ 
t ' =97 'C. @ 

~~i£ffiJ fftJIXIU7fMl~]J!~e;J, mrJ;] 7J<. i19 mit:.&:: 97 'C. ~m~1.JO~~, ffiJ 112J~]J!'® 
J§ ,~rJ;]~4,jijg7J<.~4,-.®~f1Flli ,~~~4,f1P~},~rJ;]7J<.tffii1JJj]Jj6 112 'C. 
~ (2000 ' ~~ijo/J!!;~nm) :fE - je71dl¥.f 9=' 'l£i.tffl;ij --tR~I,%~, ~ L 

1ilHt 0J , r E~ 7f IJ. E. ~ ¥.f tf 7l< 4R ~ lID l). L 89 ~~ -$ ?t ~~ ~ FfJ *.It l = 76 em, tt fJ 
it f;j];ij n= 1. 0 X 10-3 mol FfJ ~ '\. 1*#7l< 4R-m- ~ J1t ~ ~.tjI;r-;iJ ilii ii1 5id~ J1t ~ tt fJ 
~'\FfJill~.~_~~10~,M:fE~rl.9='~fJ~'\~~FfJ~.~f ~ ? E.~~ 
j~ je,\ ir-'J lH¥.~ 76 cmHg, 4t J$ 8' ~ '\ 89 fJ 1i~ E=CvT. Jt tf T ~ ~pbli1t, '# I: 
Cv =20. 5J · Cmol · K) - l ,t-1[.~1*'ml: R=8. 31 J. Cmol · K) - '. 

[7HJTl tEfili~~1[f)1f~CP, rgVSi~~8'9VSi~~Jj\, 9~WXg$i;WIDh, rJT>.l<m 
~qrEBm:tJ~~-fE~l.t~. $i;CPJ1J8'9~~qJ EB jrV ~J:ffi*[illffUR~~. 

[~l iQ:l1tJfW~rJ;]~4,i¥J*J.t:tJ h,*'=(ff~!l\7g po, ~rJ;]~4,i¥Jff5!a7g P, 7J<. 

Wl;tJ.t:tJ p,:i:iJ1.JOJ!J.t:tJ g, EI3 ~ 2-4-15Ca) iiJ 9:-0 

p+Cl-h)fY5 = Po. CD 
~tH~m~i¥J~m, iiJ~ Po= lpg,~~ 

p = fY5h. (Z) 

~l1t~"~E!iJmlltOOfR:tJ S,YlIJ ~rJ;]~,=(B<]1*f.H:tJ 
V= 91.. ® 

EB @Q)A~1J 

V 
P=Spg· ® 

~P~rJ;]~4,i¥Jff5!l\~;Jt1*fR5~iE It. EB'=(~}j~ 
pV=nRT, 

yt 
~1J fY5S=nRT. ® 

EI3®AiiJ~,I~UfUllif:ft&,'lWrJ;]~4,i¥J1*fRl:/J\ ,*m®AiiJ~~rJ;]~4,Ft:Jffi3!l\ 

t!!~/J\ ,ff3!l\IliH1*fJ\i¥J~ft~*:tJ frV ~L:l1Jffi,~i¥J1r~,:!m~ 2-4-15Cb)J9Tlf;. 
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tE~rJ;]'=(1*i¥JmitE13 TI Ilif:i1J Tz i¥J:l1~.p ,'=(1*i191*fRE13 VI l:~U Vz ,1*fR~ 
IJ\ ,N:W~;J'=(1*~iE:9J, :9Ji19~tiliiJm1!I.p~U~*,~f&i19:e1H~OOfJ(**lf;, ~p~ 


W I (VI +VZ) V V (VI Z-VZZ.) 
= '2fY5 5 5 ( I - 2) = fY5 2S . ® 
'if rJ;] ~'=( rJ;] fl~ i¥Jl:1t 

t::.E = nCV (T2 - T1 ). CV 
iQ: Q Jg7'r:Wf~~'=(1*i¥J~ji ,JJlUEB ~iJ~~-5E~ w+Q=t::.E,:fi· 

Q = t::.E- W. ® 
EI3 ®®CV®AftA~~ 

1Q = nCTz - TI)(Cv +zR). ® 
ftA~~~m~1J 

Q=-O. 247 J. 
Q<0,*:7f;~rJ;]~4,ptlli11.ti!: ,$'j:llii19~i!::tJ 0.247 J. 
d~ (2007'~OOijo/J!!IRJU1D j(D~2-4-16fJf/'F,:fE-

1-1£1L~li!J0it0J ~9~ ~ H , fJJl{lt~lID~~ S ~9~~ A .u kl 

fJ ,;ij - m:it ~ m I1tqB ~ 1! $ A ~.u :;I;J :7.1- pt L, r ~ -$:7.1-. 1! 
.~:fE.ufJ$ • .uJlk••_Lr~;iJ . .ufJ~-$~A~M. k2 Hll*:i ~1-~~~ ~:7.1-j)tl ~ kl {p k2 Ck l ::;z':k2)8(; :tlm5!li~. A 119 L 
:;7 kll ~;A 11(; r:;7 ~;ij -;t m:i FfJ >.H!!. '\ 1*. E. ~ ~~;c-f A 

.!jL~~ ~ 'AfJf:fE;C89~~~Jt.T!-:£j~r*J~~{(.JiI~ii\) .~~ /I+hl Rv Ii 
5-HH;';'H(;1f~'i:;f~~ ~ ~ hi -4' ~~t;J;P g R ~ t itn Fm 

I!l 2-4-16 
~1*;lJD~,~ A fA ~~ hI 7f :M' L1t ,tf .JI:.;lJD~ffi ~ ~1t~JJ.!jL~ at1! $!J0 iliJ ~lii h2 

=3f· ;jtJl(.rl. tf,\1*~~FfJ~:i Q. E.~ ~1*~:f~ at.4tJ$8'1i<,\1* j:~4ic1t 

~ 1 K ~ ~!J0~:f ~ 3:,R ~ t- 1[. '\1*'m:t. :fEJft1-rl. tf11h9: ~1V€dtjVA;!jJ:it 
;t~. 

[7HJTl ~~-JI§m~~:tJ~8'9tK8~, iWi~ffl?tUQrf-*9UWJml#\J1f:-~ 
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pwCt/) = pi - Pa Ct/) = (105 X103 -164. 7t/ ) Pa @ 

ITID lli i'E!t& p'-Po Ct' )i¥J1!I~,~ 
t=O ,pi - P. CO) = 105 X103 Pa. 

t= 100'C ,p' - PaClOO) =88. 6X 103 Pa. 
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1ilHt 0J , r E~ 7f IJ. E. ~ ¥.f tf 7l< 4R ~ lID l). L 89 ~~ -$ ?t ~~ ~ FfJ *.It l = 76 em, tt fJ 
it f;j];ij n= 1. 0 X 10-3 mol FfJ ~ '\. 1*#7l< 4R-m- ~ J1t ~ ~.tjI;r-;iJ ilii ii1 5id~ J1t ~ tt fJ 
~'\FfJill~.~_~~10~,M:fE~rl.9='~fJ~'\~~FfJ~.~f ~ ? E.~~ 
j~ je,\ ir-'J lH¥.~ 76 cmHg, 4t J$ 8' ~ '\ 89 fJ 1i~ E=CvT. Jt tf T ~ ~pbli1t, '# I: 
Cv =20. 5J · Cmol · K) - l ,t-1[.~1*'ml: R=8. 31 J. Cmol · K) - '. 

[7HJTl tEfili~~1[f)1f~CP, rgVSi~~8'9VSi~~Jj\, 9~WXg$i;WIDh, rJT>.l<m 
~qrEBm:tJ~~-fE~l.t~. $i;CPJ1J8'9~~qJ EB jrV ~J:ffi*[illffUR~~. 

[~l iQ:l1tJfW~rJ;]~4,i¥J*J.t:tJ h,*'=(ff~!l\7g po, ~rJ;]~4,i¥Jff5!a7g P, 7J<. 

Wl;tJ.t:tJ p,:i:iJ1.JOJ!J.t:tJ g, EI3 ~ 2-4-15Ca) iiJ 9:-0 

p+Cl-h)fY5 = Po. CD 
~tH~m~i¥J~m, iiJ~ Po= lpg,~~ 

p = fY5h. (Z) 

~l1t~"~E!iJmlltOOfR:tJ S,YlIJ ~rJ;]~,=(B<]1*f.H:tJ 
V= 91.. ® 

EB @Q)A~1J 

V 
P=Spg· ® 

~P~rJ;]~4,i¥Jff5!l\~;Jt1*fR5~iE It. EB'=(~}j~ 
pV=nRT, 

yt 
~1J fY5S=nRT. ® 

EI3®AiiJ~,I~UfUllif:ft&,'lWrJ;]~4,i¥J1*fRl:/J\ ,*m®AiiJ~~rJ;]~4,Ft:Jffi3!l\ 

t!!~/J\ ,ff3!l\IliH1*fJ\i¥J~ft~*:tJ frV ~L:l1Jffi,~i¥J1r~,:!m~ 2-4-15Cb)J9Tlf;. 
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IJ\ ,N:W~;J'=(1*~iE:9J, :9Ji19~tiliiJm1!I.p~U~*,~f&i19:e1H~OOfJ(**lf;, ~p~ 


W I (VI +VZ) V V (VI Z-VZZ.) 
= '2fY5 5 5 ( I - 2) = fY5 2S . ® 
'if rJ;] ~'=( rJ;] fl~ i¥Jl:1t 

t::.E = nCV (T2 - T1 ). CV 
iQ: Q Jg7'r:Wf~~'=(1*i¥J~ji ,JJlUEB ~iJ~~-5E~ w+Q=t::.E,:fi· 

Q = t::.E- W. ® 
EI3 ®®CV®AftA~~ 

1Q = nCTz - TI)(Cv +zR). ® 
ftA~~~m~1J 

Q=-O. 247 J. 
Q<0,*:7f;~rJ;]~4,ptlli11.ti!: ,$'j:llii19~i!::tJ 0.247 J. 
d~ (2007'~OOijo/J!!IRJU1D j(D~2-4-16fJf/'F,:fE-

1-1£1L~li!J0it0J ~9~ ~ H , fJJl{lt~lID~~ S ~9~~ A .u kl 

fJ ,;ij - m:it ~ m I1tqB ~ 1! $ A ~.u :;I;J :7.1- pt L, r ~ -$:7.1-. 1! 
.~:fE.ufJ$ • .uJlk••_Lr~;iJ . .ufJ~-$~A~M. k2 Hll*:i ~1-~~~ ~:7.1-j)tl ~ kl {p k2 Ck l ::;z':k2)8(; :tlm5!li~. A 119 L 
:;7 kll ~;A 11(; r:;7 ~;ij -;t m:i FfJ >.H!!. '\ 1*. E. ~ ~~;c-f A 

.!jL~~ ~ 'AfJf:fE;C89~~~Jt.T!-:£j~r*J~~{(.JiI~ii\) .~~ /I+hl Rv Ii 
5-HH;';'H(;1f~'i:;f~~ ~ ~ hi -4' ~~t;J;P g R ~ t itn Fm 

I!l 2-4-16 
~1*;lJD~,~ A fA ~~ hI 7f :M' L1t ,tf .JI:.;lJD~ffi ~ ~1t~JJ.!jL~ at1! $!J0 iliJ ~lii h2 

=3f· ;jtJl(.rl. tf,\1*~~FfJ~:i Q. E.~ ~1*~:f~ at.4tJ$8'1i<,\1* j:~4ic1t 

~ 1 K ~ ~!J0~:f ~ 3:,R ~ t- 1[. '\1*'m:t. :fEJft1-rl. tf11h9: ~1V€dtjVA;!jJ:it 
;t~. 

[7HJTl ~~-JI§m~~:tJ~8'9tK8~, iWi~ffl?tUQrf-*9UWJml#\J1f:-~ 
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~4.~1JO~ijjFoffiJ~~~ffim1;m4.~~~75f~~Dt.J~~~~f~, =~~t.J~~ 
-1E~,¥tcp4.i4\PJTi1&J;1JqJ~~~~ffi)5~~~~H(;*~. 

UU ~Vr5~il't$~at,f'F j;J-1-5~1ii)~~, Jt~}j[ ¥fI: 

k=~ CD
kl +kz' 

i9:m~ A Tililif v mol ~ -1*. ~ A a9~}j[j;J hi Bt, ~-I*a9lli5ilij;J PI , ~}j[j;J 

T 1 • EI3:fJ1[Mt~-I*:tf(~jjfj~-'f~1k14,"iiI~ 
PIShl =vRTI. @ 


PI S=khl +mg. ® 

xt~-I*hO~Fa, ~ A a9~}j[j;J h z at, i..9:~-I*.ffi3ilij;J pz , ifiA.}j[j;J Tz• EI3 :fJI[~~-I* 


~~jjfj~-'f-iJ1k14, "iiI~ 
@pz Shz= vRTz. 

pz S=khz+mg. ® 

tEAJA~}j[hl ...t7HlJ h2 i¥Jufjtp,~-I*J7;j~~89~ii!: 

3t,u=v-ZRCTz-T1 ). @ 

~-I*xt5~~,m~¥~J9ff$:i¥J~ W ~T~~5~tt~fl~i¥Ji1r:iJn~m~~jJ~fl~ 

89~:iJn, ep 
1W=-ZkChz2-hI Z)+mgChz -hi)' (J) 

~tHW~jJ~m-Jf:* ,if 
Q=6.U+W. ® 

El3lV....t ~:JtlitE ~~m"iiI 31( ~~ 

klk2 T12+ 5 H4 mgQ=k + k2 £"l . 
1 

-I'M "* (2006, ~OO~JI~.IlR ) til T ~J.:jt ~ §J ~.&.:f Iii] ~ lVt ~ * ~::lt * 
!Ill ~Ut 2t Ij!{ 89 ~,}f, M< JI: ~ * ~ tf :f Iii] iiJ It?l: ~ 1* ~ jIlt, *It$;lt:f Iii] ~. nT 
-t ~ iJ\J *JI: ~ ~ , ;{E ;% ~ Uii ~ iiJ It /J\ T 20 km iJ\J *~ ffi: ~ , *~ ;1 It T, ~ ~ J.t iJ\J 

tIb kffll *1~, ~ ~;lt~ 1t$~c = -6. OX 10-3 K· m-l,z j] 'fA (oJ J:. ~ ~#. 

~••*~ffi:tf~-.t-~~.~~~EllC~~~~~~M~~I~~~ 
1tt~ ,??3t~), l!X.;lt;f;Jjz$'1iL~j] ~#~ A Cz=O), it at ~ Ell iJ\J Jilt T,!it It p, EU! P 
:/ijl~jl~ ~)iJ IJl k''i.. ~ jIlt Tn!itlt pc ,$ S! Pc #l~. til TjUI'~ 0 ,i:~.~ Ell.t1. 
(oJ J:. 89 /J\1ft~. 0 j] * ~ ~ $ 5! ~ iiJ It iJ\J tIb j)p [fij ~~,. ~ Ell;{E (oJ J:. ~ i/J ~ i± ~ 
tf ,!t1*t'\ ~ $) JJ*-, j.llt ~~ 1t C i~lff..1'i!L ~ Iff..]: -it ~:i9L:h ~,ti ~). til T i± ~* IT q~ 
:f Jt~F #'EIC ,.'\ Ell ~ ~1*~ Jf. 5! ~ *~.&.~ atiftl:tj~ ~ )iJ IJl * ~ iJ\J 1I 5!#l ~,1§. 
~*:f'&'~)iJ1Jl*~.t1.~~~,0[fij~~~i±~~j]~~i±~·~~~*~~~ 
j] lJ.~, ~1*, l!U$ ~1*1£ it~i±~ tf ,,ttJf. 5! P ~ 1*t'\ V j;lIj)l~ ~i±~j]~ pVf = 

~__ ._.______._ _ m=~__, __..~__._. __~~.~ ' 

~ ~ t>, ' 

C. ~ tf C;fP y $)t 'It:t, 1!! y lj ~1*#~ fi *, n~ ~ ,y= 1. 40. ~ J;u ~ ~ ~ ~ 1F . 
$ ~ fL=O. 029 kg • mol-I, t- it~1*'~:J} R=8. 31 J • CK • mol)-l. li:1£ J:.:ii .f--1tf 
r ~.i.tit.~ Ell ~J6 e~±E i/J. 

i~ i: jJ j)Pltlt g=9. 8 m • 5-
z ,z=O ?l: *~ ~ j.lJ1 T", =300 K. 

[7ttfil ~4.~ffiJ~Zi1J~~I:N>RT¥t/J \flL~ CJfl z ~;F) «iB~f)JJlgflL~ CI!r-t 
1iffiL!ti.)FoffiJ~t.J!lt~ . li<~~-'=37::~CP1'iDJ~~QtffiJ~~,~~~~~. ~W&4.01 
7sJ{jJfJZ~~~Ff.l~~cpffi~~+AAl~ffitt:iilE~ ,IElJ.!il ~ I±H'Fffi T~4.~1::ffiJ 1JO 
~~~J6it, ~~OJOJ1JO~~~~f'FM1£~DqJ*U~¥t ~FoffiJ~Zi1J. 

[Ml i9:mt"'C~tp~~i¥J1lll:iIj;J m, ~;l'tUzf$j;J z Bt ,~~i¥J-I*f.Rj;J V,~~ 
J7;j~-I*89*}j[j;J p,~PllWJIE:k~i¥J*}j[j;J pc. ~Pll~¥lJ':l£1rloJri¥J~jJ mg=Vpg 

~':l£1rIoJ...ti¥J ¥¥ jJ Vp,g f'Fffl ,;S:~~ i¥J:iJni!}j[j;J a, jj!ti EI3 Lt-%ilm=JE1'fif 
700= - Vpg +Vpcg= - VCp-pc) g. CD 

~if 

a=-g~ @p . 

1&m:fJl[~~-I*:tf(~jjfj 

pV=!!I:.RT. Q)
fL 

PJ~~-I*89*}j[ 
_ m_KE. 

@P-V-RT 

~Jffl@:Jt, ff~¥lJ P= p,,@:Jt"iiI 1t~ 


T c-T 

a= - g ---y:-. (5) 

WJIE:k~tE d1i¥J~}j[ T, ~T z=O t4:i¥J~JJt T,():iJn...tJA 0 ¥ti z ~}j[89~ 
:lit, ~p 

. 6.T 
Tc= TcO+ t::,.zcz . @ 

;S:~~ tp~-I*m}j[IlJH~}j[893t:1t$j;J~ , ,*m~~, if 

6.T
T=To+ t::,.zz. (J) 

To j;J~~UzT1JJtmUzJiBt~Pll tp~-I*i¥J~}j[. ,*mR2!~ T", = To, 1E@,(J):Jt 
1-tA®:Jt~~ 

a=-f.(~c _~)z. ® 

tE®:Jttp,;s: (6.Z· - ~) >0 ,jj!U:iJni!}j[jjIoJ IoJr ,f'Fffl T~~ i¥JjJif~~~ 
@] ¥lJ1JJtmtLjii¥J~~, ~tF, :k~Jif tp i¥J:k~~t4:Tl!Jf:~~; &~,~ Pll¥fjiH~;I't 

http:pV=!!I:.RT


___. ._ ______ -It~-~ ~~$?} 

~4.~1JO~ijjFoffiJ~~~ffim1;m4.~~~75f~~Dt.J~~~~f~, =~~t.J~~ 
-1E~,¥tcp4.i4\PJTi1&J;1JqJ~~~~ffi)5~~~~H(;*~. 
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.... ;g-~.. ,?;1_._~~~=____. • 
fJJjzftllili, *ec~ 9=' e<J*~~tE/G~~:l*~. ~.mJ ffil*~iIi\l.l~OiR~lt e<J5[1t$ ~' 
~e:me<J, Ml.R~:m Jl!~~ 9='~ 1*iffi\.!tIlJn~1t e<J 5[{t$, {j!PIxt~ ~ e<J iE ~f'F 

.'fj *tlltlT. 
*~~&~!IlJn~lt~m:iJDffjj~/J\,1±jfJjltj; z ~ z+62 ~~&5!~ 

6P,=-peg62. ® 
~ 9=' Pe j; z ~ e<J ~~ e<J W1t , .!=j iIi\l.lt ,&~Mf* , El3 @:~t~IVf;. :it 9=' Pi. %~VF~ 

lti\!1:iJDat, *~&5!~lJ!&/J\~. re@~{-tA®J:t1~ 
__ EA

6P,- RT,g62. ® 

~:l:j; m ~~~tEL7H1~ 9=', 1t&~!~IliH.mJ OO*~~ffij!~~/J\ ffjjlJ!&/J\, 
1*fR~~* ,~~xtf/fJ OO~4.14l:9J. 1Z9j;:i1~~g~~~ ,ec~ ~ pg~~~~Q;', IzHmm 
N~~fr£, rglt,&~!~5[{t1ilZ7Wl)Eg~~l:t~~~]W: · W:~~.'fj e<Jg~~:i1~jJ~~ 
*T&5!f\.!=j1*fRla:J ~*~,ftJJfH1I!~~1*:l*~jJ~, PJreg~~l:t~jJ~*5F j;iIi\l.!t 
.!=j&~!f\fill~*~. 

El3 Q):it1~ 
v=mRT. ® 

fJ. P 
re®~{-tA 

pvr=c. 

{~ 

_ I..E.... I=l "'" T-CY mRP Y • IW 

~4.~~ffiJ!f\El3 P ~rtl p+6P at ,~~~iIi\l.1t:j4fEl3 T 3UU T+6T. El3©~ 
I ..E.... I=l

T+6T=CY mRCP+6P) Y • 

ifIJJf:l=JYl~j£J1I!, ~~ 6P ~~7J;:jJJYl ,jfff~~J ©~11} 

T+6T=C+~[P7+Y~lp7 - 1 C6p) J =T+Y~l J6p. 

Mllf 
@6T=Y~1 J6p. 

fLH~~~ ,P= p" 6p=6p., El3CVA,®:it~@~1~ 
6T=_y-1~ T o 
6z y R T + ( 6 T, +Y-1~) . 

@l 

dl 62 Y R z 

3e:m~'=-6. OXlO- K· m- I ,{-tAlf*~*PI3j(1~ 

IY~l'f =9. 8X 10-3 K· m- • 

.- ~=~ 1E: @. 


~ z /G~1~*at ,If 


+( 6T'+Y-1~) ~'T'
T eO 62 Y R Z~lO. 


Mllf 

6T__ y-1~ 
62- Y R' ® 

f-tA~~B9lf*~t\S1~ 


6T=-9. 8XlO-3 K. m- I . 
 @62 

Pi.%*7Fi\t'i1t~:iJDBt ,4.~~ilffi.1t~T~. PI 9i!. (~'-~»O,f'FfflT4.fflj 
e<J~~~jJ~.!=j~~m.~jJ~~&,m~~~~fJJ~m.,4.~~~~Lm. 
Fo , :j4f~@]rUfJJ~3'm•. ~ z~~1~*Bt,®~ 9='e<J T, PJ~ffl TeO f-tff,PJ:m~~:j4f 
1±fJJ~3'mJlll#ilifij2:mIitti*~. i*zw ~~fui!$ 

w=JL(6Te _6T). @
TeO 6z 62 

ftA~t\S'1~ 
w=l, 1X 10- 2 S-I. 

~ (2005, :i:OO!l'!oI.!;j.!JU!) :ltD I!l 2-4-17 fJj-~ ,A,B Jt Wi l' fJ fH1l1iiJ 9t 

00 ;fi *' A;h , ':l£ 1i t.k Jt1t ;fc\ tp , ;7;: ~ lUi n Po. m- :!/H'Jl;lt m 99 $ *- 7)-)lHE til Jt 
n mol D9 IiiJ # l! !J!A tHt JiJ 11 i'\ ;h fJ ,A;h {}t ~ 1!if D9 1!if if7( n S. R.;h B ~9 $ *- ~ 
* 1t':l£1i~ ~D9~~*.nkD9ftm-W.~~,W.~~_~~. ~M ~,Wi A ;h 
tp ~1U9 j'~ tIlJt T 1 , $~;fIjl*l1+~~~, W.f!f*lI~#*tI*. ~il WiAffit 
tp~~~••~~-~IiiJ--~,E~~~Btp~~~~~n~~M~~D9a., 
~*1t~~.~~tpR.ffitAtp~~~~~~t~~A;hBtp~~~~D9~. 
Q B zit: . 

A B 
1!12-4-17 

[:5t:tJTl EBTim§~cp~Y.t\P9~~f.I::;~ffilQl . EB~1J~§f5-J:E~9{J, ~ ~ 
Qn=WA -WB • ~T4S:~*1J.J~t:t* Q§~. ~Y.t\*1flij!8\jJilltt~~J A cp~{ii\t~175 
8SJ~~ffittf~, ffil* W IJ lilIJJills~~J~~m1JIC&8SJ1J.J. 

UU ~yg1t~'tfT~at ''*t\S~~~~Ht, PJ~*Uj£ B 9='4.1*~1*fR~~ 

225' 
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·~-~ .. J~IHe:gj37.1 

/J<*~i¥J-I*f.R1iluJ\T1JJ~i¥J-I*f.R,u\~~ilii¥J a ~/J\T 1 i¥J. 
El3 T A,B Wj~lfil:.p i¥J~-I*~IliJ#, IliJttjF~i¥JJ!;ttt~-I*, 1JJ~i¥Jiliil.IJt;f§~, * 

~i¥Jiliil.lJtiMB~ ,-1i9: 't111 pg~~i¥Ji!!.e~;ffiIliJ. *t%~j]~~-5:E1fPJ~ ,A,B .p i¥J~ 
-I*n-1ili i¥J~il: QA !j QB z.~1iiI~T~~W:xt't1I1f$:i¥J:9J W A !j W B z.~, Il.P1f 

~-~~~-~. m 
M~lfil: B .pi¥J~-I*, ~m.IJt~'t~r~Bt, ri5£~ttrlt, PJ~iAj]m~atBt!zt 

T ••~~. ~m.~rlt~-.~.xat,B.p~-I*i¥Jlli~ 

- !!!$.- ~ PB-PO+ S k s· (Z) 

if: B .p~-I*i¥J-I*f9.El31JJMl-m. Va ~¥iJ*~-m.aVa i¥Ji1~.p, m.~rlt~i¥J 

~. 

_1-aV . 
x- S a ® 

*~ff.j] PoS fIl~j] mg ~tgj] ,w.~i¥Jmj] kx !jm.rlti¥J~• .ljlUE H:" 

if:Jit:i::t~.p ~~W:xt~-I*f$:i¥J~ 
1

Wa = (po S+mg )x-Z-kx2 
• ® 

El3J!m~-I*~~~~,~B.p~-I*!ztif:1JJ~at1f 

(po+~)Va=nRTI' ® 

El3®®®A11J 

_ 1 Cl-a)2 [ 
-2

nRTI 
Po+~

] 2 @Wa-Cl-a)nRTl -z-k-S 

::<tT A .pi¥J~-I*, ~~&~tfr~at ,~-I*i¥Jff.5! 

PA =P +!!!$. ([)oS ' 

PA ~tg:i:,~-I*r2)JJi¥J~~ff.:i1~. ~ffl VAl, VAz:5HW&~ A .p~-I*1JJ~fIl 

*~i¥J-I*f9.,lllU~~WM A .p~-I*f~i¥J~ 
WA=PA(VAl -VA2 ), ® 

~ PA VAl =nRTI. ® 

~*~i¥Jiliil.&j] T2 ,llliJ 
PA V A2 =nRT2. ® 

~j] A,B .p~-I*1JJ~i¥JEE5!ii.;f§~,~&ljl';f§1liJ ,~-I*i¥J~$~;z.;fB~, i&1f 
VAl=Va. @ 

;z.B~ A,B .p~-I**~i¥Jiliil.J.t-tE.;f§IliJ,B .p~-I**~i¥J*~~~ 

(Po+~- ~x)aVa=nRT2 ' @ 

-- ._----- .~=~ ~----''----'---'-' '#-
~"' .~ 

El3CD-@A11J • 
(I-a) [ nRTI ]2

W A= (l-a)nRTI+k ----sz-a Po +~ . @ 

1e@fIl@j.tf"tAmA11J 


~ -~=.!.Cl-a2) ( nRTI )2. 

2 poS+mg 

..~ (2001·~OO!IW!!*.II~D 1f-1'm1'%IJ5:.~1l!,1'%i$*a<J*~a<J~ 

~'Ii~~ ~:i!H9#;fj.1ji~#' 9~ ~lt ~*, ~ltJJlt:lR M= 12. 000 kg, ~~"t a9 ~ *$~ 7J 
V I = 12.500 m3 

• !b1 ~ ~.'&: -f:lt!lllilllt, ~~*:ttA n=500. 00 mol B'J 1\ ~)§", *~ ~ 
~. fPJ:"*~~..lft-a<J~k~lt7J%Y? 1i:.~..lft-:iHICPa9noJtJta .!q~~~lth 

B'J*~:!w1-J? ;(Ern 2-4-18 cp®1il crh rn~#f,PJl*i1t ,~ e9~#~it. 

r~'" 
1II IIIII IIIIhim 

I!l 2+18 

3E, ~~~ frt 1F~il: ,uHc =4.0026 X 10- kg· mol- l 
, *~Bd!.!q :It!lllil~ Jt h z 

fS] B'J * ~ 7J 
p(h)=poe-"'. 

1\; cp Po= 1. 000 OX 105 Pa 7J :It!lllil ~tB9 *1i:.1I ~!. a=~,!t cp ,u. 7J *~~.f 

:I:tJ frt 1F ~ ilt.!t ~ it 7J 28: 964 X 10-3 kg • mol- I, g= 9.800 m • 5-
2 7J "t:h no 1!lt, 

R=8. 315 J • mol- I. K- 1 7J 1i:.1*~ ~,~:!:, T 7J *1i:. 99 511<1[ . 7J T ~ fPJ Ml. r.r it. ft 
1fl~ iJ.:t£ ~~..l ft- a9 ~ IE fJ , *~ 51 lttp ~ ~ e~ jIlt 4;jl ~ 1f ~ it. Jt.~1i 7J T = 

289.64 K, dnlt., OJ:jt~ a= 1. 179 X 10-' m- J
• 1~ iJ.1i:. J4i...l ft-:J:i>fl cp ~ r4i..!q ~ ~ I'"l 

a9 J$~ OJ %{,~1' it. 
~;;f: ::t£ x « 1 Ilt, t~~ fEI ~ c OJ mr Ilil iJ9ll[i~0 ~*-1Ht ~, ~p c = 1+x, 

[:SHlT1 4J$?±J:7ti1t~CPt£ffi J' = i'~M~ :ff118BIj4, J$ wfR1'®Tw;mx ,f!2pJT 
~)~JJ1'~. ?±~wfR~::F VI l)).Fo ,wfR1'~~ft;. ~fffiJ;:4,~~))~1'®f/M/J\, 4,ij< 
PJT~)~JJ)JJ\/M/J\, ~~4,ij<J:7t1JO~~N~. l)).Fo4,J$pJT~)~JJ1~ 1J\::F~m1.J , 4, 
ij<i1&IJ9X~@ii1J. ~~~~rIltN~BIj ,4,J$J:7t~fiJ;:~~,!;5)Jtt V = V I' a = 0 ffi v 

=om~NJ:~=i'~~~~~.~8@ffiffi*~~ffin~~~B~~~~~fi 
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/J<*~i¥J-I*f.R1iluJ\T1JJ~i¥J-I*f.R,u\~~ilii¥J a ~/J\T 1 i¥J. 
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~. 
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-- ._----- .~=~ ~----''----'---'-' '#-
~"' .~ 

El3CD-@A11J • 
(I-a) [ nRTI ]2

W A= (l-a)nRTI+k ----sz-a Po +~ . @ 

1e@fIl@j.tf"tAmA11J 


~ -~=.!.Cl-a2) ( nRTI )2. 

2 poS+mg 

..~ (2001·~OO!IW!!*.II~D 1f-1'm1'%IJ5:.~1l!,1'%i$*a<J*~a<J~ 
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r~'" 
1II IIIII IIIIhim 

I!l 2+18 

3E, ~~~ frt 1F~il: ,uHc =4.0026 X 10- kg· mol- l 
, *~Bd!.!q :It!lllil~ Jt h z 

fS] B'J * ~ 7J 
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1\; cp Po= 1. 000 OX 105 Pa 7J :It!lllil ~tB9 *1i:.1I ~!. a=~,!t cp ,u. 7J *~~.f 

:I:tJ frt 1F ~ ilt.!t ~ it 7J 28: 964 X 10-3 kg • mol- I, g= 9.800 m • 5-
2 7J "t:h no 1!lt, 

R=8. 315 J • mol- I. K- 1 7J 1i:.1*~ ~,~:!:, T 7J *1i:. 99 511<1[ . 7J T ~ fPJ Ml. r.r it. ft 
1fl~ iJ.:t£ ~~..l ft- a9 ~ IE fJ , *~ 51 lttp ~ ~ e~ jIlt 4;jl ~ 1f ~ it. Jt.~1i 7J T = 

289.64 K, dnlt., OJ:jt~ a= 1. 179 X 10-' m- J
• 1~ iJ.1i:. J4i...l ft-:J:i>fl cp ~ r4i..!q ~ ~ I'"l 

a9 J$~ OJ %{,~1' it. 
~;;f: ::t£ x « 1 Ilt, t~~ fEI ~ c OJ mr Ilil iJ9ll[i~0 ~*-1Ht ~, ~p c = 1+x, 

[:SHlT1 4J$?±J:7ti1t~CPt£ffi J' = i'~M~ :ff118BIj4, J$ wfR1'®Tw;mx ,f!2pJT 
~)~JJ1'~. ?±~wfR~::F VI l)).Fo ,wfR1'~~ft;. ~fffiJ;:4,~~))~1'®f/M/J\, 4,ij< 
PJT~)~JJ)JJ\/M/J\, ~~4,ij<J:7t1JO~~N~. l)).Fo4,J$pJT~)~JJ1~ 1J\::F~m1.J , 4, 
ij<i1&IJ9X~@ii1J. ~~~~rIltN~BIj ,4,J$J:7t~fiJ;:~~,!;5)Jtt V = V I' a = 0 ffi v 
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·__~.=~J~~!3,2t__. 
jl}.(, :¢:~~I±l*j1. J1t9~, fHlBxm~~.tt(JJD~~79~ffJJ:1'~1'1Z1~, qrGJ&H\l~.tt( 
5lI:jl}.(~);Ej8j~illWJ#1J~ , m:¢:~flS~5f3=,fqlj1)!. 

[~l 1ii'!-: 
L JIG>1<: 500.00 mol ~~tE1B£1;] Po ,ilfAfi1J T ata<J1*fR Yo. E.~IHIlLW:4,1*a<J 

~~:1JW1J 

pV= mRT=nRT.p. . CD 

mlltar>1<::f1J 

Vo=nRT ®Po . 

f-tAE.~~~,41J 

IT 500. 00X8. 315X289. 64 3=12 042 3 tj'
vOL 000 XlOs m . m . \,J/ 

[;§ Vo<Vj ,ilJ~~,*1*~*~ilJ:lIl*-m, tE:Ii!!. oo~Jt1*lR1J Yo. i9:lltat'tJiJi' 
~ a<J:i:j] 1;] G, ¥!f. j] 1;] FbO ,.910;ff 

G= CM+np.He)g= 137. 21 N. @) 

~JB>1<:¥!f. j] FbO . mT~,*f-lj:ff~~a<J1*~,tt5£»'i!fAtt:ltg.!:5~~:mfi'l ,f-lj:ff~ 
eca<J,!!J:}J\~$~T~~a<JIft}J\~, f-lj:ff~ eca<JEIi:l:1;] n/k ,~mi~,*JiJi'~n j] 1;] 

FbO=n/kg=14L 92 N. @ 

m FbO>G, ilJ~ec,*¥f.t.ft ,.t.7t-j] Fo .&1Jolltt ao ?H~01;] 
Fo=FbO-G=4. 71 N. ® 

ao Fo 0.336m.s-2 . (J)
np.He 

2. ec,*1A:Ii!!. 00 C~ J.t h=O) .t.7t-B;t, *~tt5£I!iUIi tt h a<J~*mi~/J\, ec,*1* 
~ VC~;f;t~.Ai~1t~ '\.fI!]1f.~)~JlIi: ,1r~ec,*1*~ V=Vj at:1JJl. tEllti1~ tp, ~ 
eca<J1B£:lm~~T*ecffiJ£. mm:REi9:, Jti!fAttt!1:lm~~T*eca<Ji!fAfi, Yf w, f-lj: ff 
~~a<J1fMJ\~:lm~:1J 500. 00 mol,JiJi'~¥!f. j] Fb t!1~1f:, ~p 

Fb=FbO. ® 
1& V=Vj at~,*a<Ji\1Iitt1;] hi ,.910tE h=O ilJ h=hl a<J:i1~tp, ec,*JiJi'~ a<Jif j] 

FI 1;] 
F I=FbO -G=Fo=4. 71 N. ® 

Jt1Jolltt:1J 

al =ao =0.336 m • S-2. 
 ® 

~,*a<J:iEZ9J1;]~1Joll:iEZ9J. ~ec1$:~i!fA~JlIi:, m~~:EJ:~~:f1J 
poVo=pjVj=Vjpoe-d>I. 

m .t. rt; ilJ>1<::f1J 
1 12. 500hl=..lln~ @a Vo L 179X10-4 m-Iln 12. 042=316. 6 m 

.'- ~=~ ffl: ~ 

mZ9J~~~JJI1ilJ>1<::f1J h=hl Bt~,*a<JZ9J~~ EkJ 1;] 
Ek, =F}h}=1491]. @ 

3. ec,*.t.7t-~~fi hi JB ¥f~IH~.t. 7t- ,ec '* a<J 1*lMiH~~ -m V j , ~:p}~ JltC , ;It 
i!fAfi.&tt5£t!1{~H~~~. *ectt5£ p ffiH~1t h ~*jjjJ~/J\, p= poe-d> ,mJJl1~ec1* 

~~:1J~ilJ~~1*il"J*fi p= ~ =~, i!fAtt~~Bt ,pC<: p, $:~,*.t.7t-at, JiJi'sty-,¥

j:rj4t~*~*fi pa il"J~/J\jjjJ~/J\,~1*JiJi'~ifj]:jifffiH h e"J~*mi~/J\.IZ5IJLt,ec,* 

1$:1Joll1t*/H~J.t1i~/J\EJ<J~1JQll:iEZ9J. 

ia:i%1t1J h ~EJ<Jy¥j]1;] Fo' ,h=O ~*~*fi1;] pao ,.910;ff 
Fo' =Vjpag=VjgpaOe-d> ,h>hl . @ 

~,*~ilJil"J ifj] 

F' = Fb'-G=VjgpaOe-d> -G,h>h} . @ 

i9:~~.t.7t-iU~1t hz Bt ,fFfflTec,*il"Jifj]~T~,.910;ff 
G=VjgpaO e-d>2. ® 

w, puo = Va1-tA ,11J 

Vr e-d'2.G=n/kg Vo 

mllt>1<::f1J 

h=..ll ~=..ll ~+..ll ~=h+..ll ~ ®2 a n V oG (] nVo a n G I a n G' 

1-tA;ff*I/&m: ,:f1J 
h2 =6. 03 X102m @ 

tEec,*1A~1t hi 7t-iO h2 il"Ji1~ tp, fFffl T""G'* il"J ¥¥ j] F/£~j], ifUffl®rt; 
ilJ¥f@rt;~~1;] 

Fo' =paO V jge-d>2 e-a(h-h2) = Ge-a(/,-h2) . 

fFfflT~1*il"Jifj]1;] 
F' = Fb' -G=G[e-a(h - h2) -1]. @ 

1JOJ!1t a2 .!:5 h il"J*;%1;] 
a2 =g[e-a(h-h2) -1]. 

tE h mhi ilJ h2 il"J:i::tWtp, xtJiiIil"JCh-h2 ).91U m - Ch2 - hi) iU 0, 1Z511;] 
aCh2 -h, )=1.179X10-4 XC604 - 316. 6)=3. 4X10-2 «1. 

ilJfflili:f!U*;%rt; e< = 1 + x :xt F b' ~ a2 $:1-rit~. $:;ff 
F' =aGCh2 -h), @ 

~p F' .!:5i\11i1t h JVZ~tt*;%, tEit.~,*.t.7t-i1~tp F'xt~,*Yf1$:il"J~Bt , ilJ 
w'J'lfifj] il"J.*3jZB3-m$:1-rit~, ~ h=hl Bt ,ifj]-Jfk*, m®rt;ilJ~ 

Frna/ =Fo =4.71 N. 

http:ilJ~ec,*�f.t.ft
http:qrGJ&H\l~.tt


·__~.=~J~~!3,2t__. 
jl}.(, :¢:~~I±l*j1. J1t9~, fHlBxm~~.tt(JJD~~79~ffJJ:1'~1'1Z1~, qrGJ&H\l~.tt( 
5lI:jl}.(~);Ej8j~illWJ#1J~ , m:¢:~flS~5f3=,fqlj1)!. 

[~l 1ii'!-: 
L JIG>1<: 500.00 mol ~~tE1B£1;] Po ,ilfAfi1J T ata<J1*fR Yo. E.~IHIlLW:4,1*a<J 

~~:1JW1J 

pV= mRT=nRT.p. . CD 

mlltar>1<::f1J 

Vo=nRT ®Po . 

f-tAE.~~~,41J 

IT 500. 00X8. 315X289. 64 3=12 042 3 tj'
vOL 000 XlOs m . m . \,J/ 

[;§ Vo<Vj ,ilJ~~,*1*~*~ilJ:lIl*-m, tE:Ii!!. oo~Jt1*lR1J Yo. i9:lltat'tJiJi' 
~ a<J:i:j] 1;] G, ¥!f. j] 1;] FbO ,.910;ff 

G= CM+np.He)g= 137. 21 N. @) 

~JB>1<:¥!f. j] FbO . mT~,*f-lj:ff~~a<J1*~,tt5£»'i!fAtt:ltg.!:5~~:mfi'l ,f-lj:ff~ 
eca<J,!!J:}J\~$~T~~a<JIft}J\~, f-lj:ff~ eca<JEIi:l:1;] n/k ,~mi~,*JiJi'~n j] 1;] 

FbO=n/kg=14L 92 N. @ 

m FbO>G, ilJ~ec,*¥f.t.ft ,.t.7t-j] Fo .&1Jolltt ao ?H~01;] 
Fo=FbO-G=4. 71 N. ® 

ao Fo 0.336m.s-2 . (J)
np.He 

2. ec,*1A:Ii!!. 00 C~ J.t h=O) .t.7t-B;t, *~tt5£I!iUIi tt h a<J~*mi~/J\, ec,*1* 
~ VC~;f;t~.Ai~1t~ '\.fI!]1f.~)~JlIi: ,1r~ec,*1*~ V=Vj at:1JJl. tEllti1~ tp, ~ 
eca<J1B£:lm~~T*ecffiJ£. mm:REi9:, Jti!fAttt!1:lm~~T*eca<Ji!fAfi, Yf w, f-lj: ff 
~~a<J1fMJ\~:lm~:1J 500. 00 mol,JiJi'~¥!f. j] Fb t!1~1f:, ~p 

Fb=FbO. ® 
1& V=Vj at~,*a<Ji\1Iitt1;] hi ,.910tE h=O ilJ h=hl a<J:i1~tp, ec,*JiJi'~ a<Jif j] 

FI 1;] 
F I=FbO -G=Fo=4. 71 N. ® 

Jt1Jolltt:1J 

al =ao =0.336 m • S-2. 
 ® 

~,*a<J:iEZ9J1;]~1Joll:iEZ9J. ~ec1$:~i!fA~JlIi:, m~~:EJ:~~:f1J 
poVo=pjVj=Vjpoe-d>I. 

m .t. rt; ilJ>1<::f1J 
1 12. 500hl=..lln~ @a Vo L 179X10-4 m-Iln 12. 042=316. 6 m 

.'- ~=~ ffl: ~ 

mZ9J~~~JJI1ilJ>1<::f1J h=hl Bt~,*a<JZ9J~~ EkJ 1;] 
Ek, =F}h}=1491]. @ 

3. ec,*.t.7t-~~fi hi JB ¥f~IH~.t. 7t- ,ec '* a<J 1*lMiH~~ -m V j , ~:p}~ JltC , ;It 
i!fAfi.&tt5£t!1{~H~~~. *ectt5£ p ffiH~1t h ~*jjjJ~/J\, p= poe-d> ,mJJl1~ec1* 

~~:1J~ilJ~~1*il"J*fi p= ~ =~, i!fAtt~~Bt ,pC<: p, $:~,*.t.7t-at, JiJi'sty-,¥

j:rj4t~*~*fi pa il"J~/J\jjjJ~/J\,~1*JiJi'~ifj]:jifffiH h e"J~*mi~/J\.IZ5IJLt,ec,* 

1$:1Joll1t*/H~J.t1i~/J\EJ<J~1JQll:iEZ9J. 

ia:i%1t1J h ~EJ<Jy¥j]1;] Fo' ,h=O ~*~*fi1;] pao ,.910;ff 
Fo' =Vjpag=VjgpaOe-d> ,h>hl . @ 

~,*~ilJil"J ifj] 

F' = Fb'-G=VjgpaOe-d> -G,h>h} . @ 

i9:~~.t.7t-iU~1t hz Bt ,fFfflTec,*il"Jifj]~T~,.910;ff 
G=VjgpaO e-d>2. ® 

w, puo = Va1-tA ,11J 

Vr e-d'2.G=n/kg Vo 
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h=..ll ~=..ll ~+..ll ~=h+..ll ~ ®2 a n V oG (] nVo a n G I a n G' 

1-tA;ff*I/&m: ,:f1J 
h2 =6. 03 X102m @ 

tEec,*1A~1t hi 7t-iO h2 il"Ji1~ tp, fFffl T""G'* il"J ¥¥ j] F/£~j], ifUffl®rt; 
ilJ¥f@rt;~~1;] 

Fo' =paO V jge-d>2 e-a(h-h2) = Ge-a(/,-h2) . 

fFfflT~1*il"Jifj]1;] 
F' = Fb' -G=G[e-a(h - h2) -1]. @ 

1JOJ!1t a2 .!:5 h il"J*;%1;] 
a2 =g[e-a(h-h2) -1]. 

tE h mhi ilJ h2 il"J:i::tWtp, xtJiiIil"JCh-h2 ).91U m - Ch2 - hi) iU 0, 1Z511;] 
aCh2 -h, )=1.179X10-4 XC604 - 316. 6)=3. 4X10-2 «1. 

ilJfflili:f!U*;%rt; e< = 1 + x :xt F b' ~ a2 $:1-rit~. $:;ff 
F' =aGCh2 -h), @ 

~p F' .!:5i\11i1t h JVZ~tt*;%, tEit.~,*.t.7t-i1~tp F'xt~,*Yf1$:il"J~Bt , ilJ 
w'J'lfifj] il"J.*3jZB3-m$:1-rit~, ~ h=hl Bt ,ifj]-Jfk*, m®rt;ilJ~ 

Frna/ =Fo =4.71 N. 



www.CYlY .com ;. ~=-jLJ~i£$2t__._. 	 __ 
'13 h= h2 Ilt, il-jJ :l{H\.§.j;]~, ~p 

FnDn ' =0. 

i~!='.J*IT h=h2 ~a<J7.YJft~j;] Ek2 ,9!tl ES Zj;IJ~~Ji:$.pH~ 

Ek2 -Ek1 = ~ CFrr••x'+FrrU.' ) Ch2-h1)= ~ FoCh2-h1). 

f-tA;ff *~~~~ 
Ek2 - Ekl =675 J. 

Ek2 =O. 491XW+675)J=2.166 X103 J. @ 

IT~f5j(M h=h1 ¥U h=hz a<Ji1;j¥~a<JJJa~Jt az lti:1bL.!:j h-hz J5.X.mfi**,t.E. 
ilJ lti:1bLj;].!:j h J5.X.~·I1**, ~n az =agCh2-h) , IT h=h2 ~ ,a2=0. 

4. ~~ESi'o1IiJi hz ~m~..tft-at ,r.'f.jJ /j\r:l:jJ ,il-jJa<JjJl<iJl<iJr ,~f5j(fi\t~~ 
iE7.YJ ,~f5j(3t~Ilil-jJ~~ , D) 7i1lfli El is a<J7.YJ~~j;]f-t1ft. '13~f5j( a<J 7.YJ ~~~j;]~at ,..tft
a<Ji'o1IiJjtJtJlj~::k{~['i!i!:Jlti'o1liJij;] H. ES®AilJ~,l<iJrB<Jil-jJ F " =G - F/= 

GaCh-h2 ),:jt::k/j\.!:j..tft-i'o1IiJtt.E.J5.X.~·I1**. '13 h=hz 1l ;j,il-jJ~r:;:. '13 h=H 

Ilt, I<iJ r il-jJ B<J ::k/j\ j;] 
FilCH) =GaCH-h2). @ 

m7.YJ ~~Ji: l1ll 

Ek2 = ~ FJJCH-hz ) = ~ GaCH-hz )2. 	 @ 

~1~ 

. m;;
H=vci:/+hz=C517+603) m=1120m. @ 

~f5j(M h=hz ..tft-~U H B<Ji1~~ , :jtJJa~Jt a3 .!:j h t.E.J5.X.~ ·I1** ,1E!:jtjJ fill 
~j;]l<iJr,IT h=H ~, a3 B<J::k/j\j;] 

F ilCH) . 
la3(H) I '" I = gaCH-hz ). @ 

np.H' 

f-tA;ff*fial, 1~ 


a3CH ) = - 0. 597 m' 5 - z. 
 ~ 
5. ~f5j(B<JJJaJiJt a .!:jf.6Jt h B<J**B<JIIl~. ~alIl 2-4-19. 

o. 

alm·s·' 
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_-___ ~= . . ~_!_JL_	 r-:.
--I;~ )~. ~ 

1H!= ~J1j3j(tI:l hz B<J~{UIl@Aj;]1i:.,~t!.!:jm-#~t!;j:BIG.l,JltJ5ilJ* . 

~~ar: 
@AIT hi <'h<,H B<JmlIJ~:ligmffl,h=hz ~j.'f.jJ.!:j:i:jJ;j:BB..1f~,h<hz at 

il-jJ fill..t, t~fill"'~!~; h> hz Iltil- jJ fill r ,t.E.m fill.1f~A. '13 aCh - hz)«1 at, ~t 
e-·(HZJ ilJf'Flti:fW-tJl:, 1~ 

F =-aGCh-hz ). 

4- x j;]~f5j(ffi~T.1f~AB<Jf.fz.~ h -hz ,))!U;ff 
F=-aGx. @' 

ES JltilJ.9l'. S(,f:j( a<Jjg7.YJ j;]Wiil§'jg7.YJ ,i!i!:~f5j(¥Uit~i'o1Ii ,\?:lltB<Jiii Jt j;] H, ))!lj:jjHij;] 
A=H-hz. @' 

IT h=h1 ~,7.YJ~~j;] E k1 . 
x=h1-hz. @' 

ES Wi iltiE 7.YJ B<J ~~it** ilJ 1~ 
1 	 1 · zaGCH-hz)Z =ZaGCh l -hz)Z +Ek1 . 

CH-hz) Z=(h1_hz)z +2;;1. 

H=-J Chl-hz ) z +2~1 +hz. 

LV. hz-hI = 286 m,EkJ =1491 J,a=1.179 X10-'m-1,G=137. 21 Nf-tA,1~ 

H=C516+603)m=1. 12 X103 m. @' 

IT h=h1 ~U h=H B<Ji1;j¥~ ,JJaJiJtj;] 
a= -agCh-hz ). 

'13 	h=H at ,:jtJJaltJtj;] 
a CH )=agCH-hz )=O. 597 m' 5 -

z. @' 

Yf1~~*.!:jm-#~7!ffilG.l. 
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i~!='.J*IT h=h2 ~a<J7.YJft~j;] Ek2 ,9!tl ES Zj;IJ~~Ji:$.pH~ 

Ek2 -Ek1 = ~ CFrr••x'+FrrU.' ) Ch2-h1)= ~ FoCh2-h1). 

f-tA;ff *~~~~ 
Ek2 - Ekl =675 J. 

Ek2 =O. 491XW+675)J=2.166 X103 J. @ 

IT~f5j(M h=h1 ¥U h=hz a<Ji1;j¥~a<JJJa~Jt az lti:1bL.!:j h-hz J5.X.mfi**,t.E. 
ilJ lti:1bLj;].!:j h J5.X.~·I1**, ~n az =agCh2-h) , IT h=h2 ~ ,a2=0. 

4. ~~ESi'o1IiJi hz ~m~..tft-at ,r.'f.jJ /j\r:l:jJ ,il-jJa<JjJl<iJl<iJr ,~f5j(fi\t~~ 
iE7.YJ ,~f5j(3t~Ilil-jJ~~ , D) 7i1lfli El is a<J7.YJ~~j;]f-t1ft. '13~f5j( a<J 7.YJ ~~~j;]~at ,..tft
a<Ji'o1IiJjtJtJlj~::k{~['i!i!:Jlti'o1liJij;] H. ES®AilJ~,l<iJrB<Jil-jJ F " =G - F/= 

GaCh-h2 ),:jt::k/j\.!:j..tft-i'o1IiJtt.E.J5.X.~·I1**. '13 h=hz 1l ;j,il-jJ~r:;:. '13 h=H 

Ilt, I<iJ r il-jJ B<J ::k/j\ j;] 
FilCH) =GaCH-h2). @ 

m7.YJ ~~Ji: l1ll 

Ek2 = ~ FJJCH-hz ) = ~ GaCH-hz )2. 	 @ 

~1~ 

. m;;
H=vci:/+hz=C517+603) m=1120m. @ 

~f5j(M h=hz ..tft-~U H B<Ji1~~ , :jtJJa~Jt a3 .!:j h t.E.J5.X.~ ·I1** ,1E!:jtjJ fill 
~j;]l<iJr,IT h=H ~, a3 B<J::k/j\j;] 

F ilCH) . 
la3(H) I '" I = gaCH-hz ). @ 

np.H' 

f-tA;ff*fial, 1~ 


a3CH ) = - 0. 597 m' 5 - z. 
 ~ 
5. ~f5j(B<JJJaJiJt a .!:jf.6Jt h B<J**B<JIIl~. ~alIl 2-4-19. 

o. 

alm·s·' 

6 
5 
4 
3 
2 
1 

1 
2 
3 
4 
5 
6 

60 0 him 
f..I I 0 

II 0 7) 

o. 
o. 
o. 
o. 
o. 
o 

-0. 

-0. 

-0. 

-0. 

-0. 

-0. 


I!I 2-4 - 19 

_-___ ~= . . ~_!_JL_	 r-:.
--I;~ )~. ~ 

1H!= ~J1j3j(tI:l hz B<J~{UIl@Aj;]1i:.,~t!.!:jm-#~t!;j:BIG.l,JltJ5ilJ* . 

~~ar: 
@AIT hi <'h<,H B<JmlIJ~:ligmffl,h=hz ~j.'f.jJ.!:j:i:jJ;j:BB..1f~,h<hz at 

il-jJ fill..t, t~fill"'~!~; h> hz Iltil- jJ fill r ,t.E.m fill.1f~A. '13 aCh - hz)«1 at, ~t 
e-·(HZJ ilJf'Flti:fW-tJl:, 1~ 

F =-aGCh-hz ). 

4- x j;]~f5j(ffi~T.1f~AB<Jf.fz.~ h -hz ,))!U;ff 
F=-aGx. @' 

ES JltilJ.9l'. S(,f:j( a<Jjg7.YJ j;]Wiil§'jg7.YJ ,i!i!:~f5j(¥Uit~i'o1Ii ,\?:lltB<Jiii Jt j;] H, ))!lj:jjHij;] 
A=H-hz. @' 

IT h=h1 ~,7.YJ~~j;] E k1 . 
x=h1-hz. @' 

ES Wi iltiE 7.YJ B<J ~~it** ilJ 1~ 
1 	 1 · zaGCH-hz)Z =ZaGCh l -hz)Z +Ek1 . 

CH-hz) Z=(h1_hz)z +2;;1. 

H=-J Chl-hz ) z +2~1 +hz. 

LV. hz-hI = 286 m,EkJ =1491 J,a=1.179 X10-'m-1,G=137. 21 Nf-tA,1~ 

H=C516+603)m=1. 12 X103 m. @' 

IT h=h1 ~U h=H B<Ji1;j¥~ ,JJaJiJtj;] 
a= -agCh-hz ). 

'13 	h=H at ,:jtJJaltJtj;] 
a CH )=agCH-hz )=O. 597 m' 5 -

z. @' 

Yf1~~*.!:jm-#~7!ffilG.l. 


~ (1999' ~OO~~;jl'U~) ;ff.:Jn1m 2-4-20 J'Jf~~*- ,--__ 

1L tf ,.1 "f ~~ ~ ~;fIl Jt :jj 't if] ~ ~ {<: 'f ~;It JIl tf., ~ -i {[t IJ' e~ R ~:-:-:-:-:-:-:-:-j~ 

.!f.~%1t.t!#'~,'f{<:.1J i,K .1J~fl,~~*-)i~*.w.;t #., . *~~flt, 


~ fl *~,~~~ tf ~Jit;(if J.l!d!:.1J m,.!p.1ftnt1l ~ ~~:!It7J c ~;}t 


.# *%. 3f-1t flt , j~.lt ~;It To. TiJ -f ~*1* ~ *- A:7!--r ~ f~ 1t jJ ~ 


if JIl ,J'Jf l;{.ljl-1t flt ,;f£ 'f fJ ~ ~1* :51- -r :lH~ ±g -5] :51- ;iji' , ffij ;It.l ~ "f 


~,e,j;p.jt.*- j\Eli.51;1t~~l§:~j:Jt1*:51-;iji' ,pJ.=poe=ff'. 'it tf h;lt'f b:-:-:-:-:-:-:-:-:-: 


fJ;}t.1ii. ~"f ilii~.w. tf *ilii ~~ lt, Ph kit<: ,\?, ~ *- A ~ Eli. 51. Po ;It I!I 2-4-20 


"filii ~~ tf *ilii 1l:C f!r h=O ~)*-fi. ~.lH£ ,m;lt -~*-A:7!--r 


~nt~. T Jk. 11:: jJ o§j: iilt.k ;It -~1!i'~ . jJ{I,;f£:}J *f.'J fl. ~itl!~ ~dJt ~:tk i~H~ ~ 




~ 

~__ m.-~. __~.}f.~_?J__. 

:1;t# ~ 1t 1t, :#1tJ1l: lli 1t 1tfikJ6 ~ it*' 
[:5J":rJi'1 EE l:§f[]#.i3~ffli~1m~f[]~r\ff5~ BSJBi'\JJ;JlJ~ ,qrtIl~nn11Fo ,~m 

~~n~~Ff:WTtmrD.JD75ff~, -B~l::75*Ht=fWTr\1t;, l'75~r\=fWT;lQ1t;. ~11§]0S 
1!¥-[lilim:JJ9§Ii.t:§pg iii1§] BSJ~1t; ,Mffjj1§E~mjJffi~l::Tt. 

UU (l):f:Et13H~fTffIT ,1JZWBt, kT~M9='ilHfi:*jif~~~f{~1'1i'§fQ~ 
f'(. 1Z91'1 iJffi.Jl';f§ II'IJ ,JiJf LVJ~:;t§ fQ ~ f'(EE;f§ II'IJ. f£!:f:E ~ fl Wi Jj' , EiH1H& 5t1fl1Jl\ viHjJ ~ , 
mf'(~~f'(EE;;fIl'lJ. tEteJll, 1Z91'1~M i*J ~jifk/J~ IS] EJIJ/'i;'j Jl'&1lVJ\, Elf LV,mf'(lli 
JVf~T*jif~EJIJ~fQ~f'(lli; ji'ij:f:E;fJJll, EI3 T~~* ,JiJfLV,~f'(lli~iIVJ\TTjif 

~M i*J*jif~EJlJt§fQmf'(lli, lZ9ji'ijtllJJ\T~:ij flteJllEJIJmf'(lli. J!i$, t1TFMJ fl}§-, te 
Jll~f'(~~;fJJllffB.*~mft5t1flm~,~~Tjif~M9='*jif~EJlJm~&*T~ 
fQmr-,\EE ,)Aji'ij;(;f-$5t~f'(*f-t(;,tUt) ,~T1J~M9=' EJlJil5i-l::t~tJl]' J';\-1JW,k 
jif~M9='il5ijifk7te9~f'(E13 T~ ~ fl;fJJllffB ,)Aji'ij~~f'(EEjliffr£, :ii!tJfZi1}:jif371 EJIJ 
~~EE/J\Tt§fQmf'(EE. J!i$,kiID~M9='*lHfi:~r-=\At(lt:~:J ,~*:I:~j,'. LV,k/~ 

~EJlJMfi~*~;;f~~*fi,~~kiID~M9='EJlJil5i~~$f'(~ji'ij.~tETW~M 
9=' 1'111:: ,lit}§- iI(~~;;f~~~. 

(2) EI3 T~}§-m~::!~:kjif~M9=' EJlJil5i1-*~$t!l.iUTjif~M 9=', Elf LV,»,-fi~-I:* 
~,:m;ll!;:kjifi9l:-I:1'1 mEJIJ~1*EJIJ~jJ~fibngl t!l~j],t~,i9l:-I:1'12m EJIJ;lf!1*Et':Ji*J§~, 
)Aji'ij~*&U1&Jl'k7t. ~%\IIItr~M,*~LV,R:~f'(~EJlJm~iiEt9~pjli]. mT*~:Ili 
}§-EJlJi1&Jl' ,1llU EI3 ~~ii~tlUE~PJ~ 

mgl = 2rrCCT- To). CD 
-ZLT- 2C+To. Q) 

~-':I:.. (2005 • ill!:7JWjmj]l~J¥ll~D 

R: ffiI~ s<.Jm~ Cpiston) .l:3stti~ (spring) 

;;lJ mn = 2 mol sj 3'1 ;\!!' <\ 1* ~ <\ , Ji T - ][ A iik]![ e9 
I2lJ U 1* K ffil 9=' , :!IP rn 2-4- 21 ffi;F. ~(-f- iik Ji eg 5t ~ OJ IV

;(E 5\ ffil9=' 3GJf- jjjLl~J:. r:E oW. $ ~JPtil:- j; m= 10 kgCi~ g 

=9.8 mN) ,)\ffil~ ilif>tRj; A=500 cm2 $ £:flt - 3GJPt• 

.~~.~KffilJ:._~~,$.~r:EoW~*_<\~r 

JI~, $ ~J:.7J j; ~'!i:. ~ #Elfft& Ilft-&$ ~ ~ .<\jJ: T-f
wtIt,t ~, W~jJ: T 3lcif?1t tIt,t, $\ <\Bd! j; Po, 'JJl,.ft j; 
To =300 K,1*iJ.,j; Vo. 

1U.JtW~~ft ~ ~ k=~A, <\1*"$' ~ R=8. 314 J 

• K-
1 

• mol-' , xtT ~W- TjR <\, tL ~~(Laplace '*" 4t)y= ~ . 

Ca) $ £1i -f-~1iN.J:. r 'it IJ\ m-if\'*- oW, it#:ft-l'i\'~!IJf $- J. 

r.:I,==;::::===:::;

I'tl 2-4-21 

~f* 

__~=~ ..J!!:.. __ ~__ .~ 
~~ .{,J 

CW~~M-f-.tIt,tlli~*$.~rJI.<\1*~~*#~~-.,3G~~ft* 

:t.b-HHf::ft-:EoW. ~P!}<\1** ~, ~~, Ii}Affil, $., ~4t$1A~iL IlP ffi ~:i±1l~ 

~~~ Et9. it J1I:1i $ .~ft j;J4~Xo ~. <\ 1*>tR ~ ffi ~ OJ ~~ ~ ~1i. 
[;t:rJi'1 "§5t;JillIE&§BffTJilFfC t!p if; ~Jttiffil~1jZ~lliilHf~9.t( or R.JIJ x) 81 

~~JBSJ-e-WJ1J, ~Dm1J ,~II11J l~CSZ4.{tttMMF$£1t;c:pfF,EF.Ff;(3J~~ff1J. ~Bill 

FF.l:JJ~Wm~WJ75rnlBSJ~WtIllRl~CSzJJ \~:J!&ii1J~i'I{~~1!:f:( t!p Ax«Vo ) , R~-Bt8 

~~illii1JpJi)~fEBSJ~)i75flE, 5!Dqr*~:J!&ii1JJffi.)j$ '~Tm 2IOJqrM®gii<g~j;~'S 
It,IE&§~t8:J!&ii1Jct@c:p~'I19§Ii,4.{t~)(3J~pJiiW:Mmm~;SZ;(3J~~9§lifDii1J1i 

(~:i!.JtA~:~:)BSJ~J6Jt~*~m 2IOJ~~m. 

[~l (a)ffi~s<.J~Z9J!fJll.$ 

~ffi£i\i6~Jt1fL:OOfiL:!:s<.J{jLB1'1 x( ~ ~~~ T.JIJ.J1., ~ J:..JIJ ~ )at, JtJEZ9J1J 
fi~1'1 

m;: =-kx-pA+mg. CD 
~9='P1'1~1*EJlJff~.EI3TB&f'(~i*J~1*iI(~s<.J~~W1'1~mMfi,~p~ 

= Po Vo' '1~ 

_ poVo' ~ Q)
p- (Vo-Ax)' ( Ax)"1--

Vo 


~ffi£fF/Ni~Z9J ,llltl Ax«Vo• Q)~PJ:llIfW1'1 


P=Po (1 +yt~)· Q) 

~Q)~f~ACD~, PJ1~ 

.. (Ax)m x =-kx-PoA 1+y Vo +mg. @) 

EI3 Tffi~~Tfit1l::1fL:OOBt, 5Ij!Jt7Gf$~ii,~ poA=mg, IZ9l1t@)~PJ~~1'1 

m;: =- [k+PoA( y ¢o) Jx. ® 

f~A k=m~A ,_t~PJ~1'1 

.. [mo-A (A ) ] mo-Amx=- :.:..::o:...:+mg y- x=_:.:..::o:...:(l+y)x,
Vo Vo Vo 

:.: + [(1 +y)~}=O. ® 

k~1'1~*EJlJm*JEZ9J/Jfi~,Jt~Z9J~.$1'1 

-~-.l~ gd (J)J- 211: - 211: (1 +y) Vo . 


~JYIHl!!.~~1*/Jfi~ PoVo = nRTo , k~PJ~~ 1'1 
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:t.b-HHf::ft-:EoW. ~P!}<\1** ~, ~~, Ii}Affil, $., ~4t$1A~iL IlP ffi ~:i±1l~ 

~~~ Et9. it J1I:1i $ .~ft j;J4~Xo ~. <\ 1*>tR ~ ffi ~ OJ ~~ ~ ~1i. 
[;t:rJi'1 "§5t;JillIE&§BffTJilFfC t!p if; ~Jttiffil~1jZ~lliilHf~9.t( or R.JIJ x) 81 

~~JBSJ-e-WJ1J, ~Dm1J ,~II11J l~CSZ4.{tttMMF$£1t;c:pfF,EF.Ff;(3J~~ff1J. ~Bill 

FF.l:JJ~Wm~WJ75rnlBSJ~WtIllRl~CSzJJ \~:J!&ii1J~i'I{~~1!:f:( t!p Ax«Vo ) , R~-Bt8 

~~illii1JpJi)~fEBSJ~)i75flE, 5!Dqr*~:J!&ii1JJffi.)j$ '~Tm 2IOJqrM®gii<g~j;~'S 
It,IE&§~t8:J!&ii1Jct@c:p~'I19§Ii,4.{t~)(3J~pJiiW:Mmm~;SZ;(3J~~9§lifDii1J1i 

(~:i!.JtA~:~:)BSJ~J6Jt~*~m 2IOJ~~m. 

[~l (a)ffi~s<.J~Z9J!fJll.$ 

~ffi£i\i6~Jt1fL:OOfiL:!:s<.J{jLB1'1 x( ~ ~~~ T.JIJ.J1., ~ J:..JIJ ~ )at, JtJEZ9J1J 
fi~1'1 

m;: =-kx-pA+mg. CD 
~9='P1'1~1*EJlJff~.EI3TB&f'(~i*J~1*iI(~s<.J~~W1'1~mMfi,~p~ 

= Po Vo' '1~ 

_ poVo' ~ Q)
p- (Vo-Ax)' ( Ax)"1--

Vo 


~ffi£fF/Ni~Z9J ,llltl Ax«Vo• Q)~PJ:llIfW1'1 


P=Po (1 +yt~)· Q) 

~Q)~f~ACD~, PJ1~ 

.. (Ax)m x =-kx-PoA 1+y Vo +mg. @) 

EI3 Tffi~~Tfit1l::1fL:OOBt, 5Ij!Jt7Gf$~ii,~ poA=mg, IZ9l1t@)~PJ~~1'1 

m;: =- [k+PoA( y ¢o) Jx. ® 

f~A k=m~A ,_t~PJ~1'1 

.. [mo-A (A ) ] mo-Amx=- :.:..::o:...:+mg y- x=_:.:..::o:...:(l+y)x,
Vo Vo Vo 

:.: + [(1 +y)~}=O. ® 

k~1'1~*EJlJm*JEZ9J/Jfi~,Jt~Z9J~.$1'1 

-~-.l~ gd (J)J- 211: - 211: (1 +y) Vo . 


~JYIHl!!.~~1*/Jfi~ PoVo = nRTo , k~PJ~~ 1'1 




..,~ 
-~__ . WWW.Eyjy.com:"~ ~-i\iB ~ ~j~OOit ~ :::: ~_1a ~ -.-- - ~ _4- •• 

..:. 

,~ ~ /"' ... 
- 1 I --£poA - 1 J.!!!:L ® =~ (mgVo ) (1- V) 2_~ (mgVo) @1- 2rr,\/ O+Y)nRT -2rr O+Y)nRT ' 8 2 A Vo SA'o o 

1-t.AB~n~ y= ~ ,m= 10 kg,g =9. SmN ,n=2 rool,R =S. 314 J • K- I 
• ~'4:.WEf{Jwt~:h V 8t ,ri!r£E8J!*~'FJ4?:o ,~~~E87#J ~~ 1:1 


rool- I
, To =300 K'1~~~fF/Ni1JOCi;1JEf{JiPYJ*jg 
 _~ 2 _2mgVoEk- 2 mv- 5A . ©1=0. 114 Hz. 


(b)~£flfr lliff:ffJ:Fo E8'4:.f*,WfR 
 *1jm~~;;:"1'tg5E~, PI1~ 

Wg., = eo.U. + eo.Ue +Ek • @ 

wwfR1:I 
®frfrEt~~:'l1:'F'Rtl1:.:>jL~;{7t~, ~.JtB9f$!;fil'1l:;'f;;~, ~ PoA =mg. ~ffiIJ*J 139'4:. 

O1°~; [Vl-Y - (i ) I-' J=mg [ v~io ] + ~ (m~Vo) (1-~ f 
Vo=nRTo= nRToA. ®Po mg 

_~mgVo +2mgVo 
SA ' 5A*~ii~~~)'~j]fFmrlli,7t~fI;ffiIpgE8'4:.Wlli!;fil'~ ~ Vo ,ttFo El EI3~:ffJ:. 

1-t.A Po = 7f ,...t~PI~ 1:1~~WEf{JWfRE13 ~ Vo ~!*~ V at ,'4:.WX'J),~WJ9ff~E8~1:I 

v 
 mgVo [V1-Y _(~)I-YJ= [v- i 

o
] + mgVo (1- V) 2+11mgVo tillW =fv PdV=f POVOYdV=POVOY[' VI-y_(VO)I -Y J ® AO-y) Vol-y 2 mg ----x- 2A Vo 40 A . V 

ff :®J:t -ill. PItlJ m'4:. w pg ~~ Ef{J1[1-t1~ tJj , ~p 

, gn<:;o. :;0. VY l-y 2' 

19.: 5=~,!J!IJ...t~PI~1:I
W .... = - e:,E= -nCv(T- To I ) . 

1 [_
Y -

(1) 1-, ] ( 1) 1 11- 51 - = 5-- +-0 - 5)2 +-. @:a:;~ To/ 1:l~WWfR~'F+Vo EtE8mlJJt. EI3'F Cp=Cv+R,H&=Y, l-y 2 2 2 40 

1-t.A y= ~ '1~~ Cv = L 1· 1-tkt.:a:;, 1~Y

1 2 11 3 [ 1. (1 -t ] nR 1 [ 1 (Vo ) ] 1W g"=l_/ T - To )=l-y pV-Po 2' . 2 5 + 40 +2 53 - 2) =0. @ 

...t:a:;E8~mff!¥:;'f;;
1*1Jm~{3~i1WEf{J'4:.w;{7t~7JW:a:; ,pVt= Po (V:t )Y = po VoY, PI1~ 

51 =0. 74 ~ 52=1. 30. ® 
. W =~[VI-Y- (' Vo )I-YJ J9fxtjjiz E8~wWfMHiJ 1:1

",,' l-y 2' 
VI = 0. 74Vo =0. 74 nRToA 

mg~~WE8W1RE13 ~ Va Jllt!*~ V Eit. ~7lE8:i:j]~~~Ef{J1[1t1:l 
= 0 74X 2XS. 314 X300X500X10-< 3= 1 9 3 

. 10X9. S m. m. 
V- Vo]eo.Ug = mg6h=mg ~ . ®[ - v: - nRToA_ 3V 2 - 1. 30 0 - 1. 30 --- 3. 3m . mg 

~.*E8~. 'Ii~~~3t1t1:1 ..~ (2004 • SIE]1fi!Jm!]l!Sl!¥~ ) 
1 1

eo.U, =2kx2 -2kxo2 ~~~{;$: ~U!c~ J.HlIifuJmjI* 
- i!j, ~-1t Of ~ i;iJIJ'i /Wi~ NM 71- JfX.. Wi '$~. ~ ~ it-j E: q, X (/%;fB.. NM ~ /t., 4r.A 

=~ U~g6) (VO-V)2 _~ (~) [Vo- i o] 2 ~zrB] .:k" m2-4-22).! 00 ~ 1fr? 8' it-j Jt *- q,. ;t q, X ~U1;(E /Wi ~ NM 5fP Jl; £ AB 
2 Vo A 2 , Vo A 

Z fa] •.! 00 ~~ 1fr? 8' ilH,\. q, (N2 ) . 

, 23A 235 
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----- --------------
_ti

~ r._.tJ'WWW:CVIV. com m-t\lB ifi-eSlh} 

Va N Vo A 

~, I~, Ir= 
M B 
~ 2- 4-22 

7fft~ at, ~1-~ ~ 0/ Il'J ~1* Il'J 1IUVfp-!* {;(;#J~. I%;ffi. NM it ~ -!Hti-1*,:1t fl Jt 
Il'J 1t.':~ 1:1R/J\, OJ I;J,~. ii&:f it. 

;(£;#J IliJ jIlt r , iOC ~ 7l< B<J ~~ 1j 7l<~ ~ #J ~~ or I;J,~. ii&:f it. 
A~1t.':L~~~.ft.tll'J••;{£IliJ-.ltr~*~A~m.~Il'J1t.':t.~ 

-f7l<,;{£ 373 K at,L=2 250 kJ/kg. 

1. 1¥Xi)t ~~~ AM Il'J A!t$ Jt..!f ~ a~ , I\&;ffi. NM OJ 1;J,;t,f~:ltlr. jfj';/J. ~ 1* a~;fJJ 
ftt;:tiI.it~ dI5!ii PI =0.5 atm, ,~.1*~ VI =2Vo ,jIlt TJ =373 K. 

rl rl =Ii ;/J ~ ~ AB, ~ *#f. il. fJi Ijt ~ ~ Cif! 1'- 1*f) Il'J ~ jl :Ii ;fI , 1I ~ i: 1* 

~ Vo 
'11\ VF =4' 

Ca);{£ pCV) 1'\9 J:. @j tl:J AM l*J ~ *I' ~ 1*;{£ TI jIlt r Il'J ~ 1*1I 5!ii P ~ ,~.1* t; V 

1l'J;!k ~ tlB~. itjf: tlB itJ:. i: ~ ~ Il'J ~*. 
~1*~~R=8. 31 ]/Cmol· K),EX; R=O. 0820 L· atm/Cmol· K),1 atm 

=101. 3 kPa 

;(£ Po = 1 atm 1I 5!ii r .7l< Il'J ~ lz ~ To = 373 K. 

Cb) itn.li fflj ~1*±i;fI 0/ ~ :lffi~ Il'J J!J. 

JdV =lnVV . 

Cc) it ~ J:. J£:Ii;fI ffi ifftIJ.ll'J ~:It. 
2. 1¥X iU;j;/li NM ~A M -!l :t fa] *A! ~ ,II flAr ~ I\&;/Ii ~ JiL a9 .Ii 5Hbl( -f EX; ~ 

-f O. 5 atm at. !Wi;/li;t OJ f};/J , fO] k11 0/ ffi *;lt1tlTAHtf:f :t C1~..it#J 4~~ 4t:;fl>M>4 
~~4t~~~). 

Ca) @j tl:J;{£'t~~jll! TI r.;{1 ~ ~ Il'J Bd! P 1j A,hlR Wi *I' ~1*1l'J ~.1*~ V Il'J 
pCV) tlB it. 

Cb) it~lI fflj ~1* at ~ -*m~1l'J J!J . 

Cc);{£ ~1*:ltltl VF = ~o J&-. ~~ AB rl'tl:ltlr.ioJ;{1 f};/J. ~ *1' •• C7j<.:;fl> $U iifJi 

Ii~~~ jl:Ii;fI~ }jldtl;fJJ~~ at Il'J i~~.1* t; 2Vo• ~ ~ @j tl:J k1 2Ca) ffi ~S 1l'J:Ii;fI tlB it. 
~ 2 /J\k1Il'J~~ 
OJ I;J, it~1~ -f Too Il'J - *- *= *- .~ Jlt OJ I;J, @j tl:J k1 2 C a) ~ k1 2 C c) ffi ~ ;jt Il'J 

tlB it. 

------~=~..-~-~ ---------_._-
~ >(,p. '" 

tr:~~ ;{1,\~ 16 ~ AB J:.
:!kit -!*t1 

aHUI1*~ .Ii 51 1*t1 EU! 

*JJ it Vo 0.5 atm Vo 0. 5 atm 2Vo 0.5 attn 
I 

2 

3 

· 
I 

· 
· 

#-it 2Vo 

• 

3. 1a iH~1-AM~~ ~;lt:f..!f 1t\o 1l'J. I\M~_ NM ~ Jt:f ij] .ll;lt ff.1, iJ~ ~ ..!f-!*, '\ 
#-1l'J ;fJJ ~~ :til. it 1j ftili 1 fJf t!Ii J£ It-'J ;#J 1liJ. 16 -* AB rl ,ti:ltlr. (,;J ;{1 # ij] • ;{1 '\ ~ Il'J 1* t1 ~ no 
i: tr: "'I. 1: 0/ 1r'J 7l< ~ '\ 7f ~~ i~ tii . 

Ca)it~;{1 '\ ~ 1:% B9#-f7\. 
CbhHtik -,w }j~±i;fI 0/ ~1*fJf1~ Il'J JJJ . 

-? -? _~El '" -2 .... '" -JL~ .Ii , ~ kl'-1l'J ;!A -\:1- ~r. Y- c" :R. : $R. \, YI - 5 • 7l< * \, Yz - 6 . 

{E 353 K ltl 393 K Il'J jll! ~ fS] •OJ I;J, mI;J, r 1l'J:i![1~ /L.~ *. 

p=poexp[ -]J=(}--A)]. 
*. 0/ T ;lt7l<;{£lH¥. ~ p at Il'J i!P Ai JILt ',11 Jt.$: ~. fr, po ,LJo 19 iltr ilii B<J It~ 

;jf)1liJ . 

[~ml *.~@~~~~~~=~~~~~~~~~m~~~~D~~~ 

il$qr~t~ffi~e-~Uf~- Jlt:9.t~~f2<:~~fJfl~{i.$;~~~29.1, yg r~~qr~WJI9W 

~~iI$, jffix~Ff7J<~~IJ!Uqr~'gt~ffiffi~i1f~. J1r~~~iI$,~~i1f~~fflffi*m 

~~m~qrJ1~§pJfriSJmfJ~-*•. 
[Wfl 1. 1Ni&[m~fIl~ffiI~1g~(j(J fi!*¢, 1Wi1& NM pr 0(X~~:Ijg § ffi 

ffl-Z)tJ. 

Ca)f:EJEiffil TI =373 K r ,~ffiIl*J ~¢f:E~-t-~iffilffj1ii:i:1:~9=<(j(J p-V !UWr 

http:ftt;:tiI.it
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1'0 Vo Vo 2 Vo V 
4 2 

I!l 2-4-23 

_RTI_ 8.31X373 3_ 06 12 3-6 2d 3V O- P;--0.5 X 1.013X10sm-0. m- 1. m. 

(b)~1-4.i*lH1lifj{JJ1W, ilJl2J.:5t~=1- Ilfl'~: 

o
(PI ,2Vo) -~(2pl ,Vo)-( 2Pl ,i )-( 4Pl ,~o ) 

(1) (2) (3) (4) 


{E~-Ilfl'~m~3(;j 4.i*Jifif/t(fj{J:9J, itJi:iurf 


Vo fNOdV
AI2=- f pdV=2RTI V =2RTlln2=4 297 J. 

2Vo Vo 

A 23 =2PI (Vo - i o) =RTI =3 100 J. 

f+vo f1Vo dV 
A 31 =- .1 pdV=RTI .1 V =RTl ln2 =2 149 J. 

2 Vo 4 Vo 

{E~1-EE;fliJ1W9=', m~3(;j4.i*Jifif/t(fj{J,£i'!-:9JJg 

A= AI2+A23 +A31 = 9 545 J::::::;9. 55 kJ. CD 
(c) {E~i*EE;flifj{J~=1lfl'~ ( 2-3) 9=' ,Jifi~ fj{J7..k~~t~~H~~7..k. l!I.l1tipm1

EE;fliiiW 9=' Jifitfmlli fj{JP.'::i: Q' ~:FfJIJWi11f.z;fO: -Jgm~3(;j4.i*Jifif/t(fj{J ,f,},:9J A; 

J3 jJ-If~7..k~~{E~H~iiW9='Jifi~Yfj{JI*J~~ 6U, ~n 

ct = 6U + Al2 + A 23 + A31 . 

~9=' 6U+A23 Jg-If~7..km4.{E{jE~ii~ 9=' Jifimlli fj{JP.':i~J:, ~'T O. 018 X L, 

$::J~ 

Q' = 6U+Al2+ A 23 + A 31 =0. 018 X L+Al2 + A31 

=(0. 018X2 250+4. 297+2.149) kJ 
=46.946 kJ ::::::;47 kJ. @ 

2. 4.i*{E~:if'raJJ£;fliiiW[~ 2(a)];fOW!!lE:ii~[~ 2(c)]9=' ,~Ilfl'~fj{J-m~Yiffl 

,.
~-=.~... --~-- ~ ---------~ ~~ t1", 
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"3Vo 

7 0 1. 0 V o 0.5 Vo 

8 0.5Vo 1.0 Vo O. 5 1. 5Vo 

l&.ro 
(2-./2)Vo 2+ J2 
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J2 2Vo 

9 4 4 

1tfflTi'6£ 
119 E£ 51 (atm) 
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= 1. 265X 101 J=12. 65 kJ. 
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___ .J!t=·.!ii~i~~.ft, _ _ _ _ _____ _ -. 
(c):(:£m:J§ 8--9 ~~J!lEi1~::P ,ti:'=\.~B~ff~!il. -lL:kr{:1'=\.~, ~*B'~ffJ!il.£ 

~r O. 5 atm iQ:iEm:J§:tk{5flt, {:1;ftlti:~~~ ~'=\.1*ff~!il.~f*1R?HlIJj;; CPI' ,VI ') 

;fOCP/,Vz') ,Ji!~ 

Pz' - PI' =0. 5 atm 

{ 
VI' + Vz' =2Vo. 

I I I I
PI VI =P2 V2 =RTI. 


*IJJf] CO. 5 atm)XVo=RTI ,1-tA..tA;,ll*ff!1rf.!}· 

1 1 
-,+ '+0 5=4.PI PI . 

, .f2 , 2+.f2
PI =4 atm=O. 35 atm,P2 =-4- atm=O. 85 atm. 

VI ' = (2 -.f2)Vo ,V2' =.f2vo. 

3. f~ iQ:ml'-~ffiI;fO rn ~t\5:JlLt-!~ ~~fg~f*, ~ t& NM ~ ~/l' $J, H j;; ~ ~ 
~ -\l'f*. 

C R(a)EBr Y=G" ,H C,,=Cv+R, $ Cv = ),-1 ,$ti:~7j(~~~{:1~1!lC~B~~ 

~?HiJj;; 

R R 5 
CVI =----=J:=-7-=ZR. 

)'1 -- 1 
5 

R RCv2 =-=-- =3R. CD)'2-1 ~-1 
6 

iQ:;:(j~fQti:~ ~~ f*lIJ!il., f*1R fQ i1ffi.lt ?H:lIJ j;; (p/', V/' , T /') ;fO (p/" V 2" ' 

T/') . EErf%t& NM ~5E/l'$J, $ V/'=V0,x.r.:sJIWit&j;;~~ ~~f*,I&~-4:.~~iffiI. 

It;f§~, ep T/'= T/'= T Oll. *t~'=\.1l-%*,j;;-l'-*m, EB rfEl'-j"UflfQrn~j;;~~ 
§@'~f* ,;fIJm~j]$~-5EW;ff dU=dQ- pdV,JJ~i,. ilH!}· 

CCVI+CV2)d7"=-p/'dVI". (g) 

EErB~rn~*.~~~{:1.$J,{:1~~~.~~mm~m~f*~~A; 

p/'VI"=RT' ,*tz.1-tA® A; ,~~ 
RT'dVI"

(CVI +Cv2) dT
I + n 17 O. ® 

5f!JmCDA; ,..tA;~1j] j;; 
11dT' dV/' 
z Y+W- =O. 

T' (V/')k = -)jti!&, @ 

A;~ k = 1~' ~~mti:~~~7j(~~:tk{5: ~{:1~~~rn~~{:1.$Jflt,*~ 

~=~ 11.\ ~ 
~~~ .. 

@A:~~*, ~~fiR-4:.~mltr~, I25IJttti:~ ~ 7j(m~B'~mlt-tl1llJHz.r~ffij~~. ' 
~ ,~MJ1Z~EB!il. P/'~ ~Jf]~i9:~il!:fbl.0A:()i.: Jl;tj(. *- ro Clausius-Clapeyron;f 
:f.Ij(. ) 

[_!!b(.l._..l.)] @P2 II = Po exp R T To . 

A;~ po= l atm, To =373 K ti:~~~7.k~~-tl1mJf]~m~f*~~A;,P/'Vo = 

RT',1-tA..tA;,~~ 

RT' - [_!!b ( 1 _..l. )]
Vo -poexp R r To . ® 

run! l(a)~~*~ Vo =R:l = ~~;~!= 0.0612 m3,1-tA..tA;,~~ 

~=lX [0. 018X2 250X103( 1 __1 )]
2X373 exp 8. 31 r 373 ' 

( T' ) 18X2250( 1 1) C1)In 746 =- 8.31 r -373 ' 

J1ZmlMil!:**rt:, OJ~~C1)A;~~-mMj;; T ' =353 K 

5f!Jm@A;, OJ~~~ti:*~7j(~~3fMl~~at ,{:1~~1l!t~f*1Rj;; 


T' (V)")k = To (Vo)k . 

I' )) 

V "-v(To )T_ 3X (373) 2_ 3
1 - 0 r -0.0612 m 353 -0.0829 m . 

(b) iEfEl'-~J!lEi1~ ~ ,;:(j~ ~~f*xt?'''.wJ9T~~:9J j;; 
V' J353K

,4"= I p/'dV ' =- (Cv) + Cv2)dT' JVo 373 K 

= ( ~ R+3R) X (373 -353) J 

= 121 X8, 31 X20 J=9. 1 X 1Q2 J. 

&.li. C2001 • ~~!jtJ.1u!.a) 

~'rimmt T a9 ~t'& f>IJ 

*M •••-#~*-~.~~~•• I~,.##*W.~~~.~.~I 
~~ 14.-fW/\" :iL1i~(fcc) ~ m, #*ft I!lP!.Ji - :iL1i1*, lI~1'-JYi ,R.. ~ft.M. 

L~;(;J -1'-. ~, iTO 1I~1'-~~ W~ 0/ I\.' ?i: ,-t!!,tll;(;J -1'-. ~,:IIP rn 2-4-25 rft iF. 1I 
x,y,z fJiJ L ~=1'.~, #1ftJi~#71-jj~ l;J, (a, 0, 0), (O,a, 0) JJ.. (0, O,a)* iF. E. jo 

I~~ 14#~ a= 3. 92 ~(I1P.3:;f#-~ltL*59 3.92 A). 

http:I!lP!.Ji
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C1) Jl!:, B\ 1;j>. fi. -l:JJ '!~ ,~ ABCD rfr (E fl\J lJ'- iIii ~ 7:J s"'a 1;j>.;If £ fl\J * iIii Fc , fzt)fJ *-}A *
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'W.l)t. -1-" T *;If £ * iIii *!& -)j to] CIIp ~7f foJ) fl\J 1t'I t~ ;tJ , ,jt: ,~, N~ ii 7:J kB T , kB 

JJ i,ltJj>tt ~ ~~. 

Ca)~>Jt* iIii a~"T** iIii *!&-)j to] tR;tJ fl\J ~ $. 
Cb)~>Jt~~tjllt7:J 300 Kat, * iIii fl\J W. T ** iIii *!& -)j to] IfJ tR;tJ, ,!t1iL~ IfJ 

-)j?!.;J;fIt 1t , -'if ~p -/ (Uz 2 Ct) ) . 

r ftl~1t 7:J e, ~: 
~£7t*e9"T:I: M=195.1. 
~Jt-#::l1!i'~ kB=1. 38X I0- 23 J/K. 

~TIfJJ»t:l m=9. ll X10-31 kg. 

~ T IfJ ~ -M':!l e= 1. 60 X 10-19 C. 

-'if M3t 'It ~ h=6. 63X 10-3• J • s. 
Bl-:fIT] :¢:~~-l'~1JlXIVJ ' ~IVJ ffi ~IVJ Jl6~~%\\{f N-{;$B5J ~~~ I ~Jill ffi 

~. ~cfJ§13 1 fq]ili7D~JEg~~CIIP4bJ~iJt)tISHm~ffi~{;$tJ~%\\{f, jffi>K~f~~N* 
M. §13 2 rQJ!i!Uili7D'fUf8j~@IVJB5J-~9Unll{f, qy~t!i5~§pfTrcJt±JB5J~Oi5JtJ~J165g;B5J 

:M~~~ffiffi*~illi'J>K~. 
UU C1) Ca) AMI¥J itT, !t!fPJJ.9l:i1tS9i1t*.:1-J 

h,l.=-=-h
P v'2rneU 

6.63XlO- 34 
-v'c2~X=9.=I~IX~ 10~19=X~64=.=Om10~31=X~1.~6=OX==

=1. 53XI0- IO m=1. 53 A. 
Cb) EB T~i3!:{IU~:m:1tT /~f]U~OOfi;'~~I¥JJJjtTlttM, $.R~~t!t*OO:lfH~~ 

~JJjtT~~;;tfB11¥J;ftj*.::p~,~Q~ 2-4-27 ffiffi. 



~-~ ~i't;$i1 

_ ' aF 

c 
lID 2-4-25 

C1) Jl!:, B\ 1;j>. fi. -l:JJ '!~ ,~ ABCD rfr (E fl\J lJ'- iIii ~ 7:J s"'a 1;j>.;If £ fl\J * iIii Fc , fzt)fJ *-}A *
1J.r.1i~"I- ~ T{ir M~$.i~;tJ Ii~ 7:J 64.0 eV a~ ~T, ~ ftt>l:! eHt *, ~ ¢o = 15. 00fl\J 

AM mC¢o 7J <t-=f *,-AM~J:j ff.J'"J;..!iJ)} ~z:!k:. %J), M to] Jl!:,* iIii , ,!tAM iIii J:J AC 

~;If £ * iIii * tHfrJJ3 ftt 1t-7lJ'- iIii. 7:J ~ it fOJ~ ,itt l)t.AMfl\J ~T .R fzt* iIii Nk::1r % fl\J" 

Trfr'I&M. 
"Ca) AM fl\J ~T, jt. 4unt fl\J it *J:J j1 *-? 
Cb)*~u)fJ -'l*i3!U ~*-1%.~U {ir MFcilJ;f1!ia i% AM iIii fl\J ~T, ~ fOJ , 'l* ij!lj -)j to] ~ 

;If £ * iIii *!& ~9 ~ftl. S :!!l-'ms ~1t, -)j iiJ5JlHHfM ~T? 
C2) 'W.l)t. s'ld;!>· * iIii " T fl\J 11.dR ;tJ iiJ tt 7:J ~ 1~ :IE ;tJ. ~ j,wdt 7t- i% at ,~~ ;tJ II\) tR 

m%~ *- ,tR ;tJ B\) lJ'- ?!.;J tR miiJ )fJ iJ.r. ~~ I: ~ T {ir M*- 'l* i~U. e, ~ {ir M if1, T *- fl\J ~!ii.lt [ 

~ ~1:J,'#*M*A~~u~ fl\J ~ .:fi~L~, if. H'" iTO firM ~!lt [ ~ * iIii" T fl\J1i~;; Ct) 

~~rf:~: 

[=[oexp( - ([CK' -I{) • -;;J2)}. 

_ht rf [ ~ [ 0 :Ml'J1\* te~t:illt7:J T ~ 0 at fl\J{ifM~!lt, K~ K' ,HlH\* ~ 
T1'fMMf>J ~ MM Fc B!J ;t*:It, ~ rf IfJ ~% <>*:iFn at ftil II\) lJ'-:l!.81t. 1:£ ~: -,fiT 

a~ 1ffi. 9dl: K~ jt.;tJ i: pIfJ f: ~ J:J K = 2~ P, ~ rf h 7:J -'if M3t ~ ~. 
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$1"_-• ___ . ___ _ _ _ ___ .____+ __ m~~_~~oo?1. ~=~ m ~ ._---------- 
e- e' 

E= ~ CN= ~ C' 2(u~(t)=C(u/(t)=m'cv2(u}(t).
2 

ffij1~ 

(u/(t)= ....K...m'u} , 

E=m'cv2(ux 2 (t) =kaT . 

..tj.\;q, m'jg-1-JJJ!:T~J1ti::iI:. m..t~1~ 

2 _ kaT _ kaT Q)(ux (t)--'-2 - --,----42.t"2· mcv m 7{J 
1!12-4-27 ~~~Q).!§~@PJ1~ 


00 2-4-27 q,'lttM~ Tm-;j{j~~~~1£ 1 .!§ 2 Zv..t~~jg 
 I=I e-'K2",,2~o m'4i f2 . 

b.l=b(sin¢-sin¢o) =n,t 
12SI..t~q, K=~= 2,1.7{,titPJ~;it~~jg

E~.AMjfj ¢0=15. 00,1lt-K ,1.=1. 53A,fBJ~ b=:ff, = 3)/ A=2. 77A, 
"a",,2 0 ) MT @)I =Ioe- ( m'f2i T=Ioe- ...tj.\;PJ1f:llIlTw;jm: 


(i)~ n=0,m1~ ¢=</>o=15. 0°. 
 jj'jH~ 

I
lny;=-MT.(ii) ~ n = 1, b.l = 2. 77 (sin¢ - sin15°) = 1 X 1. 53, tit sin¢ = L 53+0. 72 = 

itq,*·l$ M jg 
2

O. 812,m1~ ¢=54. 3°. 

M = 4kacos 8~ n~2,!ilV:3G~, I2SI @m'f2,1.2 ' 
sin¢=sin15°+~ O. 72+nX1. 53 >-0. 72+2X1. 53_1. 36>1. 

2.77 2. 77 ~ 2. 77 (a);ltH~OO 2-4-26 J9Tff-~ In I~ xt T ~**, PJ1~*,~$jg 
(2)E~ I=Ioexp(-(~ . b.Ky). M=2, 3XIO-3 K- 1. 
12SI~~~£m-.m&M~~Wtt'lttM~~T,tit~'lttM 

~r~tl~~ 
WIJ§"Kat-K:tt=IIRJ,&P K'=K,i\".ROO 2-4-28 q,v..t9<:~J9T%nlt~ K ka=1. 38XIO-23 11K. 
jg~MJ1-=jfj%, ilWJE rj.\; ,1.=1. 53X10- 10 m 

.. 6.Kb. K=K'- K=2KcosB i: . , 195,l X lO- 3 zCD m 6.02X1023 =3. 24XI0- , kg. 
j.\;q,Z .i;jg~m~~~~ ~~f:fL9<:ll. JW. ;:B'~ x :5tji, K "() 

f-t.A~@ , PJ1~PJ1~ 
Zi:ilil X - 3 4X1.38 X IO- 23 Xcos215°

2I= 10 e - (ur 2 (I) • 1K ",,2 0) = Io e-'K2 "'/0(ur 2 (,l ) • @ I!I 2-4 -28 2,3 10 (3,24X10 2')X/' X O.53X10- 10 )2· 

l2SI~riWJJJ!:Tm-~~~~Z~~iYJPJ1!,\'.jgm}~lEZ9J, titPJ 4- U r (t) = Acoswt , ffif $:~iYJ~~$~3JZ-~jg 
*1~;it3JZ-~Z 3JZ-~mjg /' =3. OX 102

• • 

1 J' 1 J' A 2 A2 r A2 ffij~iYJ~~$jg f=1. 7XI01z Hz.(u/(t) =- ur 
2dt=- cos2cvtdt=-' , 2 =-2' ' 

r 0 r 0 r 

2J)\&P (b)m(u/(t» ,k4BT,." T=300 K, PJ1~ 
m 7{' 

N=2(u/(t). 23
(u/(t) 1. 38X10- X300 Z 22 2 

$:~iYJ ,g, ~~-;:PJ ~{7:K jg (3. 24XIO 25)X 47{2X3. OX 102• m =1. l XlO- m . 
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/a - JI-~~: criY~ ".. ___~:-~~it;OO7} 
- - -.-.._----------, 

t&mf$ e<J:;IJiS] ~tHH j] 


.j(Ux 
2(t) -1. OX lO-lJm=O.lOA. 


U' L'- (2006 • OOiij;!lmJ.l!!!JUiV 


.~*II 
130 iWi it 7.:l 1000 m a9 ~JUc.!\!~-$. ~?t jltJ.t 7.:l Too, =30 ·C. '*.ilU9 13 #~1t 

~~ ilHl;, - Jt l!V- a'J ~ '\ -lJJ Jt (or iiiM. h ~ !S jlVl. $,. ~ ;tP.,);: *1!t JYi -$ a9 j: lt T lOp • 

'* 4th y= ~ Hi 'r! -.C 11- j~ ~ It 7.:l z '\ JI. ~,:U~ a'J :ltl1. ~ • #- 1& i~ ~ ~ '\ -lJJ Jt ~ #.d~ 
Roc. -oc 1~ 't 89 jIlt flt1~ jlJ ftllE ~ '\ B~ jIlt. 

(1) fO] f!i!,f E. 5! a'J ;f§.xt ~1t;. JIlt 89 ;f§.xt~ 1t f ~ $ j;'? 

(2)1* J¥J iWi It~ 1t dz **:itE. 51!: dp. 

(3) rB lit, Pf~j~ ~r~j:lt~ $- j '? 


~,*:;t$ft.t #it k=1. 38 X lO- z3 J. K
- z 

i)i1'-~7}-TB9m:l- m=4. 65 X l0-26 kg 

~:JJ 7Joltlt g=9. 80 m. 5-2 

[7tffT1 ~~9~~4,cfJ8SJ)jjjl&!.t:§ '.B1ll5li'iJCJJ i'F ml'HIHDi~ :tlli~9l~~8SJ- E 
~4,tJJh(*73'-.:r- k·l§.)tJ{'F@~§B3lltHt~mJ:ft~U1J1jl~9l (f?r -1. T .Hi. 51 Xl§ ?Z 

't -m it 6<] Y:h +~) .>.KJWfcfJ)$ EZ:JlIU~ ""'1;{.i\ 8SJ~~75n , @~~n 75n I)J EZ: 1J1jl~ 
s:t~ . @~cfJBSffl~JlJ!e(7:1ffi~7:1~{'F. 

un Cl H9:i'ii1i!l:j] z e<J-JtlWe<J:£~WJte<J.ff5!llj] P (z) . t1ii\.!l:j] T(z).-f*.f.R 

j]V(z ) = Ah(z).A ~it:£~¥iJte<Jiiif.Q. h(z)~;I't~1t . J.ilZJfHH:!~jj~:;IJ~ 

p V" = 1lt:i:. 
kJ. E(fll1~~-f*.:;IJ~ 

pV=NkT. 

N ~it:£~t.WJt~e<J7t-T~.i1HO 
r -) 

7i=1lti!. 

M;I't~7t, ~~lI1i~ 

dT=(1-..1 ) siP. 
T y p 	 CD 

(2 ) :£~roJt..t""fe<J.fff1&JtJ'f->JZ-~;I't:i:f1. ~p 

p}! v siPNmg+A[p(z+h)-P(z)J = kTmg + T dzh=O. 

mkJ. 

dp = - '!!:!£p dzkT . 	 @ 

._-- ~=~-!§.-. - . ~ ...---
(3) 83 CD@~i~ 

dT= - (1-..1 )~dzy 	 k . 

mkJ.~Mf.R7tili~%Wi'ii1iNj]He<Jgmt1ii\.1tj] 

T -T -(I-..1)~H
10P- 00' y - k . 

ftA~{j[1~ 
T,op= 20. 6 ·C . 

iiffl '4.. (2000· OOiij;~J.I!t!JJU~) -~m.I.ttT-m1'-;fEl~##a9~1*-zfSJ,-m 

tiI11*- a'J JIlt 7}}lU 7.:l TA :fP TB (TA > T B ), 4.Y:1'-tiI11*- a9 M it15J 7.:l m, ~~ ~~,~ ;t .15J 7.:l 

c. i~ -m 1'-tiI11* a'J if 31 i%.#:f ~ .lL:f it 1.;f§ ~. 
Cl)1&;t~mliUUdjf.~ 1~J! i£: -.CJt iH9l'&;km-ttIiL *- til -m #I1*- A :fP B ~ 

tI§.:it jH9 JIlt To a'J *:it;<\ , ~~ til M- Jl! ±-$ xUl. 
(2) rB lIt, 1~ til Jt iHit~aHLkJ.h~*:itK 
(3)1EUt ~m.I. tt T -m ~ 7l<-z fSJ. 4.Y:~ 7l<- B~ 1*-{f-.7.:l 2. 50 m 

3
• - ~ 7l<- a'J j:ltJJ 

350 K,jJ -~7l<-a'J j:ltJJ 300 K. -ittfPf~1~~-l;km~~g . 
3Eo 9:P 7l<- ~ J;t ~~ =4. 19 X 103 J • kg- Z 

• K- z . 7l<- a9!&' It= 1. 00 X 103 kg • m- . 

[7tffTl ~tJl,tJ~~~~P.J$®l±J. ?:HlIH8J:itJ:. Jillmffifi~17Hf1,. {fft~~m 

1f§f.1\~ncfJ~fE!i£~*~Jt tl~z = tlt • JtcfJ tlQ tJWH;;1\Im~Ml' ~jB;)lffiw.J{.i\ 

O-!',~)2f8J3'H~8SJ~iI!.~~EI3~7:1Jt InudTit~.li.mxpJTJ&8SJ~tJl,-l§.Ii'F~U 
~M	iEJiB;)lffiw.J{.i\8SJ )lffi&!;f§ ~8'.l tJit. 

uu :t£-it~%tltWe<JJ)]8;j-, 2!,aJ'1H!HJLIf'PI;j-e<JJfmtjp1$£;. 
i9: tlQ) 1JJA!fPJ-f*. A 11.&i&e<J~:fiI:, tlQz j]~:fj,H&:!fW-f*. B e<J~iL J)!O 

tlQz =-nutlTz(tlTz< 0) , 

tlQz =nutlT2(tlTz>O). 
(l)j]~1~:ft;km:fflX~~.i9:~mj]-F*~m. 83~f1~~=JE~.:t£ItF~:i::t~ 

9='.:fJ 

~n 

1~ 

(2) 83 J1ti~l±l 

tlQl= tlQz
' Tz Tz ' 

-nu ITo dT z =nu ITo dTz. 
TA Tz TB Tz 

TA 1 To In To = n T
H

' 

To= j TAT Il • 

W =Qz -Qz =mc(TA-To) -nu(To-TB) 

= nu(TA+TB- 2 jTATB ) · 

'•. - ..... - -  4. --!.~ !~ .... 
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Roc. -oc 1~ 't 89 jIlt flt1~ jlJ ftllE ~ '\ B~ jIlt. 

(1) fO] f!i!,f E. 5! a'J ;f§.xt ~1t;. JIlt 89 ;f§.xt~ 1t f ~ $ j;'? 

(2)1* J¥J iWi It~ 1t dz **:itE. 51!: dp. 

(3) rB lit, Pf~j~ ~r~j:lt~ $- j '? 


~,*:;t$ft.t #it k=1. 38 X lO- z3 J. K
- z 

i)i1'-~7}-TB9m:l- m=4. 65 X l0-26 kg 

~:JJ 7Joltlt g=9. 80 m. 5-2 

[7tffT1 ~~9~~4,cfJ8SJ)jjjl&!.t:§ '.B1ll5li'iJCJJ i'F ml'HIHDi~ :tlli~9l~~8SJ- E 
~4,tJJh(*73'-.:r- k·l§.)tJ{'F@~§B3lltHt~mJ:ft~U1J1jl~9l (f?r -1. T .Hi. 51 Xl§ ?Z 

't -m it 6<] Y:h +~) .>.KJWfcfJ)$ EZ:JlIU~ ""'1;{.i\ 8SJ~~75n , @~~n 75n I)J EZ: 1J1jl~ 
s:t~ . @~cfJBSffl~JlJ!e(7:1ffi~7:1~{'F. 

un Cl H9:i'ii1i!l:j] z e<J-JtlWe<J:£~WJte<J.ff5!llj] P (z) . t1ii\.!l:j] T(z).-f*.f.R 

j]V(z ) = Ah(z).A ~it:£~¥iJte<Jiiif.Q. h(z)~;I't~1t . J.ilZJfHH:!~jj~:;IJ~ 

p V" = 1lt:i:. 
kJ. E(fll1~~-f*.:;IJ~ 

pV=NkT. 

N ~it:£~t.WJt~e<J7t-T~.i1HO 
r -) 

7i=1lti!. 

M;I't~7t, ~~lI1i~ 

dT=(1-..1 ) siP. 
T y p 	 CD 

(2 ) :£~roJt..t""fe<J.fff1&JtJ'f->JZ-~;I't:i:f1. ~p 

p}! v siPNmg+A[p(z+h)-P(z)J = kTmg + T dzh=O. 

mkJ. 

dp = - '!!:!£p dzkT . 	 @ 

._-- ~=~-!§.-. - . ~ ...---
(3) 83 CD@~i~ 

dT= - (1-..1 )~dzy 	 k . 

mkJ.~Mf.R7tili~%Wi'ii1iNj]He<Jgmt1ii\.1tj] 

T -T -(I-..1)~H
10P- 00' y - k . 

ftA~{j[1~ 
T,op= 20. 6 ·C . 

iiffl '4.. (2000· OOiij;~J.I!t!JJU~) -~m.I.ttT-m1'-;fEl~##a9~1*-zfSJ,-m 

tiI11*- a'J JIlt 7}}lU 7.:l TA :fP TB (TA > T B ), 4.Y:1'-tiI11*- a9 M it15J 7.:l m, ~~ ~~,~ ;t .15J 7.:l 

c. i~ -m 1'-tiI11* a'J if 31 i%.#:f ~ .lL:f it 1.;f§ ~. 
Cl)1&;t~mliUUdjf.~ 1~J! i£: -.CJt iH9l'&;km-ttIiL *- til -m #I1*- A :fP B ~ 

tI§.:it jH9 JIlt To a'J *:it;<\ , ~~ til M- Jl! ±-$ xUl. 
(2) rB lIt, 1~ til Jt iHit~aHLkJ.h~*:itK 
(3)1EUt ~m.I. tt T -m ~ 7l<-z fSJ. 4.Y:~ 7l<- B~ 1*-{f-.7.:l 2. 50 m 

3
• - ~ 7l<- a'J j:ltJJ 

350 K,jJ -~7l<-a'J j:ltJJ 300 K. -ittfPf~1~~-l;km~~g . 
3Eo 9:P 7l<- ~ J;t ~~ =4. 19 X 103 J • kg- Z 
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[7tffTl ~tJl,tJ~~~~P.J$®l±J. ?:HlIH8J:itJ:. Jillmffifi~17Hf1,. {fft~~m 

1f§f.1\~ncfJ~fE!i£~*~Jt tl~z = tlt • JtcfJ tlQ tJWH;;1\Im~Ml' ~jB;)lffiw.J{.i\ 

O-!',~)2f8J3'H~8SJ~iI!.~~EI3~7:1Jt InudTit~.li.mxpJTJ&8SJ~tJl,-l§.Ii'F~U 
~M	iEJiB;)lffiw.J{.i\8SJ )lffi&!;f§ ~8'.l tJit. 

uu :t£-it~%tltWe<JJ)]8;j-, 2!,aJ'1H!HJLIf'PI;j-e<JJfmtjp1$£;. 
i9: tlQ) 1JJA!fPJ-f*. A 11.&i&e<J~:fiI:, tlQz j]~:fj,H&:!fW-f*. B e<J~iL J)!O 

tlQz =-nutlTz(tlTz< 0) , 

tlQz =nutlT2(tlTz>O). 
(l)j]~1~:ft;km:fflX~~.i9:~mj]-F*~m. 83~f1~~=JE~.:t£ItF~:i::t~ 

9='.:fJ 

~n 

1~ 

(2) 83 J1ti~l±l 

tlQl= tlQz
' Tz Tz ' 

-nu ITo dT z =nu ITo dTz. 
TA Tz TB Tz 

TA 1 To In To = n T
H

' 

To= j TAT Il • 

W =Qz -Qz =mc(TA-To) -nu(To-TB) 

= nu(TA+TB- 2 jTATB ) · 

'•. - ..... - -  4. --!.~ !~ .... 



~-~ EHt:flBL 

£OC W=mc( Jf:- Jf;)2. 

(3)~il~iJi1i* 

W =2. 50X 1. OOX 103 X 4. 19X 103 X (350+300-2 -/350X 300) J 
=2. OX 107 J=20 MJ. 

~. (1 999, OOiij;#J!!!SUU!) 

9:1*~HUttt-J IllitI& 
-~~~~OO~W~~,~~*~T~~~~~~-#~T~~.~~L~~ 

-~ OJ IV- fJ IE L r ~ ijQ 9~)Jlt~~.1& ig:x ~~jj!Ulli, #1& ig:JJt~~ ~ r.J ~ Z fii] a~ Jfj: 

iff- }J '/1} OJ ml;rd~ ijQ , 1J! $ ij~ :I #i ~ ~r. ~ Jt>(t/t, ijUUUz. OJ ~. ~. ~ fJJ , ~~ j£ it ~ T 
lf1! j£lt, ~ ~ ~~ OJ IV- -v-.~ ;lUI ~.~~.1&ijt OO'j\IJ( ~#J:~;fv~AH~ ~-!f$-;fP 

~$ :t:HJ4RJJ', ~!It, ~~;fP jl-Jfi- fl9 ~tt:l! *~,ti, -tEM*M at OJ IV- %i.~. 

-*IE~.I~~.~~~M~~•••~••AOO~.!It~.M*~.x 
'2Z i&1{!1,.1± ~ q,;fP .~., ip:tt ~ ~ ~ #.Jt~'2Z i&. '2Z i&. M~~ rc, foJ ~ ~~~T 
:!itlU .~~, ti;it~'l ;J..4R tJciIJ.lli nj~.M ,:lf~ @)lIJ~T~£~.lk.#njl-.M 

;J..j] $1t/t.71-T'2Z i&, #=111 foJ ~L 'j\IJ ,t;fP.~.ffi..M. ~!It, fJ.. ~~ tp '2Z i& fI~ fi~ ~-tE 
4Rm ~ at f!i] ~ ;Y,t~1tffi. tA~ijQ (~-TiR:.~), ~rc ~ -* at fii]:lt!!,1* fii -tE ~ 1* tp. ~ ifl ~Jt 
~lIJ.~~(oJL~;iJ ,,ft••.- ~atfii]Fc ,~tUk:~~, )lHt.~~~ft~. 

(1) jfl ~Fc ~ ~ *(,jl'~{r!Ji1; ,)£ or mJ!lt3f<..{r!J!/hJ£ ,*"Jt.f..) it•• !!!! rc ~~ fI~ j,
It;fPEO£. 

(2)it~~#''2Zi&.M Fc J'Jf~~{11At~. 
(3) it ~,ft:ti ,!!il1±~ tp ~ #.J'Jf '2Z i& ~.Mfj~. 


(4Ht~=II1 ~ #.'2Zi& ~.M~ $- IV-lZWS ~lfl.ftat fii] ~ if-7 7tT~ . 


(5)it~7t fi~ ~1t ~ .~~ ~~.tt,# fi~lk. - fi~ I:~ it1±~ 99 3$:$-. 

ftrc re 00 r.J 'ti 'ti.$t ~ 90°, 1~$ ffi. 7l< lj2-~ (oJ ,1Jj ij( ~#. *tJ?$. ~ I'll] if-7 tA:9: ~ OJ IV


~. aI}. 

(6H)t f!fJlk.;ff.$t~ rc q,~~ E& 5!;fP j'-lt;lt -'[r%~ ~? ~D*~~ 1 ,~~11i:~*Y? 
~*: 
i ~*~E&5£ po = 101. 3 kPa; 

:t j,- T o= 293 K; 


.~~m~ m=800 g; 


'j\IJ~~~~t n= O. 100 mol; 


~~.$.~~tA Cv = 20. 8J· mol-I . K- 1 ; 


@foJ~~~@ 2r= 100 mm; 


.~~-* A=514 nm; 


• H~~ &=10.0 S; 


.HFc.~~~tt~ 6s=30. 0 mm. 


?~8 

~ .=~ ~- ~ 0 -t':.y ,,'" 

(7Hlfl ~~~qJm, '=i.~~9~,5ffi1&VJfO'=i.~~ Illi~ ~f2* El '=i.~,5Jfa&l&89•
~~IJg. ~7:E§~D.1E~~-~~d:ffc:p~1J§ pV = ~~, fU ffi '=i.~75fffO~1J ~§l3 
- JE~;$:~5!DqJ>.KfBff. 

UU O ) -'f~Bt, M'p;j&5S p ~'~~Tj[p;j&5s:bD.te{ilJftZ9Jtn~-TF~B~ 

Ens 
P=Po+~. 

~l£mMz.iW;ftlmMz.yg±!g~wJ1t. 7HflBt, SCWm.OCJJj[m.. El3 J1![~scwi*~ 

jj~~, 7f~flBt~wwfJ~JJ VI ,VI = nRpTo(R Jt q,1t '*" Jt), ~J1t, ~wJ9T 2J~*l'% 

~~~OC hi JJ hI = ~~ =. ~~o • mp.Ryg,J1t~OC~j] h2 = hI +6s, ~J1t~tn 

1N!~JJ 

T 2 = To (1 +6s) =To+6s(Pon:? +mg)
hI nR 

~1i~*j] :p=102. 32 kPa, T2 =322 K. 

(2)~Wxtm~-T£:j:1i1Ztntr1AJlt~ j] mg 6s, xtm~ p;j &5s 1i1ZtnJ)] j] Pon:? 6s, 

~J1t,~,a<J~j] 

W=(mg+po7!?)6s=24. 1 J. 
(3) El3 Tm.OC&~ ,~Wp;j ~~tn~~'i:j] t::£= nCv (T2- To) . l£m,~R tn 6t Bt 

fEll p;j J!A*tft tn ~~ j] 

Q =t::£+W nCvh~o6S+(mg+pon:?)6S 

= 6s(Pon:? +mg) (1 +;;). 
Jlt~:l:t<t!:El3 ~.&i&YtmMffiH*, I25IJ1t-9D.&i&tnYt~~-l& ,Q=84 J. *Uffl~ffjj~ 

t!Li'iJ1~¥iJIfiJ~~* 

Q =nC (T To) =n(Cv +R)6S~Po 7!? +mg) 
p 2 

2 C\I = !::,s(pon:r +mg) (1 +R) ' 

(4) ~ JJi3r:Yt~a<JJ.JJ*~tg5Ea<J, I25IJ1ti1&q$!:tnfttn~*j] 

N= ~ =(Pon:?+mg ) O +;;)~: =8. 4 w. 

.-Yt-Ta<JR.j]~,~Jlt.m~~i1&i&a<J:Yt-T~j] 

l~A=2. 2X10 19 s  • 

(5)~"~a<J~~~Txt~-T:!:fitJ9T{/t{a<Jm~~, iZSIJlt"~'i:~~tn~~* r; j] 
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9 ~-~ $}-e~:fr 

mg6S_ ) c 2. 8X10-3 "",O. 3%. 
Q (l+~)O+~) 

mg R 

(6)tt7B3&:$1litf ,~~-1'~~~i1li, ®£tJll. E8 P 1r.1.1 Po, iffiiJ3i1r.1.1!fi a<Jii 
T3 • ~~~1r.:J#ei1li9=', Pvr =,*"1/&, ~tlm"'l:~:7Jli:mfI1PJ1~ 

p'b- 1 T;Y = pY-l • T2Y, 

~p T3 = Y •Tz ( 7;) z=J 

1t9=' y=&=Cc~R=1+cf =1. 399. 

-!lFci T3 =321 K. 

~ ~ ~ 
~ 

~ -1 *" ~ ~~ 
- ffi'!'l ! (2002 • ~OO!lo/JJI~JU~) rn 3-1-1 J'ft;if; t ~ tf , t 51!!. iJ<J t;iJ '9} )\) E, Wi 

1'-t~~1!9 t~ 1*)\) C,K )\) -lflJ] h'Z~7f7C7f~batWi t~~:MJT* t. 
O):J-#'ml}{,,5I:;*t K ~ a tI~,1tjUff,Jt,JfG:l±~ r l 1 

tf It 51!!. Mil. )~ it a~ t »~ ~ T ; fit 4f K ~ a ~ 7f jlii"l_ C a Vi 
~btI~,Jlt:l±~tft5l!!.i#~l!9tli~~T . TE c 

(2):J.=.#,tA'I}{,,5I:;~ K ~ b tI~,:i~jUff. Jt,JfG:l±~ l l T 
tf t 51!!. rkJ Pil. )~ fta~ t IiE~T ;fIt~ K ~ b ~7f i1ii 003-1-1 

~ a tI~,JfG:l±~ tf t5l!!.i#~1!9 t ij~~T__ 
[ 7t:t:Jfl ~EtJ,~ E X1-l'1'mE§BSJEtJ,§~ C lCE§~5RFo, EtJ,§~pJfmEtJ,~. 

~D7sJM E§~~}jEtJ,~~ ,J1tBIjEtJ,§~i®'13EtJ, It 7sJ ~ EQ, EtJ,iJ]Hii I±l BSJ EtJ, 1tJ19 EQ, EtJ, 

~~ffi~~BSJEtJ,It~7sJ~~2£~~.~~~~-~ffiU§~=~~~~~1' 
IDJ ,?±.~( 1) ~BSJ~=~~, lCEtJ,FoBSJEtJ,§~~~~tiH~Im~Kf~. 

111[~1 O)Z£2C;O; (2)4£2C;Z£2C. 

. if' ( ( ~JfiJiI ~l§) #-1~?} Jiu )\) Rl ;fP Rz ~ Wi 1'- MI\..' #-~ B 

if;hJ ~t;6t:ii (I!l 3-1-2). Wi 1'-#-J.1(. if:l0 -5j * It , t wif ~1lt?}Jiu )\) (11 ~ 
;fP (12 . **#-J.1(. if~ A1~ AGB 1:. t3h~?};ij1. R 

. [ 7t:t:Jfl ~J:f~$~~:rnl~~fflBSJ-~~.lim75)li. ~-:'8mEtJ,ij(n lOR, 

?±ij(~ ,9~F!:EBSJEtJ,!i§~~~U~r$~, ~.limqr5t7:H.lU~I±l~, IJ ',*ij( D 

lID?± AGB kF!:EBSJEtJ,!i§, ~fflEtJ,!i§~t.JO~:rnl*l±lfiFo~~. A 

UU ¥1£1.1 R a<J~5j*~'*Jt:pg'$~~1.J k ~ ,5'~'$~~1.1 003-1-2 



9 ~-~ $}-e~:fr 
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EE .rt®~CDJit.rtCD , 'ilJ ifJir!.ff 

T 
t[=4' ® 

:i!g-"t;!l'1:i5t.:fE UA =Uo I¥J'~{JLT ,M. t=O ¥JJ t= r :i!~Btr8] pg 1":1: 1¥J~;j<}[ti~'ilJ 

iO:iE A f&C"jHJJM!,iK.,E. ~ Jl:. t< r). 

~7M~:fEr~~r:i!~~~pgr:1:I¥J~;j<}[I¥J~~m{JL,~~m~-.~;j<}[ 
r:ff A f&[lf;jJlI,:ff VA = -2Uo It:l:mfFfflT, EE A f& tc:J B t&.~~ ,7&iO:iE B t&.~.2:J3J 

I¥JBtr8]~ r, IJlO~ 

2l= ~ C2ao)r2. 


:l1.t!m.rtCD 'ilJ*1.1'J. 


r=Jf. ! T. 

EEltt'ilJ9;I:l ,fL111T MN iOA f&:i!-12S)~9"I¥J.~~;j<}[,~O*'f::~ U= -2Uo I¥J 
It:tmfFffl~r8]::kT r,IJlO:i!~~;j<}[i!f~~¥JJ:iE B t&.. 

:ff t= r .£t±J 1¥J~1'!L,:ff UA =Uo I¥J It:l:mfFfflT , tc:J A t&.1Joit~~ ,1JOitI¥JBtr8] 

~ r ' ttfj':ff VA = - 2Uo I¥JIt:l:mfFfflT~it, EE T~itBt l¥J1Jo itJJt~1Jo itBt I¥JW'J 

1iL i'&Ktt r~;j<}[itJJt~~::t. EEltt'ilJ9;I:l~*-!l'ilJ£I£m:ff UA = - 2Uo I¥J It:l:mfFfflT 

tc:J B t&.~~I¥J~I8]~ 

1 1 3 3 1 
r[ =zT-gT=gT=z ·4T. 

EE T r[ >r, i'&:ff t = r ~r:1: I¥J~*-!l~~~ iO:iE B t&. C~ m~iK., E. ~ Jl:. 

t< r ) ,~~:jl}@]¥JJ A t&.. 

:ff t ::kT ~ 1E!JJ\T r Btl8] pg r:':t.I¥J~1'!L, 1lli: UA =Uo I¥J It:l:m1JoitSIJBtr8]IJ\T 

r ,:ff UA =- 2Uo SIJ It:l:mfFfflT itJJt~ iO$1¥J ~ 1'8] IJ\ T t = r, i'&'ilJ:ff UA = 

-2Uo l¥Jlt:tmf'Fffl"ftc:J B i&~~Btl8]~ 

I IT ITr>z -g =n, 

Jifi~:i!~~*-!l~~U¥HJ¥JJ B i&...t,~'ilJflli:jl}@]¥JJ At&.. 

EE ~...t:5HJT'ilJ9;I:l ,:ff t=O ¥JJ t= r ~riijpgr:1:I¥J~1'!L9", .R~:ff t=O ¥JJ t= r 

-~.=.-~.--~- ~ --~ 
~ ~~~ 

~~pgr:1:I¥J~1'!Ln~:iEAt&.,~~%~~~r:1:*It~;j<}[l¥Jm~~~,M~~:iE 

At&l¥J~1'!L~~ 

N=320X ! =80. 

~_ (2001· ~1~l!jo/H~ffi~~) WJ J?I:':ii:RJXi'.it9iflf An+ -"B 
N1:-J, *if;ft( A,B ;ffi 11P. d , WJ {t( raj it9 if!.1I jg u. - 1#' iE if!. it9 JP1: ----v; 

,,?;}A f\§' {tz raj it9 M ,~ fH& ~ .'l£ .R rf;] .1. it9 fJJ :i! ~ Vo ~ ij] , ~ t 
l~ ±t if!. .w tp ;lit,~ N }~ at ,:i! ~ ~ jg JJ<. if :t rf;] , *11'17) jg Va, 

:liP JiB 3-1-13 J'JT~. it M,N f\§',~ IS] 119 if!. ~ 3:. c.~-!l/I--f >t J0: ,~_ 
IVoxt~,*,;fB..J::. >t~MJ 5:) :B-;;fIriJ"%"f.J) 

M[:5t ;j:ff] {±~~~J~ c:P MJi,?-J8J 8SJ EtH;§~~M,~21~)fj 
~~~~~~.~~~,~ffim~m~~w~~c:p8SJB~~ 00 3-1-l3 

WJf$*1~ M,N M/~I~8SJ7J<1jZ~.~Jmif1l*m. 

uu *1t)JD:,8:ff'd£lL1jtc:Jf$:lsJ~it~~, 1JoitJJt I¥JjClJ\~ gi :fE7l<. f:/J tc:J ~ 
~It:l:mfJfFfflWf$:lsJ1Joit1i:~~~,~1JoitJJt~ a. 7&)JD:,8M. M¥JJ N ~.2:J3JI¥JBtr8] 
~t,IJlO~ 

vx=a[=vo. CD 
Vy =Va - gt=O. (2) 

EE ~...t W'J .rt1.ff 
a=g. ® 

t= Va. @) 
g 

M, N W'J ,81'8] I¥J 7l<. f JEE;ri9; 

1 2_~2 

x=zat - 2g' @ 

T;!l'1: M,N W'JBI'8]I¥JEf!,y;.~ 

U Uvo2 
@UMN ="dx = 2dg' 

~ (2000· ~OO!JmIJ.ffi~~) ;lit~~F if!.m i£: 

it9~~~~a~rl-~~Sit9~.~~jgif!.mt* ~L 

5~1J:!i it9. - if;ftz if!. ~~ 119 WJ 1'tRAtz.'l£ R JX Ji;fE 7\'; m 119 1 Sl2 
7]( if if iJ .1., itt .ftzfJ9 lID ~ jg s, itt ;ftz fii] 119l1E i% jg d. itt Id 

• 

L 

111 ]J 

;ftz 1 1II;t:f ij], ~ %l0ll t@.~ ;itt.ftz 2 HUm ,11. ~ ;fE7.Kif 
ifiJ.l~ij]#~~~itt~I~#iflf.itt;ftz2it9f\§'1' 

15<~ :iil.~~,b~JH*-jg k, §M-K:~jg L a9WJ1'Jt~;f§r&J 
(a) (b)
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t ~ rm-lf, N1±.1RtR 2 s~ ;t11JN 1r'J J!1-* mLUUJ,:liij 5] ti9 raJ iL ti91~ ~~ JI 51 p, ~ Wj 1R 
tlti:.11iJ 89 m'. ifj it ':E 1AA:+ ti9 ~ it, 9.D iIl3-1-14C b) fjf ~. jjilJ~ 1ft at t~.u ti9 t JI ~ ~ 
i:.n tD. i~ 11= Jf1 -t£ t ~.u 1R tR 2 1. D9 *t 11= JfJ .7J ::f ~U IJl'il3if 4! D9 PI i.IlHBH9 %
~ ,i>'i.;,It 1#;~~JI51 p. 

[5t ffi' 1 Eg:@~Dmw:~[OJ :5:~lEIJ{1=mFo~[OJ:5:&!±-v!!'VJ \1rr~,mW::5: 
~@inj~~1£Urr~, DmW:7:Einjl'~n.':3-l'rOJ:5:~ffn{1=ml'ljZ~. EBTEg§~ 

7C EgFo.':3 Eg)@tflTff , pJT l))3~jEg@1i=1' ~ ,w: I~ Egff.':3W:i1~00 i'§!j i$;IE ct. C&$~qJm 
Eg§~tB9aJl7{.':3ljZ~81i3nhJ~*>.R~. 

UU It~~3tItFc ~ It w: $T7f ,t».l1Lt ErJ It foj:i:{~H~~ 7j£ , $: WH& 1'iiJ 89 It a: 
U m~jI;lt~c ~lH~; jffl3jLt&It~~ErJIt~ c JZ.~t».t&I'iiJErJRE~ d ~&: t~, $:3jL 
t&1t~~ErJW'it&I'iiJIta:~RE;§j d ~iH~,ep 

U=Ad, CD 
j.\~ A 1.1 t~f9iJ*~. 

t».t& 2 ~a:~!ii.fFmjffl[i;]tcf$i9J, #ft~••J~7j£. ~.ljL~at ,t».t& 2 [i;]tcf$i9J 89 
RE~1.1 M, 1t~$ErJIta:~/J\T t..U,91~ff 

U-tD=ACd-M). (2) 

mCD~ (2) '1~ 

fj= ~. ® 1 1-[2_--'.p_ 

t».t& 2 f$ i9J Fc ,ji~t». t& 2 ErJ~.Jii\il ~ jI;JJj( *Ui: ~ I 
ild 

e ilL 

:1ll, ~.'H~:Jj:7j£1.1 L' ,~Il00 3-1-15 Yi'ff;. :f!H~1;JJll1:~3'.!I!ff () 

L'= ) U+Ct..d)2 

003-1-15=LF+(cr!r 
~L[l+ ~ (idfJ 
=L+ CM)2


2L 

D.L=L'-L= CM)2~••11\l*!i 	 ®2L . 

t». t& 2 3jL~at ,ff 
pS= 2kD.LsinO. ® 

jffl 	 .~ M 
SI ~tanO=L ' 	 ® 

kd3 


fm®®®~®d~ p= U 5 U . 
~ 	 (t..U) 3 

~ <1998 • ~I!l!lt~ffi.M ) Jli.~ 9' ,* li>t- It!,-M':i::liij.n q 8<J ~ -0 '*' It!, ~ 

.~ .... ______ __. _____ . ~ =- ~_~_~_._ L.Jr- ...:...... 
~"" fJ"' · 

~3t,'t1fJ8<J4'-1~71-jjIJ.n R,~,~,~ ,~,1&.lftrJ;J~T . 

p ,~ C-Jtu I!J 3-1-16!'Jf.r.). J,jt J\; 71- jj~ .n OJ, Oz ,Oz ,0" 
Os 

OS. ;,It 05 ~ OJ fSJ D9 t~*=. 
[5ttTl ~~ffiEg~7C7:E~p;J9~tBEg~~::*:~~ 

9aJ~. f1JmEg~~nDI*WqJ$1;7:JJ.lU>.Rt±J~II!,\ Os .':3 0 1 o. 
8SJEg~,~~ Os .':3 0 1 tBEg~~. 

[~l 	 05 ErJIt~1.1 

III 3- 1-16 


.!L+-.!L+-L+-L+-L ]
UCOs)=k R ~R ~R ~R ~R r ~ 2 4 8 16 

=kCl +2+22 +21 +2')f 

=31k t. 	 CD 

01 ErJ Et! ~ :1:7 

.!L +.!L + q + q + q l 

UCOI ) = k [ R R R + R R +.R + R R +.R + R +.R J. 


2 2 4 2 4 8 2 4 8 16 


372=k(3+ ).!L
105 R 

= 6. 54k t · (2) 

Os ~ 01 ErJIt~& 

UCOs )-UC01 ) =31k t-6. 54k t=24. 46k t. 
(1998 • ~ 00 !It i! ffi 'UiD :!lp ~ ,)' 

3 - 1- 17 , -t£ .1>0 09 ~ fa] ~ ,~ ,if 13: Xl- x $;B .if. 7J raJ a~ 
Vo 

t i1J ,:Jt. 9' 13: x~d i1~ IK ~ 9' , t ~ )t ~~ 5] 51 It :l.h , 
-d 01 d 5 d x 

:lhl¥. E H"J*lHlH,x !t*,~p E=bx,b> O,Jj e,J;P1ji' ~5Si ~~~5Si I 2' _ 
:! ; -t£ x~d ti91K kX, 9' , t i1J)t 5] 5H~, i1J 5!.n E= ~~!8: E@,~!8: .J;j!SlE@,~~

E=-bd E=i>x E- bd 
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~@inj~~1£Urr~, DmW:7:Einjl'~n.':3-l'rOJ:5:~ffn{1=ml'ljZ~. EBTEg§~ 

7C EgFo.':3 Eg)@tflTff , pJT l))3~jEg@1i=1' ~ ,w: I~ Egff.':3W:i1~00 i'§!j i$;IE ct. C&$~qJm 
Eg§~tB9aJl7{.':3ljZ~81i3nhJ~*>.R~. 

UU It~~3tItFc ~ It w: $T7f ,t».l1Lt ErJ It foj:i:{~H~~ 7j£ , $: WH& 1'iiJ 89 It a: 
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2L 
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t». t& 2 3jL~at ,ff 
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~ 	 (t..U) 3 

~ <1998 • ~I!l!lt~ffi.M ) Jli.~ 9' ,* li>t- It!,-M':i::liij.n q 8<J ~ -0 '*' It!, ~ 

.~ .... ______ __. _____ . ~ =- ~_~_~_._ L.Jr- ...:...... 
~"" fJ"' · 
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Os 

OS. ;,It 05 ~ OJ fSJ D9 t~*=. 
[5ttTl ~~ffiEg~7C7:E~p;J9~tBEg~~::*:~~ 
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UCOs)=k R ~R ~R ~R ~R r ~ 2 4 8 16 
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.!L +.!L + q + q + q l 
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372=k(3+ ).!L
105 R 
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Os ~ 01 ErJIt~& 

UCOs )-UC01 ) =31k t-6. 54k t=24. 46k t. 
(1998 • ~ 00 !It i! ffi 'UiD :!lp ~ ,)' 

3 - 1- 17 , -t£ .1>0 09 ~ fa] ~ ,~ ,if 13: Xl- x $;B .if. 7J raJ a~ 
Vo 

t i1J ,:Jt. 9' 13: x~d i1~ IK ~ 9' , t ~ )t ~~ 5] 51 It :l.h , 
-d 01 d 5 d x 

:lhl¥. E H"J*lHlH,x !t*,~p E=bx,b> O,Jj e,J;P1ji' ~5Si ~~~5Si I 2' _ 
:! ; -t£ x~d ti91K kX, 9' , t i1J)t 5] 5H~, i1J 5!.n E= ~~!8: E@,~!8: .J;j!SlE@,~~

E=-bd E=i>x E- bd 
bd, 1±. x<O 8~ ~ fli] ~ ,P..., t i1J a~ 71-~ E5 x>O 09 ~ 
fa] 9' 71-~;<Hj;, ,R )t:l,b 51 ~ 7J raJ tfl Xl- x ~ib ~ 7J raJ. 

003-1-17 
-~T*It-f;T .n-e,ntJJt.n m,13: x = ~ d ~U1} y 

tffi .if. fl raJ t;.J, tv:it J.t Vo If~~ ~ ;& , :!lp ~ 3- 1-17 fjf ~. ;,It: 

cotT1±. x 7J(.i]?1-~;&ti9f1ilWl; 
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1'~/JPjf~ittZ~)£~ii2J. x 75iD.J,{f Ix I>d El3-::f~t:E:/J{'Fm, ittZ~lJD)£ (A 5:) ;Al!) 

~ii2J. {f Ix l~d ~/J F= - ebx, ittZ~~~ii2J. I6lJlt*~El3-::f7:E x 75iD.J8SJ~ii2J~~ 


~~~8SJ*m. 

un (1) J'GWf~ ItT 1£ x 1:f rtJ ..t. i¥J?tjg i9J. 
ItTmx1:frtJjgi9Ji¥JW.~~~,l£lt~h~mTH~rtJmx1:frtJ.~.jg 

i9J.1£ d~x~ ~ d IKrBJ, ItT~ilJmm x)jrtJ i¥Jh, */J\~ 
F=ebd. 

al = ebdItTi¥J1JQ.~i¥J*/J\~ m' 

19: ItTEB ~ d ilJ d :S11~at tl ,JilOll ~ d-d= ~ altl Z 
, 

1~ tl=~' 	 CD 

ItTilJ x=d :S11at,;It x )jrtJ?ti!~i¥.J*/J\~ 

= (3ebd . 	 @VI v-;;:; 
l£-d~x<.d i2UBJ, It T~h 

F=- eE=-ebx =-kx, 

;It~k=~l£~IK~~ItTi¥.Jx1:frtJ*jgi9J~m*jg 

i}J , 1)&i9J i¥.J jf3 JYYi.$ ~ 

w= {I. = feb 	 @ ( I \/\'1' I I'V m V ;; . -d n d /A x 

lZ9~,ff}t x 1:frtJ..t.i¥.J:5tiEi9Jffij~, l£~lKi8] ~ ItTi¥.Jjgi9J 

H~1:V:][1£ x=o :S11,WJWl~ T= ::=27CJff ,11R$M~ A i¥.J 003-1-18 

M"i.~jgi9Ji¥.J-=tf!l?t;l£ x=d :S11at, ItTe9i!J.t~ V=V! =~d=J3wd-,1:frtJrtJti.. 19: 

1£*12~ A i¥.J~~f!1II(~ ro 3-1-18)..t.,~at:4U~*12~ x ~i¥.J~m ~ <p,Jiltl EB 00 
3-1-18ll 

x=Acos<p= d , 

VI =wAsin<p=.f3wd. 

PJJW1~ 

A=2d, 	 ® 
_7C

')0-3' 	 ® 

19:It T § x=d jgi9JilJx= -d mm=ati8]~ t2 ,Jiltl EB ~PJ1~ 

... -- --~. - _. __ _~_=-~_~.. ~ .J!L. 
7C 

wt2=7C-2<p=3' 

@1~ 	 t2=3: = ~~. 
l£x~-dlK~~,ItTl£x1:frtJ..t.~W.~V,rtJti..~.i!jgi9J,~~x= 

-~d:S11at,.~~~,~-~w~mi¥.Jat~~ 
t3 =tl. 

~glt~l£x1:frtJ..t.i¥.J?tjgi}J~l£ x=-~d ~x=~d~i¥.J~~.i9J,;It~ 

Wl~ 

T=2(t, +t2+t3) = (413 +27C )~. 	 (j)
3

(2) It ~jgi9Ji¥.J$JLl!Jt~y ~i¥.J~X.~ ~, {f~w-f;fEl~X.~rBJ i¥.Ji§)&1 t.y t~;fEl~, 

t.y=Vo I = (2 .f3+ ~ )~vo. 	 ® 

~b... (2008 • ~OO!lm~!UU~) -1Ft '* ,1FtilB ~ OO;ft7i} It 'f J.l1:. rtJ :i~Jt 7:J V 89 
~.~~~*.It'fm~.t'f~t'f*~~~~*,*It'f*~_••~,*~~ 
1'- n -tit 'f,.1' II!, 'f~ tf,fi[ 7:J -e(e> O), J.~Br jig m. iii: It 'f J.l1:.fA.:i&j!l: * ~1'.-t 
f-1TtR It $~;fRtldl]:t (,;J M(,;J t $.w., $-]tr ~ [f;!r ro 3- 1-19( a) tf lr.J;6 ~ ] -t t = 0 
at t1 fil1 ~j~it. t$.w.8\j ii.otY.tR A. t $~~ r.§ 1'otY.tR A,B J:.~ 7f -1'+ fL, ~ t 
'f*or!;l./f~P.ll.i!f±l!!.5fi±t~~. r.§otY.;/ItA , B zfa];iJDJ:. 7jlllJiB 3-1-19(b)f}f3F~ 

%j JVHi~ it 8\j tlI UAD :UAB =UA -UB ( ro tf Y- ~ tI:! 7 -1'foJ.JlJJ lr.J ro~), II!,JI. 89 J'OC 

;k i:ti;fDiOC+1ft~jJlljlg Uo ;fD-Uo ,%jM 7:J T. *,I;J, dt3F.1'%JM ~ 1tJI.j!l:-tiOC;k 
ill 89 at fa] fa] 1% , Jill t 1I j!l: -t IV]' ill ~ at fa] fa] 1% 7:J T - r. e, 3;P , fJl911dg. ~1t~ UAD ~ 

it ~ ~ -1'fiJ Mrkn!i± t $~j~ it. t$~;t:i!L ~ f}f 1) ~ It 'f, fj~ ~;!k - at ~~ to 7i} 
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-iil!I~ (2005, ~OO!/mI.ulW~) P.D I!l 3- 1-23 fft 
7f: ,01'7 4- f~ ~ -t R !fJ $[ *-;f Wtt !fJ ~ 12104( 119 J* 1\.,', 

0)'02-03 kli-tJ4tfJ09.=.1-4-fHI'1'7 r09I4(W~*89 f R 

- - - R'* I\.,' , t ffl Ej 0 # Ilii , E, ~ 001 = 003= 2' 1±= 002 

I H -,U( 

OOhCXJz 119:iUCl:.llP. 01 ,OJ 1'7 ; 09 PI ,P2 ,\Ht1Hu 1Il3-1-23 

;t'z 1i. ttiiif 1'7 ql {D q2 !fJ ~lt 1R/1'09 ~WC;fJU9 ,~U:.1-'if), 1± OJ ~;t'ziI - if!.iiif 1'7 q3 119 
;!1, if!. iiif ,i~ Ad~ ql ,q2 {O q3 mJt;f iJJ. 1± ~W~-tt 11' 119 p ldlz -1- tt iiif 1'7 Q !fJ;!1, tt 

iiif,P ,tii,Ej 0 1 ,02 ,03 #Ilii ,1i-t030!fJ~*~J:.,jIJ 0 89JiE: ~OP=2R. 
1. *- q3 119 tt 3H~ . 
2. ¥t'lIHlttiiif ql ,q2 119+~W!ft;t'z, ~ ~%lr:itJlJ~tti'-~st,~*1lii J: 89 tt-ro 

~~~Mf~?~st~!fJtt~~1'7$~? 

[71-1JT] ~* q3 8SJE§~l:Ig~fn~~*ClJ~ I8J~@E§{qT C ~Jt'~i:l ~~ ) tt 0 3 

~F~8SJE§§~~~~~~ffi~~~{fffi@~~~~~~m@E§{qT{fOJ~~ 

E§~2f0/9~, ~EZ. Q fO!@vliJ*9~~~8SJm@E§~ Cql + q2 + q3) {f 0 3 ~E§~~tt 

o~E§~ffi~ (}6 ~~ $; *1~). IfJmLi&~m~H@ffiE§~~JJOJ~H~~DqJ*Jm:2jS:~. 

urn 1. E13;t It ~ blZ jQ 2: ~ L 2 JJz 3 fi9 *iID :5H~ ili mllt {.lj jg - ql , - q2 fll 
-q3 fi9iIDltfilJ, EI3ltfilJ"1"tl'UE~PI jQ, rr~1*,* fi97r* iID ~ml ili ItfiIJ ql +q2 + q3. 

EI3 ;t It m Ii& PI jQ , ,¢,( It fiIJ ql JJz ~ blZ It fiIJ C- ql ) rr 2: ~ 71' 1" ~ fi91t j:~ jg ~ ; ,¢,( It fiIJ 
q3 JJz~blZltfilJC -q2) rr2:~7r1"~fi9Itj:~jg~; ,¢,( ItfiIJ q3 JJz~blZ ItfiIJ C- q3) rr2: 
~7r1"~fi9Itj:~jg~.IZ9Jtt,rr~1*,*Wl)1::ffltfilJBt ,f;j<:~ iIDB9ItfiIJ ql + q2 +q3 fF 
,*x;jf*:51-1il. 

~J)Mr P ,¢'(~Jl.t'i:ltfiIJ Q Fo, EI3 T;tIt~blZ , f;j(iID L fi9 ,g, ItfilJffljg Cql + q2 + 

q3 ) ,1gJ!~ ItfilJ1±J*iID L:f-¥J-i00::J:51-1il , EI3 ,*71' 139 Q fOm:#Jf:51- 1il f:EJ* iID L Bf.] It f,lj 
if~ i*J* J7;j 1l't ,~jZ:~ 13<] -&l-j:~~!ii 7:7 ~. 

03~fi9It~E1311LT P .¢'(~fi9 Q , ~i*f;j(* oofi9ItI.f,lj Cql + q2 +q3) JJz2:~ 3 * 
oofi9~m:ltfilJ C -q3);J:t: f'iJ1"~ . 7GitCql +q2+q3) rrf;j(OO L IW1ilJ:51-1il ,'*00L fi9W 

ItI.fiIJ~~ 0 .¢'(fi9 ~e:~j![~~R, I29ffij1± 0 ,¢'(f~~Bf.]It~7:7 k ql +j? +q3 ,Q f:E 0 ,¢'(1"~ 

fi91t~7:7 k ~, l!Wi$:51-ltfilJrr 03,¢'(1"~ B'J It~ V' !jt';1f1rr 0 ,¢'(1"~ fi91t~;f§ 
~, ~n:ff 

V' =k (q l + q2 +q3+Q) =k (Q+2 ql +2q2 +2q3 ) CD 
R 2R 2R' 

129 q3 JlM:f2'~ 3 B9"f1{.'Jx.!: , ;ft:~blZltfilJ-q3 rr2'~ 3 ~Li0/.3J:51-1il. J!~1t 
filJrr 03,¢'(1"~ Bf.] It~jg 
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-:-tI 'Ij t"" 

Ul/=k -q3 
r . CZl 

1lHJ.liIt~:i:j]o5Ef£. 03 ,¢,(B~ It§} jg 

V=v J H!'=k (Q+2qI1~q2 +2q3 -~ ). Q) 

$ q3 B~It~~~ 

W= V=k (Q+2ql+2qz+ 2g1_91.) ®
q3 q3 2R r . 

2. E13T;tltmff&,2'~ 1Jx.!:J9T:ffltfilJtE2'~ 1 J7;j1"~B<]-&l-Itj:~jg~&~ 1 J7;j 
fi9ltfiIJ ql ~~~~~J7;j~~J.j\ZltfilJ-ql fi9~Itj]fFJtJ, 131 ql :f1±2'~ 1 fi9"f1 JL' 0 1 

,¢,( ,jiJf VJ~J.j\ZltI.fiIJ-ql :(:f2:~* iID:51-1il :;Fi00::J •Ej ql t§~~JlIBf.] ~~ltfilJiID*Jl' 
~:k,x;j ql fi9~j]~:k ,1±2'~*iID~blZltI.fi1jfi9;tItj]fFJtJT . ql ~Fo~~ J252'~ 1 
*iID,!j~J.j\ZltfilJ-ql "fI5fIl. f'iJf£,2'~ 2 "f1 q2t!1Wrr2'~* 00~blZltfilJ- q2 B9;t 
ltj]fFfflT~~J252'~ 2 af.]*00!j~EiZltfilJ - q2 "fifO. ~t~.3fLmFo.~ 1,2 *iIDL7G 

ItfilJ:51-1il ,~ 3 *iIDjfQ~1*'*7r~ooBf.]ltfilJ:5t1ilr~:ff~1t. 0, fi91t~fflE8r*~H9 
ItfiIJ Q fll~1*J*7r* iIDfi9ltI.fiIJ Cql+q2 +q3) JJz2' il£ 3 J7;j~ Bf.] ItfiIJ - q3 ;J:t: f'iJf=~. 
$ 03Jx.!:B<]It~ V!j q3 fi91t~~~ W fflftl]Q)P::;!j ®J3::;jiJf1F. 
~ (2004 • ~OO!/mIl~HH~j) fr.p I!l 3-1-24 fft 

7f: , jf ±{!1. f#] ~ I\.,' ~WJ4t ';it fJ 4- f~ 1'7 R. 1± ~* fJ - 1L 1~ 
1- 89 PI 'fo P2 ?t.;t'z.'i. tt f,J:i?1- jJ~ 1'7 q, ;fP q2 !fJ ,~, tt -M' , 
ql =qi =q , Wi R., It:, M ftl It I\.,' 09llP. it:l5j 1'7 a, l3;dw if:. ~ S 
Ej~It:,~~~~ :~W~~fJ*w¥tlli~~Slt:,iiif~ 

~ , ~S tt iiif tt iiif:!t ~ -t - 2q. :£ *fJ -$ f#] tt ±k fr: iB ql , 

~;fPWi~1±:£*fJ*WJ:f#]~ Sttiiif#~~~f#].iB-t 
':' 

«~~;f~~~~~Slt:,iiiffr: t#~~f#],m~*.m 
III 3-1- 24 

~5~~~~1L~*-~*fJ!fJtt~~~5.~~~J:~ 

~ iiI f!Il •~ S tt -M' .xt * fJ It:, :Ih 89 yt iIik. ~mfEi IJl, f#] 1i -t *71' ~9 C~ J<t) ,8. if:. iiif *-1-\.w 
[-i1%M tffrL~ C~J<t) .#, ~ $j- i:lJ.J ~ 1-J. X ~ fEi IJl, 89 C~J<t) A tt -M' 119 fiJi {O tt iiif 
~ fib~Jt~# 89 ~1t . ~P: *~,¥t~1-~w';iti-#, iB ql ;(£ JJjf :£ * fJ * Ilii f19 ~S re. 
-rof#]1Ei ~,C ~J<t) A ttiiif q,' Ej ql # ~ ~ ~ ~91t:, ±k;(£~ ~ * fJ * W fft;(£1i1I5t~,~ 
09 tt :iHr 1'7 ~; iB q2 ;(£ ~ :£ f& fJ *Wit,]&} S if:. -M' f#] fEi 1i;, C~ J<t) A tt -M' q/ Ej q2 # 
~~~it,]if!.~1±$[:£*fJ*Wm1±tt.~~A!fJtt»f1'7~.~#~~it,].mt 

iiif o~ f** ~ S It:, iiif !fJ ~~ It:, iiif , ffij lL J;[ # iftJ ~ 89 ~~ tt -M' fr: oj - 119. ~ YX tt iiif JfX.1-\ ~ 
S tt-ro J6, ~m~~ if:.iiif ql' ,q2 ' 'fD ql ,q2 -* it;W:$[ -*~W1f1± at ~* fJ *~1f~; A 
!fJ1t:,»'fD~g£. 

1. i;.l:.~R ~ J:it ~1t, ~ Jt1Ei 1Jl, $~ if:.iiif ql J,q2J89 fii'..& ttiiif 1:. 

2. *-:£ *fJ iHf;t A A 119 tt» V A. E, ~P A ,~ ftl Jil\.,' 0 89llP. ~ 1'7 r, OA EjOP 1 
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http:it,]if!.~1�$[:�*fJ*Wm1�tt.~~A!fJtt�f1'7~.~#~~it,].mt
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-iil!I~ (2005, ~OO!/mI.ulW~) P.D I!l 3- 1-23 fft 
7f: ,01'7 4- f~ ~ -t R !fJ $[ *-;f Wtt !fJ ~ 12104( 119 J* 1\.,', 

0)'02-03 kli-tJ4tfJ09.=.1-4-fHI'1'7 r09I4(W~*89 f R 

- - - R'* I\.,' , t ffl Ej 0 # Ilii , E, ~ 001 = 003= 2' 1±= 002 

I H -,U( 

OOhCXJz 119:iUCl:.llP. 01 ,OJ 1'7 ; 09 PI ,P2 ,\Ht1Hu 1Il3-1-23 

;t'z 1i. ttiiif 1'7 ql {D q2 !fJ ~lt 1R/1'09 ~WC;fJU9 ,~U:.1-'if), 1± OJ ~;t'ziI - if!.iiif 1'7 q3 119 
;!1, if!. iiif ,i~ Ad~ ql ,q2 {O q3 mJt;f iJJ. 1± ~W~-tt 11' 119 p ldlz -1- tt iiif 1'7 Q !fJ;!1, tt 

iiif,P ,tii,Ej 0 1 ,02 ,03 #Ilii ,1i-t030!fJ~*~J:.,jIJ 0 89JiE: ~OP=2R. 
1. *- q3 119 tt 3H~ . 
2. ¥t'lIHlttiiif ql ,q2 119+~W!ft;t'z, ~ ~%lr:itJlJ~tti'-~st,~*1lii J: 89 tt-ro 

~~~Mf~?~st~!fJtt~~1'7$~? 

[71-1JT] ~* q3 8SJE§~l:Ig~fn~~*ClJ~ I8J~@E§{qT C ~Jt'~i:l ~~ ) tt 0 3 

~F~8SJE§§~~~~~~ffi~~~{fffi@~~~~~~m@E§{qT{fOJ~~ 

E§~2f0/9~, ~EZ. Q fO!@vliJ*9~~~8SJm@E§~ Cql + q2 + q3) {f 0 3 ~E§~~tt 

o~E§~ffi~ (}6 ~~ $; *1~). IfJmLi&~m~H@ffiE§~~JJOJ~H~~DqJ*Jm:2jS:~. 

urn 1. E13;t It ~ blZ jQ 2: ~ L 2 JJz 3 fi9 *iID :5H~ ili mllt {.lj jg - ql , - q2 fll 
-q3 fi9iIDltfilJ, EI3ltfilJ"1"tl'UE~PI jQ, rr~1*,* fi97r* iID ~ml ili ItfiIJ ql +q2 + q3. 

EI3 ;t It m Ii& PI jQ , ,¢,( It fiIJ ql JJz ~ blZ It fiIJ C- ql ) rr 2: ~ 71' 1" ~ fi91t j:~ jg ~ ; ,¢,( It fiIJ 
q3 JJz~blZltfilJC -q2) rr2:~7r1"~fi9Itj:~jg~; ,¢,( ItfiIJ q3 JJz~blZ ItfiIJ C- q3) rr2: 
~7r1"~fi9Itj:~jg~.IZ9Jtt,rr~1*,*Wl)1::ffltfilJBt ,f;j<:~ iIDB9ItfiIJ ql + q2 +q3 fF 
,*x;jf*:51-1il. 

~J)Mr P ,¢'(~Jl.t'i:ltfiIJ Q Fo, EI3 T;tIt~blZ , f;j(iID L fi9 ,g, ItfilJffljg Cql + q2 + 

q3 ) ,1gJ!~ ItfilJ1±J*iID L:f-¥J-i00::J:51-1il , EI3 ,*71' 139 Q fOm:#Jf:51- 1il f:EJ* iID L Bf.] It f,lj 
if~ i*J* J7;j 1l't ,~jZ:~ 13<] -&l-j:~~!ii 7:7 ~. 

03~fi9It~E1311LT P .¢'(~fi9 Q , ~i*f;j(* oofi9ItI.f,lj Cql + q2 +q3) JJz2:~ 3 * 
oofi9~m:ltfilJ C -q3);J:t: f'iJ1"~ . 7GitCql +q2+q3) rrf;j(OO L IW1ilJ:51-1il ,'*00L fi9W 

ItI.fiIJ~~ 0 .¢'(fi9 ~e:~j![~~R, I29ffij1± 0 ,¢'(f~~Bf.]It~7:7 k ql +j? +q3 ,Q f:E 0 ,¢'(1"~ 

fi91t~7:7 k ~, l!Wi$:51-ltfilJrr 03,¢'(1"~ B'J It~ V' !jt';1f1rr 0 ,¢'(1"~ fi91t~;f§ 
~, ~n:ff 

V' =k (q l + q2 +q3+Q) =k (Q+2 ql +2q2 +2q3 ) CD 
R 2R 2R' 

129 q3 JlM:f2'~ 3 B9"f1{.'Jx.!: , ;ft:~blZltfilJ-q3 rr2'~ 3 ~Li0/.3J:51-1il. J!~1t 
filJrr 03,¢'(1"~ Bf.] It~jg 
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Ul/=k -q3 
r . CZl 

1lHJ.liIt~:i:j]o5Ef£. 03 ,¢,(B~ It§} jg 

V=v J H!'=k (Q+2qI1~q2 +2q3 -~ ). Q) 

$ q3 B~It~~~ 

W= V=k (Q+2ql+2qz+ 2g1_91.) ®
q3 q3 2R r . 

2. E13T;tltmff&,2'~ 1Jx.!:J9T:ffltfilJtE2'~ 1 J7;j1"~B<]-&l-Itj:~jg~&~ 1 J7;j 
fi9ltfiIJ ql ~~~~~J7;j~~J.j\ZltfilJ-ql fi9~Itj]fFJtJ, 131 ql :f1±2'~ 1 fi9"f1 JL' 0 1 

,¢,( ,jiJf VJ~J.j\ZltI.fiIJ-ql :(:f2:~* iID:51-1il :;Fi00::J •Ej ql t§~~JlIBf.] ~~ltfilJiID*Jl' 
~:k,x;j ql fi9~j]~:k ,1±2'~*iID~blZltI.fi1jfi9;tItj]fFJtJT . ql ~Fo~~ J252'~ 1 
*iID,!j~J.j\ZltfilJ-ql "fI5fIl. f'iJf£,2'~ 2 "f1 q2t!1Wrr2'~* 00~blZltfilJ- q2 B9;t 
ltj]fFfflT~~J252'~ 2 af.]*00!j~EiZltfilJ - q2 "fifO. ~t~.3fLmFo.~ 1,2 *iIDL7G 

ItfilJ:51-1il ,~ 3 *iIDjfQ~1*'*7r~ooBf.]ltfilJ:5t1ilr~:ff~1t. 0, fi91t~fflE8r*~H9 
ItfiIJ Q fll~1*J*7r* iIDfi9ltI.fiIJ Cql+q2 +q3) JJz2' il£ 3 J7;j~ Bf.] ItfiIJ - q3 ;J:t: f'iJf=~. 
$ 03Jx.!:B<]It~ V!j q3 fi91t~~~ W fflftl]Q)P::;!j ®J3::;jiJf1F. 
~ (2004 • ~OO!/mIl~HH~j) fr.p I!l 3-1-24 fft 

7f: , jf ±{!1. f#] ~ I\.,' ~WJ4t ';it fJ 4- f~ 1'7 R. 1± ~* fJ - 1L 1~ 
1- 89 PI 'fo P2 ?t.;t'z.'i. tt f,J:i?1- jJ~ 1'7 q, ;fP q2 !fJ ,~, tt -M' , 
ql =qi =q , Wi R., It:, M ftl It I\.,' 09llP. it:l5j 1'7 a, l3;dw if:. ~ S 
Ej~It:,~~~~ :~W~~fJ*w¥tlli~~Slt:,iiif~ 

~ , ~S tt iiif tt iiif:!t ~ -t - 2q. :£ *fJ -$ f#] tt ±k fr: iB ql , 

~;fPWi~1±:£*fJ*WJ:f#]~ Sttiiif#~~~f#].iB-t 
':' 

«~~;f~~~~~Slt:,iiiffr: t#~~f#],m~*.m 
III 3-1- 24 

~5~~~~1L~*-~*fJ!fJtt~~~5.~~~J:~ 

~ iiI f!Il •~ S tt -M' .xt * fJ It:, :Ih 89 yt iIik. ~mfEi IJl, f#] 1i -t *71' ~9 C~ J<t) ,8. if:. iiif *-1-\.w 
[-i1%M tffrL~ C~J<t) .#, ~ $j- i:lJ.J ~ 1-J. X ~ fEi IJl, 89 C~J<t) A tt -M' 119 fiJi {O tt iiif 
~ fib~Jt~# 89 ~1t . ~P: *~,¥t~1-~w';iti-#, iB ql ;(£ JJjf :£ * fJ * Ilii f19 ~S re. 
-rof#]1Ei ~,C ~J<t) A ttiiif q,' Ej ql # ~ ~ ~ ~91t:, ±k;(£~ ~ * fJ * W fft;(£1i1I5t~,~ 
09 tt :iHr 1'7 ~; iB q2 ;(£ ~ :£ f& fJ *Wit,]&} S if:. -M' f#] fEi 1i;, C~ J<t) A tt -M' q/ Ej q2 # 
~~~it,]if!.~1±$[:£*fJ*Wm1±tt.~~A!fJtt»f1'7~.~#~~it,].mt 

iiif o~ f** ~ S It:, iiif !fJ ~~ It:, iiif , ffij lL J;[ # iftJ ~ 89 ~~ tt -M' fr: oj - 119. ~ YX tt iiif JfX.1-\ ~ 
S tt-ro J6, ~m~~ if:.iiif ql' ,q2 ' 'fD ql ,q2 -* it;W:$[ -*~W1f1± at ~* fJ *~1f~; A 
!fJ1t:,»'fD~g£. 
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_~.:-~_ ~~OO?} . ...._------- ... e 

(J!;j *-'fLh 8, 

[:n'1Jfl m 1 rq)~*~~~ffi!%Ih?,p.fift, §)lCJillgilll~~~~, i*~U~Jti¥~§ 

pfimlmffi!~)&~~ffi!~;m- ~v.t*Jti¥Jill=S~~WWE, ~O~)&E§@~qjlllift PI P2 ffi! 
~~~l=, @ffiE§9g.~tJD~~ttiA~5:Hfi;P;§JEll'2ffi!iAJ~iIDE§~~~( ~Jt ~ j/;] ~#

?i:ifk#-Jt¥:1 J.?- ~) pfiJill;P;§JEffi!JL@~{q:. ~lf.i1l~ 1 jDJffil±linj~Jti¥ 5li, x1rJti¥)ti=pfi 
{;$ImBSJi*~755li, ~tJ(~tll'll1igilllv.t~-"f. 

U~l 1. :n$- jm ~ 3-1-25 JiJr5F,S /lgJffi2:~r9~Ji)ftEW:.I':,ql'B91.il::l:JllZ 

lliTDP IB9~*~-.tB9;lt,~ BI kt, qz' il9llij!JllZW:TDP 2 I¥J~*~-.tB9;ltA B2 kt. 
1a:AI /Ig SOO-.til91f~-A,*tHg~~~ 

8 2 -= BI 

[!] 3- 1-25 

k ql +k ql ' =0. CD 
AIPI AIBl 

k q2 +k qz' =0. (2) 
A IP2 AIB2 

;,&;f¥;tfl~-ftCDj\~:v:~? rOO:5tVf~ 3-1-251:jl .60PIA I .!=j .60AIBI il9 
3U~. 

~~~It!m ql ' B9lli'it BI -ftrj\~:v:, ~p 

OPI • OBI =R2, (3) 

OPI OAI 
~n @ 

OAI OBI 

91~ .60PIAI C/).60AIB I • 

AIPI OPI a (5)1r AIBI = OAI R' 
E9CDj\f1l (5)j\~DJ3j(1~~~ It!r.r 

, R 
ql =--;;ql' ® 

E9®j\~ ,~~ It!r.r ql 'il9lli'itBI i IJlijiJ;j(fLl:jl{.'1.il:'I 0 il91@~ 
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OB I =-. (J)
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~;.~ ~ ttt ~. -----_._- ._-_.. -. -- ... - - -~ ----~
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-------
--~~ 
L~~-:-~yjy.~.?!" _~-=-~ . ~i~fll3?;! --------,- - --It 

~ P1A= }~ -2racos8+a2. 

B1A=-}~ -2r( R2)cos8+ (R2/. 
a a 

P2A= }~+2racos8+a2. 

- -) R2 (R2 )2
B2A= ~+2r( --;; )cos8+ --;; . 

{-tA®Jf;1~ 

1 R 
UA =kq(}~-2racos8+a2 } a 2 ~ - 2raR2 cos8+RI 

+----;::::========;: , 0 _ R_ _ _,0 , , ).o

}1'2 +2racos8+a2 

<-IkL~ (2003 • ~ 00 !lWHf !UU~D WJ 1- ,~ t fo'f 1:iL -t x $JB L ,;(E t 111 *' ~ ail t.th 
<f ,*'*3t ~R ~ Jt ir-J t ~ 59 :w: , P1~ ;(E iE x $~ L %A u 

ail t:'!,Hp rn 3-}-27 tf dlJi&Jifi7f;, ~ x-+O at, t ~ U 


-+=; ~ x-+=at, t ~ U-+O; t ~ 59:W: atl,~ atl:i# 

59xo ,It~59;flt /Ht-uo atl,~at{t:tjj;59 axo(a> 


2). liR.:tR *PB ~~1# a<j1§ ,€., ~ Jt:Jt WJ 1- tfo'f Jifi '*' t 

fo'f at1 f,f %, t fo'f I: ail *- IJ' J;J, Jf. t 111 ;(E x $JB L at1 \-U'
01 U 

x1:iL 1'.. 
-(M------~ ,[:St:flTl §nJill@JI5 x !fllLt~J§~{t~>5t,~ 


~U~ x = O,X= Xo ,x=axo l),l~ x-+=J2~l'~iiE,~ 
 III 3-1- 27 
ffiJEg~;g.m:, tH5~j);fU ffi ~~O,~~*uwr t±:liml' ,~Eg{5j 
ffiJEgIr1 l),l~tt x ~8LtA~1TIm. X1:F x=axo J2l' ,~*i)t,Egr,§lsrm/J\m:,?R.Bjjii<Q 

k1S~-l'fliljJjl~Eg~~:1J19~B9,~. fiFoH9~ X=Xo ffi x=axo J2imQ9Ut±:lffiJillint 
>R*¥. 

uu :f:E,~lt!.foj%mE8E@.tft.ltp- ,~H~It!.~.!:j~ffW: ,~It!..fofE8~~~M&.tt. ~ 

J;JJlil.7C~ltl~.~J;J It!.~~~,.a, OjiElt!..foft£:2I8]* ,.a ~It!.!h'-J;J iE; fh.It!..fof:f:E~r8] ~ ,.a 
E81t!.!h'-J;Jfh.. }1]e~ X= Xo ~J¥JIt!.!h'-J;J~ , OjilJ~J!Wi-i'-It!..fof!16'xE~- iE -fh.. W 
mJiJTm1~E8It!.~i¥.J rtEf&, ~~~,.a~*t~~,.a1~JlIElt, 1t!.~J;J iE,.§.!liH X i¥.J~/J\ jj'ij 
1N 'Ij(~[O]7CP~:k,$iEE8 ,.alt!.foj!16'JE{iL'f~,.a 0 ~, ~ QI *7Fltlt!.foji¥.J It!.foj-;: . .¥3 
x }A~~:kEl1, It!.tN9::ff ill }1]fh.7C~~:k, ~p i9::ff ~i1 fh. E8lt!.foj, ~*Il,ij fh. ~ It!.foj!16, 
JEl£~,.aE8ti:i9!U. i9:'B~Ij~..a~~~~J;J b, ~ x 1~:kElt, 1t!.!h'--1IJ;Jfh. ,'§'~[O]'f:W:, 
J!*Il,ijfh.E8 ,.aIt!..fofi¥.JIt!..fof.E8~m Qz J3Y.:k'f QI . epf'~~ § JiJT~E8It!.!h'-E8Wi-i'

..alt!.foj, --i'-~{iL'T~ ..aagiElt!.foj, It!.foj jlJ;J QI ;35 --i'-;Jik{iL 'ffh. x $..t~~ ..a~~ 

-~ b ~E8fh.It!..fof, It!..fof:l:ag:k /j\j;] Qz ,.§. Qz > Q1. jtj(~ § JiJT~B<J~{4:ff 

kQI_k~=O, CD 
Xo xo+b 

. m:=-~ ~_. _~ ~ _ .. __.___ __ 
-

..(. JVlj t! \,•k2L-k~=-Uo. CZl 
axo axo+b 

~ x=axo B~', 1t!.!h'-J;JtlVj\m, iiJ:{f-lt!.fojlI::h q SglE:f&iYl~ It!.i'i!f{lz'f x = axo !It 
E81t!. ~fl~tl!::hw./j\m, J!* Il,ij it..a;Jik:f&iYlu It!. w8''1 1jL~{iLjl ,{lz 'Tit. ..a B<J :f& iV!lJ It!. fc'f ~ 
iljE8It!.j:ft.lj]~'T:W:, ~jj'ij:ff 

Q1 k Q2k C ®(axo)2- axO+b)2=0. 

EBJf;CDCZl®pJff!'H~ b=aCa-2)xo. 


_ axo Uo
Ql- a-2k' 

Qz =aCa-1) 2 UoXo 
a-2 k' 

Jf; tp k J;Jf:Jt It!.j] 1ii'-I:. 
~ (2003 • ~OO!Jo/JI.I!HU~ ) PB 3-}-28 <f a 59 - @Jtj;!(]ia~-¥H:59 R a~ 1!g 
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1 000 v.1t i%11-l(,\,' 01R~a9 o'Mlt:i!I1ir - J9t-f b, t J;J, Ek = 2000 eV a~ ij] ~bi}Ej 0'0-f 
{fat1 jJ f.J Mf.J a. 0. l *7f; b Ej 0'0 ~Z la] ail ¥.B. llE ~,*1tM'-f b ~~ i$ Ej '*' ItJijt1* a 

atl* fill#J-1ijLit. :;J<.l atl.;ockllL #".M'-f~~t -f,.jl}* l ir-'J;t*-11r.. 
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@RC 1) = ~ r= ( ~ ) l ~ (~ )1 rJ = [ ( ~ )( ~ ) J ~ r. 

JJil.~00 3-2-32 ~ Y%~ft!m~~~~jgOO 3-2-33 ~ A 

L,.%~ft!m~~,-=:ff:I%&Jll~ft!~.llli!ljg 5;.00 3-2-28 ~ 

¥<f L,.ABCfFT~ 2 7X7tt~t!kfFJa~11fi£. w.:*~ 2 7X7tt~ 
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~~1fil'lf 

~*•••~~ffi.~.~•••*~t~$~p«~~~-#.t~~~. 
All' *~j,J 1/=4.5 g' m- I 

• S-I. itifJJfl OO-u~1L~1f:~ *~;f~PJ'Llt4'-1£~ r,*~ 
j,J L. *JfliE ;It if)t f4t 31EAiH£ *li~ 

!:::.p=RD. 

~-li.~h'~~~t'~~~.;tf4t.~,~IM~*~AC~ilic 
~ ffi 5.U!: ;D=Sv ~~ii at fa] li~H~:M: iID ~j,J 5 ~ in. ~ ~Jfn.. ~~.~. v ~*.li 
~~:i!~;*'f~ll.ttR JiJr~~ili 

R=~. 
rcr 

1t.{!li~ ~ (in.i§..JA.li.,~, 't)tL~ Jr#-fU ;:fi,~&), 7t -f-'f*:J* ~ ~ A., *li~ D 

",,=,100 cm
3 

• s-'.1&iH)f~ -ti1ll*~.t/l:#-lI1C.:#- il$4'-1£ r=4 p.m, *1t L= 1 mm, 

:#-1tffi 5!~ !:::.p= 1 kPa ~ 'rt JJ1, l'.I.1f:. @J$r 7U 1'6].JI*I: 

(1) A.i*- rkJ #fi!-,1'.-m.-t i1Il*~? 
(2) ~ *.lif&-ti1ll*~ at, t ~li:i! v ~!-Y? 

[7t ttf1 E13~tUD ,ffii j&5HG v.t ZiJJ 1J~ tB )Jfi-i8~ [Jt}E~.':§~~ r:jJ tB ®:: ~ 


}E~ffii~ ,~ffijfHlqJm~tt>lisl m :t:t!!*Ef3l?5ffi~JJil~*~4S:~. 
[~l (1).g.i¥.J~.fttJtJg 

R.~ =~=107 Pa' m-3 s.• 

!fi}-,m fJHllfn.~ i¥.J ~.fttJtJg 

R=~""='4. 5X 10' 6 kg· m-4 S-I.• 
rcr 

~ N ~*JtXlfn.~.g.~, .Ej*JtX~J.ft;j{j~{b( ,R.~ = ~ ,~ffif 

N=..R=4. 5X 10 
16 

=4 5X109 
R.~ 107 • • 

(2)!fi},mlfn. ~i¥.JmEil:Jg 

D'= D=Sv. N 

Jifi t( V=~-Nrcr< -0. 44 mm' S-I 

• ._ ::..= ~ lit ~,~._= ~----,=-: ____. --1f. ~ r. 

~.E..1 ;il 'h 

... (2007 • :i:OO~I.I~.lI~) ~ fIl] ff1t~ i:. -f~ ilii 7J (.;J 89:l:5J -5J.ij!;~, $ 7J 
(.;J AA at fSJ 1~%J ~ '11 ~it. ~&tS 5!1t B AA at fSJ t ~ it89 rn ~:!w rn 3-3-1 P)f~. j;Jt)t 

B>O at ,~~~7J (.;J 5f ili~ilii. ~1t~~ ~~ ~ }t3r.- ~ ~:lh7J (.;J ~1L ~-'f ilii ~ 
# Dxy. 3tD m3-3-2 P)f~ . - tf,f:!l' q=5rcX 10-7 c,J9t:l: m=5X 10- 10 kg ~ 1lI' tfi 
T .ii -f m.: .~, D 7t ,1t t=O atflIJ I;l.tol!1t "IJ =rc m/ s lI} x ~.iE 7J (.;J 7fft{d:E ~. ~ it 
~h ~1f:Jtl .~it~~ ~ ~ it ~ ijgJr-!£ ~ -.j;}]$1ttt.~.jt;J. 

BIT 
O.II---~--~--.___r--..__ 

°f5TTOlIS12012S1301351401 t / ms 

-0 .1 f--..I.--~--~--~--

y/ mm 
, , , , 
I I I I 

----~----~----+----+----I I I I 
I I I I 
I I I I 
I I I I 

--- -~----~-- - -~----~----
I I I I 
I I I I 
I 1 I I 
I I I I 

----~----~----~----~----J I 1 I 
I I 
• I 

____ IL ____ L1 ____ I ____ I ___ _~ ~ 

I 1 I I 
I I I 
I I 
I I 

o x/ mm 

~ 3-3- 1 ~ 3-3-2 

1. ~1t rn 3-3-2 ~ @i t±J 0-20 ms at fIl] rkJ fi T1t~~ ~:€~ a9 ~1iE,:#-# t±J I!l 

3-3-2 ~ w.,~~#~ #1t1t(1t0'-atY--#-I!l1t7;'-, T-~>ICfi :!l /~A~iJt.a}j) . 

2. 1t~~ ~ it N 1'-(N 39 :tfMJ %J}til ~ at fSJ rkJ 1lI' t fi T ~9-'f :l:5Jl!J..t a9 *- +~ 
-f __ 

[7ttJTl E13T~~f'F~WH1~it, ~ffijm~illZiJJffiJS"'I8J$Jl,lilliili~-~ml~/t1, 

~Ilt~iWi:5:1;fJf?f-l'~Wlpg tBillZiJJml~ ~Oqr ¥!U~~8BillZiJJ~g, 1jZ ~~~j\:JJIffiJ 
~~~ :~8jl8J~§l:pgiTI~j\:JJ 1~~ffi@tB81f8J18J~, W-l'~Wl~t~~Oqr. (~ N 

;,k. :k J';f. J:. ;{AD 

[~l 1. J/'.iLT{E~:I:,m~ i¥.JJEi9J~JLlQ£:twOO 3- 3-3 EfTjf;; 2. 2.J2 m/s. 
r / mm. , , 

40r----~----~----t--- I 

I I I I 
I I I I 
I I I 

30r----~----~---- ----~----
I 1 I I 
I I · I I 

20r----~--- : ---t----~--- .. 
I I I I 
I I I I 

I I I 

10r---- ----T----T----T---
I 
I 
I 

o 10 20 30 40 x/ mm 

~ 3-3-3 
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(.;J AA at fSJ 1~%J ~ '11 ~it. ~&tS 5!1t B AA at fSJ t ~ it89 rn ~:!w rn 3-3-1 P)f~. j;Jt)t 

B>O at ,~~~7J (.;J 5f ili~ilii. ~1t~~ ~~ ~ }t3r.- ~ ~:lh7J (.;J ~1L ~-'f ilii ~ 
# Dxy. 3tD m3-3-2 P)f~ . - tf,f:!l' q=5rcX 10-7 c,J9t:l: m=5X 10- 10 kg ~ 1lI' tfi 
T .ii -f m.: .~, D 7t ,1t t=O atflIJ I;l.tol!1t "IJ =rc m/ s lI} x ~.iE 7J (.;J 7fft{d:E ~. ~ it 
~h ~1f:Jtl .~it~~ ~ ~ it ~ ijgJr-!£ ~ -.j;}]$1ttt.~.jt;J. 

BIT 
O.II---~--~--.___r--..__ 

°f5TTOlIS12012S1301351401 t / ms 

-0 .1 f--..I.--~--~--~--

y/ mm 
, , , , 
I I I I 

----~----~----+----+----I I I I 
I I I I 
I I I I 
I I I I 

--- -~----~-- - -~----~----
I I I I 
I I I I 
I 1 I I 
I I I I 

----~----~----~----~----J I 1 I 
I I 
• I 

____ IL ____ L1 ____ I ____ I ___ _~ ~ 

I 1 I I 
I I I 
I I 
I I 

o x/ mm 

~ 3-3- 1 ~ 3-3-2 

1. ~1t rn 3-3-2 ~ @i t±J 0-20 ms at fIl] rkJ fi T1t~~ ~:€~ a9 ~1iE,:#-# t±J I!l 

3-3-2 ~ w.,~~#~ #1t1t(1t0'-atY--#-I!l1t7;'-, T-~>ICfi :!l /~A~iJt.a}j) . 

2. 1t~~ ~ it N 1'-(N 39 :tfMJ %J}til ~ at fSJ rkJ 1lI' t fi T ~9-'f :l:5Jl!J..t a9 *- +~ 
-f __ 

[7ttJTl E13T~~f'F~WH1~it, ~ffijm~illZiJJffiJS"'I8J$Jl,lilliili~-~ml~/t1, 

~Ilt~iWi:5:1;fJf?f-l'~Wlpg tBillZiJJml~ ~Oqr ¥!U~~8BillZiJJ~g, 1jZ ~~~j\:JJIffiJ 
~~~ :~8jl8J~§l:pgiTI~j\:JJ 1~~ffi@tB81f8J18J~, W-l'~Wl~t~~Oqr. (~ N 

;,k. :k J';f. J:. ;{AD 

[~l 1. J/'.iLT{E~:I:,m~ i¥.JJEi9J~JLlQ£:twOO 3- 3-3 EfTjf;; 2. 2.J2 m/s. 
r / mm. , , 

40r----~----~----t--- I 

I I I I 
I I I I 
I I I 

30r----~----~---- ----~----
I 1 I I 
I I · I I 

20r----~--- : ---t----~--- .. 
I I I I 
I I I I 

I I I 

10r---- ----T----T----T---
I 
I 
I 

o 10 20 30 40 x/ mm 

~ 3-3-3 
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F' """"- C2007 • ~OO!lmJnl'm) :ilP IE 3- 3-4 fJf 7f- ,MIM2 fP M3M. $ ~ tS ;it 
Mf.;it~*~*.W~.~•••• 
~~~~~~4.~.«~,~•• ~ ~ 
;tv3(~ 120·,00 J.J:jtfijf7} •. 4q:.. ", d~~o ..d#J/·M2 

•• tf $i!11 t ViE r. iW •• ~~ tf t it~ 
/J r.J ;tv ffi:. , :jt tf MI M2 tf t ViE ~ /J r.J ~ 
• ~Wr.J 11L 4. ~~ tf Jlt 1ft *ILl:. &111 4 
• ~.lt J.J .l.. IE tf ~ j;[ Wabed ;It: ffl n 


••~.##.~~*••~.~~. ~. 

i!:W(ab« be) , * •• ~. ~ Ej ~. ~~ 00 3-3-4 

tf ~ • ~ • f 1T ,;if i£ ~ tf ~11 :kiJ -5J t V!t 10 , t ViE /J r.J ~ • Uf. Wr.J *. E. ~ ab liL Ej 

OO'~. ,bc=l,1t.~.#;f9. fJ ~ViET$ltJ.J n,4q: 1' ~ViET J'Jf;jjj' t.f.Ht~ Juj\J.J 
~*~.~.~~~~~1'.W~M~tta.E.~~.~;itM*~.~.tf~ 
l1t~I~,tViEF~~~~~.~.~~~J.Jr~~~~S~lt~*~J.JB= 

kI ,*.tf k J.J E.~#it. r 

HHfil 5.KWrqJ7:1=?V~fI:, §7tfflftJ.Jo)Zi5.KI±l~~Eg~m~~7±*~h,EiJf7± 
lli~~B'SJliWIill5§~,JtCPffl~iJiJ!&~J[l.~tttt~~Wlf:tfBJ~,~T*~-tthcpI±lIm 
B'SJ~.~~~mk~~m~N~~~Bn~TEg~n~ffi~IillB'SJEg~~~~ 
,EiJf5.K. 

[Ml 1. ~~~ff~8<J~rm:F1:.8<J~%. :5tJit~~ff~ MIM2 <Pl¥.llt!.mtF1:.8<J~ 
%,* x !ilIl.!=j~~ff~MIM2 Iit,y ~.!=j~~ff~M1M2 ~K,tmOO 3-3-5 JiJfjJ\. ULr 
x~x+b.x(b.x JJ +"i-)Zr6JB9~~~iJft;,(~f$~"-*"J!li:ff~W: I.l.b.xl¥.l-KK ~ 
~,~~y!illlkP~F1:.8<J••~.NI¥.l*~~ 

till=k I.l.b.x. CD 
r 

~<p r ~ P iHIJJlt-KK~~8<JliEjtj ,tilll¥.l:JJ rEJ.!=j r *K , .!=jIt!W:fiJnJt;f:]~~1ifH';. 
:j1f till :5tmnJtmx :JJ rEJ fIl y :JJ rEJ I¥.l ~1-:5t:li till z fIl tilly ,:ff 

I.l.b.xtillz =k --cos{).
r CZl 

AD -k I.l.b.x 'neUJJy - - -SI . (J)r 

88888888888808888 g888 8 8 8 g~ M2 __ 
MI 00~88~8~8~8~808~8~!8~8~~~~~~1~~~~::~~;;~~~88g.......... 


00 3-3-5 x x+~x x 

..- m.=.~ .~ $. 'lj. ~•
~>(, p." 

.M~~tt,UL~-&+b.x)~-x z~I¥.l~~~<PIt!W:F1:.I¥.l~.~~~~ 

y :JJrEJl¥.l:5tti.!=j tilly */J\;ffi~,:JJrEJ;ffi1i. iJf !R.,m1-~~ff~<PJ9T:ffIt!rm:F1:.I¥.l~ 
%:(£ y :JJrEJ B9it.:%~ O. mOO 3-3-5 iJf~ tI:l 

b.xcosB = t:fJ. @) 
r 

m@)~1-tACZl~, 1~ 

till" = k D.. t:fJ. @ 

~~*kJ9T:ffIt!W:F1:.8<J••~.~ 
B= Ltillz = LkI;.t:fJ. @ 

it tHO L t:fJ= 7(, 1~ 

B=k1().I. ([) 

NP4iJ1-~~tI~<P J9T:ff ~W:F1:.I¥.l~:%~~ ~!ii.~i:m. ~% 1¥.l:JJ rEJ :5tJJIJ.!=j Ml M2 
fIl M3M, .wr·~ffP¥-1.:y. :!m00 3-3- 6 elf ~ •~~~ ff~ <P It! rm: F 1:.1¥.l f&l ~ ~~!ii.Ii B 

(MIM2 ).!oj B(M3 M.1 )nJt 120· ;;J'tit.:%I¥.llW.t.~~!ii.NI¥.l*/J' 

Bo = 2Bcos60· = k1(). I. ® 
:JJ rEJ.!oj 00fIT .m O .ra II[ Iii] 0 ' R.i:. 
2. ~~f*Jt ft;f:]~ {li!~ 00 rBJ 1'19 ~~ 80 

~. ~~~i*Jt<PJm:ffBJ~It!W: 10 at. M., 

*~f*Jt <P I¥.l ttmt Tf$5E rEJ:iE z;/J. n ~ "  ."OM2 
~~1*1¥.l ttmt T*~ It!fof. '/&;J'tJItN v 

l¥.l:JJrEJ.!=j 10 :JJrEJ;ffi1i.~K~ITfirEJ~, 

il:ff 
Io=nqvS. ® 

~<PS~~~f*Jt••ool¥.loo~: M. 
S= abl. ® " 00 3-3-6 

~VitT1~5E(cJ:iEz;/Jat ,~~i'JlW.t%mffi~j] i B I¥.l-ffffl ,;J't*/J\~ 
IB=qvBo. @ 

~*~ It!fofl¥.lttw:T. Jltj] f19:JJ rEJ II[ rEJti:{91~. ~~~ It!foffH~:(£ti:{li!~ lID k.]A 

ffijti:{li!~OO*~ It!. ;f:]{li!~oo* iElt!. ~{li!~ lID Iii] tI:l ~~~~ U = U:/3 -Uti . *~ It!fof I¥.l 

ttrm:TJiJf~i'JI¥.l~It!j] IE mti:{li!~lIDmrEJ;f:]{li!IJ lID. :itjlJ~5Eat .iE .!=j fa Jjl-~. ep 


U @iE= ab q = lB. 

m®~@*~1~ 

U= k 1().IIo 
nql . 

http:l1t~I~,tViEF~~~~~.~.~~~J.Jr~~~~S~lt~*~J.JB
http:1'.W~M~tta.E.~~.~;itM*~.~.tf
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F' """"- C2007 • ~OO!lmJnl'm) :ilP IE 3- 3-4 fJf 7f- ,MIM2 fP M3M. $ ~ tS ;it 
Mf.;it~*~*.W~.~•••• 
~~~~~~4.~.«~,~•• ~ ~ 
;tv3(~ 120·,00 J.J:jtfijf7} •. 4q:.. ", d~~o ..d#J/·M2 

•• tf $i!11 t ViE r. iW •• ~~ tf t it~ 
/J r.J ;tv ffi:. , :jt tf MI M2 tf t ViE ~ /J r.J ~ 
• ~Wr.J 11L 4. ~~ tf Jlt 1ft *ILl:. &111 4 
• ~.lt J.J .l.. IE tf ~ j;[ Wabed ;It: ffl n 


••~.##.~~*••~.~~. ~. 

i!:W(ab« be) , * •• ~. ~ Ej ~. ~~ 00 3-3-4 

tf ~ • ~ • f 1T ,;if i£ ~ tf ~11 :kiJ -5J t V!t 10 , t ViE /J r.J ~ • Uf. Wr.J *. E. ~ ab liL Ej 

OO'~. ,bc=l,1t.~.#;f9. fJ ~ViET$ltJ.J n,4q: 1' ~ViET J'Jf;jjj' t.f.Ht~ Juj\J.J 
~*~.~.~~~~~1'.W~M~tta.E.~~.~;itM*~.~.tf~ 
l1t~I~,tViEF~~~~~.~.~~~J.Jr~~~~S~lt~*~J.JB= 

kI ,*.tf k J.J E.~#it. r 

HHfil 5.KWrqJ7:1=?V~fI:, §7tfflftJ.Jo)Zi5.KI±l~~Eg~m~~7±*~h,EiJf7± 
lli~~B'SJliWIill5§~,JtCPffl~iJiJ!&~J[l.~tttt~~Wlf:tfBJ~,~T*~-tthcpI±lIm 
B'SJ~.~~~mk~~m~N~~~Bn~TEg~n~ffi~IillB'SJEg~~~~ 
,EiJf5.K. 

[Ml 1. ~~~ff~8<J~rm:F1:.8<J~%. :5tJit~~ff~ MIM2 <Pl¥.llt!.mtF1:.8<J~ 
%,* x !ilIl.!=j~~ff~MIM2 Iit,y ~.!=j~~ff~M1M2 ~K,tmOO 3-3-5 JiJfjJ\. ULr 
x~x+b.x(b.x JJ +"i-)Zr6JB9~~~iJft;,(~f$~"-*"J!li:ff~W: I.l.b.xl¥.l-KK ~ 
~,~~y!illlkP~F1:.8<J••~.NI¥.l*~~ 

till=k I.l.b.x. CD 
r 

~<p r ~ P iHIJJlt-KK~~8<JliEjtj ,tilll¥.l:JJ rEJ.!=j r *K , .!=jIt!W:fiJnJt;f:]~~1ifH';. 
:j1f till :5tmnJtmx :JJ rEJ fIl y :JJ rEJ I¥.l ~1-:5t:li till z fIl tilly ,:ff 

I.l.b.xtillz =k --cos{).
r CZl 

AD -k I.l.b.x 'neUJJy - - -SI . (J)r 

88888888888808888 g888 8 8 8 g~ M2 __ 
MI 00~88~8~8~8~808~8~!8~8~~~~~~1~~~~::~~;;~~~88g.......... 


00 3-3-5 x x+~x x 

..- m.=.~ .~ $. 'lj. ~•
~>(, p." 

.M~~tt,UL~-&+b.x)~-x z~I¥.l~~~<PIt!W:F1:.I¥.l~.~~~~ 

y :JJrEJl¥.l:5tti.!=j tilly */J\;ffi~,:JJrEJ;ffi1i. iJf !R.,m1-~~ff~<PJ9T:ffIt!rm:F1:.I¥.l~ 
%:(£ y :JJrEJ B9it.:%~ O. mOO 3-3-5 iJf~ tI:l 

b.xcosB = t:fJ. @) 
r 

m@)~1-tACZl~, 1~ 

till" = k D.. t:fJ. @ 

~~*kJ9T:ffIt!W:F1:.8<J••~.~ 
B= Ltillz = LkI;.t:fJ. @ 

it tHO L t:fJ= 7(, 1~ 

B=k1().I. ([) 

NP4iJ1-~~tI~<P J9T:ff ~W:F1:.I¥.l~:%~~ ~!ii.~i:m. ~% 1¥.l:JJ rEJ :5tJJIJ.!=j Ml M2 
fIl M3M, .wr·~ffP¥-1.:y. :!m00 3-3- 6 elf ~ •~~~ ff~ <P It! rm: F 1:.1¥.l f&l ~ ~~!ii.Ii B 

(MIM2 ).!oj B(M3 M.1 )nJt 120· ;;J'tit.:%I¥.llW.t.~~!ii.NI¥.l*/J' 

Bo = 2Bcos60· = k1(). I. ® 
:JJ rEJ.!oj 00fIT .m O .ra II[ Iii] 0 ' R.i:. 
2. ~~f*Jt ft;f:]~ {li!~ 00 rBJ 1'19 ~~ 80 

~. ~~~i*Jt<PJm:ffBJ~It!W: 10 at. M., 

*~f*Jt <P I¥.l ttmt Tf$5E rEJ:iE z;/J. n ~ "  ."OM2 
~~1*1¥.l ttmt T*~ It!fof. '/&;J'tJItN v 

l¥.l:JJrEJ.!=j 10 :JJrEJ;ffi1i.~K~ITfirEJ~, 

il:ff 
Io=nqvS. ® 

~<PS~~~f*Jt••ool¥.loo~: M. 
S= abl. ® " 00 3-3-6 

~VitT1~5E(cJ:iEz;/Jat ,~~i'JlW.t%mffi~j] i B I¥.l-ffffl ,;J't*/J\~ 
IB=qvBo. @ 

~*~ It!fofl¥.lttw:T. Jltj] f19:JJ rEJ II[ rEJti:{91~. ~~~ It!foffH~:(£ti:{li!~ lID k.]A 

ffijti:{li!~OO*~ It!. ;f:]{li!~oo* iElt!. ~{li!~ lID Iii] tI:l ~~~~ U = U:/3 -Uti . *~ It!fof I¥.l 

ttrm:TJiJf~i'JI¥.l~It!j] IE mti:{li!~lIDmrEJ;f:]{li!IJ lID. :itjlJ~5Eat .iE .!=j fa Jjl-~. ep 


U @iE= ab q = lB. 

m®~@*~1~ 

U= k 1().IIo 
nql . 



.._~-~_IJi~~ft_ 

~ (2006 • itOO!fml~fjjj~~) fE 3-3-7 JJ -1II;t /f 

ij; 09 ~~ i8 00 f1;J W$: ~ 09 iJt ~ ilif , !t: -t 1~ JJ R, 00 f1;J 9~ $!B ~ if 
O?t. 00 f1;J l*J -11 5Hi ~:lh, ~:lh 1J riiJ ~ 00 f1;J i8 $!B ~ -f- 1i ,*~ 
Ed!JtJJ B. f1;J J1 B"J H ?t:7f -11 ;J' fL, i't1'" lei?t if:n. ~ <f. ~ 
-11-Jjt-~JJ m,t-M'i:-JJ q O9Wt;t;I-'fP IV,~-:fJJ:i!lt*1lii 
O9-t*1JriiJ~~~MA~1lii,ft~.«~M~X~~~M~ 
oo1lii.1J::i~gUU\';m09,P ~ r.Ht.f1M~~'IH~ ,p .Ej .~.f1 

/!l 3-3-71t!lJ!t:t-M'I:;f~. *~~ P ~ .~.fl1tiJ~*~-l&~, foiJ; 
(l) P 9"J:i!$$.JJ ~~? 

(2)P »-lttA 00 iltr j~ M ~ 00 f1;J !~)Jj!J"J!lJ fa] JJ ~ j.'? 

• H 

M 

[,HJf] §7tJillIE~~~fij)-~i!~~f[]m~frl2]]~ 

iAJt§JillH'9iJj,Ym. *~B1ffl~JmEgm~frnn~cp~Zi1J;J\J~ffi 
El3TX1f!Ftt,6Jf§gH'9J1@*~. 

[fA1f] (l)~nOO 3-3-8 M'm,i&M"P31itt:i:,Mt9:1JriiJ*lI'f 
~jij=mriiJ~tH'~ ,m'rg;fjLr P m'iErg ,!t:i!$j;] v. P )}.JHLM P 

A~M"9='IZSI~¥ljliYH~jEnfl::fflj]ji'iji\iij~AM:1JriiJ ,~J=jM"~ /!l3-3-8 

Q~~-jX~~,~/FPJ~~lA/HLMtB I!ID~En. {gJ=j~~~~WHx, 't:8}t~PJ~~lA 
IHMttB. :(£ltt,~% 9=', P :(£i~j P3 En~12 EE -=:,I%!:~*, ~*1£ /--------
EnmlJM\ HM,MN;fO NH !lLGlt. .ml~~!t:9='-,I%!:mlJ5J1l MN, ~[J ,/ , 
00 3-3-9 M'm. EE'f P i'fl"~En*1£:1JriiJAM ,OM til ON ~J=j ( 0' 

$iLiU!lW, ~*En~ffi 
2a=3'1l:. CD 

i&iQl]M\EniQl]*1£j;] r,lj!lj1f 
2vqvB=m-. @

r 

mlJ ~JL~t%11 i!t iQl] .c" 0'M' *En/ro ,l,' jfj /!l 3-3-9 

p=; . Q) 

EE JL1PJ*%d~ r=Reot Jl.. @)2' 

_.J3qBRm@Q)@)~1~ v- . 
m ® 

(2)P EE IJ'1LMAflJm-jXJ=j1§I~~1iM'imuEn~:f}j;] 

s=pr. ® 

r£JJJBt JB] j;] (j)tl =.1.. 
v 

~=-~ ~ !itt ~•• G . 
-- ..,- _. , . - .... ' ---. ,-~ 
"" '" .t> .... 

P lAMA/HL¥IjMtB/HLr£)}jEnBtf8]j;]
t=3t ®l. 

EE 0(I.1f*~i\1~ 

t=;;. 
~ (2004, itOO!fm~fjjjJl~) ;.il~;t t-'f-M' ~ bl( <t...fi;)' q.E; ~i:m ZJ:t,!L)

m 

i8 ~~~ .i.:fIll fE 3 - 3 - 10 i'fi ~. ~ ~ ;t ~ If l*J , P.Jl ;fR K it ~ 09 t -'f , ft Jl8 ;fR A ~ ~.Jl 

;fR K z fa] i8~ tl17JP~~, W* -JRfRm i8 t -'fit, t -'fit IV, -f-1if-f-;fff. t $:~ 
;fR;fff. 09 ~JtlttA ~;fR;fff. C,D fa] !J'g lK~. * ~;fR;fff. C,D Iii] 7t t 11, J1~ "$i:7f;fR;fff. lK ~ 

i8 t -'f*trrif 'YZ7tftf- 1:. i8 0 If, ; *if ~;fR;fff. fa] 7JP 1:. t11 U, J1~ "$i:7f;fR;fff. lK ~!J'g t-'f 
*ttrifYZ7tftf- 1:.!J(; P If, ; *~if;fR;fff.!'a] 7JP -1J riiJ f; 1L f~~ ilif riiJ 7r,~~ $. g! It JJ B 

i8 ~ ~! ~:lh , J1~ tr j~ 'YZ 7t ftf- 1:. i8 t -'f ~ 1. (J"J 7t ,r?" X @] jlJ 0 If,. ~ E ~ ;fR ;fff. i8 *: It 
l= 5. 00 em, CD !'Ei] ~(; ffe "$i d = l. 50 em,;fR;fff. lK ~'g <f ,R, M j~ YZ 7t ftf- <f ,r?" 0 09 ffe "$i 

JJ L=12. 50 em,U=200 V,P If,jlJ 0 ,r?" i8ffe"$i y=OP=3. 0 em,B=6. 3XIO-4T. 

i#'#. t -'f i8 -M' ~ bl. (;f-it1:.7'J §}of.J) 

~----+%::::(~~0}+ ----- p 

+ . 

/!l 3-3-10 

[:$t:#fl Egfc!ff[]JVHi~iH~-f4JmEgm~H'9~~~It1. fr~~Egt~~nn~H'9~ 

rsJiAJ, ~[OJmEgm~~:0J~~~It1~[OJlffi~~[OJH'9~Zi1J~~. IE~:5:1:ffT~ii1Ji'1ff' 
fUfflffi*JJ~f[]Egnn~ml~gt"qJ&m 1±:J mEgm ~tt:Jfc!fm tt. frUll f-t:5:1 :ffT~*cpg~ 
;9.;~i.'1lmmttH'9j\ij~~*~~m~tt:Jf4J~. 

[fA1f] i&rg rlXJ~J1!A~1'J;t&rg~~,H,&;t&f8] IZ)~B;JEni!itj;] U) , IZSI j;]l!it:1J riiJ 
~ff'frg~.En&;t&,imu*itj;]lEn&;t&g.M'.~Bt~ 

tl = Va' CD 

~~&;t& zlB];bo I. rg ffBt , i& ~&;t& IB] En:i:m ~$ j;] E, fI:: ffl 'f rg r ~ f!t rg j] En:* 
IJ\ j;] qE, :1JriiJ*lI'f&;t& EE C =m riiJ D, rg rEn;iJ[]i!it 

a=@ @
m' 

Uji'ij E=d' Q) 

~ rg r:(£*lI 'f&;t&:1JriiJ EnfJJi!itj;]~, 1ZSlji'ij:(£BtlB] tl ~*1I 'f&;t&:1J riiJ En 

http:9"J:i!$$.JJ


.._~-~_IJi~~ft_ 

~ (2006 • itOO!fml~fjjj~~) fE 3-3-7 JJ -1II;t /f 

ij; 09 ~~ i8 00 f1;J W$: ~ 09 iJt ~ ilif , !t: -t 1~ JJ R, 00 f1;J 9~ $!B ~ if 
O?t. 00 f1;J l*J -11 5Hi ~:lh, ~:lh 1J riiJ ~ 00 f1;J i8 $!B ~ -f- 1i ,*~ 
Ed!JtJJ B. f1;J J1 B"J H ?t:7f -11 ;J' fL, i't1'" lei?t if:n. ~ <f. ~ 
-11-Jjt-~JJ m,t-M'i:-JJ q O9Wt;t;I-'fP IV,~-:fJJ:i!lt*1lii 
O9-t*1JriiJ~~~MA~1lii,ft~.«~M~X~~~M~ 
oo1lii.1J::i~gUU\';m09,P ~ r.Ht.f1M~~'IH~ ,p .Ej .~.f1 

/!l 3-3-71t!lJ!t:t-M'I:;f~. *~~ P ~ .~.fl1tiJ~*~-l&~, foiJ; 
(l) P 9"J:i!$$.JJ ~~? 

(2)P »-lttA 00 iltr j~ M ~ 00 f1;J !~)Jj!J"J!lJ fa] JJ ~ j.'? 

• H 

M 
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(3) tE Oxy 3fililt*J EJilJ!.1i v. ~Jt$(* EJill'%ffi ttJJ~t'LTtE Oxy 3filil t*J1$~$. 

1J v EJil?:]~~mlE7ij].;(5- ~ R *lJ';lQlJm$JLiHEJil¥1£ .Y!V:ij' 
2v 

qvB=m R · 

.jff 

R=;;. ® 

ili®®~3tPI~.~iH¥~~~~t'LTEJilJ.!lt.:ij':X: ,~J3.~~TfJJJ!.JiE!<J x :5t 

ilu r ~y :5tliuy :ij':X:. rn1ImlE~EJilJ!.1i 1J fliJ;lJ!I1I!~I8]~1tEJil.tErn1Ifiil.@7ij]EJil-1-

mM t*J3jL~J!.JJt~T~. 
ffi JltPI .!ii1. ~~T~t*J E\! T~J.!ltTEJil.@~$.~&;f§~~~ ,1g4ij:1-t'LT:m~:ij' ili 
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___ ~--::-.~ _ .~}f.~_?;t________',_ · - .. ~ 

®~~tJ:j a<JJ!Jt Va ,;JtjjrliJ~1lT;flLTJi)fl:E~a<J:l1l!.}jft~1 j]1JrliJ: M~T, 1JrliJ rliJW; 
xtMT, 1JrliJ rliJ*. ~T5f1:lMTa<Ji!#iE~~l1~~iE1;1J, xt@a<JJ!JtffFl1¥~~J! 
!t. t~~iE1;1J~;flLTa<JJErliJiE1;1J, ~T5f1:lMT89JE rliJiE1;1J~)t~,$; TPf~:l1l!.}jft~'L'a<J 
Pf~~¥iiE. 

1i!®5f1:lCD®=:~D)litir:;k~tJ.!i1lJ1~, ~T;f1:lMTa<J~~J!Jt:5HJljl1 

Uoc=9. 2X lO-6 mis , ® 

Uop=1. 7Xl0- 2 m/s. (J) 


Ii! T~T~MT~~J!JJL a<J1J rliJ;f1l& , ~filj~%, 't111FI£ a<J ~ t,lt1J rliJ;f1llPJ, 

~?:.Jill%JtrliJ*. *tJ.!i~¥iiE*Jta<JJE5(,:fj 

) =nq(Vap +Vac) . ® 
1-tAir:;k~tJ.!i,1~ 

)=2. 8X 10- 14 A/ m2 
, ® 

1JrliJill%JtrliJ*. 
2. m 1 /J\~a<JitiB*1JJl ,;flLTl:E Oxy f ifP-J~lromiE1;1J ;iE1;1Ja<JJ!$ Ii! (4)~ 

~ tJ:j ,'t.!oJ;flLTWJ!JJLir:;k. MWJ!JJL1JrliJmrliJJ(g'L'a<J;flLT, IromiE1;1J a<JJ!$11 

v= v'u/ +Va 2 ®• 

li!CD~® ,® ,®~~ 'fr1-tA~ ~ Nr~a<Jir:;k~tJ.!i1lJ1~, ~ T;f1:lMTa<J!j;JL:i1l>*1~:5t 

)]IJl1 
Rc=O. 33 m, @ 

R p =14.8. © 
D)J:89it~*1JJl ,$M;flLT~:fjill~1 j]1JrliJ a<JWJ!JJL ,f§. Ii! T;flLTlf~iiJ~j:}j 

a<JfF:J'IL ~T;f1:lMT:t£J(gJ5j(¥1~1J rliJ a<J:l!i7c"f ~lEEl*l :5t)]IJ 11 2Rc = O. 66 m;f1:l 2Rp 

=29. 6 m,~ift/J\T~~TFx!a<JJ¥:J.t ;Nr?5~89 ~ T;f1:lMT{JJl:E~~T Fx! P-JiE1;1J, 
;f~iiilJJ(g ifJ:. 

-n*. 2: 1. Ii! T~I*lTFx!a<JJ¥:JJLift+TJ(gJ5j(¥~, $::t£Ji)f?5~a<J~1*l TIR~P-J 
~I j]j:}j;f1:l~:%mllJm:1g?:.J~;nj:}j.l:EitlR~P-J ,~j:}ja<J~~@~;nJJL 

B= (~o f Bo 3. O~:O-s T=2. 4X 10-7 T. CD 

~ Ij] :110 J!JJL 

= (Ro)2 =U 1 2-0 9 I 2g r go 25 m s - . 3 m s . ® 

?5~~I*lT Fx! ~ a<J;Jt - MiI:1g m, ~ filj:i\::1g q,mJ!Jt:1g u a<J fJL T , It1;flL T Nr:t£ 
~:1g*:fjf,)ffi,~ 0, fF:-1l:flfl *fjf,* Oxyz, Ox ~m rliJ J(gJ5j( ~ 'L', Oz ill1Wlj:}j1J rliJ ,~Q 
III 3-3-17 Nr7J;. it;flLT89WJ!Jt:t£*tf-* ~ a<J=:1'-:5t:il::5t)]IJ:1g UI ,Uy ;f1:l Uc. ;ff D) 

VI ,Vy ' V: :5tj]IJ*7J;l/'iLT:t£1f~at~1J t 89J!J.t V :t£ x, y ;f1:l z ?iIIl1JrliJ 89:5tJ!Jt, Jjllj'/W 
~ *-lLT:t£~ Ij] ;f1:l7~ffitt j]~ IPJ fF: ffl"f a<J iE1;1J 1J;f:1Il:1g 

.- ' .- - - _. - - - - -~ ~.==.~~-.~- @. ._--- -~ _lJ)\> 
zcivImTt=mg+qvyB=qB ( V +~) ®y qB . 

v,~ m cit =-qvIB. ® I ~\' 

/0 • Y 

m ~:=O. ® 'Vr 

x 

®~*B)LNr?5~;flLTa<JJ!Jt z ~J:a<J:5t:il:~:t~ l!l 3-3 -17 

;;p~,~p 

Vz=Uz . ® 
1~~:il:1-t~, 4

Vr =vI ,Vo' =vy +Va. (J) 

;Jt~ 

Va=~ ®qB' 

re(J)®~~1-tA®®~~'1~ 

ciVx =qBVy,m cit ® 

~=-qVIB. ®m cit 
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FI=qBVy,Fy.= -qBVI . 
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-L-_V, nB = V y

tanBl -F - V' ta 2 V· 
I Y I 
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yz
qVB=m R , 
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R=mV @ 
qB' 

:t£?:.JJ!lromiE1;1J ~,V a<J7c+~;f1!:89, ~P1f-filJBt~1j V a<J{E[ i:!1&t:£ t = 0 sHIJ 
V a<J{E[. 1i!(J)~~B~~ftt.:t£ t=O BHIJ:fj 

VI =UI ,Vy =Uy +Va , 

$:ir 
©V= Vu./ +CUO' +Vo)2 . 

D)J:itiB*1JJl ,#LTa<JiE1;1J1lJ:5t,$;=:$:5t: 
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_____..~-L~it~.zt. -- --- ---. 
(l)*1*®APT~ ,tLTra Z ~ B-!J*llJ.l:;k/J\;fU:lJrtJt~{~H~:f~, 1.§.xt7f'~ ~ 

*,jT~:f~~ ,~'T~;@;Tm:~;f!LT::UJj1.jjltliEi9J£fJllJ.t*~. 

(2)*1*CVAPT~~,VI = Vr , Vy =Vy - Lb. i!*IjjJ*-lLTtE Dxy -'f 00 I*J~) ~* v 
1tJtrnll~iEi9JB9 ~at ,JZ.~)llJ.t Lb ta y ~iEi9J. Vr Y y *jJlj~rnlI~ iEi9JllJ.t B-!J x * 
.;fUy*•. ~~~~B-!J.~.~7f'&~*-lLTB-!Jm.~*,®H~tLTW.~B-!Jx 
*:S:ux;fUy *i\:uy ~*. rnD~iEi9J~llJ.t:lJrtJ~l1Ratl'a]~1tB-!J,tE~~iE~B-!J-

1-WlM I*J B-!J-'f:t1]J!J.t~'T~. 

(3)¥a y ~B-!J~J.l Vo EI3®A~tJ:j ,J't:;k /J\~mJE~ I~;f!LTB-!JWitJ.t7C*,H 
xt~#*,jT~;f§~~ :M1irlEIt!.~;f!LTIJ't:lJrtJ ta y ~ffl.:lJ[li] ;M1fHh 1t!.~*-lLTI;jt 
:lJrtJ¥a y ~iE::n[li]. 

EI3~PT~, ~.Tm:I*JIt!.T;fUmT~iEi9JM.;f§~~~ ,1.§..1-;f!LT.A~E13 

®J:t~ tJ:j ~J!J.l Lb ,;jt:lJ(ol*1i 'T;f!LTYi'tE:£l:(tHt!!f3J(iJl h:lJrtJ : xt'Tlt!. T,:lJ rtJ [li] 
W;xt'TmT,:lJrtJrtJ*-It!.T;fUmTB-!Ji!#~~ffF19mH~iE~ ,xtmzB9itJ.tf$19~ 

~llJ.t.~~iEi9J~*-lLT~JErtJiEi9J,It!.T;fUmTB-!JJErtJiEi9J~*~T~~~f3J(~ 

(,'~~*It!.VTI. 

EI3®;fU CD@=:rt ~)lk~*~1*PT1~' It!. T;fUmTB-!J~~llJ.t*jJlj19 
Lbt =9.2 X lO- 6 m/s. @ 

Lbp= l. 7X 10- 2 mi s_ @ 

EI3 'Tit!. TfUJ9l:T~~llJ.l B-!J:lJ rtJ;f§l£, It!. 1'6i':1f % , 't;1nf'~ B-!J It!. mt:lJ rtJ;I'/:I ~, 
:t1]19ra~J.t[li]*. *1*lt!.m*J.t~JE)(,~ 

j=nq( Lbp +Lbt). ® 
{-tA~*~1*,~~ 

j=2.8 XlO- 14 A/ m2 
, @ 

:lJ[li]¥a~J.trtJ*. 

2. ~ 1 IJ\~~;.t~*f1}j ,tLTtE Dxy -'f001*J1$rnlI)iIJ~~;iE~~ll*E13 ©A 
~tJ:j, 't;~;f!LT~WllJ.l~3C. MWllJ.t:lJrtJmrtJ~JL,~;f.}LT, l!ID)ilJiE~B9ll*19 

V= .Ju/ + Lb 2 ®• 

f§~ § Yi't~tJ:j ~It!. T~J9l:T~WitJ.l u'" ~7f'~B-!J, It!. T;fUJ9l:TB9m:limJik:f 
~~ ,t&It!.T;fUJ9l:TtE Dxy -'f001*J1$1!ID~~i9J~.~m~;;f\~~. EI3 CD@®@@ 
~A ,jf1-tA~3C~1*PT1~' It!. TlIlJ9l:T~.~.~£*jJlj19 

Rc=O. 33 m, 

Rp=14.8m. 

~)l:~;.t¥):*1jjJ ,1il.t!lTA~nglh:lJ[li]B-!JWllJ.l ,{gE13 'TtLTjf~jJj~:l:m 
B-!JtFffl,It!.T;fUJ9l:TtE~f3J(.~£:lJrtJB-!Jii:;k"fIl*R€.*~Ij19 2R.=0. 66 m;fU 2Rp 

=29.6 m,:t1]Z/j\'T1t!. .m:~JJJ.l; Yi'~~~ It!. T;fUJ9l:T1JjtE~.T m: I*J ~i9J, ;;f\ 
~7i~J~ffiil:. 

.-- ______~~_~_~_ ._~_n.:t.___.__ Li~-~~ . ' 
~ ~ /.'

~ (2000 • ~OO~Jf.UnHjV jal 00 3-3- 18 J'Jf:iF , q 

-if !{. ~ tf tt iL - :ili # ~ , 1V,;J<..3f Ji;] ;# 7:7 x $!I jE jJ Ji;] , ~A Ji;] x x x x ~ x x XX 

r7:7y$!ljEjJJi;],z$!I*A~L\;1lDJi;]lf . -ifO~y~LB-'qIK~fJ x x x x x B x xL x 

;(;f 5j rhli ~ ,L= O. 80 m , ;r;iU& Jid! Jf B-'q jJ Ji;] ;{} z f;lJ B-'q jE jJ x x x x x x x x 
xxxxxxxx 


Ji;] ,;j§t. ;;IuJ' B=O. 10 T. 4 tE -f.j ffi: H:,.Q.. =50 C · kg- 1il9 * r 

m 

jE It ffi: A-if x=O,y= -0. 20 m ,z= 0 7t -~ .Jl:.iff ;b",k: , ¥f *t III 3-3-18 

ffi: ,R-:i±mt ,P.;. 99 at ~J;t 7:7 t=O at ~~ ,>Jt *It ~A-ifiji ~ tf 1f - at ~J t ilHtlU~ #. jt 
>Jt t rltl ifi 1f-*~ at trHr.!U.5fPJ!Jf . g ~ 10 m· 5-

2
. 

BHlf] m~m -3'-)11,A ~~Fo ,?±mn,;e{f;Ein ffiJ {'F,E§l'«rUlE ~@ Zio!l. ~115 
@~ffiJ~~~~~~~,~~~~~ffiJ~~@~~~~x$D~ffiJ~~~~@~ 

ffi xOy :ljlllilp;jffiJ~~~~@~ffiJ~@~ , tilqJ~~~ x IfIllDjOJffiJ~~~~@~m 

~ x lfIll,y $iml'~ilil1@~ffiJ-a@~.I3lJlt>R~ffiJ~at~: F.lu%Ji~)~*H:l~~@~ 
ffiJ~®:ffi~~[@R.llJ~rVJ85J~~®:, ~~®:, ¥FI, Fo:si~)~>RH:l~~@~ffiJ~~ffi 

~~@~85JjrH~ ,tf31l<Jj~ffimffi. 

UU 1;$ 1: *1t!.J9l:,¢'\~lr.~;fi{Bt ,~Ji!htFffl{$ El EI3 ~1*~~, ~t:fJJ:i6* 

tiF!*,¢'\SJ ,~J.t19 
1Vi = v'2iGT =2.0 m • 5- . CD 

:lJ[li]~1irtJ"f. * It!.m ,¢'\l11X~:l:mPo, ~~~htFffl~~ ,jf~¥lji4Hf?;tthtFffl, J9l:,¢'\ 
~J.t B-'J:;k/J\;fU/J [li]t~¥f~1t, i4H-£; tth B-!J:;k/HIl:lJ rtJ!fF jlJg,z.~1t. ~1ilijH) i&:m: 
tE:"* 1t!.m;:F.HU ~!*,¢,\at I~m,¢'\ IlftiJo...t ra x ~iE:lJ rtJ;fUfb.:lJ rtJ Wjl' :;k/J\tI)~ Vo B-!J 
WJ!~ IEB 'Ti!Wj1-:lJrtJ;f§l£ ~ll~B-!JilllJi19~ , [;lSJffij;;f\~oj.J* 1t!.J9l: ,¢'\ lV.Po ~~ 
i9J. tE t =O BHIJ,*lt!.m,¢,\[;lSJ~~m x $iE:lJrtJagWllJ.t Vo ®~mfMth 11 B-!J-f'F 
ffl ,Jj11j 

11 =qLbB. @ 

J't:lJrtJ~~hB9:lJ[li];I'/:Il£. ~~~ff Lb B~*/j\ ,{t 11 ~'T1[h, ~p 

qLbB=mg. G) 

1Lb=~=2. 0 m' 5- @ 

R~-*It!.M: ,¢'\*1~@)Atk:JE~ Lb ¥a x !f!IliE/J[li]~~ 111~Ji!h B-!Jilh 7j(hl~ 
"f~.1gJJtat , fli:'T~tiFmC¢'\ B~*It!.EJ!:Bjf~~~1i rtJT· B-!Jj!~ Vi ;fU¥a x ~fb.)j 

rtJ B-!J~~ '00' ~*B-!JiI.GltitJi:;k/j\19 

1v= v'Lb 2 +V1 2 =2.8 m' 5- . @ 

.,jJfn:!mrtJ1.i:"f:lJ. ~t:~ x ~S<]ffl.::n[li] B9~1fl 19 a, ~Il 00 3-3-19 .pR~ ,.V!U 

tana= .:!2. = 1. 
Lb 

, 
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(2)*1*CVAPT~~,VI = Vr , Vy =Vy - Lb. i!*IjjJ*-lLTtE Dxy -'f 00 I*J~) ~* v 
1tJtrnll~iEi9JB9 ~at ,JZ.~)llJ.t Lb ta y ~iEi9J. Vr Y y *jJlj~rnlI~ iEi9JllJ.t B-!J x * 
.;fUy*•. ~~~~B-!J.~.~7f'&~*-lLTB-!Jm.~*,®H~tLTW.~B-!Jx 
*:S:ux;fUy *i\:uy ~*. rnD~iEi9J~llJ.t:lJrtJ~l1Ratl'a]~1tB-!J,tE~~iE~B-!J-

1-WlM I*J B-!J-'f:t1]J!J.t~'T~. 

(3)¥a y ~B-!J~J.l Vo EI3®A~tJ:j ,J't:;k /J\~mJE~ I~;f!LTB-!JWitJ.t7C*,H 
xt~#*,jT~;f§~~ :M1irlEIt!.~;f!LTIJ't:lJrtJ ta y ~ffl.:lJ[li] ;M1fHh 1t!.~*-lLTI;jt 
:lJrtJ¥a y ~iE::n[li]. 

EI3~PT~, ~.Tm:I*JIt!.T;fUmT~iEi9JM.;f§~~~ ,1.§..1-;f!LT.A~E13 

®J:t~ tJ:j ~J!J.l Lb ,;jt:lJ(ol*1i 'T;f!LTYi'tE:£l:(tHt!!f3J(iJl h:lJrtJ : xt'Tlt!. T,:lJ rtJ [li] 
W;xt'TmT,:lJrtJrtJ*-It!.T;fUmTB-!Ji!#~~ffF19mH~iE~ ,xtmzB9itJ.tf$19~ 

~llJ.t.~~iEi9J~*-lLT~JErtJiEi9J,It!.T;fUmTB-!JJErtJiEi9J~*~T~~~f3J(~ 

(,'~~*It!.VTI. 

EI3®;fU CD@=:rt ~)lk~*~1*PT1~' It!. T;fUmTB-!J~~llJ.t*jJlj19 
Lbt =9.2 X lO- 6 m/s. @ 

Lbp= l. 7X 10- 2 mi s_ @ 

EI3 'Tit!. TfUJ9l:T~~llJ.l B-!J:lJ rtJ;f§l£, It!. 1'6i':1f % , 't;1nf'~ B-!J It!. mt:lJ rtJ;I'/:I ~, 
:t1]19ra~J.t[li]*. *1*lt!.m*J.t~JE)(,~ 

j=nq( Lbp +Lbt). ® 
{-tA~*~1*,~~ 

j=2.8 XlO- 14 A/ m2 
, @ 

:lJ[li]¥a~J.trtJ*. 

2. ~ 1 IJ\~~;.t~*f1}j ,tLTtE Dxy -'f001*J1$rnlI)iIJ~~;iE~~ll*E13 ©A 
~tJ:j, 't;~;f!LT~WllJ.l~3C. MWllJ.t:lJrtJmrtJ~JL,~;f.}LT, l!ID)ilJiE~B9ll*19 

V= .Ju/ + Lb 2 ®• 

f§~ § Yi't~tJ:j ~It!. T~J9l:T~WitJ.l u'" ~7f'~B-!J, It!. T;fUJ9l:TB9m:limJik:f 
~~ ,t&It!.T;fUJ9l:TtE Dxy -'f001*J1$1!ID~~i9J~.~m~;;f\~~. EI3 CD@®@@ 
~A ,jf1-tA~3C~1*PT1~' It!. TlIlJ9l:T~.~.~£*jJlj19 

Rc=O. 33 m, 

Rp=14.8m. 

~)l:~;.t¥):*1jjJ ,1il.t!lTA~nglh:lJ[li]B-!JWllJ.l ,{gE13 'TtLTjf~jJj~:l:m 
B-!JtFffl,It!.T;fUJ9l:TtE~f3J(.~£:lJrtJB-!Jii:;k"fIl*R€.*~Ij19 2R.=0. 66 m;fU 2Rp 

=29.6 m,:t1]Z/j\'T1t!. .m:~JJJ.l; Yi'~~~ It!. T;fUJ9l:T1JjtE~.T m: I*J ~i9J, ;;f\ 
~7i~J~ffiil:. 

.-- ______~~_~_~_ ._~_n.:t.___.__ Li~-~~ . ' 
~ ~ /.'

~ (2000 • ~OO~Jf.UnHjV jal 00 3-3- 18 J'Jf:iF , q 

-if !{. ~ tf tt iL - :ili # ~ , 1V,;J<..3f Ji;] ;# 7:7 x $!I jE jJ Ji;] , ~A Ji;] x x x x ~ x x XX 

r7:7y$!ljEjJJi;],z$!I*A~L\;1lDJi;]lf . -ifO~y~LB-'qIK~fJ x x x x x B x xL x 

;(;f 5j rhli ~ ,L= O. 80 m , ;r;iU& Jid! Jf B-'q jJ Ji;] ;{} z f;lJ B-'q jE jJ x x x x x x x x 
xxxxxxxx 


Ji;] ,;j§t. ;;IuJ' B=O. 10 T. 4 tE -f.j ffi: H:,.Q.. =50 C · kg- 1il9 * r 

m 

jE It ffi: A-if x=O,y= -0. 20 m ,z= 0 7t -~ .Jl:.iff ;b",k: , ¥f *t III 3-3-18 

ffi: ,R-:i±mt ,P.;. 99 at ~J;t 7:7 t=O at ~~ ,>Jt *It ~A-ifiji ~ tf 1f - at ~J t ilHtlU~ #. jt 
>Jt t rltl ifi 1f-*~ at trHr.!U.5fPJ!Jf . g ~ 10 m· 5-

2
. 

BHlf] m~m -3'-)11,A ~~Fo ,?±mn,;e{f;Ein ffiJ {'F,E§l'«rUlE ~@ Zio!l. ~115 
@~ffiJ~~~~~~~,~~~~~ffiJ~~@~~~~x$D~ffiJ~~~~@~ 

ffi xOy :ljlllilp;jffiJ~~~~@~ffiJ~@~ , tilqJ~~~ x IfIllDjOJffiJ~~~~@~m 

~ x lfIll,y $iml'~ilil1@~ffiJ-a@~.I3lJlt>R~ffiJ~at~: F.lu%Ji~)~*H:l~~@~ 
ffiJ~®:ffi~~[@R.llJ~rVJ85J~~®:, ~~®:, ¥FI, Fo:si~)~>RH:l~~@~ffiJ~~ffi 

~~@~85JjrH~ ,tf31l<Jj~ffimffi. 

UU 1;$ 1: *1t!.J9l:,¢'\~lr.~;fi{Bt ,~Ji!htFffl{$ El EI3 ~1*~~, ~t:fJJ:i6* 

tiF!*,¢'\SJ ,~J.t19 
1Vi = v'2iGT =2.0 m • 5- . CD 

:lJ[li]~1irtJ"f. * It!.m ,¢'\l11X~:l:mPo, ~~~htFffl~~ ,jf~¥lji4Hf?;tthtFffl, J9l:,¢'\ 
~J.t B-'J:;k/J\;fU/J [li]t~¥f~1t, i4H-£; tth B-!J:;k/HIl:lJ rtJ!fF jlJg,z.~1t. ~1ilijH) i&:m: 
tE:"* 1t!.m;:F.HU ~!*,¢,\at I~m,¢'\ IlftiJo...t ra x ~iE:lJ rtJ;fUfb.:lJ rtJ Wjl' :;k/J\tI)~ Vo B-!J 
WJ!~ IEB 'Ti!Wj1-:lJrtJ;f§l£ ~ll~B-!JilllJi19~ , [;lSJffij;;f\~oj.J* 1t!.J9l: ,¢'\ lV.Po ~~ 
i9J. tE t =O BHIJ,*lt!.m,¢,\[;lSJ~~m x $iE:lJrtJagWllJ.t Vo ®~mfMth 11 B-!J-f'F 
ffl ,Jj11j 

11 =qLbB. @ 

J't:lJrtJ~~hB9:lJ[li];I'/:Il£. ~~~ff Lb B~*/j\ ,{t 11 ~'T1[h, ~p 

qLbB=mg. G) 

1Lb=~=2. 0 m' 5- @ 

R~-*It!.M: ,¢'\*1~@)Atk:JE~ Lb ¥a x !f!IliE/J[li]~~ 111~Ji!h B-!Jilh 7j(hl~ 
"f~.1gJJtat , fli:'T~tiFmC¢'\ B~*It!.EJ!:Bjf~~~1i rtJT· B-!Jj!~ Vi ;fU¥a x ~fb.)j 

rtJ B-!J~~ '00' ~*B-!JiI.GltitJi:;k/j\19 

1v= v'Lb 2 +V1 2 =2.8 m' 5- . @ 

.,jJfn:!mrtJ1.i:"f:lJ. ~t:~ x ~S<]ffl.::n[li] B9~1fl 19 a, ~Il 00 3-3-19 .pR~ ,.V!U 

tana= .:!2. = 1. 
Lb 

, 



X 

~~__.._~.=-~ ..Jl!t}g~J}__-----------tI 
1(

1~ a=4' 

~W*~~~Mt=O~~®~~~~~~.~~* 

_j; Vo,"ill- x ~~iEj][ii] ~?]~1l:~~~fIliE xOy -Of lHlP'l 
~*_j;V~?]~~~~~~~~.~~¥~ 

mv ~ 
R= qB =0. 56 m \1; [!] 3-3-19 

*1t!~,~JE:Al~Vm~raJYfx>tJ.j\z ~~~~~~~ -l,' (j ffL-T~1l: -T~,~lltB>t~ 
J!t v ~1l:~_t. E8 i!I 3-3-19 ~~ ,jt*-fif,_j; 

XCf =R5ina=0. 40 m 
{ ® 
YG·=Rcosa=O. 40 m 

~~~~~fiJ~J!t 

vw=R"=5.0 rad· 5-
1

. ® 

E8 i!I 3-3-19 ~~ ,iE*It!~2 ~ lff&1:% lR:W,tlltr~f:I:fiiJBt~1J t, ~,~ ffLj[~ *
fif,_j; 

X=Vot-[R5in(wt+a)-xCf]. ® 
y= YCf - RCo5(wt+a) , @ 

A9=t VO ,R,w,aJCf ,YCf B:5t~IJE8@(j)®@®~A:~ili. 

*1t!~,~ilJ:itf&1:tmIR:W,trJtIWBt ,y=L=O. 80 m,1-tA@A: ,{l}1-tA1f*~m, 
ff¥t1~ 

t=O. 31 5. @ 

¥J-@A:f-tA®A:, {l}f-tA1f*~m1~ 
x=O. 63 m @ 

M~*It!~~~lff&1~rJtIW~~~j[~*-~_j; 
x=O. 63 m,y=O. 80 m,z=O. @ 

*1t!~~iEf&1:tmP'l~~~~:5t.~1~~*_j;v~?]~~~~~fIl1~~* 
_j; Vo ~"ill- x ~iEj][ii]~?]~1l:~~~ ,f:I:1iiJBt~1j t,*It!~,~~~J!t V 1!~?]~~ 

~~~~J!tv~?]~1l:~~~~~J!t~~~~J!t.~~~~~~~J!tiExj][ii]fIl 

y j][ii] ~:5tJl:_j; v x , V y ,9!tl~,~~~J!tiE x j][ii]fIl y j][ii] ~:5t~J!t:5t~IJ_j; 
Vx=Vx+Vo. ® 

Vy=vy. ® 
$.?'?\ "/Vx 2 +~=v, V E8 (5)A:tR:JE, jt*/J\~tl[JE~12~, Vo EI3@A:tR:JE,m 

~tl[JE~l£a<j ,fgiE~,~~~J::H!!l9=t~ V ~j][ii]~ltIfl£1t, 'tiE X j][ii]fIl y j][ii] ~ 
:5tif!vx fIl Vy mI!JHBtra:Jl£1t, ~llt Vx fIl V y ml!JHBtIS] 121t ,Jlj(tR:-TYf~~~~Ij~,~ 
f~I!i!I~~~~J!t~j][ii]. El3TI!i!I~~~~~IL'~ y *-fif,1'€f_j;f&1:%1R:W,t1li:J!t~-¥, 

El3X>tffF'I1~~ ,*It!~,~~lff&1:tmrJtI~Bt, ~~~~a<j~J!tj][ii]J.j\zm[ii]:tlrj], 

.---- .~~~ E€ -:tP- ./f7f?E\G.=.~ ~ 
-<'!: ~I P.'" 

~ X ~iEj][ii]*=fiJ a' = ~ ,~f-tA~m1~ 

VI =vcosa' =2.0 m· 5- 1
• 

Vy =v5ina' =2.0 m· 5-1 
• 

¥J- t:)k Wi A:]k.@A:1-tA®®A: ,1!!1~* It! ~,~ rJtl ~ lff&1:% 
IR:W,tBti¥J~J!t:5t:S:, 'tfil:5t~IJ_j; 

V/=4. 0 m· 5- 1 , 

V/=2.0m·5- 1
• 

-"'-"I~V__-----,-------.-:: 

,~], 

13K 
y 1'i1---~V 


~J!t*/J\ _j; 


V= "/V/ +V/ =4. 5 m· 5- 1. [!] 3-3-20 

i}it V ~j][ii]~ X ~~*=fiJ_j; ,B,~Oi!l 3-3-20 Yf~ ,9!1J 
rrP- V,. _ 1 

t5l-'-VI -2' 

1~ ,B=2r. 

1il'*. 2:~~ *1t!~,~ilJ:it*-fif,)ffi,~ 0 ~Bt~IJ1t_j;®-mBt~1j (t=O) ,9!IJ~2 ~ 

W~J!t_j; 

VI = .J2iTYT =2.0 m. 5- 1 
, CD' 

j][ii]rfi y ~iEj][ii]. JE:Af&1:%IRJ§ ,*It!~~¥J-~itl*ft:ttn1tffl, *ft:ttniE X 

j][ii]~:5tnJlj(tR:-T~~iEyj][ii]~:5t~J!t,~llt~~~:S:iExj][ii]~:5t.~~ 

j\:-j; 

m6.vx =qvyB6.t=q6.yB. @' 

6.y ~*It!~,~iE 6.t B~'ra:JP'l"ill- y j][ii]~ffL~,~,~iEf&1j:m9=t~7ij]~~~i11:!!l 

9=t ,lltAX>t&-.@; 6.t BtlS]1'f~~.lz:, Yf~iE t=O ilJ t=t Bt IS] P'l X j] [ii] a<j~. ~~ 
1£_j; 

mvx -mVo.T =qB(y-Yo). 

~mftilBHIJ(t=O) ,*It!~,~iE X ~j][ii] ~~. mvox _j;5J!-, jtffLj[iE)ffi,~ ,yo 

=0,~W1~ 

mv,=qyB, 

F!P Vx=@Y. (3)' 
m 

~*It!~~A1fxj][ii]~:5t~J!tJ§,1!.lz:~~~"ill-ymj][ii]~*ft:ttn~1t 

ffl. :jtHI,S4~.9!~=JE1*,iE y j][ii]k1f1JO~J!t a y ,9!1J 
may=mg-qv,B. @' 

¥J-(3)'A:f-tA@'A: ,1~ 
(qB)2 ( _-.!!L ) (5)'may =- m y iB2g . 

y'=y-D, @'4

http:BtlS]1'f~~.lz
http:qvyB6.t=q6.yB
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X 

~~__.._~.=-~ ..Jl!t}g~J}__-----------tI 
1(

1~ a=4' 

~W*~~~Mt=O~~®~~~~~~.~~* 

_j; Vo,"ill- x ~~iEj][ii] ~?]~1l:~~~fIliE xOy -Of lHlP'l 
~*_j;V~?]~~~~~~~~.~~¥~ 

mv ~ 
R= qB =0. 56 m \1; [!] 3-3-19 

*1t!~,~JE:Al~Vm~raJYfx>tJ.j\z ~~~~~~~ -l,' (j ffL-T~1l: -T~,~lltB>t~ 
J!t v ~1l:~_t. E8 i!I 3-3-19 ~~ ,jt*-fif,_j; 

XCf =R5ina=0. 40 m 
{ ® 
YG·=Rcosa=O. 40 m 

~~~~~fiJ~J!t 

vw=R"=5.0 rad· 5-
1

. ® 

E8 i!I 3-3-19 ~~ ,iE*It!~2 ~ lff&1:% lR:W,tlltr~f:I:fiiJBt~1J t, ~,~ ffLj[~ *
fif,_j; 

X=Vot-[R5in(wt+a)-xCf]. ® 
y= YCf - RCo5(wt+a) , @ 

A9=t VO ,R,w,aJCf ,YCf B:5t~IJE8@(j)®@®~A:~ili. 

*1t!~,~ilJ:itf&1:tmIR:W,trJtIWBt ,y=L=O. 80 m,1-tA@A: ,{l}1-tA1f*~m, 
ff¥t1~ 

t=O. 31 5. @ 

¥J-@A:f-tA®A:, {l}f-tA1f*~m1~ 
x=O. 63 m @ 

M~*It!~~~lff&1~rJtIW~~~j[~*-~_j; 
x=O. 63 m,y=O. 80 m,z=O. @ 

*1t!~~iEf&1:tmP'l~~~~:5t.~1~~*_j;v~?]~~~~~fIl1~~* 
_j; Vo ~"ill- x ~iEj][ii]~?]~1l:~~~ ,f:I:1iiJBt~1j t,*It!~,~~~J!t V 1!~?]~~ 

~~~~J!tv~?]~1l:~~~~~J!t~~~~J!t.~~~~~~~J!tiExj][ii]fIl 

y j][ii] ~:5tJl:_j; v x , V y ,9!tl~,~~~J!tiE x j][ii]fIl y j][ii] ~:5t~J!t:5t~IJ_j; 
Vx=Vx+Vo. ® 

Vy=vy. ® 
$.?'?\ "/Vx 2 +~=v, V E8 (5)A:tR:JE, jt*/J\~tl[JE~12~, Vo EI3@A:tR:JE,m 

~tl[JE~l£a<j ,fgiE~,~~~J::H!!l9=t~ V ~j][ii]~ltIfl£1t, 'tiE X j][ii]fIl y j][ii] ~ 
:5tif!vx fIl Vy mI!JHBtra:Jl£1t, ~llt Vx fIl V y ml!JHBtIS] 121t ,Jlj(tR:-TYf~~~~Ij~,~ 
f~I!i!I~~~~J!t~j][ii]. El3TI!i!I~~~~~IL'~ y *-fif,1'€f_j;f&1:%1R:W,t1li:J!t~-¥, 

El3X>tffF'I1~~ ,*It!~,~~lff&1:tmrJtI~Bt, ~~~~a<j~J!tj][ii]J.j\zm[ii]:tlrj], 

.---- .~~~ E€ -:tP- ./f7f?E\G.=.~ ~ 
-<'!: ~I P.'" 

~ X ~iEj][ii]*=fiJ a' = ~ ,~f-tA~m1~ 

VI =vcosa' =2.0 m· 5- 1
• 

Vy =v5ina' =2.0 m· 5-1 
• 

¥J- t:)k Wi A:]k.@A:1-tA®®A: ,1!!1~* It! ~,~ rJtl ~ lff&1:% 
IR:W,tBti¥J~J!t:5t:S:, 'tfil:5t~IJ_j; 

V/=4. 0 m· 5- 1 , 

V/=2.0m·5- 1
• 

-"'-"I~V__-----,-------.-:: 

,~], 

13K 
y 1'i1---~V 


~J!t*/J\ _j; 


V= "/V/ +V/ =4. 5 m· 5- 1. [!] 3-3-20 

i}it V ~j][ii]~ X ~~*=fiJ_j; ,B,~Oi!l 3-3-20 Yf~ ,9!1J 
rrP- V,. _ 1 

t5l-'-VI -2' 

1~ ,B=2r. 

1il'*. 2:~~ *1t!~,~ilJ:it*-fif,)ffi,~ 0 ~Bt~IJ1t_j;®-mBt~1j (t=O) ,9!IJ~2 ~ 

W~J!t_j; 

VI = .J2iTYT =2.0 m. 5- 1 
, CD' 

j][ii]rfi y ~iEj][ii]. JE:Af&1:%IRJ§ ,*It!~~¥J-~itl*ft:ttn1tffl, *ft:ttniE X 

j][ii]~:5tnJlj(tR:-T~~iEyj][ii]~:5t~J!t,~llt~~~:S:iExj][ii]~:5t.~~ 

j\:-j; 

m6.vx =qvyB6.t=q6.yB. @' 

6.y ~*It!~,~iE 6.t B~'ra:JP'l"ill- y j][ii]~ffL~,~,~iEf&1j:m9=t~7ij]~~~i11:!!l 

9=t ,lltAX>t&-.@; 6.t BtlS]1'f~~.lz:, Yf~iE t=O ilJ t=t Bt IS] P'l X j] [ii] a<j~. ~~ 
1£_j; 

mvx -mVo.T =qB(y-Yo). 

~mftilBHIJ(t=O) ,*It!~,~iE X ~j][ii] ~~. mvox _j;5J!-, jtffLj[iE)ffi,~ ,yo 

=0,~W1~ 

mv,=qyB, 

F!P Vx=@Y. (3)' 
m 

~*It!~~A1fxj][ii]~:5t~J!tJ§,1!.lz:~~~"ill-ymj][ii]~*ft:ttn~1t 

ffl. :jtHI,S4~.9!~=JE1*,iE y j][ii]k1f1JO~J!t a y ,9!1J 
may=mg-qv,B. @' 

¥J-(3)'A:f-tA@'A: ,1~ 
(qB)2 ( _-.!!L ) (5)'may =- m y iB2g . 

y'=y-D, @'4



___.. .~-~ __~~.wj,t._' ___...__.. ___.______.. 

j:~ ;:p 

D -- ..!!I...K..=2 g =0.40 m 	 ('])' 
(qB ) C	.!l.y B2 

m 

ep:t:E y :1J icJ fF: ffl T '*' Eg m:t,~ EfJ ifJJ 
Fy=-ky'. 

j(:q:. 	 k=i!f. 
m 

F, ~fif.5~'i':!:jJ ,;(£ Fy f'Fffl"f ,'*' Eg m:t,#;;ff y'1J icJ !¥Jill i;lJ~rsh~ili$] , Wi$] 83 

0 1 fF:
~ 

,$ 

Ik rrB)2w=' /_. =", CJ.!2 =5.0 rad· S-I. 	 @'
'V m v m 


y' iIi1i: B1 j'EiJ 3t1t8'] ~Je1f j; 


y' =AcosCwt+sco). @' 

~ y=AcosCwt+<;AJ)+D. @)' 

A~~~~*E¥J#•. m:t~E¥Jrn*ill$.JPJ0ffl#~@]* 
1/1(% ,VJm~1li:E¥Jrn}~illi)JE¥J:jIHi'i'i A :h~1£fF:-1'-f§].jj@l)C.' M~4W 

v--1i:fig~tjj;* Olx'y'. :if~-m:t,~ Mm-.ttt;l~l,I1!iJf,\X?:]~* v A 

J1!iJ ill $] ,ill i)J E¥J:fig iHI N ~T m~1li: rn }~ill ijj] i¥J :fig Jijj $ w, JL 'D-' 
n 

1'l{~Bj~:1JIoJ~~J,;ff t= O Bj~IJ ,M ,~;(£l2lIffll.tE¥JiL'ilm1ta 
~ OIM ~ Y' !WlE¥J*:fig~T ®' ~tpB9'm:lli: ~o ,j)lIJ:t:E1f 2:flHtl y 'IY 

t,OI .I=j M 8~Jtf~.I=j y' !ifBiY-J*:fig~Twt +<;AJ' T:M:a~ OIM l?fI ~-3 -21 

:t:E Y' ~.l.E¥Jtl!::WJ ell j;®' ~m~ E¥Jrn}~:iE$] . #i- x' ~'f·fJ'ff$ 

D=O. 40 m,Jtf~ OIM:t:E y ~B9f9:;:J}J ~P:l!Il®'~M~ C*-~ ro 3-3-21)M ,~f*[~lf,ij 

:iE$]E¥J.i!,[t*/J\ v=Aw, 1iicJ.I=j OIM ~~,.i!1t v t¥J y :5t'mg,tfil:*rtJ,I!fL~m.Y !fill 
~IJtil'hfiijj]EfJi!~, ~P 

vy =-AwsinCwt+<;AJ). @' 

®'1'Il@'jl,fjj:i:t:j:1iY-JA fol ~" PJffiTmf89jJ~*~~:IZSlj;B9'll:tE t=O Sj,'iWEg.19i 
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liJ f. ~ *It iii f' ~ t at t~ ~ ±i Gat, iii f' PJ ~ 1~ - Jt i8 Il~ I: &, = 

Eosin(Z;t+ :) ,1l!J!lH97J rIiJ::ft,~o/ £0=1 Xm ~. ±m.±i G i8iiif'fAO ,R 

:ill: A G -;{j' '00 89 -5J 51 ~:Ih [K * , ~ :Ih 8'J ~~ S. 51!! *- IJ' J.J B, 7J rIiJ ~ ]: ~f1:. 00 rIiJ .! (~ 
1-~]L;lJjIjt,(f.*~ 'f). ~~:Ih [KJtj[ iiJ- 0 ff J.J N ,\?, i8:!IP IE 3-3-22 J'ft:ijd~ E-m 1S 
# *xOy, MN liJ ~:Ih [K *i8 :liL .j/.. , t -"l'-n -t x $B. 3Ji'. ~ t = 0 119 at ~J, ~ at n:7f Dl 

~ Dz , iliii f':ill:A C} ,~ t= 3[at ii~ , *- J{J til;!lt D} , 1tiii f' jt ~:ill:A C} ;~ t= 104T 

at iiL 1:1- *- J{J til-W. Dz , -oc iii f' jt ~:ill: A G. E, ~ fA 0 :ill: A ~:Ih 0/ it!! ~ 7d~ iii f' !f 
±i1S#J.J (3 ,3) i8 Q ,R . f"l: 1'i,t~P :f-och\ 0 :ill: A~:Ih o/:it!! J\i IJ' i8;fi f' Il~!f ±i Q 

,R , Yl~ S;j:lf~:Ih:liLJR- MN ~ xOy f- iti fl f- ~ f1J 1t i.1iL1I.? 
M Ty / em N 
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~ Q(3 ,3) 
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x / em 

x 

~ 3-3-22 

[:SHfi1 *~Jill7:l'~tl7illJj ,§'1C&fI~tlgJttAI!t~ 8'SJ m:f~~~>5t. g~DTTJZ 

}~;f& Dl , Dz hZ c} , C2 ~nfB{'FffiFo~fffi :~~~j§'~~uy,iQ~IJ~~J2t~fB{'Fffi . ~ =ti7&f1~l!t~mw,1"!OJ ~~ fB ffi Eg m :fill A [OJ -I!t~ Fo1~i1& -'¥-FI1" !OJ 8'SJ ~~ ili 
iiJJ, 9O~~~j\:8'SJm:f~~i1 Q ~,lJluJ:t1lli~~fBm:fgtl"qr~g~~lj Q/Q ,ill90~1~ 

I!t~mwrorpjI~, IJlU~qr~g1~~~W/J IfB*l1 :f*~~jCF.iX:-'¥-1'~~iliiiJJ~.t5.f t±:ll! 
~ ,)fj$Jl,Wli~fBtJJ~75[OJ~UJt Q ~ , i9:l!~l'~FofBmW M'N 'E3~~~/JI*l1:f8'SJ 

~$Jl,~fB~~i9 p, lffilj p ~fBW~:XFo~g~lj Q ~, ~tt~~l::k1S~1!i=fB P ,Q 

~*~~=tl78'SJ*m. 
[~l 1. itift;mA~tmlR~i¥J;fJL-Ti¥J~il 

:(f t=O i¥JBt~UfHf DJ , EB u=Uosin(Z;t )PJ~ ,JltBt C1 i¥J~lli u=o,~#;f 

i"Jj2U¥B~U-T'il~~~~i1 C} . ~1l*~i1 C1 i¥J;fJL-T¥Uit Cz i¥J BHu:1J t= I ~ I i¥J~ 
~1:g:,9![JJltBt Cz i¥J~lli,rg-:!.lf:1J~,J!@;j:iL-T~~~~i1 Cz ,$~i1 c} i¥J:ru:-T~~~~ 
i1 Cz,;itl!il v" JErmJE~dLf 

J.. - T 

,,__ _~_~~" .. _~ _6Ii ,__~ --  ~-<- .I"' 
EBJltPJ1~:(f t=O Bt~IJ~i1 c} Fo~*~~i1 Cz i¥JJ!@*,.:'L-TI'!~i!Jl:1J -

2i ®V"=nT' (n= 1, 2, · .. ) 

i!Jl:1J v" i¥J;fJL-TEB c} ilJ Cz ~JEBtriij 
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1
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EBJIt~~;fJL-T~Gi¥J~~ 

t" =6otnl + 6.tnz = !nT, ® 

~:1J~ t= 1~Tst ,D2 7C1~ , $..R~~ 

10 @t,, ~'4 T. 

;fJL-TJt~~~i1 Gft-mA~t~IR~. ;flH~®@rt;, ff~: ilJ n :1J~~, ~~ n i¥J~ 

:;kffi:1J nm.1x=3. (j) 

J!~;fJL-TmA~t~Bt8~~~'I::1J 

E,,= ~mv"z+Eosin[~eZ:T)+: J. (n= 1,2,3 ) ® 

J!~;fJL-T i¥J flli-;:7HiJ :1J 
7 mi2 1 miz 17 miz 

El ='4Y ,Ez= '4Y ,E3 = 36 y . ® 

:(f t= I st~iJ c} i¥J~lli u= O,~f'P;fi"J~$B~*-tr-T ~fl~~i1 c} , X<J~$ vn ' JAA 

JE*,1/f 
1 n
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<f ft.'] P .~, )~.t. a,b im:i:1'E ~ Bt 1'8]~:I\j: m: C-tf. 5To YA 

%r:if<> 5. 25To YA'€- ff.} 111'* 3tx..jd~m .?, ,a, b ;&11. at 1!J3-3-26 

ff.} at (alii.:/iJl4X. i~:.). 

17 T 5E:II!: J!!J, * ili at 1'8] ~ ,!!&.:BJ. y!illl...t l1!~:IjjC~ 0 1.1 3Ral CIlr 6RbI )~ 1.1 ff1f ~ Jffi: .~ 

0' ,~ol!J 3-3-26 pfi~. !!&.BtfBJ t=5To 1.1ff1f~®fraitBtBHtl,x1 a mt'=O *~,x1 b 

m1'=0 ~~. IT y!illl ~)ti:a ,b ~FcJM;f:!l1il1 ,JYf~)lfJJ!Jj[?J)\;f:§ I~J,~) WI ~~ a,b tE y 

!ilII ~)ti:~lfJitJl: 
11 ' @wI=To' 

X;fa 

x.'=RalCOS(Wlt'+ ~ ). © 

y.'=Ralsin(wlt'+ ~ ). @ 

x;j"b 

,Ral 1'+Xb =ZCOSCWI 11). ® 

y/ =Ral +R; sinCwd'+1I). @ 

X;fPg}]Z;f'j 
, , , ,

Xa =Xb ,Yo = Yb . @ 

EI3 ~)...t*~iJJfWf1~JYf*~BtI'8]~$19 

6t=t'- 1'=0. 080 2 nm . ® 
qB 0 

it 1-~*ibt.IYL ~o* a,b Iil1Bt ili bt ,jM a ~t b ~ O. 08~2 nmBtl'BJim:i:1 P A i*JiX. 
q 0 

~ § ~~* ,&t$~ibt.,~ a,b;ffi~ ,JjlO b 8gilibtBtfBJ$~t a atO. 08~2rrm. 
q 0 

-

~ 'l,. 
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______~~~__~~oo~ .. _________._ 
EE l~.t.t:frPi: jf ilI *1-1'i 0 ,~ I¥J ~ fffi 

mVo 
xp '-- m8 R =-0. 484Ru =-0.968 qBo' ®- al 

y/ = - ~ Ral = 1. 75 ;~ . @ 

~:1'JxOY~fffi~ 
mVo 

xp=-O. 968 -B. ® 
q 0 

yp=-3Ral + ~ Ral =-2.125Ral = - 4. 25 ;~. 

~ (2002 • ~~!fW!fr.Hf~) iE ~ fli];1t IR ~ 'f , 0)- n~ {t.:(f -5J 5! ~ ;lH-p -5J 51 
*:!h, 1l!, PJ)j~ 5Z ff.:(f m~.:Z -:w<';j1jl:f {t iE. ~~.:(f JIt IR ~ 'f ,r.t iL Oxyz fu.# J1d/P !E 
3-3-27 NT 7f;. 

1. ~~-iot:i59mt.f,f:m:59q ~~m-.:rl i0;k+59 VI !f.J 
illt.:(fit: IKJ:?t tf Yfl- z $ll;iElJ RJ:ii!i9'J llt ,)YiHl'}:}t;iJpltJ.t al =0. 

~•••.:rl:ii!~.~!f.J~~,~~~IR~'ft:!h.&E~ 

VJH$S5!ltB il'J;k/J\~lJ RJ;ff~~PJ~~. iW$llt:J*:*:f 
{t.:(f~:Ih~ijf:lh,)fJ E=O ~ B=O *;if-;*{t.:(ft:lh~~ 

:Ih , t:lh 5!1t5f;1ijf~ S 5!lt il'J ;k /J\:5t- Jl~}fJ t.:(f Oxyz *.# %: ~ 
'fil'J7f:lEz ,Ey , E. ~BnBJ,B" *-*?F;t:lh5!lt;fl:>!t~ ~3-3-27 

S.lt~7J~~~PJ)fJt~~#.iE7JRJ~~~~~**7J;!f.J.}fJt~*-*7f;, 

JJtJt ~1fl;it. tfJ *# ~ iE 7J RJ ~ + -f (,;&. ~f") 180°!f.J ~m~ j~ ~;IJ~ ~I:j fk 1iJ: 7J !oJ. 
(.tE;f.. ,H! 'f ,;f: ~ *- 'Ej :B Jl'. d7 ,;&. ~fH£li >1'.1) 

2.• ~~ili~~i0~~~!f.J~tfJ5f;1.~~~. 

3 . .JJII,'x"~ 17 - m-.:r 2 i0;k /J\ 59 v, = ./2Vl !f.Jltlt.:(f ij>( IR~ 'f !f.J yz if jiij f.J ~ ~ 
y $d; iE 7J RJ ~ z $ill iE 7J RJ. m, a=45·~~ 7J RJ:ii! ~ llt, )J!HH~ fit m-.:r 2 a~ ;tm:rtlt;k /J\ 

59 az , lJ RJ Yfl- x $til DV 1j!. lJ rfiJ. ~~ tt 1t- m.:r 2 :ii! ~ lit ~ !f.J ~ ,~. , ;xt ~ rm ~ 1 /J\!Wi 'f 

~M~~~#~~~*-fr!f.J:5t-~,.~~~ili*IR~'ft:lh.1tE~.~S. 

1tB~;k+~7JRJ;ff~~PJ~.•$lltt:lh.lt~*~S~1t~;k+~7JRJ!f.J* 
7f; lJ)} lj ~ 1 + fiR 'f ~:J * it! 1fiJ. C$-'h'I!;f:~;t~.'Ej J£ d7 j~AfiJ£li;f.1) 

[:S:tfJi'l :¢:1Eil~>J(~:§~mE~,*D~7:EEg~fOli~H1ZiCP BSJ~7J~g~~1f!;~~, ~ 

'BIEil § J:ijli~ffii8 ,~3~ffi~w75 );ii~s7:Effi9f4rqy~"§ttmfjEH1l37.1;ffT. 

UU 1. (1)E=O,B=O. 

(2)E=0,Bx =O,By=0,Bz ilJJgff~OO:. 

(3)Ez =0,Ez 1lJ':1'J{f;@:{j,Ey• ilIJgff~{j,&P E ~ z *1[;B, PJ:1'Jff~-m,By 

ilI:1'Jff:~11I,ff! VI -IBxz+B/ = -IE}+E/ ,B. ilI:1'Jff:~{j,B.!j E ~H.§.~ z 

_ _ ___1f5~~ E€! ~ _"!!___...____._ .....----- 
.~~~\. 

$iE1JIoiJI¥J~j§ )'B=arc sin E
B

. 
VI 

2. EEl T J!JtT' 1 I¥J:bQJ!N al = 0, ~f'FmTmiT' 1 I¥J Et!.:1:~ jJ .!ji~f~ttf.1l¥J-if f.1 
£:'j]~. 

(1) ~itIR~* ~7C J~,:I:~ JZ.7C~:I:~Bt ,f'F JlFf J!Jt T' 1 I¥J ~}&J f.1 ~ i% ffi tt f.11¥J -if 
f.1~~:j;]~,~~~-f'PilI~8. &P E=O,B=O. 

(2) ~i-tlR~*7CEt!.:I:~~~t&JBt, ~J!JtT' 1 rii z $iE/Jrf;J~Z9J, .R~~:I:~1Jrf;J 

i1} z $ ,f'FJHT J!Jt-'f 11¥JEt!.:I:~f.1:1'J~ ,7~ffittf.1#:1'JJ? t.t~~=f'PilI~8. &P E=O, 

Bx =O,By =O,B. ilI:1'Jff~{j. 

(3) ~itlR~*fftE~:I:~,.R~Wl~I¥J/JIoiJ/Fi1} z~,J!Jt-'f 1~~~Jmffittf.1f'FJH, 

~itlR~*£:'fftEEt!.:I:~,:;tilI~MtJ!Jt-'f 1~~:bOJ!J3t. EEl'T7~ffittf.1~ z~*ll,~.R 

~Et!.~~E:[i E#~ z $*llBt, Et!.:I:~f.1ftlm-ft;ttf.1I¥J-iff.1:;tilJfl8~'T~,~~ Er =0, 

ff! Ex ,Ey ilIlJ.:1'Jf:f:~{j. EE'T"ttf.1*ll'T z $.!j B 11J~I¥J1fl-jIij ;litEt!.:I:~~E:N E # 
*1l'T z $~ B 11J~I¥J1fl-jIij, &P~ B*1l. ~ B 1¥J::k/J\ftl/JIoiJ/FIi'JBt ,B I¥J= l'?Hi 
BI,By ftl Bz #/FIi'J. E 1¥J/J1oiJ~ x $iE/Jrf;JI¥J~j§ aF;~:If£ 0-360· l'iiJl¥J/FIi'JI¥J{j,-!le: E 

~ B~1~~§E::*1l. fg7frftttf.1.R~JE'T B 1¥J*1I'T z $/Jrf;J EfJ%J!:, #&P .R?:R:5E 'T 
BI ftl By, EE BI ~ By f'F JH 'T J!Jt -'f 1 B~ 7~ ffi tt f.1 ftl Et!. :I:~ f.11¥J -if f.1 :1'J ~, ilI~-1'i 

'VI -IB/ +B/ - -lEI 2 +E/. if B~ z $lE/JloiJl¥J~m:1'J )'B ,.!Jl~ EE qE=qVJBsin)'B' ilI 

1-1'i )'B = arc sin EB ,li'JBt~ E *1l. JX~~~=f'PilIfl8. 
VI 

3. (l)E=O,Bx=O,By=O,B.=maz. B 1¥J/J1oiJ~ z $iE/Jrf;JB~~m )'B=180·.
'VIq 

(2)EI ilJ:1'J/F~'T~a~f:f:~{j,Ey =O,E% =0. E 1¥J/J1oiJ~ x $iE/Jrf;JI¥J~m 

aF;=O,£ll(; aF;= 180°. Bx =0, By =Ex ,B. = _maz (B.tE o-xy -+ dO). 
VI Vlq 

~ aF; =0 Bt ,B ~ z ~lE/J1oiJ l¥J~m )'8 ilItE 90°-180ozI'EiJ, &P 90°<)'8 <180·. 
~ aF;=I80°Bt,B ~ z ~lE/JIoiJB~~m )'8 ilItE 1800 -270·ZI'BJ ,&P 180°<)'8<270•. 
~ (2001 • ~OO!fW!J.I.HU!) ~ fli];ff ¥1~59 R,-Klt L 1UH~ mJ;ftJIHI:j~ 

:Ih IR ~ , oo;ft !f.J tB ~ 59 z ~ ,~ 1h 'f 'if- - ,~ a~ ~~S 5!lt 9~ 7J RJ ~ i0 z ~ 59 ;xt *~ 
OI:joo~-lgJ~,;k/J\~*,~ t% z ~al:.JJfE:t%r .sl(.iE~~,B=Kr,K 59'1lt~L:!m!E 3-3-28 'f 
" • "~"X"fft7f;. ~-M-:!ll: 59 q(q>O) ,~:!il: 59 m 0I:j - *'*' t tL .:r~~!E 'f - i}1i'-fi 
~ -!k: fft 7f;, i0 *~ a~ltlt V ~ oo;fi ~ ~ 7J RJ ,~~~#i:lh 3i: [Ii] , ~:lh1R *ji' aI:.J ~:Ih 

B~ ;k/J\ PJ~59 jf::. ~-Hi£;Ji* '*' ttL .:r~~ :l±*:Ih IR ~~ 0I:j:ii! ~ ttt ljL. 
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______~~~__~~oo~ .. _________._ 
EE l~.t.t:frPi: jf ilI *1-1'i 0 ,~ I¥J ~ fffi 

mVo 
xp '-- m8 R =-0. 484Ru =-0.968 qBo' ®- al 

y/ = - ~ Ral = 1. 75 ;~ . @ 

~:1'JxOY~fffi~ 
mVo 

xp=-O. 968 -B. ® 
q 0 

yp=-3Ral + ~ Ral =-2.125Ral = - 4. 25 ;~. 

~ (2002 • ~~!fW!fr.Hf~) iE ~ fli];1t IR ~ 'f , 0)- n~ {t.:(f -5J 5! ~ ;lH-p -5J 51 
*:!h, 1l!, PJ)j~ 5Z ff.:(f m~.:Z -:w<';j1jl:f {t iE. ~~.:(f JIt IR ~ 'f ,r.t iL Oxyz fu.# J1d/P !E 
3-3-27 NT 7f;. 

1. ~~-iot:i59mt.f,f:m:59q ~~m-.:rl i0;k+59 VI !f.J 
illt.:(fit: IKJ:?t tf Yfl- z $ll;iElJ RJ:ii!i9'J llt ,)YiHl'}:}t;iJpltJ.t al =0. 

~•••.:rl:ii!~.~!f.J~~,~~~IR~'ft:!h.&E~ 

VJH$S5!ltB il'J;k/J\~lJ RJ;ff~~PJ~~. iW$llt:J*:*:f 
{t.:(f~:Ih~ijf:lh,)fJ E=O ~ B=O *;if-;*{t.:(ft:lh~~ 

:Ih , t:lh 5!1t5f;1ijf~ S 5!lt il'J ;k /J\:5t- Jl~}fJ t.:(f Oxyz *.# %: ~ 
'fil'J7f:lEz ,Ey , E. ~BnBJ,B" *-*?F;t:lh5!lt;fl:>!t~ ~3-3-27 

S.lt~7J~~~PJ)fJt~~#.iE7JRJ~~~~~**7J;!f.J.}fJt~*-*7f;, 

JJtJt ~1fl;it. tfJ *# ~ iE 7J RJ ~ + -f (,;&. ~f") 180°!f.J ~m~ j~ ~;IJ~ ~I:j fk 1iJ: 7J !oJ. 
(.tE;f.. ,H! 'f ,;f: ~ *- 'Ej :B Jl'. d7 ,;&. ~fH£li >1'.1) 

2.• ~~ili~~i0~~~!f.J~tfJ5f;1.~~~. 

3 . .JJII,'x"~ 17 - m-.:r 2 i0;k /J\ 59 v, = ./2Vl !f.Jltlt.:(f ij>( IR~ 'f !f.J yz if jiij f.J ~ ~ 
y $d; iE 7J RJ ~ z $ill iE 7J RJ. m, a=45·~~ 7J RJ:ii! ~ llt, )J!HH~ fit m-.:r 2 a~ ;tm:rtlt;k /J\ 

59 az , lJ RJ Yfl- x $til DV 1j!. lJ rfiJ. ~~ tt 1t- m.:r 2 :ii! ~ lit ~ !f.J ~ ,~. , ;xt ~ rm ~ 1 /J\!Wi 'f 

~M~~~#~~~*-fr!f.J:5t-~,.~~~ili*IR~'ft:lh.1tE~.~S. 

1tB~;k+~7JRJ;ff~~PJ~.•$lltt:lh.lt~*~S~1t~;k+~7JRJ!f.J* 
7f; lJ)} lj ~ 1 + fiR 'f ~:J * it! 1fiJ. C$-'h'I!;f:~;t~.'Ej J£ d7 j~AfiJ£li;f.1) 

[:S:tfJi'l :¢:1Eil~>J(~:§~mE~,*D~7:EEg~fOli~H1ZiCP BSJ~7J~g~~1f!;~~, ~ 

'BIEil § J:ijli~ffii8 ,~3~ffi~w75 );ii~s7:Effi9f4rqy~"§ttmfjEH1l37.1;ffT. 

UU 1. (1)E=O,B=O. 

(2)E=0,Bx =O,By=0,Bz ilJJgff~OO:. 

(3)Ez =0,Ez 1lJ':1'J{f;@:{j,Ey• ilIJgff~{j,&P E ~ z *1[;B, PJ:1'Jff~-m,By 

ilI:1'Jff:~11I,ff! VI -IBxz+B/ = -IE}+E/ ,B. ilI:1'Jff:~{j,B.!j E ~H.§.~ z 

_ _ ___1f5~~ E€! ~ _"!!___...____._ .....----- 
.~~~\. 

$iE1JIoiJI¥J~j§ )'B=arc sin E
B

. 
VI 

2. EEl T J!JtT' 1 I¥J:bQJ!N al = 0, ~f'FmTmiT' 1 I¥J Et!.:1:~ jJ .!ji~f~ttf.1l¥J-if f.1 
£:'j]~. 

(1) ~itIR~* ~7C J~,:I:~ JZ.7C~:I:~Bt ,f'F JlFf J!Jt T' 1 I¥J ~}&J f.1 ~ i% ffi tt f.11¥J -if 
f.1~~:j;]~,~~~-f'PilI~8. &P E=O,B=O. 

(2) ~i-tlR~*7CEt!.:I:~~~t&JBt, ~J!JtT' 1 rii z $iE/Jrf;J~Z9J, .R~~:I:~1Jrf;J 

i1} z $ ,f'FJHT J!Jt-'f 11¥JEt!.:I:~f.1:1'J~ ,7~ffittf.1#:1'JJ? t.t~~=f'PilI~8. &P E=O, 

Bx =O,By =O,B. ilI:1'Jff~{j. 

(3) ~itlR~*fftE~:I:~,.R~Wl~I¥J/JIoiJ/Fi1} z~,J!Jt-'f 1~~~Jmffittf.1f'FJH, 

~itlR~*£:'fftEEt!.:I:~,:;tilI~MtJ!Jt-'f 1~~:bOJ!J3t. EEl'T7~ffittf.1~ z~*ll,~.R 

~Et!.~~E:[i E#~ z $*llBt, Et!.:I:~f.1ftlm-ft;ttf.1I¥J-iff.1:;tilJfl8~'T~,~~ Er =0, 

ff! Ex ,Ey ilIlJ.:1'Jf:f:~{j. EE'T"ttf.1*ll'T z $.!j B 11J~I¥J1fl-jIij ;litEt!.:I:~~E:N E # 
*1l'T z $~ B 11J~I¥J1fl-jIij, &P~ B*1l. ~ B 1¥J::k/J\ftl/JIoiJ/FIi'JBt ,B I¥J= l'?Hi 
BI,By ftl Bz #/FIi'J. E 1¥J/J1oiJ~ x $iE/Jrf;JI¥J~j§ aF;~:If£ 0-360· l'iiJl¥J/FIi'JI¥J{j,-!le: E 

~ B~1~~§E::*1l. fg7frftttf.1.R~JE'T B 1¥J*1I'T z $/Jrf;J EfJ%J!:, #&P .R?:R:5E 'T 
BI ftl By, EE BI ~ By f'F JH 'T J!Jt -'f 1 B~ 7~ ffi tt f.1 ftl Et!. :I:~ f.11¥J -if f.1 :1'J ~, ilI~-1'i 

'VI -IB/ +B/ - -lEI 2 +E/. if B~ z $lE/JloiJl¥J~m:1'J )'B ,.!Jl~ EE qE=qVJBsin)'B' ilI 

1-1'i )'B = arc sin EB ,li'JBt~ E *1l. JX~~~=f'PilIfl8. 
VI 

3. (l)E=O,Bx=O,By=O,B.=maz. B 1¥J/J1oiJ~ z $iE/Jrf;JB~~m )'B=180·.
'VIq 

(2)EI ilJ:1'J/F~'T~a~f:f:~{j,Ey =O,E% =0. E 1¥J/J1oiJ~ x $iE/Jrf;JI¥J~m 

aF;=O,£ll(; aF;= 180°. Bx =0, By =Ex ,B. = _maz (B.tE o-xy -+ dO). 
VI Vlq 

~ aF; =0 Bt ,B ~ z ~lE/J1oiJ l¥J~m )'8 ilItE 90°-180ozI'EiJ, &P 90°<)'8 <180·. 
~ aF;=I80°Bt,B ~ z ~lE/JIoiJB~~m )'8 ilItE 1800 -270·ZI'BJ ,&P 180°<)'8<270•. 
~ (2001 • ~OO!fW!J.I.HU!) ~ fli];ff ¥1~59 R,-Klt L 1UH~ mJ;ftJIHI:j~ 

:Ih IR ~ , oo;ft !f.J tB ~ 59 z ~ ,~ 1h 'f 'if- - ,~ a~ ~~S 5!lt 9~ 7J RJ ~ i0 z ~ 59 ;xt *~ 
OI:joo~-lgJ~,;k/J\~*,~ t% z ~al:.JJfE:t%r .sl(.iE~~,B=Kr,K 59'1lt~L:!m!E 3-3-28 'f 
" • "~"X"fft7f;. ~-M-:!ll: 59 q(q>O) ,~:!il: 59 m 0I:j - *'*' t tL .:r~~!E 'f - i}1i'-fi 
~ -!k: fft 7f;, i0 *~ a~ltlt V ~ oo;fi ~ ~ 7J RJ ,~~~#i:lh 3i: [Ii] , ~:lh1R *ji' aI:.J ~:Ih 

B~ ;k/J\ PJ~59 jf::. ~-Hi£;Ji* '*' ttL .:r~~ :l±*:Ih IR ~~ 0I:j:ii! ~ ttt ljL. 
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[:$t:tlTl :m::t-5.fm~~8\j~~[OJ z !il!l7J[OJlli!l$W, =s~~@:{~~m~~{~~JZWj 
1'!3J~ ,qy~A79 ffi::t-1':E on~[~J~~HSJ~ii1J$J1li)]5lIj\}'(79 ffl~ , t±l ~~Fo~~TcHi< E[~7J 
[OJ@ii1J. @fflf§~:1J~nIl~fDJ1jqf9!Jt~qy*{~ffi::t-E§ z !il!lffiJ~,9, M. 

niH i!H~}aHE z !ftIl J;] r B<J 3fZ- q'T ~ iE Zj] B<J '* fI!*-lL T it!A ~:!;m IK ,'* fI! *-lL T ~ 
~m~z!ftllB<J@~Mffitthf~!ftIl_fi, 

f=qvB. CD 
1ZSl*,.1Tl!Jlq&tR: ,i-Si:T~i1~:!;m lRB<Jat!'8J 6t :f&m, 

6t=.1.. (Z) 
v 

*-lLT ~~~:!;m IRtIf~ B<J {If:it p, J;] 

qvBL f'5\ p, = f6t= =qBL=qKLr. ~ 
v 

*-lLT~tfj~:!;mIRFo¥i'¥fl-~~jJ~iEZj]. iEZj]B<J~~.!oj z !ilIIXT M ,8" 1ZSlJ;]*,.1 
T¥a!illl~iEZj]B<JZj]il: p ~i1~:!;mlKj~t~1::B<J~1!:liJ~)~~dEOO 3-3-29liJ.9i!. 
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P mv fc\ 
d=p,r= qKL' Q; 

EI3 ®J!:;liJ .9\!,,*'.1T.!oj z !ftIlx,8, M B<J{ft.IL.!oj;fJLTlfE!ilIIB<JlfE~X*, IZSltlfff~T 

:l:$JIV-l!Jl v 3fZ-:f'TT z !ftIl*A@tj:~1K ,~itlMffitthFo ,tIHlT~ M ,8" {E!3fZ-:f'T z!ftll B<J 
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~ .=-~ ~-- .~ ..~ ...~ "i t> 

l!Jl?t~~*/G~~ ,tIfIV-*,.1T*~@tj:~IKFo, :l:$J~[lfJat~~T M ,8,. 
~ ( 1999 • ~i@~ijPM'~ ) ~ ~:!{j1,it%l ~ a~~~;lt jJJJ;flt5~L 0/ faJ ~~ B'J £: 

faJ ~-W. 1958 fF-, ~ • I"J -0i@:i±A~ 1i. £ tt~ j~ B'J 1f;fj-17f ~ 1'* If!.,fir T11:ltj1,it~ 
~£:~0/~~~M~ffi,~~111~~W~+~I~~~~IB'J.£:~11.If!.~ 

~M,* U€. • M" {;-.$£M'f)ft9!t ie. ;(if A11;t; ~ icp i@:i± ~ ~~ ~, Jf5 ~ 1 :l1P ~ 

3-3-30f)f:i.FIJ~~~~-W IK~ MN,;fflt.lK~ 0/ ,~#:&ts E 
5& If B B'J *Ij' yfl- Z ~ »- ii. j~ ;5 , til 51 ~ ~~ , til ~~ ~ 51 , 

MM{fW7\7 PP'. E,*" z $lJ1.O i1-~tt&S51IfB D9*/j' N ~ z 
7\7 Bo ,;5~ M i1..D9~tt&S 51 If 7\7 BM • ~;(if - Jl{J.llt:t:!5,) 
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T BS - retan ~J3,

xt a= ; ( lit*- orfi~i1i.), TA =TBS; 

2TBSxt a-O, TA -+ J; :=::::::1. 128TBS . 

tan( t ) T 
EErtEJitfllOOP-J, (~) R::a99!)!iIW]Jl11ffi~,~JitT~1!a 991ji~ll1f:ffi~;~ 

tE~- a 1i1r T A = 1. lOTBS ClO%f1iJ ;.f:/lIJ) , tan(~ ) = (2Xi~o2 1rc) 1. ~5ao ,Jiltl ~ a 

*rao J6,YIU)~~8;t7C1!lR:5H~l;\!jffM~.1!t-=jj;jffi~;tUUIj}jHi-~~,Jit ao=O. 
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-F), E~Wi1'- ~~D9 § ~4i'Jl3t L. 4-1l'tE. a Ej b Wi yllH§if , 
tE. a' ;fP b' Wi ~ * A i€. ~, :il. at Wi 1'- if. lm D9 ,~. § ~ $ -f 
__;1l'tE. b Ej a' ;fEJif,:IE a;fP b'Wi~*A t~ ,:il. at Wi 003-4-1 

1'-~ Inl ~ ,(S. § !"$ $ -f ;1l'tE. a Ej b mJ;%;fEl if 1t JJ - yil&, a' Ej b';f§:it 1t JJ jJ 

-J~ ,:IE:il. jlij1i1&~A i€.f& ,:il.atj),!j1'-~ Jm 89..(S· §!i&$ -f __ 

[:St ~Jf1 EB ~j~3DM~1Il:5:1~UI9.& [O)$!!* ,IE [0) as!!*ffi1=t!!*= f£P J5 it,~ t!5;f{l 

*~~;t;!JJ~~CjJ>R~. 

urn 0;4L;L. 

~(~JfiJII~~ ) -:iiL-K.n l 89JE7J*~OO(~~MJ;fyt~1i1~;I; S,q"ltu 

4-!J p), IV- v ~ 1t~:i±:l:~ .5:HiHk liUt!.(~ ~ -+ li1:!Ii;~lfI~Jh-$-.1U ,Jilt 1'19 7J)oJ Ej 7.k 
Sf 7J)oJ *45° jE ftJ ,frP ~ 3-4- 2 fjf jf-. ~ :lJ,JlK ~ D9.t JJ a, 1ti JJ b. 

(1)* b» l,a> l, i'OJ~f!!l~:i:±:ItiJ~~:lk! B Jf;Jft;iJ; $ j;'1oP):-~? 

(2) frP b>-"> l ,a< L, i'OJ ~ I!l :®.:i±:ItiJ ~ ~:l;h B)§- *;iJ; $ j;' 1oP):-~? 

-' -- -.. _-_.- ~=:~ ---~-.., ~ '# - - - --

[:St~Jfl ~~~ v IE3(:5:1~m VII !:§ V.l (VII -+4ti"zt!Jh b » l 
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x 
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a >l 

TemE@~!l.3-fB{-t~fO. 

un (l)~ b» l,a> l at ,1i>u:fja~~:Ej:~:13 
£2

Q=/It. x x llx x 
x x x x 

l 2lB§:13 E=Blvcos45°, R= 4Ps,t=vcos45°' I!I 3-4-2 

J9Tl;) Q=(Blvcos45°)2. ~=B2 l2'US. 


4p ~ vcos45 2J2p 


(2)~ b»l,a<l at,1i>rtiHt~~:Ej:1AJ9 

£2 
Q=/It . 

B§jg E=Blvcos45° ,R=4p Sl ,t= 2a4~0,
vcos ;) 

Q CBlvcos45°)2 . ~ = B2 lvSaji}f l;) iE!: vcos45" 2J2p ' 
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4- F *~~j:,m~;j4ij:,*:ffa93C!:g:JJ ~*/j" JiW 
F=IBl. ® 

4- al ~ al Jj-;lJU*ffi ab:ff ,cd :ff~~-l* M 1JOl!J.l ~*/j" T *~~ ':f *JJ ~ 

*/j" El3 4~Jii;EW1lJ~ 
F=mal. @) 

Mg-T=mal' @ 

T-F=mal. ® 

El3 DJ..t-*P;:fl¥H~ 
_Bl [2('L'2- V I) 

al - 2Rm 

_ 2MgR- Blll ('L'2 -VI) 

al- 2(M+m)R 
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_____~!t::..~ _l:J!1t~?t.____ --.. 
.h ...:k .~ ;.t;.. A~-1:-1 ~ ~ oj"" "'IF a 

~ (2008 . ~oo~HlffiIU~j) (1) flP l'fl 3-7-1 J'ft 7f;, - U * 7\'; /,f.!f $iL.$ * 
- It ~Ji R, lit'i.;(£);g 51 iiJ ;~'* 1h tf' ,$f ~-f- ilii lj '* 1h jj j!;] *K. - It ~Ji OJ ~- ~:f it 
1!!* -;tJ9t ~ e9 ~";If ab ~#f;(£.!f ~.L OJ 7f}.!f ~jj j!;] -f-~. ~ JA M> .Jl:. 7H€i;:t ab 

it tAff, ~ j!;];fi iiJ '~:h F. ;6'~.~;If;fP U 7f5.!f ~ iiJ § ~,YlV;(E it:IE iJJ:l±{£ tf' , r?~ ~ # 
-i3Ub't iE ~,U9? ( ) . 

a 

x x ~xF x x 
R 

x x ~ x x x 

x x ~ x x x 

00 3-7-1 

A. >'r,OoiHh ~~ ifcAf ab a~ 11' JfJ jpr ab #1ttJO}] ,1£.7rZit Jh ~ iiI':. itJC;r-:t ~KB. >'r jJ F ~ ~ ,&JC~T.e fAR J: i:/i;f€.~ ~ 
C. >'r"iHh~~;tL# ab 11' JfJ jJ ~ ~ 1f.loj ~ fA R J: 

Jj ;f€.a~ ~ 1f., ~%~ k ,J' JC;ff1~ it-'J Err ' 
D, ~ fA R J: ;:/i~~~!f!.4,ffJiik1li 
(2) l'fl 3- 7 - 2 tf' L;;'t ~;(£ it I\; 1:. e~ !& gtJ , 't lj It ~Ji 


R,Ro , 1t~;fP It ~ E OJ;fl:J A 111 % @)~, ~ 00 1:. iiJ ~Od~: Ro 
 R 
7f;~~tf'It~iiJiEjjj!;]:*~~iiJ~j!;]ljft~~7f;iiJjj 

~ 3-7-2 
j!;] ;fEJ~ at,1*It 'ifiEJJ iE;1,'Y!~JJffi. . 1t19! KI ;fP 'Kz $* 

;(£ ~ 7f i7t ~. -i~;(£ t= 0 at t lJ, ~ :®. It ili K I , ~~ :i± - R at fa] ,;(£ t= tI at tL ·i1H~:®. ~ 


~ K2 , YlH~ ~ iE ..ftl :li!!.*:;if-: L tf' iiJ ~ 'ifiE I iii! at fa] t ~ 11:. 99 l'fl &;It r Wi ~ tll e~ !1Y ~ liB 

tf' iiJ '!!II~ rn ? ( ), 


~ tr-1\ ~ r---:
~~r:7'~

ABC D 

~ 3-7 - 3 

[ :5HH] ;gO )/J \~iliiNiill~ , Egiill~Jill~NEg;Jit~75[§]~~~mmlR, ;g (2) 
IJ\@i:s~Egtlf:tlB'~I~ §~;~WJ!§pJf~fFffi. 

un (l)A,CD; (Z)A. 

Ii (2008 . ~ 00 1PHI ~.KjV (1);(£ I!l ~'F 11" {9:. ,jiIj tf' , ~ "C ;t 14t ~ it F= 

~, t. tf' ~tt 7J 1t:l[ k=8. 98X 109 N • m2 /C2 
, If!.f.J:ii' ql ;fP q2 iI~$ 1HjI;;'t C, l!f. 

r 

370 

~ ::. ~ _~ __.liIt ~_ 
~ ,., p 

;% r iiJ .if!-1i;lt m, ff:m:h F iiJ .if!-1ft;lt N. ;£\,iE.Et% Jt~~ A~ %J it iiJ * t. F=~,
t. tf' l!f. ;% r iiJ 1j!.1:!L;;'t m, ff: m:h F Ih i(!.{ft.;It N, IE JlL t. OJ Jt)(. - M> It ~ it q iiJ kiT i(!. 
1:!L. *m m,kg,s*:7f;JlLkiTi(!.1:!Lat,lt~kiT1I"1:!L= ;kiT.if!-1:!Llj'¢%iiJ~~JJ 
1 kiT i(!.1ft = C. 

(2) It.:r ~S. j]D:i!~ (betatron) e9£*m: Jl flp r : -1- 00 
~*~~~*T~~;(EOO**%~~~~1htf',,*1hjjj!;]7f} 
00 ;!I iiJ $dJ !& , 00 * iiJ ~ !&. :l± 00 ~ iiJ 00 I'~..' #-lj ~ Wi ~K. ~ 3

7-4 tf' fij 1- FoJ I\.,' iiJ ;t!&. 00 1'\ *= 00 ~ e9:itLJ. , lj ;t !& 00 ~ I\.,' ~ 
.!&OOJJIt.:r;(E~:i!:i±{£tf':IEfi~~•. ~~~1hiiJ~.s. 

5lIt B J!J! at fa] t iiJ ~ it ~{4t JJ B= Bo cos e;t),jI; tf' T JJ '* --------- Vo 
~ 3-7-4 

1h~1tiiJftlWl,Bo JJ*-T~iiJ#:t. * B JJiEat,~1hiiJjjj!;]~1I.T~t\;Wit~j!;]~ 
;~. ;6'#f$:±tI!AHJJ:itit.JJ 'LIl iiJlt.:r;{}M!&OO~.l;JJ!&jjj!;] ~iA.j~~~(~ro 3-7-4), 

~1t.:r;(E•• ~~11:.~-1-ftl.~OJ~.~:i!iiJat~;ltJAt= ~t 

[~HH] 5f5Cl)/J \~qJmJl5~tMnu~*~. 5f5(2) /J \~iliiN~U~JillEg~Et'9nu~, 
ffi~~~mJl5~M~m,ffi~~iill~.~Et'9~@Eg~Et'9~m.~~~~Et'9~&M 
m, 1§Eg~&~mfJ75rD.J!:3iill~~1t~:R~*,4:/J\~ffi!iH~~1tnu~mm:fR!E~ 
~qJ*UI*JT . 

[ fIIlf ] (l)kgt . mt/s;l.06X10-5;(Z)~ T;T. 

m 1_ (2006' ~oo !IPJ~~JU&) ~ 3-7 -5 tf' K kIIH!, tiL.:r $t M i\t, fA tf' OJ 
# f$ :f ItT:l{l1, M ill l!i:t , It ~ ~;fEJ ~ iiJ f iE Lt ~ tiL .:r 'it , 't 1fl fr9 :i! It jj j!;] $ ;{} rn tf' • 
!& 0'0,:it It 119 *- Ij' " * - .l;JJ OJ ~~ 111!! $ ;It 1;] ~U~. ~ tiL .:r IT ;(£ ~ 1I. TO'O ~)jf. 
NN'1:. at ,-%;(£)jf. 1:. Wr 7t.~Z'1i iiJ tR1!t. )jf. f.J 1;] -lj M!& *K iiJ ~# ~ y, jt:l¥-.,~ 
1:!L T )jf.lj M!& iiJ 3t ,~, 0 * ,Y a9 iE jj j!;] IE 0 t§' j!;] N.• !& 1:. e~ A ,B fij * , ~* -It 
.:r ~ n a ;fP b. ~ n OJ t;1.tIt :jIH~4-7f,fl:eX. ~ f-tJ. 7f~€i at fij ~ n ~* T:!IC f-tJ i7t ~,t1d1 
tiL .:r~. M,M;It fij *~ *- iiJ -f-fi~ J,-f-tL j~ M& 0'0 e9 lie i% $;It d,;fRM ~:li!!. . 
1t fij;fR fa] j]p 1:. flp rn 3-7 -6 J'ft;if-: iiJ ftl Wl JJ 2T e~ X ~ It if u , u e~ iEj!;] JOC *- 11 JJ 2U, 

~j!;].*-11JJ~~~~flttiL.:r*;(£fij-f-;fR~~~~at,;6'fij~;fR~~ltifJJ 
. U , Yl~ tiL .:r;(E It 1h ff: mr iiJ j]D:it It a, It if u iiJ -'¥: ftl Wl T ;fP -f- ;fR jlj M!& 0'0 iiJ lie i% 

d ~)H"r:!IC~ 
1

aT'=5'd. 

~ ~ AB fa] iiJ l!f. ;% ,B jlj ~.~ir: ~ iiJ l!f. ;% ,~JJ,;fR iiJ *- it. ~ ».. ~ JJ,;fR;fi ~ j~ 


)jf.~l!f.;%$;;'tL:f~.:h~ff:m,:f~flttiL.:r~~;fEJ§ff:m.IT;(E~n1:.iiJtiL.:r 


• ~ n ~ ~,:f-%~ 't-J ~ f§' f It tiL.:r iiJ:IE iJJ . .R;;lJ ~ MM' z fa] iiJ It 1h #-iE 't;f!JJ 


);g 51 It 1h. 
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~ ::. ~ _~ __.liIt ~_ 
~ ,., p 

;% r iiJ .if!-1i;lt m, ff:m:h F iiJ .if!-1ft;lt N. ;£\,iE.Et% Jt~~ A~ %J it iiJ * t. F=~,
t. tf' l!f. ;% r iiJ 1j!.1:!L;;'t m, ff: m:h F Ih i(!.{ft.;It N, IE JlL t. OJ Jt)(. - M> It ~ it q iiJ kiT i(!. 
1:!L. *m m,kg,s*:7f;JlLkiTi(!.1:!Lat,lt~kiT1I"1:!L= ;kiT.if!-1:!Llj'¢%iiJ~~JJ 
1 kiT i(!.1ft = C. 

(2) It.:r ~S. j]D:i!~ (betatron) e9£*m: Jl flp r : -1- 00 
~*~~~*T~~;(EOO**%~~~~1htf',,*1hjjj!;]7f} 
00 ;!I iiJ $dJ !& , 00 * iiJ ~ !&. :l± 00 ~ iiJ 00 I'~..' #-lj ~ Wi ~K. ~ 3

7-4 tf' fij 1- FoJ I\.,' iiJ ;t!&. 00 1'\ *= 00 ~ e9:itLJ. , lj ;t !& 00 ~ I\.,' ~ 
.!&OOJJIt.:r;(E~:i!:i±{£tf':IEfi~~•. ~~~1hiiJ~.s. 

5lIt B J!J! at fa] t iiJ ~ it ~{4t JJ B= Bo cos e;t),jI; tf' T JJ '* --------- Vo 
~ 3-7-4 

1h~1tiiJftlWl,Bo JJ*-T~iiJ#:t. * B JJiEat,~1hiiJjjj!;]~1I.T~t\;Wit~j!;]~ 
;~. ;6'#f$:±tI!AHJJ:itit.JJ 'LIl iiJlt.:r;{}M!&OO~.l;JJ!&jjj!;] ~iA.j~~~(~ro 3-7-4), 

~1t.:r;(E•• ~~11:.~-1-ftl.~OJ~.~:i!iiJat~;ltJAt= ~t 

[~HH] 5f5Cl)/J \~qJmJl5~tMnu~*~. 5f5(2) /J \~iliiN~U~JillEg~Et'9nu~, 
ffi~~~mJl5~M~m,ffi~~iill~.~Et'9~@Eg~Et'9~m.~~~~Et'9~&M 
m, 1§Eg~&~mfJ75rD.J!:3iill~~1t~:R~*,4:/J\~ffi!iH~~1tnu~mm:fR!E~ 
~qJ*UI*JT . 

[ fIIlf ] (l)kgt . mt/s;l.06X10-5;(Z)~ T;T. 

m 1_ (2006' ~oo !IPJ~~JU&) ~ 3-7 -5 tf' K kIIH!, tiL.:r $t M i\t, fA tf' OJ 
# f$ :f ItT:l{l1, M ill l!i:t , It ~ ~;fEJ ~ iiJ f iE Lt ~ tiL .:r 'it , 't 1fl fr9 :i! It jj j!;] $ ;{} rn tf' • 
!& 0'0,:it It 119 *- Ij' " * - .l;JJ OJ ~~ 111!! $ ;It 1;] ~U~. ~ tiL .:r IT ;(£ ~ 1I. TO'O ~)jf. 
NN'1:. at ,-%;(£)jf. 1:. Wr 7t.~Z'1i iiJ tR1!t. )jf. f.J 1;] -lj M!& *K iiJ ~# ~ y, jt:l¥-.,~ 
1:!L T )jf.lj M!& iiJ 3t ,~, 0 * ,Y a9 iE jj j!;] IE 0 t§' j!;] N.• !& 1:. e~ A ,B fij * , ~* -It 
.:r ~ n a ;fP b. ~ n OJ t;1.tIt :jIH~4-7f,fl:eX. ~ f-tJ. 7f~€i at fij ~ n ~* T:!IC f-tJ i7t ~,t1d1 
tiL .:r~. M,M;It fij *~ *- iiJ -f-fi~ J,-f-tL j~ M& 0'0 e9 lie i% $;It d,;fRM ~:li!!. . 
1t fij;fR fa] j]p 1:. flp rn 3-7 -6 J'ft;if-: iiJ ftl Wl JJ 2T e~ X ~ It if u , u e~ iEj!;] JOC *- 11 JJ 2U, 

~j!;].*-11JJ~~~~flttiL.:r*;(£fij-f-;fR~~~~at,;6'fij~;fR~~ltifJJ 
. U , Yl~ tiL .:r;(E It 1h ff: mr iiJ j]D:it It a, It if u iiJ -'¥: ftl Wl T ;fP -f- ;fR jlj M!& 0'0 iiJ lie i% 

d ~)H"r:!IC~ 
1

aT'=5'd. 

~ ~ AB fa] iiJ l!f. ;% ,B jlj ~.~ir: ~ iiJ l!f. ;% ,~JJ,;fR iiJ *- it. ~ ».. ~ JJ,;fR;fi ~ j~ 


)jf.~l!f.;%$;;'tL:f~.:h~ff:m,:f~flttiL.:r~~;fEJ§ff:m.IT;(E~n1:.iiJtiL.:r 


• ~ n ~ ~,:f-%~ 't-J ~ f§' f It tiL.:r iiJ:IE iJJ . .R;;lJ ~ MM' z fa] iiJ It 1h #-iE 't;f!JJ 


);g 51 It 1h. 
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003 -7-6 

1. ffiJt ftiJ fl JA* hHHUl1 !~)Jj ~ at faJ 0 It T +* $-. OJ~, ~;r- it. ~.ft;l at 
ttl *M*A3 feiJ fl a .x.. .:HP 7U;fJ d~:i± at faJ T • .)It;X *A3 ftiJ fl a .x.. iz: IlP *I~ , .)It ~ :i± 
at f"l T. ~ 3 ;X Jill at *A3 ~ fl a ~ ~ fl b • .x.. iz: IlP JiiJ at *I~ a, b, *IV. *A3 IliJ fl b ~ 
at tJJ it JJ IE 3-7-6 tp t=O ~ at tlJ. PULl OJ fi~ tB ~ ~;fi _f_7tl2t ~ Y ~ # C?_ ~~ 
tl:! ~ *_.;r; ..it.' ~ tl:! it ~i:Ul.) JJ _____________ 

2. ffiJt ftiJ fl JA *A3 ftJ *f:ll t~)Jj ~ at faJ 0= ~ •~.ft;l at tJJ *M*A3 I~ fl a. !}. 

:i± at faJ 0 iz: IlP *f:ll a ,JA ~~ *A3 a ~ at ttl ~ •!}.:i± at faJ T. ~M*A3 ftiJ fl b, f}.:i± at faJ 
o*f:ll b. *IV. ~~ *A3 ftjJ fl b ~ at tJJ it JJ 00 3 - 7 - 6 tp t = 0 ~ at tJJ , J1~ JA B ?t M tB a~ 
A*.*~.~;fi_f_M~M~M~±~7t~~Y~#C?-~~tl:!~*_,;r;~~tl:!~ 
~~.)JJ .•*.+•• ~;fi_f_M~M~M~±~.l2t~ 
~#C?-~~ tl:!~*_,;r;~'~ tl:!it~ii~l.)JJ ______ 

BHfil .tf;:~~*m~IEMfI~U~~~i1~I'l a,b ~*lE5'_.~FoRjjmm_3'_?f 
M ,tv(1~~5$Eg~qJ~iliZVJ. 

U:ll 1. YI =-0. 3d,Y2 =0, 9d ,2. Y ' =-O. 138d.Y'= -0. 138d. 

1. ~ ~~ fl amI 7J\:7fJa at .A1f4}f'Pi!$I¥.JtiL-=fC#Z;9 ~ -.iltf.d.-'f) lA A 6U: 
:ittAAB 21i3].:t£ a m 2 7J\:7f JaBt~IJ .m-1lttiL-=fr:fit$jJ 

l 
v'=T· CD 

I¥.JtiL-=fiE:!lHHtl B ~l:.fIt~n b ~f±. !:jJ!t[i:\Jat .m=mA1f4}f'Pit$I¥.JtiL-=f 
lA A ~:ittAAB 211i]. :t£~fl a m 3 7J\:7fJa l¥.Jat~J,m-m:ittA AB 11i]I¥.JtiL-=fr:fit 
$jJ 

-.1.=l.VI.'U2- 2T 2 @ 

._ m~~il~ .JIi' . 
~~ ,, '" 

I¥.JtiL-=f!:j~=ftt:itt.A. AB 11i]I¥.JtiL-=fr:fit$jJ VI I¥.JtiL-=f[i:\JaH'j:lt B 6U:. [§J!tBt ' 
~n b B7fJa .:i!~~-=f~~M: B ~n:i!m~MJ<iJ~~~i:f&. rm~=m:ittA AB r8jB~tiL 
-=f:t£'tiili'j:it B ~Bt.~ b ~f±. mJ!t'ilJ~. fmlA B ~MJ<iJ~~IT:f&I¥.JtiL-=fA1f VI 
~ 'U2 ~f'P7f'[i:\JI¥.Jit$, 

~~Jm~.*-lL-=flA B !ltMtI:lI¥.JatttljJ t=O .. ~it$jJ VI I¥.JtiL-=f:t£attIJ 
lt,=-=T.

VI 

:ittAiW~~i:f&21i3]. mro 3-7 -6 'ilJ~. ~1li11i]I¥.J%1E 
u= -U. 


tiL-=f:t£~ :f&1i3] I¥.J %~fFffl-r I¥.J:tJll itJi jJ - a. tiL-=fJm:i:1m:f&~JJi I¥.J atlB] jJ 

l6t1=-=T,VI 

:t£6tIBtOO~~-=f:t£Y~J<iJ.~I¥.J*itJi~m.*~jJ 
VIy =-a6tI~-aT. 

1 • 1 
YI=-ZaC6tI)2=-ZaT-. 

® 

@ 

1 1[§ aT-=Sd.~ly,1 =lOd<d.*ljijit$jJ VI I¥.JtiL-=ffm~tI:l~1li.tiL-=f~tI:l 

~:f&J§f$~i!iEi9J. :t£lAMtI:l~1li~M¥ljml¥.Jatl1i] pg ,tiL-=f:t£ Y ~J<iJ I¥.Jm. 

t:.YI=VIY;1 =-aT'. ® 

tiL-=f:t£m.tf=~I¥.J*i1l!I¥.J Y ~t1ijJ 
1 3YI=YI +t:.YI =-ZaT'-aT'=-ZaT'=-O. 3d. @ 

it$jJ 'U2 I¥.JtiL-=f:t£BttIJ 

t2=.J...=2T.
V2 

:ittAm~IT:f&21i3]. mro 3-7-6 'ilJ~, m:f&Ii3]I¥.J%lli 
u=2U. 

tiL-=f:t£ %~fFffl-r B~:tJlli!JijJ 2a, tiL-=fJm:i:1~1li~£J3JI¥.JBtIB] jJ 
l6t2=-=2T.

V2 

E5I jJ~:f&I1i] I¥.J %lE:t£BtIi3] 6t2 ~m 2U l!:jJ-U ,tiL-=fI¥.J:/JQitJiw'¥flA 2a 1!:1iX 
-a. mJ!t'ilJ*~.t:t£ 6t2 BtIB]~tiL-=f:t£ Y ~J<iJ.~~I¥.J*itJilO.ffi:.*~'jjJ 

'U2, =2aT-aT=aT. (J) 

1 1 5
Y2=ZC2a)T'+C2aT)T- Z aT'=ZaT'. ® 

1 1E5I aT' =Sd,~ Y2 =Zd<d ,*aJlitJijJ 'U2 I¥.JtiL-=fW'fm~ili~1li. tiL-=f~ tI:l 

~1liJ§f$~itiEi9J. :t£lAM tI:l~1li~Mi'jmI¥.Jatl1i] pg .tiL-=f:t£ Y ~J<iJ l¥.JilL. 
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1. ffiJt ftiJ fl JA* hHHUl1 !~)Jj ~ at faJ 0 It T +* $-. OJ~, ~;r- it. ~.ft;l at 
ttl *M*A3 feiJ fl a .x.. .:HP 7U;fJ d~:i± at faJ T • .)It;X *A3 ftiJ fl a .x.. iz: IlP *I~ , .)It ~ :i± 
at f"l T. ~ 3 ;X Jill at *A3 ~ fl a ~ ~ fl b • .x.. iz: IlP JiiJ at *I~ a, b, *IV. *A3 IliJ fl b ~ 
at tJJ it JJ IE 3-7-6 tp t=O ~ at tlJ. PULl OJ fi~ tB ~ ~;fi _f_7tl2t ~ Y ~ # C?_ ~~ 
tl:! ~ *_.;r; ..it.' ~ tl:! it ~i:Ul.) JJ _____________ 

2. ffiJt ftiJ fl JA *A3 ftJ *f:ll t~)Jj ~ at faJ 0= ~ •~.ft;l at tJJ *M*A3 I~ fl a. !}. 

:i± at faJ 0 iz: IlP *f:ll a ,JA ~~ *A3 a ~ at ttl ~ •!}.:i± at faJ T. ~M*A3 ftiJ fl b, f}.:i± at faJ 
o*f:ll b. *IV. ~~ *A3 ftjJ fl b ~ at tJJ it JJ 00 3 - 7 - 6 tp t = 0 ~ at tJJ , J1~ JA B ?t M tB a~ 
A*.*~.~;fi_f_M~M~M~±~7t~~Y~#C?-~~tl:!~*_,;r;~~tl:!~ 
~~.)JJ .•*.+•• ~;fi_f_M~M~M~±~.l2t~ 
~#C?-~~ tl:!~*_,;r;~'~ tl:!it~ii~l.)JJ ______ 

BHfil .tf;:~~*m~IEMfI~U~~~i1~I'l a,b ~*lE5'_.~FoRjjmm_3'_?f 
M ,tv(1~~5$Eg~qJ~iliZVJ. 

U:ll 1. YI =-0. 3d,Y2 =0, 9d ,2. Y ' =-O. 138d.Y'= -0. 138d. 

1. ~ ~~ fl amI 7J\:7fJa at .A1f4}f'Pi!$I¥.JtiL-=fC#Z;9 ~ -.iltf.d.-'f) lA A 6U: 
:ittAAB 21i3].:t£ a m 2 7J\:7f JaBt~IJ .m-1lttiL-=fr:fit$jJ 

l 
v'=T· CD 

I¥.JtiL-=fiE:!lHHtl B ~l:.fIt~n b ~f±. !:jJ!t[i:\Jat .m=mA1f4}f'Pit$I¥.JtiL-=f 
lA A ~:ittAAB 211i]. :t£~fl a m 3 7J\:7fJa l¥.Jat~J,m-m:ittA AB 11i]I¥.JtiL-=fr:fit 
$jJ 

-.1.=l.VI.'U2- 2T 2 @ 

._ m~~il~ .JIi' . 
~~ ,, '" 

I¥.JtiL-=f!:j~=ftt:itt.A. AB 11i]I¥.JtiL-=fr:fit$jJ VI I¥.JtiL-=f[i:\JaH'j:lt B 6U:. [§J!tBt ' 
~n b B7fJa .:i!~~-=f~~M: B ~n:i!m~MJ<iJ~~~i:f&. rm~=m:ittA AB r8jB~tiL 
-=f:t£'tiili'j:it B ~Bt.~ b ~f±. mJ!t'ilJ~. fmlA B ~MJ<iJ~~IT:f&I¥.JtiL-=fA1f VI 
~ 'U2 ~f'P7f'[i:\JI¥.Jit$, 

~~Jm~.*-lL-=flA B !ltMtI:lI¥.JatttljJ t=O .. ~it$jJ VI I¥.JtiL-=f:t£attIJ 
lt,=-=T.

VI 

:ittAiW~~i:f&21i3]. mro 3-7 -6 'ilJ~. ~1li11i]I¥.J%1E 
u= -U. 


tiL-=f:t£~ :f&1i3] I¥.J %~fFffl-r I¥.J:tJll itJi jJ - a. tiL-=fJm:i:1m:f&~JJi I¥.J atlB] jJ 

l6t1=-=T,VI 

:t£6tIBtOO~~-=f:t£Y~J<iJ.~I¥.J*itJi~m.*~jJ 
VIy =-a6tI~-aT. 

1 • 1 
YI=-ZaC6tI)2=-ZaT-. 

® 

@ 

1 1[§ aT-=Sd.~ly,1 =lOd<d.*ljijit$jJ VI I¥.JtiL-=ffm~tI:l~1li.tiL-=f~tI:l 

~:f&J§f$~i!iEi9J. :t£lAMtI:l~1li~M¥ljml¥.Jatl1i] pg ,tiL-=f:t£ Y ~J<iJ I¥.Jm. 

t:.YI=VIY;1 =-aT'. ® 

tiL-=f:t£m.tf=~I¥.J*i1l!I¥.J Y ~t1ijJ 
1 3YI=YI +t:.YI =-ZaT'-aT'=-ZaT'=-O. 3d. @ 

it$jJ 'U2 I¥.JtiL-=f:t£BttIJ 

t2=.J...=2T.
V2 

:ittAm~IT:f&21i3]. mro 3-7-6 'ilJ~, m:f&Ii3]I¥.J%lli 
u=2U. 

tiL-=f:t£ %~fFffl-r B~:tJlli!JijJ 2a, tiL-=fJm:i:1~1li~£J3JI¥.JBtIB] jJ 
l6t2=-=2T.

V2 

E5I jJ~:f&I1i] I¥.J %lE:t£BtIi3] 6t2 ~m 2U l!:jJ-U ,tiL-=fI¥.J:/JQitJiw'¥flA 2a 1!:1iX 
-a. mJ!t'ilJ*~.t:t£ 6t2 BtIB]~tiL-=f:t£ Y ~J<iJ.~~I¥.J*itJilO.ffi:.*~'jjJ 

'U2, =2aT-aT=aT. (J) 

1 1 5
Y2=ZC2a)T'+C2aT)T- Z aT'=ZaT'. ® 

1 1E5I aT' =Sd,~ Y2 =Zd<d ,*aJlitJijJ 'U2 I¥.JtiL-=fW'fm~ili~1li. tiL-=f~ tI:l 

~1liJ§f$~itiEi9J. :t£lAM tI:l~1li~Mi'jmI¥.Jatl1i] pg .tiL-=f:t£ Y ~J<iJ l¥.JilL. 



~-tIi Wit:W:fr ----_...._ _.. 
lt::.Y2 =Vzy-=2aT'.

V2 ® 

&~n~mk~~~••~Y~~~ 
5 9

Y2 =Y2+t::.Y2 =ZaT'+2aT' =ZaT' =0. 9d. ® 

~n*'.:1:~~mk~~~••~fij1-B,'tlll~ Y~fjj;JHlIJ~ Yj til Y 2 • 

2. mT~~ flJ.Alf Ja f1J:kI:{j JH?:JJ]-I9: at 1'8] ,~~'J fl a IfJa f1J:kI:{j §g:JJ]~ 0 at 
r8]r8]lWit*J 8f..J/F~BHtl ,$~*~/F~J!.$~;fi~J.A A :£turA AB 18], ~ 8f..J.!f!.urA, 
~B~fl.tur.A. mTAAlfl b}AlfJaiU:k~ill~§g:JJ]-,E~Btl8] o,&~IiJ~~~:&t.!f!.~at 
~tl~n t=Q 8f..JBHtlJ.A B :£tM ili ,ill1iJ~~~:&tfl.t8f..J Bt~u ~p t=o Bt~UJ.A B :£tM ili. ~ a 

IXltllfJa 8f..JBt~UJ.A A :£t~tA AB 1'8] ,#~ t=o BHtlJ.A B :£tM ili 8f..J&~B~J!.$iVJ\, 
J!:&t/J\J!.$~ 

l
Vmin=T+o' @ 

~AAlI'l a IXlIJ~:kI'JJ61~UJ.A A :£t~tur AB 1'8] ,#1£ t=O 8f..JaHtlJA B:£tM:±l~& 

~8f..JJ!.$!l*.J!:&t*J!.$~ 
l 

@v'"" =T-o' 

~ t=O Bt~tlJ.A B :£tMili8f..JJ!.$~ v",,",8f..J&~l£at~tl 

ltj=-=T-o. 
v""" 

urA~Pl'-ttiZI'8] •{EBHtl 

tj'=tl +_l_=2T-20. 
v""" 

~lfiWljZ-tti. m*»2[j 3-7-61iJ~,~ T - o itl T 611'8] t*J, iW.f&.I'8]~lt:!.lli~ 2U, 

~ T ilJ 2T- 20 at 1'8] t*J ,fij.f&.r8] 8f..J It:!.EE j; -U, .!:3lt:!.lliM J1!J. 8f..J*'.:1:~~jJOJ!J3t*~tl~ 
2a ;f1l - a. ~&~~:i1ljZ-f&a~atr8] t*J .*'.:1:~~ Y/J[Q]~1~8f..J*J!J3t;f1l{fLft*~IJ~ 

Vjy =2ao-a(T-20) =-aT+4ao. Q) 

1 1 1 
YI =Z(2a)OZ+CZa)oCT-20)-Za(T- 2W =-ZaT' +4aoT-5aOZ . @ 

*,.:1: ~~ ili ljZ-f&Fo {~0:jJ!~~. J.AM ili ljZ-.f&. ~M iUm (j{J Bt 1'8] t*J ,*,.:1: ~~ Y /J [Q] ~ 
lfLft 

lt::.YI =Vly_ =(-aT+4ao)(T-o)=-aT+5aTO-4aOZ.@ 
v""" 

*,.:1:~tEmkF~~m:~a~ Y~fjj;~ 

Yj = YI + t::.YI = - ~ aT' +9aTo- 9aOZ . @ 

mmlJ!:2I;g, {-tA~ml1~ 
Y1 = - 0. 138d. @ 

~ t=o Bt~tlJ.A B !11M ili ~J!1t~ Vmin~&~~Bt~tl 

e-- ~;. ~ ~~-..~.-- *ii-.' - ..f.. ~ f~ --
t2=0+_l_=T+Zo, 

Vmio 

urAiWljZ-ttiZI8]. :(EBt~tl 
ltz'=t2+-=2T+30, 

Vrnin 

~lfiWljZ-tti. m*»2~ 3-7-6 1iJ~, ~ T+Zo f1J ZT Btl'8] t*J. iWttil'8] ~ It:!.lli~ 
U.~ 2T f1J 2T+30 at 1'8] t*J, iWttir8]~lt:!.lli~ ZU ,.!:3lt:!.llixtJ1!J.~'&~~:J:JOJ!J3t*~U 
j;-a;f1l 2a. tE&~~:i:1ljZ-.f&.8f..JBtl'8] t*J .~~~ Y11[Q]~1~8f..J*J!J3t;f1l{fLft*~tl~ 

Vzy = - a(T-20)+ (2a)30= -aT+8ao. @ 

Y2=- ~ a(T-2W -a(T-~0)30+ ~ (2a)(3W=-1- aT'-aTO+13aOZ. @ 

&~~:±lljZ-ttiFo~0:jJ!~i;JJ. ~J.A~~MililjZ-ttiJtMflJm8f..Jatl'8] t*J ,&~~ Y 

/J [Q] ki¥J1fLft 


t::.Y2 = Vzy - l = ( -aT+ 8ao) (T +0) = -aT' +7aTO+8aOZ. @ 

Venin 

&~~mk~~8f..J.~8f..J Y~fjj;~ 

@Y2 =Y2 +t::.Y2 = - ~ aT' +6aTO+ZlaOZ. 

mt\S»2~. {-tA~ml1~ 
Y2 = - 0. 138d. @ 

m~k*filiJ~,J!.$.~;f1lJ!.$.*8f..J&~n~mk~~8f..Jm:~~mTY 


!ilIIk8f..J~-B. 
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l£ltfEJ*/J\fO:1J«i]'tII:liVf~1fB9, 1tHIS~~. mt~l£N B'-J*/J':~tg~~~B'-J; mHi~Hm 

~m~.~B'-JMffiah~.~~.~.~.~B'-J.ltm.I••:1J«i]B'-J*.ltB'-J 

*/J\-~tl!~tg~~1fB'-J, Jlt*l£lt;J6,~~rt.hfOmhB'-Jith~I, EE~rttmh 


fO:m:jJ B'-JitjJ:1J«i]~~. ~Jlt*l£ltB'-J:1J«i]m~~1fB'-J, Eb Jlt1iJ1~ ili;ait: .~l£ 


ltB'-J:1J «i]tl!~~1f fEJ; ~pmt~1£~~ B'-Jtm ~.?:Jl£I~jgi9J, ;tUJtlitf~I~.1£ 
 " Oxz .lJLjIifp;j ,~rttmjJfOmjJB'-JitjJ~lL 


(2).,~.?:J.I~jgi9J ,*~ rt.,••fOmjJ tmX1.~~ffljJ fEJit jJ F= 


O. ~ff-1£rttm,.tmfl1•.~l£ltB'-J*/J\Jg "Lb; B':(£*tj~~B'-J-=1'*:i:*j]IJj;; "Lb.n 

"LbyfO vo" ~P1£rttm ,.tmP4~~rF'4~Bt.,~1£-=1'tm:1J«i];f§J.!iIB9l£lt*:fl!. ~ F"Fy 


fOF= *JJ~*7f-F1£*~~Oxyz ~B'-J;f§J.!iI*ft,if 


Fr =qE-q"Lb=B =0. Q) 
F)'=O. CZ) 

F, = -mg+q"LbrB = O. ® 
EEQ)®~~1~ 

- x _ !!J:g"Lb, - B ."Lbx - qB . @ 

*E.~~TB'-Jl£$ "Lb ,~T.ltB'-J y *itj;; 
"Lb/ ="Lb 2-"Lbx 2-"Lb,z. ® 

~rttmfO••rF'4~Fo ,t!i:T{)(1£:m:jJ~ffl-r jgi9J ,•.~1£1ffiiJftit~~ t fEJ.N 
VI ="LbI , V y ="Lby • V, ="Lb, - gt. 

~ V, =0 ftit ,t!i:TfEJi9J~:liVJ\ 

Ek•min = ~ m("Lbr 2+"Lb/) . ® 

*mll!~if 

E _1(1 2)
k.min -2 2m"Lb . (j) 

Eb®(j)~~1~ 

"Lb Z =2("Lbx Z +"Lb/). ® 
Eb~@®®~ 

1 I"Lby = qB[ (qE)2 - (mg)2 J2 . 
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x 

;r-, fW 1-~" ~ AI ,Az, liT !Jl:~it~ § 0/ I\,';#-..!§ ~ [fij 

*Ka~~~~7t~~",;m~ 0 1 ;ftJ Ch ~#J.OI ;ftJ Ch x x 
;j{j§-'ffT,JJ<.-'fi¥zJi. 4f1-~Jil,~!E 1Z9.tlt~~4&*;ftJ 
~"*!ll.m. ,AI ~ a9 4&** JJ aI, t ~!JJ RI ,A2 ~ 119 x x 
4&*-*.h aht~!JJ Rz,:itif~*-~~Jil,*~~1tEj 
t~!:iJlliT!v'~.~ . #~JJao ~~~OO:il£DEjAI JiiJ~ x x 
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x 
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[:$t1fil ~fF,E§Tim$8J:8SJEgli&Hl.§:1J~~TfJl.~iW1J~B\t, *m~~n!S~U~:iE 
~~ ,JltB1, m1J8SJJIJ~(mgv) ~TPJT~EgI3:§8SJmEnf,HJJ~2ffi. ~l$*j¥B\tJillIE 
MfJjj-fJTim$8F~8SJ~JillEgiW~8SJ~/JIffi75f6J ,UEZ[QJ~CP~JillEg~~/J18SJ~J6~. 
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UiU la:!:m IliH Bt fBl ;fO ~ fBl ag 3'HtJl,1f Ji!iJ Wl 11 ,lj fijn~~1f;f!31EJ a<J %~. tE x 

~ ,at~~ t a<J1a~J.)iz~!ii.1l B(x,t)ljtE x+t.:z:~, at ~IJ t+6t a<Jla~J.)iz~!l\ll B (x+ 

t.:z:,t+6t)~Q*A1f~, ep 
Bo cos(wt-kx) = Bo cos[w(t+ 6t) -kCx+ t.:z:)]' 

!J!IJ1f 
w6t=kt.:z:. 

t.:z: w CD6t=T=1.IJ· 

: 1:7-mit,m 1.IJ *7F. Ei3J1ti'iJ~,*»!~ilia<J1a~ B(x,t)=Bocos(wt-kx) 

i'iJ.1:7-tE~~~.~~.*~a<J~at~~~a<J$~~.~~.~.1l 1.lJmx 
1JrtJ3fLf$. ~Q*~~l[f$Z9Ja<J.ltljla~ ~.3fLf$a<J.lt~ IEJ, iBl:i:1~~l[a<J.iBl 
-;:¥fi!1[atla)~,:£~~ ,,tA ffiitE~Mil[ cp f'1:~J.)iz Et! mt, ~J.)iz It mt~ iU.:!:m a<J fFm 
ft ,~~~'JI ft. -m:tEBt~IJ t,~~l[ MN ltlDLT*fffi x 9t,PQ ~DLT**ffi x +d 

:tl. JltBtiBl :i:1~~ l[a<J.iBl:li1:7 <P; ~:i:1-1lHfi a<J Bt rBl Ia) IWi 6t, m1-la:!:m*;(jr ~.h.J:t 
rIiJ x 1JrtJf$~Y -f&lle~ v(;6t,~~l[ rtJ x 1JrtJf$~Y -f&lle;W; v6t,~tS*~: 
MN ~ftffi~3f:i:1Jmf.R1:7( 1.IJ -v)l6t a<J.iBlit B(x,t)( 1.IJ -v)l6t f$it!:y ~~l[,PQ 
lt1ftffi~3f:i:1Jmf.R1:7( 1.IJ -v) l~t a<J.iBlii B (x+d, t)( 1.IJ - v) l6t f$ ili Y ~~l[, t& 
tE t+ 6t at~IJ ,iBl:i:1~Jf1&l[a<J1aiBl:JI1:7 

<p' =<p+ B(x,t)( 1.IJ - v)l~t-B(x+d,t)( 1.IJ -v)i6t. 

tE 6t Btla)Ia)!Wjpg ,iBl:i:1~Jiiil[ BS.iBl~~:fi!:1:7 
~<P=<P'-<P=[B(x,t)-B(x+d,t)]l( 1.IJ -v)~t. ® 
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ECt)=~<P C)
~t' 
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i(t)= ~. @ 

.~fFmT~~l[a<J:ti:~fta<J15-ft 
I(t) = iCt) B(x, t)l- i(t )B(x+d, t)l. 

tE~..ta<Ji>jii:cp, B~~~li:T Oxy 1fJmm rIiJ W;~~a<J1JrIiJ 1:71a~J.)iz~!l\JJt a<Jjf 
1JrtJ ;~~~tEm~~a<JBt~IJ,~Jiiil[a9J1I MN;fO PQ mtE:tla<J••J.)iz~§\ll B(x , 

t);fO B(x+d, t)$~LEa9; IEJBt, 3ZJJl'.~:ti:±j}ft a<Jjf1JrliJni x $ a<JLE1JrtJ. Ei3 ®C)@ 
~&»!~~a<JW.Vm*~~Jl'.., 1~ 

B 2l2(1.IJ-V) 
I(t) 0 R (cos(wt-kx) - cos[(wt - kx)-kd]J2. ® 

~Jm:=:~~0~'1~ 
4B02l2(1.IJ-V) [. kd . 2(wt-kx)-kdJ 2 

I()t R sm 2 sm 2 . ® 
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I(t) ,¥fm1f Btla)Ia)!Wjpga<J I(t)~t m1Jua<J,g, ;fO~r~Wj!fjWl T ep1:7 1(t)l£-1-.ffllWl 
T Btla) pg a<J3fL~m, Ei3 ""f~*7F 

- 1 
1= T ~/Ct)~t. 

Ei3:=:~~~~~~ 
. 2 kd . 2 2(wt-kx) -kd

4 2 smsm 2 

. 2 kd { 1+cos[2(wt-kx) -kd] }
4sm 2 2 . 

ti~ilJ 

1T ~cos[2(wt-kx) - kd]~t=O. 

~&CD~~*1~~~Ij$~.1l v{IP:~.1'T~Bta<J1f~~'Jlft 

2B 212 (~ -v) 
- 0 k . 2 kd 
Iv R sm 2' (j) 

ep1f~~ 'J Ift lj~~l[*JJt l a<J3fL1JJiltjf tt, !JJ-lj~Jiiil[a<J ~1t d 1f::k. 


~ kd=2mc, ep d= 2~T( (n=O, 1,2, .. ·)at 


Iv=O. ® 
~ kd=(2n+1)T(,ep d (2n-;l)T(Cn= 0,1,2, .. ·)at 

_ 2B02l2 (~- ) 
Iv= k v ®R 
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[,1tJf] $~~E<BSJ~rnlJ.jf31tt~~?:it - :5lIDlWfF~UftBSJmJ~\ffill~~]1[~ 

@ZVJ. §3-:5lIDBH~fH€l~~fitmJ~\ffilliBJ~@ZVJ. ~u%'~~19~fitpJf~'89~:1J19 
~ ,Fo%'~~19-@{I.f';[Q]ltgcp !~3H~ ZVJ ~E~J~J§, X ~El~El3ZVJ§ ,3& ~ [Q]ltgcP BSJWIill 
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UU :nit-: ~~~ff ab ~~~ni x ~iE1JtoJl¥.JtlJit~ Vo at, 1tSl1JJ~~lItt~~ 
mF~~m~~~,m~~~ff~~~~~l¥.J@~~~~~~m~m.mf@~~ 
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f'F!iIIl 0'x'~ x ~.~'T. ~;f!l~;J S' * ,~;mff ab !¥:JitilJg u .cd H!¥:J~IJ[1J u' , )il ~1,;i 
-VI = 1k::+ U • @ 

V2 =vc+u'. CD 
ItSlffiM S'*. ~ffl¥.J.~,Z9J!I1:1J~. ~P:ff 

mu+mul=O. ® 
EI3 CD(2)®®@C7)®*~ .1~ 

6i
2Blu=L 6t' ® 

:(:E Sl * <p ,:(f t at ~k~: JIJ.i ff ab ~ fif- 1J x I :(:E t +6t at ~iJ, 1:: l¥.J ~ 1tF 1J Xl +, 

6,x1 ,Jj!'Jmilill¥.J;E)(. U=~/. ® 

1-t.A®~~~ 2Bl6.:[1 =L6i. @ 

*~ x lm1J i a9iiEi~. m®~~~1 1J~:fi.mt:) .r1!:j i l¥.J**OJ ffl-:a~jJ 

~;&i.K Xl = 2tli +b. @ 


~~ b /9~!/& .~-m1~7£. ~.w.B~:(:E t =O at ~IJ,~r~ff ab:(f Sl * ~ a9 @. fif- Xl 


I L .+ 1 "'" 

= ~ Io ,~Bt i =O.$:~~ x =2B/ zxo. ~ 


. 2Bl (I 1 ) @
!=T x -z,ro .~ 

~ Xo 7&i.K t=O at~IJ~~ff ab l¥.J{li:~ .xl ~i.KtE{f~Bt~~ t ff ab l¥.Jwlt.'/it 

(Xl - ~ Xo ) ff,t~ff ab if t at~lJ;f!lx;J1<.JJMl{li:i[l¥.Jfli:~, ffl .r ~i.K, 

x = .r l - ~ .ro . ® 

~ x>O Bt .ab ffwf~1<.JJMlfli:i:B~;(51J!'J; ~ x<O Bt ,ab ffwf~1<.JJMlfli:ltl¥.J 


tr:1J!IJ. {-t.A@~,1~ 

. 2Bl @z=Tx. 

~1l1t1=-fflf ab ffl¥.J1(!~fJ 

2B2 l2


F=- iBl=----y-x. @ 

ab fftE1<.JJMlwlt;f:1 .1J!IJBt ,~!8' fJ l¥.J1JtoJ f~ toJ ti:1J!IJ ;ab ff:(:EtlJ Mlfli:fttr:.1J!~ B'j' ,~ 


!8'fJ l¥.J1JtoJmtoJ ;f:1.1J!IJ.1lJ ~~~!8' fJ Jt-:ff ~$'l1fJ il':JtiJ9l:. ~;mff ab a9;iE Z9J~mn.[j 


;iEZ9J ,~Z9Jl¥.Jp.iJWl 


@
T=2n J2~l2 . 

http:Mlfli:fttr:.1J
http:1J~:fi.mt
mailto:l�.J~.i~Il1~l�.J~~$l1~at,@~~l�.J�~~;/J
mailto:1iii:l�.JitI*,m~~,m?t@~l�.J~~.lil1~,fE!@~l�.J~m;tt:7f~~toJx
mailto:m~mtl�.J~~,X~:(:E@~~F
mailto:mF~~m~~~,m~~~ff~~~~~l�.J@~~~~~~m~m.mf
mailto:lIEBJ3-@{I.f';fFffilliBJ~@ZVJ
mailto:19-@{I.f';[Q
http:1l\1~iU.cJ


•• .._~-ii__._~}g.flBi1 ---. 
tp , jl;§' ~ J, ;ff ..t. fii] lle i% iJiJ ~ it :iiH' f' jl;§' ~ J£ ;ff IlHJJ ~& fii] lle Xo , I§ flU !if t;J. R 7n'E ;ff 
~~~.t~jl;§'~J,;ff~~a~~iJiJ®.iJiJ~.J.Lk~~~~iJiJ.;ff~~a 

i:. faj Jf/~!if ~ it. 3jt 11-~ at JilJjl;§';ff iJiJ1iL'i. x",5fll Xai t;J.JJz ~ jl;§';ff5fll ~a~~ iJiJ ®. 
tiJiJtlJ,Ei '='4f~mf.iRatfii]t 1l\1 ~iU.cJ . 

r 
C .a 

• • .~)(x )( )( x x 
Vo

xl x x x )( x x x x x x 

xix xxxlxxxxxxxxx 

Old b 
x 

iIl3-7-18 

[,1tJf] $~~E<BSJ~rnlJ.jf31tt~~?:it - :5lIDlWfF~UftBSJmJ~\ffill~~]1[~ 

@ZVJ. §3-:5lIDBH~fH€l~~fitmJ~\ffilliBJ~@ZVJ. ~u%'~~19~fitpJf~'89~:1J19 
~ ,Fo%'~~19-@{I.f';[Q]ltgcp !~3H~ ZVJ ~E~J~J§, X ~El~El3ZVJ§ ,3& ~ [Q]ltgcP BSJWIill 
El3W ffill~WHif ~ft ,ittffii {'F ffi7:H~H~fF1=BSJ'§:t§1.J ttH'F~W:lfi ~ft ,8~ jffi /9ZVJ:1J , 
8~ffii19I5.§1.J, ¥.!~~/tif1.J8SJffm. IE&ll~J..t~1=lf~rnl~~~*@1$~BSJ¥litll. EE:F 
$~-@{I.f';[Q]ltg8SJEl315.§ C)J WJ19 ~ ,0lI: ~ fit 7C Illi~ tvUt. 0lI: BIl'fF ffi~m J~\ ffill~~ lI& 
ZVJ. ~~lIEBJ3-@{I.f';fFffilliBJ~@ZVJ, C)J~~fiP~~, OlI:$~~{tliJ' WifiP@1$, ~%,q.r~ 
tJD{I.f';~. 

UU :nit-: ~~~ff ab ~~~ni x ~iE1JtoJl¥.JtlJit~ Vo at, 1tSl1JJ~~lItt~~ 
mF~~m~~~,m~~~ff~~~~~l¥.J@~~~~~~m~m.mf@~~ 
:ff §~*~,~m~mtl¥.J~~,X~:(:E@~~F~ § ~~;/J~, §~~;/J~:j$f~.liW 
~1iii:l¥.JitI*,m~~,m?t@~l¥.J~~.lil1~,fE!@~l¥.J~m;tt:7f~~toJx~*. ~@~ 

~-g:ff T ~1iii: ,lItt:%f'l:fflfff ab l¥.J1(!lL}J:j$f~ab ff~it, f'l:fflf cd ffl¥.J1(m fJ 
it cd ff;iE~. 

iJ{£ff:~BHtl t,ab ff~ cd ffl¥.Jit~?HJiJl1 VI ~ Vz (~EI~~ifiJ~:t ~< s), ~ 
VI, Vz l1iEBt ,~i.Kililni x ~iE1JtoJ ;;s:~.w.;EJ$Bt#1J toJ 1J @~~ ~1iii:~~~~ 

l¥.JiE1JtoJ ,JjliJltSl~ff{;iX1JJ~tllltt~~l¥.J;iE~mF~l¥.J~m~;/J~ 
E=Bl(vI - Vz) . CD 

~@~~l¥.J~.i~Il1~l¥.J~~$l1~at,@~~l¥.J§~~;/J~ 

~=-L~. @ 

mWAA~;EW, ff~jlJ @~i51::ff~~.li,:ff 

E+EL=O. Q) 

~~ff:(:E~~~;iE~~.~,~ff~~l¥.J*_~~l¥.J*.1JtoJl¥.J~*fJ1J~, 
*ml¥.JJ9l:,L.,{~?:jJl:a€1lt;iE~. ~*.J.l5>L.' l¥.Jil~l1 1k; ,:ff 

mVo =2m1k; . @ 

_Vo 
~ 1k;-Z' @ 

~~~ ~ tilt ~...-.--_. ._-_._- --- -------.-.-- . ~ ,,-. 
1k:: 1JtoJ-~ Vo ;f!ll"l. ni x ~l¥.JlE1JtoJ. 

~~-*'f l¥.J ~;ty* s' ,1::~Elj>L.'IIDJi:(:E-®,#reJ9l:'L.'f'l:Jg~IHjf,)]C~ 0' .~~ 


f'F!iIIl 0'x'~ x ~.~'T. ~;f!l~;J S' * ,~;mff ab !¥:JitilJg u .cd H!¥:J~IJ[1J u' , )il ~1,;i 
-VI = 1k::+ U • @ 

V2 =vc+u'. CD 
ItSlffiM S'*. ~ffl¥.J.~,Z9J!I1:1J~. ~P:ff 

mu+mul=O. ® 
EI3 CD(2)®®@C7)®*~ .1~ 

6i
2Blu=L 6t' ® 

:(:E Sl * <p ,:(f t at ~k~: JIJ.i ff ab ~ fif- 1J x I :(:E t +6t at ~iJ, 1:: l¥.J ~ 1tF 1J Xl +, 

6,x1 ,Jj!'Jmilill¥.J;E)(. U=~/. ® 

1-t.A®~~~ 2Bl6.:[1 =L6i. @ 

*~ x lm1J i a9iiEi~. m®~~~1 1J~:fi.mt:) .r1!:j i l¥.J**OJ ffl-:a~jJ 

~;&i.K Xl = 2tli +b. @ 


~~ b /9~!/& .~-m1~7£. ~.w.B~:(:E t =O at ~IJ,~r~ff ab:(f Sl * ~ a9 @. fif- Xl 


I L .+ 1 "'" 

= ~ Io ,~Bt i =O.$:~~ x =2B/ zxo. ~ 


. 2Bl (I 1 ) @
!=T x -z,ro .~ 

~ Xo 7&i.K t=O at~IJ~~ff ab l¥.J{li:~ .xl ~i.KtE{f~Bt~~ t ff ab l¥.Jwlt.'/it 

(Xl - ~ Xo ) ff,t~ff ab if t at~lJ;f!lx;J1<.JJMl{li:i[l¥.Jfli:~, ffl .r ~i.K, 

x = .r l - ~ .ro . ® 

~ x>O Bt .ab ffwf~1<.JJMlfli:i:B~;(51J!'J; ~ x<O Bt ,ab ffwf~1<.JJMlfli:ltl¥.J 


tr:1J!IJ. {-t.A@~,1~ 

. 2Bl @z=Tx. 

~1l1t1=-fflf ab ffl¥.J1(!~fJ 

2B2 l2


F=- iBl=----y-x. @ 

ab fftE1<.JJMlwlt;f:1 .1J!IJBt ,~!8' fJ l¥.J1JtoJ f~ toJ ti:1J!IJ ;ab ff:(:EtlJ Mlfli:fttr:.1J!~ B'j' ,~ 


!8'fJ l¥.J1JtoJmtoJ ;f:1.1J!IJ.1lJ ~~~!8' fJ Jt-:ff ~$'l1fJ il':JtiJ9l:. ~;mff ab a9;iE Z9J~mn.[j 


;iEZ9J ,~Z9Jl¥.Jp.iJWl 


@
T=2n J2~l2 . 



_ m-:ii .J~.~OO:fr_. ...----_4�~-:-!7' ...... ·-w .-" > 

tEff~Bti<tl t, ab ;jf7*l*;lttn :Mlf.fL~ B<.J f.fLlt 

x=Acos(~t+cp). ® 


A 1:1 myllli~ Z9J B<.J i1Hi , cp 1:1tn ;fHf.fL ,til;IH~~ B<.J 1t:!i. Jm:i:t ~~~ IlJ >1< 1~ ab ;jf 


B<.J~Z9Ji!lt u=-A(~)sin(~t+cp). @ 


®@~*~*~ff.~~~;jf7*l7ftn~&.B<.J&lt~~Z9Ji!lt.~e~tEt 
=0 Bti<IJ ,ab ;jf&'ffJJ~&., ~p 

x=O. 

1 1J!lt u=Vo-'!.t:='t-\)-ZVo=ZVo. 

$:~ O=Acoscp. 


Vo A (Zrr) .
Z=- T Slncp. 

j(j!;~p;!j~ ,#tt.iIJ®~1~ 

cp=3r @ 

A= Vo T=~ r;;r @4rr ZBNT' 
fflllt1~ ab ;jfB<.Jf.fLlt 

Vo r;;r (Zrr +3rr) Vo r;;r . Zrr @x=zBNT cOS Tt Z- =zBNT SIn T t . 


ffl®~1lJ>1<1~ ab;jftE 5'* 9=' B<.Jf.fL~ 


, 1 + Vo r;;r. Zrr 

x", =Zxo ZBNTSIn T t . @ 

f5J;f~~tIt!l>L' ,ff~Bt~tl ab ;jf~ cd ;jftlltEJ1lj>c" p;!j 1mtl , ilJ J1lj: IL' B<.J ~7*l:.m ~, $:tE 
5'* 9=', cd ;jfagf.fL:'!: 

, 1 Vo r;;r. Zrr 
Xed =-Z-XO-zBN TSin Tt. @ 

:.m~tif!!.jij~~* 5,J1lj:,L'Q.( '!.t: = ~ Vo B<.Ji!lttoJ;tJ~Z9J,#tt.iU®~,1~ab;jf 
tEif!!.jij~~*9='B<.J&:,!: 

Xoo=X +-'t-\)t+~1 mLo rIt
,d lfiES"~~~T 2 2B ,""(Bl fT) t. 
@

~nffi:~ y:;;;[ 

1 v r;;r. ( [2)
Xed =ZVot- ZBN T Sin Bly:;;;[ t. @ 

@J~9='B<.J~1Rtffl®~~ 

. ZBl Vo r;;r. Zrr 1m . ( [2)
l=Y ZBN T Sin Tt=Voy IT Sin Bly:;;;[ t. @ 

...-_______ _~=-! ~ !il ' ~ ~ ·8
4~p,~t. 

n$=: ~~ftI.i;jftEm:f:~9='~Z9JBt, f5J-W~tlr&i~~rmF:i:~ElZ~;b~, @J~9=' 
tfj~~VltM, p;!j~ftI.i;jftll~5tilJ:ti;* jJ B<.JfFffl, :ti;±f§ jJ~ ab ;jfB<.J J!lt~j£, ~ cd 

;jf~;b. i5!:ff~BHtl t, p;!j;jfB<.JJ!lt*§3IJ1:1 VI ~ 7l? (;fro~Jt!!,dii~~ $. 5) ,*t~,~:it!! 

MttntoJ 1:1 @J~~Z9J~~~1RtB<.JlEntoJ ,]llU ffl rw~ftI.i;jf.!:j~ilLf1Jn!ZB<.J @J ~9=', f5J;jf 
tEr&i~9='~Z9Jrmtfj~B<.J~M~Z9J~1:1 

E=Bl(Vl-7l?). CD' 
~ u *7f.. ab ;jf;f~xt'f cd ;jfB<.JJ!lt,~ 

E=Blu. @' 

~ @J~9='B<.J~1Rt i j£1tBt, @J~9='~ § ~Jt;b~ EL ,;ltj;:/J'\.!:j ~1RtB<.Jj£1t$n!Z 

lEH=.,~P~ EL=-L ~. (3)' 

~tHm®:~Ilt;E1t ,tt.iU @J ~i5t~ ~ ~lL ~ 
E+EL=O. 

ffl~@'®' p;!j~1~ Blu=L ~;. @)' 

W:tE t BttlJ,~~;jf ab;f~xt'f cd ;jfB<.JI€7*l1:1 x' •tE t+ ~t Bti<lj, ab :.mxt'f cd 


;jfB<.JI€7*l1:1 x' + &' ,]llIJ fflJ!ltB<.J~5(,~ 


& ' , 

u=Tt· ® 

1-tA@)'~1~ 
Bl&' = L~i. (6)' 

*:m x'~1:1 i B<.J pMj, ffl (6)' ~1lJ~ , ~' 1:11t:l:, Jifi~) x' .!:j i B<.J ** IlJ Wfl
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'f~~ 
._Bl I'ii\' 
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t~~ -iBl=maab' @' 


iBl=maa/. @' 


http:ffB<.Jf.fL
http:jfagf.fL
http:B<.Jf.fL
http:lttn:Mlf.fL
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~~;j{j~jHt~i1J@'~1~ 

. 2B2 l2 ,
m(aW -a",) = -21Bl=---y:-x. @ 

~~ (ad, -a",) j;~~;ff ab ;j:§X<j''f cd fft't;J1JoliJJt, rm x Jf:. ab H:ff3:xt cd :fUll 

X<j'fiLj[t't;J{il:~, 2~: l2 ;/i!'Iil'~, *aAJ!1-;j:§:X;jiliiYJJf:.mi~ili;1J, ER<J1I&iYJWJM 

@'T=2~J2~l2' 
tE{f~BHIJ t,ab ;fH§x~' cd ff;j§xtffL.'li.;f§xtEff1iJJMlffLtl':l¥.JfiLf.t 

( 21l' . ) @'x=A cos Tt+CP . 

A j;fijilffiliiYJl¥.Jj1Hi'ij, cp J;jW:f§f:il:, tfI;/i!1~5E t't;J 'Iil'ti, J!Lct~~ Ir1riJJ*1~ x ilJ1i 

M/8] eg 1f:fti¥ ep lilt 

v=A (zy) sin( ZYt+cp). @' 

~B~tE t=O BHiO ,fff:il:=r-w.!mf:il:j[, efJ x=O,lilt v=Vo. 

i&:ff o= Acos<jC. 

A( 21l') .
Vu = - T smcp. 

MJ!~~, Jtff~¥~®' ~1~ 

m= 31l' 
T 2' 

A= Vo T=-~ /mE
21l' BtVT' 

EE Jlt1~ 

Va r;;;r (21l' 31l') Va rmL. ( rz ) @' x= ElV T cos Tt+Z = ElY 2- SIn BlV;;[ t. 

I!! t=O M~Lcd fffft-'f x =o kt ,ab fff:il:T X= Xo !ll: ,~~0IJ;j:§xt1izItEE Xo *
7f;; 19: t aHO ,cd fffiz-'f x = Xat 611 ,ab ffw-'f x = x'" !ll:, ~1!fe~ffixtf.lLit Ell x", -Xat 

*7f;,$~fft't;J;j:§xtwj[l¥.Jwf.tX~*7f;j; 

x=x", - Xat -xo. @I' 
mldA 

_ 'Vo /mE . ( 12) @'Xd,-.Tat-xo+BlVTsm BlYmL t. 

@';fQQY~:f§1Jo m(a", +a", ) = -iBl+iBl= O. 

1~ (a,,, +aai) =0. 

EH JltIiJ!m, ~ffi!.!tZ*llj;-'Iil'iif!~ Va ,J9T1dA ~fft't;Jfil:1i. xdAllxat ZfOm1] 
x", +Xat = Xo +Va t. ®' 

Eb~lnQ®' ~;f§1JO;fj];j:§~, ff~i1J®'~ ,1~ 

_ 4 

--.-~::'~-~ $ ~ --- -_._-
_ + 1 + Va /mE. ( fT) @' x",,-xo ZVat 2BNT sm BlV~ t. 

_ 1 Va /mE . ( 12) @'x aI. -ZVat-2BNTsm BlVmL t . 

EE @'@I/@'@ ' ~1~ @] ~ i:f ~ if,t 

i=VaJijfsin(ElJ!)t. 

<U'A:l.4-. (2002· ~/i!!I~JI••J1g ) ~A R it J T 3t ~ 'i.)fl Ji.i ~~:i ~ ! ~ § ~ 
-* ~.1£ 00 3-7-1 9 tf ,E JJ If!.JI PIif,J ~ 1L YJiE If!. ~, K JJ Jf 1e,L JJ {f)JlH~,! ~ § ~ 

-* ~ ,rL JJ ~ 1Il ~ j, VrE If!. ~.H. , D JJ J! ~,::",.t.l 'f , r JJ )fl If!. ~.H.!i ftj: A iiJ If!. ~.H. * iiJ If!. ~.H. , 
A JJ If!.¥t*,. ¥tOO 3-7- 19 tf a,b i::.fBJ e~ !@'~.H.!i~li100 3-7-20 J'jf;iF a~i-.\'f 1 fJ. ru 
3-7-20 tf !t1t/1.~j1YL OOTi.JI.il}l . !t tf 1Ut*1i1f 5*,i-'\'f 1 ~.El A ~ $ ffJ.?t* fJ ~~ 
;1k~ 9:.1*("T:i9l.h J.l'.:tN. q:f,f .. ), ~1± $ ~ 6 a9 J:. T fHb PI iftl1t -t .!lB 'f 8 tf ~ ~ 7OC.ti 
~;f7J~a--w..'i.,iftl1t j§'¥tfii.] 1'110 Ie ftl ,~WJ :ilL9:.1*/%Jf . -t!lB'f 8 a~ fJ1rA~JJ d. 

El~ .A '" ~;I : ! l" 
/!I 3-7- 19 

,..1 ., 5 <9 8~' 
I~:~I 7 II 
7 2 

1. iJt~ 2. ~Et~ 3. llil~~ 4. '=:im~ 5. ltM$f',3J' 6. f.!i~ 7. ft!1Hl!! 
8. 7l<.3jl-~]ftifJ~!IH'l1f, rJ;];(;f -ll2:1H~,llUl, Ktl1ifij.!§::kE(.;f!IiA, ftjjlij·":~ii.1\'i";f!Iim 9. iillifj' ?iIJ 

ltRi'l9JiHIi 10. iJjJfl 
/!I 3-7-20 

E, ~1£JI 31::f ~H'1 ~ftf T ,1;;1:1' tf 4iJ '* ~ 9:.1* iiJ 11~7t-i!li 1 Kat, 'i~ '?R I\t ~ 
1P.: ~ JJ Cp , *9:. JI 31 JJ p. i): 1;;1: 'f , =-~ l' , ~1 M**' -t !lB 'f 1r JJ ;t 1P.: ~ , It ~.H. g ~ 
1P.:.?t::fit. *~~Jfle K j§', ~ 1Il L tf ¥t F 1.~:lh , E,~ ~ 1Il tf ## iiJ~:lh fiUi W 

= ~ LJ2 , I JJ ~1±~ 1Il ~!@. it, !tit PI ~1± If!. 71* A )~~:!i:. ~;f~)fl J1t~j'f.R--@-l! iiJ' 
:!J7 ~MlJit ~ ill iiJ !§ ~ -* ~ L. 

(1)f,iJ:J~ tilJltjt~~:!J7.w.. 

(2»)fl ~ tf J'jf~ til iiJ~ E,~:i(r ,rL ,Cp ,p,d ~).Rj,~J3lUq~ iiJ :ft..!f til L iiJ ;;~U!5t. 

BHfil K ~5'Fo,~I2l~13ffiJ~~ W= ~ U 2 ,&Tn K Fo,)x®~.:X~~H± 

. 

mailto:J1t~j'f.R--@-l
http:wwii,cYjy.com
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z @2mv mv . 

*~;flLTrfl7Jc3fjij (xy 4" dQ )illij] Ei"Jij]jiJg 
p=mv//""=::mv. @ 

~~;f§*Iffi~Ei"JJLfiiJ**, OJ1~ 


~ I =hl iB2lzll=hl f= m 2 
if 


I p f' m 2 if f' i B2f 

~ (2003 • :illlj#r1m!]lOO~I!&) 


~~T1*~~. 

~ 5.!L~{ft. f- *- 119 #Hf WJt, ;P1X.;xt£~ W~, -tl!.:xt 121 ~R.I. i!'.L if;] S JfJ f" :tiN. 
* 119)'1' it. ~ i% f-1*:it~~ --1'-Ii~ it A ~;xt ~tL !Mf~iiL ~*-t&5! J\t ~ if;] *'m.. ~ 
8 £ ~ i% f- 1*m: 4ta9 J\t 1:UUJ ,or -¥J- t ~ li!i:it 4;t ~ M> t :it 4foAgH~ tt *:it4;t 11'; J\t ~ 
~~.7J ;tP*:\W ** ~*.iE ~~. * 11'l-t&J\t ~i£4;t a<J ~ JfJ L rn..1J 1Q2 T/ m,?t W~ i% f-1*:it 
41,1'E ~ !&' ~.1J 1017 cm- 3 at, t 11~ m. ~ ~t.7J ;f§ ~ -f *:\W ** ~.1J 3 X W T I mUIJ JJ #.t 
m.j;,.jHtfJl] 10' ~). 

1'E r [Iii!h fOJ J'!l 0/ , ft iiJ -¥J-llJ P}J.1J 1t i ~ 5!~ a9;f§ :xtitti{ft. f- *-,1'E:jl!; ~ 0/ lit ~ 
§ ftJ\t~, jJiFf%1l!z7f-*.. 

(a)~m-* OO;!f:R 1':19 tf-*-, t f-~~ 11- -111, $~:!Ii: *~.1J n, t f-119 .f-~:it 

......-- --.---.-~-:=. ~~.~~ ~--- ~. 
4~~'" 

$.1J v(lie i1!J1ti~~ JJ ~$-:t ~M; ,f-, fJI] iJ!IJ "i'11L) .. 1U JfJ f8.~ t* ~,:fit ~ ttl 1'E t f- *- fJ , 
JlE $ 0/ ,,:.' ~.1J r ~ a<J t:\W 5!~ 

(b).:fi~ ttl 1'E (a);II! 0/ ~ - ,?: a<J*,~ S 5!~. 
(c) ~ 1'E t f- -* 0/ a<J t f-:iffl.:J:± 1,t ,8. at , fJT ~ iiU #- B9 %.7J .1J $ * ? 
(d) ~ i~1'E (c);II! 0/ fJT1.!!f a<J #j;~t, or ~JfJ -f;f§:xi it 'r1 if;]:it~ ,.ooU ~ t f- a<J:it~ ~ 

:ll!:-f7\:;:itc at,c= ~,tf-fJT~a<J.7J.1J$*? 
v ~op.tJ 

(e) ~ ~ f-1*.1J J),1f;f§ ~ t-m $ ~ if;].iE i% f-;tP t f- a<J m: i% '\1*. .iE i% T;tP t f
!J9{ft.f-~,&~;f§~. *4"- 1£.1J R 119 tf-*-:ilt:A- '& ~~~, ~f-~ Wf~.1J no (1l<J< 

n) a<J~~f-1*0/ ,.ooU ~ tf- *:ilt:A~~f-1*~-&* at f"lTo ,~Jt. B';~ ~T1* ~ f-
1'Etf--*#,JlEtf-.o/~~.1J/~m~~%.7J.1J$*?~t~~f-1*fJ~i%f
~:t \tr ~;tPJt 00 ti:R:xi*'Ii~#;P~. 

(£);(E t f- -*:ilt: A ~ ~ f-1* - & * at fP] To , t f- *- fJ JlE i% t f-*a9 0/ I\,' ~.1J r 

~--tt f- ,fJT~ B9%.7J.1J $ *? ~i~ t f-if;]:i!$ ?:r+C, iL~ i% f-1* fJ B~ ~ T~* 
~;tP Jt 00 ti :R :xt * 'Ii tit # ;p ~ . 

[:$f;fJT] *~~~B1Jill§n~~~~~J~H~c:pJ5JT~mlBSlWJW~~, ~DEg@~ 

~~mBSlB~.~~~~e~~~~,~m~m~~~~~~~*Eg~~mffi~ 
~~~*@Zl1JEg@BSlfi&~~m ,)tHfii~*Eg~5R c:pBSlEg :fJ5JT~BSlEg fi& n. ~9~51~ 
~Eg:f5RmJ\~~~~J5JTcS~BSl~I8JFo ,~C:PP3.~:f( IIF <t T) ~.r1P'Rt±ln, ~r: 
BSlGZ.toJ IE ~ :f(it kAt .11:.) • 

[ml (,)tEot'f*,",ilIlI<-'i" i) "''''*)-
'2;!g "fcln, L, '"..T;It"' 'L'1lIl a<J ill ""(I!J~:)",,,~
:t£'~Q~ 3-7-38M'ffi. mT~i'ij*Ji~9 

L 
rnll.j:B~xt~11,iEitll&l:tt1YUHlilkEi"J~ rn 3-7- 38 

:%5!t\Ji*/J\~;f§~ ,;¥t:1JrEl rOJ p;j~lti~IT~'L'~. miWiWiJE~lE . d A = .Q. , PJ1~J ~o 

Er • 2nrL - -ne(n?L) 
~o 

E =_nerl&.E=_ner
, 2~o - 2~o e, . 

Bo(b){E~ 3-7-39 M'ffiEi"J~T*Vg, _______[Er';, P ~ T * 
-c _La.. e- v~~-*1:£Jg r,xt~T~'L'!iIllEi"J@]~ ;' --------~ 

itffi~:j:£. mHffi~1:£§OO~9~t~,ff 

rnll~kM'f'1:Ei"J~~J:iiZ5!t\Jl:*/J\~;f!l rn 3-7-39 

~,Jt/JrOJJg)lrmBHt/JrOJ(dQ~<tT J.t.fJI];J.rut~foJ). m~±#ffMtJE~T 13· d 1 = 

~o I, OJ1~ 
Bo ·2nr=p.tJ(-nev)(rr? ) , 



.-~~-~.- :!.-...----~~,~$~7.j- '--' 
=_f11Jnerv-,;f':B-=_f11J nerv•Bo z.:;,x. Z ee· 

(c) Et!. T J9T~~ Et!.~n (i&-1tlt:!J) jg 

F=qE+q; X B. 
2ne rJt:9=t Et!. T Jifi~ ~ Et!.j:hn jg F, = ( -e) Er = -Z- , jJ riiJ ~HT 9=t 'L'~ riiJ 5'~.Eo 

Et!.TJ9T~~~j:hnjg F",=evBe=-f.1Qn~n} ,jJriiJ~HT9=t'L'~riiJP-J. 
i&Et!.TJ9T~~i;njg 

2 2 2 
F= F +F = ( ne r f.1Q ne rrl ).

er 
= ne r (1- if ). 

, m ZED Z ZED c2 er • 

P:; 9=t c = _1_ jg 7't:(£ A:£ 9=t B~ftmB~$. 
JEOf11J 

(d)~Et!.T~J!Jt~JlIT7'tJ! c Bt,Et!.TJifi~~i;n F-O, ~PEt!.TJifi~~Et!.j:h 

n;f!l~j:hn~Jlt~m. 

:~:~~:=:-:o~~!£~:; l :mm-liil,illill!~lllllllrn ••mm ••••••••*; v. t£~~U~~~H!HHf lm~·qJH1iW(ITmnfU~ffijrn~
Btl8J}§-, ~JlI Et!. T* ~~~Ti*9=t ~ Et!. :::::::::::::::: "::: :::::::: ::::: :::::::.:::::::::::::: :::: 
T, El3T3tfH£ffii~~~fF :±I~,t£~qjr 1£ HHHHjL:::::: ::F::::::}HH::::::::::::
~T[ ~ -=f-4trE Jt.:J.J no (no < n) J~1lR51:(£ · ··· · ··· · · · ·· ···· ···· ·OO·3·:;;~4·0 · ·· · ··············· ..... . 
P-J. 19: Q jg:(£Et!.T*5'~~~.!l::~~~Ti*1&1T,IlEEt!.T*9=t'L'~jg r' ,mm~WT~ 
~, Pf1lt*:!U:~Et!.j:h~9iJtjg 

Er' • Znr'L =-.l[ (-ne)( nR2 L) + (noe) (nr' 2L)].
Eo 

R2 I 

Er' =_~+noer . 
ZEor ZEO 

EI3 T»2i19:~1&1Ti*1&1T~.!l::, ~~~itl~n ~Jl'Fm, Jifi IV, it:!U:1£~TJifi~~i; 

njg 
2R2 2 I 

F=eEr, =-~+noe r. 
ZEor ZEo 

(f):(£~~Ti*P-J B9Et!. T *, Jt:P-JIlE9=t'L'~~1~riiJllE1&1jg r ( r< R) ~-1'- Et!. T, 
J9T~~Et!.~njg 

F=ne
2
r(l_ if). _noe 

2
r. 

c2 erZED ZEo er 
• 

~ Et!. T~J!Jt v-+-c Bt ,F~- nZoe2rer ,jJriiJjg~HT9=t'L'!illlriiJ P-J.
Eo 

~.:.~ E€ t#. ~.-----_... ....~.., ./., 

~ (2002, !Il!i1II!/1JJJ.I!~nl~) 


% ttL ~ 


:ilP ~ 3-7-41 fJf~, 1i P ,R:;J;r -1VH* f-,1i Q ,R: 1f -1i-M:M., 1Il1.1fl ~~#J;t. 
P AtJl Q A JiJ - t,JtfJ w= 1000 m B<J ii!bX !Wi7f. Ij' 1*. f-1iil:t J:.~:l:i ·!HhA(t;Jl ~ 
fp-, 1Il1.ir. t P.k:Jtit -li.!fthAt¥HI 2,kMJ~ n.i¥ -i. :!tu m3-7-4Z fJf~, 1Il1.it l' -1

i~~ or if.] 1I'J#1i, 1i #;t _L1I. {Jjidf fa) !Wi L=Z. 00 m II'J j1ij.ffi.4:)J., ·!H}L ,4f.ffi. ·!Hh, II'J 

*~ D=35. 0 m ~ i~5i¥t-1-Z 4Z4 VII'J.R ~ t lW-.!ij j1ij.ffi.4:)J., .!¥tJI,9#ij-$tNit. - .ffi. 
.!¥ t~or l;l1i4:)J.,.!¥tJ!,J:. §J JiJ m-;&(1*-#..!:]"*.$Jt,~ .:flJ, ~ t m-;& at, +1* f-!if ~~ 
:I~;P1iJ:.ilii. 

-1i{t;;f. j\1j ~ II'J It1lhfi ;j,t/j' 1*f- B<J :iK~t- jJ fJf ~;&, i~ it l' -1-*m, t ~~ f
1=. B= 10. 0 T II'J '* 3k, *3k 7i Ji;) .!ij .!¥ tJI, B<J -f-ilii *".R. + 1*. f- ~ 70 kg, .!¥ It ~ ~ 10 
kg,.!¥ t~ II'J t P.lI. R= 1. 0 n. 3t Ifp-,.!¥ tJI,ti!if if. # I1f. JII:. at1ll1.jJ J~ -M:M. - 1'- t 
~, -M:M.-*.;i%ilf1tL ~ a~ ~ *¥t~ it re~- 1- ~A , ~ ~~ It ~ ~ $f fo" 11 t>' l*l1ll1.1i~ 
!IlJ~ Q ,R:. i}/,3tfp-~;M.iiM l' t~. 1}1:kiI.~P{J;&:#-¥t §J 2,kMJU Q A. 

I~
/ <)( I 11 
~_~____~999_~____________ ____________ ~_ 

0sm 

III 3-7- 41 

#: ,Ill\ r 7~ -* * , :Jt M-H!\ ~~ 1f #: at 3t ffi. JII:. 
*? 	:!tu jPdiL M1i1~~ S1i1t i. ~ IE l*l? 

(a):Jt.!¥ tfj + 1*. f- -f- 11 -T.!¥ $.iL B<J j]o:i!~. 

( ~ffle~ *~ ~ ~tfj+1*.f-1i.!¥tJI,J:.~ 

-i- II'J at fJi] t , tJl 1i ~ <f 't 11 ~ -i- a~ at fa) t / . 

( c)@j tfj ,is, at fa) T=t, +t/ .!ij 1~ ~ e II'J iI& 

1:R**il!J ~ . 
(d)~~ J~.!¥ $.iLti II'J #J *t'-iI&,;](. ill 11'1* . 

I!fI 3-7-42 
f-i~.l! 1~ ~ eB<J jt it ~ IE. :!tu j!H~Pl, ~1f-
1-iI&1i* Jf-~. 

1fr7H&Jt: 
1) if3t t ~ fo" J~ kM iltr II'J fJf 1f*~ at fJi] (1fH,,:J+1~ ffJ e-iPl jlJ 1;-l!. 6<J ffJ It ) !if ~ 

~~;f it. -tl!.1i,t:JbJi, ~*( -+$.£ +1:k. -T.p .#..f+..t )7fy~1i *l-1i J:.~;/J (~M ) B<J at tlj 
t=O. 

http:l*l1ll1.1i
http:at1ll1.jJ
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=_f11Jnerv-,;f':B-=_f11J nerv•Bo z.:;,x. Z ee· 

(c) Et!. T J9T~~ Et!.~n (i&-1tlt:!J) jg 

F=qE+q; X B. 
2ne rJt:9=t Et!. T Jifi~ ~ Et!.j:hn jg F, = ( -e) Er = -Z- , jJ riiJ ~HT 9=t 'L'~ riiJ 5'~.Eo 

Et!.TJ9T~~~j:hnjg F",=evBe=-f.1Qn~n} ,jJriiJ~HT9=t'L'~riiJP-J. 
i&Et!.TJ9T~~i;njg 

2 2 2 
F= F +F = ( ne r f.1Q ne rrl ).

er 
= ne r (1- if ). 

, m ZED Z ZED c2 er • 

P:; 9=t c = _1_ jg 7't:(£ A:£ 9=t B~ftmB~$. 
JEOf11J 

(d)~Et!.T~J!Jt~JlIT7'tJ! c Bt,Et!.TJifi~~i;n F-O, ~PEt!.TJifi~~Et!.j:h 

n;f!l~j:hn~Jlt~m. 

:~:~~:=:-:o~~!£~:; l :mm-liil,illill!~lllllllrn ••mm ••••••••*; v. t£~~U~~~H!HHf lm~·qJH1iW(ITmnfU~ffijrn~
Btl8J}§-, ~JlI Et!. T* ~~~Ti*9=t ~ Et!. :::::::::::::::: "::: :::::::: ::::: :::::::.:::::::::::::: :::: 
T, El3T3tfH£ffii~~~fF :±I~,t£~qjr 1£ HHHHjL:::::: ::F::::::}HH::::::::::::
~T[ ~ -=f-4trE Jt.:J.J no (no < n) J~1lR51:(£ · ··· · ··· · · · ·· ···· ···· ·OO·3·:;;~4·0 · ·· · ··············· ..... . 
P-J. 19: Q jg:(£Et!.T*5'~~~.!l::~~~Ti*1&1T,IlEEt!.T*9=t'L'~jg r' ,mm~WT~ 
~, Pf1lt*:!U:~Et!.j:h~9iJtjg 

Er' • Znr'L =-.l[ (-ne)( nR2 L) + (noe) (nr' 2L)].
Eo 

R2 I 

Er' =_~+noer . 
ZEor ZEO 

EI3 T»2i19:~1&1Ti*1&1T~.!l::, ~~~itl~n ~Jl'Fm, Jifi IV, it:!U:1£~TJifi~~i; 

njg 
2R2 2 I 

F=eEr, =-~+noe r. 
ZEor ZEo 

(f):(£~~Ti*P-J B9Et!. T *, Jt:P-JIlE9=t'L'~~1~riiJllE1&1jg r ( r< R) ~-1'- Et!. T, 
J9T~~Et!.~njg 

F=ne
2
r(l_ if). _noe 

2
r. 

c2 erZED ZEo er 
• 

~ Et!. T~J!Jt v-+-c Bt ,F~- nZoe2rer ,jJriiJjg~HT9=t'L'!illlriiJ P-J.
Eo 

~.:.~ E€ t#. ~.-----_... ....~.., ./., 

~ (2002, !Il!i1II!/1JJJ.I!~nl~) 


% ttL ~ 


:ilP ~ 3-7-41 fJf~, 1i P ,R:;J;r -1VH* f-,1i Q ,R: 1f -1i-M:M., 1Il1.1fl ~~#J;t. 
P AtJl Q A JiJ - t,JtfJ w= 1000 m B<J ii!bX !Wi7f. Ij' 1*. f-1iil:t J:.~:l:i ·!HhA(t;Jl ~ 
fp-, 1Il1.ir. t P.k:Jtit -li.!fthAt¥HI 2,kMJ~ n.i¥ -i. :!tu m3-7-4Z fJf~, 1Il1.it l' -1

i~~ or if.] 1I'J#1i, 1i #;t _L1I. {Jjidf fa) !Wi L=Z. 00 m II'J j1ij.ffi.4:)J., ·!H}L ,4f.ffi. ·!Hh, II'J 

*~ D=35. 0 m ~ i~5i¥t-1-Z 4Z4 VII'J.R ~ t lW-.!ij j1ij.ffi.4:)J., .!¥tJI,9#ij-$tNit. - .ffi. 
.!¥ t~or l;l1i4:)J.,.!¥tJ!,J:. §J JiJ m-;&(1*-#..!:]"*.$Jt,~ .:flJ, ~ t m-;& at, +1* f-!if ~~ 
:I~;P1iJ:.ilii. 

-1i{t;;f. j\1j ~ II'J It1lhfi ;j,t/j' 1*f- B<J :iK~t- jJ fJf ~;&, i~ it l' -1-*m, t ~~ f
1=. B= 10. 0 T II'J '* 3k, *3k 7i Ji;) .!ij .!¥ tJI, B<J -f-ilii *".R. + 1*. f- ~ 70 kg, .!¥ It ~ ~ 10 
kg,.!¥ t~ II'J t P.lI. R= 1. 0 n. 3t Ifp-,.!¥ tJI,ti!if if. # I1f. JII:. at1ll1.jJ J~ -M:M. - 1'- t 
~, -M:M.-*.;i%ilf1tL ~ a~ ~ *¥t~ it re~- 1- ~A , ~ ~~ It ~ ~ $f fo" 11 t>' l*l1ll1.1i~ 
!IlJ~ Q ,R:. i}/,3tfp-~;M.iiM l' t~. 1}1:kiI.~P{J;&:#-¥t §J 2,kMJU Q A. 

I~
/ <)( I 11 
~_~____~999_~____________ ____________ ~_ 

0sm 

III 3-7- 41 

#: ,Ill\ r 7~ -* * , :Jt M-H!\ ~~ 1f #: at 3t ffi. JII:. 
*? 	:!tu jPdiL M1i1~~ S1i1t i. ~ IE l*l? 

(a):Jt.!¥ tfj + 1*. f- -f- 11 -T.!¥ $.iL B<J j]o:i!~. 

( ~ffle~ *~ ~ ~tfj+1*.f-1i.!¥tJI,J:.~ 

-i- II'J at fJi] t , tJl 1i ~ <f 't 11 ~ -i- a~ at fa) t / . 

( c)@j tfj ,is, at fa) T=t, +t/ .!ij 1~ ~ e II'J iI& 

1:R**il!J ~ . 
(d)~~ J~.!¥ $.iLti II'J #J *t'-iI&,;](. ill 11'1* . 

I!fI 3-7-42 
f-i~.l! 1~ ~ eB<J jt it ~ IE. :!tu j!H~Pl, ~1f-
1-iI&1i* Jf-~. 

1fr7H&Jt: 
1) if3t t ~ fo" J~ kM iltr II'J fJf 1f*~ at fJi] (1fH,,:J+1~ ffJ e-iPl jlJ 1;-l!. 6<J ffJ It ) !if ~ 

~~;f it. -tl!.1i,t:JbJi, ~*( -+$.£ +1:k. -T.p .#..f+..t )7fy~1i *l-1i J:.~;/J (~M ) B<J at tlj 
t=O. 



-17-- PUb" __ no 

2) IJ'1X T iiJ IlA 1I 

... ;g-itj ~ii?;OO:fr==o::..-___ 
• 

~ J., ~tJL a~t.r ~1iJi7fjbJtjjt. 
3)M:!It ~~Jiljtp Q ,\\i:{E jiiJ -Jk-f-~lt, 00 ~;ffJne. w=l 000 m. 

4) jt t.r {iiI ~± ,"l:KS.. i?tJ ~ iiJ IlA ~ ±~:I1l!" jt t i!r f~ JI!. 
5)~J, ~tJL!tJ t ~1I., ~ t#l# ~tJL fJi] ~ J!j~jJ 1lAJ). ~ ~ ~lI.jJ $ iiJ IlA ~ ett~it. 
6) ~ jJ fJDitlt g :If!{ 10 mN . 
JLt-~¥0:;.t: 

1. f e-=dx=_e-= 
a . 

2. 7Jl£~~=a+bx a~~a:Jl:::;.t~tfj 

x(t )= ~ (elz -l)+x( O) e". 

[~;fJT) *~4i:~esJ-fl:Pj'8J~75$~: 1Z'!5~Eglifi~Jilllru~, Jj)U~~~(j! M 
'H*--t ) ?:H.e JJ (1'-~ :h t<> ~ :h ){'FffiTi1&~1JmsU'11~iliil.D. ~R ~$JLFoi1&~$l..tWJili 
il.D ,1£!~~~~~!!ffi~~A' rm~~~$~: '!5~~~~cpesJmJillEg~, Jj)UlifiJJ~
l'!:§iliil.D~&!'j§j*esJ ~JJ ,Jltll:t!l)MlJ:!)1~ill 'l!![ , ~&! ,81 r~ ~w.J~iiJill )~~ esJi1&W
:5:1*~. 

UU ~$-:~m~Jj)z~;b~fj{J~ploJ(~i!fliJWf.i!-). 
(a)i&!:iEi9:ffli~ ;b~fj{J'm()LT ,Hl1fEeglW-P.JTw.;Jj)zfj{J~mEjJ I. J3i&!:li~;b~jJ 

€b ,JtP.JTf'~i¥J~Jj)z~mEjJ i,Jj!IJ 

€b=d<P=d(BLx) =BLv i=Blv 
dt dt 'R . 


iM£iiJj£!WL~ ~1$ ~mEjJ 


IN=I-i=I- BL
R· 

v 

fFffl'f'~Jj£~fj{J~f1jJ 

F, = BLIN= BL(L- Bft) = BLI- B2f v. 

J!t~j:~t.Ja<J1J(O]f11::fii~*JL~,*,~(O]..t~HT~~~. ~m/HkTtttE~Jj£ 
• ..t, IIlHZ~1-r, rz;]J!tfFffltE • ..t fj{Jil" t.J:;Jg 

FN = F, -mgsinB. m 
EE4~M~=JE~1~ 

dv
FN=ma=m dt. @ 

EEm~@~~~~~••fiT!WL~fj{J~~~jJ 
dv v 
dt =a--;-, Q) 

BIL . _ mR
~* a=~-gslnB,r-B2U · 

(b)(i ) E.~~ff!!:.fj{JfJJ~jJ~ , EEQ)~~fIW1~ii~~tEBHtl t fj{J~~jJ 

.------- tt=-~ ~ ~ ~ 

vet) = v~ (l-e-~), 

=l>rl-. _ - IR ( _!!!:K ' ):10" T v~ (8) - ar- BL 1 BLI Sl[J8 . 

i9:~.Jm~!WL~fj{J~~:;Jg v, ,iE!WL~..tP.JTi'£mfj{JB;fra]jJ t, ,Jj!tl 

" v, = v(t,) =v~ (l-e-'). 

EE..t~fIW1~ 

t, =-rln(l-:~ ). 

(b) ( ii)i&!:~"11~~lii~P.JTt£m~B;fra]jJ t, , Jj!tl 

2v, sinB
tl =--· 

g 

tE tl B;fra] P3 ,{tB16,@1~~fj{J7j(.I1E~jJ w, ~ 


w= (v,cosO)t, . 


EE(J)~®~~1~ 
w 2v, sinBt ----- 

1-v, cosO - g . 

EE®rt;PJ~ v, tk:JETii~~fj{J1CPffl 8 ~~~fj{JYE~ w , ~n 

-~ 
v, -'V~. 

:jtf®rt;1-tA®~ ,1~ 

t,= -rln( l-~~~ ). 
v= sm28 

~®~{-tA®~'1~ 

t = 2sinB~ gw =~2wtanB 
1 g sinZ8 g. 

(c) ~.mi'£:@:~ fj{J ,~B;ffBJjJ 

(Jw ~2wtanB_ _ ( 1 ~ 
....0.=... 

) + -T-t,+tl --rln 1-- . 
v~ sm28 g 

{-tAE.~fj{J~~m: B = 10. 0 T, 1= 2424 A, L= 2. 00 m,R = 

10 mjsZ ,m=80 kg,w= 1 000 m, PJ1~ 

mR 80X 1. 0 
r= B2 U (l0. 0)2 X (2.00)2 = 0. 20 s, 

2424 ( 80 X 10 .) 
voo (8) 10.0X 2.00 1 10.0 X2.00 X 2424 s1nB 

=1 21(1 - 0.016 5sintJ) , 

100 1 )
T=t,+tl=-0.201n ( 1- v~ j sinZ8 + 14.14 j tanB. 

Tx;f8 ~JC*B13~~lrF~ 3-7-43 P.JT~. 

L=..'\"r~ 

-t\ >V 1;>. " 

® 

® 

® 

(J) 

® 

® 

® 

1. 0 n, g = 

http:10.0X2.00
mailto:tB16,@1~~fj{J7j(.I1E~jJ
http:iE!WL~..tP


-17-- PUb" __ no 

2) IJ'1X T iiJ IlA 1I 

... ;g-itj ~ii?;OO:fr==o::..-___ 
• 
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(a)i&!:iEi9:ffli~ ;b~fj{J'm()LT ,Hl1fEeglW-P.JTw.;Jj)zfj{J~mEjJ I. J3i&!:li~;b~jJ 
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iM£iiJj£!WL~ ~1$ ~mEjJ 


IN=I-i=I- BL
R· 

v 

fFffl'f'~Jj£~fj{J~f1jJ 

F, = BLIN= BL(L- Bft) = BLI- B2f v. 

J!t~j:~t.Ja<J1J(O]f11::fii~*JL~,*,~(O]..t~HT~~~. ~m/HkTtttE~Jj£ 
• ..t, IIlHZ~1-r, rz;]J!tfFffltE • ..t fj{Jil" t.J:;Jg 
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EE4~M~=JE~1~ 

dv
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EEm~@~~~~~••fiT!WL~fj{J~~~jJ 
dv v 
dt =a--;-, Q) 

BIL . _ mR
~* a=~-gslnB,r-B2U · 
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.------- tt=-~ ~ ~ ~ 
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=l>rl-. _ - IR ( _!!!:K ' ):10" T v~ (8) - ar- BL 1 BLI Sl[J8 . 
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w= (v,cosO)t, . 


EE(J)~®~~1~ 
w 2v, sinBt ----- 

1-v, cosO - g . 

EE®rt;PJ~ v, tk:JETii~~fj{J1CPffl 8 ~~~fj{JYE~ w , ~n 

-~ 
v, -'V~. 
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t,= -rln( l-~~~ ). 
v= sm28 

~®~{-tA®~'1~ 

t = 2sinB~ gw =~2wtanB 
1 g sinZ8 g. 

(c) ~.mi'£:@:~ fj{J ,~B;ffBJjJ 

(Jw ~2wtanB_ _ ( 1 ~ 
....0.=... 

) + -T-t,+tl --rln 1-- . 
v~ sm28 g 

{-tAE.~fj{J~~m: B = 10. 0 T, 1= 2424 A, L= 2. 00 m,R = 

10 mjsZ ,m=80 kg,w= 1 000 m, PJ1~ 

mR 80X 1. 0 
r= B2 U (l0. 0)2 X (2.00)2 = 0. 20 s, 

2424 ( 80 X 10 .) 
voo (8) 10.0X 2.00 1 10.0 X2.00 X 2424 s1nB 

=1 21(1 - 0.016 5sintJ) , 

100 1 )
T=t,+tl=-0.201n ( 1- v~ j sinZ8 + 14.14 j tanB. 

Tx;f8 ~JC*B13~~lrF~ 3-7-43 P.JT~. 

L=..'\"r~ 

-t\ >V 1;>. " 

® 

® 

® 

(J) 

® 

® 

® 

1. 0 n, g = 



.,~--.b' w.,ww .cyJ~ '-- m-~ Wit§l3?} ~.=.~ .. E€ tit ~------------.. Q _. - ---- .--

12.0 ~ 8=0. 507,tl=10. 540 s,t,=O. 466 s,:f-lJ T=l1. 01 s,D=34. 3 m; 
~ 8=0. 506,tl=10. 527 s,t,=O. 467 s,:f-lJ T=10. 99 s,D=34. 4 m;I J.5 
~ 8=0. 502,tl=10. 478 s,t,=O. 472 s,:f-lJ T=10. 95 s,D=34. 96 m;

'2 11.0 ~ 8=0. 500,tl=10. 453 s,t,=O. 474 s,:f-lJ T=10. 93 s,D=35. 2 m. 
M...t j]jl¥Jit.i!&mPJ~~'t'Hiffll¥J 8 j§ 1t:tE O. 502 rad ~ O. 507 rad '<::'fBJ ,;j:§ ~10.5 

'f 28. 8°~ 29. O°'<::'/S]. 
~1&p;qifL1f~;z!J&Of: ,fillj 8j§~:tE O. 50 ~ O. 51 rad '<::'/S] ,;j:§ ~T 28. 6°~ 29. 2°,0.35 0.45 	 0.50 0.55 0.60 


8(rad) ~1& 29°.
9.5 
~ 3-7-43 ml!= :/G~!!ti@J.jizegZ9J~I¥J~Q""(lLt1li.1-U'] M;:!-). 

~Ul*/G~mi@J.jizegZ9J~, fillji9:1f i@J.jizegmE, ittfFffl 'f1(~~5fIl" m ~ml¥J1f 
ii~ ::tE1!I 3-7-43 ~I¥J 8 m1f - r~,l3:~m'fxt!J&I¥J1!:.&\~~iEm, itt~ 

v= fJ~ 
FN=BIL-mgsinB.

<1 ~ 1>100 ~-131~ v=~121 m/s,:f-lJ sin(28»0. 68,m~ 8>0. 37 rad. 
v= v sin28 " m:tE $JLil:...tiE Z9J l¥J:iJu Jill~ 


mI!I ~PJ*tI:lxtJ.jiz T~ll s ~8 j§tI1/Ejg O. 38 rad ~ O. 505 rad '<::'1'8]. dV=a=BIL_ gsinB. 


(d)~!!tl3:1-~M~I¥J;f§*~i!&, ~1fJ&\~~!!t$JLil:*:'it*1t D 1¥J~~ifi1J, ~p" dt m 


m...tA;:f-lJ
m:tE t, l¥JatfBJpg ,:tE$JLil:...t7tf11'I¥JRei'*l&\~/J\'f~~T D. 
vet) =at. 


0, = f"0 v(t)dt=v= f'"0 (l-e-';-)dt==(t+,e-';-), I'0'. 
 " mJmi'*l $JL il: I¥J Jilt ~ 
v,=v(t,)=at,.

" ==[t,-,(l-e--;- )J==t., -v,r, 
A;~~~"~:tE$JLil:...tm~ffil¥Jat~."~~_._m~ffil¥Jat~~ 

2v, sinB 2at, sinB
tl=--=--'D,=-{=(8)ln(1- =~8),Jsfi1i8)+,Jsfn~8J 	 g g 

1!13-7-44 1'1 D, xt8 1¥J*~(!!j~. ~"~~~&%"-_._I¥J~ll w,fillj~tlIIlJE rA; 

'n2Ll
m'fIl&ifi1J*,14JG D,~DCD=35 m) ,m~1fml¥J 8 j§&\~:tE O. 5 rad ~ 1. 06 	 _( 58) _a2 t., 2 

SI v w- 'v,co tf- , 
grad '<::'fBJ. 

M:f-lJ1'1 li'JattllllJE (c) fIl (d) I¥J 8 j§ *,14, 1fm I¥J 8 j§ &\~:tE O. 5 rad ~ O. 505 rad 
'<::'fBJ . _1,J~

t, - --; sin28 ' 

50 p,(m) tf=,J2w;anB. 

40 " l~ffi~~T§l1¥J '\?' at /S] ~ 

= + =1.,J gw +,J2wtanB3. T t, tl 'n2 Lla SI v g 

20 
= ~[1+2(~ )sinB] 

10 a '/sin28 
o 	 1-tAE.~I¥J~!J&m: B = 10. 0 T, I = 2424 A, L = 2. 00 m, R = 1. 0 fl, g = 

0.4 0.5 0_6 0.7 0.8 0.9 1.0 1.1 8(rad) 10 m/s2 ,m=80 kg,w=l 000 m, PJ:f-lJ 
~ 3-7 -44 

T= 100[1 +0. 20asinBJ. 
;j'1j}iliWkt tl ,t., \ T fIl D, 1¥J0A;, PJ:f-lJ a 	 ,/sin28 

mailto:i@J.jizegmE
mailto:Ul*/G~mi@J.jizegZ9J
mailto:G~!!ti@J.jizegZ9J~I�J~Q""(lLt1li.1-U
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v= fJ~ 
FN=BIL-mgsinB.

<1 ~ 1>100 ~-131~ v=~121 m/s,:f-lJ sin(28»0. 68,m~ 8>0. 37 rad. 
v= v sin28 " m:tE $JLil:...tiE Z9J l¥J:iJu Jill~ 


mI!I ~PJ*tI:lxtJ.jiz T~ll s ~8 j§tI1/Ejg O. 38 rad ~ O. 505 rad '<::'1'8]. dV=a=BIL_ gsinB. 


(d)~!!tl3:1-~M~I¥J;f§*~i!&, ~1fJ&\~~!!t$JLil:*:'it*1t D 1¥J~~ifi1J, ~p" dt m 


m...tA;:f-lJ
m:tE t, l¥JatfBJpg ,:tE$JLil:...t7tf11'I¥JRei'*l&\~/J\'f~~T D. 
vet) =at. 


0, = f"0 v(t)dt=v= f'"0 (l-e-';-)dt==(t+,e-';-), I'0'. 
 " mJmi'*l $JL il: I¥J Jilt ~ 
v,=v(t,)=at,.

" ==[t,-,(l-e--;- )J==t., -v,r, 
A;~~~"~:tE$JLil:...tm~ffil¥Jat~."~~_._m~ffil¥Jat~~ 

2v, sinB 2at, sinB
tl=--=--'D,=-{=(8)ln(1- =~8),Jsfi1i8)+,Jsfn~8J 	 g g 

1!13-7-44 1'1 D, xt8 1¥J*~(!!j~. ~"~~~&%"-_._I¥J~ll w,fillj~tlIIlJE rA; 

'n2Ll
m'fIl&ifi1J*,14JG D,~DCD=35 m) ,m~1fml¥J 8 j§&\~:tE O. 5 rad ~ 1. 06 	 _( 58) _a2 t., 2 

SI v w- 'v,co tf- , 
grad '<::'fBJ. 

M:f-lJ1'1 li'JattllllJE (c) fIl (d) I¥J 8 j§ *,14, 1fm I¥J 8 j§ &\~:tE O. 5 rad ~ O. 505 rad 
'<::'fBJ . _1,J~

t, - --; sin28 ' 
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40 " l~ffi~~T§l1¥J '\?' at /S] ~ 

= + =1.,J gw +,J2wtanB3. T t, tl 'n2 Lla SI v g 

20 
= ~[1+2(~ )sinB] 

10 a '/sin28 
o 	 1-tAE.~I¥J~!J&m: B = 10. 0 T, I = 2424 A, L = 2. 00 m, R = 1. 0 fl, g = 
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rt;9" a=606-10sinB. 

12 

10 

~ 8 
~ 

6 

4 

20 0. 1 0.2 0.3 0.4 
9{rad) 

0.5 0.6 

[IJ 3-7-45 

EE ~ 3-7-45 9"'ilJmt±lxtJ3\I T~ll s ~ 0 ~m:~19 0 ~ O. 52 rad ZrilJ. 
:fl}~mJ3-~$tJ*flj:, IlP~Ji~*lJt D. i9: D, 19~~:tE t, atr§] I*J ,:tE~J]:..tM 

1l'~]1g~ ,IJ!IJ 

10 

o 0.2 0.4 0..6 0.8 1.0 1.2 1.4 
9{rad) 

[IJ 3-7-46 

1 2_~_ 5000_
D, - zat, - 2asin20 - asin20' 

El3T~B!$tJ*flj:j] D,~DCD=35 m), EE ~ 3-7-46 'ilJmt±lil-~~ 0 ~ili'%i:tE O. 

11 rad ~ 1. 43 rad ZrilJ. 
19~atmlJE..tj£~!ffi1l* 0 ~ ~*flj:,il-~~ 0 ~ili'%i:tE 0.11 rad ~ 0.52 rad 

zf8J ,ffi~T 6. 3°~ 30oZrilJ. 
~ (2000, SIE~!lmIUJ'UA) 

wr~m:-n~.(Stewart-Tolman)~~ 

1917 :if, M,* 1L*'fG1F .f~m, -~;f£ 00 >tLl: Il'J ~ 1H~ III, )1) ~ lID >tH) -.it jj'j 
:hD1tlt~~~~ at, ~ III tf %-lJ It!. )ti!,t:i±. 

i~-lJif. %~ ~ III ,. ~ ~ 1II1l'J2/!-12l:7 r,. ~ ~ 1II:lt;J)fj It!. ~lil:7 R Il'J ~~~ ~ ~ 
~~, ~ 1II:lt;J5] l1!!.~;f£ -'iR -* Il'J 1it~ OO>tLL OOU Il'J fJ ~ l:7 Jlt:~.• ~ ~ 1II1l'J1i:i 
)fj *U~ ~.it;f£ 00 u J: ,~1i -* It Il'J ~ III ~ «t l:7 n, 11, -t. ~ ~ IIIIl'J -f- iW ~ 00 u Il'J f4 
*:t. 

JA ~ - at ~J 7f y~ , OOJ U ~ jj'j :hD 1tIt a ~;It ~ ,Wt ~. t~:l±k ~ -* at faJ fr; , :;jt OOJ U 
tf~~Il'J•• Il'J ••SgltR(~~~~*te~~tm~~~) 

["'~l El3T~{$cp§13jjf1l'E§:t-qJl2-Z"§El3"~ED. ~fffi~~~( or;#l.~ *Ji.*.'

• tI1.:.~ ~ lilt ~ 

~"i)~ED8\j ,~ffijjE§:t-~IE~:t-§§1I3t±Hffiffixg@EDMfffiF~E§~. :¢:~l2-ZIE~ 

:t-§§1I3i'9~s~, ff5IA1mIt11Jffi~tU~E§~!i.t:@~~WI9~j~. 

UU 7t~m-1'-~PF.llJ1.PF~-+$?t,*51Jt!wjJ\$?t:tEJt9"l\1t11:~~m~ 
Jf:.. PF l;j tIiJi: E!9~1JOJ!1Jt a illi}], T;JiL fl(;ffJ51Jt!E!9~ J!Ul;;;f;JlkmttJf:., 'EJ't.{f-Ji: 
~~1JOi!JJt . .llt1JOJ!JJt~1£[ii]?tii:'ilJ;;fili'~$. (i!l. ~ ~1rUIfl, ~.JiI.~;:r- ju 1f-1ur 1~ y{;J Jtt 
fL) ,1JOJ!JJt~t)][ii]?t:l:19 ra. :tEfl(;ffJMllJ1.~~,~~Jf:.9" ,%nX;i:~~;f1§.l¥.JiEl*lT!x.tT 

~11:~~ . :{£lit~ ,~~lf:. 9"1lt~Hi:.1Jf'Fm:tE ~T..t,.llt.1J E!9 je;J\ 19 mra,:If [ii] ~..t~ 
tJJ [ii]1JOJ!JJt:lf[ii];j{j&. 

~;f1§.~~T~~ffi~f'Fm;;fft~~TX~~~*~i!JJt.~m~.Ji:.,lit;j{j 

~f'FmllJ1[~ Tffixt~;f1§.~J!JJti39*jeffij*je. *-at~iJ ,'liJHi.1J ~~#;f§~f'Fmt§: 
nX; ~~il.1J ~j;MlJljL~" T l;j;;f [i'fJ ~ J!JJt ill i}]. ~~)t~i)L fr iE~~* , iE l*l T -9 ftt 8'J ~ 
~T~11: i3~ ~ ,~~ If:. 9" ~1f~ ViE t1tll. 

Jtt'mtt.1J je;J\~1jt:i:, :If[ii]:tEPF~4ij-$?t¥.J~Pf;f§tJJ, 'Ext ~T~f'Fm~-
1'-:{£ 4ij - J!~..t~ PF;f§ tJJ ~K!H~~ Jimffi ~. 

ml**Jlt~1b(~j:JJ~je;J \. .M.~ , lit~JJJ~fFm.1JJ3\I~T·mtt.1J. ill lit 
eE= mra. 

I2§ffij 

E=mra 
e . 

:(£~Jil19 R ~PF(*JI:. ) 9" ,..t~~%~1ff'~~Wi 
21(1-E

I="'""'[? 

T~' :{£M~~~PF 9" B9 ~ jjf..,$.J,; 


I=2m1~a 

eR . 

iJit~ ,J:JJ~~1~l¥.J~% ,f§.'EWi~ T tBl:tt.1Jxt ItT~-#$~f'Fm. Pf 9" ~ It 
ViE~$~~. 

~..tm~'ilJm*!x.t~B~M~.m*JJt~nffi~~ (ill~#~)~**.~~ 
i3<JIOJB ,;J;J;:9"ViE{f~t1E I. je*~~, :(:Elit.~~ 9" ,~j:JJ B ~je /J\¥.J0:] (,ffizi ~ iJfJ 
~~) ,;J;J;:ffij] 

B=f1onI. 

rt;9" flO 19$~~-'i3"*. Ii! T~..t-,~;;f~i}], ;;f it:{£~;iJ~~·~'Iilf:. 9"~~:(:E 

~~~~,~~lf:. 9"¥.J~11:;;fi}], I2§ffij:{£~~~~R~lf:. 9" ,:{£~ ~ 9" {.'!lt E!9~j:m19 
- I_ 21(flOnm~a

B -f1o n - eR . 

*BmJ!{fJa'&'Ii. Il9 19, ~~PF~~ 9"'Ii~, f§. tfj A~~N, EI3 T~~ l¥.J#i9~tii 

~ ,.~ ~ 9" tp ~ tfj lJll ~ j:m. EI3 lit, :9!i: iii-~ ~ ~ ~ i; W " ~ ;iJ ~ (electromotive 
force) "9"~151l.1J~i;W".1J (force) "lli8;t1N1H~~~ ~f§lf T. 

http:force)"9"~151l.1J~i;W".1J
http:je/J\�.J0
http:lit~JJJ~fFm.1JJ3\I~T�mtt.1J
http:Jtt'mtt.1J
http:liJHi.1J
http:nX;i:~~;f1�.l�.JiEl*lT!x.tT
mailto:ff5IA1mIt11Jffi~tU~E�~!i.t:@~~WI9~j
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20 0. 1 0.2 0.3 0.4 
9{rad) 
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9{rad) 

[IJ 3-7-46 

1 2_~_ 5000_
D, - zat, - 2asin20 - asin20' 

El3T~B!$tJ*flj:j] D,~DCD=35 m), EE ~ 3-7-46 'ilJmt±lil-~~ 0 ~ili'%i:tE O. 

11 rad ~ 1. 43 rad ZrilJ. 
19~atmlJE..tj£~!ffi1l* 0 ~ ~*flj:,il-~~ 0 ~ili'%i:tE 0.11 rad ~ 0.52 rad 

zf8J ,ffi~T 6. 3°~ 30oZrilJ. 
~ (2000, SIE~!lmIUJ'UA) 

wr~m:-n~.(Stewart-Tolman)~~ 

1917 :if, M,* 1L*'fG1F .f~m, -~;f£ 00 >tLl: Il'J ~ 1H~ III, )1) ~ lID >tH) -.it jj'j 
:hD1tlt~~~~ at, ~ III tf %-lJ It!. )ti!,t:i±. 

i~-lJif. %~ ~ III ,. ~ ~ 1II1l'J2/!-12l:7 r,. ~ ~ 1II:lt;J)fj It!. ~lil:7 R Il'J ~~~ ~ ~ 
~~, ~ 1II:lt;J5] l1!!.~;f£ -'iR -* Il'J 1it~ OO>tLL OOU Il'J fJ ~ l:7 Jlt:~.• ~ ~ 1II1l'J1i:i 
)fj *U~ ~.it;f£ 00 u J: ,~1i -* It Il'J ~ III ~ «t l:7 n, 11, -t. ~ ~ IIIIl'J -f- iW ~ 00 u Il'J f4 
*:t. 

JA ~ - at ~J 7f y~ , OOJ U ~ jj'j :hD 1tIt a ~;It ~ ,Wt ~. t~:l±k ~ -* at faJ fr; , :;jt OOJ U 
tf~~Il'J•• Il'J ••SgltR(~~~~*te~~tm~~~) 

["'~l El3T~{$cp§13jjf1l'E§:t-qJl2-Z"§El3"~ED. ~fffi~~~( or;#l.~ *Ji.*.'

• tI1.:.~ ~ lilt ~ 

~"i)~ED8\j ,~ffijjE§:t-~IE~:t-§§1I3t±Hffiffixg@EDMfffiF~E§~. :¢:~l2-ZIE~ 

:t-§§1I3i'9~s~, ff5IA1mIt11Jffi~tU~E§~!i.t:@~~WI9~j~. 

UU 7t~m-1'-~PF.llJ1.PF~-+$?t,*51Jt!wjJ\$?t:tEJt9"l\1t11:~~m~ 
Jf:.. PF l;j tIiJi: E!9~1JOJ!1Jt a illi}], T;JiL fl(;ffJ51Jt!E!9~ J!Ul;;;f;JlkmttJf:., 'EJ't.{f-Ji: 
~~1JOi!JJt . .llt1JOJ!JJt~1£[ii]?tii:'ilJ;;fili'~$. (i!l. ~ ~1rUIfl, ~.JiI.~;:r- ju 1f-1ur 1~ y{;J Jtt 
fL) ,1JOJ!JJt~t)][ii]?t:l:19 ra. :tEfl(;ffJMllJ1.~~,~~Jf:.9" ,%nX;i:~~;f1§.l¥.JiEl*lT!x.tT 

~11:~~ . :{£lit~ ,~~lf:. 9"1lt~Hi:.1Jf'Fm:tE ~T..t,.llt.1J E!9 je;J\ 19 mra,:If [ii] ~..t~ 
tJJ [ii]1JOJ!JJt:lf[ii];j{j&. 

~;f1§.~~T~~ffi~f'Fm;;fft~~TX~~~*~i!JJt.~m~.Ji:.,lit;j{j 

~f'FmllJ1[~ Tffixt~;f1§.~J!JJti39*jeffij*je. *-at~iJ ,'liJHi.1J ~~#;f§~f'Fmt§: 
nX; ~~il.1J ~j;MlJljL~" T l;j;;f [i'fJ ~ J!JJt ill i}]. ~~)t~i)L fr iE~~* , iE l*l T -9 ftt 8'J ~ 
~T~11: i3~ ~ ,~~ If:. 9" ~1f~ ViE t1tll. 

Jtt'mtt.1J je;J\~1jt:i:, :If[ii]:tEPF~4ij-$?t¥.J~Pf;f§tJJ, 'Ext ~T~f'Fm~-
1'-:{£ 4ij - J!~..t~ PF;f§ tJJ ~K!H~~ Jimffi ~. 

ml**Jlt~1b(~j:JJ~je;J \. .M.~ , lit~JJJ~fFm.1JJ3\I~T·mtt.1J. ill lit 
eE= mra. 

I2§ffij 

E=mra 
e . 

:(£~Jil19 R ~PF(*JI:. ) 9" ,..t~~%~1ff'~~Wi 
21(1-E

I="'""'[? 

T~' :{£M~~~PF 9" B9 ~ jjf..,$.J,; 


I=2m1~a 

eR . 

iJit~ ,J:JJ~~1~l¥.J~% ,f§.'EWi~ T tBl:tt.1Jxt ItT~-#$~f'Fm. Pf 9" ~ It 
ViE~$~~. 

~..tm~'ilJm*!x.t~B~M~.m*JJt~nffi~~ (ill~#~)~**.~~ 
i3<JIOJB ,;J;J;:9"ViE{f~t1E I. je*~~, :(:Elit.~~ 9" ,~j:JJ B ~je /J\¥.J0:] (,ffizi ~ iJfJ 
~~) ,;J;J;:ffij] 

B=f1onI. 

rt;9" flO 19$~~-'i3"*. Ii! T~..t-,~;;f~i}], ;;f it:{£~;iJ~~·~'Iilf:. 9"~~:(:E 

~~~~,~~lf:. 9"¥.J~11:;;fi}], I2§ffij:{£~~~~R~lf:. 9" ,:{£~ ~ 9" {.'!lt E!9~j:m19 
- I_ 21(flOnm~a

B -f1o n - eR . 

*BmJ!{fJa'&'Ii. Il9 19, ~~PF~~ 9"'Ii~, f§. tfj A~~N, EI3 T~~ l¥.J#i9~tii 

~ ,.~ ~ 9" tp ~ tfj lJll ~ j:m. EI3 lit, :9!i: iii-~ ~ ~ ~ i; W " ~ ;iJ ~ (electromotive 
force) "9"~151l.1J~i;W".1J (force) "lli8;t1N1H~~~ ~f§lf T. 



~-~ mi~~!t?J___________.--.L-~ww"'!..=yjy .com .--~ 
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~~.ff..J~Mi'9!~. 


!£})J J f+ Of ;fP :jLtc ~ ~ at WJ il9 19 i!t &. U!. -\:JJ ~~ - -t--tPIt t :¥: • 8-9100. Jfl -# ;.jt. 
A ifJiA -}Jl,juf!j-~ M If!.1i m: ~ ~ -#;.jt * It- $:It;fP at fs] If!.1i1f k fA 1861 4'-:i JU 
1912 4'-, 5{J J -"flI;t t:¥: If!.1H9 m, 3iH-I J ~A 8--J ~lJ1t.I1t, ~ if] 4Hk.&.;It 0/ e9:=' JYi. 

7f~3tff..J1i)ij~ (Kelvin) 

--t-~{} 5{J a,,~, t ~.ll.5{J R 09 N Ii ~1' 00 ~ Ii 8--J ?!<'lJ'-~:lh Bo = Boi 0/ ~ 'l£ :i 
1i{H1/>Jmit~w .tt~( m 3-7-47). 

(D it ~ ~ III f" 1: il9~$. t ij]!B E, Ji),.&.gJ# ~ III iE ij] ~ ~ 8-9lJ'-~ J)] ¢ (P>, ~, 

I!$_~ III 89 §~. (;f-.Mrn #-~ o k-.;F+~1.fiJ 

--t-+~th!zt£ ~ I!fl il9 0/ '~', ~P 00 3-7-47, t OJ Ji), ~ z 

~ ;(£?!<.lJ'- 00 1. 'tl'tV~ § !iJ ~ foJ , 1l! t jR /f 1. ~ III il9 'f,~: it 
frk.~. 

(2) - i!lHH~..it 09 tit ~ ,~ # 89:7J foJ ~~:lh Bo ?t m 
y

5{J 8, gfdtl ~ III 09 t Hl. R, Jfl Ji), 1. ftl ~;fP ~ ~ ~ it ~ ~H{ 

:iF _t.. 
;(£ 1860 4'-, 1f 1Jz X9!h @- Jfl J!*" :7J )f l',Ia.it J ~ Y!1 09 -# Eo 

itL 5{J J *it.tt ~ ~ ~ ,~ 'Ii It i9:it J - -t- /f fiil 8-9:7J )f , j§- x 

*i.t Rayleigh, Sidgwick -* JIl , J! %k. ;Jt ~ if] r - f9: *it 
10il9. [!] 3-7-47 

~~ff..Jli.ll~ (Ohm) 

~lJ1t~~~ m 3-7-48, t !iJ ~-t-~ 1} 5{J b,;fN fiil 09 ~ j, 00 ~, :t2~;(£ ~ %il9 * 
1tb sst1. , - l'~ l! 5{J w 091?J lii. '*' ij] J! -t-~ 'g, , ;(£ i.lltl :I t ~ll. R at *:it OJ IJ. if,] 1S'. jiij 

-t--tE! fiil B'J ~ III C ;fP C' ('t: 1'1'1 t¥J -fH:;l; a , IHt;l; N) ~ 00 ~ fiil '~' m:~ . :it*j§- ~ ~ 0/ 
t i51E I :7J foJ -tEl,R, ~-t-~JiJll ~U~!U:t t ~1I. R. 

[!] 3- 7-48 

(3)1& ihlE:l± tJ.1Il B'J t ~ I ;(£ D ;fP Dr>t. f" 1: ~ -5] 09 ~:lh B , t $ -f ~ rID 0/ '~' 

>t.~~:lh .~~~.1;fP 4_t.M~.$. t~!BR 1&~~.0/~-t.MB'J~.~*-f 
~mB'J ~ 1£ , #- iL a»b. jiij -t- [MJ ~;(£~. 1 ;fP 4 :Ii:l± t APU ~ t ~;fN :it* , .:ti w. it G 

;~tlJt.1J,E:l± @l~ 1-2-3-4 09 t1J,E. 
(4) *G -lj; ~ 5{J ~ at, OJ Ji),~Jt. t ~1I. O9m. ~ tlJ t ~11.~ ~ #f.#Jl!~~ 89 7Uf-. 

-

~=-~ ~ ~ ~ ...- - ---.------ _._---,,-_._- .. ..._------ ~ ~.~.... 
~~ff..J1i)ij~ (Ampere) 

iJ:. t j,t l@.:l± ~ -t-~ #'- , )~IJ f: t in _t. fill B'J 1t JIl jJ , ;Jt -"flI ;t t 1J,E 89 ~M:it ~ 1!9 :7J 
)f. 1882 4'-1f 1Jz :Hh ~{tl JfJ J! - :7J)f~ it J" t 1J,Eff-". t;Jt!iJ 6 -t-~ 1£ n a 69 #J fiil 
a9lf!. Ii ~ III C1 , .. ·C6 .$ ~ ilii ~ , :faJ m 3-7-49 fft:iF - ~ Jt. ~ !l C1 ,C3 IJ..&. C. ;fP C6 

#-1K lJ'- m:.'i , ;f§ ~ W' 5{J 2h ,2h ;Jt /1':IL ~ ml Cz ~D CS 4i;(£ * lJ'- Wi -t-1f 1., "It * 5{J d, 

;(£ lJ'-jT at, t if] !j 1. r ~ Jt. ~!l ~ ~ #J ~ . 

~ t ~ I#( m:iF 09:7J foJ 1J,E:l±/f fiil tJ.1Il ,~jJ a9:7J foJ;Jt Cz ~ jJ ~ 1., Cs ~ jJ foJ 

r. - -t- $:lll: 5{J m B'J -O-i-lB1 -f i% *,p.; 0 ~~ i% x >t., JfJ -f t 1J,Eif;(£ at·~ ~1. iH9 i'
~1i.'i . 

(5)-i.t~ Cz;fP C1 1f.J#J§1tJll~jJ F. 5{J J~lf!.~.96,1&i9:tifJ .if!.1i*~I!9;fN 

§ it JfJ jJ !j ~ 7ALlJ'-1f *1i ~ ~ 89 #J fiil. 
(6) ~ *lJ'-lJ'-jT 1If, i.llU:l: t 1J,E il9m. JIl i;J, 1.+-#;fP~ij:*:iF tlJ t j,t 09m. ~![ 09 

K~.~J*lJ'-~~B'J~OO!j*.~IIl_t.~~1t1fjJOJIJ..I!$_ . 

M ;It * lJ'- B'J f!i. -i- (U: ..~~ ~ .t± #J IriJ J!f it I'.t. 71' ) , G ;Jt ;It f!i. '~' , l ;Jt ex; _t. fS] 1!9 

~~ i%. 
(7)~ ~~ Cz j"1:--t- /H9iii'U~+ oz,Cs f"1:-oz 09iii'U~at , *lJ'-If.JlJ'-~;Jt 

~.Jt 119. i>\ it ~* lJ'- -'if m: j§- iTJ ~~ ~ Jt @llJ'-jT1i.'i 09 1& kili&1$ OZ"",X' 

(ii.: ~ tt·lU ~ 00 tf '~:ilL1'.;!.~.$Ib . {K< 1 at, :frJ rn v). T :ilL1'.;!.: 

1 ~,B~1=t=,B+{f A. 1 ~{f""" 1=t={f; lli 8 ,J'at,sin8=tanB) 

111 3-7-49 

[~m] ~~~~Jffi~L=lli~gm~~~~~~~~~~m~@m@~ 
BSl~iJlliIi'F. ~~1§~iJllia1'wiScp~m~fOJ~, ~~fHJ~~@,Ef.j ~fltt~ffi1J~ 

cpBSl~~m~ffi~.,ili~@ft~~L~~~~2~~m*M~J-1'~A~ 
~~. 

[~] (1){E t Bt~~~!l.ljl-lili-(!~~m:t~/JrBJ ~J§.1J wt . ii!l:.t~~ a<Jmimli.1J 
1>=NBo • S. 

S fi!: Wf9.jC:I:. 
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http:l',Ia.it
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(2) - i!lHH~..it 09 tit ~ ,~ # 89:7J foJ ~~:lh Bo ?t m 
y

5{J 8, gfdtl ~ III 09 t Hl. R, Jfl Ji), 1. ftl ~;fP ~ ~ ~ it ~ ~H{ 

:iF _t.. 
;(£ 1860 4'-, 1f 1Jz X9!h @- Jfl J!*" :7J )f l',Ia.it J ~ Y!1 09 -# Eo 

itL 5{J J *it.tt ~ ~ ~ ,~ 'Ii It i9:it J - -t- /f fiil 8-9:7J )f , j§- x 

*i.t Rayleigh, Sidgwick -* JIl , J! %k. ;Jt ~ if] r - f9: *it 
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~~ff..Jli.ll~ (Ohm) 
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[!] 3- 7-48 
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§ it JfJ jJ !j ~ 7ALlJ'-1f *1i ~ ~ 89 #J fiil. 
(6) ~ *lJ'-lJ'-jT 1If, i.llU:l: t 1J,E il9m. JIl i;J, 1.+-#;fP~ij:*:iF tlJ t j,t 09m. ~![ 09 

K~.~J*lJ'-~~B'J~OO!j*.~IIl_t.~~1t1fjJOJIJ..I!$_ . 
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~.Jt 119. i>\ it ~* lJ'- -'if m: j§- iTJ ~~ ~ Jt @llJ'-jT1i.'i 09 1& kili&1$ OZ"",X' 

(ii.: ~ tt·lU ~ 00 tf '~:ilL1'.;!.~.$Ib . {K< 1 at, :frJ rn v). T :ilL1'.;!.: 

1 ~,B~1=t=,B+{f A. 1 ~{f""" 1=t={f; lli 8 ,J'at,sin8=tanB) 

111 3-7-49 

[~m] ~~~~Jffi~L=lli~gm~~~~~~~~~~m~@m@~ 
BSl~iJlliIi'F. ~~1§~iJllia1'wiScp~m~fOJ~, ~~fHJ~~@,Ef.j ~fltt~ffi1J~ 

cpBSl~~m~ffi~.,ili~@ft~~L~~~~2~~m*M~J-1'~A~ 
~~. 

[~] (1){E t Bt~~~!l.ljl-lili-(!~~m:t~/JrBJ ~J§.1J wt . ii!l:.t~~ a<Jmimli.1J 
1>=NBo • S. 

S fi!: Wf9.jC:I:. 



___ . __ ~-=-::~ .. ~~g{t~L ---_._--_._--. 
S=rra2(coswd +sinwtj). 

<jJ= Nrra2 Bocoswt. 

Ell jltd}LmJi:~~~~mzEg1ij]~~ 

E= -1jj~E=Nrra2 Bosinwt. 
dt 

~BtW$ p=~ ,A3jL~m~ 
(Nrra2BOW)2

<P ) 2R 
(2):(£ t Bt~U~~CPJL,~,gj:m5$jg 

B,=Bo+Bi. 

Bi ~~mz Eg mE ~ ft2t:l$j 
Bi =B, (coswd+sinwtj ). 

;fljm~~ft2t:i.~0~ Bi =f-I.o!"I lV-.& I= RE ,~~jlJ 
~a 

J..lO.N2 rraBow .Bi 2R Slnwt. 

t:s~?t:i:~3jL~mjg 

<Bix ) /-'O.N2 rraBow <sinwtcoswt ) =0.
2R 

(Biy ) =/-'O .N2 rraBow .~,l!IJj;(J<j'l'J;jjJ;:~ (,ia' "") ~'"1'1' "aBo w2R 
/'J 4R 

<B,) = Boi+/-'O.N2 rraBow .4R J . 

JltITm (0] 3jL:tg J)] ~1J (0] ,J9T lV
-/-'0 N" rraw

tanB- 4R . 

~#1JttiYliJ1fiJ3'j I~Jil.m 0 *-*'t-J 
R=/-'O.N2rraw

4tanB . 

(3) It!iI t\LtiJ!fiLiE $.fnj~~.1J jg 

IvX BI = ·vB=wrB. 

B ~~~ r:pJIA1ag~:l$j 

B=Nl!:.oI2a. 

IQlI fJ::(£ M.t:l$jlUg Eg i}IJ ~ jJ 

fh 1 
ED = ED' = Bw ordr = ZR.ub 2 

• 

~._. ______ .__ i=~_~~6t! ~ C'-",G 

-tI >(> '" ... 

1~4Z~a~Eg~.jgE=~+~. . 

E=Nl!:.obzwI 
. 2a· 

(4) §~VlEit G ~~~jg~M IG =0, Ell Kirchoff Ji:~'ilJ1~ 

E=IR~R=Nl!:.o:~w. 

(5)rw,w:f§f@jg h ~7G~H~f1i1l:~~1f!.fiL*lt~f'Fm.1J jg 

J=l!:2.I1 I2 
2rr h . 

II =I2= I,llH~.ltjg 2rra,Cz ~¥IJ;f§~~1I CI ~f'Fm.1J F jg 

F=~Fh . 

(6) EIl.1Jmfir~d4 

mgx=4Fd. 

J9TlV

mgx=4/-'OadFh . CD 

'ilJ lV- ff¥H~ 
I 

I= (mghxr.
4/l<Jad 

(7) §:1(fiIiUfIl'firill'Ii-1-/J\~ 8'1'( lJl 3-7-50), ~O*m.1Jm*rft2t.1Jm,:1( 

f~iS@]firill'lt, ~p 

MglsinO''1'+mgxcosO'1'>2/l<J aJ2 (h~O'z+h~O'JdcosO'1'. 

I T \ 
T T \ 

x , d 

h-oz ..l... 
, \ =:tI h+ozh+oz ~__ 
tfh-ozMg 

I!l 3-7-50 

mzmR1l § J9T~~il[fk,( '1~¥IJ 


. 4/-'OadJ2 ( O'~ )
MglslnO''1'+mgxcosO'1'> h 1+h2" cosO'1" 

~m¥lJfir~H4CD, 'ilJ1~ 
O'Z2 

MglsinO''1'>mgx h2"cosO'1" 

. O'z
xtr/J\~iIiU:ffl tanO''P''''''slnO''1'= d' 

http:J=l!:2.I1
http:1f!.fiL*lt~f'Fm.1J
http:B=Nl!:.oI
http:fnj~~.1J
http:Boi+/-'O.N2


___ . __ ~-=-::~ .. ~~g{t~L ---_._--_._--. 
S=rra2(coswd +sinwtj). 

<jJ= Nrra2 Bocoswt. 

Ell jltd}LmJi:~~~~mzEg1ij]~~ 

E= -1jj~E=Nrra2 Bosinwt. 
dt 

~BtW$ p=~ ,A3jL~m~ 
(Nrra2BOW)2

<P ) 2R 
(2):(£ t Bt~U~~CPJL,~,gj:m5$jg 

B,=Bo+Bi. 

Bi ~~mz Eg mE ~ ft2t:l$j 
Bi =B, (coswd+sinwtj ). 

;fljm~~ft2t:i.~0~ Bi =f-I.o!"I lV-.& I= RE ,~~jlJ 
~a 

J..lO.N2 rraBow .Bi 2R Slnwt. 

t:s~?t:i:~3jL~mjg 

<Bix ) /-'O.N2 rraBow <sinwtcoswt ) =0.
2R 

(Biy ) =/-'O .N2 rraBow .~,l!IJj;(J<j'l'J;jjJ;:~ (,ia' "") ~'"1'1' "aBo w2R 
/'J 4R 

<B,) = Boi+/-'O.N2 rraBow .4R J . 

JltITm (0] 3jL:tg J)] ~1J (0] ,J9T lV
-/-'0 N" rraw

tanB- 4R . 

~#1JttiYliJ1fiJ3'j I~Jil.m 0 *-*'t-J 
R=/-'O.N2rraw

4tanB . 

(3) It!iI t\LtiJ!fiLiE $.fnj~~.1J jg 

IvX BI = ·vB=wrB. 

B ~~~ r:pJIA1ag~:l$j 

B=Nl!:.oI2a. 

IQlI fJ::(£ M.t:l$jlUg Eg i}IJ ~ jJ 

fh 1 
ED = ED' = Bw ordr = ZR.ub 2 

• 

~._. ______ .__ i=~_~~6t! ~ C'-",G 

-tI >(> '" ... 

1~4Z~a~Eg~.jgE=~+~. . 

E=Nl!:.obzwI 
. 2a· 

(4) §~VlEit G ~~~jg~M IG =0, Ell Kirchoff Ji:~'ilJ1~ 

E=IR~R=Nl!:.o:~w. 

(5)rw,w:f§f@jg h ~7G~H~f1i1l:~~1f!.fiL*lt~f'Fm.1J jg 

J=l!:2.I1 I2 
2rr h . 

II =I2= I,llH~.ltjg 2rra,Cz ~¥IJ;f§~~1I CI ~f'Fm.1J F jg 

F=~Fh . 

(6) EIl.1Jmfir~d4 

mgx=4Fd. 

J9TlV

mgx=4/-'OadFh . CD 

'ilJ lV- ff¥H~ 
I 

I= (mghxr.
4/l<Jad 

(7) §:1(fiIiUfIl'firill'Ii-1-/J\~ 8'1'( lJl 3-7-50), ~O*m.1Jm*rft2t.1Jm,:1( 

f~iS@]firill'lt, ~p 

MglsinO''1'+mgxcosO'1'>2/l<J aJ2 (h~O'z+h~O'JdcosO'1'. 

I T \ 
T T \ 

x , d 

h-oz ..l... 
, \ =:tI h+ozh+oz ~__ 
tfh-ozMg 

I!l 3-7-50 

mzmR1l § J9T~~il[fk,( '1~¥IJ 


. 4/-'OadJ2 ( O'~ )
MglslnO''1'+mgxcosO'1'> h 1+h2" cosO'1" 

~m¥lJfir~H4CD, 'ilJ1~ 
O'Z2 

MglsinO''1'>mgx h2"cosO'1" 

. O'z
xtr/J\~iIiU:ffl tanO''P''''''slnO''1'= d' 



- -

___~-=~ ~~OO:fr .. 
,,<Mlh2 

" _ Mlh2 
uZ mxd =;'UZmax - mxd' 

~ (2004' OOI\.j;!fW!!~.~) 

"¥-~"~~.§. 

ftp rn 3-7-5lCa)ffi ~, --t- t~-* tiJ jlfj if -tq~ j) R, #J ~e: j) d, -f-tr~.kI 8900 *' 
,i'1*-f-;ffr;f!J A ,d«R. L{R ~ tJI j) v Il'J '~JI ~#J:it, r;ffr tU!!,. 1'§. Fa, ftprn 3-7 -51 

(b) J'fi ~, *t --t-1R1t1iUJ\ Il'J -!f 1* 00 if ~ ji -t t ~-* r;ffr Il'J tp 1\.,'. /J\.lf 1* 00 if 89 J9t 
j:j) m,-tq~ r(<<R,d),)fff t(<<r). 

'W. i~ t ~-* jlfj;ffr fa] j) J[. ~ , t ~ $- j) EO' 00 ff} .lf1*-f-{RjfP /J\ .lf 1* 00 if:I5.J j) J! fJ1. 

.lf1*,*~ffi~.t~~.S~.-t-t.tpll'Jffi~t••S,#J~~.S~•• t 
f.f.S-tl!,n,~. 

I f9!H!l'.1!I I +V 

V I d 

d 

1- - mg 

(a) ~t:§:£EiJjp,;f§i!a91fL:tti ~$# (b):filjAT /J\~{*[QllJt~1fL1i~$#~{JfHl\\I!I-

00 3-7-51 

(a)?lctm A./J\ .If1* 00 if at, it;\li: ftp rn 3-7 - 32 (a) J'fi ~ D9 -f- {R t ~-* jlfj ;ffr fa] #J ~e: 
j) d at 1l'JM>tlH'F)fLh Fp. 

(b) ftp rn 3-7-32(b) J'fi ~, *t/J\ .!'Ht. 00 if;iiz~ -t t ~-* r {R Il'J tp 1\.,', /J\ .lf1* 00 if 
L Il'J t f.f it q ~ jlfj {R fa] Il'J It 1I V D9 * Jf- j) q = XV, *X ~ r, d ,Eo Z fa] D9 * ~. 

(c)-f-tR It~-* jlfj tR~:!~ 5] Il'J 11: jJ :\h g ~ 11. ftP*1itt-trtR tp I\.,' fr.] /]'.lf1* 00 
if tiJ M> Jl: :7fft& Ji;) L~ ij], ,y.,~ jJD *- jlfj;ffr fa] D91t1I V ~ --t- PNJ 1ft ItJI V,h,.lf til V,h ~ 

m,g ,d,X Il'J *Jf-. 
(d) ftP* V *- -t V,h, +.lf1* 00 if *t{E It~-* jlfj txlEJ L r:ii'. iJJ (1Ri~+-!f-#-1ro it 

F.1tt -m- .iU£. i;IJ , )t.~ .tlf.-4~). /J\.lf 1* 00 if ~ .If 1*-f- tR fa] 89 "-.lUi ;lU~ ~ '11 Il'J ,,~jt ~ ~ 

"1= V,l", ,:It ~ '1ibclo<o j) -fjt ~"i 11ft fa] Il'J Itff ,V,l,,, j) -fi:Jt Fa ~ fa] 89 :i£. ff ,.If 1* -f- {R {E-fjt
'Vbcrorc . 

~ tp 1%#:f iJJ. /J\.lf1* 00 if -fjt:Jt Fa 11ft fS] Il'J ltlt ti:ili --t-"~. ~:i£. It"v" v, 1R~ -t-f
tR t~-* jlfj~R fa] tJI V,V, ~ V ~ftpr * Jf-

V, = J aVZ+j3. 0.1) 

.If til Jf- ~ a ;fr1 j3 ~ m ,g,x,d, "I Il'J * Jf- . 1!.t i9JJ' .lf1* 00 if *= llii ~ -f-;ffr fa] -PIt! tp 
89 tijijti;lt.#J 5];fr111ft at 89, lB Jlt" ~ - *- "-!:j! /J\ .lf1* 00 if jfp -f-tRIEJ Il'J It f.f X 1~ {E ~ 
at JEA. 

(e)!1i :it.Jtl--t-~.~Fa, ftP-* qV»mgd, j@.i± t~-* jlfj {R fa] t 1Jt Il'J at fa] -f-:I5.J it 
I PJ:ili1~*~j) I=yVZ. >JtJf-~ y ~ m,x,d,r; 1l'J* Jf- . 
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co !1i t ~-* jlfj tR fa] tlI V ~~ ~ t£,tV1l!. T *at, ff{E - -t- JI{b ~ t 1I Ve. ftp-*- V 

/J\ -t Ve, tf.f~{E jlfj tR fs]# Jl: 11 iJJ. >Jt til V e I;1.lZ#JS Il'J IIiii ~ t 1Jt Ie ~ m,g ,X,d, "I 
i19*~. H:,flVe ~ f"lM(c)tpll'Jf~it ItJI V~,,1lh~tJI V{E V=O~3V,da]'fJPfL 
ft-jfpr *,~~fF til t~-*1l'J I-V 4+ ,t~Ub~. 

(~lJT1 :¢:Jti!jpJTfBh1S'w.J~!ffi~$~R~8Z~ff.ljI1&Eg§~CP, 1.S iW.i~~B@ 
ffi~Eg~ffi:tJ~J5lIDesJ-~9U%\l~, §@MI~Ui~F*-l~=§ ~IOJJti!j, ~J90~ (a) IOJ*i~, 

qr5t>l<Eg§~esJlf~,~FofUffi~Eg~§~~Eg:tJ (1* <;f:fJ) tB~~>l< Fp. ~:r(a) 
(b)ifflIOJCPi2VDt0JEgfcITm!l!UqrfUffic§JWT~~>l<~. X1(e) ~ (f) IOJ*i~ '§5t@iAi.R~ 

'w.J~~~, b!D/J \~h~ffiffl1&2~.t'fillzjJ.J, @-~!:§tN1&mQ~, N!~-gj37:JfJ1fm 

If, iDJB1xiHBJ-gj37:J~~~§. ~~/J\~h!:§ID1&I8JEgfcIT~t!R, EgfcITffiffltN1&IBJ 
")htzjJ.J" ,~fIl¥~@Fo::Jqr~§itJJJIEliFiltB>l<fIl¥. 

UU (a)jfljttl~WTJEJjl ,111;f&z[,BJ1Ja Egffi V st }!ITm-i¥J Egi'ilJ:i: Q 7J 

EopE.dS=Q. (a1) 

• 

Q= EoE1(R2 =Eo ~ 1(R2. (a2) 

Eg$~1it1fi¥J*~~1J 

(a3) 

111;f& 5t~j i¥J fF ttl j] 1J 

_aU _ 1 2 V2 


U= I:VI dQ' = I:E01(R2 ~I dV' = ~ E01(R 2 ~ . 

(a4)Fp - ad - -ZE01(R d2' 

(~~~~ki¥J Egi'ilJ~q&~~ttl~WTJE~~. 

EopE < dS=q. (b1) 

83 T~1*~~ B~- Jm~111;f&M<fH!R, $: 

q=-EoE1(?=-Eo 1(~V= XV. (b2) 

Jifi~ 
1(? 

( b3)X=-Eo d' 
(c)fFttl:{:E!HJgl~ kB<j1$ j] 1J:£j] ~f¥Egj] J't<J1l- j] , ~p 

Fn,,=Fg+F,. (el ) 

~OP:£)'J Fg=-mg. ~DI@-J1J.~~j:Ez,f¥Egj]1J 


-l.. V2 -X
F,- 2 E01(? d2 -2dV2 · (c2) 

1J1t/J\uru~m:7tWl*, ~niIi)E Fn,,>O, ~p 

XV2-mg>O
2d 

}!IT ~). V ,h =J2mgd . (c3) 
X 
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__ ~-~ W-ft:fl!lit .__•. ~_ • 
(d)/J'~1*rnDJt ·!:~rf1&~iiJ§"fI<J"~~i!1t"~ v, ,~HiJ§"fl<JW1~~jg 

_l 2K ' -Zmv, . (d}) 

&-1-*@)/H@Jt~~~fl<JmtEt:!.~~jg 

6.U=2qV. (q2) 
ffij&-iX~~~~'I1~iifI<JiYJ~m)lcjg 

MI""=Kocfo,,,-K.ft«=Cl-1)Kb= (~2 -1 )K. (d3) 

K, fik;(£;f!lT1&~fjJ§"fl<JiYJ~~, lNffij¥IJ~..ttJi~Hi1ltrfI<JiYJ~jg 
K,+qV-mgd. 

i!f-f-1-*@),~I¥.J~~itm)lcjg 

Mlol=( if -1 )K, +O-1)(K. +qV-mgd). (d4) 

~f1J~~1¥.J*14~/J'mJJt~~~I¥.JDEt:!.flli 6.U ~~j/HI-~JtftB~.m)lc M lol ' &P 

2qV= (if -1 )K.+O-1)(K.+qV-mgd). (d5) 

El3llt~ftili 

K,= ~mv. 2 =~qV+~mgd. (d6) 

lNllt 

- /L[~ L ] (d?)v.-y 1-1 m +1+1(2gd) . 

~ v.= .jaVZ+,Btt~1~ 

a=~(~),,B=~(2gd). (d8) 

(e)&1-*@)/J'rnDJtm1ll'fl<JEt:!.f.;'jjtjg 6.Q=2q,atf8JfliJiWjjg 6.t=t+ +t- ,i!lll.1¥.J 
t+ ,t-7HJIJjg..t7T;f!lTliJ:1~YffflI¥.JBtfliJ, 't1nmtE:IJ~ 

+ 1 2-d'tkJ+t+ Za+t+ - , 

1
'tkJ-t- +Za-t- 2 =d. (el) 

i!lll.1¥.J 'tkJ+ ,'tkJ-7t~IJ~IoJ ..t;f!lIoJT~ZY.lfI<J:mi!1t ,a+ ,a-7t~iJjg..t7T;f!lTliJ:1 

~fl<J11oi!1t. rnnJt~¥!J fl<JfFfflj] jg 

F=ma± =qE=t=mg=~=t=mg. (e2) 

;(£ qV»mgd I¥.JtlH&T ,:iti:1!;'(:1f 

a -a -a ~!lY. (e3)o-+--~md' 

QJ .m1oJ..t;f!lIoJTag~W1~.xtfij;fI<J. :IJ~(el) QJt;) M'1tjg-1-~T,;lt9=t to = t+ 

=t- ,V,= 'tkJ+='tkJ- ,ao=a+=a- .lNjg;(£ ..tTw;)1-:f&1&~tl~~~iizJ§"I¥.Ji!1tm;j{j 

----_~~. ..... ~ _. ~ ~ ~ .---------------
~, lNffii:1f 

v, = r;( v, +aoto). (e4) 
83lltQJ t;) mili B1' IS] IS] !Wi 

6.t=2to=2( 1-7J) v , . (e5)
r; ao 


83(d6)J'\,~.ffi;3jtl qV»mgd fI<J~14,1~iU 


1 .,;- 2 ~.......!J--K V (e6)' - Z mv, ~1-1q . 

re (e3) (e6) J'\fI<J~5!H~A (e5) J'\ '1~¥iJ 

6.t=2(1~J))-J 21 . /md
2 

=2-Jb"pmd
2 

• ( e7)
r; 1-1"1 qV 1+r; xVZ 

lNllt 

[= 6.Q='h.=-Jl +7J-J l vz. ( e8 ) 
6.t 6.t 1 - r; 2md2 

Yft;) 

-Jl±7J-J-Ly- l-r; 2md2 ' (e9) 

CD Et:!.imf~JlfI<J~{<j:~/N~l Jt/G~~¥!J~..t;f&, JJ!Jj IhtJf. t:fJ,lli V, 83 ¥iJ ~..t;f&Btiij] 
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if> =0° if>=9rf .if> =180° 

I eEl ~ I 

if> 

~3-7-56 

(b) ~7t#;rf i.7t E ,*, If ffJ nUf ~ ftP ill 3-7 -56 rfi ift. ;fU ffl ~1l1tiJlUit WH't· (UI
iID 8~ i!Lj{ ffJ fliJ J!E. [,(i.~ -~t;t fii It r ~ r"l jf (y) e.,-tf 00 l' #:±l J. J!l::,)jiJ~:i:!t *- !iJ r 
* §~ ill , fol It rp Jt ){ h ~ ~ To rIiJ 15 %. If .l;t ,P.., ~ 00 11 tp I\.,' :it ~ fliJ ffJ *'- m,ftP ~ 
3-7 -56rfi ift. 

15* :!~*,-fol(J.V rp 90 60 50 40 30 23 

fliJ JWj(mm) y 17.4 12. 7 9. 7 6.4 3. 3 $JLj{%~ 

)J!lJit ~UJE ~ ~ ffJ ~ iii::Iw r : 
Bo=6. 91 mT,Uo=580 V,t=O. 80 mm, s=4 1. 0 mm. 

J5 71-, 1i-:?l tp 7tit or lIX.h 3. OOX 1QB m • S-I , t T 8~~ Jl:.J9t1: h 9.11 X 10-31 kg. it 
n ill J)UHIJ ffJ ~ ,tiL Te~-JOC*;& fi~ (Vj eV JJ J¢.f.'i). 

(c) ;fll ffl .1 iID .:g~ 7} ~ ill a91~ ,~- , ;]t t±l t T ffJ t -M-15 ~ J9t :lit e~ It w.. 1t E ~ ±t if 
rfi ~ e~ ~#~~.l @j -..g.it In ill;]till . 

~illffl@jill~••~~~m~*ffJtln~.*~~,#~t±ltT~J9tIt~t~ 
iiht ~, !iJ f J;Jt$ 99 '* tJt: iX!: .1ff rfi1H~ ffJ 4t~ or n~ 15 -0-R ffJ tj;;j w.:;y;: ~. 
[5HJTl (l )ME!3 ':H~~c±:lesJE!3~, )8~m~ B tlSJ75fOJi1&~~.l~H~~rJJ, /OJB1 

tt!@ g[ B ffil 1JZrm iAJi/& ~~~PcjJ~Zi1J ,'2in tlSJPcjJ W3~Bffi /OJ . 00 ~*pft~E!3~ttm~Jill 
~§~filJ \9'~~~"f~mQt--T'~Q, lJtt&MfflrsE'2intt-l'PcjJW3 iAJ~~ltw)ltij'f. 

(2) EB~ffJCP/~\)8~el'75/DJ~tBffil ~ :m~, tt~§iGDI~~~~ E!3t3,D nfOie12Bi 
n. 9D~n1JZ1ti,~ m~lJtt~~c±:l!m§iI~, ~Jlt~h. Ei3~75 /DJl"/OJ, ~Dffi rp 1"/OJ ,M 
M1ftift§J~l:±:le~ ~ m~SSJ~I~r:f/OJ, i6lffij~~J8'5Jie1BBin (;g. ~1iif ,fry )l"/OJ, y ffilm. 
t9l"/OJ. ~~~c±:l§@y -t:§ rp ffillill~it, tt~~~f!5(m.mJf[]WHlllpMt&SSJ~ffil&lt 

it ;{'Fc±:lJtIill~~~, lJtt~g*l:±:l@ml:t~.
m 

UU ( l)IEJm~, ~tt!..y@ljUE-WJ~~HIj:i2sjtm-Bt , :j4iEm-Lm:II!1T~~. 

@)ttEfi'l~Jl w=eB, @)~-WJBtrB]
m 

T =2wn 
eB' 

tt!. T~$ v=Jff!! ( d7 U< 2kV, ;P·ftJt.1-1- v<2. 65 X W m • 5-1, ftJt I'A ;:r-..;4

;;if ~.;falltitl&:i:l.). 

~=-~ ~ ott ~ •~ >4, .~ ... 

tt!..yrrilH~~ 

D=Tvcos~Tv=(-2wn )Jff!!eU-.
eB m 

2 
±h """'" e 8n: UJP(.f@.T1"JIJ).(~tm = B2[jl ' 

2. (a) ~m'tg(£ 2: tt!..ysttt!.tmjJJJ«i]«i]L.
iElK~ A, tt!..y3f:fltttmh1J«i]m«i]L ,t&.tt!.TrriE~L ,/Ffj~~tl~~Jt . 


iElK~ B, tt!..y3f:fltttmh1J«i]«i]r ,*~tmhl3tt!.tmnffl~, tt!.T:j4/F~/$n, 


ffif1A~I'8]MtJj , ~~JtllJjt. 

'1W?5L 3 ffI{jj, t&.~Jt~ IS lK~ B. 

(b) IE ~1'8]M tJj I¥.J f@..y3f:hJ¥-;jtj, f@.T3f:f@.tmn etU, 3f:~n eUBsinrp, 

eUt=evB'smrp, 

v=---.Jl..1~tt!.Ti!$ (Btsinrp) . 

il*~$ Vm Mlliril/j\ rp 1f;j: 23°, 1E!It~ 
Uo 

Vm = Botsin2 30 

580 
6. 91 X 10- 3 X O. 80 X 10-3X sin23° 

=2. 685 X 108 m/ s=0. 895c. 

:;I;)fflM~ttl¥.J, t&. f@. Til*iYJ~ 

Em = (y-l)mc2 = ·1 , r:J1 1Imc2=1.02XlQ-13J=637keV. 

(c) 1A~I'8]M tJj I¥.J f@.T{£stfltttmnfF,EIL!ltn Jl({~iE'l£ll1J «i] ,[ZSI:;I;) tt!. TjgiYJ 
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__. . ~-~_~j~$i1 _____. 

if> =0° if>=9rf .if> =180° 

I eEl ~ I 

if> 

~3-7-56 

(b) ~7t#;rf i.7t E ,*, If ffJ nUf ~ ftP ill 3-7 -56 rfi ift. ;fU ffl ~1l1tiJlUit WH't· (UI
iID 8~ i!Lj{ ffJ fliJ J!E. [,(i.~ -~t;t fii It r ~ r"l jf (y) e.,-tf 00 l' #:±l J. J!l::,)jiJ~:i:!t *- !iJ r 
* §~ ill , fol It rp Jt ){ h ~ ~ To rIiJ 15 %. If .l;t ,P.., ~ 00 11 tp I\.,' :it ~ fliJ ffJ *'- m,ftP ~ 
3-7 -56rfi ift. 

15* :!~*,-fol(J.V rp 90 60 50 40 30 23 

fliJ JWj(mm) y 17.4 12. 7 9. 7 6.4 3. 3 $JLj{%~ 

)J!lJit ~UJE ~ ~ ffJ ~ iii::Iw r : 
Bo=6. 91 mT,Uo=580 V,t=O. 80 mm, s=4 1. 0 mm. 

J5 71-, 1i-:?l tp 7tit or lIX.h 3. OOX 1QB m • S-I , t T 8~~ Jl:.J9t1: h 9.11 X 10-31 kg. it 
n ill J)UHIJ ffJ ~ ,tiL Te~-JOC*;& fi~ (Vj eV JJ J¢.f.'i). 

(c) ;fll ffl .1 iID .:g~ 7} ~ ill a91~ ,~- , ;]t t±l t T ffJ t -M-15 ~ J9t :lit e~ It w.. 1t E ~ ±t if 
rfi ~ e~ ~#~~.l @j -..g.it In ill;]till . 

~illffl@jill~••~~~m~*ffJtln~.*~~,#~t±ltT~J9tIt~t~ 
iiht ~, !iJ f J;Jt$ 99 '* tJt: iX!: .1ff rfi1H~ ffJ 4t~ or n~ 15 -0-R ffJ tj;;j w.:;y;: ~. 
[5HJTl (l )ME!3 ':H~~c±:lesJE!3~, )8~m~ B tlSJ75fOJi1&~~.l~H~~rJJ, /OJB1 

tt!@ g[ B ffil 1JZrm iAJi/& ~~~PcjJ~Zi1J ,'2in tlSJPcjJ W3~Bffi /OJ . 00 ~*pft~E!3~ttm~Jill 
~§~filJ \9'~~~"f~mQt--T'~Q, lJtt&MfflrsE'2intt-l'PcjJW3 iAJ~~ltw)ltij'f. 

(2) EB~ffJCP/~\)8~el'75/DJ~tBffil ~ :m~, tt~§iGDI~~~~ E!3t3,D nfOie12Bi 
n. 9D~n1JZ1ti,~ m~lJtt~~c±:l!m§iI~, ~Jlt~h. Ei3~75 /DJl"/OJ, ~Dffi rp 1"/OJ ,M 
M1ftift§J~l:±:le~ ~ m~SSJ~I~r:f/OJ, i6lffij~~J8'5Jie1BBin (;g. ~1iif ,fry )l"/OJ, y ffilm. 
t9l"/OJ. ~~~c±:l§@y -t:§ rp ffillill~it, tt~~~f!5(m.mJf[]WHlllpMt&SSJ~ffil&lt 

it ;{'Fc±:lJtIill~~~, lJtt~g*l:±:l@ml:t~.
m 

UU ( l)IEJm~, ~tt!..y@ljUE-WJ~~HIj:i2sjtm-Bt , :j4iEm-Lm:II!1T~~. 

@)ttEfi'l~Jl w=eB, @)~-WJBtrB]
m 

T =2wn 
eB' 

tt!. T~$ v=Jff!! ( d7 U< 2kV, ;P·ftJt.1-1- v<2. 65 X W m • 5-1, ftJt I'A ;:r-..;4

;;if ~.;falltitl&:i:l.). 

~=-~ ~ ott ~ •~ >4, .~ ... 

tt!..yrrilH~~ 

D=Tvcos~Tv=(-2wn )Jff!!eU-.
eB m 

2 
±h """'" e 8n: UJP(.f@.T1"JIJ).(~tm = B2[jl ' 

2. (a) ~m'tg(£ 2: tt!..ysttt!.tmjJJJ«i]«i]L.
iElK~ A, tt!..y3f:fltttmh1J«i]m«i]L ,t&.tt!.TrriE~L ,/Ffj~~tl~~Jt . 


iElK~ B, tt!..y3f:fltttmh1J«i]«i]r ,*~tmhl3tt!.tmnffl~, tt!.T:j4/F~/$n, 


ffif1A~I'8]MtJj , ~~JtllJjt. 

'1W?5L 3 ffI{jj, t&.~Jt~ IS lK~ B. 

(b) IE ~1'8]M tJj I¥.J f@..y3f:hJ¥-;jtj, f@.T3f:f@.tmn etU, 3f:~n eUBsinrp, 

eUt=evB'smrp, 

v=---.Jl..1~tt!.Ti!$ (Btsinrp) . 

il*~$ Vm Mlliril/j\ rp 1f;j: 23°, 1E!It~ 
Uo 

Vm = Botsin2 30 

580 
6. 91 X 10- 3 X O. 80 X 10-3X sin23° 

=2. 685 X 108 m/ s=0. 895c. 

:;I;)fflM~ttl¥.J, t&. f@. Til*iYJ~ 

Em = (y-l)mc2 = ·1 , r:J1 1Imc2=1.02XlQ-13J=637keV. 

(c) 1A~I'8]M tJj I¥.J f@.T{£stfltttmnfF,EIL!ltn Jl({~iE'l£ll1J «i] ,[ZSI:;I;) tt!. TjgiYJ 

~Ltl3*J¥-1J«i]~1f;j~€l~1~/j\. 

lE~tmh51~I¥.J1Jo~Jl a=Be;:np, f@.T7kJ¥-:m~:;I;) v, f@.T1A~I'8]MtJjilj:i2s 

~Jt~at t=s/ v,iE!ltIlI I'8] 1*J'l£1I1J«i] I¥.Jwl$:;I;)i- = ~ a( ~ f ,~p 
Bes2 sinp 

y ymv 

IE (b) ,XI1A~ 1'8] M tJj I¥.J f@. T lli:1f v= (Bt~nrp) ,1~AL:r.\; m1:;; vUi ~ y= 

1 t ),1~ 
2c

y2 = ( eB~inp) 2 [ ( Bs?)np ) 2 _ ( ~ ) 2 J. 



__~. __ o<--____ __...::c~-~ ml~fllhr • 
~ (B------L- ) 2 j;Jw,$!!J, (Bstsinp )2 j;Jm$!!JfFOO~Il00 3-7 -57 J9f~ ,J9f1~~~ Ei9*,~ 

5 S ing:> u
$j;J('!!"')2 , tE w,!ftIl..ttUE:j;J -(~)2. 

m 'InC 

(BS';ini{J)/XlOr2 

6 

0.5 
L 5 (Bstuin~/XlO'''~

-2 

I!I 3-7-57 

.b\J9ffFOO..tW::1~~REj;J-537. 7(C · kg- l )2 ,1~ 

.!!...= L 70X 1011 C· kg-I. 
m 

w;1~#4$j;J 2. 826X 1022 (C · kg- l 
)2 ,1~ 

.!!...=L68X10 11 C. kg-I. 
m . 

~ (2000 • @]~j;!lmil!MU~D JfJ ~4fil!;\t¥.J %. ~ 00 ~;(£:lt!?,~:lPJ tf ~$-rJU[ 
A1r~ ij) , 4fil~7l: it9:lt!?,~:lPJ ~ ~~ J}z 31!! fJ 44.5 f-LT,;it- jj (.;J !ij JJ<.sp- jj (.;J (.;J T %. 60° 

m. t..Jui,'H9$!!fJ 8.90XI03 kg· m-3,~~.li$fJ L 70X 10-8 .n . m, i.t~$-ftJ:it!! 
fJAJJ:MdEi Ilt ~~.:ft--#J'Jf m: ~ at iaJ (Jitat iBJ );t~t#J-;k I!i.J at iBJ *-1.:t ~) . 1F tl:l ij[ ~ #- ~, 
i.~ ~ ~fp~jf(7l: ~ ~~~~;r:i.t , Jt ~,~ § ~~J}z (Jf-i':i~AEJ&.E;f..;:;:;E,~,EJt-). 

[5tfffl OOwtJJ~UIn~~F±~@E§in't ,«EtJlJ*~b~;tfjj~~. ESJ=f:~~~~~§ 

JJ , ;~~esJtJL~~g~l513~1t~E§~g . OOwPJT?f~1~BSJtttlln~QT~ittz~5~lnt~,§e 
~-~~~~BSJ:s?(1tj~JJ \, QTJ!Ii~~ittz~~~ZVJ, pJT~OOwCPF±BSJ E§in't~IBRr:: 

E§ ;Ji'C ,EBJttj~~>J<~E )~ffBSJE§JJ.J$. ~tf6~gjig~, efij)~OOw~ZVJZVJ~BSJ~~ 

il~TE§JJ.J~, EB JttQT*I:±:lOOwBSJ~~~ w il&Bjl~ t BSJ[)lSj~*~r::, Mff5*~~~ 
~~JJ \-*pJT~esJBjr8J 

[~l JfEi9~;tJZ9J~~IZSl~ £ilZ ~t~Ei9~HVl*€rm~Wi~Y . tEJf tp f'Ji:~£ilZ ~ mt: 

Ei9:ItP.W;~Ei97j(1fL?Hi 

B=44. 5 X 10-6 cas60° T 


~JfOO~:ltP.lt;.Hm7j(1fL?t~M 8=wt ~ s1' ,l&:i1JfEi9W;l&i! 

<1>= Brra2sinwt , 


;l'ttp a j;JJf·*I~. 


~18]~)]z~Z9J~ d<1> = Brra2wcaswt.
dt 

~~-mtEJfEi9~mR..t~*€Ei91fL~~~$ 

...-- - ~-=-.!...~ $ ~- ------.. ~~-
~"".Jl " 

B2 2a' 2p rr w 
2R 

JfEi9~Z9J '~i!: I";; ~ n;a2 ,;l'ttp m j;JJfEi9ElJ::iI,~;tJZ9J~}Jltlj;J 

2W= ~ Iw2 = !ma2w • 

$::fi~~!iJffj dW= _ 
dt 

p 
. 

~p 
1 2 dw_
Zma w dt 

B2rr2a' w2 
2R 

g!Z 
dw B2rr2a2 
-:-=-~dt. 

~ T j;J~i!lt~jlJ-~J9f1WiB;jr81 ,}JlIJlf 

It .. dw IT B2rr2a2 
-=- --dt, 

.. w 0 mR 

2a2
B2rr

~p lnZ=~T. 

1.f! R= 2~ap ,m= 2muW .!ttp A j;Jfoj~~~tI400lQ ,d j;J4fojjEi9*.Ii ,p j;Jfoj Ei9 ~~.§. 

$,1~A..t~1~ 

T=4,odlnZ
B2 . 

ftA~t~H~ 
T=8. 47 X 105 s=235 h 17 min. 
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__~. __ o<--____ __...::c~-~ ml~fllhr • 
~ (B------L- ) 2 j;Jw,$!!J, (Bstsinp )2 j;Jm$!!JfFOO~Il00 3-7 -57 J9f~ ,J9f1~~~ Ei9*,~ 

5 S ing:> u
$j;J('!!"')2 , tE w,!ftIl..ttUE:j;J -(~)2. 

m 'InC 

(BS';ini{J)/XlOr2 

6 

0.5 
L 5 (Bstuin~/XlO'''~

-2 

I!I 3-7-57 

.b\J9ffFOO..tW::1~~REj;J-537. 7(C · kg- l )2 ,1~ 

.!!...= L 70X 1011 C· kg-I. 
m 

w;1~#4$j;J 2. 826X 1022 (C · kg- l 
)2 ,1~ 

.!!...=L68X10 11 C. kg-I. 
m . 

~ (2000 • @]~j;!lmil!MU~D JfJ ~4fil!;\t¥.J %. ~ 00 ~;(£:lt!?,~:lPJ tf ~$-rJU[ 
A1r~ ij) , 4fil~7l: it9:lt!?,~:lPJ ~ ~~ J}z 31!! fJ 44.5 f-LT,;it- jj (.;J !ij JJ<.sp- jj (.;J (.;J T %. 60° 

m. t..Jui,'H9$!!fJ 8.90XI03 kg· m-3,~~.li$fJ L 70X 10-8 .n . m, i.t~$-ftJ:it!! 
fJAJJ:MdEi Ilt ~~.:ft--#J'Jf m: ~ at iaJ (Jitat iBJ );t~t#J-;k I!i.J at iBJ *-1.:t ~) . 1F tl:l ij[ ~ #- ~, 
i.~ ~ ~fp~jf(7l: ~ ~~~~;r:i.t , Jt ~,~ § ~~J}z (Jf-i':i~AEJ&.E;f..;:;:;E,~,EJt-). 

[5tfffl OOwtJJ~UIn~~F±~@E§in't ,«EtJlJ*~b~;tfjj~~. ESJ=f:~~~~~§ 

JJ , ;~~esJtJL~~g~l513~1t~E§~g . OOwPJT?f~1~BSJtttlln~QT~ittz~5~lnt~,§e 
~-~~~~BSJ:s?(1tj~JJ \, QTJ!Ii~~ittz~~~ZVJ, pJT~OOwCPF±BSJ E§in't~IBRr:: 

E§ ;Ji'C ,EBJttj~~>J<~E )~ffBSJE§JJ.J$. ~tf6~gjig~, efij)~OOw~ZVJZVJ~BSJ~~ 

il~TE§JJ.J~, EB JttQT*I:±:lOOwBSJ~~~ w il&Bjl~ t BSJ[)lSj~*~r::, Mff5*~~~ 
~~JJ \-*pJT~esJBjr8J 

[~l JfEi9~;tJZ9J~~IZSl~ £ilZ ~t~Ei9~HVl*€rm~Wi~Y . tEJf tp f'Ji:~£ilZ ~ mt: 

Ei9:ItP.W;~Ei97j(1fL?Hi 

B=44. 5 X 10-6 cas60° T 


~JfOO~:ltP.lt;.Hm7j(1fL?t~M 8=wt ~ s1' ,l&:i1JfEi9W;l&i! 

<1>= Brra2sinwt , 


;l'ttp a j;JJf·*I~. 


~18]~)]z~Z9J~ d<1> = Brra2wcaswt.
dt 

~~-mtEJfEi9~mR..t~*€Ei91fL~~~$ 

...-- - ~-=-.!...~ $ ~- ------.. ~~-
~"".Jl " 

B2 2a' 2p rr w 
2R 

JfEi9~Z9J '~i!: I";; ~ n;a2 ,;l'ttp m j;JJfEi9ElJ::iI,~;tJZ9J~}Jltlj;J 

2W= ~ Iw2 = !ma2w • 

$::fi~~!iJffj dW= _ 
dt 

p 
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~ ~ ~ 

~ - 15' JU 1~ ;t .:if: 

_ is::!- (2007, :i:OO!IWJJ.'Eli.~J :iw!!l 4-1-1 f)j-:if- ,L ft-1.U1U] / Ff,J ~ um: 
<fjt(F E; F' JJ.Jt.~,,*.). ,ftm:~ll191H~"r" F' jt.U}z.i'.- 8IJ $-#fVd'7J R a']J*- rID RoM 
<fjtOt- rffj A1.i -T F' ~J.:J, m:<fjt;fP '* rID <fjt~il~ - $JB;xi {;J: Fl~ 7\:; *~~. ,ftm:~ L it i)i!~ 7\:; 
$JB J:A1rIUi17tff - tt7\:; ,r" p, t tt tI:l Ff,J~ $JB 7\:; ~!~ Jlt 7\:; *~ ~ J6, 'ff;- %- ~ 1fR,ft P 

,r". 1~,ft T rID ~ Cl) , (2) IJ' ~ if :I:~ :2' , :,i ~ (3) IJ' ~ if 'it !!I. 
L 

F 01 F' 

~ 4-1-1 

Cl) *" J*- rID 41t 7J [!!l rID ~ ,J)lU P A?iu m: ~ Ff,J l1e 1ii $ -T ;*" J*- rID ~ 7J u rID 
<fjt,J)lU P AjUm:<fjtFl~ll~1ii$-T__ 

(2)*"¥f- M:i!lJ;fHIHL -T 7\:; $JB ;i;kj[.. if a9 T ~ilHI -T P ,~, J)lU Jlt i!lJ if ~Lc.it 7\:; * 
~~m~Ff,J.J6Ff,J1fRFf,J*+~~Ff,J*+~~~[!!lrID<fjt$-T ;~UrID<fjt. 

-T __ 

(3) *"J$. rID ~ Fl9 #f~*+ R=2/, i#.#:it!!l *Ff,J JJ1I, ~ J- >Jt, @j tI:l ~ (2) I'D] if ~Ji.if 
;xi J:.it7\:; *~ ~1i*~ Ff,Jitlz1Z~ itlz7\:;j1fr.!!I. (~·;K¥f1!!7 diHt~ 8 di7~7}1l'1 @,,tf. ~ *
00 J:... it 7) at ;; #<- 00 it7}, ;r; ~,t.:& ili it 00 Jl'. IiJ ~iJt. aJJ ,1E.5ffj me... 9;P it;f;f. ili ~1'-11i 
,tf. 7t4W J:.. i¥J ~#.{i.'i.) 

[:$t ffi1 :¢:~?ZDEZ.~ijUjX:~~JjZ[§]mm~ ,iWi@:t5'CII'] tOm~ffll~J11 jjnrff. 

UU (1) feR;: f); feR;}: f); (2)1; 1; (3)xt[l:!]j]]f?UI'-JJ't~ro~Qro 4-1-2 lIT 

~ ~®~ ~ ~ --'-.::....--~:....-.----- - Ii. 
.1, 't '" 

~;xtJ!:Jj]]mi3<JJ't~ro~Qro 4-1-3l1T~. 

I 
"2 

L 
a' .«:: =--1 .);::: 

c 
a" ,............... ern -:..........T =:....../t 

~ 4-1-2 

a 

p 
a"' 

L 

, 1. _I_/~ [ ::;> ----= 2 ---r-- --------r--... 

~ 4-1-3 

•';. 

a" 

c 

____ (2006, :i:OO!IWJJ.'EliJUlIi) Cl)~**Fl9 ~Ri!jIJft~it~R. 

CD- 4m1* P ;i;k:,i o/l ;fN,1l~ 1ii 7t, ::t**~ /F lf~. i#.:,i:if-;t!!l 4-1-4 if @j tI:l Jlt 1ft 
P ~ l± ~R i!jIJ ~ 1fR Fl~ 7\:; j1fr. :if- :t !!I. 

m~Bj( 

--~-------------------8- ----- ------_. 

~ 4-1-4 

®1tt J - ~U 300,$'. Ff,J~it11tJ6 ,~**tt ~~~)j.!f~;i;k:,i o/l ;f!~ 1ii 7t Ff,J 4m1* p, 

i#.:,i :if- :t !!I 4 - 1 - 5 if @j tI:l P ~ l±::tit<fjt ;fP ~R Ilt ~ 1fR Ff,J 7\:; lit :if- :t !!I. 

«8~~J:;j(
--~-----------------~- ----- ------_. 

~ 4-1-5 

Q)300 ,$'.Ff,J~it<fjtFl~-m~ /= ill 

(2)ff Wi 1'- Um:<fjt, t irJiJ9 -m ~ 11-J)U 7J /1 ;fP /2, iEff Wi 1'- [!!l m:<fjt, til'] Ff,J -m ~ 
11- J)U 7J /3 ;fP h t./f.P, /1 > /2 > 1 /3 1 > 1 /. I. JP -* J- })dA: 1m 1'- m: <fjt if :ifu lR Wi 1'- m: 
<fjt , ~il ~ - *- 1\1 %'i if!- Ff,J if!- r.r ~ li1 <fjt , J- >Jt ~~ ~ jU ;i;k * itt ~ r:.. OJ ij~ * Fl9 iE iL Ff,J 1fR , J)lU 
S~1H~7J a9m:<fjt'it7J4m<fjt,S:ifu1.t~7J Ff,Jm:~'it7J §<fjt. 

[:$t ffi1 (1) ~'t.J't.J~ ~1t;§~ ,oo)if1:tto@)l6fili /J)~ Jg 5 ,~ ffij m~?± tro [XX.] ~ 
tOlD[§]. ltt-~U~?t;m( 8 ltit) ID@)l6~g/JJJ05~, qyi~!f1!J1:ttO~m?±tffi[XX.]~..t. 
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$ift ,)iJTUAD&1£i>FJ:I !lJ:[tij*f*jJ[tijXl\l.~at, OJ U~~JimiJt..t~!fmi¥Jm•. 

Ii.7- (2002 • ~1~J!lm~Hi.B!) rn 4-1-17 tf , ~ # ~ e'JJYi ma fJ 60°, 1'£ ~ 
#4t ~1Y!lM*1i.J::.itJi ~lfefJ j=30. 0 em fI;] ~ l'1t-±#J ~ fI;] 8:lt~ LI ;fP Lz. 

%-1'£ LI fl;]lltr~ ilii J::.IllU:.:7\';$BT~ y=14. 3 em 7tit -If!.~,~:7\';~ 5, ~ jp;ttlkl 5' 

I®~ ~ "3'• 
~ 

lj 5 M~:7\';**ijE;lL!£*~t*fI;]. ~**~#4te-HJfM2$. 

I'll 7LA I~,
5 r L2 

Ll LJ Lz 
004-1-17 004-1-18 

[:$f~l ~lI5J16~~m~:5::OXjwe'SJ,!j@, l~(x~:5::oXjWe'SJ, qrmmJ16~-

1E~:5::OXjWe'SJ, ~@ffiJ16~~CPe'SJ-ill!Jl,@~~, ~OqrJllooflJj¥tl:I~5fE. 

UU EB 'fJ't* ¥ ~~ tr:;bxtffJ; i¥J , !fm ,~X~tr:;bxtf* i¥J ,J't~- JE :lik tr:;b 
X;jffJ; i¥J ,W:J't~1£:l~H~.p i¥J$?t.!ojJ't~-'fL1i. EB 5 M[tij L 1 J't IL' i¥J J't~ i¥J J't ~ 00 ~m 
00 4-1-18 JYfff;. EBX;jf*11:OJ~ 

11 =rz. CD 
1Z=rl. ® 

hULfPJ**1~ 
rl +iz =a=60°. ® 

EBooOJ~ 

i l =(3+n. @ 

XJAb.F5Q., i¥J:i:tIftl*¥1~ 

tanf3=.:i. @
f' 

f~Arx:fi1~ 

(3=aretan(~6: ~)=25. 49°. ® 

EB ®®@®A~~ rl ~ 30". i j = 55.49°. 

~mtlTM;E1*,;;Jt~~ 

- sm1l =l. 65. 
n- sinrl 

ILL. (2001, ~OO~~Hi.9) -*1f-1rJ't*~1f-8:lt4te-1:tJ't$BAM,f£ 

:lt4ttrM Fo ,% JW. f:lt4tFo j=48 em 7t,:lt4t fI;] tr M2$ n= l. 5. %-~ JIt.:lt~ fI;] 8 
ilii 4iHIL 4k1 JL f1f- ilii lltr 12 em 7t, *.Fo J'Jf JJt 1t fI;] 1iJi. 
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m-tIij W~B13?} • 
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I--f --I 
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R+f_ smr 
R - siner-i)· CD 

Eb!JTM;E~~ 

sini =-.1. (2)smr n 


~ i, r1~/J\at, sin~r, sine r-i)"'='r-i, sini"'='i, Eft t;,(...tj);i;jJ:\:f~ 


1+.L.=--2:.....=_n_=1+_1_. ®R r-z n - 1 n-1 

J9ft;,( R=(n-l)j. @ 

(2) 6 WtJi-mFo¥f~~-*12~ R I¥.J Q!]wm ,~Q III 4-1-20 J9f5f\~ P *~!jo/JJ9f{£ 

fiI'll,P ;.'H2:lfW!JTM~f~'f p' ,~m!JTM;E~PJJtH~ 

p" p'" 

P ' c P 

I!J 4-1-20 

P'O=nPO. @ 

Eb'fj!~-l'I1fJJiH!l, p' lj Q!]WmB~RE~PJiA~~'fP'O, N~MFo ~~'f 
p' ,JJ!tl Ebl"J(W~~f~0J:\PJ1~ 

1 1 2 
Pb+P'O=R· ® 

~JltPJ~1~P'O= 36 em, PJ~ P'fiI'f-:lfWB9ft:!J. :x<j:lfW!JTM*iJLP'~-l' 
mW ,r£:lfW!JTMFo ,~~~'fP"')~ . 

pl/O 1 
CDpliO n 

rO=24 ern. ® 
:!liFoJ9f~~f~tE~mft:!J 24 em:tl. 

• .-~-~,~ ~ '#- --- ~. 
-<'i.., ~" 

~ (2000 , ~1@~JJ!fifiJU~j) 1f-JJ<.-'f~.'i. 

it9-'fi1-fW~~~H,Jf-3.0cm,~M$n=1.5 . .ft)t. . ~ L 

r'*Wr 2.0 em 3zl:~ -/HkI S;.ft~~~.l:7i~ -~ T 
CJ:lt~ L,)t.1.t!le j=30 em,:lt~ B<J i.~ ~ ~~~W~ H 3.0 em 

.K;S1ir.f~1lta9i.~.l,~pl!l4·-1-21 tJf:;F . *~~.l nl i -.l 
2. Oem ' ,:7i~~••*.i.~:7i~~.~s~.a.fts3zl:,M 

·S
~~~~~~.l*W~!le.~%~? 

[7t:fJfl ~~-~JIC~ffiJiX:~f@, ~ 5 t~I~W!\t& 1!J4-1- 21 

""f~lID¥f~t$;~,t~~W!\t&L~ffii¥f~t$;~, ~t~~~m~~(~A-=- *-~), fiFo 
::::tWx!l.l~~J. {25jJJt, ft1n~7:H3UOFfJZ~=~~~, ::::t~~ 

I±lmFo~~. 

urn !jo/J S Jm u3fLlj~~;t&l)t~l!l~'=: ?j,:~;t ~~ fJf 
••~.~.I¥.J~.lj~.~~*W~...t*WI¥.J~~* H 
jjlJ~ A ~ B ,5 1'F~!jo/J ,imi1 H 1¥.J~*W!JTM~f~ 51' Eb _ 

Bi 

----'11"-;-;.,:....,'+1,.-"._ ~=------

rID 4-1-22,:fNm!JTM;E1* 
I.. . 

n SInz=nsmr. i, 

S,}'J:\t:p n'=1. 0 ~~~I¥.J!JTM$,xt~tAA*~,i,r1~ 
IJ\, sini"'='tani, sin~tanr. 1!J4-1-22 

AD AD 
==n-
SA SIA· 

:rt;t:pSA~!jo/JRE, SI A~f~RE, 

SI A =nSA. CD 
¥f 51 1'F~!fWJ ,Nimi1 H 1¥.J...t*W!JTM~f~ 52 ,j!at!jo/JI1E~SIB=SIA+AB. 

[EJ~:fN tQl!JTM;E~PJ1~~RE 

SZB=SIB. (2) 
n 

¥f Sz 1'F~!jo/J,imu~m L ~f~. N~.lj H ...t~WI¥.JI1E~~ x,JJltl!jo/JRE u= x + 

SzB. :fNM~~:tilFoJ9f~f~l¥.J_ v=-(x+SA+AB) ,ftAU~f~0J:\,1f 

1 1 1 
® 

x +SzB x +SA+AB 7 ' 
Eb CD(2)®J:\f~A~tQlPJ*1~ 

x = 1. 0 ern. 

flP L 1i!ZJi'f11E H ...t*w 1. 0 em:ti. 
M W ( 1999' ~1~J!lm!!fifiJU~) - -f CJ ~1Jt ~!le ~ j,)t.-f W.1 it 7 *, Jl 

.ft)t. CJ W-1Jl1l!e t 2j 3zl: ,~.K f i. ~;ij::m: - j\1j ~ H tJ9 #J , )t. r ~.ft~ 4Jt a9 i. ~ .1 
(i!j 4-1-23). 
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*~:f~8~mfOOL~m§~~-~ffi~~~mL ~~~~~BlJfOOm 
M ~1I.il- LM ,~OOO 4-1-24 MJf;. ~ 9=t 0 1J L BlJ7t,e" ,AOF'1J.:t!illl,F ~ F'1J L 89w;] 
~~,9, ,AP 1J!jo/J. fFI!IBt*IJfflTf~IJ'=::~%'UE7t~: 

CD ffi P MrEJ 0 BlJAM7t~, 't:li!i1 0 §:/JrEJ/F~, m,*:/JrEJMrEJfOO~ M,?I.\ 
§f1t M&M ,&M7t~~.:t!illlBIJ~ffJ~TAMffJ, ffB1J a. &M7t~MA~mM:Ii! 
i17t,e" 0, $: ffi ~mM ili B;J:/J rEJ ~Lj£&M7t~;j1j IQ] , ~P 1!19=t BIJ OP'. 
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~Utl lt b ,R:., !t-RM 7\:; ~7J 2' . abkA.M J[;{£ to at ttl iJ<J iit litr. :lit 1itr ab '51 ~~ -f- e9 tt 

~:#- ~ 1~ £ ttl -f- jJt. ~ t at ttl ~ J[; )Htl It d ,R:. at , jJt 1itr ab '51 ~~ tt ij; lip )j1j ~ . 
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~-~ _~~OO?i._. _________..... 
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sina-sinfl=-~sinCa+/3). CD 
c 

;f:IJ)1HIl~ 0.rt; sinCa+/3) = sinacos/3+cosasinfl, ..t.rt;PJ~I(~ j] 

(1 + : cos/3) sina= (1- : cosa) sinfl, @ 

¥f..tJ:t1f1J ,jf~~ cos/3 B':CIX1J~.rt;, PJ1~ 

(1-2 :oosa+~ )oos2{3+2 :C1-oos2a)oo#2 :oosa-(1+~ )oos2a=0. 

fli'Jz ,1~p;!J1-*, :5HliJj] 

2 ~cos2a- (1+~ )cosa 
Ccos/3)] (3) 

v if1-2-cosa+-2c c

- 2 ~+ ( 1+ if2 ) cosa 
C c @;f:Il Ccos/3) 2 

v if
1-2 -cosa+-2
c c

~.ljLITO~!Z!:TIiJ.l:A~0, &P v= 0 , 9!iJ cosa= cos/3. lV.JIt~~..t ITO B<Jw:J 1-*, PJ ~ 
@.rt;/f;Jj1;il~B<JfIW, $1~ 

( 1+ if ) cosa- 2 ~ 2c C 
cos/3 ® v if1-2 -cosa+-2c c

B. !ijj~riiJ~ 

*~~ITO..tB<J&M••,PJlV..j]-**~;f:Il~ITOz~B<Jm.~*.&-1-A 

M*~B<J!ijj$j] 1,&M$B<J!ijj$~j] I, ~JItAM;f:Il&M*~B<JWJjJ::5HliJj] 
Pf=bJ.,P/=!l.L. @ 

c c 

~1f1TTm[ijB<J1JIoJ..t, ~*~~~JJ ,$*~~JIt1J1oJ ..tB<JWJjJ::5til~mft 

i1f'itp'1'tg '1~ 
pfsina= p/sinfl,/sina= I sinfl· (]) 

;film ®.rt;, PJ1~ 

(}-~ )sina . 

jsina= I ( + if ) -2 ~cosa 
1 c2 C 

1+ if2 -2 ~cosa 
c c

1=1 if ® 
}-

2c


~jf)( a=30°;f:ll v=O. 6c,i-tA..t.rt;, iHH~ 


. ,w<~®~- ~- ~ 
-ti",.!., 

13 
_ 1+0. 36-2XO. 6X -Z 

I-I I-A ~r =0.50j, 

M.=50%I o. 

c. @WJ~TB<J1J~ 


ffi:~ ..t~ 4-1-81, El3 T ab;f:ll cd:5t~IJ~*JB[~BHU to ;f:n t B>tB<JutiW{iLli,~!! 


ac=bd=cCt-to). ® 

Y.. S3 OO..tB<J)UiiJ**, PJ1~ 
- _ -: . _bd+dg . _ac-a[
ed-ag ,Slna- - •Slnfl-- -. ® 

ag ag-ej 

~~OO 4-1-81 i¥J$:5tfjJ::k~C.lI!-11l4-1-82).PJ1~ 

- v 

- _ - _ ao _ vCt - to)sinp
dg-ae- -- . @ 

cosa cosa 

al=~ vCt-to)sinp @
cos/3 cos/3 ' 

~..tOO B<Jw:J =-m% aeo ;f:Il alo tp, PJ1~ 
eo = aotana, 01=aotanfl. @ 

El3 T ej=eo+ol, til.. 
el=aoC tana+tanfl) =vCt- to) sin<pC tana+tanfl)· @ 

~®®@@IZlHt1-tA®.rt;. PJ1~ 

c+v §!!}p 
sina= ~osa @ 

..!!:JL 
t - to 

~ c-v cos{3 
@s infl 

..!!:JL - vsin<pC tana+ tanfl) 
t-to 

JA®;f:Il@p;!J.rt;tp m~t~~o '1~ 

! 
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---- .--- ~-~ _.Jj.it..~?t 

vsin<pCtana+tan(3) =c (~- In(3) +vsin<p( -.-1- + 'nf3c1 (3) ' @Slna SI Sll)aCOsa SI os 
lj3;1fll' vsin<p ~~JY1}§- ,1~ 

.!!... (cosa+~) sina-sin,8 
c SIn<p sina sinf3 sinasinf3 . ® 

sina- sinf3='!!" sin<psin(a+f3). 
c 

~ (2004, !lE7ffl!jo/)J.I!l!"'~ ) :7C;t iB-'¥-1£JJ a if) OO;fi~§f;t;;ft1t1fM¥JJ 

n2 if)*-@,§:¥:1~. §f~iB:4Ii~tlfM$if)##¥:J~,tJfM$tE n=n} lU n=112 ziEJCl 
<n2 < n} ). n} JJ $HLl:. if) tIf M¥ ,n2 JJ m!: $a J:!k. a ?t 119:tJf M$. *~ tJf M$- iWi ~ -f:7~ 
0-i( 

l1=n(x) = n[ v0=;2 X2 . 

J(. ~ x *: ~;7(; §f $B J:!k. if) m!: ~ ,a JJ #~ . ;7(; HE:. -t ~Jf M$ JJ no ifJ ~!=(. ~.*Oz $B ~ ;7(; #- ifJ $ll J:!k.:t to) ,0 *: jUt~ ,R- 89 ~ 1\.,' , ~P ~ 4 -1- 831ft:iF. 

r,};t no = L OOO,nl = L 500 ,n2=1. 460 ,a= 25 lim. 

x 
n.o= Ix 

no= I n2 
nt°l...... _~« 

z/f-I----
I!I 4-1-83 I!I 4- 1-84 

1. - *ll!-~;7(;h\ 0 ,R- ~L\. Mfti 8; ,Jt!: A ;7(;H , A Milii JJ xOz -filii, ~D ~ 4- 1-84 
1ft :iF. 

(aHVJl;7(; J:!k.tE;7(; §f tf it~ tlLiiE if)~,~ ii~* -* nco5O= C :jt. ~ n ~ tlfM ¥ ,8 
*:;7(;J:!k.lj Oz $a~fti ,# ~lli C lj 11} ;fP e; if)*ffiJ(.. 

C b) i'U ff1 (a) 6~ tt '* *11 =- fti iIi ~*-* co5O= (1 + tan2e) -t ,ik .f tane=: = x ' 

k;7(; J:!k. tlLliEtE,~ (x,z)?t -W ~ if) M$ . .!f lli x ' if):t {i , # ff1 n} ,112 ,a 1t:iF a . .fit *:t 
{i -m :i1U1 z ;Jt.!f , .!f tf:j .:: Iiff.!f ~ x'. 

(c).if tf:j mJt 1:.:it 7J {i if) x lj z if) iIi ~k~ x = f(z) , ~p 7t J:!k.11 7t §f JHHJL liE 
7J{i. 

Cd)@j tf:j jlJ§ l'~ Jjj] AMfiJ 8; Jt!:A7t §f 1ft.x1 S if) -1'ltAtfoJ JtIll19 tlLilt. 
2. 7tl17\.';;t I*J 991tili_ 


(a);Jtlli 7\.';OJ J;), tE 7t§f§f;t; tfit~ifJJ!1*AMfti 8,m. 


CbHfti;t 8,40 at 7t ~ lj Oz $ll ?X: ,~ 11~ z if) 1U! J(.. 

3. 11 7t §f I*J ,7t # J;),-tltm 119 7\.';!Me J'f %J(. it:i! 1§' % C)j,j:..;r Jt& "fv;J, ,~,~) , 

(a)l1AM ftJ 8;#0 ;ft1 8i ~8;m IrJ ~1t r , .oIl!;tJt iB 0 A AMit ~ lU lj Oz $ll e~ 

, . 

. ~®~ ~ ~ 
~"' ~ 

If; -1'?X: ,~ 69 at fEJ T. 

If;-1'?X:AifJ~#zlj at MTif)~•• JJ7t~%~;7(;ffif)*••~.•;t~ 

~Ltf!iR8i *: ll!-iftl t1tifJ . 
*-lli 8; = 8im at if)1t.~Lt vm. 

.fit *-lli ;7(; J:!k. ~~ J:!k. Oz 69 it .~Lt Vo· 

~1fXik jlJ§1'~Lt. 

(b)fdlt -t O,-?i.. ifJ ~ 5it;7(;* J;),:f Jjj] if) AM ftJ e; (0~8i~e,m) AM,.if lli tE z ?t 
~i% ~:l~$ f B91t:i!J(.(lIp ;te.»*if;f:?t:t ). it~tE 1 000 m?t jlJ§ 1'-tEl ~~%!Me 
')'f OJ ~;.Urm if) -lOC i% ~ ~~ $- f. 

;i;l : 
(l)*~~~~;7(; fig jK#J '!iM. dxt~ 
(2) %i, ~ 7\.';H tf 7\.'; 69 ~ lit /dz
(3);J!i:.~tfifJ7t~JJ c=2. 998 X 10B m/ s. 1!14-1-85 

( 4 ) OJ J;), 1R ff1 iJ. l' /l~' J(. 

CD~D i!fl 4-1 -85,1£ xOz -f ilii fJ IHRLt j(, a<J*Lt*: ds=dz.)1 + (: / ; 

CZl 'f d.r = -arCSin1 -.bx 
../a2 -b2x2 b a , . 

2 . bx 
2 clr .j 2 b2 2 a arCSIn-CD x = _ x a - x + a
f ../a 2 - b2x2 2b3 

'
2b2 

@arcsinx = sin- 1 x *: iE. st iIi !ij: ifJ JJ... iIi il , t ~ 1R *: iE. st JJ x fIg:f.fJ J1 tf ifJ fX + 
1li: , ~p ~D '* y= arcsinx , }j~ i. siny= x. 

[~;tff] JX~-~n@)l6~tGfM!j, ::E~)Z!lEZ)l6tGPT~~f!, ~~~~~iWiIE&l 

iliffi =~~:tt,1f&~:7.1~~?#J[Jtq. 
[ffl.l] 1. -*-!f!-~7th\ 0 ,~l!AAMJIl ei MA7tff,AMooj] xOzfoo 

(a)7'th\~~~EI37tHWoo...ta<J 0 ,~,MA7't .lx 

~ I*Jm , 1{H~wr~~nEW ,1~ 

nosine, =n} si nel . CD dx 

~<p 8} ~7tl1tA7'tffl*J$~mrl1t:1rrliJ~ z!illl :~ oSf . 
;<::'fs] B~ *1fJ. ~~OO 4- 1-86 EI3 T7't~f:f)--nIl ~1JfM 
$ n jljg x ~1t, 7't~1~jl!fJL~j]- IIll~. It£ x ?jJI{...t 
-;f&/HH~:Jl: clr ~ J~ ff:f)-- nIl , i j] 7t!fJL JQE 1}J ~ :1r 
rIiJ:fIl x !iIll:1rrliJ;<::'fEiJ~:W:Jfl ,8 li!uj]Jt:fll z !iIll:1r(oi];<::' 

I!I 4- 1-86 

rEiJ09:%JIl ,i+8= ; . 8:L1!lTtlVl';:EttPJ1~ 

nsini= (n+dn) sinCi+di). CZl 
nco5O= (n+ dn) cos(8+ d8) . CD 

http:fIg:f.fJ
http:7(;J:!k.lj
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----------------------------------------

:fr:1tI¥J$;h.~_t

_..~::-~.I~UtW.?t _ 
~ ... 

·(f-,~, 7J'OJ~1:7 

neos(J= nl .j1-a2 
Xl eos(J= nl eosfJl. ® 

5f:J ffl CD:r,tfIl no = 1, ~~ 

~(J '2 (JeosfJl = .j1- sin2 (J, -J 1 no SI? ; = J1--~. ®nl ' n l2 

¥f@rt1-tA@rt1~ 

_ _ ;;-Sin2 (J; _ 2_'2 neosfJ- n, eosfJ, -nl 1---2- - -Inl Sin e,.
nl 

llP neosfJ= C= .jnl 2 - sin2 Oi . @ 

C b);ftJffl = 1rl0~ cos8= (l +tan28)-+ ,®rtNEJ1:J 

n , .j1-a2X 2 (l +tanz(J)-t = c. (J) 
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Yf7i\. 

lief 
1±l4 ~ 2~14 

E8J1{oJ**fQ~@, ilf1~jt~i¥J~1£ D'. 

D,=b j fD= ~ D. ® 

E8 ~®ilf~ ,MJ1{oJjt~i¥JjfjJj[7g-~, D ~/J\ ,D'~/J \ . 
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fP F-~CI!F F# )**~. ~ 5~* ),=500 nm at,;jt '£ fSJ 7)-l/¥$ {i:J~U:ID:. 

(2)* CCD $ Jt ~~ltl J!I:.~11 e~7)-l/¥$,;jtJ!l:. CCD $ Jt J'fi,j.'%i jjI] ~ e~1t"*~ 
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1arcminC ~) =2.91 X 10- 4 rad. 
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n= 1 Bt, E£I. Tf~~J¥]fi~i!:~/J\ ,M~'f~~. ~~J¥]fiEi!:jJ 

1(
2 k2 e'm

E 1=--h-2 -. 

n=2 ~~-~15t0,~~~J¥]fiEiI:~ 
3 1(2 k2 e~ m 

t:£=4-h-2 -. 

~ (2005· :i:oo~JJ'ffiJU~D 7l11lWkit~II\]~'w-TfoJ~U!:~1lf.lI\]ik~Ii'f: 

:if at %it til - ~ :7~ ;f roJ ~ #- If;] :7\'; ,*fI 1\ :7\'; it. ~:7\'; it- ~ II\] 5ft f: A OJ J;J, )f] r W8~ E 
~*--J.~1a/,Q.~*-;&;if;: 

~ =R(kI2 - ~2)' 
n,k 7}};U;&;if;~.$I -T J1f:.:if 1ltr J6 J'JT7lik ~ II\] :Ii-T#&:. k= 1, 2,3, ... :xt-f4t -1'- k, 

1'f n=k+ l,k+2,k+3, ···R *fI J.~1a 1lt ~,;It - E ~ it. It-f k= 1 If;] - ~ :7Ht

~, * 1ft f: 7l 11 ~ 7~ ~ 13: ,*fI ;#1 !! ~ ; lt -f k = 2 If;] - Ji :7h~ ~ , *1ft f: 7l 11 OJ % 
:7\';13: ,*fI E~*-~. 

)f]~'w-Tittlllf;]:7\';~M~#~~*rr:7\';t~S~~,~)f];#1!!Jio/~f:~f: 

If;] :7\'; ,iffl Mat,:Ii Jl:. t JI If;] *- IJ' fI U1 ; ~ )f] E ~ *- -* 0/ 1hZ. f: -Ai 18- II\] :7\'; ,iffl Mat, :Ii Jl:. t 

(I~li~ ~~~~~~ ~ 
It--- --- - ---

~"ip '" 

JIII\]*-/J'fI U2 • E3:pt-Tt-%rfI e,~~ 0/ iJ~:7\';itfI c,1#.:;jt:-fM3t1lt:lt5fP1t:#~ . 
J, iJ~~ til J)]. 

[:$1-;f;JTl Jlt~~-~*T~~~lf3dfffirOJ~, txfl'Jillffl ~g*-~~18iHt, 
~B~~WftB]ltEg%Uill7JflE§!DC)JJlliJjfUM~. 

UU EB B!!=*-llHf-fs0P: 

~ =R(k\ - ~2)' 
PJ~~3t~4'llt*~*J¥]J't~1i:.~T EB n=2-k= 1 WCJfBtJ5ttl:lJ¥] ,Jt:llt*a<J 

iliJ. 
1 3R 

CDA12 4' 

xt~J¥]J'tTfi~.jJ 
1 3Rhc 

E12 =hc A12 =-4-'@ 

P:4' h jJifME1ti!:. B!!=*~4'llt*~~J¥]J't~1i:.~TEB n==-k=2 W( 

JfB~·J5ttl:lJ¥] , Jt:llt*J¥]iliJ. 
_R 

®A2= -4' 
xt~J¥]J'tTfi~. 

E
2
==Rhc @)4 . 

m A *~W:~~8~~tI:l:;iJ,JJlIJ eU1 fI] eU2 :5tJJlJjJJ'tE£l.TJ¥]~*tJJi9Jfi~. EB~E§ 

WT:I:§.J'tE£l.~~j]~1~ 

3Rhc=eU +A.
1 ®4 

Rhc=eU2+A. ®4 

ifl!H~ 

eA=ZCUl -3U2 ). 

h=2e(U1 -U2) 
Rc 

--=» (2003 • :i:00 ~JJ'ffi JUri> -1'-~ #: t ~ it:7\'; ,11 *r 1. If;] :7\'; it 0/ 5JlH!f 
-~i~~ II\] jft f:fI 4.86 X 10-7 m.1#. it1t:Ii;lt~,W -T 0/ t -T fA '}jJI-1'- ~~ W. foJ ',#Jl-

1'-IiUR (mit1-it n -*- .,j';- ) J1f:. :if at it til iJ~; E ~ i\ ,W -T 1\' ~ (n = 1) II\] ~~ ~ fI El = 

-13. 6 eV=-2.18XI0-18 J.-fM3t1lt:;:fI h=6. 63XI0-3' J. s. 

[:$1-:t,fTl J2.~-~*T~~~]It~ffi~, tx{I'JR~IEMIlillffi~~~Ii~iHt, 

§!DC)J*l:±:l~~. 

UU llt*A~~*VJ¥]*~jJ 



•• 
..y...:~'!~_ ' _ .___ ~-~ __ __ ~..__ . __~_ ._....-.._______......______ _ • . .-4. .. E __J~He:ro:fr 

c
v=T' CD 

J'tT I¥.J IjlHi1:7 
E, =hv. @ 

iii j\CD®OJ*1~f'1:.7J![*),=4.86 X10-7 m it!r~I¥.JJ'tTl¥.Jtmi!: 

E.=4. 09X10-19 J. ® 
.~T~tm••~~mS#~.TBn~.~.&~ 

1E,,=-k 2". (n=l,Z,3. ···) @ 
n 

j:-t:~ k 1:7lE~ ttf9lJ'ltB. i\Jn:Ti!i!;~~i!TB n= 1,~~1l~:!it EI e~.1iI j\@) 
OJ1~tB 

k=-EI. ® 
rej\®f-tAj\@).1l!OJ*~~i(Jn:T n=Z. 3. 4,5 ... ·4}Il~.~Il~:i:, '2ffJ~ 

Ez=-izk=-5.45 X 10-19 J. 

E3=- 31zk=-Z. 42X 10-19 J. 

E4 =- 41zk=-1. 36X10-19 J. 

E;=-iz k=-8. 72X1O- z0 J. 

tt~ ~~ I.B1m. ';£ ~ 
E,=E4 -Ez = 4. 09X 10- 19 J. 

Yfl-'J. ,:it~i~~~JtTM. n=4 ~1l~.~tt¥iJ n=Z ~1l~.Bt';£tBa9. 

<C~ (2001, ~OO!fmJ!~nu~ ) 1fWj-tjlJ,:T"~it-iJl.J~mf1'" A,B.A ~.li:..B 

!;l, ±tit Vo lij z.~ 1. :9I~. e, Jo :';;ltfU§· .::. '* E19l!it VA ~ VB tE - ~ 1f. Bt.l, :9I~:i:± 
iff tf~7};& ~t1fPJllUIUt - ~mf 1'" ~ LIt. fA ilii ~ 1$( mf 1'" IE ~it- ~JJ3U itJ:~ it-, ~ 
j§" . Jltmf 1'")oJ iiS; jj~ ~~if, 71'..£. tI:l7t 1'". j(p~~Ij§" ~ tI:l--t 7t 1'", ~1t jt ::i!it "" ~ 
y m: ~ ~ *- (y;l- m/s~;F)? e, Jo It 1'" %f.f~ n e=l, 60Z X10-19 c, M1'" ffi::Ii n m" 

= l. 673X 10- z7 kg, 1t1'"ffi::lKn m, = O. 911 X10-31 kg. ~ )~1'"89~it-jj~i!:n EI = 

- 13. 58eY. 
[7Hli'1 1~jl5l&z1JUllIiQ ,ftiIJqJ >.R t±:l ~&FY A, B mm Fo& t±:l tt:J)It:t- tt:J ~~!i. ¥'ij 

~JI5Zi!J~V~;;E~!':§Im~V~;;Ef=lt;SZ@ffl~~@~~r.s, §Dqr*t±:l~Fo~6~. 

uu :B~.Jn:TM.¥~~tt¥Ui~tti:~,*r~Il~fJ:tVJ\~i*:,;£~~ n=ZI¥.J~ 

-j%:,;£~. e~tr.JffiT~Il~iJ:.!oJ:JtjJ:TBEt:1.~.& tt, enfi 
1

E,,=K2". CD n 

.:x.~¥~(n= 1) B91l~:!i1:7-13. 58 eV, en 

,•.-.-.~~~ ~:t~~ :t*~ 
.e; ~ {i 

1
E I=K ""12=-13. 58 eV. 


Yfl-'J. K=-13. 58 eV. 

n=Z Et:1~-i*:~~i3<JIl~.:B 


1 1
Ez=K 22=-13. 58X"4 eV=-3. 39 eV. @ 

1:7~¥~Et:1~JffiTi*:,;£~~-.~~Yf.n.:B 
Eril =Ez- E 1 =(-3.39 +13. 58)eV= 10. 19eV. Q) 


:it•••~TM.~-i*:~~~tt~i!i!;~~';£tBEt:1J'tTl¥.Jn.,~ 

18hv=ErIl =10.19 eV=10. 19X1. 602 X10- 19 J=l. 632X 10- J. @ 


~ r:p v 1:7 J'tT Ef<J!m$. M.:1f:lm rdHl ¥U.ti:M tB J'tT ,*1mi9J :lIn!lll~ :Ii'iTtllJE~ff 


m"" =mvA +mvB+J'tT Ef<J1j;Ijjl:. ® 

1 2_ 1 ( z+ Z)+ @2m"" -2m VA VIJ hv. 

J'tTi3<Ji9J:it p, = hv. 1iI @~OJJt~~ m",, > Zhv. ~jg ",,«c.Yf~~ m",,» hv ,$:® 
c Vo c 

~ r:p J'tT sf.Ji9J:lIl.!oJ m"" t§ tt~OJ~ Bl?t::-f it,®~1ejg 

mvo =mVA +mvB =m(vA +Vll). Q) 
1"t1f@Q)~~Ef<J Vo Ef<J~/J\SOJfiE~~I]T: 1iI @j\'&Q)~OJJt~~ 

~m""z = ~m(vA+vB)2-mvAvB+hv 

1 
= 2m"" Z-mVA (",,-VA )+hv. 

mVA 2 -mVAVO +hv=O. 

~wc~~~ 

1)z 1 
m (VA -2"" -"4n2'O,/+ hv=0. 

1 (1 )2"4 m"" z=hv+m VA-2"" . ® 

1iI ®~OJ~ tB , ~ VA = ~ ·vo at ,"" it¥iJJi/J\S Vom;n .Jltat 


VA=Vll. 


. ""m;n =zJ7ff. 
f-tAfi*BS,~~ 

""rrun =6. 25X 104 m/s. 


~ (2008 • ~OO~J!~JU~ ) 


0)1;. i~ni\mf 1'"~it-*Jfl;t 1F~~,Rn!tiJ:-t t -1-tIltE !;l, ~~ n tf I\.,' iJ~ 00 %J 

.liE;&, ..f1£;j{J ~,m ;&j[:ltj n 1;= 2
h
T(,)t tf h ~ it Wl3t $}i . 

http:TM.~-i*:~~~tt~i!i!;~~';�tBEt:1J'tTl�.Jn
mailto:JI5Zi!J~V~;;E~!':�Im~V~;;Ef=lt;SZ@ffl~~@~~r.s
http:Ez=-izk=-5.45
mailto:rej\�f-tAj\@).1l!OJ*~~i(Jn:T
http:j\CD�OJ*1~f'1:.7J
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E3=- 31zk=-Z. 42X 10-19 J. 
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E,=E4 -Ez = 4. 09X 10- 19 J. 
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= l. 673X 10- z7 kg, 1t1'"ffi::lKn m, = O. 911 X10-31 kg. ~ )~1'"89~it-jj~i!:n EI = 

- 13. 58eY. 
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~JI5Zi!J~V~;;E~!':§Im~V~;;Ef=lt;SZ@ffl~~@~~r.s, §Dqr*t±:l~Fo~6~. 
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-j%:,;£~. e~tr.JffiT~Il~iJ:.!oJ:JtjJ:TBEt:1.~.& tt, enfi 
1

E,,=K2". CD n 

.:x.~¥~(n= 1) B91l~:!i1:7-13. 58 eV, en 

,•.-.-.~~~ ~:t~~ :t*~ 
.e; ~ {i 

1
E I=K ""12=-13. 58 eV. 


Yfl-'J. K=-13. 58 eV. 

n=Z Et:1~-i*:~~i3<JIl~.:B 


1 1
Ez=K 22=-13. 58X"4 eV=-3. 39 eV. @ 

1:7~¥~Et:1~JffiTi*:,;£~~-.~~Yf.n.:B 
Eril =Ez- E 1 =(-3.39 +13. 58)eV= 10. 19eV. Q) 


:it•••~TM.~-i*:~~~tt~i!i!;~~';£tBEt:1J'tTl¥.Jn.,~ 

18hv=ErIl =10.19 eV=10. 19X1. 602 X10- 19 J=l. 632X 10- J. @ 


~ r:p v 1:7 J'tT Ef<J!m$. M.:1f:lm rdHl ¥U.ti:M tB J'tT ,*1mi9J :lIn!lll~ :Ii'iTtllJE~ff 


m"" =mvA +mvB+J'tT Ef<J1j;Ijjl:. ® 

1 2_ 1 ( z+ Z)+ @2m"" -2m VA VIJ hv. 

J'tTi3<Ji9J:it p, = hv. 1iI @~OJJt~~ m",, > Zhv. ~jg ",,«c.Yf~~ m",,» hv ,$:® 
c Vo c 

~ r:p J'tT sf.Ji9J:lIl.!oJ m"" t§ tt~OJ~ Bl?t::-f it,®~1ejg 

mvo =mVA +mvB =m(vA +Vll). Q) 
1"t1f@Q)~~Ef<J Vo Ef<J~/J\SOJfiE~~I]T: 1iI @j\'&Q)~OJJt~~ 

~m""z = ~m(vA+vB)2-mvAvB+hv 

1 
= 2m"" Z-mVA (",,-VA )+hv. 

mVA 2 -mVAVO +hv=O. 

~wc~~~ 

1)z 1 
m (VA -2"" -"4n2'O,/+ hv=0. 

1 (1 )2"4 m"" z=hv+m VA-2"" . ® 

1iI ®~OJ~ tB , ~ VA = ~ ·vo at ,"" it¥iJJi/J\S Vom;n .Jltat 


VA=Vll. 


. ""m;n =zJ7ff. 
f-tAfi*BS,~~ 

""rrun =6. 25X 104 m/s. 


~ (2008 • ~OO~J!~JU~ ) 


0)1;. i~ni\mf 1'"~it-*Jfl;t 1F~~,Rn!tiJ:-t t -1-tIltE !;l, ~~ n tf I\.,' iJ~ 00 %J 

.liE;&, ..f1£;j{J ~,m ;&j[:ltj n 1;= 2
h
T(,)t tf h ~ it Wl3t $}i . 



• • ·__ ~-~_BIHt:i5137} 

<I )ftlJ*~·mt It-T faJ o!] tEl §.1f)f], m.]ffi: -T U9 - ~ It ~ ti~~ $ j> It -T1JC? - tR 
1t.~~ft~n~-~It-T.~~~~m.4U9~t. 

( II ):%~jffiH~U9 m.]ffi: -T - j,& It If; ti~~ 24. 6 eV *i£1.:iHUf~!Xl F1!] £.tlli 1.* 
~41t-T~~U9~§'1f)f],*-~.~~~t-T~~~.~._~-*.*~~ 

i'ffij. ~)f] JlG~ 7J!!.5fP. -l9:., *- til It -T:E tHft,J!t II!] 4'-1£ ro ,£it ~~:Ii Eo J;J,.& - j,& It If; tit 
E+ , #-~ :%~)fl1HH!] .]ffi: -T-tR t .~t;fE1 ~~ti:. 

~ Jp ~ -T mti: m=O. 511 MeV/c2,c ~7't:l!, fEl%#:i I;c= 197.3 MeV· fm= 

197.3 eV· nrn,ke2=1. 44 MeV· fm=1. 44 eV · run,k ~M> 1t7'J #:i,e ~~* t 
-roi:. 

(2) ~ 5-1-1 ~;!k #;Ii -T 5f ~.z: 't Wr: 89 q~ liE 09 ,f!it 
- ... ~ ..

ft . q~ lit i£ ~t\ lID fJ , rn II~ ~ faJ ~ - JJt ~ ~ lID *' • IIHlHL ?l 
~U9m~~ g*~U9~~*'•• IID~I.•~;Ii-TIt-ro~ 

Je/J' ~ -1'£* ~-ro:!l!: e: e= 1. 60 X 10- 19 C, lB'~ r: '8]l q~ 
liEF19ilb$4'-q~ rd=210 mm,lB'~1.'8]lq~liEU9 ilb$4'-q~ ru ' i~iI~W~~\'=76. 0 mm, lB'~ fJ iJ9 {~liE ~ lB'~ ~H~~ /9= 15.0°, lB';fIZ~ 


It d=6. 00 mm,*~S Silt B=1. 00 T,;Ii -T mtli m=9. ~ 5-1-1 


11 X 10-31 kg=O. 511 MeVN. /f~ ~.z: 't ~ '\1*n;li -T U9 ~Ji7'J. 
( I ) ~ tIl;li -T:E;& 89 ~ ~ 5fP ~ -ro ~.iE ~ ; 

( II )~ ftiJ 1{i;fIZi£;Ii -T Jf~)t!J faJ J'}f ~ U9 7'J f-~ j,] $ j' 4 ? 

( ill)fri -l9:.M ~ lB'~ 09 /f ~ -l';Ii -T, ii'ii ~!Aj}P:i!~ 51 til U9 it:i- j,] j=5. 00 X 


1Q18Is U9M ).p;li -T -*, -l'Mo.p#~at faJ j,] ,=2.50 ns. ~ ftiJ lB'~i£ JlGM ).p;li -T * 
Jf~)t!J~mtiJ97'Jf-~j,]$j>4?lB'~i£JlG)t!JM~~U9~.X~$j>~? 

[~m1 Jlt~Im~ilii :&~~@WJ~~m~-3-H::;~ftj:~S!lJi,~. 

UU (1) ( I )~.w:-T9=t~WITl'Et! -T, -~ Et! ~~~ E+ Ji'dEft 9=t --:-1' Et! -Tf$¥1J 
xIl&JiHtElfffa'~En~~1imJE He+ £+ -He+ +e-. 11 T1~¥iJ~l5t-TEn-~Et!~~~ 
E+ ,$~>J(tfj-l'Et!-TEt!~IV.Ri~~-Tf*.*En~~:tIt E'. ~~-l'Et!-TIE~t;U~Jg 

79JEnf*.*, roo~tti~#~7*. 
M$-::tEfJ~1J~ 

. 2ke2_mif
7-----;: 

9=t ,r;lHJLl!*12 ,v ~Et! -Ti!1t. x1~~ ,Y:IlflU\:!I-T1t*f4 (~ #J-j: 59 l;)ilJ IV. 
ffPFtti 

1;2 

ro = 2ke2m' CD 

~~~~-T~~:m 

E' =~_2ke2 =_2k2e' m @2m ro 1; 2 ' 

ft 9=t Po 11 ~~ Et! -T79JiJ: En:k/J\ ;{-tA~m1~ 

.---- __..~JJ;~ Tii1-3-~ ~ -3-~ ~ 

E ' =_2(ke2)2mc2 ~-54 4 V

(1ic)2 ~ . e . 

ffi~/GitEt!-TrBJEn;fIE[fFm ,~l5t-T~~En~~:i: Eo ~ltmEn 2 ftr. tlp 
Eo=2E' ~-108 . 8 eV. 

~~-T"~:I: E ' .!:3~W--T~~"~il Eo ziHt~~mFfEn-~Et!~"~ 
£+=E' -Eo=-E' ~54. 4 eV. 

wm~=:~~T~~:i: 
r,2 2ke2 

E'=~--
2m r 

re~~En1fl~r1fl*.* rp=1; f-tA,~®ilJIV.B3(~~ 

E' =L_2ke
2

= K (.l_2ke2m) 2_2k2e' m 
2m? r 2m r I; 2 I; 2 • 

1ZSI~~Enfl~It:m:/J\, ~®~%tiJtJ.En~-J.]!11~, Elf t:)*1Hl1fl~:i: 
1;2 2k2e'm 

rO=2ke2m' E' =--1;-2 -' 

:5t~IJ.!=jCD@WIT~;ffl [QJ. 

CII )roo, [QJ¥f~tti*~W-T~~fl~jj: Eo ~*12 ro a<J~#M1!. 


M$-:lfJmfJ~1J~ 


mif 2ke2 ke2 7ke2 

----;:- 7 - ( 2r)2 = 4? . 

;fI1~~:i:T1t~f4 rmv= 1;, ilJ t:)~ tti *12 
41;2 

ro = 7kr?m' 

~~~W--T~;$ fl~ii 

Eo = 2 (~_2ke2) +ke
2 

= _ 49k
2
e'm 

2m ro 2ro 161;2' 

f-tA~m~~~ · 
2 2

49(ke )2mc ~-83 . 4 eV
Eo = - 16(l;c)2 

- 4(1ic )2 ~O. 030 2 run. 
ro -7ke2mc2 . 

fX IV- ,~W--T a<J - ~ Et! ~fl~ 

£+=E' -Eo ~29 . 0 eV. 

~{JJtt;~~lJi!IJ1~En~l5t-T-~Et!~~~ 24. 6 eV il1litti 4.4 eV. 

M$= :~l5t -Tfl~ :Ii 
2 2 2

E=2( li.._2ke ) +ke =K_7ke
2m r 2r m? 2r' 

ilJIV.1t~ 

-lL (.l_7ke2m ) 2 _ 49k2e'm 
E- m r 41; 2 161;2 . 

4.~ ..'J " 

® 

® 

@ 

® 

(J) 

® 

® 

http:ilJIV.1t
mailto:5t~IJ.!=jCD@WIT~;ffl
http:f-tA,~�ilJIV.B3
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<I )ftlJ*~·mt It-T faJ o!] tEl §.1f)f], m.]ffi: -T U9 - ~ It ~ ti~~ $ j> It -T1JC? - tR 
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( II ):%~jffiH~U9 m.]ffi: -T - j,& It If; ti~~ 24. 6 eV *i£1.:iHUf~!Xl F1!] £.tlli 1.* 
~41t-T~~U9~§'1f)f],*-~.~~~t-T~~~.~._~-*.*~~ 

i'ffij. ~)f] JlG~ 7J!!.5fP. -l9:., *- til It -T:E tHft,J!t II!] 4'-1£ ro ,£it ~~:Ii Eo J;J,.& - j,& It If; tit 
E+ , #-~ :%~)fl1HH!] .]ffi: -T-tR t .~t;fE1 ~~ti:. 

~ Jp ~ -T mti: m=O. 511 MeV/c2,c ~7't:l!, fEl%#:i I;c= 197.3 MeV· fm= 

197.3 eV· nrn,ke2=1. 44 MeV· fm=1. 44 eV · run,k ~M> 1t7'J #:i,e ~~* t 
-roi:. 

(2) ~ 5-1-1 ~;!k #;Ii -T 5f ~.z: 't Wr: 89 q~ liE 09 ,f!it 
- ... ~ ..

ft . q~ lit i£ ~t\ lID fJ , rn II~ ~ faJ ~ - JJt ~ ~ lID *' • IIHlHL ?l 
~U9m~~ g*~U9~~*'•• IID~I.•~;Ii-TIt-ro~ 

Je/J' ~ -1'£* ~-ro:!l!: e: e= 1. 60 X 10- 19 C, lB'~ r: '8]l q~ 
liEF19ilb$4'-q~ rd=210 mm,lB'~1.'8]lq~liEU9 ilb$4'-q~ ru ' i~iI~W~~\'=76. 0 mm, lB'~ fJ iJ9 {~liE ~ lB'~ ~H~~ /9= 15.0°, lB';fIZ~ 


It d=6. 00 mm,*~S Silt B=1. 00 T,;Ii -T mtli m=9. ~ 5-1-1 


11 X 10-31 kg=O. 511 MeVN. /f~ ~.z: 't ~ '\1*n;li -T U9 ~Ji7'J. 
( I ) ~ tIl;li -T:E;& 89 ~ ~ 5fP ~ -ro ~.iE ~ ; 

( II )~ ftiJ 1{i;fIZi£;Ii -T Jf~)t!J faJ J'}f ~ U9 7'J f-~ j,] $ j' 4 ? 

( ill)fri -l9:.M ~ lB'~ 09 /f ~ -l';Ii -T, ii'ii ~!Aj}P:i!~ 51 til U9 it:i- j,] j=5. 00 X 


1Q18Is U9M ).p;li -T -*, -l'Mo.p#~at faJ j,] ,=2.50 ns. ~ ftiJ lB'~i£ JlGM ).p;li -T * 
Jf~)t!J~mtiJ97'Jf-~j,]$j>4?lB'~i£JlG)t!JM~~U9~.X~$j>~? 

[~m1 Jlt~Im~ilii :&~~@WJ~~m~-3-H::;~ftj:~S!lJi,~. 

UU (1) ( I )~.w:-T9=t~WITl'Et! -T, -~ Et! ~~~ E+ Ji'dEft 9=t --:-1' Et! -Tf$¥1J 
xIl&JiHtElfffa'~En~~1imJE He+ £+ -He+ +e-. 11 T1~¥iJ~l5t-TEn-~Et!~~~ 
E+ ,$~>J(tfj-l'Et!-TEt!~IV.Ri~~-Tf*.*En~~:tIt E'. ~~-l'Et!-TIE~t;U~Jg 

79JEnf*.*, roo~tti~#~7*. 
M$-::tEfJ~1J~ 

. 2ke2_mif
7-----;: 

9=t ,r;lHJLl!*12 ,v ~Et! -Ti!1t. x1~~ ,Y:IlflU\:!I-T1t*f4 (~ #J-j: 59 l;)ilJ IV. 
ffPFtti 

1;2 

ro = 2ke2m' CD 

~~~~-T~~:m 

E' =~_2ke2 =_2k2e' m @2m ro 1; 2 ' 

ft 9=t Po 11 ~~ Et! -T79JiJ: En:k/J\ ;{-tA~m1~ 

.---- __..~JJ;~ Tii1-3-~ ~ -3-~ ~ 

E ' =_2(ke2)2mc2 ~-54 4 V

(1ic)2 ~ . e . 

ffi~/GitEt!-TrBJEn;fIE[fFm ,~l5t-T~~En~~:i: Eo ~ltmEn 2 ftr. tlp 
Eo=2E' ~-108 . 8 eV. 

~~-T"~:I: E ' .!:3~W--T~~"~il Eo ziHt~~mFfEn-~Et!~"~ 
£+=E' -Eo=-E' ~54. 4 eV. 

wm~=:~~T~~:i: 
r,2 2ke2 

E'=~--
2m r 

re~~En1fl~r1fl*.* rp=1; f-tA,~®ilJIV.B3(~~ 

E' =L_2ke
2

= K (.l_2ke2m) 2_2k2e' m 
2m? r 2m r I; 2 I; 2 • 

1ZSI~~Enfl~It:m:/J\, ~®~%tiJtJ.En~-J.]!11~, Elf t:)*1Hl1fl~:i: 
1;2 2k2e'm 

rO=2ke2m' E' =--1;-2 -' 

:5t~IJ.!=jCD@WIT~;ffl [QJ. 

CII )roo, [QJ¥f~tti*~W-T~~fl~jj: Eo ~*12 ro a<J~#M1!. 


M$-:lfJmfJ~1J~ 


mif 2ke2 ke2 7ke2 

----;:- 7 - ( 2r)2 = 4? . 

;fI1~~:i:T1t~f4 rmv= 1;, ilJ t:)~ tti *12 
41;2 

ro = 7kr?m' 

~~~W--T~;$ fl~ii 

Eo = 2 (~_2ke2) +ke
2 

= _ 49k
2
e'm 

2m ro 2ro 161;2' 

f-tA~m~~~ · 
2 2

49(ke )2mc ~-83 . 4 eV
Eo = - 16(l;c)2 

- 4(1ic )2 ~O. 030 2 run. 
ro -7ke2mc2 . 

fX IV- ,~W--T a<J - ~ Et! ~fl~ 

£+=E' -Eo ~29 . 0 eV. 

~{JJtt;~~lJi!IJ1~En~l5t-T-~Et!~~~ 24. 6 eV il1litti 4.4 eV. 

M$= :~l5t -Tfl~ :Ii 
2 2 2

E=2( li.._2ke ) +ke =K_7ke
2m r 2r m? 2r' 

ilJIV.1t~ 

-lL (.l_7ke2m ) 2 _ 49k2e'm 
E- m r 41; 2 161;2 . 

4.~ ..'J " 

® 

® 

@ 

® 

(J) 

® 

® 



--
m-ti Wi-e:OO:fr""------,- ...... ~---~-----.-, _. . 

~~:'LLA~%;tJ!l~-rmjg~Bt, ~~:m:~/J\. ffi lltPI~, ~;$~~iI:.!:3 *~2 
49k 2 e'm 4h2 

Eo=-~, rO=7ke2 m' 

5Hltl.!:3(7)®JmAtBI"J. 
(2) ( I )J/'iL-TJA~$M[I;J~Hfttl{}~roLL~lW, ;l'tft!{.ljjglE. 
(II )~Q~ 5-1-1 J!Jf~,J/'iL-TI¥.J~lWJilt v .!:3m:J;m/J[I;J~H, j~te;ttj]1£W;ffil 

I*J ;mj]/F~~~{.ljft!J/'iL-TlW:i:I¥.J*/J\ , JU!~~;I't/J[I;J. ;a:/F~m~~9='~1*xtRT 

I¥.Jmj],{.ljft!J/'iL-T1£m~m:J;m~m~I¥.J~~m••~~$*~jg-~ml¥.J~m;PI 
J:X§) ill ;I't~ lW /J~ 

qBv= IM I =1!M=E!!. CDc"t c"t r 

;l't9=' q ~J/'iL-Tft!{.lj ,v ~J/'iL-Ti!&l¥.Jjc/J\, P ~J/'iL-TlW:i:l¥.Jjc/J\, c,,¢ ~J/'iL-T1£ 

ill Btrei] l*J~ttl¥.J:#lJjt ,r ~$fL:Jm:dtJ$*K T~fl 
p=qBr. (Z) 

~J2~ ,q=e. mPd ~ P" :5tJ.l1J1iLlj~J/'iL-TM.A l{}:tIi~ § fS-tiM ill BtlWii I¥.J* 
IJ\ ,*tEACD9='f~.Afl-*~!Ii!i, PI ~1):~~ 

pd=63. 0 MeV/e, p,,=22. 8 MeV/c. (3) 
2i3:~¥Ij~ pe»me atJj)z1tm~5(ffixt1t,JA 

mv @ 
p J1-(:)2 

e9=' PI ~~~ ¥IJ v ® 
J1+C;:f 

mVd ~ v" :5tJ.lIJ*~J/'iL-T:it!:.A~i'*I3fl{}1&BtI¥.JJi&*/J\. 1EA(Z)J:J.R m= 

O. 511 MeVJc2 f~.AA(3), PI~~ 

Vd~C, vu::::::; c. ® 

T~,J/'iL-T~ttfS-1&I¥.J.1JZ-J:$ji!lt;= ~ (Vd +v,, )~e. mc"t *~J/'iL-T~ttl{}1& 
l¥.Jatriij ,Jj!IJ:f;i 

vcosBc"t=d. (7) 

wm c"Pd. *~J/'iL-T~ufS-:tIilW1i~~:fil¥.Jjc/J\ ,fS-:tIiJ!Jf~¥tll¥.J.1JZ-J:$jj] I¥.Jjc/J\ 
j=c"pd. =~~(Pd -p" )ccosB ®c"t d d' 

vcosB 

f~.A:f;i-*~m1~ 
j~l. 04X10- 9 N. ® 

( ill )-1-J/'iL-T~ufS-tiI¥.JBtrEi] 

_-'-~ , __~ -1-_!9 ~.~ iW<---.. . -. 
~'" ~ . 

c"t=~~.....1:...,..~2. 07X10- 11 s=0. 020 7 ns. ®•vcosB ecosB 

ttJ/'iL-T*ViEE!'~Jlijc*)j!i]M r=2. 50 ns IH~$.l{}ti1£lltJl:rj(**'.:1:-T*~ttMIEi]ffr 

~a9j]1¥.J.1JZ-J:$j*/J\ 

F~(Pd-P")j . @ 

f~.A!i&m~~ 
F=0.107 N. © 

~mA@' PI1E~-T~~ii~JilZ 

E= /ile2 +m2 e1 
• © 

J!Jf J:J.;f>:1-T~ttfii;tx llU J§ 1¥.J~~:i::5tJ.lIJjg 

Ed= Vp/e2+m2c'-= 63. 0 MeV, E"= vp,,2e2+m? = 22. 8 MeV. @l 

T~,fii~1£Jlijc*~-T*~uM~J!Jf~~I¥.J~. 
Q= (Ed - E" )jr. ® 

f~.A~!li!i1~ 

Q=8.04X10- 2J. 

~__ (2007 . ~OO!!mJ!I.MU!) e. ju ~ j)jt -f f)d~.·t~,t (iE-fit Pi )~lf. iU.£ 

,t (iE-fit S+ )JiJT jj: til if.) 7t 1.11' ~ 5t *- ,1.0 = 588. 966 5 nm. lJll, if - m#! ~ -f '\ , ;Ft- tf if.) 

lJIJ ,~ -f #j: .7G 1Ji, Jilu 1A:l£ i}J ( V'J ~ -T friJ ii!. 7JJ .r-; .;I.':t .Lt.;fg) ~ it ltt tL ) , -tit - )j{ jfJ- z $II Y5. 7i 
Jf;J 1~:Jm-- if.) 5t *-.J; ,1.=589.0080 nm ~9 iNk:it ,1!!Ut. ~ B~UTd~ L¥- -f~ i}J 7i Jf;J ~ z #. .lE 
7i Jf;J .z:. rSJ lit ~~ (:ktr m 5-1- 2) . I'D] tE 30°<B<45° ~ 1lt tK r-iJ fJ 89 <ffl $( T 9=' :lJ!. $ u .{£ 

it ~ ~ fE fJ ~U'r: 1=. # *:.&. ~ , fA S+ ~ iNk jj: jlJ P1 ,t? **# ~ '2{ ~ %J J6 ~ $( -f:lJ!. 
1lt C9dt) ~ 1tfJ9 *+. e. Jp <ffl ~ -f.&t:li!:.J; M= 3. 79 X 10-26 kg, f-1Yl :t ?it:f h = 

6.626069 X10-34 J • s, ~ ~ tf ~'17ti! e=2. 997 925 X108 m. S-I. 

llilmi~ ~u 

~~=-~----------~<: ~ 
W::Yt* 

1!15-1-2 

BHJT] lX~-~~3-~~7H~lI&@t&tlSJrOJJMi,*1I~~j~~3-~:YttISJJl6 
~~;mp::!:§~~~tB~:Yt;mp::(%:t~-? ~-¥Jnitffi. )ffi~8\j:j~g~~~lI&@t&. 

[~] ~~- :m!li!iB~5Rf4' ,M[l;JWlJffi-Ta~~J't;I¥.J!ijj$ 

e
v=T' CD 

xtJElW/J[I;J.!:3 z 41ILiE/J[I;J 1¥.J~:#l jg B,Ji$jg u a~~P3JJl': -T, ffi T$ilnjJ~:tJj)z, 1'; 

1t!&I¥.J~J't;!ijj* 

v' = v ( 1+ ~ cosB). (Z) 

~mi1t**~,fl 

http:OO!!mJ!I.MU
http:J/'iL-Tft!{.lj


--
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~~:'LLA~%;tJ!l~-rmjg~Bt, ~~:m:~/J\. ffi lltPI~, ~;$~~iI:.!:3 *~2 
49k 2 e'm 4h2 

Eo=-~, rO=7ke2 m' 

5Hltl.!:3(7)®JmAtBI"J. 
(2) ( I )J/'iL-TJA~$M[I;J~Hfttl{}~roLL~lW, ;l'tft!{.ljjglE. 
(II )~Q~ 5-1-1 J!Jf~,J/'iL-TI¥.J~lWJilt v .!:3m:J;m/J[I;J~H, j~te;ttj]1£W;ffil 

I*J ;mj]/F~~~{.ljft!J/'iL-TlW:i:I¥.J*/J\ , JU!~~;I't/J[I;J. ;a:/F~m~~9='~1*xtRT 

I¥.Jmj],{.ljft!J/'iL-T1£m~m:J;m~m~I¥.J~~m••~~$*~jg-~ml¥.J~m;PI 
J:X§) ill ;I't~ lW /J~ 

qBv= IM I =1!M=E!!. CDc"t c"t r 

;l't9=' q ~J/'iL-Tft!{.lj ,v ~J/'iL-Ti!&l¥.Jjc/J\, P ~J/'iL-TlW:i:l¥.Jjc/J\, c,,¢ ~J/'iL-T1£ 

ill Btrei] l*J~ttl¥.J:#lJjt ,r ~$fL:Jm:dtJ$*K T~fl 
p=qBr. (Z) 

~J2~ ,q=e. mPd ~ P" :5tJ.l1J1iLlj~J/'iL-TM.A l{}:tIi~ § fS-tiM ill BtlWii I¥.J* 
IJ\ ,*tEACD9='f~.Afl-*~!Ii!i, PI ~1):~~ 

pd=63. 0 MeV/e, p,,=22. 8 MeV/c. (3) 
2i3:~¥Ij~ pe»me atJj)z1tm~5(ffixt1t,JA 

mv @ 
p J1-(:)2 

e9=' PI ~~~ ¥IJ v ® 
J1+C;:f 

mVd ~ v" :5tJ.lIJ*~J/'iL-T:it!:.A~i'*I3fl{}1&BtI¥.JJi&*/J\. 1EA(Z)J:J.R m= 

O. 511 MeVJc2 f~.AA(3), PI~~ 

Vd~C, vu::::::; c. ® 

T~,J/'iL-T~ttfS-1&I¥.J.1JZ-J:$ji!lt;= ~ (Vd +v,, )~e. mc"t *~J/'iL-T~ttl{}1& 
l¥.Jatriij ,Jj!IJ:f;i 

vcosBc"t=d. (7) 

wm c"Pd. *~J/'iL-T~ufS-:tIilW1i~~:fil¥.Jjc/J\ ,fS-:tIiJ!Jf~¥tll¥.J.1JZ-J:$jj] I¥.Jjc/J\ 
j=c"pd. =~~(Pd -p" )ccosB ®c"t d d' 

vcosB 

f~.A:f;i-*~m1~ 
j~l. 04X10- 9 N. ® 

( ill )-1-J/'iL-T~ufS-tiI¥.JBtrEi] 

_-'-~ , __~ -1-_!9 ~.~ iW<---.. . -. 
~'" ~ . 

c"t=~~.....1:...,..~2. 07X10- 11 s=0. 020 7 ns. ®•vcosB ecosB 

ttJ/'iL-T*ViEE!'~Jlijc*)j!i]M r=2. 50 ns IH~$.l{}ti1£lltJl:rj(**'.:1:-T*~ttMIEi]ffr 

~a9j]1¥.J.1JZ-J:$j*/J\ 

F~(Pd-P")j . @ 

f~.A!i&m~~ 
F=0.107 N. © 

~mA@' PI1E~-T~~ii~JilZ 

E= /ile2 +m2 e1 
• © 

J!Jf J:J.;f>:1-T~ttfii;tx llU J§ 1¥.J~~:i::5tJ.lIJjg 

Ed= Vp/e2+m2c'-= 63. 0 MeV, E"= vp,,2e2+m? = 22. 8 MeV. @l 

T~,fii~1£Jlijc*~-T*~uM~J!Jf~~I¥.J~. 
Q= (Ed - E" )jr. ® 

f~.A~!li!i1~ 

Q=8.04X10- 2J. 

~__ (2007 . ~OO!!mJ!I.MU!) e. ju ~ j)jt -f f)d~.·t~,t (iE-fit Pi )~lf. iU.£ 

,t (iE-fit S+ )JiJT jj: til if.) 7t 1.11' ~ 5t *- ,1.0 = 588. 966 5 nm. lJll, if - m#! ~ -f '\ , ;Ft- tf if.) 

lJIJ ,~ -f #j: .7G 1Ji, Jilu 1A:l£ i}J ( V'J ~ -T friJ ii!. 7JJ .r-; .;I.':t .Lt.;fg) ~ it ltt tL ) , -tit - )j{ jfJ- z $II Y5. 7i 
Jf;J 1~:Jm-- if.) 5t *-.J; ,1.=589.0080 nm ~9 iNk:it ,1!!Ut. ~ B~UTd~ L¥- -f~ i}J 7i Jf;J ~ z #. .lE 
7i Jf;J .z:. rSJ lit ~~ (:ktr m 5-1- 2) . I'D] tE 30°<B<45° ~ 1lt tK r-iJ fJ 89 <ffl $( T 9=' :lJ!. $ u .{£ 

it ~ ~ fE fJ ~U'r: 1=. # *:.&. ~ , fA S+ ~ iNk jj: jlJ P1 ,t? **# ~ '2{ ~ %J J6 ~ $( -f:lJ!. 
1lt C9dt) ~ 1tfJ9 *+. e. Jp <ffl ~ -f.&t:li!:.J; M= 3. 79 X 10-26 kg, f-1Yl :t ?it:f h = 

6.626069 X10-34 J • s, ~ ~ tf ~'17ti! e=2. 997 925 X108 m. S-I. 

llilmi~ ~u 

~~=-~----------~<: ~ 
W::Yt* 

1!15-1-2 

BHJT] lX~-~~3-~~7H~lI&@t&tlSJrOJJMi,*1I~~j~~3-~:YttISJJl6 
~~;mp::!:§~~~tB~:Yt;mp::(%:t~-? ~-¥Jnitffi. )ffi~8\j:j~g~~~lI&@t&. 

[~] ~~- :m!li!iB~5Rf4' ,M[l;JWlJffi-Ta~~J't;I¥.J!ijj$ 

e
v=T' CD 

xtJElW/J[I;J.!:3 z 41ILiE/J[I;J 1¥.J~:#l jg B,Ji$jg u a~~P3JJl': -T, ffi T$ilnjJ~:tJj)z, 1'; 

1t!&I¥.J~J't;!ijj* 

v' = v ( 1+ ~ cosB). (Z) 

~mi1t**~,fl 



' ... ;: .... --",.--·.. .", ~-ti Wi'£;$?j _ ~.__.. __..____ __ -

AA' . Q) 
1+.!£cosB 

c 


~1:~~P&t&Bt ,)3lFrI A' =Ao, ~n 


A =Ao. @ 
1+.!£cosB 

c 

1W@~,~ 

ucosB= c A - AO ®AO • 

1tA1f~~m'1~ 
ucosB=5. 85X 103 m· S-I. ® 

EI3 ®~,xt 8=30° 1¥.J~m:T,;I(i1t$ 

Ul =6. 76XI03 m· S-I. 


X>t 8=45°l¥.JfRm:T,;I(i1t$ 

uz=8. 28X103 m· S-I . 

:iEi)lJ1sfOJ ~ z tlIJl¥.J;lUfltE 30°~45°1K~l*J 1¥.Jm: T 9", ~~~it~mP&lj5U¥]~m: 
TI¥.Ji1t$m:OO::h 

6. 76X103 m· s-l<u<8. 28 X103 m· S-I. (j) 

~mP&t&lWFo,i)IJ:i:'iTt!L i9:~m:TI¥.J&I*i1t1i:::h v,91~1f 
h

Ml-Te,=Mv. ® 

;1(9" e~ ::h z tlIJ1sfOJl¥.J.m9C:i:. EI3®~~ 
h 

u- v=M e,. ®A

~m:T~liC ~i:)~1-tI¥.J*/j\::h 

h 
lu-vl =MA' ® 

1tA~m,1~ 
lu-vl=2.9X10-2 m· S-I. 1)) 

m~=: ·tlH\Se~~HF,~m:T1Al1§:~~ Pi ~if¥lj~~ 5t ~tl:: l¥.J:7'tiif~ 
I¥.J~$ 

c 
lI() = AO' CD 

AMi1li1:7'tI¥.J~$ 

v= ~ . (ZJ 

~~:iEi)lJ1sfOJ~ztllJl¥.Jtt1sfOJ~8~1¥.J~~~m:T.~tE~mP&t&u~9"i)IJ 

ii'iTUL ~~:It'iTtg. l;J. u ~~~~m:TtE~WP&t&iWl¥.JJ!$,v ~~~~m:T~mP& 

t&Fol¥.Jitli ,9!tl1f 

. __ rgli~ ~-3-~/jj2-3-~ rietl..-. "----.-.-.
Ml - hve_= Mv. Q)c • 

~Ml2+hv= ~Mv2+hll(). @ 

reQ)~~~~.*~,*~.~~mP&t&lWFo~m:TtE~.~ztllJ1sfOJl¥.Ji)IJ 

:i:/I'1l':,1f 
MusinB= MvsinB'. ® 

MucosB- hv = Mvcos8'. ® 
c 

~9"d::h.~~~m:T~li1sfOJ~ztllJIT1sfOJl¥.J~~,1A®®~~9"m~ 

d '1~ 
hv) 2 hvMuZ-MTl=- ( - +2Mu-cosB. (j) 
c c 

EI3 @(j)~~ iiI1~ 


1 (hv) 2 u
2hll()-2hv=-- - +2hv-cosB. ®M c c 

ii.¥tl ( :v) 2 «M,1~ 

lI()=v(l+; cosB). ® 

Q\(ffli.&:**~ ,1f 

A


AO ® 
1+.!£cosB 

c 

:Ifif®~,1~ 

ucosB= c A - AO @AO . 

1tA1f~i/&m,1~ 
ucosB=5. 85XI03 m· S-1 @ 

EI3@~,:X;J 8=30°1¥.J~m:T,;I(~$ 

Ul =6. 76X103 m· S-I; 


xt 8=45°1¥.J~m:T,;I(J!$ 


U 2 =8. 28X 103 m· S-I. 


:iEi)lJ1sfOJ~ Z tlIJl¥.J~:ffltE 300~45°IK~pg I¥.Jm:T9", ~~~~~P&t&I¥.J~m: 


TI¥.J~.$m:OO::h 


6. 76X103 m· s,-l<u<8. 28 XI03 m. S-I. 

El3Q)~iiI~ ,~m:T~WP&t&lWJ§J!1i:C ~J:) 1¥.J1!:1-t::h 
h

u-v=MAe,. 

J!liC ~ -!t)*/j\I¥.J1!:1-t::h 



' ... ;: .... --",.--·.. .", ~-ti Wi'£;$?j _ ~.__.. __..____ __ -

AA' . Q) 
1+.!£cosB 

c 


~1:~~P&t&Bt ,)3lFrI A' =Ao, ~n 


A =Ao. @ 
1+.!£cosB 

c 

1W@~,~ 

ucosB= c A - AO ®AO • 

1tA1f~~m'1~ 
ucosB=5. 85X 103 m· S-I. ® 

EI3 ®~,xt 8=30° 1¥.J~m:T,;I(i1t$ 

Ul =6. 76XI03 m· S-I. 


X>t 8=45°l¥.JfRm:T,;I(i1t$ 

uz=8. 28X103 m· S-I . 

:iEi)lJ1sfOJ ~ z tlIJl¥.J;lUfltE 30°~45°1K~l*J 1¥.Jm: T 9", ~~~it~mP&lj5U¥]~m: 
TI¥.Ji1t$m:OO::h 

6. 76X103 m· s-l<u<8. 28 X103 m· S-I. (j) 
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;1(9" e~ ::h z tlIJ1sfOJl¥.J.m9C:i:. EI3®~~ 
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u- v=M e,. ®A

~m:T~liC ~i:)~1-tI¥.J*/j\::h 

h 
lu-vl =MA' ® 

1tA~m,1~ 
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m~=: ·tlH\Se~~HF,~m:T1Al1§:~~ Pi ~if¥lj~~ 5t ~tl:: l¥.J:7'tiif~ 
I¥.J~$ 
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lI() = AO' CD 

AMi1li1:7'tI¥.J~$ 

v= ~ . (ZJ 

~~:iEi)lJ1sfOJ~ztllJl¥.Jtt1sfOJ~8~1¥.J~~~m:T.~tE~mP&t&u~9"i)IJ 

ii'iTUL ~~:It'iTtg. l;J. u ~~~~m:TtE~WP&t&iWl¥.JJ!$,v ~~~~m:T~mP& 

t&Fol¥.Jitli ,9!tl1f 

. __ rgli~ ~-3-~/jj2-3-~ rietl..-. "----.-.-.
Ml - hve_= Mv. Q)c • 

~Ml2+hv= ~Mv2+hll(). @ 

reQ)~~~~.*~,*~.~~mP&t&lWFo~m:TtE~.~ztllJ1sfOJl¥.Ji)IJ 

:i:/I'1l':,1f 
MusinB= MvsinB'. ® 

MucosB- hv = Mvcos8'. ® 
c 

~9"d::h.~~~m:T~li1sfOJ~ztllJIT1sfOJl¥.J~~,1A®®~~9"m~ 

d '1~ 
hv) 2 hvMuZ-MTl=- ( - +2Mu-cosB. (j) 
c c 

EI3 @(j)~~ iiI1~ 


1 (hv) 2 u
2hll()-2hv=-- - +2hv-cosB. ®M c c 

ii.¥tl ( :v) 2 «M,1~ 

lI()=v(l+; cosB). ® 

Q\(ffli.&:**~ ,1f 

A


AO ® 
1+.!£cosB 

c 

:Ifif®~,1~ 

ucosB= c A - AO @AO . 
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EI3@~,:X;J 8=30°1¥.J~m:T,;I(~$ 

Ul =6. 76X103 m· S-I; 


xt 8=45°1¥.J~m:T,;I(J!$ 


U 2 =8. 28X 103 m· S-I. 


:iEi)lJ1sfOJ~ Z tlIJl¥.J~:ffltE 300~45°IK~pg I¥.Jm:T9", ~~~~~P&t&I¥.J~m: 


TI¥.J~.$m:OO::h 


6. 76X103 m· s,-l<u<8. 28 XI03 m. S-I. 

El3Q)~iiI~ ,~m:T~WP&t&lWJ§J!1i:C ~J:) 1¥.J1!:1-t::h 
h

u-v=MAe,. 

J!liC ~ -!t)*/j\I¥.J1!:1-t::h 
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~ J~-1-f,\)1te9~ T Wi!i~f»-~~i(L Jt- tj:r £?S IiUl: Eg , .~it ~H'!: E,. jj~ i" ~ 
E, -	 E. = kCtXJ , fJf}f] 11:1. 7t tI-'J fo. ~ ¢;it w, .7t ~ <$ A: -;~ J:l 8=w-wv « CtXJ. iRK hHr 

~ ~ B~ :itJ.titlil ~ <-«c.;¥t: tj:r c ft.7t:it. n ffi 11 11:1 it 1n~: *-~ fu rlJ m.J!.. ;fP.Q- *: jj'; g9
c W o 

~ iM 11:1 !J-:t. !E f § ~$iM ~ I ~iJ9.~it E, if:J § f'& J~UE;it Y« CtXJ 'f ~~1ft ~ f"l r*J 
~*.~itll:1~~~W~itIl:1A$ . iM~~~W~~~,~~~~~Mm.M-1
~ $.~:ilt wv ~~ 7C.~. 

~ '* it~ j; * , iM ~ T ~ jlJ 1~ )!( If if:J • 7t ~MI1t •~ 1ft st IS] fJ ~ + 5t • it.. 8~ JL 
• *.f~~~~#*tj:r~.ti~<$~ . t~~*~~ 

I 
? 

jt: 'f so « 1 ft: 1-~;;t. *~ -f~ ~ if:J 'iiJ.Pn:l1W: 7t 99 ~I~.
*. tj:r.11 ~,~~ ~ faJs9.:f§ -.B-1tP.l j] a~ ~~ r 
 E.---------~--- t 
*-~ I~ iI'J If. ~ ~ fl.'J 'ti Jft- • 7t 8~ 51 ~)E. ~+ . ~ 3& 
f~f.~?Sif:J~T.~~~+f£it~~ •. ~ E'-_--_--_-_-n-J_{ '"=_--=_==-.J~f:~:r~--_,-_
~.~.j;~~m,~~if:J~.tj:rm-~~.~* 

1H~.j; ~~m. 

!#JJ!,.ag~m 

iIJ5-1-3
:t1Yl>t#!J& h c X I0-Z

,] 	 . 1+-"h=-=1.0;) • 5 ''+'''' . '''lch~~*I~bt..g-11'1')J:2rr as.~T 


~$tJ:3t1t. kB =1.38 X I0- 23 ] ° 1(-1 


4fll~~~J9t:m: m=3. 81 X 10-26 kg 


ftm a~ ~Jt~. CtXJ =2rr X 5. 08 X lQI' Hz 


.~itiJ~!::ltjL y=2rrX9.80XI0' Hz 

~ TiJ~ ~ ~ n=101'cm- 3 


fCJIlJl 
Ca)ffiA::~ ~ !~J.j!..t v... , Yil- x $H9.iE ~ Ji;]~i;7, lIJi $. 7:7 CtI ¥J.7tYil- x $I!l ~ .~ jJ 

Ji;]1tt!-.1I~~~~1. tj:r •• 7tE19~¢~% *-? 

~Hi. ~ /ij1-3-~~ -3- *~ 	 /":-...- n 81"'~ -- - - .~--. -•... -.-• . ~ , - , .__ ..... •.- . _.. __..__ . on-4. ... 
~ .. ~, 

Cb) 1R;t ~ T ~:it~ VI • Yil- X $!IJ fl';J .iE ~ riiJ ~ i;7 , Wi *- ;f!1i6J if:J ili 7t)}" ~ ~ iJ9 Wi 11~ . 
Yil- X $!IJ ,1ffi M . • 7t fl';J lIJi <$ ~ w, 51 ~ ~ #!I:. ~ so. % tB iF ffJ 1t ~ ~ L if:J .If ~ ~ ffJ j; 

FCVI)8H~~j\,_ ~ VI )E. ~iJ' fl';J at1~, ~1-1tm j; ~ ~ ~ ~ FC 1Ir ) = -,Bun *- tI:l (3 

iJ~ *~Jt . .J-1t1ffi ~J!~ ~ ~ n1ii: ~'U\ ,8=w-wv S :llX.1t i qg: %? ffi ii~ ~ iJ9 ijl 
i!-~*--T7t~fl';J;&I:_ 

-rilif, ~1fl1EX.;t~ Tfl';JJ!~)E. ~iJ', ~~~1il"T ~ ;,.-\7:7 .lf~~ ffl j; ~ t ~ ~ 'tiE 
" '" ~$. 

CC) :ltll '* 6 *- itk 7t 71- JiIJ l.l-*x, y ;fP z $!IJ fJ9 .iE ffi ~ riiJ ,lffl M~ ~ • n (3) O. 11 :ff. ~ 
j;~ml1~~L,~~.~~~~•••+.ilif~at~~••~~m.lf~.t*

*7F. <\~jl. ~./J\. ,*:tI& L ilif ~ tI:l ~ ~ T ~~ , iM i:~~S:f ~~¥J-~ ~~itf.;t 
4W1iL~at.1tn~~YI~ To ~~1ii:. 

~ r *, ~1ilffiA:: ~ ~Jf- jl.~ *- f To,:!tP Cc) ~ 71- fft:ii, *m 71-Ji~ Yil- if X ,y;fP z 

fm~.iEffi~!!llM~~~6*-.7t. 

11 CbHiiljj-, it E. it~ 1 ~m 1t~ ~L fl';J .If:!~ ~m j;. 1& ii'U ili f 7t~ 89 :I-~%' 
'1i,11 ~1-7t ~iJ9 ~t&;fP ~M:i:Hi tj:r, ~ ~ 89 i;7 il:fjl~ tfl f ffi..)t :i:t1HHfl.~11;!k1
~ ~ Li!k:~ -1-:f:li~~1ii:. 

C d).li~A:: -*~t&~~M*# ~I ~~~ ~;&:i ~~iiif:Jf-~C6p)2 . 
Ce) ~ ~ Jf.... )t ~JlL, ~1ti}JJj iR *a~ at Iii], ~~ a9 ~~ jl~;#-:f ~~ ~ ~n~ 

~, ii'U ft:~J1J -1-;firflR ii. ~ ~i;71: fl';J~ 1t:i:t~ ~ ~m i;7i:~ faJ tj:r -1-f-~:!J7 *7:7 

j C6p)2 ~ Ylt1fLft *:l±~, ~,R -1-ff.1&j; fft~ 89 *.:l±~;~Hi\l:ii. ~. it if:J.~ tfl 
~ Wi 1-:f IiiJ :i:t ~ ~ # i6J ~ m*-.o)ij;t. iiE fl}l ~,it. ~ Td ~ ~ * ~ ~ Td = 

hY( x+ ~ ) , ',_ C6p)2 
-.,-. .o)ij;t X ~*~~. ffiii Td ~*-f 2k m' 

B 

j1 ::!tP-*.9dltPI 'p2 , ... 'Pn~#t: it L.:f§ -.B-:f.tfJ* ~, ~ i t1fJ ~)E. 

(CPI +P2 +...+Py > = ( P~ 2 >+ ( P~ 2 > + ·"+ CP~ >. 

CO tfl f ffi..* ~JlL, .~#11 -1-jliJ'ii, i1tit.~:IIl:+ii. ~ -:/fH\1ii:l1~:IIX.
Y 

1"J11attl:l~? 

[~:fffl jz~-~*T~:f~~U)jJOI(J~~!iSJ Iq]~. ~~~R:f§~i'8!iSJ~S~ 

l&@ ,~:f!iSJiW~ ,iW~ ,~1'5 9 ~ 8SJ w.J Im;&:;&: tE: i(!jmlJ~ •tt~ IE &fJ ~ ffi ~~!iSJ~ 
:7J-, JlIjl;.(l,t~i(!jm1.H. 

[~l Ca)tEJH:-T~~* tp .ft(:fIjX;j"it:e<J$~~%u.i0~ ,~7'te<J~*/9 

V V)H H
~=w __c 

• 
=w c 

' 
:::::::w(l+ v"'). <D 

I_vI / ;70\2 C 	 . 

~ JH: -T D) it-OC VI ¥fl+ X :IJ 

C 

rEJ iE;/J B;J •P& 1&--t-~ rEJ C9,;- X ;;t fa] ) rm*e<J 7't -T , 

http:fm~.iEffi~!!llM~~~6*-.7t
http:Ji;]1tt!-.1I
http:f~~~~#*tj:r~.ti
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V V)H H
~=w __c 
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=w c 
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:::::::w(l+ v"'). <D 
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·~-~_~i~W.?t 

tJTr1:~zj;lJl!~1tjg ( L'>p)+ = - hw; ffij~~ i&--t1llJ Iu:J (ill +x ::t faJ) ffij*~*T, 9!tl 
C 

jg(L'>p)- = hw ,»"1*T=!$:;;IJ**~ , EE'f~W1j\j]~~EiI ,:i:9!Iu:J~*TJJ.M,~fj-~jg w+ = 
C 

w( 1+ ~r ), ffijlllJ 1u:J~*T~.$9!tlIf.t1f£jg w- =w( 1- ~x ). EE'f~W1j\j]~~.$~~, 

~~1*T~i&*Tffij••~~~.~~A.$,~AM*T~~~~ Iu:J~lllJffij~~ 

#. i~1*TtE'flt.!f!-1.fLBt ra] rJ;j ~i&:i:9! Iu:JllX;JIIY1Iu:J*T~A.$ ,:5tliJIJ jg (Yp)+ llX; (Yp)- ,9!tl 

.L t 
) 2 - 2' @(WVr ) 

1+ I 1+ IC 
(YP + --50 4(w+ Wo ) 2 - 50 4 0'+

.L .L 
22 =50 Q)(YpL =50 4(w- Wo)2 

1+ I 4 (O'_WV< )2.
1+ 

I 
C 

J:t9" o=w-Wo. tE~i&*T~ii~9" ,1*TJiJT~~ffj]jg 

F =F+ +F- = (L'>p) + (Yp)+ +(L'>pL (YpL 

2 2
liw 50 2 liw 50 2 

.L 1 r .L 1=-"7 1+ 4 (0'+17 ) +"7 1+4(0'-17)r 
= - (:W) e~Y) [1+'(8~7 )' 1+'(8~7)'j. @ 

I I 

~jg O'»WVx ,tJct~OJ:ilI1J;.t;g
C 

F = - ( liw) (50 Y) [ 4<1 (:+2wv", ) 4<1 (:_ 2~Vx ) j
C 2 1+ Oc 1+ Oc

y2 y2 

- 160'wvi< j
__ ( liw) 50 Y cy 

- C (2) [ ( 1 +1f - (80' ~~: f 
- 8liWo20'50 ] 

®~- [ yc2 ( 1+1f v< . 

tEk~9=' B:w..*~~.$ w :ilI1J;.tjg w o , tt~ F= -(fur, OJ{~ 

~.1i~ ~~fom1~*~ 
4: '" /,> '" 

f3= 8liWo 20'50 '6'•4<1 'W 

yc 
2 (1+7) 

2' 

jg~1*T~l!Ii~'t~ ,~* f3>O,1Ak~ ilJ%I!l6'0i! 0'<0, IW w- Wo<O ,llX; w 
<Wo . 

(b)iI[\;(P~:rg~4m~i&:i&:*jg,\ = ;. W-TtE~~X1iffiili TBt~f~~~~jg 


li.-.1. -.l..(~) 2 _.1.

2m - 2 knT , 2m,\ - 2 kB T , 

h 
,\ ~. (J) 

v 3mkBT 

1f,EIH'1*T~IillFt,j] ,~r'f-T~f~~~~~j;', ~JItJtxtEiI~7.ffiiIi~~1f£, ~l& 

1*T~4m~i&:i&:*~*- ~i!iililf.t~ TQ Bt ,*4i!1~i&:~i&:*~'f~;f§~~)]3:T;(: rBJ 
~11E!W;, 9!tl EE 'f:i:T~~EiI ,)]3:T~~~fIJ.i!.\ljg;fJLT'r1~~,~. B~1*T~~lnt lijg 

=1014n cm- 3= 102°in-3,$:;f§~~1*T~rBJl1E~'f ~ ,1~ 
n3 

h 1 
./3mkB T Q =nt · 

h2nt (21! X L 05 X 10-3
'1) 2 X (1020 )3 

2 
K~10-5 K 

TQ =3mk
B 3X3. 81X 10 26 X L 38X 10 23 • ® 

(c)1*T~~i&llX;~M--t*TE,Jt~:i:~1t:i:~f~m;g 
34 

(L'>p)2 = (liW)2 ~ (1iWo)2 = (1. 05X 10- X21! X5. 08X 10
14 )2 ki 0 m2/s2 

c c 3.0XlOB 

=1. 2X lO-5' ki 0 m2 /s2
• 

(d) 1*T~i&AME!'-J.**T, EE 'f~W1j\j]5\'!I:EiI, ~.G!Z~JiFt,~~*, 'i5eJffi: T~l!1i 

~'rf, IZ9JltJffi:T~iffiili~;(:1f.t1f£. EE (b)~~ ~*%I~JiFt,j] jgF= - f3:;, ~9=' ;;gw: 
W-Ts<Jf~l!Ii, tjJffi:T~~:li~BtrBJffij~/J\~il.$, llX;Jffi: T~1ttpl!.$jg 

(dE) =-Fo ;=-f3v2=-(~)T. ®dt ~!jJ m 


~9=' T jgW-T~f*~f~iffiili,.§. 


1 3
ZmrJ=ZknT. ®l 

1AJ3-~OO*~,)]3:TII&i&.**TE,••~~ 
~.~,fIJ~EE EI~mM@]~l!i~,*~Mili*T. f'f-T 
tE'flt-~~i&~~M*T~M~9=',.~r1:&_ffij'i5e 

Jt~:l:r1: ~1t, l~ ~:li1!:1t:l: ~~~m (L'>p)2 ~D jg 

(d)/J\~JiJTit~1!f ,1g~'t~~Iu:J9!H~:1f~~. ~Jlt&\:;& 

5!ji.5\'!I:EiI ffij~ ,)]3: T~:li~~1!:;f§ ~'ftE~i'!~ 18] (mo
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·~-~_~i~W.?t 

tJTr1:~zj;lJl!~1tjg ( L'>p)+ = - hw; ffij~~ i&--t1llJ Iu:J (ill +x ::t faJ) ffij*~*T, 9!tl 
C 

jg(L'>p)- = hw ,»"1*T=!$:;;IJ**~ , EE'f~W1j\j]~~EiI ,:i:9!Iu:J~*TJJ.M,~fj-~jg w+ = 
C 

w( 1+ ~r ), ffijlllJ 1u:J~*T~.$9!tlIf.t1f£jg w- =w( 1- ~x ). EE'f~W1j\j]~~.$~~, 

~~1*T~i&*Tffij••~~~.~~A.$,~AM*T~~~~ Iu:J~lllJffij~~ 

#. i~1*TtE'flt.!f!-1.fLBt ra] rJ;j ~i&:i:9! Iu:JllX;JIIY1Iu:J*T~A.$ ,:5tliJIJ jg (Yp)+ llX; (Yp)- ,9!tl 

.L t 
) 2 - 2' @(WVr ) 

1+ I 1+ IC 
(YP + --50 4(w+ Wo ) 2 - 50 4 0'+

.L .L 
22 =50 Q)(YpL =50 4(w- Wo)2 

1+ I 4 (O'_WV< )2.
1+ 

I 
C 

J:t9" o=w-Wo. tE~i&*T~ii~9" ,1*TJiJT~~ffj]jg 

F =F+ +F- = (L'>p) + (Yp)+ +(L'>pL (YpL 

2 2
liw 50 2 liw 50 2 

.L 1 r .L 1=-"7 1+ 4 (0'+17 ) +"7 1+4(0'-17)r 
= - (:W) e~Y) [1+'(8~7 )' 1+'(8~7)'j. @ 

I I 

~jg O'»WVx ,tJct~OJ:ilI1J;.t;g
C 

F = - ( liw) (50 Y) [ 4<1 (:+2wv", ) 4<1 (:_ 2~Vx ) j
C 2 1+ Oc 1+ Oc

y2 y2 

- 160'wvi< j
__ ( liw) 50 Y cy 

- C (2) [ ( 1 +1f - (80' ~~: f 
- 8liWo20'50 ] 

®~- [ yc2 ( 1+1f v< . 

tEk~9=' B:w..*~~.$ w :ilI1J;.tjg w o , tt~ F= -(fur, OJ{~ 

~.1i~ ~~fom1~*~ 
4: '" /,> '" 

f3= 8liWo 20'50 '6'•4<1 'W 

yc 
2 (1+7) 

2' 

jg~1*T~l!Ii~'t~ ,~* f3>O,1Ak~ ilJ%I!l6'0i! 0'<0, IW w- Wo<O ,llX; w 
<Wo . 

(b)iI[\;(P~:rg~4m~i&:i&:*jg,\ = ;. W-TtE~~X1iffiili TBt~f~~~~jg 


li.-.1. -.l..(~) 2 _.1.

2m - 2 knT , 2m,\ - 2 kB T , 

h 
,\ ~. (J) 

v 3mkBT 

1f,EIH'1*T~IillFt,j] ,~r'f-T~f~~~~~j;', ~JItJtxtEiI~7.ffiiIi~~1f£, ~l& 

1*T~4m~i&:i&:*~*- ~i!iililf.t~ TQ Bt ,*4i!1~i&:~i&:*~'f~;f§~~)]3:T;(: rBJ 
~11E!W;, 9!tl EE 'f:i:T~~EiI ,)]3:T~~~fIJ.i!.\ljg;fJLT'r1~~,~. B~1*T~~lnt lijg 

=1014n cm- 3= 102°in-3,$:;f§~~1*T~rBJl1E~'f ~ ,1~ 
n3 

h 1 
./3mkB T Q =nt · 

h2nt (21! X L 05 X 10-3
'1) 2 X (1020 )3 

2 
K~10-5 K 

TQ =3mk
B 3X3. 81X 10 26 X L 38X 10 23 • ® 

(c)1*T~~i&llX;~M--t*TE,Jt~:i:~1t:i:~f~m;g 
34 

(L'>p)2 = (liW)2 ~ (1iWo)2 = (1. 05X 10- X21! X5. 08X 10
14 )2 ki 0 m2/s2 

c c 3.0XlOB 

=1. 2X lO-5' ki 0 m2 /s2
• 

(d) 1*T~i&AME!'-J.**T, EE 'f~W1j\j]5\'!I:EiI, ~.G!Z~JiFt,~~*, 'i5eJffi: T~l!1i 

~'rf, IZ9JltJffi:T~iffiili~;(:1f.t1f£. EE (b)~~ ~*%I~JiFt,j] jgF= - f3:;, ~9=' ;;gw: 
W-Ts<Jf~l!Ii, tjJffi:T~~:li~BtrBJffij~/J\~il.$, llX;Jffi: T~1ttpl!.$jg 

(dE) =-Fo ;=-f3v2=-(~)T. ®dt ~!jJ m 


~9=' T jgW-T~f*~f~iffiili,.§. 


1 3
ZmrJ=ZknT. ®l 

1AJ3-~OO*~,)]3:TII&i&.**TE,••~~ 
~.~,fIJ~EE EI~mM@]~l!i~,*~Mili*T. f'f-T 
tE'flt-~~i&~~M*T~M~9=',.~r1:&_ffij'i5e 

Jt~:l:r1: ~1t, l~ ~:li1!:1t:l: ~~~m (L'>p)2 ~D jg 

(d)/J\~JiJTit~1!f ,1g~'t~~Iu:J9!H~:1f~~. ~Jlt&\:;& 

5!ji.5\'!I:EiI ffij~ ,)]3: T~:li~~1!:;f§ ~'ftE~i'!~ 18] (mo
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'WliC 
,," 

'~~W:""c?Xty ,~CO_"l, ~-~ W~'t;~_ft___ __ .__ .______. _ .._.___ ~j:'J ': --- '---~---.--'''''''''-,~. '-.~."-'-' 

mentum space) i¥JX~J\lj)!HTJE Crandom walk), &-7X1TJEi¥Jff1fE~T -J Ct::.p)2 ,~Q 

00 5-1-4 mfR. ia:!*r:tFJltZ9J:l:2:rBJ 9='Ij%'Lft ,i&ff'7J p; ,P2 ,"', in, j)!IJ ffi T~~1.lL 
,ft ~ 7J fllHtTl;i: ,~llt1~:;ff1fjllJ3C~ ,~ 

<cP; + Pz + ... + p,,)2 >= <pi >+ <?z > + ... + <p; >. @ 

N;7J,*T~~~t~$~N7X~~®~MftTi¥J~fi~m~i¥J~~Z9J:I:, 
~k~~~7J 

p~ =2NCt::.p)2. © 
~~i¥J~T2~ffiT,*T~&-7X~~®£MftTi¥J~fi~,m~~7X~Z9J 

:l:1!:it ,;f§~TWi7X~Z9J:I:~ rBJ ~ i¥JX~J\lj)!~1TJE, A~-ijz* § T~~ftT, j3

7X~*§T£M~T.&~~-'*T~~~~~i¥J.ft~M~,••~~~~~!* 
T.£~~.;$i¥JJL$7J YP ,£L;!:t:;ff7\:@:i!I':ftJfflM!*T, ~ N= 6Ypt»1, 1~A...t 
~'1~ 

p~2 = 12Ypt (he;' )2. @ 

ffi ...tA~~'*Ti¥J § £~iUt ,fY.!'* T~1~Z9J:I:, A~*fY.!!*Ti¥J~~:I:~;/JQ, m 
~~iffiii¥J~*. '*r~~:l:fllH~rBJffij~;/JQi¥Ji!$, llX:'*Ti¥J~iffiii!$7J 

(dE) =A(~)=~(hWo)2. @dt m%!\ dt 2m m c 

,*T~1*i¥Jiffii~tk:JET...t~i¥JWi#~Jj\z, &P®®@Wii\. ~!*T~1*~f.%JEiI( 
;$~i¥Jiffii~7J Td ,j)!~ 

(dE) + (dE) =0dt ~f(J dt Jl!l%!\ • 

-e~B )Td+~ (he;' f =0. 

Td = (~)( he;' f. ® 

~ YP ®.B i¥J~$A1~A...tA,1~ 
I 

2Iyc ( 1+ 4~f]2 (hWo )21 _2_ 
Td = kB -c So 1+4~ 

L 8hW<l 10'1 Soi 
_kL(210'1 +~) @- 4kB Y 210'1' 

210'1t~$J( Td=ft (x+ ~ ),~ x=y' 

Ce)@A~~~7J -kL[ (-)210'1 --)zfir f+2 J. 
@Td - 4kB Y 

._ ~ li,_~_ @ -1-~@ -1- *~ 

ffi LAI'I]' ~ tfj ,~ !0'1 = ~ Y Bt, Td 7JiVHll, ~p 

T.) ,=kL 1. 05X 10-3
' X2rrX9. 80X 10' K 

C
a mm 2kB 2X1. 38X10- 23 

=2. 34X 10-" K. 

~.::.1 ~ -T ~~ 

-Ii..... (2008 • ::£OO!!m!Jj~JiIl!) JJ 11t Jq~;J<. ~ <P ;J<. iJ~! 1* 'fR , OJ.i:1'Z - fig, 3t!= 09 
j~U'Hi !iil1i* (ig;J<.itlOC, j.i1H~fig, ~:itlOC ~7J-# ~ 'If.' GX 107 *, ~ Jo 1t..# IiiJ 1i ~UJt 
-t ~Jlfj JJ 2 7':, .fJi!,,*:iiUIJU~* 'j}j A;t;.~ ,8 7':ro or J;.( iAJJ j~*- ~;l8 ~ 51--11l;(£;t;.Jt <P. 
~ 1lf}j,'Z 1. 0 m3;{(~ >P 8~;t;. if, 591H~ 7J<.#~ jf1t ~~ 20 *- lin.er, or Jo,;f\. Jt <P ;{dlV 

3.fit;.t; k/J JJ m • 

HHJTl ;fliQl)ti7EZ IDJm~~:f27JlliltfJ%\l~. 
UU 1. 9X105 

• 

~ (1998, ::£OO!f!JJ!JNi~~) -1-cl:1 El *:f~ fp N.4kiJj ,**i£l#, a~ J:>it+ 
~llf.}: 1 }lilT ~~: 

'* 6XI01kg t",:itt;(£iRi*fll;JV #- <p, J;.( 7t~1% $[* if M~ iJ~ ~.rf;] ,i'£iJ;.'ffi' 111R ~ iR 
~,*:J!~~, 5Z ~tA~ <P11~TCJ9f-t*'<p-t)~:i~~ ,:iZ1'*1tf'(,~, ~Uit1[3jtT*' 

~~ft}), 1980 :if.~7f%'3?U 1982 ip.Jt~*,I'JJ1lf 1. 5 ip.,-#iElt 1 3 1'~T~ 

~ fll;J :'$1rj. 

~w No 1'f;8>t1lr JJ r8v;ji 'T- ~±i t Ilf faj ro i¥J ~ § JJ N = Nr,e-7 1', ftUIt J;.( 

1..!1 ~,~1t ~ til ~ T i¥J f:l!g k~. 
CE..~;ft-tIr'JJ9fit m=1. 66X 10- 27 kg,:lJ O<x«l at,e- r "'=<l--x) 

BHJTl ;fliQlBSJ*~~IE&IJ*1±l 6 X 10' kg ,&cp8~/~Jid:~, ~Fo;fUffiliQl§gg 

t±JBSJtid:~~~ii:ttEZ5£Ijl;(1.t~, §OqJ*~t-i<~-BSJ1jZ~~DP r BSJ~J6:tt. 

UU JA t=O 3fM11i\ty~~"g,:ftT~j] No ,~~ t BHti:ftT~7J N ,N:ftTa~f

~~in7J r,j)!IJ 
N=Noe-7, 

-'£«1,~ 
r 

1~ N"'=<No(l--.£). CD 
r 

N = 6X10' 31 (2)o 1. 66X 10-27 =3. 6X 10 • 

r=~1~ No-N' t=1. 8X10
31 1f:. Gl 

http:51--11l;(�;t;.Jt


'WliC 
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'~~W:""c?Xty ,~CO_"l, ~-~ W~'t;~_ft___ __ .__ .______. _ .._.___ ~j:'J ': --- '---~---.--'''''''''-,~. '-.~."-'-' 

mentum space) i¥JX~J\lj)!HTJE Crandom walk), &-7X1TJEi¥Jff1fE~T -J Ct::.p)2 ,~Q 

00 5-1-4 mfR. ia:!*r:tFJltZ9J:l:2:rBJ 9='Ij%'Lft ,i&ff'7J p; ,P2 ,"', in, j)!IJ ffi T~~1.lL 
,ft ~ 7J fllHtTl;i: ,~llt1~:;ff1fjllJ3C~ ,~ 

<cP; + Pz + ... + p,,)2 >= <pi >+ <?z > + ... + <p; >. @ 

N;7J,*T~~~t~$~N7X~~®~MftTi¥J~fi~m~i¥J~~Z9J:I:, 
~k~~~7J 

p~ =2NCt::.p)2. © 
~~i¥J~T2~ffiT,*T~&-7X~~®£MftTi¥J~fi~,m~~7X~Z9J 

:l:1!:it ,;f§~TWi7X~Z9J:I:~ rBJ ~ i¥JX~J\lj)!~1TJE, A~-ijz* § T~~ftT, j3

7X~*§T£M~T.&~~-'*T~~~~~i¥J.ft~M~,••~~~~~!* 
T.£~~.;$i¥JJL$7J YP ,£L;!:t:;ff7\:@:i!I':ftJfflM!*T, ~ N= 6Ypt»1, 1~A...t 
~'1~ 

p~2 = 12Ypt (he;' )2. @ 

ffi ...tA~~'*Ti¥J § £~iUt ,fY.!'* T~1~Z9J:I:, A~*fY.!!*Ti¥J~~:I:~;/JQ, m 
~~iffiii¥J~*. '*r~~:l:fllH~rBJffij~;/JQi¥Ji!$, llX:'*Ti¥J~iffiii!$7J 

(dE) =A(~)=~(hWo)2. @dt m%!\ dt 2m m c 

,*T~1*i¥Jiffii~tk:JET...t~i¥JWi#~Jj\z, &P®®@Wii\. ~!*T~1*~f.%JEiI( 
;$~i¥Jiffii~7J Td ,j)!~ 

(dE) + (dE) =0dt ~f(J dt Jl!l%!\ • 

-e~B )Td+~ (he;' f =0. 

Td = (~)( he;' f. ® 

~ YP ®.B i¥J~$A1~A...tA,1~ 
I 

2Iyc ( 1+ 4~f]2 (hWo )21 _2_ 
Td = kB -c So 1+4~ 

L 8hW<l 10'1 Soi 
_kL(210'1 +~) @- 4kB Y 210'1' 

210'1t~$J( Td=ft (x+ ~ ),~ x=y' 

Ce)@A~~~7J -kL[ (-)210'1 --)zfir f+2 J. 
@Td - 4kB Y 

._ ~ li,_~_ @ -1-~@ -1- *~ 

ffi LAI'I]' ~ tfj ,~ !0'1 = ~ Y Bt, Td 7JiVHll, ~p 

T.) ,=kL 1. 05X 10-3
' X2rrX9. 80X 10' K 

C
a mm 2kB 2X1. 38X10- 23 

=2. 34X 10-" K. 

~.::.1 ~ -T ~~ 

-Ii..... (2008 • ::£OO!!m!Jj~JiIl!) JJ 11t Jq~;J<. ~ <P ;J<. iJ~! 1* 'fR , OJ.i:1'Z - fig, 3t!= 09 
j~U'Hi !iil1i* (ig;J<.itlOC, j.i1H~fig, ~:itlOC ~7J-# ~ 'If.' GX 107 *, ~ Jo 1t..# IiiJ 1i ~UJt 
-t ~Jlfj JJ 2 7':, .fJi!,,*:iiUIJU~* 'j}j A;t;.~ ,8 7':ro or J;.( iAJJ j~*- ~;l8 ~ 51--11l;(£;t;.Jt <P. 
~ 1lf}j,'Z 1. 0 m3;{(~ >P 8~;t;. if, 591H~ 7J<.#~ jf1t ~~ 20 *- lin.er, or Jo,;f\. Jt <P ;{dlV 

3.fit;.t; k/J JJ m • 

HHJTl ;fliQl)ti7EZ IDJm~~:f27JlliltfJ%\l~. 
UU 1. 9X105 

• 

~ (1998, ::£OO!f!JJ!JNi~~) -1-cl:1 El *:f~ fp N.4kiJj ,**i£l#, a~ J:>it+ 
~llf.}: 1 }lilT ~~: 

'* 6XI01kg t",:itt;(£iRi*fll;JV #- <p, J;.( 7t~1% $[* if M~ iJ~ ~.rf;] ,i'£iJ;.'ffi' 111R ~ iR 
~,*:J!~~, 5Z ~tA~ <P11~TCJ9f-t*'<p-t)~:i~~ ,:iZ1'*1tf'(,~, ~Uit1[3jtT*' 

~~ft}), 1980 :if.~7f%'3?U 1982 ip.Jt~*,I'JJ1lf 1. 5 ip.,-#iElt 1 3 1'~T~ 

~ fll;J :'$1rj. 

~w No 1'f;8>t1lr JJ r8v;ji 'T- ~±i t Ilf faj ro i¥J ~ § JJ N = Nr,e-7 1', ftUIt J;.( 

1..!1 ~,~1t ~ til ~ T i¥J f:l!g k~. 
CE..~;ft-tIr'JJ9fit m=1. 66X 10- 27 kg,:lJ O<x«l at,e- r "'=<l--x) 

BHJTl ;fliQlBSJ*~~IE&IJ*1±l 6 X 10' kg ,&cp8~/~Jid:~, ~Fo;fUffiliQl§gg 

t±JBSJtid:~~~ii:ttEZ5£Ijl;(1.t~, §OqJ*~t-i<~-BSJ1jZ~~DP r BSJ~J6:tt. 

UU JA t=O 3fM11i\ty~~"g,:ftT~j] No ,~~ t BHti:ftT~7J N ,N:ftTa~f

~~in7J r,j)!IJ 
N=Noe-7, 

-'£«1,~ 
r 

1~ N"'=<No(l--.£). CD 
r 

N = 6X10' 31 (2)o 1. 66X 10-27 =3. 6X 10 • 

r=~1~ No-N' t=1. 8X10
31 1f:. Gl 



______.. _____!lli~__.ml-t-~ml :H~ 

R !j A Et9 *-* t\. ; -tLlfl '* .II! :it (2) IHVJf ;;jt 1H~ r N *%. 

___j_-=-~ .. Im~l5I3ft . ____._..._ -- ._-.. 
_ l¥'? ( 1995 • :i: 00!fW llll Hi )H~D e, ~* flB ~ tJ.- :tut til 3. 8 X 1Q26 J 89 Ji~ 

M'. Iii] : 

(1) *fIB ~tJ.·{7 #l. *- %~ "4: $I:? 
(2)1Et i~* ~B:tJ:M If.j e9 fj~ 1:;It cl:J -f"~;lJ1:~" e9 ~ $. m41 H-~ He+ 2e+ 2v ~ 

1# ,it - ~ $. S :tJ: If.j 28 MeVOJ 7J tt -t fJdt)fJ~ M~ it. ~ tf e JJ ~ T ,v JJ tf {.~ T. tf 
~T ;It - # lfi j[ :lz1/J\ -f tt T $:li ,1f Jt jJ ;fa 51 e9 tf ,t! ;fi T. ~ it 11- :!~ It J: i±. !j *[!S 

1t~jL e9~.!f-$" *W~J:.~tJ#;(if %j' tft.~TiU1t . 

(3)1~ i~1iji: ft6'e9 *flB ±1f~ cl:J I H ~ IE. T ~£lA, lL -iX.1f 10% 891 H OJ 1# "w.;~", ~ 
1t1j':*~Be9~1t. 

e, ~ :*flB $. MB = 2. 0 X 1030 kg; 8 :!~ 1!e i% R = 1. 5 X 10 11 m; IE. T It f.ff- i: e 

= 1. 6 X 10- 19 C; lfi T Rtit ?np = 1. 7 X 10- 27 kg. 

[7tflTl El3 ~~Wftf2m 1t§75 ~ qJ it~ t±J:t ~Bmm~~E3 Jltm ~~~ IE§) ffi 
*~. 

[~l 0) EI3 T*~J:!l¥.Jmt1:W$ Ls =3. 8 X 1Q26 J/s. 
26 

' ];I 6M_LB 3. 8X10 k / - 2 109 k / -4 2X106 /1", --;;:r-7 OX 108)2 g 5-4. X g 5- . t s. 

(2) E13~~jjJ ,*~iitmM ili 14 MeV fi~-m~ ili-1- "f~T. t&*~J:!iitty:OJ:ili 

1¥.J"f~T!tx: § 11 n= 14~eV' B :tI!!.1@JI';11 R=1. 5X1011 m, t&i1JJt:tl!!.mLta~"f~T 
*,,-!;;I.-'/-, __7_1 L~ .4. /( 2 . ) 
:AA&/'J c!>-4-,d{2 14 X1.6 XI0 IlX4rc X( 1. 5XlOI1)2 I m s 

=6X10 H 1-/( m2 • s). 

(3)*~-I£PJpJ:ili fi~:!i 

E=Ms X10%X 248 MeV=8. 2X1056 MeV. 
mp 

+f([]:E/C>-T~L 8.2X1056 X1.6X10-1l =35X1017';'\. 1'1-1 /<jP~ L a 3. 8 X 1026 S. 5 

= 1. 1 X 1010 y. 
P':;'" (2008' :i:OO!fWllll••~) $T~!j tf T~§tU9~§JJilt1t~, 17iJ:iIP 

l He;ltl H Et91ti&~, IiiJ #l H ;ltl He Et9 ~1t~. e. ~3 H ~l He 1iji: T Et9 $ ibr}JU;It 
m lH =3.016050 u;fP m 3 Hc =3.016029 u, tf T lfifA:;It m" = 1. 008 665 u. ~1iji: T Et9 
$)'!: mH = 1. 007 825 u. 1 u = 931. 5/c2 MeV, ~ tf c JJ 1t:i!; M> It jJ it :ik = 
1. 44je2 MeV· fm. ~ tf e JJ IE. T Et9 1E.f.ff-il:. 

(l)~it.lH ;fPlHe Et9tii1;-lJ~ZftJJ %:Y'~tltT1k. 
(2) e.~ ~T fa] -#l § -ftJfl Et9"~jJ" Jij IE. f.ff- JL -'f- ~;(if ~ %. .;Z~ $ T;fP tf T e9 # 

@~~-#l • . ~~~J:.wm*Et9tii.~ft~.;ltcl:J~~_~_AEt9,#cl:J~tii.~ 
Zft* .f,I;- it~T#.f£ r",. 

(3)~** ~ .~ TOJ 1V.i,t~1!1.ftl!.~ A;It#~£ rN ,~;t e914<.1* ;~T~ A :fLk.89 

e9 f,I;- it 19: * If.j ~ ~ tf a9 -* 
~; Jfl J'Jf *1.lJ- Et9 *%. t\. it ~208 Pb ~ it-'J .f-~£ RPb • 

[7tflTl iX~-~~*~:ffi<~B~DlO~fi<:f*FI:ffirOJ~. ~~iW5ili7D~ 

IZlWftf2m~*~D~:fI*~~m!. 
[~l ( l)*1jlH~:[5IWi:l:§..&tfi~**. l H ~l Hei'!9t;5~fj~~ 

t:J3= (m" -mH -m lH +m lHe)C2" CD 
1~ABjjJ!tx:m1~ 

t:J3=0. 763 MeV. (2) 

(2)3 He 1¥.J~-t-E!l:T'<:'fBJ:ffJ!t--Q;jlpf;a~, mPH &:ff .Jifil;J. l H ~3He a~t;5~a~ 
~3:.~~lHI 'B{f1I¥.JJ!t--Q;fi~~ . *Jm~ ,.&tTI¥.J~1£11 rN ,9lU l He ~"f~-t- .&tTfBJ a~ 
J!t --Q; jl~ fF fi~11 

ke2 
Q)EC=2rN' 

;ffJ3:-t-J!t--Q;fi~~T..tJit;515-fi~~, RP Ec =t:J3.9lU;(f 
ke2 

rN = 2t:J3" @) 

~A.M~ ~=~~4~ @ 
(3)m~:tI!!.i3t,Jffi-f-~"fiit1-~T 6 MI¥.J 2: fBJ-l*fR~ (2rN)3. *mJ3:1-M.!f!.1¥.J 

m~l!,~T!tx:11 A I¥.JJffiT~a~-l*fRllI{!;(11 
V=A(2rN) 3=8Ar",3. ® 

Jj?,~, ~ A $J(::kat ,:ff 
V= 4rcR3 (J)3 . 

E13®(J)Wj~PJ~R~AI¥.J**11 

R = ( 
6 1 ~ 
-) rNA l = 

rc 
~ 

ro A l . ® 

Jt"f*!tx: 
6 1

ro= (  ) rN. rc ® 

re~®1~A~®1~ 
ro = 1. 17 fm @ 

E13 ®®Wj~PJI;J.~ili 208 Pb 1¥.J~1£ 

Rpb =6. 93 fm 

Ai- (2007 • :i:OO!fWllll••~) 4--ip;lt ~ 00;i.t ~ l! ¥ *-, ~ if illdI *¥ #J 
l!~~1fEt9.I.iil§.5t!£i}ifJ&-s filip . .I..5t!£1f-i±. 1941 ip;tt:~U&l0 )C.~ lf.j J
# ~ij1~ tf -1ttI: T Et9 $" ~ :7Be ~ T ~ OJ IJ. f1-~. T Et9 K MitT jfij A JJ 7Li a~ ~.t ~ 

e Li)' ,#7it til tf ~T( Mat 1ii1M:. Tj): 

http:l)~it.lH
mailto:tI!!.1@JI';11


______.. _____!lli~__.ml-t-~ml :H~ 

R !j A Et9 *-* t\. ; -tLlfl '* .II! :it (2) IHVJf ;;jt 1H~ r N *%. 

___j_-=-~ .. Im~l5I3ft . ____._..._ -- ._-.. 
_ l¥'? ( 1995 • :i: 00!fW llll Hi )H~D e, ~* flB ~ tJ.- :tut til 3. 8 X 1Q26 J 89 Ji~ 

M'. Iii] : 

(1) *fIB ~tJ.·{7 #l. *- %~ "4: $I:? 
(2)1Et i~* ~B:tJ:M If.j e9 fj~ 1:;It cl:J -f"~;lJ1:~" e9 ~ $. m41 H-~ He+ 2e+ 2v ~ 

1# ,it - ~ $. S :tJ: If.j 28 MeVOJ 7J tt -t fJdt)fJ~ M~ it. ~ tf e JJ ~ T ,v JJ tf {.~ T. tf 
~T ;It - # lfi j[ :lz1/J\ -f tt T $:li ,1f Jt jJ ;fa 51 e9 tf ,t! ;fi T. ~ it 11- :!~ It J: i±. !j *[!S 

1t~jL e9~.!f-$" *W~J:.~tJ#;(if %j' tft.~TiU1t . 

(3)1~ i~1iji: ft6'e9 *flB ±1f~ cl:J I H ~ IE. T ~£lA, lL -iX.1f 10% 891 H OJ 1# "w.;~", ~ 
1t1j':*~Be9~1t. 

e, ~ :*flB $. MB = 2. 0 X 1030 kg; 8 :!~ 1!e i% R = 1. 5 X 10 11 m; IE. T It f.ff- i: e 

= 1. 6 X 10- 19 C; lfi T Rtit ?np = 1. 7 X 10- 27 kg. 

[7tflTl El3 ~~Wftf2m 1t§75 ~ qJ it~ t±J:t ~Bmm~~E3 Jltm ~~~ IE§) ffi 
*~. 

[~l 0) EI3 T*~J:!l¥.Jmt1:W$ Ls =3. 8 X 1Q26 J/s. 
26 

' ];I 6M_LB 3. 8X10 k / - 2 109 k / -4 2X106 /1", --;;:r-7 OX 108)2 g 5-4. X g 5- . t s. 

(2) E13~~jjJ ,*~iitmM ili 14 MeV fi~-m~ ili-1- "f~T. t&*~J:!iitty:OJ:ili 
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mp 
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P':;'" (2008' :i:OO!fWllll••~) $T~!j tf T~§tU9~§JJilt1t~, 17iJ:iIP 
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(l)~it.lH ;fPlHe Et9tii1;-lJ~ZftJJ %:Y'~tltT1k. 
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1~ABjjJ!tx:m1~ 
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rN = 2t:J3" @) 

~A.M~ ~=~~4~ @ 
(3)m~:tI!!.i3t,Jffi-f-~"fiit1-~T 6 MI¥.J 2: fBJ-l*fR~ (2rN)3. *mJ3:1-M.!f!.1¥.J 

m~l!,~T!tx:11 A I¥.JJffiT~a~-l*fRllI{!;(11 
V=A(2rN) 3=8Ar",3. ® 

Jj?,~, ~ A $J(::kat ,:ff 
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E13®(J)Wj~PJ~R~AI¥.J**11 

R = ( 
6 1 ~ 
-) rNA l = 

rc 
~ 

ro A l . ® 
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6 1
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Ai- (2007 • :i:OO!fWllll••~) 4--ip;lt ~ 00;i.t ~ l! ¥ *-, ~ if illdI *¥ #J 
l!~~1fEt9.I.iil§.5t!£i}ifJ&-s filip . .I..5t!£1f-i±. 1941 ip;tt:~U&l0 )C.~ lf.j J
# ~ij1~ tf -1ttI: T Et9 $" ~ :7Be ~ T ~ OJ IJ. f1-~. T Et9 K MitT jfij A JJ 7Li a~ ~.t ~ 

e Li)' ,#7it til tf ~T( Mat 1ii1M:. Tj): 



_____-_, ,-ffi=~,_ ,wi~~»_ -----------'--'
7Be+e-~eLi)' +1). 

i/O CLi)' X. iiJ IV. 7t 8:J 7\:; T Y i/O @] fU £ it 7Li : 


C'Li)-_7Li+y. 


~f~.T*~••••~.,.rl~~~rlU~*~~t~.t,aiiJIV.. 
It ~ f~ T !J91'f11. 1942 ~~, ~ @] ~ ~*3t ,5t 10 (J. S. Allen), :l\Ui m(R. Davis) ~ 

A,**.f.li~7T~~Fc*IT 1 ~!jft,VJ:!hjl~ 1 ~;J:;tT~!]{f11. 1953 ~~@]A* 

~ Jt'f(F. Reines);{E~!jft tp it ;f:ft~ 1 ~ -{:itT . ~ ~ ~ itJ)Ui T if,] ~ @] ~ ~*3tm 
il!l..$(M L. Perl) :7t-~: J 1995 ~1* Yl.$~~*3t . 

J~}fj .f. ~ ~ if,] j] -* *- it n ~ tW: Ta~ Jfr:l!:tIl i}J t. *' ~~ iJN *~~ (' Li) ffi..).p Ii~ 

t(flp7Li ~#J~~ )!J9:l7dt ER= 56. 6 eV,y 7\:;T~~~~ hv=O. 48 MeV. E,j:p** 
Jjf:T~5fll~T~Jl:.~~ft#]~4tJ1 mLic2= 6 533.84 MeV,m&c2=6 534.19 MeV. 

m,c2 =0.51 MeV. iJ.11~ -1-i±~ ~, 'Be~;l! ~ Jl:. if,].K f¥< ttTe~ i}J li~-t!!. iiJ ~.~ 
/F -it. fB IV. ~ ~t%~ 8:J f1~ rf {itt T El'J;iJ -I P~ ~ ~1> Jl:.Jfr i- m" %- jg $-:P? 

[:St;jfil ~~B1mm~JW&%ilm-:fBSJZi,~iI'g~E§flli~~~R~*ffi~iQmlH. 

[Jil1Fl {tH~~~ , 7 Be ~5ft1 K ~ It! r ~Jz;b:itil~1J:W: . 1£~-1'Bl:EiI 9=', *m 
PL;' ClVf-jtt~ ~tt~ C' Li )' 89 iYJi'i. P~ :~-'Vf- q> m&r 11 ag z;b:;:, Jiltl EI3 z;b ll"ft:!!~ 
Nt,1f 

~.+~=~ m 
enj;St{;i:~ml~agz;bit -'=J 9='~ragz;b!l7C!l\;f§~, :n[ii];t§Bl:. :(£~=l'&m 9='. 

*m PLi~~& i'Pf1I!,~' Li agiYJ1i, Pr *ffi7tragiYJ:i: ,Jiltl EI3 iYJ:f!"ft:!!~~1f 
PLi' =PLi+Pr . @ 

ffim@w;i~1~ 

PLi=-(Pr+P~). ® 

~HlIl~Bt& i'PZ9J:i:ffi PI.; Ji::kB;j ,itBl: 1lP~~:!ii£.~::k . 1t ®;i.\ i5JW, ~ 9='~r8<] 


z;bii: -":J y 7t-J-agiYJ:i:IRJ1J'[ii] B;j, r£~8gBl: i*i9J:i:~:f\l::k@:. ff~¥-1J y 7trBtz;b:i:::k 

hvIJ\1J @Pr=~' 

11' PLi=p~+hv. @ 
c 

EI3 Tr£~Bt& 1lF~~. ttit '/Nf~/H~$, r£~BtiYJ~-":J itiYJ:lfJ: eg *~~16'Jt]:m 
x~'i.t***ffi, J!Bt1f 

ER=.hl.. @2mr..;· 

Ei:3@@w;i;i.\:m 

p~c= .j2mLic2 ER -hv. (j) 

1-tA1f*~m,~~ 

P~ =0.38 MeVIe. ® 
Jt] E~ ~~9='m&reg~:m,*m;f§x;ji.t,1f 

.--_~ _ _______ --~ 11 ~ ~ oj- fa ~ oj- ~~ - ........ -- ._,-
~"'Z> 

E = .jm 2C2+ p 2C2 ®~ ~ ~ . 

*mi~~:i:~,t:!!~l$:, 1f 
mBcc2 +meCz = mLicz + ER +hv+ E~ , @ 

EI3 ®@)p;Ij~~~ 

m~cZ =[ (m&c2+m,c2 -mLic2 - ER -hv)2 - p/ c2Ji. ® 
EI3 ®~~B~~lJ~H~ 

m~~O. 00 MeV/ c2. @ 

Ei:3@~i5JW , M.ili~9='.~.~m:i:~effi~~§M~e.~~~m~z 

P-l ,$~~~liffI~9='m&reg.~m:i:;~r15lHf:(£,Jtm:l:-~/J\::f O. 01 MeVN. 

--&§.... (2000 • ~OO~~~~U~) 

( 1) Jfr:i/F jg ~ a~ w JrTM> Jl:. at ~ ~ J1 :::.1-Jfr:l ~ ~ 8~ 1! 1r-T , i1)l ~31!. 

iii'. itit~*~~F ~ #] :::.1- 1! 1r- T e~ i}J ~~ Tl J 2 , T3 iiJ ~~ l{X. a~ 1:- -$ ~. ~ '# 
*-;if;~ - mi}J 1i~ ~ (T, ,T2, T3) #] j] *~P r: :ft -1-~iIL:::' ifJ WA lA2A3,l{X. Jt ~ Q 

J1 :::.1- 1! 1r- T ~ i}J Ii~ z til : Q= TI + T2 + T3. 11 :::. ftl WfJ l{X. - A P, 4- P it, ~U Jjlf ,rit, 
A i ~ xi ilL e~ 1!E ~ jg T i ( i = L 2 ,3) , )i!~ ~ - ,~ xi S - m;iJ 1J~ 1R (T, , T2 , T;), ~ ~ Bt 
iiJ IV. ~~ a~ 1:- -$ (T, , T2 , T3) #] iiJ 1i~ l{X. it , iiJ IV. J¥J P ,rit, 119iiJ ~~ ff 11 a~ IR ~! '* *- ;if; . 
:li!: 1-1R~* J1 ~ i}J *.it it IR. iil'.11L',,A j A 2A 3 tf ft 8:J w-31! a9~ i}J *.it it IR. (it~ 
]:J6 1! 1r-T n<J l!.J.Vt.Jt.l!.,Hf ~) 

(2)£ It T1~:f-;l! ~ -1- It T~ -1- £ It T~ll~ Fh *~it;&T, iE J1 Ps. t 11*Jl:. at iiJ IV.;R ~ J1 :::.1- y 7\:; T, ~p Ps-3y. iil'.116.AIA2 A 3 tf ft lli :::. 1- y 7\:; T 99 ~ 
i}J *.it it IR~. 

[:SttJTl ~J1t~illJj:5:HfT, t1i£B1BSJ¥2f;:t!::l,6t'i'?J~~.~~E§ii1.J~'g~, t:t§ 
tH1iQ P ,9-BSJqr~IZ~B1EIXm~~~~/975i~. ttt1i£ y )lC-:fBSJ~~E§ii1.J~811ill\ 

~mmffi~i£BSJ*~~Ht~. 
UU (l)iiil1ef'1:eg 31' 1! frregz;bii1J P, ,P2 .P3 ,:mJ.ilZegz;b~~1:J T" 

T2, T3 ,JilO1::;1fJ16,~,mWLlEr~O~{4 

~~:i:"ft:!! TI +T2+T3 =711{)C2-3771,c2=Q. m 
iYJ:i:"ft:!! PI +P2 +P3 =0. ~ 

6.A,AzA3 P-l'lflHf-#,i;±$]E.mJE@;i.\,ml.R'W8'>J<:mJE@eg P }~eg1.lL}lm:~. 

EI3@~i5JW P3 2 
= PI 2+P2 2+2p, P2casB'2. ® 

~ 9=' Pi = IPi I , ::f;!ik1f 
P3 2 -P/-P1 2 

casBI2 2PI P2 ® 

IlSlI casBI2 I~1, ::f;!ik~{4@~1J 

P3 2- p,2_ P2 2)2 ~l. @( 2P,P2 

El312~W, i5JLl.(~Jt]~~;f§MiBeg*~ 

mailto:P-l'lflHf-#,i;�$]E.mJE@;i.\,ml.R'W8'>J<:mJE@eg
mailto:Ei:3@@w;i;i.\:m
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~HlIl~Bt& i'PZ9J:i:ffi PI.; Ji::kB;j ,itBl: 1lP~~:!ii£.~::k . 1t ®;i.\ i5JW, ~ 9='~r8<] 
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11' PLi=p~+hv. @ 
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.--_~ _ _______ --~ 11 ~ ~ oj- fa ~ oj- ~~ - ........ -- ._,-
~"'Z> 

E = .jm 2C2+ p 2C2 ®~ ~ ~ . 

*mi~~:i:~,t:!!~l$:, 1f 
mBcc2 +meCz = mLicz + ER +hv+ E~ , @ 

EI3 ®@)p;Ij~~~ 
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--&§.... (2000 • ~OO~~~~U~) 
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tH1iQ P ,9-BSJqr~IZ~B1EIXm~~~~/975i~. ttt1i£ y )lC-:fBSJ~~E§ii1.J~811ill\ 

~mmffi~i£BSJ*~~Ht~. 
UU (l)iiil1ef'1:eg 31' 1! frregz;bii1J P, ,P2 .P3 ,:mJ.ilZegz;b~~1:J T" 

T2, T3 ,JilO1::;1fJ16,~,mWLlEr~O~{4 

~~:i:"ft:!! TI +T2+T3 =711{)C2-3771,c2=Q. m 
iYJ:i:"ft:!! PI +P2 +P3 =0. ~ 

6.A,AzA3 P-l'lflHf-#,i;±$]E.mJE@;i.\,ml.R'W8'>J<:mJE@eg P }~eg1.lL}lm:~. 
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EI3®~llJlf ill , rPJtff)a!@iYJ.§.~1tIJ\=f u i't<J~~;:$ti<, 'tffJ~ ill E8:ltrE8l&: 
K tt Al * ,~1t*/Ht;fp:(f~~ u :<:r8]89~~;:$ti<:.5till E8:ltrE8l&:K:5t{jl:(fAo~ 
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-~~••~~.~~.R_W~~•• ~~,*~am~.&••&W~ 
Il$. tE ~7~ fPJftll tp •flPi~* ffi. ~. m1fl i~ ~JtY.& t~*#*~.;#';t}mt ffi. ~ a~ #: fj{. ~ 
~1R i~tE ~lt fJ -$ . ~ a~ jl& ~ ftJ rnJ * ~ jl& ,~,Jt ;tEJ ~ a~, II ft;h l! ;trI ~ #:*l!. 
~#:~~:it#:I;!t: R=8. 31 ]/ (mol' K),.~~~~a~ft-}%ffi"ii 11- j;tl;h 

MH=4. OOX 10-3 kg/ mol ~ MA =28. 9X 10-3 kg/ mol, ~j] l1D:i!&Jt g=9. 8 mN. 
A$7t 

(a)1fli~~*ftJ IE a9*~a 51Jt p, jlJ!Jt T. til T~**W#tE*f1, ~Jt. fJ 
-$ iJ~ Ed!. T:7r-$!J9a 51. ~*1'* n *%!J9. ~,fJ -$a 51Jt P+b.p. ;jt ill ~* 
~ t tl !J9)f. j] FB ~ p , b.p !J9 fIJ §& R. ~. 

(b)tEff 00 iJ~~};:.tE 0<z< 15 km !J9 ~ 00 fJ, fte)4tf W. &~ z * a~ jl& ;~ 

Jt T(z )=To(1-~ ) ~R.~, ~ tp Zo =49 km, To ::: 303 K. tE:RiffW ~* ~a 51
Zo 

~ '& &3Htl;h Po=1 atm= 1. 01X1Q5 Pa,,DJ = 1. 16 kg/ m3 
. tE~Jt.& ~ rnJ I*J, a 

51. Jt IV, ~ Is ;k, 

p(z)=Po (1- z: r CD 

>Jttj:l r; ~ Zo ,,DJ ,Po IV, & g ~R.~ .it~ r; ~lUtl21i**-§&*. i~~j] l1P:i!& 
Jt:;r; ~iWJ& t itB~ #it. 
B$7t 

~lH~.ltljUK.¥J7f ~ -'¥-~ ~ 1"0 ' 1t ~fc" * a9-'¥- {£~ l1P t Vr(r~ro). ~** W#t 7f 
~ Jl. * 5f 'Ii fiUt. tE - ~ '%lit l!~~ , 71 &Jt iW §& ~ , 5f tE~~ 1i liT )fJ ~K* Jt 

U=47(ro! JCRT( 2A2+ A~ - 3). @ 

J!J.A=..!..(A~l)Jt,R.-t~1*i¥'ICJt.!j'l.ii;h mol/m! g~#:fi.
ro . 


(c):;jt b.p,)fJ@~tpa~~:Il:*:if.z. ft'fl1j~*:if b.p ~ A!J9R.~. 


(d) iW. IC liT IV, Jfl #f. 7f ~ ~ ~ ~ ~ 1$. a9 :lit?lt.pftj It. tE To = 303K IV, & po= 

1. 0 atm -#til!' ~ ,j,d~7f 119 ~~(A= 1) tp * no= 12. 5 mol eH\~. tE;f§ ~!J9 To ~ 

Po -#til!'~,t1".~*1t~ttl A=1. 5 ~~a9~#: ,~, i!;!t: n=3. 6no=45 mol.;t J. a= 
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~~). 

C$~ 

i~ (E (d) 1t# r !i~ ~9 '\ I:jt U'1.Jtd:. '~13tl A= 1. 5, i\. "'l.it· i:' JL n = 3. 6no = 

45 mol, To =303 K,Po=l atm= 1. 01 X 10" Pa), ~f6'\1*, ,\J;jt § ~ i;Abtffi. ~ 89 .(~. 

JPt:l:JtT MT=l. 12 kg. ;vl1?<'\I-~»-'~fiiJ:*. 

(e)'!W R '\J.t lik#-* .tI:Ar Z j i*1lt J:, Jt at j'f jJ Jij .~. ~ jJ f~, >Jt i*11t Zj i;A bt 
1?<ilij1tJ:99~,,*$ Aj . m21idr~~**~~iR!t*.1fh~J:*J±~ If '\11-l(~1f ~ 
'\ ,-tE.~1f~ (,iJ ~~~i/J. 

(~fJTl :¢:~~tJj],~Ii1Z?fJ:Tt~f~Jl!lI~UB'SJSfi1J~i!J~rOJ~. $~~~1'F],

JfB'SJ~lt ,§m~=s~~-rSl'75iID: rolln[~B1<~~B'SJ~lt, ~Ii1Zpjf!ItB'SJfiI\~ (J1 
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ilW If 1i" .........J).J . wm~ _ _ ._~-~ lllHe:001t 
 -- .. _- ..,---- - _ ... 
n 

il±..M.= ;-;; @t::,p aA1o-r6)' 

~if©A1~ 

,\l o-r6) =-..1. (n_MT) =4. 54. 	 @
ano jV[A 

mJ!1t1J11d!I{!;{>J(ftn, 1~ 


,\l = 4. 54

1-4. 5C3 =4. 54. 

'\/=2.1. @ 

EI3 ©fl](11lAfE~~1~ilJ 
.P... T O,\ 3= MT @
P o T MAn o' 

flJm T( z ) =To0- ..3:.. ) r:)'E<: p ( z) = Po 0- ..3:.. ) 7, 
zo 	 zo 

.P...TO ,\ 3 =0_~)7-1,\/= MT =3.10. @
P o T Zo 	 MAnO 

1tA'\/=2.1.1l- 1= 4. 5'1~ 

z/ =49X[1-(;-1\)AJkm= 11 km. ® 

""~ (2004, :i:OO!/t!.l/1i!JU~J iil'. }A;jfJJt~~~~{pi)/J~If.]~ltlJ-{]TlbiE: 

0) -1'- 7C f- ~ ~ ~ 9' * f"~ .Jl:.:J;k~ 6\.1 § til!{l. f-,oi:Ji at, 7C f- If.] Ii~~;r: PJ 1i~1£ 
±Yt!{l.f- ~ ~. 

(2) 7t f-Mftl ~J,* rm at, ft.~~ -1:* PJ ~~ 1G±;f&". ~ ~* 1JI!. !{l. f-it ill ~/~,* i1ii, 
F1.7t!{l.~S. 

BHJTl Jlt~tlSJ5!30)JJ \~qrM/i~"f~tlSJ~fi!ffi&lIE)~nD~iBlIE. 5!3 (2) JJ \ 

~tlSJ*m~iBllIA~Jl6-:ftlSJ/i~ hv~W(i&;B ~). 

UU 0)1& ~T-9lrM't.Ll::jj( ~at Et9 Ell::I,: jg mo , :7't T-Et9!ijj $ jg v, iNJE ~T fj~ 
jG :@:IJ&. ®::7't T-Et9 fili it , IJ&. ®: :7't T-J6 , ~T-W~It v If£ i9J , !J!lJ JX-itij[ J:iiZ ~ tim 7;tJ:Ii ;j' 
'@JEW,;fi 

~ mov 
CD 

e ~1_ v2 ' 
le

ii~HiJ6*~ Et9 ,~, filii!: jg 

E=mc l mo e 
@

~1- v2 . 
1e

El3CD@~m~ V'1~ 

E= ../mo 1 e4 +h2J. 	 ® 

.-- ."_.__.- _."__~i' ~_~__1t!: 

~ jiWI ~T-!j :7'tT-Et9 ,~ fj~:i: jg 

Eo =hv+moel . @ 

EI3 ®®A 
£2 - Eo l = (mole' +hl J) - (hv+moeZ)l = -2hvmo el "",0. ® 

JX*~, Yf1N1&Et9uf¥7I'~iffjU1:;j'tgJEW, ~ JltJX -uij[~ ~ff,L7I'ilJfj~ 

tit~ . 

(2 Hlg~(:E~~ t:p Et9 ~T- fI:l M A ~~ Et9 :7't T-=*#iJ ~ Et9 **Jt:t:E tit ~ :7't ~~J:iiZ 
Et9 itij[ t:p i9J:it71';j'tg , .R l'ffi~Ltn~it~ ~ fOJ 1m. 

1&~T-~Jm~~Et9*!tffij~ili , f/n~M't~~~yjg W ( i&;B ~!J) , ~ili~~* 
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l z 

hv;;?:- j1-~ +W. ® 
moez moe ] 
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1 1 v2
-=1+--+······l 	 cv
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le

~~~M"/JV;: •.R~CVA9='Et9WIj!,tJJYi ,1tA®A , ilJ1~ilJ 


1

hV~2mov2 +W. 	 ® 

ilJ ~,.R~ hv~W ,®A8;tfj~~3L,:7't~5&J:iiZ8;tn~F~. 

~ (2003' :i:OO!/t!.l/1i!.Im) i)t:l1£.~;i!-1'-:f q£59 6370 km a~~1* . .:lI 
~.~~.:l1£.rm1~$0I*{P~.#rmlf.]l~~.~~If.]~~g~~,:l1£.•• 
PJ~1~~:Ii;j-5Ja9.ft..~S5!lt59 B=3. 20XlO- 6 T. ;!k#'*!{l.!f:WMtUiLf-,ft. 
~)9Bt59 mo=6. 68X10- Z7 kg,$!{l.Wil59 q=3. 20 XlO- 19 C,.:lI*1E~~.~£:a~ 

:Ii;j -5J:II!!..oJt. 9' If] !Jt:l1£.I\,' ~ ~jq~ 59 R= 7 370 km 6\.1 00 ftJ:E i)/J. 
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( 2)1:f<~ f-.:lI 00 jfHh,.~:E i)/J at ~ -1'-:f '*!{l. a9 '* J9t:!t 59 ml =4mo a~ ~.Jl:. ~ 

f- tt1.;Pi1t, *'ittft.~~~ ~ -1'-jt%;fr f-, ii.>R j[ %~ f- If:] M> J9t:!! mI. 
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·______5I3-=~ ...~it~:5.J-____.. _..____ 
~ t:p m 115E;tJ*-ftTEt'g;f§xtii::£ii, ~fJ1tll:.£itl¥J**11 . 

nkJ 

m=J VZ
1- c2 

i"f<*-ft T (J9 iYJ fj~ 


Ek =nu2 -moc2 
, 


E6CD~, PJ*1~ 
qBRc

v 
.Jl B2R2 +mo 2 2 

ft.A~11iS '1~ 
v=2, 90X 108 m' 5-.1, 

EE@®~'1~ 

1 -11 
Ek=moC

2 

[~-~ J' 
ft.A~*, ii:~$lJ®~ ,1~ 

Ek=l. 74X10- 9 J. 
(2)Jfj p ,E :5HJIJ~jF*Iti~t~*-ftTiYJ1i~~~jl,~ 

mov 
P=J VZ ' 

1-7 

2moc
E=n' 

1-7 

i9:jtit;ji}[TI¥JJ!N11·Vl ,iYJ:Ii~fj~:m:5HJUy.] PI ~ E1 ,1f 
mlvl 

Pl=J Vj2'

1-7 
? 

nllC· 

El=J Vj2'

1-7 
;ji}[T~iI:i1Wt:piYJj!, filiii"1'tjL~ 

Pl=P, 

El =E+m2c2, 

E6 k.,(.t4l-~'&B~*f4 mz =4mo ,1~ 

V 

Vl=--;; VZ' 
1+4 1-7 

:re®:a.:ft.A@:a.:, 1~ 

... _ ._ .---a 

@ 

® 

® 

G) 

® 

CD 

® 

® 

® 

@ 

@ 

@l 

@ 

___ ._~"'~ n__~____ _.. ____.:.________.. ---
~ "'J;' 

1VI =1. 43XlOB mo 5 - , ®•
E6®@@l~,1~ 

J1- VjZ 

mo CZ 

v2 h' @ 
mIn V z

l--+mz 1-...LZ2c C

E6®®~~~1f*~*,1~ 
z7

mj =46, 4 X 10- kg, 

~ (2000' ~OO~J!~JU!) * JlE ]x\'~fJ,* JlE * '\1~)fr (#11 EI .t)/f rm 
JiiJ £ ~,f~ f~lltMiJ~,fi-JtI1'J, ill #J IiiJ ~ § I1'J mf-{o t f-¥J~ I1'J '* t;f± f-¥J,t, 1::** ~El 
4j~;,I/i.Y I1'J m:l ;fflnf"* ~El mit Ms liT ti- ~/f it, ~JtiWJ *- sJl ,* JlE]X\. iJ9:lilt iJ9 * + 
vM.~*JlE~~~~.r~~~~~*,~.~-•• I1'J.m*_.*JlE]x\'~:li 

It~ 1t il'J tIL ~J:1fVt El ~ ~ iJ9 * it t -T OJ t't 7J J! ~. '\ 1*; E ~ ~ iJ~ t -T '\ ~ $ ;1 
(~J.t11 T) il'J ,% Iii] liHi il'J, JV.J.:Rn* I1'J it$ vCr) (;k FE! ffi\. ~ it*") JiiJ *,W JJlI:; * JlE 
]X\.~JJt-T~JtJiiJ~~itlt~t-TI1'J~~f,*JlEJX\.I1'J:lilt~~~t-TJtIii]~~~ 

itlt ,* JlE ]X\.1iT_.7J B~ ~ I1'J t -T9. Iii] *il'J $ ;l,WJJlI:, lC* JlE]X\. il'Jit$- v fit. ~ 
* JlE ~ I\.,' I1'J liE • r ~1t il'J ~ 1t$- 7J r = ~~, *' /f;;1J ~m -T {o t -T f~ il'J ;ffl E. ~i:Mt , it. 
;;Jt r fltr ~1tl1'J~~~r(r), 

[7ttJTl *m~Nill8SJ~~t\j.6t~~?H*~~ A cpfl)(-t~~g~-:fWC, ~~'8 

fr~~:t.JttsJfFFf3l'8SJ@TI,1]~;iJt, J2.@:t.J~H3 T~BB51:t.J I~l)}~~ ~-:fWC~$i8SJffi 

:t.J,@Ff3TI,1]~:cE~, qr~~u*m~Nill8SJ~~75f~it, E±rf~-:fWCqr1mN~~~{;$, iii] 

~{;$ffi~~~.fCIlHBJ175$, i5!Z~Nillqr~~.fCIlm)ti, *m~ffJaSiWi)±~ili:{l)Jl,t~75$ 

ttsJ@Ff3, 
UU 1il1i. 1:~oOO 6-2-6 Ffi7F ,:tE.*IlE,lXtt:p ,~It t atttlftLT$lJ'*~13 t:p,L.' I¥JHE 

f;l;11 r ~ r+& 89p;q1-J:J(ooZI8JI¥J-*ilIJ~Jt!Tmt,;I't~N:1g &,£:11:11 m,ltN 
11 v, 1tL T *1211 r I¥J J:J( oo.t I¥J t1~)§"~ I¥J 00 f9.11 5 , ftL T * 1211 r+ b.r I¥J J:J( 00.t 
ilIJ~lltr~l¥Joof9.11 5' ,~O~ 6- 2-6 9"~tl1ftc#4~891K~FJT~, ~:i1Btl8J b.t, 1:: I¥J)§" 
~.ft iYJ T - £\tHE f;l; b.r, jlJ:itlltr~FJT:tE:lti: ,ffij;l'tlltr~.ft iYJ T - £\tHEf;l; b.r' , ep:tE t +b.t 
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ffi T ~f.fzBtl'aJ pgJ1!A/NWJtt¥.J~ -f-!l&~T~ tJj IHWJt a9~ -f-!l&, ;.t~1~/Htf 
Jt pgEJr1f ~Ta<J ,~.J.ro :i: m /Gl3t, ~~ 

(r+!:::.r)Zn'v ' = ?nv. (3)'# 

I!P (r+!:::.r)2(n+!:::.1l)(v+!:::.v) = ?nv. 

!:::.n = n' - n =_ n!:::." _ 2n!:::.r1~ @'"
V r 

-f-tA@"'A ,W~CD'If!l@'"Af-t @]@'/A' 1iiJt¥:1~ilJ®"A;f1l®"A. 


~ (2007 • ill!iHf!JmJIl!~JU~D 


it!J~HHUUt 


Jef-Jij ;fflJt~'I1~ lit It f-~!tt, Je-f-¥tJA ~ ~~ It -f-~fHt i:, ~~tIt It-f- ~~-;: 
~*, jlyi $ J/-itii. 1i - ~ t,,ff; JJ i!.Blt.,;ijf tUi . ~.Blt 'It if}! lit tit1±: 3t 1*#}J! *' tf;[ ~ 
~;tx., t it.*. ~ tf Xtit ~~ y tIt ~ !" 1. ~:t *;D'L$1j. 

1. ~P JiB 6- 2- 8 J'Jf:iF "e· lit f: n E ~ tJ Jt~ '111.iJ ~~ ~tV' 
It of- ( Jt. ;iJ ~btT -M> 1i~') Jij iJJj $ n ).I 09 iUbl: f- ( nidI .]
T<t-fM>1it)tJ~:lE;bj!ij~I4t,~Ij§-Je-f-*Jij.W- A M:t E e. hv 

(:;J ,IiI(. ejH~:t ~ lit M( -lltM <t -fill l' ;.t -1r @, :1::), >jdlUt ,P ~ 6-2-8 

7\:;-:)'-119 nUll-< JfJ E,).I,e;fa <t -r-*1it Eo ~-F). ~ e kJoJ 1[ at, 1iIzM 7\:; f- ~ 1i~ J:JOC *? 
it ;jt JIG J& * ij~ :i. 

2 . .t f"l 0/ ,i~A tIt ~ f- Ii~:t E=yEo , y»1, R AM 7\:; f-~~:!lIt ~ IJ' fJf $ ,;jt 1& 

tltJe f-JOC *- ~t :'h9:ilt19.*:it~. i~ y=200, A tIt Je-f-jb/t*),=500 run tf.1 OJ .J\!.JtJ.!t 
&Je-f-,;jt lit tit JeT /J~l&. * fit )ti:}Z;f§ ElI jff.. *

e,~: 1tf-1jHt Eo =0.511 MeV,., AA:t 1tJit h=6. 63X 10-34 J • s,hc=1. 24 

X 103 eV • run. (c 59 -:it ~ l' Jt.j~J 
3. (1) ,e· fi~ :in E ~ tJ ~t ~ '11 ~ fit t f- Jij Je f- tJ ~:lE ;b j!ij ~ tt , f"l ~ A tit 7\:; 

f-tf.1~.n$*at,ilitltJtf-.JAAtlttf-tfa~.*~.?#;jtJlGatilitltJef
i1~IiUl:. 

(2)* ,e· jj~:li n E /J~;f§ ~t~'11 jlHt t f-~:iE;b:t ~ Jij ;!t~1L 11~ Jef-~1. ~jUt, 



~-~ Jf~81311-._-=- -- --- -- -- --. _.- ... 
M~AM~~~.t~f*~,iliM~~.~AMt~~a*.*••?**~ 
~iliM~~iJ~~~t. 

[71't'i'1 tt~~~Wi~~C:P, Jl6:f~E@:fBSJ{,HI3~f~)~,fE:f§J1lf;l§gfi~Zil.J~ 

'g~. *M8\ja~Jl6:f~E@:fBSJl§gmfDZil.Jfi~~~ffi:f§J1lf;fD~:f~JfCPBSJim~ 

~T~lt ,2js:~ Jill Mim l'g ~ t:I:l ~ , 1=t os ~ ffi J1 it; c:P tlli ~~ Zil.J ~ BSJ *~~ ill1'j 
*M. 

U~l 1. i5tAMIt-f-iJJf[1g p, t±JM~-f-iJJft1g p' , ~~:i:1g E' , t±JMJ't-f-~~il: 
I -hQ~ 6-2-9 Yrffi. 

19h1l,;< ~v' 

hv ~PI(}~ T __~ 
E, P -----E', 

p_hv 
,p c 

iII 6- 2-9 iII 6-2- 10 

ffi fl~it'iT'tll ,1i hll+E= hv' +E'. (j) 

1l.0 ~ 6- 2-10 Yrffi, wiJJiIl'iTtll1i 
(p'C)2 = (hll')2 + (pC-hll)2 +2hll' (pc-hll)cosB. @ 

wfl~iLiJJ:I:*~,1i £2 = (pd +E02. ® 
E'2= (p'C)2+ E02. @ 

h ' E+pc hw j)J-.t 1m JOtM1~ 
II E+hll+ (pc- hll) cosB II 

E+ -/E' - E02 hll. @ 
E+hll+C.j£2-E02-hll)cosB 

w@JOt/GXiElit±J , ~ -/£2 - E02 >hll Bt(Jt.,*"#n7;iJ ~~:k. T#Ii~ friJ ~ -t~ ~~1t 

'J' T ~ -tM>~~ friJ j(, -j- JU..KA.i:.) ,.!J!~ ~ fj=rr Bt hv'1~:fk:k1ll 

(h II') _ = E+ -/E'-E02 h
~ ® 

E+2hll- -/£2 - E02 

2. t;,( E=yEo 1"tA@JOt1~ 

(h ') = yEo + H=rEo h 
v mftX ~ v 

yEo -...; {-I Eo + 2hll 

y+n=I h (J)2h
11 

v . 
"1- j i-l+-

Eo 

~ ( 1) 1 hll 1w'fy» l. ...;i- l::::::::y 1-
2i 

=y-2y,.ElEo«Y ''f~ 

1"1+"1-
(hv' )"",x:::::::: 1 2r2hllhV::::::::4i hll. ® 

"1-"1+-+
2"1 Eo 

.-•._______ __~. ___it!!. ~ _~ .:.::__ 

~ y=200,AMJ't-f-Ut* '\=500 nm Bt ,A~;j"J't-f-fl~:I: 

h =hc 1. 24Xl03 V=2 48 V 
11,\ 500 e . e. 

hll 2.48 4 85Xl0-6// 1 - 1 -5 OXl0-3 
E o 0.511XI06 · " y-200- . 

mJJE®~ffd4 . 1"tA®~1~t±JMJ't-f-:fk:kfl~iIl 
(hll/)mnx::::::::4 X2002hv= 1. 6XI0s X2. 48 eV 

=3. 97X 105 eV::::::::4. OX 105 eV 
=0.40 MeV. 

;f!3IilZt±JMJ't-f-ut* 

,1=hc=1.24XI0

J = 3 1Xl0-3 

1\ h/ 4. OX 105 nm. run. 

3. (1)JJ~t±JMJ't-f-fl~h\AM~-f-~~1~:fk:k E,p • _._~hv 
fl~:i:, MUi)§" ~ -f- IilZ~1g~.lt. ~Bt IilZ1i (~!Il 6-2

o • hv'11) Eo 
iII 6-2-11hll+E=hv'+Eo. ® 

hv hv'p--=-. 
c c 

~p pc-hll= hv' . ® 
®®w;j ~~!l~jHEJ.U~:miJJii*~ 

(pC)2 =£2 - E02. ® 
1~AMJ't-f-~~1fJ: 

1 1
hll= Z( Eo- E+pc) = Z( Eo- E+ -J£2-E02) . @ 

1"tA®~1~ til MJ't-f-~~ii 


I 1 IT". - hll = hll+E-Eo=Z ( E - Eo+ "'; £2-E02). @ 

(2)i"JCl),~BtIilZ1i(~!Il 6-2-12 plj"-r- ) 

:,phll+E=hv'+Eo. h, 

p2 + ( :11 ) 2 = ( h;' ) 2 , 
e C 

~p ( pc)2 +(hll)2= (hv' )2 . @ ~ w~~:tfL iJJ:i:*~1i iII 6-2-12 
( pC)2 =£2 - E02 . 


1"tA@~1~ £2-E02+( hll)2=(hll/ )2. 


Ji'ijw ® JOt (hv')2 =£2 +E02 +(hll) 2+2Ehll-2EEo-2Eohll. 


-.t w;j JOt!!* :s1.1~ 


£2 +E02 + (hll) 2+2Ehll-2EEo-2Eohll=£1 - E02 +(hll)2 . 


~p 2(E- Eo) hll=2Eo (E- Eo) . 


http:f-IilZ~1g~.lt
mailto:M8\ja~Jl6:f~E@:fBSJl�gmfDZil.Jfi~~~ffi:f�J1lf;fD~:f~JfCPBSJim
mailto:Jl6:f~E@:fBSJ{,HI3~f~)~,fE:f�J1lf;l�gfi~Zil.J
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~T~lt ,2js:~ Jill Mim l'g ~ t:I:l ~ , 1=t os ~ ffi J1 it; c:P tlli ~~ Zil.J ~ BSJ *~~ ill1'j 
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1l.0 ~ 6- 2-10 Yrffi, wiJJiIl'iTtll1i 
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v mftX ~ v 

yEo -...; {-I Eo + 2hll 

y+n=I h (J)2h
11 
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2i 

=y-2y,.ElEo«Y ''f~ 
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.-•._______ __~. ___it!!. ~ _~ .:.::__ 
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mJJE®~ffd4 . 1"tA®~1~t±JMJ't-f-:fk:kfl~iIl 
(hll/)mnx::::::::4 X2002hv= 1. 6XI0s X2. 48 eV 

=3. 97X 105 eV::::::::4. OX 105 eV 
=0.40 MeV. 

;f!3IilZt±JMJ't-f-ut* 

,1=hc=1.24XI0

J = 3 1Xl0-3 

1\ h/ 4. OX 105 nm. run. 

3. (1)JJ~t±JMJ't-f-fl~h\AM~-f-~~1~:fk:k E,p • _._~hv 
fl~:i:, MUi)§" ~ -f- IilZ~1g~.lt. ~Bt IilZ1i (~!Il 6-2

o • hv'11) Eo 
iII 6-2-11hll+E=hv'+Eo. ® 

hv hv'p--=-. 
c c 

~p pc-hll= hv' . ® 
®®w;j ~~!l~jHEJ.U~:miJJii*~ 

(pC)2 =£2 - E02. ® 
1~AMJ't-f-~~1fJ: 

1 1
hll= Z( Eo- E+pc) = Z( Eo- E+ -J£2-E02) . @ 

1"tA®~1~ til MJ't-f-~~ii 


I 1 IT". - hll = hll+E-Eo=Z ( E - Eo+ "'; £2-E02). @ 

(2)i"JCl),~BtIilZ1i(~!Il 6-2-12 plj"-r- ) 

:,phll+E=hv'+Eo. h, 

p2 + ( :11 ) 2 = ( h;' ) 2 , 
e C 

~p ( pc)2 +(hll)2= (hv' )2 . @ ~ w~~:tfL iJJ:i:*~1i iII 6-2-12 
( pC)2 =£2 - E02 . 


1"tA@~1~ £2-E02+( hll)2=(hll/ )2. 


Ji'ijw ® JOt (hv')2 =£2 +E02 +(hll) 2+2Ehll-2EEo-2Eohll. 


-.t w;j JOt!!* :s1.1~ 


£2 +E02 + (hll) 2+2Ehll-2EEo-2Eohll=£1 - E02 +(hll)2 . 


~p 2(E- Eo) hll=2Eo (E- Eo) . 




Ilt'IfJo...-. '" F1-=~.. - "..n... - _ ~-~~tlJJ.t,r ------_4t 
mAM*~nt hv=Eo. ® 
~A@~~iliM~~n. 

hv' = hv+ E - Eo = E. @ 

*TrP]~ 3ffllf~F1'JiJtlY'l: 

(l)iE.i=iJffllf~ :!mr: ffi @~,~~lA~~~1~B<J:S:7d~:l:11 
_ ,_ _ pchv- h2/ 

t;,.-hvma< hv-2 E+2hv- pc' 

~Jfl pc= ../£'-E02 . 11* t;,. B<Ji:&::klli,~L~xth:Ii*~,jt~Jt11~,1f 

d(~) 
_ 2_ = (pc-2hv) (E+2hv- pc) -2(pchv- h2/ ) 0 
d(hv) (E+2hv- pC)2 . 

ffi 7Ff11~ , JlH~*T hv B<J=(7z:1J~ 
2(hv)2 +2(E- pc)hv- (Epc- p2C2) =0. 

ffi JltJW1~ 
1 1

hv =z[-(E - pc)± ,,/£,_p2C2]=Z( - E+pc±Eo). 

*~A1Tllj;[fft~~ hv 11fft ,** ,jt1-tA pc= -I.£' _ E02 '1~ 

hv=1-( ../£'-E02-E+Eo) . 

~*J:j@rt;fPl. hv'*JE~J)!UJ:jQ)~ fPl. 


(2) m"PJffllf~$Ulr : 

11M1(!~!Ji!.,i9:iliM~~fOiliM~~tEAM~~ 

fOAM~~~tE~OO~.~iliM~~~iliM~~~~ 

AM~~1J I<iJ B<J*ifl ~11 tP ~ g.>, "!!Ill!! 6-2-13 ~ffi, 
£,p

!JlU1f 
E+hv=£' +hv' . CD' 

hv' , 
p=-costP+p coscp,

c 

£!P pc--hv' costP= p'ccosg.>. @' 
hv hv'. ""+ ' . :& -=-slo.,... P SlOg.>.
C c 

£!P h v-h ~ sintP= p'c sing.>. 
ffi@ '2 +(3)'2,m 

ltv 

"v' 
£',p' 

006-2-13 

(3)' 

p'2 c2 = p2 c2 + (hv' )2COS2tP- 2pchv' costP+ (hv)2 + ( hv')2 sin1tP- 2ltvhv' sintP. @' 


ffiCD', E' 2=£' + (hv) 2 + (hv')2 +2Ehv-2Ehv' - 2hvhv' , 


!;,(:&Z91:1init** 

£'2 =E02 +p' 2C2,£, =E02 +p1C1. 

1-tAL~m p'2C2= p2C2+(hv) 2 + ( hv')2 +2Ehv-2Ehv' -2hvhv'. @' 

t~$3(@'@'WJ~1~iliMJ't~fjgiil 

.------------_.
h ' 

V 

~ tP= cos- 1 PC 
../p2C2+h2/ 

ft!!-- ~~~.~.... 

Ehv 

E+hv-(pccostP+hvsintP). 


atiliM~~~~j!B<J:S:::km11 

, Ehv 
hv""" 

~~lA~~~1~B<J~~:;:11 

t;,. = hv ' 
""" 

E+hv- ../ p1C1+h1/ 

hv= -:.j:"p~2~Cl-,+-,h=-:1 ~/:;::h~v-¢(h;;::.v~)2 
E+hv- ../p1c2+h1/ . 

~ ~ .1> 

@'
(1/ 

@' 

W;:~ t;,.:S:::k,~ t;,.xt hv*~,jt~Jt11~C-i.t../p2C2+h2/ =a), 

J)!U ~ A =0 @'d(hv) (E+hv-a)2 . 

Jt9=' A= [a+ (h;)2 -2hv]cE+hv-a) -(hva-h2/) (1- :V). ~ A=0,1~ 
E(hv)2 (hV) 3

Ea+hva- p2C2_(hV)2 +--+-__ (hV)2 -2hvE-2(hv)2 +2hva 
a a 

=hva- (hV) 2- (hv)2 + (hv)3 

a 


E(hv )2

1tf\Jj§1~ Ea- p2C2+---2hvE-2(hv) 2+2hva = 0. 

a 

£!P (E+2hv)a+ E (hv)1 = p2C2+2hvE +2( hv)2. 
a 

WJ J2I ~:1J1~ 


(E+ 2hv)2a2+£' (~v)' +2(E+2hv)E(hv) 2 

a 

= (pc)4 +4Chv)2 £' +4(hv)' +4CpC)2 hvE+4Cpc)2 (hv)2 +8(hv)3 E. 

!;,(../p2C2+h2/ =a 1-tAL~,jt1tf\Jj1~ 

£' p2C2+ £' (ltv)' =p'c' +h2/ £'. 
p2c2+ h2/ 

£!P £' (pc)' + £' (pd ( hV)2 + £' (hv)' 

= ( pC)6 + ( pc)' (hV)2 + £' (pC)2 (hv)2 + (hv)' £'. 
1tM1~ (pc)' (hv)2 = ( pc)' (£' - p2 c2) = (pc)' Eo 2 . 

ffi Jlt1~ hv= Eo. @' 
1-tA(1)' ~ £!P 1~ 

,
hvm.u 

EEo 
E+Eo-E = E. @' 

~*J:j~JW®,@~;ffi \iij . 
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E(hv )2

1tf\Jj§1~ Ea- p2C2+---2hvE-2(hv) 2+2hva = 0. 
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!;,(../p2C2+h2/ =a 1-tAL~,jt1tf\Jj1~ 

£' p2C2+ £' (ltv)' =p'c' +h2/ £'. 
p2c2+ h2/ 

£!P £' (pc)' + £' (pd ( hV)2 + £' (hv)' 

= ( pC)6 + ( pc)' (hV)2 + £' (pC)2 (hv)2 + (hv)' £'. 
1tM1~ (pc)' (hv)2 = ( pc)' (£' - p2 c2) = (pc)' Eo 2 . 

ffi Jlt1~ hv= Eo. @' 
1-tA(1)' ~ £!P 1~ 

,
hvm.u 

EEo 
E+Eo-E = E. @' 

~*J:j~JW®,@~;ffi \iij . 



~WW'CYjY . com ~-~ ~}'C](l~ -- ~~.~- ~-- ~. 

A~ (2007 • ill!1tPlmJ!~~~ ) 

~~-~~~.~-~~~....~.~~~. 
1. !£.#PI+eRJJ, -:t~ tf E19 § !E It -T ~ OJ ~~1I ';\2, ~ 1*. ;tAf~ at It -T ~ &~ 

f~.t~.ff~*,&W*~~-~~;tA$t.f~.+§!EIt-T~~$~$. 

~ YtiWi. Cv JJ 


dE 

Cv= dT <D 

E;lt:§ !E1t-T~f~1i~:!l,cv ;It:~11ltX*fr1,#~. ii'..ffi.*!£'~lIlt:-it~E 
;fP Cv, 

2, MW~ ~U!~ :!H~: P)j, ~ J, tf § !E It -T ~ ~ ~ $1A $ :I" ~ 11lt;j;J * , Jt :t 1JI!,. 
at~•••~~AM*~~+~t., ~;lt:~JJ-:t.tft-T~~~~~~. & ~ 

A~mitAAl.14tW ~lUJ..-Tmit1JjJA~89 !!Hk, .ffi.*f: -T1I +e, 1*~ JJ V ~ -:t. ##, 

;(£ ij~:i E 11ft lli. dE ~ IE fJ 8~ It -T ~~ ~ dS ~ E! ~ };r, lfu, ~p 
dS=cvri dE. CZ) 

Jt tf C JJ ~J -it Jj; ~ ,JtiR til § !E It -T .fH!{*Jt. 
.tJJE~~~.t-T~.~~.JJ 

Q)fC £)- E-EF ' 
1+exp ( kB T ) 

J\. tf kB = 1. 381 X 10-23 J • K- I JJ lffi.1f ~.l '# ~ , T JJ ~~ iliff ,EF *JJ ~* 
Ii~., -M:-:t.;(£:t 11 r EF JJ ~+ It -T1k Cl eV= 1. 602 X 10- 19 j), 

fCE){;l:JJ ~ *?i-;$" iII ~,Jt ~ *jlPr ~ 6-2-14 ffi;iF. 

Cl)~.ffi.* fCE)itn:t ilat Cv ~*lt.j\. fCE) 

C~.t-TlI~~M*~~~M*~•• 
~ ttl %1I~1f, 

]1: it1J': tf OJ ~,~1t*1i~.AA 1lilt 8~ ~ it, 
~p OJ i~ EF = E}- ,E}- ;It. 0 K at fr11t *1i~ • , ~ at 
¥f~*?i-;$" iII ~ %J 1t~;(£ EF .1 r 2kaT ~ IE EF-knT EF EF'+K8T E 

fJ ~.~r~iII~,W;(£Jt~•• ~JJO~ rn 6- 2-14 

1, IIp 

1 E<CEF-kBT) , } 
fC £)= . '11 r ~ iII~ CEF-kBT) < E< CEF+kBT) , ]1;t,

{ 
o E>CEF+kBT). 

:t. r kB « EF, ~ Jll:, OJ)(t M*it:@: ~ ~lli.1i1.jJ: 1I. ;(£;jt It -T ,~, ~ at, OJ J{X.. 1liJ1 

OK. 
[:5t;f<ffl 9O~~§ffiEg-:f4,mll9~~4,~,lIlUttJ1W§ Cv ~jfffi~7C*. ~J!5tt~ 

§~):(ffit~~m1.t~iQC -!1o~t y15J f1-l?.f.'f) ,~OqJ>R~m-IOJ, §~~~..tIiL~cp8SJEl 

• 
 ~~~ ~ it!! 

.~ ~ t> '" 

ffi~-:f4,~~~WilI9~~4,~,~1jI97m~ffi~-:f~i0;*i¥~. OO~~ E llhIiIi dE ill 
ffi)iAlEg-:f~i&\~ dS ~~~~E ~~~~,~*~ ,~~fB~it!lrc5t:8:g~ "fX'1Jill8SJ:5jm'~ 

• 
R. T= OK 81~-:ftfL~~~~~l9m*Illi~,T~~~81~~Q.bT E}-llhIili8SJj)~Eg-:f 
®fAffO~[OJl:~~ ,MffijJitfA'§~w~, I2SJJ1t>Ri¥5i3=roJ8ij, §]lCJill3t:5j~i¥ fCE) 

iill~t1SJ1j@~8)'( ,J!5Jlt>R~-:f4,8SJglm~ U ffi§ EI3 ~ -:f8SJ3jZRJ~~~ If ,>Ri¥8ij ffi ~U 
m:5jfOETilij~m1.tt1SJ)lilIlU. 

UU 1. 13 EB ~T~~=:1'13 EB J.J[, *j!H5:2:~7Hof-JJIl, iE~J.J[ T 3f~~~:I: 
- 3 
E :hZkBT, j;§JIt3f±5]5E$ t~P.1;$ Cv :h 

aE 
-

3 
cv=aT =zkB. 

2. (l)i.9:~T~,~, "~:li:h U,Ji!~ 

U= J: EfCE)dS. 

~"P S :h~ T:jj(;:5,~~ ,E J;j~T~~:I:. 


#H2"P@~1-t.A, ~ 


J
= 3 

U~CV 0 E2 fC E )dE = CVI. 

!t "P I1-t~HMt 


1= [rl fCE) dE. 


1-t.Amr1t~ fCE) ,~ 

1 E<CEF-kBT) , 

fC E )= _E-C~;:kBT) CEF-kBT) < E<CEF+kBT ) , 

{
 

o E<CEF+kBT). 

1~ 

1= JErkB 
T rl dE+JEF-kBT E1: [- E- CEF+kBT)]dE 

o EF-kBT 2ko T 

= ..lE t (1 - kB T ) t + EF + kB T E t [ (1+ kB T ) t - (1_ kB T ) t ]
S F EF SkBT F EF EF 

7 7 

-~F: f [( 1+kBT)2 - (1_ kBT ) 2 ].
7kB'j-F EF EF 


EBrlm,lit kB T « EF,ilf; 00 =~}VJYil:, PJ~ I mHt:h 


I~E t [..l+.l(kBT) 2]

~ E S 4 EF . 

)Affij 

U=CVE t [..l+.l(kBT) 2]
F S 4 EF ' 


~ "p ,*"ji CVPJ EB ~T,~i/&lR:5E, ffij~ T,~'~PJ EB 0K Bt~i~:;~:±l- :tE 0K Bt, . 
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~ "p ,*"ji CVPJ EB ~T,~i/&lR:5E, ffij~ T,~'~PJ EB 0K Bt~i~:;~:±l- :tE 0K Bt, . 




~-=-~ ~~.~».---
fCE)Jjl(;0"I:.t3l'Hf~:~ E<Ep EJt:h l,E>Ep Bt:h O. f~EgT.~~ 

JEt .....J. 2 3
N=CV 1:-2 dE = -CVE~2.

0 3 . 

f;ll!: CV= ~ NE'p -1. 

A<P £i, jg 0 K EJti¥J~*Il~~'&'1-tA U i¥Jo&JtA1!jJ 

U= ~ Nf:Op-tEpt [; +~ (~~fJ 

fg83~~ Ep ::::,;;E'p.il U=N f:. $: 


f:::::,;;l.Ep [~+l. (kaT) 2 ] 

2 5 4 Ep . 

aE 9 kaT 3 
cv=aT=t;ka E;« Zks . 

(2) 83 fj[tffi\. kB T::::,;;O. 026 eV. ji'ij~i£~Ji.ltil~ ~*Il~~ Ep $f:E eV:I:~.OJ j\!, 

:I:T i¥J ~;~fHt ~£A ~'*fl£ ~1--1:~ •-I:j ~~~!it*;f§ rq:. itffi( l2SJ :h 1l~:§:1ij; f Ep ~$ 
g~ Eg Tf:Et.ffi\1J[~1.tB1-1l~!i~*:;r-~. ilZ.1f ),'!J&9t f Ep 1l#J1I i¥J Eg TM rt~1it1f 0 
llik,}A ji'ij!;'f~+ttJ rt~1itr~. 
A~ (2006 • ill!. *I 1mil!t!JUili) 11; m. ilE ~?l ff %~~ C1.i T ~ k. 4- if) J3iL~ J\1 

H=10920m,~#-*WH\:J!<.D~~ltPJ=1 025 kg/m3 .1$.X~:i K=2.1Xl09 Pa, 
j: jJ liD:i!lt g= 9. 81 m/ s2

• %{. ~ jIlt, j: jJ lio:i!l.tAA i*Jt D'J X1t, %{. ~ *- '\1I 51. ;Jt 

tJ:j 11; m. ilE WJ ~ .% i4i: ~*%ilii 51 pC H ). 11 PJ IV. 1~ JfJ ~~ 7i 5i ~;tf~ JfJ :l!1\ 5i *M , 
-iEJi ~ ,tt~ r ,1X. ~i%. f{f 1I kffl Jf- ~ tp 119 - lift- ~~;flJJi. 

11 ~: it1$.Jlo;(;f ~~ '# +8'1 1I~ Jf-~. 1I ~ Jf- ~;t)(J\1 

a=-.l. (dV)
V dp T-COIUI 

I"';!r<./o!t '" EI rr J/l>;; 'JIJ. !J.,,/,,';lii. K=.l.
I'f- x 17<: 1f[;o::u ~a ...f-: w;. "'I ~~ w;. : • 

a 

[5t:fJTl El3T~7J<c:pg~ffli:5:J,~~~ p !liij*~ x ffi5~, )sJTI~1j1~7.KCP~~ffi51R 

1'qr~g~~ffii}~ p(x) =pgx ~fHt~. $~qrffiUI5~~ffi;&*~(~1f. :t#t1t)ffij 
~~~rtffi~p~~~p2~~*~.~c:pffi~~~~ffijOO~:5:J*~~~~~ 
RXJI5. 

un tft:1*1!:mit i¥J ~)( ,OJ 1~IIss;f!l w1J[ ~:if i¥J 1!:1.t1iz fBJ i¥J *~A:h 

!:::.P=-K!:::.v=Kb8=K~::::';;Kb8. CD 
v p po+6p po 

A<P PJ:h.~o& mi¥J.~e~.~f:E.mr~.~:hx9ti¥J.*@1J[:h 
pCx) ,jfIJfflCDA, 0J1~ 

I [~] [!:::.P Cx)] f'5'Ip(x)=p.;'6pCX)=PJ 1+ PJ =PJ 1+ K' 0 

;S::;kE(.lliss I'iJ ~1Itj}, 91U !:::.pCx) = PCx) - po::::';; pC x) . • 7.]( ~~7~ lli ~s i¥J ~ 1.t 

5.64 

1th - .__~_. Ie-'''''":i::h -----. - ---- -~~~ ~ ~..,p. -
dpCx)= gpCx)dx. ® 

¥f(2)A1-tA®A'1~ 

dpCx) = [1+ PCx)] @
dx gPJ K' 

¥f@AfR:5t,1~ 

....<!e.....p 
-h -gPJX,J o 1+.L
K 

PCx)=K[ exp ( ¥tx ) -1]. ® 

B~ H=lO 920 m,po =1025 kg/ m3,K=2. 1 X W Pa,g= 9. 81 mN ,H~:j~ 

~H 9}11~Ilg!5 X 10920=0.0523. 

l2SJ:h x<H,JiJTt:j~x~ 1. ®AI'iJJ1Ift;J.:h 

PCx)=K[ 1+,¥x+ ~ (~X)2+.. ·-1 ] 

1
::::,;;gPJx+ 2K CgPJX)2. ® 

1-tA Hill, 0J~1~:f!;£]HJlHlf.%.:&i¥JllisSi:h 

pCH)::::,;;9. 81 X1 025 X10 920+ ,n •• _ ~ .. , ~o XC9. S1X1 025XI0 920)2 

= Cl.I0 X108 +2.87XW) Pa 
=1. 13 XI08 Pa. 

~ffI!; :jfIJffliMt$ ,m1'iJ1~tI:l®A. 

;s::;r-HA.*lli.~!J&~~l!:m.i¥J~~,~f:E.mr~.1J[:hx9t~.* 

JEss I'iJEJ:h 
pCx)::::,;;gPJx. (J) 

~*ljffl(2)A ,1JOA@J3li¥J~IEr.m ,:j~ 

Pi Cx) =PJ [ 1 +p<;,) ] ::::';;PJ (1 +~X). ® 

¥f®A~:i[itACVA, 1~ 

dPI Cx)::::,;;gPl Cx)dx= gPJ ( 1+~X) dx. ® 

¥f®Af~:5t:j~ 

J
.I' 1 

PI Cx)::::,;; ogpl Cx)dx = gpox+ 2K CgpoX) 2. 

5a®:tt;f§i'iJ. 

565 
-
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u 
 R I UO",!tJlj(A{l~
\WW I I

I' I.. . I If-------'L----'----
1!16-2-18 ~~:i:~lf&J~JlIll!I 

a. -1-~:t Jg 45 pF ~ ~ i% t 1d~,i;ltJlHt.jUl~ ~ i% ffJg 5. 50 em ~ a ,fi T . 

• ~1t~9:.tf',F1:-1-i%T~MI~~tJg36~(_"f~~-1-.U~.~"f~ 
-1-.J[ ~.JE _ "f!.II.A, rJ;lj:t M.J *' -1-~ "f ~.f.fit e= 1. 6 X 10- 19 C) ,Ji!H* 1- a ,fi 

T,F 1: ~ }jijc)o/ t II ~ ol$--(iJ! %~? Cit!¥l 'f R 11i11t:k.) 

b. ill a;tiLT,F1:~}jijc)O/~lI¥f.t!JlJil.1t~~1iR a9WHiI&,.~:i!-~E'.IiTl;J,;~~i: 

IMti,*, ~ VIt ~ lkJHtJg 10- 12 ~*(#,~ ~ ;/.L11i k #.JJ ~i:', ~ at~;f&. 1';1, ~ AM a 

5/'1. "f J< 1- tt _ ~ it~;tm ~ ~ it*Jjt ~ .JE. tt {;f ) . 1& ~ '* tfr ))!Il ]dHHi ;~~ ~ if- Jg 

10% ,a ;tiLT~ ~ i%ff Ra Jg 5. 50 em,it~t'lm -i.~{1:i.IU~mrHb.llUll IIlJ a ;i;!{M~ a~ 

JikJl\ it ~ K ( FIr *t.Y{f ~ a M: MJ.li./' 1-~ ut1."fMJ . 
~~m~~ti%t~illa,fiT,F1:~}jijc** 

3 -:::::::::::,~~:'":\{Tit•. ~1~,*~ it *m ~ at f~ It il ,= 10- s, it 
", I,~lt ~1iit R. :/lp*,Jf 1: 0.25 V ~}jijc)o/ tlI 15%, I,' I,-::::: ::::::::::::~2=;

M.~}jijc*;i;!{*it~;i;!{*•• Jg%~? 
d. :/lP IE 6-2-19 rJf:iF , ~ i% i: Jil,11 00 {i% ~ ~ 

if&.~. ~f'*m:i!# ~ i% i: ~ iHkit, i~ tf' I~' ~ ~ D 
006-2 -19 [§Jtt%~~~

.00{iilBif&.*,*W~.~.OO{i*~if&.IIlJ.@7t

ll'l Jg d *' D. il:7 ilB if&.1f.1i * ~~ '* 11 ~.f.f A at, ~ t!J iiE 00 {i ilB if&. ~ I~' Jg r *~ ~ :!1J 

5!~ E(r)*, ~*U(r) (-ililt. ~ ~r-;:;; ~ ~l) , #~ t!J t i% i: 1f.1i*~ IIlJ t$. R~ 
~ ~ -tfr 1f ~:!1J 5!~ Eb Jg 3 MV • m- I (* ~ ~ 'f ttJh5~Jt.J\tk?t ~ Jb 5~ k f' Eb at 
~ q,;f+;f..t -i- f). :/lD *- d= 1 mm, D= 1 em, i.t ~ il:7 -tfr 1f ~ 1: at, ~E1 if&. *' ~Jl if&. f~ ~ ~ 

~!: . 

~:Jm-: 

Ji'! 77. L t!.._ ~ 	 .,- ... 
-<I ~ r~" 

1 pF(;t)!')=10- 12 FC)!.;f1.),1 MeV=106 eV(tt"f1k~t),1 CiC.%X)=3. 7X . 

1010 dis · S- I (;tt :t / t.Y) (~:t/f.Y-tf.;f..;II! 'f FIr *t.Y a f1. "f sf] !- 1-4tJ = 106 ,uCiC .ftt.% 

X)('%X~'*J.t~£';f..~f.i':lf-ii), f ~r = Inr+C('t4tJ. 

[ :$Hffl §n@~~4'~pJf~ a m~@)1i)~~~qJffiJw.J~~~mEBJltc±:lI£\lffiJ

~9UEg~~@. a m~q}@~Y-fE§I*l, 7JI*lFoffiJIE~Eg~~fR7:EEgI*l~C "T;fJi!,JJ ~i 

7fJ ~$.3 )ffiJ~8:tNm~ml)Lt.jtHffi~~9~Eg~F~~1<;CPEgff, ):l~7:EEgI*l~qJE§~. E§ 

~1~J].p;lJ:tRr~ffiJEg~~C FIr JPjot tt1li )I~)tl;§~i§jwrAE~m U= f: ECr)dr ~~~it. 
UU a. El3ffl't±lI¥JEt!~W-~~:i:*~~~9='m#HI~!J&:Wi1~ 

2 2 

E= (0.~a18) '3 MeV= (0~'35108) '3 MeV= 6. 69 MeV. 

~ Elll'rM =35 eV,JJ!1J 
6 

NWrxt = 6. 69?10 M= 1. 9 X lOS xt.
3


Et! lli)JJ1: 1* f¥J::fc/J\::h 

c:,U = c:,Q= Nt!:l'rXi e 


C C 

l2J C=45 pF=4. 5X 10- 11 F11;;,A,1{i} 


A T T 1.9 X10'X 1. 6X IO- 19 V=O 68 V 
~ 4. 5X1011 m . m. 

b. mJ3t::h A(M:M~4tt.Y£'M~ a t1."f4t.) I¥J;OXMm~t±l1¥J a ;fjLTJl!:,A~$jg 

~ ll¥J.~ft~F~I¥JEt!T~F~~.Et!. 

1 = ~ =0. 1 XKN,lfHle 

=0.1 XKX 1. 9X 105 X L 6X 10- 19 A 


= 1. 9X1. 6X 10- ls KA. 


l2J Irnin = 10- 12 A 11;;,A '1~ 


_ 10-12 . -1 - 2·-J

KnUn- l. 9X1. 6X10 15 d1S ' S -3. 3X 10 dis · S . 

~ 1 Ci=3. 7X 10' °dis • S-1 ,'F;li1,: 

2 


- 3. 3X10 C'-8 9X10-9C·Km;n-3. 7XlO lO 1-. I. 

e. 	 Btr8]-m~ 


,=RC($,.'f C=45pF)=10-3 s, 

, 10-3 

R=C= 45X10-12 M{l=22. 22 MD. 

;(£ (a) 10] 9=' B* t±l EI3 fj~iijg 6. 69 MeV I¥J a tLT;(£Et!~~IlE:fJg l ~1¥JEt!lli1~% 

:;Ic/J\jg c:,U=O. 68 mV,mffijjgtlt1{i} O. 25 V=250 mV l¥JEt!lli1~%,ffr~Et!lliM:{lj>;ox 

http:ll�J.~ft~F~I�JEt!T~F~~.Et
mailto:m~@)1i)~~~qJffiJw.J~~~mEBJltc�:lI�\lffiJ
http:if&.1f.1i
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-~» 
~~-l:.J1wWW":'cyjy,com ~-=~ J~~$.'1 

*il~B<]J1l~@jJ 

250 
G=0.68=368. 

d. EB Mft-'ttjO, ~:l$.)m1£ raJ _§. fx f~-*ffi T !=Hm B~ R§Jil; r, lEI ffii PJ ffl ~wr5Eij!.* 
~. fP~1.{jJ 1' , -KjJ La<JmJtH~~wrOO ,;Jt"f§OO(f.J~WjJ ;"L. OO;fR:5t 

fs Ed 5 = 21(rlE_ 

IEIjJ~%**~.~~IT~~OO,EB.M5E~ 
AL21(rLE=-. 
£ 0 

1~' 
A 

E=21(£or' 

lEI E rff1£«Jj ~ fx!l.lR l' iTfi1!:, EB E= -d~U, I~J*PJ EB E( r)X;f rfJ~:5t*1~ . ;a:i9:1*J 

~~~:h Vc ,jj!IJ~ 
A r' dr 

U(r)-Uo=--27r£o J4 r' 

T~ 

A 21'U(r)=UD --1n --.
21(£0 d 

PJfIHU&J2s~tit~~~;m:flH&i'8Ja<J~~~ . ~ 1'= ~ '11'l~'1*~ 
A D

U=-2-In-d' 
1(£0 

IEI~?§-.t~w:h AL,~~EE Q=CU5E)(,$$fli:·~~~jJ 

- 21(£0Co -----y) . 
In-

d 

~*~j:mtJjl!\ltE d~/J\*,Fln 1'= ~ *.;a:~ 1'= ~ *B'-J~:l$.).Tm~~j:m~!!: 
[jt Eo ,E(r)*J2s~mtJj ~~~~·fli:-K~w@:h E/,1(£od. ¥fAf'tA~~lWiliffi~~~ 

*J2s~,1~ 

1 D 
U=2 E"dlnd" 

tE Eh =3X 106 V · m- l ,d= l mm,,&. D=l em ftA'1~ 

U=3. 45 kV. 

~ (2006· OOIW-!jo/)rnl~.~) 

"PTT~iSt."Pft-J~jJ 

!fPJII.~ ~ ~ Collela, Overhauser JJz Werner ~~ e~ tf -T "f j!ViX. jl; ~, 11 "f 
j!ViX. tf , ~ if] ¥fiFng:?1'- JIl,fR{P ffi.. Miit;lVI~. iJ9 , ~~m JE t: jJ :!h;xt tf T~* , %t lit 

_ .____.___ J!L~.'_. _1!._ 1re ._._____. 
~-

~ ", I>
e9:?j'foJ. -

"f j!ViX. tf *JfJ ~ JI'A=~ .(~ iJ9 ~ % , jlp 00 6-2- 20, tf T fAA 0 IN:i! A "f j!ViX., 

1fl- 00 ~ iJ9 Wi '*' ~ fHU :it Wi l' ~i lli jffii 0 ,11 $lli ~ 0 OUT1 {P OUT2 ~ i.ll1. Wi '*' ~ 
4§.~~ -1' ~~,.:ft: IID~-M::JJ ~-f-jj JI*(em2 

). 

tf Te~~* J ~ ~UK *~ h 10- 10 
m) F!t "f j!V, ~ "f j!ViX.;1<..f- i¥c~ at, fJT 11 

tf Tfllh\$lli ~ 0 OUTl ~ lli. -&,jn:l,*¥f"f j!V1x J;.1. tf T AMjj Ji;]:JJ $ll,$( ~ SO m,!i!U 
liT J;.1. ;>~~jU 1t<.;tftt T SO iJ9 tf T $lli:li: 1'£ OUTl {P OUT2 Wi l' 9IIij 0 z fa] iJ9.Jft?1'- ~L. 

JLfpJ.~ ~ so=O°at, "f j!ViX. iJ9.f- lID ;lbk-f- il-J dIU ~ so= 90°at, ,*.f- iW Jt1£ A 
iJ9 ,ll ~ l'$ lli ~ 0 ~;(£~~ $ll iJ9.ljj, 

0) *' ~ '*'~fHJT~~ e~ ~~ iJ9 TI5 f,; A. 

(2) J;.1.,$(~ :ftbfJT;{£ 1t:!;1<.-f- aD:JJ £>ft, *'~ lli 3,\\l 0 OUT1 It:! ~it H. 


,*A ~ H 1t:!*~Jfl a,B,so**~, 


IN OUT2 

BS BS 

OUTI 

BS-:51}R:tX M-&:J'tlJt 
006-2-20 

006-2- 21 

:7tf~ 7\';1i Nop.c 59 -l'~.:J JtJLfoT ~~'£*it (;Ie ~) ~ itt*A b~ !t -fR. 1'Ho,* A 

iJ9-fR/f Jt ~ it, i1ii Jt1fl-:itff ~1'£ ~ 1t,!i!1 Nop, liT l!:i±;1<. r l 1fl- *' ~f'£ b9 ~?1'-qHu. 
(3) ~ "f ~iX.1ltjt ~ 1 SO mf§', *' ~ '*'~f~ Z liiJb9 7\'; fI.ot t"l\,Jop,. ¥f* ~JfJ J;.1. r 

#J1!:I: ** 7F :a ,B,so. tf T It!tJi M,AM tp T ~~* $;¥: 5/t * AD, t: jJ 71o:itit g, I;J. 
JJz {HJl >t ,*,:Ii!: h. 

(4) ~I Jlt:l*~~~ 

h2 

V=g/vP' 

#¥t 6Nop,Jfl AY,AO'so **~. E, jp M=l. 675 X 10-27 kg,g=9. 800 m • 5- 2 • 

h=6. 626X 10- 3, ]. s,*, v 1t:!1!i. 

(5)jlo,*:tEh\ 5!it;ffi *J~;ffi ~~ .x.. § JIJ;ffi *if:.JJ - 1' {Jli:q;, I'D] ~ SO aHaliJ rp = 
-90o~ 710 JU SO=90°et, ~ lli ~ 0 OUTl :#: r£Jli 1 $- j' l' 3t~ a<J {I6:q;? 

573 
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006-2-20 

006-2- 21 

:7tf~ 7\';1i Nop.c 59 -l'~.:J JtJLfoT ~~'£*it (;Ie ~) ~ itt*A b~ !t -fR. 1'Ho,* A 
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;rs-~ ~~$jj------- - -. ----- ------ _.-.. ._._-----_... 
~~~ti 11- *~!Jt 9=', T 1!Hx.lf-J ~~ liI<j] a= 3. 600 em,R 8= ZZ. 100, ~ 

*}~~jtl19. 00 -t-1E.~lf-J{IljJ;j\ . 
(6)f"111:l!*~~9=' ,1.0 9~11j] $j' ? 

(7) :!lP*;{E}3 -*~1~ If-J ~~ 9=' }~~jtl1 30. 00 -t-1E.l'HH~lf, iffl A M 9=' 'flf-J 
,1.0=0. ZOO 0 nm,>Jt A ~11j] $ j;' . 

i'JUf- : lbll aX I« 1 at, Cl + x)a OJ :iii1~ j] 1+ax. 

[~:fffl §5t~m~JiIDCPpff)±pEZ8'9m~im~, fftif~B'.t)2JS~:®~~CP8'9n@~ 

fB,~Um~*=t§9aJ1.,~W5ll1J>.Rfftif. 

[Ml Cl)~*i¥JJll*1J L= e~sB,-xt5jl-1ii¥J~JllZJ8]i¥JflE~£ 

D= ....!!:....- sin28= ZasinB. illeosB 
A = LD= Za2 tanB. @ 

(Z)~til~r::l OUT1 i¥J~Jl 
H = Dsincp= ZasinBsincp. C) 

~tt ,~*oom 

(3) JltfiiH£fj(!57.K 5jl-i¥JWH'kJll:ff*( j$7r~"*"~~ )tAHij~), i-JA r::l §f:(£Jll 
i¥J~;fp ~~ilt*1J ,1.0' til r::l OUT1 §f:t£Jlli¥J ~;fp~~ilt*:h Al ,jj!U 

L L a ( ,1.0 ) @~opt = ,1.0 -~=AoeosB 1--x;- . 

;j:§mi¥JZjj 1il:?HJIJ£A~ ;f!:J A~ ,~Jffl"~ii"f tg:ff 
1(h)2 1(h) 2 ®ZM ,1. 0 =ZM ~ . +MgH. 

MH~ 

,1.0 = r:-::Z gM, 2 H1
AJ '\/ 1 - L, h2 AO • ® 

Ell r*Jf:.<t>g: ,1.0 2 H i¥J~:iI:~1J 10- 7 ,®:r.tmHt 1J 

,1.0 = l- gM , 2H 
AJ h2 AO • 

(J) 

~ffiH~¥tl 

A'" __a_gM2 2H-Z gM 2 . 
UH Opt -,1.0 eosB h2 ,1. 0 - h2 a ,1.0 tanBsmcp. ® 

(4)~tlffli*m~~, J::r.tf.tfm1J 
AoA.6.Nopt =ysmcp. ® 

A<t> V=0.159 7X10-IJ mJ 
• 

(5) T~;j:§*i¥J~14£w;j~~15:Jltfi~1J 71t* i¥J~~f~,;j:§mi¥J1¥d4£Jltfi~ 

1J -*"ilt*i¥J~ ~ffi. ~ 'I' i¥JmEll cp= -90°Jt1Jn¥IJ cp=900 Bt, 

~ ~~ l't ""'--__.:-_1tt!.--. .- ---- 
'1'= 90° ZAoA 

6.Nopt o=-V. @ 
'1'= -90

1 
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(6)¥f@:r.t1-tA~~~~tJ5, it'H~1Iiim A= 10. 53 em2 ,~Jffl @:r.t 

19XO. 159 7 @,1.0 = ZX10.53 nm=O.l44lnm. 
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__.._ _~=-~ _~itt5{l~ __ _..__~_____._..... 

(6);jt1!!{ ~ at £m~ tf',~ 11~ ~ /lif1ij[. 
(7) {£ Iff! Jt tf.HI ~ It} im~ tf' A It} ~ 11~ iiI{£ -All N. ? 

••~.~"~Mm~~# {£*.~at.,~*im~~.~~.~A~{£ 
.~7t at, #fL J!!{ #);fJLia tiT - * I!!{ Jt ;{£ 1R~ It} ati!t. ~ iml*~ g:#, E lU :it.~ 
~ at 5Ua:J'lT-*I!!{Jt .;Jt.tf' -*I!!{ Jt tf' iml* ~ *;l.Jt*J.tjJ 1. 00 m, $ - * ,I!!l Jt 
tf' iml*~*;l.Jt*J.tjJ 3.00 m. 

(8Hjlj-fa- f!Il ~ -1'-*~*J.t tIPll\{£ ';BJl- * I!!{ Jt J:.. 

:i2U~-Jjl(: 


*~*J.t tIPJt{£.tilt) Iff! Jt J:.jJ 1. 00 m, tIJ l.JiI,{£~ti ~ ,I!!l Jt J:.jJ 3.00 m. 

*~*J.t tIJ J.Jt{£.tlil<J I!!{ Jt J:.jJ 3.00 m, tIJ l.JiI,{£~tiil<J ,I!!l Jt J:.jJ 1. 00 m. 
(9);jt:i!.it v. 

(lO );jt im*~Jl:.at~*1t L. 

(ll):jl-ll' tIJ-itiml*{£}f*l:J!!{ Jt tf' ~*;l.Jt*1t, 


[~11Tl L$:~~@ffl~):(m~LBXro~)mjjj:tJT, 


uu Cl)1tJA~..t X },~utill ,jlJ~mVHltJLf$~B<JBtr8]j] T ~,~-
c 

~Btl8] Jig ,m1*[t;]iW.f$iJJT vT, ~.lltmJ!lH8~I8]it,~ B<JUz~~ 

x=x+.e /D2+X2. CD 
(2) ffiCD~~ XMill*IWilJ1~~U 

x=yx-{fy /D2+(YX)2 , ® 

(3) ffi 'T7~ffitt!&t{1;. ~iJJB<J$8IJ*J.tj] ~ ,~.llt1*iWJ§fijYfiij8IJ~1liF1.lz~j] 
L

x±=xo±2Y' 

1-tA®~, 1~jlJ:Wp;!jYfiij8IJmut ..tag1.lz~ 
,--------,,---~ 

x±=y(yxo±~ )-(JYJD2+(yxO ± ~ f. @ 

~xw,*Jl r(xo) =x+ - x- , ElP 

LCxo)=YL+(JYJD2+ (yxo+ ~ f -(JYJD2+ (Yxo- ~ f. ® 

(4) 131 j]!m:W~l!~iJJ, ElP~o =v, JJT IV. ri'i]JlQi~~xw,K~ LCxo) jlllfiiJll1H Xo a<Jit1 

jmfifii&~. ~1fJ~..t;;:,\;t:pp;!j1-,*~rmfFOO •~Q 00 6- 2-23 J!Jf~ . .M.f'?\~1f" -"%B<Jrm 
~"+"%rmz.~Il1H$ Xo. a<J~;lJDfifi~/J\, ~.llt~xw,*gt~il~Il1HBtr8]~/J\. 

~ T-~.- . ,-.----~- ------. 

a + " 

~__ it!!_____. ------<f""-~ -a
.t ~ 5l "" 

"+ " 

L o L-2 Yxo2 
~ 6-2 -23 

(5) ffi 'TJfflJt *~m:WMf*, ~8IJWH4ffl1t~ IoJBHU~.13I j]~IoJBt$: ill ag, 13I.llt~ 
8IJ *J.t~~15Mm:w 8IJ ~~tF*J.t 

r=.1., (5)
y 

(6) 13I.llt~~Jt ..t~¥IJ~ B<Jp;!j~1.lz.m:j] 

- L - Lx+ = 2y x- =- 2y' ® 

~ft~:r.tCD 

x+ = t +.eJD2+ (-Itrf ' 
x- =-t+.eJD2+ (i )2, rJ)y 

~f!~at !fH:W t:p ,~ 8IJ ~ iij;1.fL ~ 

xo=.e-jD2+(tf. ® 

(7)~Uffl@:r.t, *ill ~f!Jt t:p lITo~B<Jm:wt:p ,~8IJ~8IJ1.lz~ 

x=y Xo -(JY .JD2+(yxo )2 =(JY[J (yD)2 + ( ~ )2 -J(yD)2 + (~) 2 J. ® 

'tRE~~~Jtt:p~8IJJlIJYfiija9REi'*! l=x+ - Xo = i - Xo .ElPy 

l= iy-.er J(YD)2 + ( ~ f +(JY,J(YD)2 + (~f. ® 

(8)f£:fN.!f!- Bt1~ xo--oo , ~Jffl®:r.t1~¥tl 

[OJ! =LCxo--oo) =Cl +.e)YL=J~ ~~L. @ 

IoJ ¥-f •tE:fftllS a<J at1~ Xo - 00 , 

rill =LCxo-OO) =Cl-.e)YL=J~ +~L. © 

http:8IJ~8IJ1.lz
mailto:7)~Uffl@:r.t
http:iJJB<J$8IJ*J.tj
http:9);jt:i!.it
http:5Ua:J'lT-*I!!{Jt.;Jt.tf
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m_-~ mH£g{l11 

~~,L~ > LiB , 12§ Jlt~AAl.*lt1£-!f.1I i'J<J ~lutL J:7 3. 00 m,:(£jg11 i'J<J ,~!tJt L J:7 
1. 00 m. JS1-~*~~~i'J<J, EH (4) B~~:@:T~%i!.*ltMl~IIJHBti'8]~/J\. 

(9) EH@@~~)1iHf} 


I.", -LiB _ 1 

@f3 I.1\', +LiB -Z' 

cI2§Jlt v={3c=Z' QJ) 

(10):I%@@~~;f1j~!H~ 

L= J L1\'- LiB = 1. 73 m. ® 

Cll)xtffj;JffiJt9=ti'J<J~AAl.*J3t L=~,y= .j 1 r; = ~. 
Y I - p ,,3 

Jifi~ L=1. 50 m. 


~o... (2005 • OOIw-!fm~~.~) 


~:tJ!mJ:j:ltrJJ:j:lT 


1'fr~~-t!t Jff. Jl, -1-1'f:±mIlt* Uii a9 5!f-'!iIltJ! -1-lJ.1J:. ~9 7i<- ,~:lE. ij) ~") 17j -T, ~ Ilt 
'I.t *-~1'fJ~Jt*- Uii !§ # fjf- ,R, z. faJ , ;:r ~~ 1~:i±*- Uii ~ ~ ill # fjf- ,R,. 't *t '*# Jk;#:ik 
it ,I T:lE. #J ,ftl ffij jt ~fi ,x;fr ~ ~ ~9 '* ~~ ~~ 5!f-'!i iiI:Jt lit ~ *- Jk -:i± tf. 1§. Jk ~ 9f. 
S1'f1;Z T fii] Jl! 'f ~ *t'l.t ~~. 

1'f LLG -PJf 1i. FJf ~ - ~fl #J lJ. ¥: -*1'f 2002 if-:lit11' l' *-t 'f -T 1'f:±m J*- 51 -JJ :±k Jl a9 
11' Ji a9 ~~. 1'f ~~ 'f , foJ ;t:lE.;H,,) 'f -TT;it j~ - 7l<--f a") 'f -T ffi.Jt~I, ~ 5!f-'!i1iI 
:Jt -1H~, I£J jtl mt *- ~ ~ It. 

~~~.'ttii:!tpm 6-2-24,11,:Jt+g w, tf-Tit M(;(£ z=O ~~Jt), tf'-T':itt!!z 
tbtA(;(£jijJt z=H,-¥:JtL), 1;Z'&'f-T~)jl!Ug. D. -;R'f-Tro w ~ill ,t:~7l<--f/J 
foJ:itlt ,~yt Ji V,n rh± A !§ M ~ ~ JfH~:i! D. FJf;fr iiI jU A *- Uii ~ 'f -T%'I.t ':it t!!z, 
1'f '!J; ~ 'f ;~ '- , }J~ ~ 1iI j~ M *- Uii if,] %:J1t ~'!i 1ft.. M , ~ iY!1 * D -it', :iJt if 11 $- N ( H) , -t!?, 

~ft: if!-1ft at faJ jU 1t D 89 'f -T ,~,~. 

w k4t ~ G:G.; llf iD 
!Il 6-2-24 

lit A ~ Jr£ it") tf -T * ]: :itIt v= ;fr f( *- a\j iE ffi. it -re. 00 , - Q lit A ~ Jr£ , t 1fJ 1'f ~ 
Jr£ T jj ~ ffi..M1t;fP ':it t!!ztbti:.. faJ ~11'. 

(l)i)t 'f -TlitA~Jli: at ~ ~ ltJi z, itj¥:1'fr~~4nlJ. T liT I;.ou :i!~)~1 *D ft9 'f 
-T ~R:itlt Vz (z) b'g -re. 00 ,1R i)t L :izt *- -t FJf;fr ,ft-ltIt"R.lt. 

(2) it ~1'f r~~ 4n lJ. T ,;:r It zit*- IJ', ~ i1 FJf;fr ~A :itltitli ill I Jl! te: 00 !l") tf 
-T1:-~ A ':it t!!z ft9 :ABli ~Jr£ *It Le. -i)t VI = 10 mi s, H=50 /-lm. 

'f -T ft9 if:i±$ N( H ) J!1'f D ?tlJ!1-:t~ . ~1fJ jp[ it t ~ H ~ *- ffij 1f!-if.l I fI--. 

___ . ~~~ it -1tt .--= G 
-tI.y ~ ... 

(3)i~ tf -T I;Z ~A:itlt v= .& ~lt z lit A~Jr£ , FJf 1lf v= ;fP z 11 ~.jl;t$, *r~~if 
:i±$- N< (H). $-~m p -* 7f"p :Jt:}l;-fr ~R:itlt v= .& i\% It z litA~!¥l ~ tf -Til-li' It 
,it:t (%-Jf-1i.at ,·1 ,%-Jf-ii~1LltJt,%-Jf-ii ~Jt a~ tf -1-40. 

LLG -PJf1i.FJf B9 '!J;~ft*-!§ ~~jp[ § #-;:r ~1}, ~~ ill ~ N( H)1lI1'f ~ !!;j;.1i(D Jff. i\% 
It H= HI' Hz ,'" at%I5tJt (~ 6-2-25 Jll-iid, . .m:t1-t). ~ § z., '!J;~![ 7f, ill 'f-T1'f 
~ M I ~ jjta") ~R:lE. ij) ft: I: -T it 89. mBohr .& Sonunerfeld 1!j-- ill ~ mt -T il~ 'flJ.. at ~ 
i}t5t, liT I;Z i}t~ :"Jt~ 'f-T*]:/J foJ 891tm :!t(action)S:Jt:-t!Pl% tl:(Plank con
stant)h i19~~-j:g-. "s roT~~ill: 

S = f (z)dz = nh. (n = 1,2,3,··,) 
p= . 

(Bohr-Sonunerfeld it-1- f-t1k-1t) 
~ 'f p= Ji ¥ ]: ;b :I: , {J{ :51-11, :Jt ~1- 5!f- ~t ftl AA. ~ Jr£ ~ X jUf J!-1f Jk ~ S it ~ 

tf -Tff 1'f. 

.c:..c:..c:. .c:. 

.c:. 
.c:..c:..c:. 

.c:. 
.c:. 

.c:..c:. 

HI Hz H 

!Il 6- 2-25 
(4) 3fU mBohr-Sonunerfeld :t -T it~ 14 , it ~ # fjf- ~ it H" I;Z'&!§ ~ R:lE. ij) ;fr

*a") Iit'flJ.. E". 1;Z{)ltJ!(:(l-'-m)!§ ~-Ti't(eV)*-:i! HI;fP EI B9~it . 

mt*1'f~Jr£AC~'f-T.I;Z~*ltp~~:51-•. 1'f~~~Jr£~11'~:i!Datf 
~:itP ~ 6-2-25 FJf 7f, ft9 1lfr:tf;:ik:51-•. ~1'f, ~ 1IJ r.r if!-:±m~ ~ -1- H < H2 *~ Jr£. -t~'* f~~4n JI, FJf;fr ~~ 1t jfij~ fii] Jit (l)$-~ a") 'f -T:Jt: liT I;Z iW.:i± a~ dgA~*1: -T-JJ ¥:, X 
;fr IiUt Ji EI ~ tf -T liT I;Z it:i±· 1Q ~~*It IJ' if,] at 1~ , 1£ R:lE. ij) Ii~ I: ~ ;:r ~ yt It*t 
:Jt:![$ b"). t *t 51 ~ ~t 'flJ..it9 ~~. :fR ,*jU~is at faJ - ~~ i:;:r~ ytmt lJ., JIt f it:xt S 1lf 
-iji1R~~1TatfaJ. 

(5) Ji J X~~jU ~ -*- tf -T~ ~ ft915t!i$ ,15-it-iji /J' ~ ~11'at laJ tq .&JtS a") ~ 
Jr£ ~ ~ 1lillr: i% Lq. Jt!. v. = 10 m/ s. 

[:$1- fJT 1 Jlt~~~S ~j)ttxm;ffi -3-&1~~lSWI~wrf.lX:~ , 1~;IJI3 ~U cp ~~fIWesJw.J~ 

¥litJjmt~, !;1]~~g~,~~@ii7.J, §EB~j;$~,x~FI3~Uii-3-JJ~esJ-®~litJjmlH 

D.~~c:pesJ~fH7J~mt~. 

[13U ClHs¥Uf.1jlt HlW:¥UA f&lY-J9=t-T~~fl!i:~Rt&,~Jlt$HJj-,~tE H ~r;;t 

~~~i12:Jl'ii. :ftH,*~~ii'iTt§ ,1£~lt z ~~lt v, l1!A2: Jl'ii¥Ult1Jt!191~$i'J<J5R14~ 

t Mvz z+Mg~MgH. 

- J2g( H-z) <,v,(z)<'-/2g(H-z). 

http:Jf-1i.at
http:ft-ltIt"R.lt
http:Jlt~AAl.*lt1�-!f.1I


m_-~ mH£g{l11 

~~,L~ > LiB , 12§ Jlt~AAl.*lt1£-!f.1I i'J<J ~lutL J:7 3. 00 m,:(£jg11 i'J<J ,~!tJt L J:7 
1. 00 m. JS1-~*~~~i'J<J, EH (4) B~~:@:T~%i!.*ltMl~IIJHBti'8]~/J\. 

(9) EH@@~~)1iHf} 


I.", -LiB _ 1 

@f3 I.1\', +LiB -Z' 

cI2§Jlt v={3c=Z' QJ) 

(10):I%@@~~;f1j~!H~ 

L= J L1\'- LiB = 1. 73 m. ® 

Cll)xtffj;JffiJt9=ti'J<J~AAl.*J3t L=~,y= .j 1 r; = ~. 
Y I - p ,,3 

Jifi~ L=1. 50 m. 


~o... (2005 • OOIw-!fm~~.~) 


~:tJ!mJ:j:ltrJJ:j:lT 
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___ . ~~~ it -1tt .--= G 
-tI.y ~ ... 

(3)i~ tf -T I;Z ~A:itlt v= .& ~lt z lit A~Jr£ , FJf 1lf v= ;fP z 11 ~.jl;t$, *r~~if 
:i±$- N< (H). $-~m p -* 7f"p :Jt:}l;-fr ~R:itlt v= .& i\% It z litA~!¥l ~ tf -Til-li' It 
,it:t (%-Jf-1i.at ,·1 ,%-Jf-ii~1LltJt,%-Jf-ii ~Jt a~ tf -1-40. 

LLG -PJf1i.FJf B9 '!J;~ft*-!§ ~~jp[ § #-;:r ~1}, ~~ ill ~ N( H)1lI1'f ~ !!;j;.1i(D Jff. i\% 
It H= HI' Hz ,'" at%I5tJt (~ 6-2-25 Jll-iid, . .m:t1-t). ~ § z., '!J;~![ 7f, ill 'f-T1'f 
~ M I ~ jjta") ~R:lE. ij) ft: I: -T it 89. mBohr .& Sonunerfeld 1!j-- ill ~ mt -T il~ 'flJ.. at ~ 
i}t5t, liT I;Z i}t~ :"Jt~ 'f-T*]:/J foJ 891tm :!t(action)S:Jt:-t!Pl% tl:(Plank con
stant)h i19~~-j:g-. "s roT~~ill: 

S = f (z)dz = nh. (n = 1,2,3,··,) 
p= . 

(Bohr-Sonunerfeld it-1- f-t1k-1t) 
~ 'f p= Ji ¥ ]: ;b :I: , {J{ :51-11, :Jt ~1- 5!f- ~t ftl AA. ~ Jr£ ~ X jUf J!-1f Jk ~ S it ~ 

tf -Tff 1'f. 
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.c:. 
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.c:. 
.c:. 
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(4) 3fU mBohr-Sonunerfeld :t -T it~ 14 , it ~ # fjf- ~ it H" I;Z'&!§ ~ R:lE. ij) ;fr

*a") Iit'flJ.. E". 1;Z{)ltJ!(:(l-'-m)!§ ~-Ti't(eV)*-:i! HI;fP EI B9~it . 

mt*1'f~Jr£AC~'f-T.I;Z~*ltp~~:51-•. 1'f~~~Jr£~11'~:i!Datf 
~:itP ~ 6-2-25 FJf 7f, ft9 1lfr:tf;:ik:51-•. ~1'f, ~ 1IJ r.r if!-:±m~ ~ -1- H < H2 *~ Jr£. -t~'* f~~4n JI, FJf;fr ~~ 1t jfij~ fii] Jit (l)$-~ a") 'f -T:Jt: liT I;Z iW.:i± a~ dgA~*1: -T-JJ ¥:, X 
;fr IiUt Ji EI ~ tf -T liT I;Z it:i±· 1Q ~~*It IJ' if,] at 1~ , 1£ R:lE. ij) Ii~ I: ~ ;:r ~ yt It*t 
:Jt:![$ b"). t *t 51 ~ ~t 'flJ..it9 ~~. :fR ,*jU~is at faJ - ~~ i:;:r~ ytmt lJ., JIt f it:xt S 1lf 
-iji1R~~1TatfaJ. 

(5) Ji J X~~jU ~ -*- tf -T~ ~ ft915t!i$ ,15-it-iji /J' ~ ~11'at laJ tq .&JtS a") ~ 
Jr£ ~ ~ 1lillr: i% Lq. Jt!. v. = 10 m/ s. 

[:$1- fJT 1 Jlt~~~S ~j)ttxm;ffi -3-&1~~lSWI~wrf.lX:~ , 1~;IJI3 ~U cp ~~fIWesJw.J~ 

¥litJjmt~, !;1]~~g~,~~@ii7.J, §EB~j;$~,x~FI3~Uii-3-JJ~esJ-®~litJjmlH 
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[13U ClHs¥Uf.1jlt HlW:¥UA f&lY-J9=t-T~~fl!i:~Rt&,~Jlt$HJj-,~tE H ~r;;t 

~~~i12:Jl'ii. :ftH,*~~ii'iTt§ ,1£~lt z ~~lt v, l1!A2: Jl'ii¥Ult1Jt!191~$i'J<J5R14~ 

t Mvz z+Mg~MgH. 

- J2g( H-z) <,v,(z)<'-/2g(H-z). 



~-~ m~"~i1..__ .. .. 
(2)~JRB9*JJt~IHJiHiEMiii ~.t.~Jtm:IEB9 tpTt~~~fBt A 1&11&1&. &P tpTtE~ 

JR,*J~j.':~tit¥lJ-*:lf}:*iWilt. a:*B9RE;W;Xt1iY:T~~ v.=O tE z=H ~Jt*AB9tp 
.y(.9/.,~ 6-2-26). tdil::r?iMfi3J ,~~-i 

HI~~ 
[!] 6- 2-26 

L, =Vz 2tf· r _!2H 
-.1 L, 2Vz V-;--'H- 2 gtf

2 
. 

- g 


L, =6. 4 em 


(3) ~~Jt Z *A~JRB9 tpT1j!Uz~lt B9~:u$lE ttTW:~ItYfft if B9 J!lt 
1K~.p ~ ttf9lJ~:Ii, 1'1 

dN,(z) [ ] /
~=p v.,nw:(z) - v•. min(z) =2p v 2g(H-z). 

Yf1'1il1liJt*AB9tpTB9,ti1,~jg 

N , (H) = [2p -/2g(H-z)dz 

3J1 1= 2p ffgHz 0 (1- y)""i dy 

3[ 2 1.J1= 2p ffgH z -3(1-Y)2 o. 

4 '" 3N,(H)=3 P v 2gHz. 

Jttp y= ~. 

(4) tpTEEil1Iilt H r?iat ,-1-WJWl£B91tm:l:~.t.7t-~rli:u~1tfIHlI:B9 2 
f(f, &p 

H 1. J1 4 35 = 2 a p.dz = 2M ffgH 2 a (1- y) 
.1 
2 dy = 3M ffgH z .J 

~Jm B-S :i:T1t~#~ 
2

4 '" 1. ( 9h ) t n 3 . ...S='3Mv2gH2=nh==;"Hn= 32Mg 

;ffi1iY:B9~~jg 

En=MgH,,==;..En= ( 9Mt h2)t 132 n3. 

11tA~1~JiJ1~ 
9h2 .1 

H1 = (32Mg) 3 =1. 65X I0- 5 m= 16. 5fJ-m 

~~~ ~ im .. c~ 
4. "" .p 

EI =MgH1=2. 71XI0- 31 j=1. 69X I0- 12 eV. 

ff~¥IJ HI .q~JRB9~lt~jiJ] -1-!/&:i:~,H=50 fJ-m,:i!f5e:1~X\\l.~;UIj~~~ 
Jt H ~ft.B9~ I8J:l:Tft.n!ZjgllT~~. 

(5)1'J(P'~/f'~;EljjiJlI1 f:,t 11l £:,E IAJE** £:,Ef:,t~n. :i!i3[atfi3J pq , tpTrEJ tilS1i 
B9Re;!1;jg 

n 
t:.x=vzf:,t~vz £:,E' 

~JRtpTB9a:flU~~;lil:: EI ,1& £:,E~EI ,lIT ~~fi!Jita:/J\ lSHMI8Jl1l!HIHe;W;jg 

t"~EI ~ n --0. 4X 10-3 
S -'-0. 43 ms. 

Lq~vx = ~ =4X 1O-3 m=4 mm 

~ (2004, OOj1.'F!/mJ!~~ll~) 

'* Tf*H lDUi\'Hfl'* T~ it J. ~it (APM) ;It #J *- 1'4 ~ !iJ;)if Jfl I. Jl:.. APM ~ -W e9 ~ i:}J OJ liA 3m. it 
7'dUl~ ~~ Y5::.~:i ~1f.RM!t-7 i!t7t 7t** i~~ l!:,:!tp I!l 6-2-27 rft~. ~" }PJ 1t ~1i 
~~~i:}J,t!iJ~.z~~~t!iJ*J~~~~.~~~ 

V, =C2 Z ~11H~~ 

~Ji ;f§ fi.t 7c ~~ 
U f f U~~1~.g

6. I z:, "'5 I=l ;, 

~Jlt 

.ff-p~ 

[!] 6-2-27 

d2z dz 
m df +b dt +kz =F. 

Jt: tp m it~ "l !iJ Jfff. ~ ,k = 7I1Wj 2 it;t, 1f !iJ ~ .it J ~ ,b it -1'- IJ\ !t-7 ~il JE.1- ~ , 

t m)t we » .Iz. >0, F ;It II. t 't tt Jfl1t ;t, W1. e~ lJR i:}J jJ . 
m 

~T~#&••~~~.I!l~~~!iJ.OO*~II.t't~;t,.~~ttJfl!iJ.~ 
. jJ ~~?!. 

Af$?j

(a) ~ F= Fa sinwt ~,1.iE~. tp e~ z(t) lWi)t 

z(t) =Asin(wt-tp) . 
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- g 
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N , (H) = [2p -/2g(H-z)dz 

3J1 1= 2p ffgHz 0 (1- y)""i dy 

3[ 2 1.J1= 2p ffgH z -3(1-Y)2 o. 

4 '" 3N,(H)=3 P v 2gHz. 

Jttp y= ~. 

(4) tpTEEil1Iilt H r?iat ,-1-WJWl£B91tm:l:~.t.7t-~rli:u~1tfIHlI:B9 2 
f(f, &p 

H 1. J1 4 35 = 2 a p.dz = 2M ffgH 2 a (1- y) 
.1 
2 dy = 3M ffgH z .J 

~Jm B-S :i:T1t~#~ 
2

4 '" 1. ( 9h ) t n 3 . ...S='3Mv2gH2=nh==;"Hn= 32Mg 

;ffi1iY:B9~~jg 

En=MgH,,==;..En= ( 9Mt h2)t 132 n3. 

11tA~1~JiJ1~ 
9h2 .1 

H1 = (32Mg) 3 =1. 65X I0- 5 m= 16. 5fJ-m 

~~~ ~ im .. c~ 
4. "" .p 

EI =MgH1=2. 71XI0- 31 j=1. 69X I0- 12 eV. 
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~v' 

~--
ff~ 'JCm:JJ

I .. l 
x=O = 

i!J 6-2-29 
(a)*,* B9 ir:~ ~ ,~JtitJ.t v :lVh (00 6-2-29),11 at f~ ~t fJ ,*ir: ~zS ~ S 

.!§1E5!p ~YJ1aJ? ($~;;~b;l. p,u,v..f-..r.). 

(hl;if4.fJlfl-x~r.Jfi*!l'J~7lt.~x.~*~-•• oo~SjJT!l'J~.ft 
1'.(00 6-2-30)~ ~(x,t)*~JIt,;j~.OOl1at~J tzft~,:#-i9: 

, x ., 1Cm:JJ 

~ 

p+--
, 

p~f9J 
I!l 6-2-30 

~(x,t) =$J sink(x-ut). (3) 

~o/ $J lJ<. k YJ# :i,~>Jtillit1t v(x,t),S~ S(x,t)lJ<.f:f51 p(x,t)~ x.!§ t ~it 

!l'JiI~. 

B $~ m~'liMi ( ~~51li l£.JitS) 

III 6-2-31 



_ "____ ~~~__ ~.if;_~»__ 

;lJ It - *-k J.t j; b, 'Jf,J.tj; w, ~J.t j; h at:¥J t] at;P" ~ J's It (ru 6-2-31), Jt-kJ.t 
I/} x $18. ~J.t)!} z $lb. J's It Et9 J:., r *- 1m 4I-i~Ar - ffi.~J, :I4]1{fF j; t;flt. w.~;{E t;flt 
0/ J\n?~ at Wi ~ 51 ~%i:fF j;:tli (ru 6-2-32). ~t I/} x $IB Et9 ~ Ii;J tK ill jliJ if,:lK Wi -t- t 
;flt 0/ J\,' if PJ ~ j; 00 ;t ::f ill . 

I_ b/2 ,I _ bl2-r«'5 '1
"" 9<:11 C .
-- . IL 1 c;: <llill 

x 

00 6-2-32 
JlL;P"~J's1*Et9 'itJ.t p j; 2.65 X103 kg/m3 

, *ri:;~~. Y j; 7. 87X WO N/mz, 

8"i1 It Et9-kJ.t b j; 1. 00 cm, jliJ 'Jf,lt w lj ff-lt h 3lU~)t w«b lj h«w. ~ ** K *f:tJ 

% at,;P" ~ J's It 0/ i¢Ut~ x $IB 7i Ii;J at ~ Ii;J ~ it at ¥i 5it tK ill. 

~t-f~ $ j; f= ~ aHi5it, ~w1iJi1i-f x 7Ut ~ 1m,;{E at ~u t, Jt1if$; f;(x, t) 

PJ I2Ht~j; 
f;(x,t) =2f;o g(x)coswt. (O~x~b) (4) 

it 0/ f;o kiI '$1:, jliJ 1iJi I1i 1& g(x) PJ *-~ j; r 3'U %it 

g(x) =B1 sink (x- ~ ) +Bzcosk (x- ~ ). (5) 

g(x)tlt i1'k *-mj; 1, it 0/ k =!!!... it 1.(, 11 t;flt Et9 0/ J\,' Jt]¥ Jl:. Et9 , jliJ J's It Et9 :3:: ,;5 i'ffij Jt 
u 

§ JfJEt9,[!jjliJSjJ(~lI.g~)j;~. 
(cHHL;P"~J'sltEt9~¥i)it,1iftI;t7i'fi(5)0/ B1 tP Bz at1t. 

(ill~;P"~&It_~Et9~¥i_Et9Wi-t-.~~$j;~? 


JI t~SJt;P" ~ J's'f;tEt9 -# # 'Ii. &1*:fztJI ~ EX. t[1$ at, Jt WiY#ii% r 1. tJI; 

ffi-i:, *;{E &1* Wi y!i\j ~.7Jp tJI, 3lU 1R 4% t JI at;flt 'Ii, &1*%1$ *- EX. Y5c ~. [!j jliJ ,;j)L;f#. 

tK ill tP t tK ill %i@:i±;P" ~ J's 1* E.{Ei ~%:# 51 ~ :#tK. 
j; i)/, a)l JI t ~S ,R ~ ;P" ~ J's It 0/ 1¥;{E I/} z 7i Ii;J Et9 t,!k Eat, Jt J:., r t;flt Et9 

tfiif1m 'it J.t?1-JlU j; +0- lj -0-. iV,S lj T ?1-Jlu *: ~ J's It I/} x 7i Ii;J Et9 S ~ lj S jJ, 3lU 
~;p" ~ & It !:It JI t ~S , PJ JfJ r )ilJ - JEt * * *: ~ : 

1
S= Y T+dpE. (6) 

o-=dp T+ETE. (7) 

;It 0/ ~ = 1. 27 X10-11 mZ /N j;;t t:w r!19 ~ ',*)J~ ~ (flr;lm J~:A~il: Y {ri; 1!Jj4t) ,ET = 

4.06 X10-11 F/m j;;tS jJ r i: t*$, jliJ dp =2.25 X 10-12 m/V 3lU j; JI t '*:1. 

_~____________~~.~-E___ft!!______ _ . __ 
-<iI"" /,>""." i+ ill 6-2-31 0/ at ** K iIi@, 3lu Wi t;flt raJ.7Jp *X 5t t JI j; vet) =Vmcoswt,• 

fA jliJ it J's It 0/ 1¥it -:¥J t] t:w E(t) = V~t). 3lU i1'kJ6%JtfU ~.Jt;t, J's It 0/ ill ~ I/} x 

7i Ii;J ,ftj ~$.j; w !19~¥i5ittK~. 

~ t:w E :¥J t] at, ~~i 5it!19 5it -k ,l. lj ~ $. f Et9 **177 ~)t,l. = f ,Jt 0/ u JfJ it 

(2) §f} Jt. 1.1i.Jt IT. fr.~ it (6) J'ft ~, T=YS ::f.Jlt!&. iL, ~l'S jJ lj S ~ !19 Jt :J...1t.#::f ~ , 
lL&ltWiJii\j1m1t.#§JfJjliJ3GS;iJ. 

(e) ;lJ It 7i 'fi (6) J).. (7) , r t;flt ~lZ J:. !19 It fiif rm 'it It 0-, ~ X lj t ~ 1t !19 I1i 1& j; 

b) JV(t)o-(x,t)= [D1cosk (x-Z +Dz h' 

it 0/ k = !!!... ;jt D1 ,D2 !19 *- ~ it. 
u 

(D r t;fltJ:.!19 i~. tfiif Q(t) lj tJI V(t)!1t * * j; 
Q(t) = [1 +az (;b tan k; -1) JCo vet). (8) 

Z
1J\;jt ill '* 1& Co !19 *: ~ it lj a !19 *-~ it J).. ;It 1&m. 

[5ffffl K *~8~u ,1cj x 75rDlf~JltGm~fi:~®tt:092:oohC:PJBmmrDl~ 

st8SJ~l)&~Zl;IJ, ffij K 1?;3J8Fo:X~~tt:092:00h1cj z 75rDlDiBJJD-~!$£EBffi ,F±pfi'~ffi 

EBJ&Jill. JltBljtfl"fflt~Zl;IJf[]EB~Zl;IJ®Jmi'1:092:~hgffim8:H-51~~~. 
4:~~8j975[§J8SJmlJ~,rott~¢f~Jl8SJm~!:§MnJJ"3!'~IBJ8SJ~1R,n~ 

JBm8SJm~f[]WJ~IJ1.D.ffiEBJ&Jill~. ~~~~~~~§Pfi'~~g, @fflffi~ml.RH

illlntfT~-1ff*IR. 
UU Afffl5f 
(a)~~[) 6-2-33 ,WEtlJtcJiffiooij;i9J EtIJJteI*l vot, flJJBtffjJilt1~:JIJteI*l uD.t,u= 

if· T :fik2'illiM00 ~Jl\Z}2 j] 
S=D.l= -VD.t=_.!l.. CDl uD.t u 

I_ U6t, 'I 
t=O~'-----~ 

i 2 
I 6t-4J r=-

6ttl p= 
~V61!-

00 6-2-33 

._

http:fflffi~ml.RH


_ "____ ~~~__ ~.if;_~»__ 

;lJ It - *-k J.t j; b, 'Jf,J.tj; w, ~J.t j; h at:¥J t] at;P" ~ J's It (ru 6-2-31), Jt-kJ.t 
I/} x $18. ~J.t)!} z $lb. J's It Et9 J:., r *- 1m 4I-i~Ar - ffi.~J, :I4]1{fF j; t;flt. w.~;{E t;flt 
0/ J\n?~ at Wi ~ 51 ~%i:fF j;:tli (ru 6-2-32). ~t I/} x $IB Et9 ~ Ii;J tK ill jliJ if,:lK Wi -t- t 
;flt 0/ J\,' if PJ ~ j; 00 ;t ::f ill . 

I_ b/2 ,I _ bl2-r«'5 '1
"" 9<:11 C .
-- . IL 1 c;: <llill 

x 

00 6-2-32 
JlL;P"~J's1*Et9 'itJ.t p j; 2.65 X103 kg/m3 

, *ri:;~~. Y j; 7. 87X WO N/mz, 

8"i1 It Et9-kJ.t b j; 1. 00 cm, jliJ 'Jf,lt w lj ff-lt h 3lU~)t w«b lj h«w. ~ ** K *f:tJ 

% at,;P" ~ J's It 0/ i¢Ut~ x $IB 7i Ii;J at ~ Ii;J ~ it at ¥i 5it tK ill. 

~t-f~ $ j; f= ~ aHi5it, ~w1iJi1i-f x 7Ut ~ 1m,;{E at ~u t, Jt1if$; f;(x, t) 

PJ I2Ht~j; 
f;(x,t) =2f;o g(x)coswt. (O~x~b) (4) 

it 0/ f;o kiI '$1:, jliJ 1iJi I1i 1& g(x) PJ *-~ j; r 3'U %it 

g(x) =B1 sink (x- ~ ) +Bzcosk (x- ~ ). (5) 

g(x)tlt i1'k *-mj; 1, it 0/ k =!!!... it 1.(, 11 t;flt Et9 0/ J\,' Jt]¥ Jl:. Et9 , jliJ J's It Et9 :3:: ,;5 i'ffij Jt 
u 

§ JfJEt9,[!jjliJSjJ(~lI.g~)j;~. 
(cHHL;P"~J'sltEt9~¥i)it,1iftI;t7i'fi(5)0/ B1 tP Bz at1t. 

(ill~;P"~&It_~Et9~¥i_Et9Wi-t-.~~$j;~? 


JI t~SJt;P" ~ J's'f;tEt9 -# # 'Ii. &1*:fztJI ~ EX. t[1$ at, Jt WiY#ii% r 1. tJI; 

ffi-i:, *;{E &1* Wi y!i\j ~.7Jp tJI, 3lU 1R 4% t JI at;flt 'Ii, &1*%1$ *- EX. Y5c ~. [!j jliJ ,;j)L;f#. 

tK ill tP t tK ill %i@:i±;P" ~ J's 1* E.{Ei ~%:# 51 ~ :#tK. 
j; i)/, a)l JI t ~S ,R ~ ;P" ~ J's It 0/ 1¥;{E I/} z 7i Ii;J Et9 t,!k Eat, Jt J:., r t;flt Et9 

tfiif1m 'it J.t?1-JlU j; +0- lj -0-. iV,S lj T ?1-Jlu *: ~ J's It I/} x 7i Ii;J Et9 S ~ lj S jJ, 3lU 
~;p" ~ & It !:It JI t ~S , PJ JfJ r )ilJ - JEt * * *: ~ : 

1
S= Y T+dpE. (6) 

o-=dp T+ETE. (7) 

;It 0/ ~ = 1. 27 X10-11 mZ /N j;;t t:w r!19 ~ ',*)J~ ~ (flr;lm J~:A~il: Y {ri; 1!Jj4t) ,ET = 

4.06 X10-11 F/m j;;tS jJ r i: t*$, jliJ dp =2.25 X 10-12 m/V 3lU j; JI t '*:1. 

_~____________~~.~-E___ft!!______ _ . __ 
-<iI"" /,>""." i+ ill 6-2-31 0/ at ** K iIi@, 3lu Wi t;flt raJ.7Jp *X 5t t JI j; vet) =Vmcoswt,• 

fA jliJ it J's It 0/ 1¥it -:¥J t] t:w E(t) = V~t). 3lU i1'kJ6%JtfU ~.Jt;t, J's It 0/ ill ~ I/} x 

7i Ii;J ,ftj ~$.j; w !19~¥i5ittK~. 

~ t:w E :¥J t] at, ~~i 5it!19 5it -k ,l. lj ~ $. f Et9 **177 ~)t,l. = f ,Jt 0/ u JfJ it 

(2) §f} Jt. 1.1i.Jt IT. fr.~ it (6) J'ft ~, T=YS ::f.Jlt!&. iL, ~l'S jJ lj S ~ !19 Jt :J...1t.#::f ~ , 
lL&ltWiJii\j1m1t.#§JfJjliJ3GS;iJ. 

(e) ;lJ It 7i 'fi (6) J).. (7) , r t;flt ~lZ J:. !19 It fiif rm 'it It 0-, ~ X lj t ~ 1t !19 I1i 1& j; 

b) JV(t)o-(x,t)= [D1cosk (x-Z +Dz h' 

it 0/ k = !!!... ;jt D1 ,D2 !19 *- ~ it. 
u 

(D r t;fltJ:.!19 i~. tfiif Q(t) lj tJI V(t)!1t * * j; 
Q(t) = [1 +az (;b tan k; -1) JCo vet). (8) 

Z
1J\;jt ill '* 1& Co !19 *: ~ it lj a !19 *-~ it J).. ;It 1&m. 

[5ffffl K *~8~u ,1cj x 75rDlf~JltGm~fi:~®tt:092:oohC:PJBmmrDl~ 

st8SJ~l)&~Zl;IJ, ffij K 1?;3J8Fo:X~~tt:092:00h1cj z 75rDlDiBJJD-~!$£EBffi ,F±pfi'~ffi 

EBJ&Jill. JltBljtfl"fflt~Zl;IJf[]EB~Zl;IJ®Jmi'1:092:~hgffim8:H-51~~~. 
4:~~8j975[§J8SJmlJ~,rott~¢f~Jl8SJm~!:§MnJJ"3!'~IBJ8SJ~1R,n~ 

JBm8SJm~f[]WJ~IJ1.D.ffiEBJ&Jill~. ~~~~~~~§Pfi'~~g, @fflffi~ml.RH

illlntfT~-1ff*IR. 
UU Afffl5f 
(a)~~[) 6-2-33 ,WEtlJtcJiffiooij;i9J EtIJJteI*l vot, flJJBtffjJilt1~:JIJteI*l uD.t,u= 

if· T :fik2'illiM00 ~Jl\Z}2 j] 
S=D.l= -VD.t=_.!l.. CDl uD.t u 

I_ U6t, 'I 
t=O~'-----~ 

i 2 
I 6t-4J r=-

6ttl p= 
~V61!-

00 6-2-33 

._



"~.._____ _~-~_!!}:ew.7j ..__ ._.______.__._. _____... 
1tHJ,SM5l.XE1f: ,lC~OO6ltl¥.Jff5iR 

.I. x 
p= - YS =y.:!!... =puv. ®u 

Cb)J!J.t v !jlVij§~.$ w =ku B<J~l~iE;iJ I¥.JUzf3; ~ ;fEl~* 
Cti~~ ~ ~ or ?fr1tt 5] l!.1El it ~1]6~ ~ *3, fa l!l 6-2-34 J'fj";F) , 'f 
~,;s: 

~ex,t) =~osinKex-ut). 


JiW vCx,t)=-KPuz~ocosKex-ut). ® 
 I!I 6-2-34 
m~.fIlff~iR!jJ!J.tI¥.J**jiijrOJJmea), /Zilffij 

SCx,t)=-v ex,t) =Kt;ocosKex-ut). @
u 

pex,t) =puvCx,t) = - Kpu2 t;ocosKex-ut) 
= - YS ex, t) = - KYt;ocosKex-ut). ~ 

~11f ,~~ tl1 ilJ JiH!1I: :5H~ ilJ 

vex,t)=~=-Kut;o cosKex-ut). 

sex,t)=~=Kt;o cosKex-ut). 

pex,t)=-Y ~=-KYt;ocosKex-ut). 
B$~ 

Cc)RV~j§~*w.fllf~.J!J.tu ejO,~*~ilJE13 ).=2k7{~~ilJ,Jt<P k= ~. EI3 

1J2~ ,Uzf$IlJHUzItW~1tiifi~fJrT~*~ 

gex)=B1 sinK(x- ~ )+BzcosK(x- ~). ® 

1l!t?&lt!m<p'L.,e1N.XEmI~~1W,91tl g( ~ )=O,~HP~3& Bz=O. ejO gex)1¥.J 

m::k1ilj) 1, ilJ1~ Bl =±1,~~ 

gex)=±sin ~ (x- ~ ). (J) 

T~Uzf$ ~ex,t)=±2t;osin ~ (x- ~ )coswt. ® 

Cd)ll!t??'\ff~iR peJ;..J}l.:JJ T)tEa"ilJtI¥.Jj7i\j~oo*e)!r x=o ;fax=b ~)j)~,*1J2 

1¥.J~*ilJm~~~M*OCj)bl¥.Jj7i\j~*.I¥.JW~<pI¥.J~n~.*mft.@EI3TIt! 
ml¥.J <P'L.'mI~~1W ,fJf;ff£:-1§-l¥.JflilHxWf~&'®'i~JM;, ~ j)'tff1tEfaJtI¥.J <P'L.'~OO6lt 
j){ll:f$I¥.J~Jl!l:, ffij~~iItl1. 

1l!t??'\){;j~1f1fiIt* ).=2b,91tl~~E13 /1 = 2~%t,'jj· ~l¥.Jf~.J!lt u EI3"f~~ft,'jj 

- (Y = /7. 87X 10
10 

m/ s=5. 45X 103 m/ s.u-,\! p '\! 2. 65 X lQl 	 ® 

~ 77. ~._ ...~__itt. •. ____ 
.-. ~ -<- .;\>. .. 

ejO b=1. OOXlO-zm, ~ffijj7i\j:&ifi£ni&:!ijj*j) • 
/1 = ;b =273 kHz,h =3/1= ~~=818 kHz. ® 

ec). ed)j7i\j~I¥.J~-#fU¥f!: 

AJt<PI¥.J~tt.:(:Ex=~6ltj)m._~,_tti&:ilJ••j7i\j&~fi*I¥.Ji&:I¥.J~ 
., f:.&::, JtUz.~J!J.tm;ff:tm"f%~ 

~ex, t) = 2~m sinK (x- ~ ) coswt 

=~,"[sinK(x- ~ -ut)+sinK(x- ~ +ut)]. ® 

vex,t)=-ku~m [COSK(x- ~ -ut)-cosK(x- ~ +ztt) ] 

= -	 2~m sinK (x- ~ ) sinwt. @ 

~<p w=Ku,:1JM%<p* 1~.fIl* 2~:5HIJ*~m+ x :1J~.fIl¥fl"- x :1J~1=r* 
B':Ji&:. ff~ ,;s:4- ~m = ±eo ,®!j~®;f§~. 

x1·'fi'fl" - x :1J~1=r*l¥.Ji&: ,~CD.fIl®<p 1¥.JJ!J.t v mffl-v f-t, T~~ff]1f 

S= -v.fll p =puv. e~+x ;t fa)-1t:i!f1i] it) ©u 

S=.3!..fIl P= - puv. UI} - x ;t fa) -1t:i! f1i] it) @l
u 

r"l~	Cb) <pM)m3t.fllff5iR~j) 


sex,t)=-k~m [ -cosK(x- ~ -ut)-cosK(x- ~ +ut) ] 


=2k~mCOs( x- ~ )coswt. 	 ® 

pex,t)= -PI~m[cOsk(x- ~ -ut)+cosK(x- ~ +ut) ] 

=-2~mcosK(x- ~ )coswt. lID 

yt:~, v,S .fIl p tl1 ilJ~IO]~ (b)l.I~f-f.E13 ~ *~1~itl. 

EI3 'f faJt:(:Ej7i\j~OO ex= 0 ;fax=b)*~ § El31¥.J. /Zil ffij:(:EfffiiJBH~j7i\j~6lt B<J Ellh 

~ff5iRmj)~. EI3~@,~&'~3& cos( ~b) =0 ~ 
W 27{

kb=-:;;b= /jb=n7{. en= 1, 3,5''') 	 @ 

mllii*). ~~,~@ilJ~. 
2b).=-. en=1,3,5''') 	 @
n 

!ijj~91tij) 

http:1J~1=r*l�.Ji
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"~.._____ _~-~_!!}:ew.7j ..__ ._.______.__._. _____... 
1tHJ,SM5l.XE1f: ,lC~OO6ltl¥.Jff5iR 

.I. x 
p= - YS =y.:!!... =puv. ®u 

Cb)J!J.t v !jlVij§~.$ w =ku B<J~l~iE;iJ I¥.JUzf3; ~ ;fEl~* 
Cti~~ ~ ~ or ?fr1tt 5] l!.1El it ~1]6~ ~ *3, fa l!l 6-2-34 J'fj";F) , 'f 
~,;s: 

~ex,t) =~osinKex-ut). 


JiW vCx,t)=-KPuz~ocosKex-ut). ® 
 I!I 6-2-34 
m~.fIlff~iR!jJ!J.tI¥.J**jiijrOJJmea), /Zilffij 

SCx,t)=-v ex,t) =Kt;ocosKex-ut). @
u 

pex,t) =puvCx,t) = - Kpu2 t;ocosKex-ut) 
= - YS ex, t) = - KYt;ocosKex-ut). ~ 

~11f ,~~ tl1 ilJ JiH!1I: :5H~ ilJ 

vex,t)=~=-Kut;o cosKex-ut). 

sex,t)=~=Kt;o cosKex-ut). 

pex,t)=-Y ~=-KYt;ocosKex-ut). 
B$~ 

Cc)RV~j§~*w.fllf~.J!J.tu ejO,~*~ilJE13 ).=2k7{~~ilJ,Jt<P k= ~. EI3 

1J2~ ,Uzf$IlJHUzItW~1tiifi~fJrT~*~ 

gex)=B1 sinK(x- ~ )+BzcosK(x- ~). ® 

1l!t?&lt!m<p'L.,e1N.XEmI~~1W,91tl g( ~ )=O,~HP~3& Bz=O. ejO gex)1¥.J 

m::k1ilj) 1, ilJ1~ Bl =±1,~~ 

gex)=±sin ~ (x- ~ ). (J) 

T~Uzf$ ~ex,t)=±2t;osin ~ (x- ~ )coswt. ® 

Cd)ll!t??'\ff~iR peJ;..J}l.:JJ T)tEa"ilJtI¥.Jj7i\j~oo*e)!r x=o ;fax=b ~)j)~,*1J2 

1¥.J~*ilJm~~~M*OCj)bl¥.Jj7i\j~*.I¥.JW~<pI¥.J~n~.*mft.@EI3TIt! 
ml¥.J <P'L.'mI~~1W ,fJf;ff£:-1§-l¥.JflilHxWf~&'®'i~JM;, ~ j)'tff1tEfaJtI¥.J <P'L.'~OO6lt 
j){ll:f$I¥.J~Jl!l:, ffij~~iItl1. 

1l!t??'\){;j~1f1fiIt* ).=2b,91tl~~E13 /1 = 2~%t,'jj· ~l¥.Jf~.J!lt u EI3"f~~ft,'jj 

- (Y = /7. 87X 10
10 

m/ s=5. 45X 103 m/ s.u-,\! p '\! 2. 65 X lQl 	 ® 

~ 77. ~._ ...~__itt. •. ____ 
.-. ~ -<- .;\>. .. 

ejO b=1. OOXlO-zm, ~ffijj7i\j:&ifi£ni&:!ijj*j) • 
/1 = ;b =273 kHz,h =3/1= ~~=818 kHz. ® 

ec). ed)j7i\j~I¥.J~-#fU¥f!: 

AJt<PI¥.J~tt.:(:Ex=~6ltj)m._~,_tti&:ilJ••j7i\j&~fi*I¥.Ji&:I¥.J~ 
., f:.&::, JtUz.~J!J.tm;ff:tm"f%~ 

~ex, t) = 2~m sinK (x- ~ ) coswt 

=~,"[sinK(x- ~ -ut)+sinK(x- ~ +ut)]. ® 

vex,t)=-ku~m [COSK(x- ~ -ut)-cosK(x- ~ +ztt) ] 

= -	 2~m sinK (x- ~ ) sinwt. @ 

~<p w=Ku,:1JM%<p* 1~.fIl* 2~:5HIJ*~m+ x :1J~.fIl¥fl"- x :1J~1=r* 
B':Ji&:. ff~ ,;s:4- ~m = ±eo ,®!j~®;f§~. 

x1·'fi'fl" - x :1J~1=r*l¥.Ji&: ,~CD.fIl®<p 1¥.JJ!J.t v mffl-v f-t, T~~ff]1f 

S= -v.fll p =puv. e~+x ;t fa)-1t:i!f1i] it) ©u 

S=.3!..fIl P= - puv. UI} - x ;t fa) -1t:i! f1i] it) @l
u 

r"l~	Cb) <pM)m3t.fllff5iR~j) 


sex,t)=-k~m [ -cosK(x- ~ -ut)-cosK(x- ~ +ut) ] 


=2k~mCOs( x- ~ )coswt. 	 ® 

pex,t)= -PI~m[cOsk(x- ~ -ut)+cosK(x- ~ +ut) ] 

=-2~mcosK(x- ~ )coswt. lID 

yt:~, v,S .fIl p tl1 ilJ~IO]~ (b)l.I~f-f.E13 ~ *~1~itl. 

EI3 'f faJt:(:Ej7i\j~OO ex= 0 ;fax=b)*~ § El31¥.J. /Zil ffij:(:EfffiiJBH~j7i\j~6lt B<J Ellh 

~ff5iRmj)~. EI3~@,~&'~3& cos( ~b) =0 ~ 
W 27{

kb=-:;;b= /jb=n7{. en= 1, 3,5''') 	 @ 

mllii*). ~~,~@ilJ~. 
2b).=-. en=1,3,5''') 	 @
n 

!ijj~91tij) 



_ ~-=~~j't;f§Il~ _. --_._-. 
u un n

f=T= 2b = 2b'V 
rvp' (n=1,3,5"') ® 

Jlt~*'!:§ JOt®:¥U®~ ili a':J;f§~. 
( e) EI3 ~ cp ®;f1:1 CD ,.ffi fl! ~::![}jiz ~ fi:""f ~Ijfrfi 

T=Y(S-dpE). ® 
d 2

a=YdpS+cT(I-Y~ )E. @ 

EI3 TXt~Jt cp{f;fi:~~U~ ,x= ~ 6lt±4J7J{ft~1&:"P ,{ft~ ~ ;f1:1}jiz~ 5 &'JiJOt® 

;f1:1JOt®a':J%JOt 
. ( b) . ~(x,t)=~mslnk x-2" cos(wt+<p). @ 

~(x,t)=k~mcosk(x- ~ )cos(wt+<p). @ 

mlJOt cp :{£ at 18] ;flt!!C ~T cp 110 7 -1-;fIHft1jt~ <po 

Eft~fl!.~fl!.±4J~W~m.T~~ 

) =V(t) =VmcoswtE( @x,t h h' 

~JOt@@{-tAJOt@, 1~ 

T=Y[ k~mcos(x- ~ )cos(wt+cp)-!f:-VmcoswtJ. @ 

EI3 TIl'1IJt~l!ffilOO (x=O >fp x=b) 13 EI3 ,{f{llJBHIJ~YffiiOO6lta':JJ.)izj] T }jizj]'2J., 2. 
&'~fi: <p=o JJz 

k~mcos kb =d Vm @2 Ph' 

lllt~ <p= 0, EI3 rt@@:¥U@PI!m fl!fi!fOO.\f; 1ttf1~1f~~a':JBtl8]f~f.**PI*J>J 
a(x,t)=a(x)coswt. @ 

.!:§ x 1f*a':J~Ta(x)PI*J>J 


b) d 2 Vm
a(x)=Ydpk~mcosk ( x-2" +cT(l -Y~) h

= [Y dP:bcosk(x- ~ )+CT(l-Y~)]Vm. @ 
cos 2" h 

(f):{£aHtl t, ""ffl!• ...ta':J,~,OOfl!fi!f Q(t ) PI EI3 JOt@CPa':J a(x, t) xtfl!.*OO;fQ7t 
1~ilj. ~*J>J 

QCt) 1 fb 1 fb 
VCt) = vet) oa(x,thvdx = Vm oa(x)wdx 

= ~fb [Y d P ~ cosk (x - ~ ) +CT ( 1- Y ~ )]
h 0 cos 2" 

. _~.t4- ~._ ...ft!! _ 


cT cT kb tan kb ) + ( d 2 4: "i ,.. "(cT~l-Y~)[Yci.£.( 2= 2 1-Y~)J• 
= Co a2 ( J.. tan kb ) CT2[ kb 2 + 0 - a ) ]. 

JOtcP 

Co =CT b;;:. 

d 2 (2. 25XlO - 12)2 _ 
a2 =Y::L=. n~ ' ''n " " , n~ ' ''n ,,=9.82 X 10 3 . @

cT 

(is"" Ji a :#- JJ in. ~ ~i;-- '* Ji)....... 

;i~: ~* Co= CT ~ Of IiJ eM 'f ~ >t.l(S ) ;;if A;..*~~fJ. k= 0 It-) ,tt iX.;;t::ll, lli 

x«lBt, tanx::::::::x, Of1.:t 
. QCt) 2lim - ::::::::Co [a2 +0 - a ) ] =Co. 
k~O VCt) 

Jk,~, ,*,""1t Co :$t~Y;l,.ki *."'f! Jt (4 h, ~~* CT)ft JJ ~1l--$, IiJ p;!j ~*.H tiI;f;; 

JJ bw)7ljAIt-)+H;f.&.~~~1t-) ~~,JiJfy;I,'El-T CT ~. 

as 4l... (2003 • OO~j;!lmJlJ!Jt,m ) 

A$~ ~~Tm.~~T~3l: 

-1-m:l"1.7 m" 119 § tfl9='T,1'£~~~:t,,~,% 9='*Jl:at;R~p<' 31-5t;f1J:[ffJfJ 
aHi T: 11-mT, 11- t T~ 11-ffi.. 9='~T. mT a<J # Jl:m:i 1.7 m p ' ffi.. 9='~T 119 # 
Jl:m:i m., 1& i~;r- 1.7 ~ ,{g. ~~ t -T1J9M> Jl:m:i m, IHU'. ~ ~ 9=' 09 7t:i! IV- c *~ . 

-vUBt'it :lin:: : 
m,,=939. 565 63 MeV/ c2 

mp=938. 272 31 MeV/ c2 

mc=O. 510 990 7 MeV/ c2 

IV-~M~~t~:i!~~;f1J~T~_~.ft.%fi~.+.~~~~tTMW~ 


a<J ~. fi~ :I.- 1.7 E. 


(a) *- t T #~ I: E 111 J\1f;: OJ ti~ 'it E""",.R ~ E=E""xat ffi.. 9=' ~T a<J:i! $ vm. jIlj 

1-!t~~ ~%i I;,Uli T e'g # Jl:m:lt ~ 7t:i!*~ . *' E.;o m., < 

7.3 eV/ c2 ,i;.\it~ Ermx~ Vm a<J~'it~ 31i~*-~*. 
c 

B$~ *)!j. 
-:l£ I!Jl Jffi. 'i% lj!. J.t.lj!. ~ 1.7 R, mit 1.7 m, 1If M$ 1.7 n. lj!. J.t. 

~Hf'ma<J1IfM1$1.7 1. -if!.~f1iitt7t>t:,**(oJ~5JM(oJ ~ 
lj!. J.t. f * Wi ~ j£ 9=' ;9c -$?} , :liP ill 6 - 2 -3 5 J'ft ~. 1'£ Jil:, ill 9=' :t jJ <T 

'" 
lJP:i!1t g 1£1: (oJ~. ik::\: 7t>t: IJ9ll!1 ~ Wi lj!. ~ 8 :l&/J' T R. Jffi.'i% 

z 
t&l).ll=¥.lij< 

n , ~"" 

ifix7't* 

~ 
lj!.J.t.~ik::\:7t>t:$1V- z $b1.7~~UIl. 

006-2-35 
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-~=~-, .~~,~~, - - -, 
~~~~~~~~~~~'~~~*~~~~~~~#~~~.~~AM~~ 

ill M~1I. -¥ lID ~lr.. lID 9'~ ffi.M OJ J2}. ~ al§~ it, lL itt~1I. ~ ~~ if!- tp iJ~ ~ff.1E OJ ~ al§. 

(b)* ~,al§:t f2tjIJ (~ r ~~ ifij *-~,;jtjIJ -¥~~ ~~~ ~~;h fjf m: 89 itk~ 
r.JJ$ p, 

~;if:: ~~lt8 :iiH' T I at,*. 
f)'

co~I-2' 

[~:tJT1 A 005.t::ffI:ftHf:F.lU Fo~JEffi~Lf;Jt1 ~E:f[Jii1J ~'B'~ ,ACP~~Foe 
m:f~~ii1J~~ffi~~~~~~E~M~~mm~Fo~~:f~&cp.:f~ii1J~ 
~-3&81, ~:fiJg~qy)6¥1J~A. jffifl}g-,~t=t~!'f.H§X11Bml,~f[J5lI1~1t~Hl'.iJ~ 
lft, qy*~~-f6J. 

BBI3~: JI6:f@i1t~JI6~;~W3l~~~J8U~l)1<llilB1 ,~~~~:tJT~. ~~~, JI6)Jn 
~~~*~~~~~FoJl6:fii1J~~~B~~a.~W~~~~mJl6~~m=. 
1r:t%l1~, s.1Jil\fI.i1;gzii1JJt1~~~~~WJl6t1'iJm:fJt1t1'iJJI6:fJ!J~ p ~~)6it~. 

un Aml~ If!fA'iTJm.!§,If!T~3£ 

i~:1':E~~~~~ffi Up <f -t-M> JI:. ~) if!, *Tff~f'1::I¥J~ T~~i!J;j E, (=E) . 

i;fJiiJ;j Pc ;3tT~;;:1'.7 Ep ,iJbm:JJ PI' ;&r:p~TIl~!'!1'.7 Ev ,i;fJ :i:1'.7 pv ,~iJbil: P. I¥J 
j;:+ic1'.7 Po ,YlIJ;ff 

E, 2=me2c'+p,2C2. } 

Ep 2 =m 2c' + PI' 2c2. (Al)
p 

Ev 2 =mv 2 c' + Pv 2 c2 , 

El31l~:it !§' i;fJ:I: 'i!'tl[ , PI~!J 
Ep +Ev = En - E,. (AZ) 

Pp+P,,=-P,. (A3) 
~if! En 1'.7if!TI¥J1Jtrfm. ~~(AZ)fO~(A3)jJ;!fitI.1JZ-1f ,~~ 

Ep 2+ZEv 2 +ZEvEp =En2 + Ee 2 -ZEnEe. (A4) 
p/+p}+Zpp · p,,=p}. (AS) 

2..t~jJ;!fitIlfiHl~l2J. c

p/C2+p,,2C2+Zpp • P"C2=p,lc2. (A6) 
~ ( A4)-~(A6) ,*fiJffl~(Al) '1~ 

mp 2C' +mv2c' + 2( EpEv - PI' • PvC2) = En 2 +me 2C' -ZEnEe. 

NP ZEnE; = En 2+m,2C' -m,2C' - m"2c' - Z(EpE, - PI' • p,C2). (A7) 

*iS1: PI' l:j P, f8JI¥J~:ff:l1'.7 8,!l!iJ 

PI' • Pv = ppp,Co~ppp,. 
EI3..t~,1~ 

ZEnEe~En 2 +m, 2C' -m, 2C' -m,,2C' -Z(EpE, - Ppp,~). (A8) 

.' .. _. _ _ _ ~i'~_!t ___~._ ___ .__, ,_ .. /~ __ 
4. ~ J:; '" 

EI3..t~PI,Qi!" ~TIl~:i:ili 8=0, ePili&if!~Tf03tT¥a~--:--~~J¥i!pfFJ':iZs~iJ . 
~j;:. 

1lJ~ Eo 'PI' ,E" ,P, :5t~IJl:j mp ,m, J0tffiM, El31l~:I:-i;fJ:i:~:ffl%( ~ 6- Z-36),m 

E=~cos~' } 
(A9)I' E. 

P vC 

E = m"c 
, coscp...· 

'if>. 
ppc=m,c2tan'PP' } m",'

(AI O) 
P,c=mvc2 tan9'v' I!tI 6-2-36 

T~~(A8)~1'.7 

, [ l-sinppsinp. ] ZEnE,~En2+mc 2 C' -m,2C' -mv 2C' - 2mpmvc COS'PPCOS9'v . (Al l) 

..t~M:Fo-Jflfm%if!I¥Jf;§TPI*1'.7 
I - siOpP sinp. = 1 - sincpp sinSOv - coscpp cOSSOv + I 

cos'PPcos9'v cos'PPCO~V 

l- cos(cpp-SOv) +1:>-l. (AIZ)
cos'PPcos9'v ~ 

J[?l.\..tJ£f;§TI¥Jt&/H~tfjlJ,¥.:(:E 'PP =9'v at , ep tfj lJ,¥.:(:E& r:p~Tf03tT l2J.1"I-J! 
ll:iEi;fJBt. I2SIJlt, EI3~~(All)q~ Ec a9t&j;:ffi ... 

E""", = zt [En 2 +m,2C' -m, 2 C' -m, 2 C' - Zm,mvC4 ] 

2
C (Al3) •= Zm. em. 2 +m,2 - (mp +mv)2]. 

l2J.ffiJ.illf£ffi{-tA ,#fIJfflmv«mp, 1lI&,* mv ,1~ 
E""",::::::: l. Z9Z 569 MeV:::::::l. 29 MeV. (AI4)' 

ili&if!~Tl:j3t~l2J.~-J!ll:iEi;fJBt,&if!~TI¥JJ!ll 

v =mvv,==p,=~ 
v mv Ev EO" 

7' 
-aI"IJ.I,3tTJ!ll Vp- Ep 

El3l2J...t=~1~ 

_ - 2 ~_ ~- .jE/ -m/c' (AI)
V,,-vp-c cE,+Ep-c E,+Ep - c En-E, 5 

Jtif! Ec J.illl{\Z Emsx .l2J.~( AI3)' I¥J En"..x1-tA..t~, ~~ Vv I¥JffiJ.illffi 'Urn 

..JE::.:,. 2-=-m, 2 C' 


Vm =c En - Emax 


~ .j[m.2+me 2 -(mp+mv )2J2 - 4m. 2m , 2 

=c I 
m. - Zm. em. 2 +m, 2 - (m, +mv)2] 

http:t=t~!'f.H�X11Bml,~f[J5lI1~1t~Hl'.iJ
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..t~M:Fo-Jflfm%if!I¥Jf;§TPI*1'.7 
I - siOpP sinp. = 1 - sincpp sinSOv - coscpp cOSSOv + I 

cos'PPcos9'v cos'PPCO~V 

l- cos(cpp-SOv) +1:>-l. (AIZ)
cos'PPcos9'v ~ 

J[?l.\..tJ£f;§TI¥Jt&/H~tfjlJ,¥.:(:E 'PP =9'v at , ep tfj lJ,¥.:(:E& r:p~Tf03tT l2J.1"I-J! 
ll:iEi;fJBt. I2SIJlt, EI3~~(All)q~ Ec a9t&j;:ffi ... 

E""", = zt [En 2 +m,2C' -m, 2 C' -m, 2 C' - Zm,mvC4 ] 

2
C (Al3) •= Zm. em. 2 +m,2 - (mp +mv)2]. 

l2J.ffiJ.illf£ffi{-tA ,#fIJfflmv«mp, 1lI&,* mv ,1~ 
E""",::::::: l. Z9Z 569 MeV:::::::l. 29 MeV. (AI4)' 

ili&if!~Tl:j3t~l2J.~-J!ll:iEi;fJBt,&if!~TI¥JJ!ll 

v =mvv,==p,=~ 
v mv Ev EO" 

7' 
-aI"IJ.I,3tTJ!ll Vp- Ep 

El3l2J...t=~1~ 

_ - 2 ~_ ~- .jE/ -m/c' (AI)
V,,-vp-c cE,+Ep-c E,+Ep - c En-E, 5 

Jtif! Ec J.illl{\Z Emsx .l2J.~( AI3)' I¥J En"..x1-tA..t~, ~~ Vv I¥JffiJ.illffi 'Urn 

..JE::.:,. 2-=-m, 2 C' 


Vm =c En - Emax 


~ .j[m.2+me 2 -(mp+mv )2J2 - 4m. 2m , 2 

=c I 
m. - Zm. em. 2 +m, 2 - (m, +mv)2] 



_Z~ 	
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_ o/[m" 2+m,2 - (me +m,,) 2J2 -4m" 2m, 2 
-c 2mn 2 -[m" 2 +m/ - (mp +m,,)2] 

=0.00127c. 	 (A16) • 

B$~ 7t:~ 
z(b)~.!];!,OO 6-2-37 ,M(c]~ftjjEt:J7tmt1>'dVr11E}j\JE1*ffif~ 

nsinBi= sinB,. (B1) 

:tEjnH"§~cp ,~~:;:~(t )3 R.£~(XJ~kt:a:Jt7J 
n8i=8,. (B2) 


xtOO (6- 2-37) cp Et:JL::.FAC,~ 


{3=8,-8i=n8;-8i=(n-1)8i. (B3) , I L 

~AM7tEt:J.*7Jh.~.m~~AM~.mftjjmaftjj 


~Et:J7t~ft7J~,~.m~~AM~~aftjj~Et:J~7t~~7J 


nprrff. AMfO~*ftjj~Et:J7t~8~ ,tP;I]*7J P= (n"rrff )Ch!o) , 

~ 6-2 -37 

:a: cp h 7J i!If AA %'!it:li , ~ ffif 
P (B4)np = rr(} h!o' 

.{j[:BtlB]A~HO~*ftjj~pg*127J r,~"*K'h r+dr Et:J~w~Et:J7t~!J&7J np 

(2rrrdr) ,;J'tcp r=RsinBi=R8" T~.{j[:BtlB]AMfOVF*~Et:J7t~!J&7J 

np (2nrdr)=np(2rrR2 )8id8i. (BS ) 

~~@7t~:tE~ftjj~~~~M~,.m~~*~7t~~.Et:Jz*.7J 
hfodF, =np(2rrrdr)-cos{3

c 

=np ~ (2rrR2) (I-if )8id8i 

=np h:o(2rrR2) [8i- (n-;1)2 8i3 ]d8i. 	 (B6) 

~~.m~~.7t~w~~~~.7J 

F: = 2rrR2 n p ~en [8i - (n -; 1)28i 3 ]d8i 

= .D2 hfo8 . 2 [1 - (n -1)
28: 2] 

1(1\. np c 011 4 17n. (B7) 

;J'tcp 8in, =arcsin t =t· T~,.:jl}~Offl:a:(B4) , ~:a:~7J 

2


F = rrR2P hfo8 [ 1- (n -1)2ff ] =E [1- (n-1) 2ff ] (B8) 
: rr(}h!o c R2 . 4R2 C 4R2 ' 

7t~~.TAM7t®~M7t~m:tE••*.~Et:J~m~Et:Jz*.Et:Ja®,# 

59...4 

~~~ jt ftl! 	
"...... 
~. 

llJa7J 
(n- 1t2ff

E+(-F_) = E-E[l (n-1)2ff ] p. (B9) 
c . c C 4R2 4R' c 

~~~~••~*.Et:J.~~.,~~IlJ~W7JAn*.~.Z.7tW* 
P= 4mgcR2 (BlO) • 

(n-1)2(}. 

~ (2002 • ~~M~J!'!!~lJi¥JI~D 

!f&~~ffi~ 

~~.~~~~..~.t-~~.~~~~~,~~~~~~~~~~~ 
Jl!L ~ t&.~;(£ l*J iJ\)~~±t~% f" 1. t 7;11:. ~~~ ~ ~ ~ (.ffi~*Htl}fJ ~# t 1t %~ 
~ ~tr ~ BV 1ft ff.. ( IlF 1t#f4h :I.E-#. ittffi. i:Y tf ) . 

~tr~/JV~ t-m$11~ffi~~~. l.Il~-m*tl PJ !;A}fJ 00 6-2-38 ~~~* 7F. ~~1* l*J 
/Jig t 'lAE;(£ ft Jltl *;{if .if ff! ~ 1ft ~ jJ1j J$. 1* z fa] 7i ~ ,1IX i9: jJ1j J4t 1* It~ • ~ l" 4it 1'- J4t ff.J -t 
f~~ r"r, :I&;J' f- l " .~ t m$ ~ p.1IXi9:~~1!1* iJ\) t ~.li$*P tftJ IE iJ\) .~
#, ~ j/ij 00 tf ~tr~ 1! 1* ~:!iL~ PJ!;A~· l!&. 

~l.~M~~~~~f"1.iJ\)t1t%ff.J•• ±t~,••• PJ!;A ~~-.~~ 
:fiIl~~ j{ 1.1r-'J jJ1j -t-f,lt, #~%j IE av. ~#J4t~,;fP ~tr~ ff.J - ~t ~~#J -f1t, jJ1j l'lt#J 
It~ ld ,4it-t-l'lt1* ff.J -t f~ ~ rd ,rd :I&;J' f- ld. ;f£J'Ji" df1[ ff.J ,t%-lf?," j~~. tj:r 1(.';(£ it %~.if 

l.:t y;t, jJ1j 1'- J;j(. ~:it i&,;fP t:th #J -t1T,:ilP I!I 6-2-38 J'Ji"7F . ~;fP. ;~tl W. tj:r jJ1j J4t il~ ~ 
~ l., f1lld ~:I&+f- y . 1IX~~:thrlil.8.;(£:it4ttRiJ!'J.jJ1jJ*alg:iti&, 1.~1t~, ~ Jlt,tRj~~ 

. ~ ~tr#J ,%j IE fllg .~ I;{ ». Ml~~:it* -1'- f:tJ % @j ~,~P ~ 6-2-39 J'Ji" 7F. I!I tj:r ev v 
k~~~.Sf"1.~~:th;(£.M.jJ1j1'-J4t~.*~t1ft~(.~.ffi~*~~~~ 
E. ,i!.2. ~ V ~~~ tl:. #J 1t- ) ,Rm Jt -t f~ ~ r d iJ\) Wff 1'- J,lt 4ft %l IE • ~~ IE at J'Ji" f" 1. 
1I1g ~ ~.li( I*J rll). }3 ;~,Va ~ Rd ftJl1l k Ml~~1* f.J jJ1j.;~~J,ltZf"l flV t 1ft~*1l t ~JL 

R..I,<95
)" 1+ Vd 

.. . .. ~#J v[ Rd 
~.- --

~-l 

~6-2 -38 taij£1mit1ll'1*j1j1~* ~-2-39 -El.ffi1i1lit1ll' ' 1~!jo/JfOFoJIE 
is 1~!jo/J E~:i~-'i§-f!tJ1~~ )ijj*i±pgf!tJ~~I~.g-@]~ 

f"l }l! : 
( 1) ~~~ ;(£ jt Jl&. *-~ ~;t)}Q tj:r I!Ig ,B, ~ 7j,t ~ I , f" 1. ff.J • ,B, It 1JiE ~ r ;t ff.J ~ 7j,E 

~8.!k ii: j (lill.i:!:.!f.1:?L OQ:fX ~ 1£, iJ1t). 


(2)£f-It f*: E=pj , .fijIJJt.5j1U~· jJ1jJ,lt:it ~ tj:r If, P ff.J:th g! Ep , i9:~~1* l*J jJ1j J4t 

I"l ~ 	~ 1j,E~ I , . 


(3)~1t~~1* f.J jJ1j~f,lt fa] ff.J t 1ft~ V, ,~~ jJ1jl!f-f,lt fa] ff.J ~~.li R. ;fP l!f- f" 1. ff.J 


http:m~~.7t~w~~~~.7J
http:7t~:tE~ftjj~~~~M~,.m~~*~7t~~.Et:Jz*.7J
http:V�www.Cyjy.com
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_ o/[m" 2+m,2 - (me +m,,) 2J2 -4m" 2m, 2 
-c 2mn 2 -[m" 2 +m/ - (mp +m,,)2] 

=0.00127c. 	 (A16) • 

B$~ 7t:~ 
z(b)~.!];!,OO 6-2-37 ,M(c]~ftjjEt:J7tmt1>'dVr11E}j\JE1*ffif~ 

nsinBi= sinB,. (B1) 

:tEjnH"§~cp ,~~:;:~(t )3 R.£~(XJ~kt:a:Jt7J 
n8i=8,. (B2) 


xtOO (6- 2-37) cp Et:JL::.FAC,~ 


{3=8,-8i=n8;-8i=(n-1)8i. (B3) , I L 

~AM7tEt:J.*7Jh.~.m~~AM~.mftjjmaftjj 


~Et:J7t~ft7J~,~.m~~AM~~aftjj~Et:J~7t~~7J 


nprrff. AMfO~*ftjj~Et:J7t~8~ ,tP;I]*7J P= (n"rrff )Ch!o) , 

~ 6-2 -37 

:a: cp h 7J i!If AA %'!it:li , ~ ffif 
P (B4)np = rr(} h!o' 

.{j[:BtlB]A~HO~*ftjj~pg*127J r,~"*K'h r+dr Et:J~w~Et:J7t~!J&7J np 

(2rrrdr) ,;J'tcp r=RsinBi=R8" T~.{j[:BtlB]AMfOVF*~Et:J7t~!J&7J 

np (2nrdr)=np(2rrR2 )8id8i. (BS ) 

~~@7t~:tE~ftjj~~~~M~,.m~~*~7t~~.Et:Jz*.7J 
hfodF, =np(2rrrdr)-cos{3

c 

=np ~ (2rrR2) (I-if )8id8i 

=np h:o(2rrR2) [8i- (n-;1)2 8i3 ]d8i. 	 (B6) 

~~.m~~.7t~w~~~~.7J 

F: = 2rrR2 n p ~en [8i - (n -; 1)28i 3 ]d8i 

= .D2 hfo8 . 2 [1 - (n -1)
28: 2] 

1(1\. np c 011 4 17n. (B7) 

;J'tcp 8in, =arcsin t =t· T~,.:jl}~Offl:a:(B4) , ~:a:~7J 

2


F = rrR2P hfo8 [ 1- (n -1)2ff ] =E [1- (n-1) 2ff ] (B8) 
: rr(}h!o c R2 . 4R2 C 4R2 ' 

7t~~.TAM7t®~M7t~m:tE••*.~Et:J~m~Et:Jz*.Et:Ja®,# 

59...4 

~~~ jt ftl! 	
"...... 
~. 

llJa7J 
(n- 1t2ff

E+(-F_) = E-E[l (n-1)2ff ] p. (B9) 
c . c C 4R2 4R' c 

~~~~••~*.Et:J.~~.,~~IlJ~W7JAn*.~.Z.7tW* 
P= 4mgcR2 (BlO) • 

(n-1)2(}. 

~ (2002 • ~~M~J!'!!~lJi¥JI~D 

!f&~~ffi~ 

~~.~~~~..~.t-~~.~~~~~,~~~~~~~~~~~ 
Jl!L ~ t&.~;(£ l*J iJ\)~~±t~% f" 1. t 7;11:. ~~~ ~ ~ ~ (.ffi~*Htl}fJ ~# t 1t %~ 
~ ~tr ~ BV 1ft ff.. ( IlF 1t#f4h :I.E-#. ittffi. i:Y tf ) . 

~tr~/JV~ t-m$11~ffi~~~. l.Il~-m*tl PJ !;A}fJ 00 6-2-38 ~~~* 7F. ~~1* l*J 
/Jig t 'lAE;(£ ft Jltl *;{if .if ff! ~ 1ft ~ jJ1j J$. 1* z fa] 7i ~ ,1IX i9: jJ1j J4t 1* It~ • ~ l" 4it 1'- J4t ff.J -t 
f~~ r"r, :I&;J' f- l " .~ t m$ ~ p.1IXi9:~~1!1* iJ\) t ~.li$*P tftJ IE iJ\) .~
#, ~ j/ij 00 tf ~tr~ 1! 1* ~:!iL~ PJ!;A~· l!&. 

~l.~M~~~~~f"1.iJ\)t1t%ff.J•• ±t~,••• PJ!;A ~~-.~~ 
:fiIl~~ j{ 1.1r-'J jJ1j -t-f,lt, #~%j IE av. ~#J4t~,;fP ~tr~ ff.J - ~t ~~#J -f1t, jJ1j l'lt#J 
It~ ld ,4it-t-l'lt1* ff.J -t f~ ~ rd ,rd :I&;J' f- ld. ;f£J'Ji" df1[ ff.J ,t%-lf?," j~~. tj:r 1(.';(£ it %~.if 

l.:t y;t, jJ1j 1'- J;j(. ~:it i&,;fP t:th #J -t1T,:ilP I!I 6-2-38 J'Ji"7F . ~;fP. ;~tl W. tj:r jJ1j J4t il~ ~ 
~ l., f1lld ~:I&+f- y . 1IX~~:thrlil.8.;(£:it4ttRiJ!'J.jJ1jJ*alg:iti&, 1.~1t~, ~ Jlt,tRj~~ 

. ~ ~tr#J ,%j IE fllg .~ I;{ ». Ml~~:it* -1'- f:tJ % @j ~,~P ~ 6-2-39 J'Ji" 7F. I!I tj:r ev v 
k~~~.Sf"1.~~:th;(£.M.jJ1j1'-J4t~.*~t1ft~(.~.ffi~*~~~~ 
E. ,i!.2. ~ V ~~~ tl:. #J 1t- ) ,Rm Jt -t f~ ~ r d iJ\) Wff 1'- J,lt 4ft %l IE • ~~ IE at J'Ji" f" 1. 
1I1g ~ ~.li( I*J rll). }3 ;~,Va ~ Rd ftJl1l k Ml~~1* f.J jJ1j.;~~J,ltZf"l flV t 1ft~*1l t ~JL 

R..I,<95
)" 1+ Vd 

.. . .. ~#J v[ Rd 
~.- --

~-l 

~6-2 -38 taij£1mit1ll'1*j1j1~* ~-2-39 -El.ffi1i1lit1ll' ' 1~!jo/JfOFoJIE 
is 1~!jo/J E~:i~-'i§-f!tJ1~~ )ijj*i±pgf!tJ~~I~.g-@]~ 

f"l }l! : 
( 1) ~~~ ;(£ jt Jl&. *-~ ~;t)}Q tj:r I!Ig ,B, ~ 7j,t ~ I , f" 1. ff.J • ,B, It 1JiE ~ r ;t ff.J ~ 7j,E 

~8.!k ii: j (lill.i:!:.!f.1:?L OQ:fX ~ 1£, iJ1t). 


(2)£f-It f*: E=pj , .fijIJJt.5j1U~· jJ1jJ,lt:it ~ tj:r If, P ff.J:th g! Ep , i9:~~1* l*J jJ1j J4t 

I"l ~ 	~ 1j,E~ I , . 


(3)~1t~~1* f.J jJ1j~f,lt fa] ff.J t 1ft~ V, ,~~ jJ1jl!f-f,lt fa] ff.J ~~.li R. ;fP l!f- f" 1. ff.J 




-~=~J~}B$7;t ----- -----_...

C4)~;t ~ 6-2-40 If' p;!j ~3tU~1 r$. fS] i1'J It ~11. Rm fp p;!j ~ ;~Jjlt (S] 119 It1ft!: v • 

it j¥:~;~1 # ~ 1t:r;O $. CJW..x..1J d7 ~fH;fJ-i'S-~iJ!1 ~a<J t -YJ +) 
d 

CSHJ!J ;t1R~).JUV 119 1t:0 $ JOiUc at i1'J ~1t Rd 1ft. :#-~J!J;tJlt,Jii: *1t:r;O $. 
[~ml ~~~~~mIT~~IDffi~~~fi~~~~~~~~~~ft~~ffi 

~l'QEg)ht~ .tt~;m7.KcpF±ffiJillffi~~ CE=pj ). ff3JE~)htffiEg~~~Eg~~ 

ffiIDJffi JI1W!. ro;p;HE~JJD~~ ,~J;'?-I~~~~ t:Y= rE. d; ~~. E8J1:t~*~::f~ 
F.lU=lo].~:FFo~lo]~U)(,.rou~tfc5~~ffim~ffi~%(Eg~~it~ . ~cp~;m~~~~ 
~~~~~~~~~~2~~~~~~~1'F~tt. 

un C1)~-.B~~1ElJffi I , fli:T7G~~*;j§.rfiJ/IiJ ~:/: , 
,t1~mi 9=' at .~.B imt r :!zt fj{J t:!! ~1E-W1t~:!i j;; , , ' , , ' 

/ 'y'.I , ' ,
'=-' ," ~wi4 ~ ' ~ 

(2)~9=' B ~3~!lm1*~~ ~Jl$~)ffJ IIItfif7k~§ fi'iJ. ----- --~~~~ -~~; -~:~~ --- --
.~-!Im~~~m~.~~K_:!zt~~m$j;;pfj{J7G 2 2 

~~*rfiJ/IiJ ,t1~mi9='. ~/J\~F:!t~t:!!mEj;; I, at .~r* 006-2-40 

IL' r :!zt~~ mE*~ 

._ I., 
i- 411:~ r. 

eB Ttfif7J<. ~~lj)¥j;; p. tE r:!zt~ ~J:m~P j;; 

- '-~EC )r -Pi - 411:~ r. 

tE~f(]fj{Jm7J',!9='~~1'-/J \~. -~~§xtjJ -Bj{:!ztT.iE ~EE. T~E/'J. ~1E I, JA * 
.iE ~ B9/J\~mr:rfiJ*ff~ ~~/J\~ . ~~i1lJf§: ls .9!tl PCO. Y):!zt~J:m~9\j;; 

Ep =E++E_ 

I (l.. + .) + 1 (l' l..)}=~{ [( ~ f +y2 J1 -2l Yi [ ( ~ f +y2 r -2 - Yi 

I { l , C- 0 } 

=~ [ (~ f+ y 2Ji . 
-;r+ l.,« Y. E ~pI.J,

3 
C .)A~ P~4 -l . 

11:Y 
(3)Y£-~f;jC:a~~ x !fli!..tI'f<JJ:m5.£j;; 

ECx)=~ [(x-+ )2+ (x+lt fJ C- i). 

l'=:!t~JE~V!t 1., ~~1.lL~j;; 

!f! '" f: ~_. 'ft!! _ A<=-

I (Lr,)
U, = t:D = u+- u-=- (It, )E Cx) . dx 

T+"$ 

=-~I [( x _ It) 2+ (x+lt ) 2] C- i) • Cidx)[+0. 5ptsJ 

1 1 ]=81 _1_ l l -l l 
411: { -2+1 [ (t-r,-t) (2+r'-t) 

1 1--' 

+_2
1
+1 [ (~_r, +l~) (-2l2 +r,+~)J 

=e1 (~__2_) =~ -ll,-r,-r, J=.EL... ( ls -2r,).
411: r, l,-r, 411: Cl.,-r, )r, 211:r, l,-r, 

xt l,»r, . Us=t::.u=.EL...211:r, . 

mlJffi~rBJ~~~Jlj;; 

Us ----E.......

R, =T, - 211:r, 


mtf':!t 1'f<r;1] $ j;; 


- -~ P-I,U'- 211:r, . 

(4)~QOO 6-2-41 ,u ~EI3~!Im~:!t~~:%tEm~~rBJf':!t~~~~,Rm ~Ei::JWJ 
IIJtfif7J<.f':!tB9pq~Jl.Ud ~~~~rBJ ~ ~fli:~ .Rd :Jm~1!f1* pq m~~rBJ ~ ~ ~Jl, id 

9!tl~mt~fflil'~~~~mt. 
Rm 

v + Rd".? IVd 

00 6- 2-41 

~~Uj(~Ii3]~~~Jl~~~t~,~~~C+1£~1J rd) ZriiL~~Jl.$j;; p ~~miB~~ 
~Jlj;; 

R" -2----1!.. .11:rd 

!\!t~ ld t~ y /N~~C.!t f!l 6-2-41) ,~~~Ii3] ~ ~J:k¥!tilJiJ.,.j;;~-m' il: . ffil j;; 

E=PI,! , 
411:y 3 • 

T~,~tET~mi9='B9m.~~B9~~mj;; 

U=El =pI,Ud
d 411:y3' 

http:IIJtfif7J<.f':!tB9pq~Jl.Ud
http:Us=t::.u=.EL
http:Bj{:!ztT.iE


-~=~J~}B$7;t ----- -----_...
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it j¥:~;~1 # ~ 1t:r;O $. CJW..x..1J d7 ~fH;fJ-i'S-~iJ!1 ~a<J t -YJ +) 
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CSHJ!J ;t1R~).JUV 119 1t:0 $ JOiUc at i1'J ~1t Rd 1ft. :#-~J!J;tJlt,Jii: *1t:r;O $. 
[~ml ~~~~~mIT~~IDffi~~~fi~~~~~~~~~~ft~~ffi 

~l'QEg)ht~ .tt~;m7.KcpF±ffiJillffi~~ CE=pj ). ff3JE~)htffiEg~~~Eg~~ 

ffiIDJffi JI1W!. ro;p;HE~JJD~~ ,~J;'?-I~~~~ t:Y= rE. d; ~~. E8J1:t~*~::f~ 
F.lU=lo].~:FFo~lo]~U)(,.rou~tfc5~~ffim~ffi~%(Eg~~it~ . ~cp~;m~~~~ 
~~~~~~~~~~2~~~~~~~1'F~tt. 

un C1)~-.B~~1ElJffi I , fli:T7G~~*;j§.rfiJ/IiJ ~:/: , 
,t1~mi 9=' at .~.B imt r :!zt fj{J t:!! ~1E-W1t~:!i j;; , , ' , , ' 

/ 'y'.I , ' ,
'=-' ," ~wi4 ~ ' ~ 

(2)~9=' B ~3~!lm1*~~ ~Jl$~)ffJ IIItfif7k~§ fi'iJ. ----- --~~~~ -~~; -~:~~ --- --
.~-!Im~~~m~.~~K_:!zt~~m$j;;pfj{J7G 2 2 

~~*rfiJ/IiJ ,t1~mi9='. ~/J\~F:!t~t:!!mEj;; I, at .~r* 006-2-40 

IL' r :!zt~~ mE*~ 

._ I., 
i- 411:~ r. 

eB Ttfif7J<. ~~lj)¥j;; p. tE r:!zt~ ~J:m~P j;; 

- '-~EC )r -Pi - 411:~ r. 

tE~f(]fj{Jm7J',!9='~~1'-/J \~. -~~§xtjJ -Bj{:!ztT.iE ~EE. T~E/'J. ~1E I, JA * 
.iE ~ B9/J\~mr:rfiJ*ff~ ~~/J\~ . ~~i1lJf§: ls .9!tl PCO. Y):!zt~J:m~9\j;; 

Ep =E++E_ 

I (l.. + .) + 1 (l' l..)}=~{ [( ~ f +y2 J1 -2l Yi [ ( ~ f +y2 r -2 - Yi 

I { l , C- 0 } 

=~ [ (~ f+ y 2Ji . 
-;r+ l.,« Y. E ~pI.J,

3 
C .)A~ P~4 -l . 

11:Y 
(3)Y£-~f;jC:a~~ x !fli!..tI'f<JJ:m5.£j;; 

ECx)=~ [(x-+ )2+ (x+lt fJ C- i). 
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b. ~~~11ft ,~.}t.lj it JfJ -f jt1:. ~ Jt:7~ fJ h\ jut ; 
c. ~~.:fIiTK~ . 
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~~) . 

(2) .!ij< tl:l no fiE< :1m to" ~1t ~JJi 80~. ~1!J.t v 119 *Jt *. (m vo , p,L,B >fo p ~~ ) . 
(3) 7:7 ~:ltJt~ no ilJ ~ *- 89 1ft 110 , j~ $i>;;fJL~ 1.);. ~,~ ~ no,..\f tB fJT ~ no1.);. D!J 

*1t*.. 
(4) tl(1,jt&..t1iit.,#l;.l.~1!7:7 Vo ~7k1{, ~;jdlt * 7Jdl!J#rf.i:h7f~~~$--jIy!$ 
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a~ ~ 1ll~ ilD fliJ lK:t.J. ~ i% :7f Jlt lK ~ 119 to!! lit ~ MUo{§ 1i.& !fJ *1t *.. 
(~~fi] ~ZVJ8SJ 7.K~littffi ~:~fT~ ZVJ 8SJ~JV-f, {fft~Hwcp~F~- ~9UEgMX lGil 

~, roWJillEgZVJ~ , E!3~ffi~)g~.§n~ , mlffl*J2-,sH&>.RMF'lU =1'6J8SJ*m. >.RMmFo 

-lo)B1Jilltt~Egm;&7f~ZVJ7.KCPffilj~}I~liFl'~T.£, ffij~@ffiffiX1iQnil~.n 

E = vBw, I= vBw= vBLh ,[fiI¥] (D 
f!<!!. P 
Lh 

JifikJ. F = IBw= vB2 Lhw. 

p 


jJ EfJ:JfItiJl'f\" x ~fD.:Jf1tiJ ,f;lP!:Jm:i£& (Ii]. 
:!!... ( pAw-F) =I_L(2) Vo pAw pAw' 

604 

~ . .--~~!-~-- 1m 8.t;..( F ~:i;5~1-tA,~PpH~ - ____•__..._.__ .~=:~.;K4 . 
-<'t'V.A ... 

J=Vo[1 + '00:; L J- 1 • 

#' -~ 
~ v- Pp+11oB2 L' 
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b.pAw=F. 


;It!ft F 1.7:i£1i v = Vo o;f a9 F m..:fb.$~;1JIl1it b.P= b.pAw11o = F." . 


kJ. v=11o B;f1¥J Fm1t;A..t~, ~n1lt-
t:,F=vo2 WLAw!p. 
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1i9 ~~:tbt 115- ~, J1~ at y<";jU~ l' 3HHe-, :#-%tHftlle- 1L iV ~ 

;f& tK1K+. !I] 6-2 -48 
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mlE.It~#~.tfF1:-l'~#.~.~ 


Me)t/' , .tii;lii: • a~ § iii ~ F 1: • ~ 1ft ~ &r U9 

,*;/1 , 
 I 7 / "-l' '~l ~J't;~ I 

&, =ae-" ~os(wt+'P)' 
Jt tf a, /1 ' w fa 'P fI "I{;!!!;... J't;rt!~ 

(1) fr.P *- 50 s b'J at fa] fa] /Wi fJ 1ir. ~ D3 '*my.Ii. 1)\ 
20%,>Jt/1 a91i. 

(2) l~ fll,j * lifl iii i8 gB ~, jt: it J1 p fI 
2700 kg • m- 3 ,.fh IX; ~:ft E fI 7. 1 X 1010 Pa. E, 00 6-2-52 

~ • Y£' b'J it6. 'U=I!-'~ >Jt w b'J ilH\1i. 
p 

(3) - ;~~:::f "T fi~ -oc f-lf ~ fll,j ;jtt * ft. ~ 3t ± #J IiiJ b'J * J.t, ~ Jlt, 7\: It 'if 1t -% til ~ 
0.005 Hz b'J 48 ~,fPJ fll,j. a9*J1~ fI ~)' ? 

(4) nT *fI l b'J., ~ til iii T ~I jJ 3h 5£6. g b'J 't it 6g Jifi 51 ~ b'J *J! 't it 6l 

B9 iii ikt*lt~,)fJ l fa*##i13 jt:1J!1. # ~*~. 1~*).l!1 ~)(BI jJ 3h 5£6.1: 1t b'J PJfiJ S 
,.Rit1:~-.tK*b'J$h~L. 

(5) ~ ~7\:~F 1: :it *fI 659 run ~ if!.~ 7\:, ~ *- "T ~ ~~ til b'J J'OC 1)\ ~ tt ~;&:Ii 
fI lttjb£.*b'J 10-< ,*-oc~l' %djE Ii~ ~ iYN til g b'J 't 1t:Hl: fI 10- 19 N • kg-I, *B9 ~ 
1)\ l 1i fI ~ )' ? 

B$~ 

~'*Il7r~~ 51 jJ 3h M7\:~~ fa] b'J 1t4lJifi F 1: b'J *.S. 
(6) -1'Jf.A /lEi (£i:' M. +-11: R) *: [ij it til D3 kT4+;flHr~. 1EiJt 7\: T D9.13!it 

~ 1fr T 7\: T b'J Ii~ :m- , ;;iiI) JfJ 4- ~Yf 51 jJ J! ~ 11 I!Jl7:-JJ tit.?t 7\: T b'J ;(if =%:: (iX, iJlil i: ltl !I-] ) !iJ! 

¢ ~ ~ T (l-~~) a91t-¢ y.li./)\ ( Ilru>tJ). 

(7) 7\: T!fJ! *- B9 ~+$1fr T at fa] ftil1JJ b'J ~ ira . ';\I;;iitl m7\: Tit fI # 1ft # at , Y1~ ~ 
1frT at fa] b'J Jltj RlL JJ 7~, at fa] b'J Jltj HK ,~. ;!It#-lit,f IiiJ - ~ T b'J *J.t Ij$::;ffl. 

~~am~~~~~.S~~A/lEi~L1t4l~7\:~e~.•~Jt~$iA/lEitf 
I\,' r?t b'J ~ =%:: iff M*- n" 
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(1) ';\Iff ~~L j§- , @j til It1I Uo AA at fa] 1: it b'J ~~ I!I; 
(2) iIIJ ~ it iA'dt- at "T ~ tHUJVl'- ~ 'Ii b'J 1)6 -ili- %It1I :it~ U0 ? 

(3) 1FutLJ!~1!f~~,~tIl~1'5It~ftiljttJ T b'J%11/!-;;~ut~. 
(4) ~pj!LR i&.1: ftil:ltll ,itS -w: i&.1: it i. uut:t R, iX, R?t:t SG,iX, ~ at?t~ R 

;fl> SG)? 
(5) ~*-,.R &1: rJ% 6., 11r-S ~ i&.1: 1ti. (R?t:t R,i&, R ~t3t SG, iX, ~ at?t~ R 

;fl> SG)? 

(6) tt i#1ir- YHI' - 1'"T 1: b'J It 1,i( , iht;#, @j til .Un 

-1'~b'J It~, ;#'~~ til Wi 1'~ A, fJ,.~ Wi 1'}#ij,~ ~ 
til "T W-lf j~ ~P III 6- 2-49 ffi;iF b'J 1tlE. 5It~ Uo'. 

[~:tJTl tt~g C 3t~tBm~~Jlf9.,~~ffic:f 
~BiI~Jli:il~,Ff~tt~15::. ~ UO =U/ § U/ «Uo 


U
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(3) Jf*..g-...tiE,~ ili ~lli~a1r8]**1-J o 
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~ U=U/, EET U/ « Ui ,!\6,:{:f 
o T 
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B$~ 

~'*Il7r~~ 51 jJ 3h M7\:~~ fa] b'J 1t4lJifi F 1: b'J *.S. 
(6) -1'Jf.A /lEi (£i:' M. +-11: R) *: [ij it til D3 kT4+;flHr~. 1EiJt 7\: T D9.13!it 
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¢ ~ ~ T (l-~~) a91t-¢ y.li./)\ ( Ilru>tJ). 

(7) 7\: T!fJ! *- B9 ~+$1fr T at fa] ftil1JJ b'J ~ ira . ';\I;;iitl m7\: Tit fI # 1ft # at , Y1~ ~ 
1frT at fa] b'J Jltj RlL JJ 7~, at fa] b'J Jltj HK ,~. ;!It#-lit,f IiiJ - ~ T b'J *J.t Ij$::;ffl. 

~~am~~~~~.S~~A/lEi~L1t4l~7\:~e~.•~Jt~$iA/lEitf 
I\,' r?t b'J ~ =%:: iff M*- n" 



~-t; )!\£fllI21_____.___..____ --0 

c n,.=-,.
c, 

,tt if c J; 4ii1 ~;A jl"f] 51 JJ ~ o(.J (,.-..00) a~ ~# ~ if ~~ j~ {i;J X {i;Jlilt ,c,' J; 4lle 

i%;A jl"f] if '~' r *{i;J ~#,% if 5.9lU~ {i;J xli. 

~ G~:tVJ' at ,-i.nll n, or:llt 1~ *;if- J;
rc 


aGM

n,=I+ re 2 , 

;ft if a J; ti$.L-it~Jt*t~. 
(8)*~m J:.J! n, *:It #:.., it ~ ~ x~:l±;A jl"f] jiz.~ at1i ~ 1:. ~ ~f~ B~ ftl It (tA5J{:,.. 

J1 59 .!f1i ). 

~t%: 
G=6. 67X 10-11 N· m2 

• kg- 2
51 JJ t~ 
;Ajl"f]~:I: M=l. 99XI030 kg 

;Ajl"f].i¥-f£ R=6. 95 X108 m 
xit c=3. 00XI0s m' S- 1 

~or~~~~r?HMj-
+= cIx 2 

J-«> (X- +a2 )1 =~. 
(:$Hffl Xj A ffi7:J: §nJillBf:l&llf*~~5§~m!ffiJ'WrnlfJL~,~)ltC)J~~*t'j@m 

lYiA~~JWim~ffiJYlI6lYi, iffi&~~t!lqE1iA)ltEg~, ~xru~~ltmXCP (3) (5) Wi rOJ rJTi1S 
Iffi~. ~ffi7:JlOJltmffiJ*~~~~B~Jm/J~CP~*f<t*~ffiJ~tt ~E'dJ&WJ,RWJ~e 
15lYiBSlmt~. 

~ B ffi7:J : )It::f7fsln~CPf~lIB1i1"3'lfdl"3'1l3: ,j§E~@1$ E§~~ ff:AB8 cP II)) 
ffiJf@~ r ~*, El3JltC)J*~~~JJT~¥ 1l" miffi*~)It~7f~~:AB8m~B1{1iti~~ 
~i£g~ffiJ~~. 

(fIl¥1 A ilIl:B
3(l)~, =ae-" cos(wt+<p) ,0. 8=e- sop =>,u= -ln~O 8=4.5 X10- S-1 

E )~ - (7. 1 X I01O;t=5.1 X I03m.s-1.(2) '0=(- 2 -, 2700 
P 


~~~;!J8;j , .!-=4l=4 m 


'O=.!-j,j= ; ,w= 2rcj=2;'O= 8. 06X 103 rad· S-I. 

v v I I 'O6.l(3) j=;:=41' 6.j =4["2' 

"l=4l
2 
6.[ 4Xl2 XO.005=39XI0- 6 

w. v 5. 1 X 103 ' m 


(4)~ €oJ EE ~ x ~,1El51j] :J:~~3\J.tI¥Ji&~ ,f.fEJf~l¥Jm1JD,G)zj] j] 


~~~ $t 'ftt! -.. -a
~ ~ :; '1 

m6.g=pxA6.g. 

~~ A j]1$l¥JlijOOfR ;f§,G)zl¥Jm1JD,G)zj] j]m:g = px6.g, EE Jltf'~ 8~ ~f;J1JDm:~ 


iJ°C;:) =pIig , lEl7fiil'$l¥Jm1JD%~j] 


6.l= 2:o(cIx ) = I erxclx ~l2.
= 

(5) ~-~f.f12951 j]~~3\J.t~~~f'~%~ 6.l 8;j ,7H;iJ.M.~1$ €oJ EE JliMN.M~~ 

7t1¥J7t~~i&~ 26.l,EE~:e:,26.l=10-'.!-,ftA(4)~ 6.l *:it~,1f 


10-' .!-=erl2 , 

EE JIt~~ 


=J1O-'.!-E= /1O-' X656XI0-9 X7.1 XIOTo =1 31 XI08 m 
l p6.g V 2700 X10 19 m. 

B$:B

(6)mc2 =hj,m=¥. 
c 

ia:7tTtE*/lI3*OO~~*j] jR ,{E7C~;@:iltj] j, EE~~j!:'<ftg 


hj=hjR-Gr:m=hfn-G~:iR =hjR (1-~~). 


EJf~J j=jR(I-~~). 
(7)i};1:~*/lS~,C.\ r~J'tT~*j] j"Jii.lf1.1f 

j=j, (l_G~).. rc 

J:.~*IY'I, ~*~S7C~;@~~7tT~$tt~~~S~'c., r~I¥J7tT!fPi*11£-1'[2;IT' 
WJAA!JlIj~~-E§T. ~1Q)~iJt,;tj*~S~iC.' r:iltI¥J7tT~*tt~*~S7C~;@~I¥J7tT!fPi 
$~-1'I29T,WJM!JliJmJii.l-IElT. ~ ~7tTj]f;f,*#B;j, Jii.I-ct~tEl*l~/l8 ~'C.' r ~ 
(j~B;jI'a]w;~~ tt7C~;@~1¥J8;jr8Jw;~~*-1'129T, ~J.tW;~!JlIJ~/J\~-~T. INJIt, 
{E~~~S ~iC.' r :iltW!MI¥J7t~tt7C~ji£~W!tl~~8~7't~/J\W:INTI¥J3jZjJ, &P 

, ( GM 2 
c, =c 1- rc 2 ) • 

EJf~, ~G~«1 Bt,1f
rc 

n,=~= (I- GAf) - 2 ~1+2GM. 
.' C r rc- Tel 

tPt a=2. 

(8)ret?~flTM$ffifi:~~~S ~'C.\I¥JRE~ r 7fii~ /J\, EE rflTM ,7t~:i1*~S.ill~8;j, 
~1cJ~~S ~ 'C.\iliUflT ( I!I 6-2-53). EEwr?lV]\JE~ 

n(r+or)sin(8+ot;/) =n(r) sin{). 
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r+or r 

(J+o(J 

006-2-53 

[n( r) + ~~or}sinB+cosBoO) =n(r)sinB.&P 

sinO ~~or +n( r)cosB. 00=0. 

1 dnOf}=-tanO· - • -or.n(r) dr 

1!! n=l +2G~=1, dn =-2G~,1~A..t~,1~
l'e dl' re 


2GM)
00= tanO ( 1'2e2 or. 

S 00,;' =x2 +R2 ,rdr=xdx, tanO=.R ,Yi~).~~Jii
x 


t:iJ = Jm - 2GMJ tanOdr - 2GMJ .R xcix - 2GMRJ+= ~ 

- e2 1'2 - e 2 x 1'3 - e 2 -~ (x2+R2)1 

2GMR 2 4GM 
=-e-2- • R2= Re2 . 

~)'~1m1~A 
t:iJ=4 X6. 67X10- 1l XL 99XI030 

6 
6.95X10B X(3X 10B )2 rad=8.5 X lO- rad. 

, 

~t· 
~ 
~~ 
~ 
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~{4:. ~jIML@7'6~~rnl, D1UqJ&!l~~1llIl~t.lZ8'SJ~-:tIDA8'SJ~J~F'§, ~Fo{~A~ 
1llIl75~>J(c±:l d, D1IJ~§~~. 

(~l -, ~~:II~a%)ht 


EEJ't:tlllt:II~ dsin8=kA PJ~,~~*~:i!!tit* A;f!l~k ~i:fR*i¥JmM1fl B,9!UPJ 

>ltili J't:tlllt~:i: d, ~ffiira:J~~ft/9J't~tit* Ai¥JjjJ1UJ;;f!lJ't:tllltffiM1fl B a~~IJ:li. 


EEiStljJjt:pi'J<j(2. 7)j.\;,4~fi!Pf~tti¥J~{4/9 rk 2 =kRA. mt91U..t..R~j1jl!jili~ k ~ 


~tti'J<j*~ rk, ~PPJ*Uffl..t.j.\;$ili titK {g~~..t.EE 'f-:lIOO7G$;liJfJJETi'!f~tta~ 

t:p Je" , ¥1-:II 001f'Hl1*1iE1£"1[1£:II (oj jjJlli , ~ ffii 1i~~IJ:It* 1211UUIX ¥lJ. PJ ~*ffl 

~~""fi'J<j1n!:~ rm *-7F~m ~i¥J~tt,~ rn *-7F~n ~i¥J~tt,91U:ff 


rm 2 =m.R)., rn 2 =nRA. CD 
@rm 2 -r" 2 = (m-n)RA.Wi j.\;;f§~11} 

D1>\ffii:ff A 1-,/-rn2 Dm 
2

- ,, 2 @ 
(m-n)R 4(m-n)R' 

j.\;t:p Dm ;f!lDn /9~m ~;f!l~n ~~tti¥J1[K EE'f[iJ}e"rnn~*i'J<j.1jl-:lI~~'f 
1[1£i¥J~:II~,~ffii..t.j.\;~••~*~~.~·'f~~.tit*i¥J~B~~/9••4 
"ijjPfTi'!f~tt1[l£( ~HU. 

EEJ't.mMi¥Jmt~EPJ~,••ffiM1flPJ~~rl.ili±k~i:fR*Z~i¥J~ 

~h ;f!l~fJl;i¥J~lte:f j§,llHI& tan8=2~~ili. 
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~ 

_ ,. ww~. CYjJ...:..C~ ___ ._~-=ii._ ~~fll3?} ___ ..- _..•c1
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2 ' 

~ tt: rk 2=kRA. (2. 7) 

~, ~~.l[1Jlj:·tUUi;t$l}li 


~~.l[~.:!tprn 1- 19 flf7f;:. 
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• 
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7.322 

.. ~ 
~'ltww~ .cyjy. com ~~,~- ,~~_fill?t _ _ 

~ -. .. _--_.------. 
1. 7t tml at * i¥J i9llt 

(a)#f4iijjlfj[-=f~U~ §~"f •i)IiJ~!jo/.Jm..t&Mmi¥JfFJJJt f!lJ't~ i¥JfFJ JJt. ~J't 
~i¥J7t~ § ~..ti¥J&M~(jx.R.)tAJi)&~tJ§'JE7fiiH~1'1!,\1.:%. 

(b)iftil17§ ~.~rr!f.3Z.£f:. l[iW:miftil~.lL~~~m~~i~- *31U fi'j'L' @IT7thR 
tt. ~.3Z.gxB:ic3&if4~Yilf'f'IL'. 

(e)fti:.}j~i91h'lB~~!lltljylJJ:!iti:1:nJ;(J;ill20~18:& 1O~8 ~T7&~tti¥JffLj[. 
(d)tli:0~®31U~H~7t~:3-9llf.*. 
2. fi'j •••i)IiJ~:&.~.~mi¥J~. 

¥f~f4tli:~ 1-20 J!Jf~m7lXtE7t:fl-.IM..t. ~ ~1fL3f;lJll,~mf!l~,M'!~z.rB] B~m~. 
~1~~Z9JJM~Bt~~tEx.!R,~m..t~M(jzf~. -()\7lx*i¥Jf~, -(jzmr/J\i¥J~. i)IiJ~~., 
1!Jt~i¥J.~f!lf.ll:i:. f9!*f~ i¥J r:p IL'f!l/H~ i¥J r:p 'L':'I:1f, ~fo§'i®J:!i1!Jtg.lt~~~mz.r8] 
i¥J11E1f; p '&=()\~f~B1M~~z.fBJ B~11E~ q. ;fiHJi!i:ift~nJtffi.0~~ 

-iCslf-- 4p . 

!'?\J§'#f LJ ~,Q\t L2 ,iftJ~fi'j•••. 

~J\!~J# ~l~;L, 3M~ 


----i-----~--;--~------i;,c;., 

.. p .. 

lID 1-20 ~~~~!Eeeg))j!IJ~ 

3. 7tM1tJMm- .:tt&:ic1?HJtfFJ i¥JiPll: 
~~f4tli:~ 1-21 J!Jf7FEt~JIW1ff~pXtE7t~IM..t,~:iZf~ LJ ilJ~~B~J1Efi\';;YgJN 

.~~E f,~iiE~MJii¥J7tt:i~. L, J§'.ot1J3f!-11'7t. JNt~ L2 lU~~mB~11E~;Yg f. if 
~~m..t~-1!E 8tl£ .~iftil~~mi¥JffL:I: ,f~X!\',~JJf-..t = ~.:tt&*B~~ttr1f~. ~ 
~~Z9J7tt'JJJ,~±1 ~.:Et&*8~~ttmp~.ELxt.f$. ifX!\',~mi¥J 8!I£..tWi"f ~tti¥Jf.ll 
]f.. Itt"f 8!l£, }fE:fFJ~1i ill ± 1 t.&.:tt&*~t.>cz.r8] Et~11E~ h •JilHrrMffJ 

h 
tan8= 21' 

-------~-G--;~~It;L~~5 

lID 1- 21 

4. 7'ttlllJ1ititi i¥Jit~ 


ffi J'tM1n~ dsin8='\(k= 1) PJ1~ 


d=...L~....L=Y.,\
sinO tanO It . 


~*HliJ~H~i¥Jat* '\,~iEe f '&±1 t.&.:tt&Z.fiiJi¥JiEel*r h f-tA..t~&PPJ*I±l7't 


~_:-_~!~_~_..______~-:c.... -,8 
-tI 'Ii ,J;> " 

tIlIJ1iti! d . 

=, ~~:UH\!i:&~~~* 
1. ;f1Jm.JJT'7&~JJIll!i1U:m.@,7't~i¥Ji1t*(R=1. 25 m) . 

lfB~~i/&. m 20 19 

1.iill'J / mm 28. 640 28. 738 
If fl!J 1iJt. 

iL 191')/mm 36. 342 36. 241 

lftn1.1i D",/mm 7. 702 7. 503 

lf~~~n 10 9 

I.i'ti!~ /rnm 29. 768 29 . 903 
~BH[.'! 

iL~Umm 35. 221 35.077 

lf~1i1i D,, / mm 5.453 5.174 

D 2 D 2 

A "III n / run 592 590
4(m-n)R 

--

~=592+590+599 run = 594 run. 
3 

18 

28. 840 

36. 162 

8 

30.061 

34.927 

4.866 

599 
! 
, 

2. iWJN~~iEea<.JiY!tlill 

.!f!-!!1lUi./ern A 3\: ~ at:l£1it1ft 'if / em .~ IJ"l~ at r& ~1ft if. / em }JiI. ~ ffi.1:!L If / em 

133.20 113. 10 34. 60 21. 90 

p=Cl33. 20~21. 90) em=l11. 30 em. 
q= 013. 10-34.60) em= 78. 50 em. 

h2_~ 

f=~=13. 98 em. 

3. 7't1t~-.i:t&*mMfFJi¥Jl!i1tl:!1I: 


iED1. -~.:t;f&*f8] i¥Jm§:~ h=5. 00 em. 


4. 7'ttlllJ'M":lI B<.JitJl: 
2 r-

d='::...L,\ =3350 nm.
It 

-"I-fI- (2005 • ~OO!jWJI*JU! ) 

~.-• • 8.i¥J*.~.8••~~*m. 
[~~1)(HJ 
ittJtff. 1 f; (,\=632.8 run, tl!,iI.Y.1t*-<£.~tl!,iI.Y.~~-AA;) .~lt:ft. 1 '*. ~4iJJ f; 

11'. ,* .;ff!1, ~)y;IJ 11& ~~ ~ Jt It)t!!. 1 ,*. R jf{ It ~ it (G) 1 f;. It ~*(A) 1 l' (i: {1 

200 rnA). OJif,J:i{1 It If*(V) 11'. ~i;)J 11: ~ll~(R,)11', 1. 'l!~. If It iL\t 1 ii (~tIl 

http:10-34.60
mailto:f1Jm.JJT'7&~JJIll!i1U:m.@,7't~i�Ji1t*(R=1
http:t.&.:tt&*~t.>cz.r8
http:tti�Jf.ll
http:fo�'i�J:!i1!Jtg.lt
http:1fL3f;lJll,~mf!l~,M'!~z.rB
http:i)IiJ~!jo/.Jm


7.322 

.. ~ 
~'ltww~ .cyjy. com ~~,~- ,~~_fill?t _ _ 

~ -. .. _--_.------. 
1. 7t tml at * i¥J i9llt 

(a)#f4iijjlfj[-=f~U~ §~"f •i)IiJ~!jo/.Jm..t&Mmi¥JfFJJJt f!lJ't~ i¥JfFJ JJt. ~J't 
~i¥J7t~ § ~..ti¥J&M~(jx.R.)tAJi)&~tJ§'JE7fiiH~1'1!,\1.:%. 

(b)iftil17§ ~.~rr!f.3Z.£f:. l[iW:miftil~.lL~~~m~~i~- *31U fi'j'L' @IT7thR 
tt. ~.3Z.gxB:ic3&if4~Yilf'f'IL'. 

(e)fti:.}j~i91h'lB~~!lltljylJJ:!iti:1:nJ;(J;ill20~18:& 1O~8 ~T7&~tti¥JffLj[. 
(d)tli:0~®31U~H~7t~:3-9llf.*. 
2. fi'j •••i)IiJ~:&.~.~mi¥J~. 

¥f~f4tli:~ 1-20 J!Jf~m7lXtE7t:fl-.IM..t. ~ ~1fL3f;lJll,~mf!l~,M'!~z.rB] B~m~. 
~1~~Z9JJM~Bt~~tEx.!R,~m..t~M(jzf~. -()\7lx*i¥Jf~, -(jzmr/J\i¥J~. i)IiJ~~., 
1!Jt~i¥J.~f!lf.ll:i:. f9!*f~ i¥J r:p IL'f!l/H~ i¥J r:p 'L':'I:1f, ~fo§'i®J:!i1!Jtg.lt~~~mz.r8] 
i¥J11E1f; p '&=()\~f~B1M~~z.fBJ B~11E~ q. ;fiHJi!i:ift~nJtffi.0~~ 

-iCslf-- 4p . 

!'?\J§'#f LJ ~,Q\t L2 ,iftJ~fi'j•••. 

~J\!~J# ~l~;L, 3M~ 


----i-----~--;--~------i;,c;., 

.. p .. 

lID 1-20 ~~~~!Eeeg))j!IJ~ 

3. 7tM1tJMm- .:tt&:ic1?HJtfFJ i¥JiPll: 
~~f4tli:~ 1-21 J!Jf7FEt~JIW1ff~pXtE7t~IM..t,~:iZf~ LJ ilJ~~B~J1Efi\';;YgJN 

.~~E f,~iiE~MJii¥J7tt:i~. L, J§'.ot1J3f!-11'7t. JNt~ L2 lU~~mB~11E~;Yg f. if 
~~m..t~-1!E 8tl£ .~iftil~~mi¥JffL:I: ,f~X!\',~JJf-..t = ~.:tt&*B~~ttr1f~. ~ 
~~Z9J7tt'JJJ,~±1 ~.:Et&*8~~ttmp~.ELxt.f$. ifX!\',~mi¥J 8!I£..tWi"f ~tti¥Jf.ll 
]f.. Itt"f 8!l£, }fE:fFJ~1i ill ± 1 t.&.:tt&*~t.>cz.r8] Et~11E~ h •JilHrrMffJ 

h 
tan8= 21' 

-------~-G--;~~It;L~~5 

lID 1- 21 

4. 7'ttlllJ1ititi i¥Jit~ 


ffi J'tM1n~ dsin8='\(k= 1) PJ1~ 


d=...L~....L=Y.,\
sinO tanO It . 


~*HliJ~H~i¥Jat* '\,~iEe f '&±1 t.&.:tt&Z.fiiJi¥JiEel*r h f-tA..t~&PPJ*I±l7't 


~_:-_~!~_~_..______~-:c.... -,8 
-tI 'Ii ,J;> " 

tIlIJ1iti! d . 

=, ~~:UH\!i:&~~~* 
1. ;f1Jm.JJT'7&~JJIll!i1U:m.@,7't~i¥Ji1t*(R=1. 25 m) . 

lfB~~i/&. m 20 19 

1.iill'J / mm 28. 640 28. 738 
If fl!J 1iJt. 

iL 191')/mm 36. 342 36. 241 

lftn1.1i D",/mm 7. 702 7. 503 

lf~~~n 10 9 

I.i'ti!~ /rnm 29. 768 29 . 903 
~BH[.'! 

iL~Umm 35. 221 35.077 

lf~1i1i D,, / mm 5.453 5.174 

D 2 D 2 

A "III n / run 592 590
4(m-n)R 

--

~=592+590+599 run = 594 run. 
3 

18 

28. 840 

36. 162 

8 

30.061 

34.927 

4.866 

599 
! 
, 

2. iWJN~~iEea<.JiY!tlill 

.!f!-!!1lUi./ern A 3\: ~ at:l£1it1ft 'if / em .~ IJ"l~ at r& ~1ft if. / em }JiI. ~ ffi.1:!L If / em 

133.20 113. 10 34. 60 21. 90 

p=Cl33. 20~21. 90) em=l11. 30 em. 
q= 013. 10-34.60) em= 78. 50 em. 

h2_~ 

f=~=13. 98 em. 

3. 7't1t~-.i:t&*mMfFJi¥Jl!i1tl:!1I: 


iED1. -~.:t;f&*f8] i¥Jm§:~ h=5. 00 em. 


4. 7'ttlllJ'M":lI B<.JitJl: 
2 r-

d='::...L,\ =3350 nm.
It 
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200 rnA). OJif,J:i{1 It If*(V) 11'. ~i;)J 11: ~ll~(R,)11', 1. 'l!~. If It iL\t 1 ii (~tIl 



-.~-:-~ ~~$j} .- -e 

-tJ£ E,1ftl"*t, ;:r-~-Jlt#J , r£, iI.t. 7t*-.(f.£ T m), if!-J] J)!~7f* 1 1-,.!¥ ~* T ,;;r; it-tr 
7fB9~~~ 1 j(t..lt~.z:A§[iiJll~~~~Af-£ l;jl(p.lj:;fHJft."itlJP.I.),*.R. l 1-,trf

;tjL 1 1-, Ilii rjJ ~~. 

[£*J 
1. 15 ttl~~~l!(~~~~'~a<J~A.,r£,Jli.~J). 
2. fUm 15 ttl ~~ #-~(~ ~t~IJ -t rJl.~ 1iS:. r£, rJl. at, E. ~i. ~ it! 1'i-4~ r£, rJl.)lt~IJ:t 

1i a<J %-f.J , if-,§ tC -tJli.IID. 
3. iff fl;JiE~~~~~( ~ at fa) *- ~,.R ~IJ - ;):J. 

4. it~~~t;t*. 
m~ : :!t11!f1 1-22 fft;;f;, -'l'-fi 7tJltJ!!{ f~ WI tt J:.~ it 1.1ifM lJi1.Jf" WI tt iJ~ 1iT M1t# 

;fPif!-~MM1t#Jt -# a~,Wltt1ifMtf~3=..w.*iJ~.t.Jt f).x ~ Wltt1:,fia If-J*%

J\l : a=~ ,jt. tf A k?\.M 7t 1f-J )ffi'. -lLL J\l ~ ttf~ffi.-If.} liE it. 

~;)'t~ Wl ~ 

• 
m 

00 1- 22 

[i5t~nJ 

1. 7trt!.)d!.: 7trt!.~JfJ ;;r;lt7t1f.} ~~~~1i ,1E"'~J:.7f;J;r -~ if!, 7tOf tE-it~ ~,1!U~ 
7trt!.~J:.. ~~Rtr;J;r -1-Jt7t{R,J\l J 1Mi'7t t~ ,~Il] -;p at ELm i!t 7C-tK~1i7t t ~ ,)JHl: 
atWtr7f ,7tt~If.}ft-~ff JZliet Yj,Eitlf.} ift ~~{i,~L~ffj} -1-*~;fi. 

2. JZ 1ic t itit :!l-;jt~7t#if.l f'Jii:'fll~ 60.0 rom 7t'lt J\l ;tjLtnt~ ,Ff, ,;tjL{($'-,F.; if.l-;P ~ 
1E ilif{R If.};{;r ffJ. ilif tK;tJ:ftJ;J;r -1- JZ ~Jt:i!tHJt~ , 1t Of I!J-~m x l( ~), x O. 1(tf), 

XO. 01C11\) :ii.=.flj JZ licJt. ~ 7tt~-m ~:i"kt 100 rom at, ~* JZ ~lt [lf1~ -flj, ~ 7t# 
i$;~:m:/J\-t 10 rom lit, ~~ JZ licltt{ ~ - flj(;:r--itJfJ .1L4#l;fo~V$..:in 

i±: ,i-f 7t- I!J- j(t.1lii J\l Ii. '* Jibt ~ ~ -t , 9&. ~ ;;r; it-:i!E: kJUWX 7t , I!J- $t1$ § . 

[,HIT] MrcSl:±:lesJj;:Z5§m~qr9<D,~JXm~~~jIj)~~-ffi*~'Ij)~W3)n: 

1. ffiEl3~j\i)~~75)n(1k** ) qr&tlrE~§~8SH1OJiGiEl3Il§~. tt~, ~OOiGiEl31l§ 

§fl!, r&~ffi"[QiJ1iijm~)n" ,~;~~mm!llEl3~§BSJ~301OJ. ~~~§~f*§5El3~§~!:§~ j\i)~ 

~§~El3Il§~tt~, qr>.R~~jIj)~~§~BSJ~~. 

2. ffi*~~!llli75;n(;fo*!it1itM iJt1~)J qr&tl:cE~§~OOiGiffiJ~~, illil5~l:±:l~ 

twlXllii~ So. t58J:j'f75)nj\i)~~ffiJOOiGiEl31l§ R m~§~~~ lo ,fUffiEl3~§*ffiJ~ 

ltit :p=R;o,=fXfi>.RI:±:lEl3~§* p. 

[M] (-)M'l9!iJ7*§~*JifliJi1J!~~ 

[~~~~JEl3 R=p ~ PJ~,M'i1J!IJm;§~fIiJ*Ji lI, ~~ll.Rr .!:j 7*§~f-f ~a9 

______...__._ ~_=_~__.~~~lML--.----.....--
II Lo 

*OC Lo , ~~ll. Ro ~~Or*~ R.r =Ro' 

CD&P lx =~: lo. 

JifilV-ru tf:: 7*§~f-f~fIiJ ~~ll.-OO:,~~l9l~m;§~siJ ~~ll.-OO: Jt§~f-f~ a9*I3t, El3 

CDA&PPJ~tf::~#lJil~7*§~fIiJ*Ji. 
*m~~7!lJil~1*§~fIiJ~~ll.,l9l~ :I: ~~~OOO 1-23 Jifi7f\: 
009" E 1>J1tlW-,R] j]mi9J1f:~ll.~,Ro *7f\JifilJil~ E ,~--

7*§~ ab 113]a9~ll. -OO:· ~7*§~~~fIiJ~ll.-OO:1~ /J\,i!& L 
c=====:::;::=!i--

R, 

J1lm ~O Iltl 1- 23 Jifi7f\ a9 gg ~i!H~~7! u \' AA; J9 -t if". ~ , 

fJ ~ J9 -t J.t. AA; H~~. a 

[~~iV~J 
1. mn;ktJL~1~m;§~f-f8b w.JYifija9m;~. 001-23 

2. ncoo 1-23~~. 

3. i);!iJl1mi9J12~ll.~,~Jtmt*;fOJtlli*fliJ7f\~*"f?W3~IJl3tfIiJ ~ ,~~Jtlli* 

;fO~~*a9~W UO,10, ~1>J Ro«Rv(Rv J9 -tJ£-*-a<J fJ rJl.), $:iJI mA Ro =~: * 
it:}li: Ro -00:. 

4. m*R.l9l~:i: ab Il3] tt§~fIiJ*13t lo. 
5. mn;ktJL~tfM'i1J!~m;§~w.JYifija9tt~,~£t17~ 2,3,19lrJ1j: RI -oo:,m CDAit 

.lI -00:. 
6. m*R.lJil~:Ji~#19l~7*§~w.J~lliYifijlV-7'r7*§~fIiJ*13t l, ,l2 ,)J!Ij~#i1J!IJtt§~fIiJ 

~*:l=lI+l, +l2. 


[~~~W.!:j~~J 


Uo/mV Io/mA lo/em UI / mV II/rnA l} /em ldem l 
101. 0 176 82. 50 1 300 154 1. 00 1. 00 I 

it1):~*: 
Uo_101. 0 0 =0.574 O.Ro=-y;;- 176 

_Ur=1 300 0 =8.460.RZ 154- L 

i. r = ~z lo = (~. ~~! X82. 5 X 10-2 
) m= 12. 2m. 

. 0 • 

l=lI +l} +l2 = (12.2+0.010 0+ 0.010 0)m=12. 2 m. 

( =)~-@.~fol$Jt~ll.$a9191iJ:!i 

[~~~~J 
B~~*fflM~f-f9"~~.*fIiJ.Ji~.!:j.~.~a a9*~1>J 
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-.~-:-~ ~~$j} .- -e 

-tJ£ E,1ftl"*t, ;:r-~-Jlt#J , r£, iI.t. 7t*-.(f.£ T m), if!-J] J)!~7f* 1 1-,.!¥ ~* T ,;;r; it-tr 
7fB9~~~ 1 j(t..lt~.z:A§[iiJll~~~~Af-£ l;jl(p.lj:;fHJft."itlJP.I.),*.R. l 1-,trf
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[£*J 
1. 15 ttl~~~l!(~~~~'~a<J~A.,r£,Jli.~J). 
2. fUm 15 ttl ~~ #-~(~ ~t~IJ -t rJl.~ 1iS:. r£, rJl. at, E. ~i. ~ it! 1'i-4~ r£, rJl.)lt~IJ:t 

1i a<J %-f.J , if-,§ tC -tJli.IID. 
3. iff fl;JiE~~~~~( ~ at fa) *- ~,.R ~IJ - ;):J. 
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m~ : :!t11!f1 1-22 fft;;f;, -'l'-fi 7tJltJ!!{ f~ WI tt J:.~ it 1.1ifM lJi1.Jf" WI tt iJ~ 1iT M1t# 
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[i5t~nJ 
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~~~~iv :-C~~ •~- .. -- .-.".. ~::-~- ~~~?! -.----.-----.--c.....':1""-	 .
= 2LA 	 f')\ 

a 6x' 	 '0 

lY!tli±l~~~i1H~t~i¥JRE~ L ;fOAAl~f{JM{t,f$9=t9;!;.:Et&*a~~1i 6x,ffl CZ):a:~PPJ 
~dHliIT;tB<]A1£ a,iitji'ij~i±llfoj;ti¥Jt1Httoom S. !.iltl~§~tfiij;ti¥JIt!JJl* 

RoS 
P=""T;' 	 CD 

[~~tI7ItJ 

1. -#f- /N~*~ Jltt i¥J ~ § ~,f$ p'f.J 1W.f:E ~Bl ve...t ;¥f J't ~ 7t!i .!j -* f$: $.. mit;ffi 
~ ;~ Jm ~J't It! W , ile: ltf(J't,lm:(£,f$ p'f.J _t ;¥fJ't It!. 7!B ~.f:E J't 7N- !j,f$ £:Ii~ i¥J M~~...t 
C~ "T~E;,m, :k.f.fJ',,~ 7t <t)t!!, iii) {I,] Jffi.;ij ) ;.f:EJ't It!. 7!B i¥J:i!f!;J't~...t ~n PJX!.\l~ilj.!j.!¥Lf!'(Hrr 
M- ,f$ i¥J{t,f$. 

2. m!j.AMJ't,ffHfiiAg~1f [tJf$;!JJ'tIt!.7!B,;t:j: IliJ fltXli!~-* fig{ It!. tmtti¥J:7'tt'j;i\lH~ 
.J;Ht ,:(-£21: ,15-~t&/Hd: ,t!iU~:mi/&~:ffI1l/J\iJ[, ffliJ<1fr!#IJIl>'T21:,15 -~t&/H<] 
ffL:i':, .bldl%ElY!tlttt~'![...t~i±l21:,15-~t&/l\i¥JffL'![~~ X+l ,X-I C;9 J i',Ij ~'!l~r 
b., ~9.} -1'-;;5" foJiJllJ it). it~9=t 9;!;.:Et&*i¥J~J.t 6x= 1X+I ~X-I I. 

3. iY1tl:m:f-FJ1¥tlJltIt!.7!BZra)i¥JJEE~ L,ffl-0:a:@it.tfiij;ti¥JA1£a. 
4. EE :a:(3)ii'~~§~JHfoJ;t i¥J ~~Jl*. 
[~~~ml!3t;1i~J 

X+I =9.228 mm,x- , = 13. 252 mm. 


6x= IX+l-x-1 1 = 19. 228-13. 252Imm=4. 024 mm. 


L=54. 00 em 


= 2LA = 2 X 54. 00 X 10-
2 

X 632. 8 X 10-9 = 1 698 X 10"" 
a 6x 4. 024 X 103m .. m 

=7ra
2Ro .3.142XC1.698X10- ')2XO. 574 r.. =1 -8 X 10- s r.. 


P 4lo 4X82.50X10 Z Ok m. :l Ok m 


~ (2005· ~OO#JJ!~JUa) iht-1-J£3!L, J;.J: t~~1~.f$Ur.n~it~1fU~*, JfJ 3R5J!1:i 11ft t'd~4jt ~91He. ~* tlI *!1-'J ~ ~* ~ 1;f)Jl'J~tii ~1le ~ ~1R. 
[~~1X.~J 

1L iilfA~ 1I t ~ I 1-U~ :B <t J.f. e.. 1ft] #, ;:r-~*#J ,<t ~ 1f '*,(f,li. r %J ) , t;f ij] 1C 
Hl~ CR') 1 1-,"* JJf. J.J La = 1. 000 m e9 #! Jq"* 1L t ~.!I. g I -tit, ~*t it*C'it ~r 
200 mA)l 1- , ~*tlI* Cii:~r 200 mV)l 1- ,$ J1 $#11 7f * 1 1-,.1f ~ %' T , ]til( 
11-,#./ffi. l1-,ifRhf 1 1- ,1.iUlJ.H~ ijl1e9~ t'1~it 1:!;}t. 

t. ~ :Ro«RA ,Ro«Rv, Jt. <f Ro J.J"* 1l:. t mg ~ t ~.!I. ;RA J.J t 11* ~ I*J~.!I.; 
Rv J.7 t.if *e9 i*Jl11L 

[~ JjtJ 

1. ~ ilH~ it ffi.( l!Ce~5'·.i<'.' ~{riJ ~"A..ffi .If-.i±~r JA"A..ffi.lf-ii .iIL~Jl'. !~j). 
2. ifil!J~ tB~~#~. 

3. ?Tj)~ 1[X, :='1'o.~ ~ e~!fbJ 1leJr j!!f. t'1 ~~!1-J 1f." JlE litD' iJlj:Q[ . 

~-~ ~i£l:\:1B&_____ ..~.(; ,~.\!l 

4. i.E jjZ ~~~:t% , ~ >Jt t. ~ iJlH~~~ W: q: 1i W: e9 %. 1i;lUVldi. 

5. ~ tB ~~!t*. 
6. @J $ f"l 1l! : e, ~o -:!;}t 11ft 8:it<It e~ '* ~E 7J f, 1i.jij .:t !fbJ ~ iiI. j', Fc , 'ftp1'J ;fU m1qc 

fJi' i.~ it s~ itiI ~:£1 1?< ~iJ.J'Ji' If<.. ~1~ ~9 >jt"fil1:iL:i. 
[i.J't a)lJ~ *tJf*{P W: *t 11*11~ lK?} Ji1~w: ** B~ 1t iJ. 
~ **;f;j' 4 * '51 ~, W,j {RtE:1H!z"~ "t J:. ff B<.1 I!e. ~JC e..4~# ) , }i WHlH:: t *119 {t 

~ti, h -e~*~j[~~ti,,li'k-e ~*;fi::Vi. ~ ;&,ti. 
'if. : i.f:5T QI. ;t If J.J IlL 
*;ll@.~ tk ffi: -f-" tk jf- -t fJ ~ 7J:gjl :5Tiht mt JI;fPiht ~ Jimt l! II], r5 10 fJ-, 'f! iff 

~ ~ -hi" ;',)\. at ,'f MHk 10 fJ-. 

m~-F 


>" tit 7F:

.t'1••~.~~.0~J.Jl+l=f1, ~ ~~ * 
U 11 

ltV 	 CDf= u+ ;' 

jJlj 1-% ~]jH~H~~J.J ~I +~z = k,~~ ~* 
R= RlR2 	 @

RI +R2 ' 

of J\!-CD~;fPCZ)~~,fa r5J % ~, tE.1M ffi- ,lit ~{P.ffi.:)g- t mtt ** ~f?1, *~ t 

if] 1i tl!. ~JU~. J:. !J-'J1i i'UJi' .fa .lli B~ .?I, k B, C k ~ 1- ~ Jt} t ~i!. g iJt i;IJ ~9 Ai .?I, 

C~" II] 1-24). # ij}:lHt~ iiffi.1it.,gLl tB ~m nUr ~it. at, t ~.!I.g AB $H9"*/.t;y,tk 


4h lle u, t Il.!I.tt BC &iI~*/.t OC~1&JlE v , Ylu u,vJ Il-j *- Ad~ ~CD~ . %'tE. AC Wi.~ 

~~ , YlU AF3 Z fBJ ~ /i?.. It ~i!. ~ fr. ® ~ <f tfJ R, t ~.!I. g AB .f.!t ~ t ~.!I. ;$t fr. @ t\. <f e~ 


R1 , ~ P.!I. g BC $;:' e9 t 	m~ fr. ® iI. <f r.~ Rz• 

:!V.J Jii' ~'J :Qi'¥il: 1~ J4f 


A I B ,. 

R, R, 

V)I--~-----j 

R' 

~I rs 
E 001-24 

http:Il.!I.tt
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~~I¥.J*ft.~B~.~~.~.~D,~~~~1lz.C~~~~i:tB~.~~ 

mYf ~ I¥.J ¥ff6tJi1~1¥.J1lzil: . 
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[iX~;fP m,Jil:- Jn~ BA JUJ.,~ ,<f ffl 6 1- ('*"i'-tt Jt r.l1'9;)ifl "i'- i!4,t), 1jl- iiJJ R M 

-it ,ttJt ~%., 4kJ ffi- ,~ffi-, *J?.. ( ~tI.l m), *JtT-!iii af]~jit.1 *-t ,{~~Ji!. i!~~ xt , ru 
~ (,(fJ~ J:@,;f[ <f T ~ ) ~. 

~ Jt ffl A ,B,C of:51- *IJ fr~4t A Ut~!U9 22.5 m) • ~~ B(;i~3IU9 -- 60,0 mm) , 

~-it C( ;(UeJ] 60.0 rom), 'lftJt ffl D,E-F 9=' :51-jlIJ fr~~ D ,E,F, ~1!e~*~. {Jt Jt 
ffl 'f ~4Jt!fJ iHVjt# ili. :Iijiffl H, LJ yH£ 19 43t Jt ~ 111£ - ~, OJ *tt Jt a ji Jts: 
)1Ull~-fff 7\:;* fdiL. 

[~>JtJ 

1. mrM~iX ~ jfp mJlc, Jg.. :l/i:r93:fill, ;~~ it~ -it D, E, F a~ ~ J!e. @i ttl i~~ :If[ 7t ~ 
rB,}C ~±-$ ~ t'5, *- ill!t*' 

2. ;jolt t'5 1 a~ ~~ !t *- liUt%iHf] 4Jt Jt ;fP i~ ji ffl ,~~ 2 l'm*1HbiLfc ~~ }/~ 
.;fa:ilHt!fbJ1* I1'J 'M :ii~AU ~ tt1i-ft'] m8 )!t,;t( 7f-1H9'J ~izltt);f" l'!) ~tt( {hut'] ~"jI,izl 

t~J~ 1 y,.]. @i ill 2 ;# ~ i~{jl; I1'J 7\:;JI1} ill, # i-r~ rMll ~ ~ 1&-it iJ~ m* iN-~, :!g a)li~, 

*tt ,'f 'M" I1'J II tB. 
3. 5ftl m:Ii ji ffl ~ $. ~ 1& 41l , ~Jll,. 4 m 1£;(; 1&?t ~ tf @i ;jj! of r -$ sf] x *;fP ill 

~ ,m 8 - 8 (7f-*~)~1&-m}Jl\. jz:f,)f] 8 - W ( {hu;fl]~) ~ 1&4Jt ~Jll,. m~, ie. *}/~ 

.!t JlH:§j :lPJt$fIJ5t!} ,~y;itI:Jil~~::Il ~Jt~fIJ 00 ~). 
[~;jtJ~ ~J!W Jt £I-~ WJg i.wi%. 
[)tfJT] lX~-~)l6~~!Jfi1jmU§~~~m,;m~I:E~~ffHr~mAfg~,t:tm~ 

~mxffi)lj)~~91~WJ( 5t!}J§ 00 1fj ) .1'~7ftl1~~~m2Jjij ,~*;m~t:BmhS'SJ~~, 

~~t!'SJ~~~:§7'c*ul:E~m~u~[1!J,ltlff5)1j)~!i~m~~,~Jltqr~~~m 
htl1~~Jiijm. §~, 7fjljW~~8\j~l'Xft~, ~tJ~m7fmh~t+Jt!'SJfn~)9.~fift:B, 

1'--'------'-- ~ - ~ __~I ~ ~~___ _.___C::i,'¥li8 
-d'i~ll" 

7G)lig~)Ij)~~~mt!'SJWJ~ffi~~. tJ:R:~IiZJlt~Xft, qr*m~jjH~!Jmh~)Ij)~~imJRt!'SJ75 . 
)li ,lX~~ZVJ!~Il®i3J.jt!'SJ. {§~R~i'§t±JimW~Rl't!'SJ)l6~~, @~)l6jr:gjj:ffT, ~Oqrtt 
~JWJ~!:§~~t!'SJ~Jt'it. 

4S:~)ZV:&¥Ij~~~)!I1~iW~M:±~S'SJf~m75)li, ~g$~, ~-l'~~!I3S'SJJ1 
@)l6~mJmi. 
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e. - ---~-=-!~!.~ .~.~ < 
~ ~ .~~.~ 

:..!..' t..:..:::.... ~-=-_~_~~.~:fr 

WlR p;!j 1'-lbf#w; ill ag fill ftJ a~ f-:l:~ it. :It1'-f-~ it!1P ~~ 1& it (~:~Uh ~ ) fiII:l± ag ftJ 
tt, # lL5jlj I\f; J 'Ii I\.'*-~. 

111 1· 40 JfJ p;!j 1'- $t # tEl n -T M.It :1ft ag # T0 i}/. a)l W; ~ ag 
mt "'-. fill T0 ~ p;!j lbf # 1iL 'i. :51- jJ~ if A 'fP A' , # T0 j§- if B 'fP 

B', fA -1'-lbf# 119 p;!j *- w; ~z~ PJ 1~5AABfftnSag fill ftJ , 
~ D\:--

:It1'-~ftJ'Ii*,R~-1'-$t#agp;!j*-w;.z~PJ*.A~' B 

fft ft S ~ fill ftJ ,:It1'- fill ftJ 'Ii IJ\ , JiJ f- "ffii JL 10J ~ $; if a)l 

~ (AB+P:B')=CD=CD'. 00 1-40 t:IJ~tll:CP 

:ItftS;f J'i;-1E a~ fill ftJ. Il,' 0 ~5b'tit 

[~:fJTl tJtj~JiH~fU ffi 16~~2f;:1;;( 3§-7:J16tt;ru~~16~ ~1!:j:~2f;:~~tG~ 

3lli ,t9~ttJ~f~m tG ~3lli. 7:E1~jU~Lt~ >1< ==5:'± ~ I@ t±:l ;m~ ,;;x~~t~H~~ tfT ~$ tG1i 
:tt, JX~flf?iH~mtG*m, ffi~ttllfUffitfT~fE~ffi*®5IT1DJ*~, qr~iS.l{t1i:tttGml@ 
~flE ,~ t±:l is.l BJ.l tG ~!fl:. 

tJt9~m~>1<==5:'±1"'H&:5~tGillJ ,¥~:1J ,~MB\~@7:J16tttG~f5 -'=§@ffi ,7:E~3lli~ 
G.t, ~~55Utt~}1F~T}ft, M1~H~&~~C:PJ~~~tG~7:J~J¥t±:l*. 

UU -, ~lli[mUlll 
1. ~~fJHJtm ~iJi!~jf 

iJi!~-I:JJjlJlIl'&:7tJm!!l JA!,1lU00 ~m~-F. 
2. ~~fJU&~~tfTM¥ n ~lJiW:I: 
~~JJJt£jjQ!!l1-41 Jifi~. ~:7t~J:),AM:m i AM¥1J AM:7't 

AB 00...t, JlGJ§"~~:i:1 AB oofi] AC 00 B9tfTMYfff M tJj ,:l'tiliii 
~:m);] 0', EI3 !!l PJ1~ 

0'=(i-i])+(r-i2 )=(i+r)-(i] +iz). 

EI3 tfTM5E1$ nsini] =sini ,nsiniz = sinr. 
ox.ll J11llJ;jC* 180 -a=i] +iz =A. 


:£J\!.tE1~~ i1IVJ\,91lJi1I1gJ,1l sini=i. 


*~:oo: <p A i:p,iIl!/J\, 9l1J r, i] ,i2 t~iIl!/J\, I"]¥(;ll i1I1gJ,;jC* 

i=ni) ,r=niz. 

91IJ O'=(n-l)(i) +iz)=(n-l)A. 
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1-42 Jifi~. ~+i'T:7t~~:7t*J:),AM:m I MrtJ AB oo,~ 

~~Jl1m,~~~~~Jl1m<p.~~ABOO&M~:7t~ 

pX;~~g~1~, m~Jl1m5T~lJtrR...t+~5Z.gxtl'fVl~~tJi1~, lID 
5E~Jl1t!~1iIli. ~~JjJ.t:m...t i2TJ!Bt ~*~ CfMp·/, fF 
jg~!fo/J-EI(-t!?-f!rxx.;jH.t)~~--t-ULli*~. 

(3)1ID5E~Jl1m/G~,~~~!fo/J-EI(!?i:l1-42 tfit.at4t),tE 
~Jl1m<p%\',~, ~~!fo/J-EI~ilJ!!l1-43 <p1iIJiBt ,~Jl1m<pPJxJ\', 
~ilJ~~ AC 00&M~:7tJifipX;~3>xtJi1~, ltt.Bt!!l 1-42 <p ~ nAC lJI'. 
tE~ilJ T .@:!!l1-42 <p nAB ~1iIli ,~!fo/J-EI~~:m &n~T a. m~ 

Jl1m5T~trR...t~+~Xgm~~tJie,~T~J.t:m...t.~~, 

<pz'fF1J!f~f!ZI-EI~=-t-1iIli~ifr~. 9l1J a :m~T~-t-thHif,ifrtJj B9 
~:m ~+i\Jm, II 

A=180o-a. 

i5t~ :*~~5l:2Vll*(2).!=j(3) <p ,tEXJ\!.~~} AB lID~ AC 

ilii&:M,;J't~Jfl>'tiiilii't"'''11,jjljltJ't'''lJim~Jfl>l'Jm 
"fift, ifil~:;:Bt~:fJp~"fift, iHJlijZl;f¥JJlzt*lYl~iliB91~. 

(a)W~ AB lID&M1~Bt~:fJp~~"fift 
:lm!!l1-44 Jifi~ ,+1'T:7t*MrtJ AB lID, PJf=,£=# 

"&M"B9:7t*. ~ IIDJE~Jl1m, ~~~!fo/J-ElBt, ~m:;g AB 
[ij~~~ ,~Jl1m<pPJJliIj~%\',~¥1J =#&~t:7tBge. CD~~} AB oo~:j3,;&MB9:7t 
* ,'tpX; ~1~ill! ~ ,:i!~~1f] JJlz it iJiW :I: B9 ,Yfff:7t * CZJ fi] ®~:7t* tE AB lID AMJt!: A 
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~!fo/J-ElB9~~,tElID5E~~Jl1!~<pPJJliIj§1U~~¥1J 5 -t-1~ Q) CD .AM)'t 

~~1~, 2 ''j'-~1~, 3-t-aff1£{. aff1~~i'~$iJ\.&M~1£{, JJlz:fJp 
~;2 -t-~1~<p ,~1iJ~ifil~:l:B9~1!B 1-45 <p~CDJifipX;~ 00 1-45 

e. *Li£~:OO:2VffiI1,JJlzt*~tE~~nlJ AB 00~:j3,;&MB9~1~J§",~~~!fo/J-EI:i:1:fj 
<p JIG.ilJ ~~--t-~e. 

(4) :i:~...tJit2V~ 0) ,( 2) , (3) ,W~:I: 3 'I!x. 
2. w~~~m~~~tfTM¥ 


Cl) ~f!lJ-EI...tTjj!r.~~m, ~~~Jl1m:xt;g+il-:7t~, iftJl1~Jl1~ J:),~W~~~ 


1~, ~+~ 5Z. wxtll~tJi1£{Bti2T~Jl1m1iI.m:~JJ.t B) ,B)'. 
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(3)~~0LU:/7~ 3 jj;:,f-t!J1.l} 8,it~ n=l+ ,~ . 

-=, lli)ij1l~1m;f!lii'~tS* II! 1· 46 


1. 	 iJi!~:i:~.tfH3tfij a<.JiJi!IJ ;iJ&t\ll·~J.f£* 1 9=' . 

*1 

! ' ':i±Jt~l 1-C + 0+' / ..o/! o/! q>!. q>!. . ~' ,,, I a=-Z LCf'! -rp,) .C?:fJJ Cf'! - cpo. )J 

1 lOr.31' 287°31' 286°56' 106'59' i 179°27'

2 110°12 ' 2900n' 289°35' 109°40' ! 179°26' 

3 srlO' IZ6rs' I 266°33' 86°35' I 179°25' I 

~t~m* ~=179°26' ,A=180o--~=34'. 

2. 	 jji!t~~:tJHl~~tFrM~:':~iJi!iJ][~~~J:ff~ 2 9". 
*2 

1 

2 

3 

I e, 0/ e2 I e2' I ~ ~ [COz-81 H CO/-8/)] I 

236°24' 56°20' 236°40 ' 56°38 ' I 17 ' 
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56°39' 

J 7' 
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-_ .

8=17' ,n=l+ ,~ = 1. 50. 

~_ (2001 • ~OO!lm:l!);R:;¥~ ) 

)!)!IJ :liJ~~ a-91*J 1£ 
[ VI.. ~!fp JfJ J!cJ -it I! ;k.f- 1 i1, fl, ;(if *- 9~ ~;ff 1 1-, ~ ~ 1 IJ\ ~j, ~ ;;.t *u.. 4~ "* 

~;t: (j~ ~ ~ 1 ;Itt, ~ C-il'J '1" # *1-)1 Ij\ *. ~ C:l!If;tj # if+)l +*' Ce.. 9<0 J]<. !J-iJ \if 
Jt f\l = 1. 00 X 103 kg • m - 3 ) 

[J- ;;jtHtll¥l J'.Jd~iY, ~ Ifl $- ;}iHil: 1f,J ~ l*J 1Hz d. 

HHfi'1 :¢:~~;ATJT-~}J fi)l~)! 8SJ@ffl-'=3 fD~. 7:E ~W~3ill c:p WJJ;f1]\~)~~ 

mffl8SJ~:¢:75)! ,~J5®2Ql?fT~X'j~;fR8SJ)[i)~~~~j)]xt~~8SJ)[i)u~ ,MffiJ ~~ 
lir~J~)[i)~)i BSJii~/:;J§~ l~j~)[i)~)i8SJ!i. 

*-&:= ,9()rJ~@~m~BSJ~~~}J, fi:¢:~lJVL~~9()rJ~ffl~JJWl1tl)n. 

mil5fl1ll~*~~W, ~H::l*OOg;P'1~891sit ,';fUffl7::5JZ niI(fjJ\~pJT~~!*!, ~DqJ* 
~flOJg;pg ('i'. 

fi4:~BS~m)f![7.K,mfJ~BSJ~~. 7J<BSJ~~/:;J89D, ~TflOJffi~BSJ~&, qJX'j 

mt*m~tj(~ffiB~:1J~iJ)!iffi~~U . 

tg-~ ill~~~~ . ___ _.-._
[Ml -,-,ffljJf 

~ffl~~re*.~~M_*~ft~~9=';f!lft*~*~~.,t!ll~~.m*~ 

*q~M_r*JK 
ia:M_K.Ii'jg h, r*J1~jg d ,.~;f!lM.~,g,-I*fJ~1-J v,~;C:;-I*fP,jg v'; M~1f; 
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=v' C[>I -Pl )+Vpl. 

E§ v=m-m' ,V'= 41-rr:d2h. 

po 


1 m-m' 
~1.l} m=-4 -rr:dzh C[>I -pl)+--pl'

po 

d=A /4[mCpy - PI )+m'P1J CD-rr:po C[>I - (ll ) h . 
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1 6. 15 5.40 4. 30 4.95 17.18 l3. 18 
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3 6.14 5. 42 4. 30 4. 94 17.21 13.20 
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i 4.420+--- 
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5.116 

I 3 
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I 4.430 5. ]00 

5. 104I 11'- tig 1R 
I 
I 4.433 

-""'- = 1 


I -- 

d 3 =d3:b -d31i. =0.671 mm, 

d 
~jE fe = d f =17.1 mm 
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1. ~16 

~~~~~W~~~~*~~~ft.~~r~~%#r~~)~~~~8t 

!£ 1! ~ ,~~ ~ ~~*-~~ ~ ~ ;fEjxtj!!; lZ~j;' . ~ Jtl:"f,f Jl)};ilir;fEj~ 8~ ~-9i*;4J:t 
~ !£}t lj ~~EJ * ~ £*tkI~1~Lt- ~ '$ W~:J};fjf f"l;Boil. ~~ jJ:Jt.;f '* ~ :IlJt.tt. 20081f- 4 
A~.* OO ••~~ ~~~H~".9M~~~~.*~%~*"~~-9i~.a:Jt. 

"r~~tkI~". 

~.# :J} 4 t- ~:J} ; (l);iliJr ~HU~· 4~HU!~:M; (2) ~ r T j!!;~~u)l.~~ ~ JW*; 
(3);iIi Jr if.] $ ~ ~~$.~ ~; (4) llil ~ t-PAJt %!IYl:J}¥i$* 4Yi: ~It . 

2. ~~~'i 


;it1hMti#if.]tx_-W-~-W-# J\l, i'B 1-55,#-iB* 1 ~~i'i.!l.o/l. 


T I 
iII 1-55 ~~*.l'i

*1 iXinll~M$~ 
~-% ,g iPy, ( jI:J :@:) J&"':ill ~% ,g{;j:(jI:J:@:) ~~ 

A 

B 

c 
D 

Efd(Ut± ~ 

;i;t* / ~~~~ 

5c 1M. '16 Vht 

)'Jl$it 

K 

L 

M 

~~/.ut1t 

11hjf;f;J;)09 *'IiR Mtt"H: * 
~j: 

mJt1i -!f $!t.H9 tl1L 

E 

F 

oriJllAi/ili!.if. 

;l!LJl'$tM.re.(~rAf-~) 1 

N 

o 
foJ$!ln~,~:a~ ~ 

,*u\;~:ill: f1l ~ If.] or ~HH *- ( i;lo}ffl'lil) 

4 

G ;l!LJ'til~.re.(]i#~) 1 P iL#Jl'Jtl1L 

H ;l!LftJtM~:t *-

!i1i.Jl'l*i~j~:t *

R 

T 

-!f $!t. 

or iJI] It Pli 

3. ~~fJ~ 

3. 1 JI. t ~ ~~ -W- e~ 4iJ 'tU1Hll 

tJ_--- __._~~_ i¥.'!K~.~ _ - --=_
-<I: ~ r....· 

llhfld*~ !£ ~ ~ St, ;It fJ %- /" !£ t 1h ;R i±?t , ~;It fJ 7JP t ~ j§- Jldtt %-~ !£ ~ 
~ ,Jt lit# fJ JI. t l)l.jR. iflJJfJ Ff t ,ti~ OJ !J. jj~!1!!. ~ ~;ifL;fIIt* i)J ~;t t§ %fE] ~;fEj 3.. 
~~. ~ ffii ,JI.;t ~'f!f 119.I ffjljj $18: IE] ~~ , ~~JfJ WI ~7\:;iYl~ It tifl iIji ¢!I;J'ti . 

~~ ~~JfJ r 2 t-JI. ;t ~ ~~~, - t-ff fJ ~r:fr.. M~,jJ - t-ff fJ;iIi r ~ jYl~ 

~ . ~M~~t&JA i1J~:fr.. !£~~ ill #-~:l±7t*- 119 t t§%, -%;It # :J#cfJ p )~ . ~)YlIJ ~ 

-% ~ljj(jIJ Il-'J ri&:~HO'g tit% , ifWIi'.i!z*- ~ 7t*-ro-fJ- wxit~1kit )YlUt . 

Cl)i:i!~:iFf t~ ~~ ~ %dh':.Iff jIjj $: %~ 7t 'i:fr.. M-W-~ ~ i~~ ~, ~ 30 kHz~ 
50 kHz fJ ~~ i1J ~~!£~ ~ ~$, iGjJ\:X ~lut1k it~ ~ M~ $- ~ it, #-ff IR ;jt ill 

~1k it~ ~ T' ilHOn~ *- 11IABi I'fr}r $. ~ 2 1"1iClI: jIjj ¢ fl ~ h lZ '*' ~ 6f= 

f2 - fl. *tt ~~IJ:tft .:liUftl 1t .I ff jIjj ¢ fw. 

(2) i~~ i:~r~M ~ fiJ:J};iji: -% i1J ~it!£ ~~ tlJ it % jIjj $-i~fJ.Iff iIji $. ;lJ ~ 

~.~.ill~%.~~•• -W-ljB~~fiJ~*.**.#-:J}m.tlJ•• ~.tlJt§ 

%lii ~ \If ~ l\i kft ~ ~ ~t Bi fJ~ fiJ ~ 11. @i ill *'Pi ~~ ~ ~O'~ MfiJ It <p 11~ ~ it 111, ~ 
J[ AC<p) ~ ACO):J}j}IJ :Jt.fiJ It fJ <p ~ OOBi ~ flir ill t§ %iii It. <p=OoBi, ~ JY!~ -W-119. tlJ 11i 

~ *- , lit ** ff Jl( ~ $djf~ . 
3. 2 ji 7&: ~ T j!!; 
*~~EJ~,1Hl'jj (,;J;fEjR~AM 1~lj ffi.Mi!t;fEjT%-~bt~i~.1i'~ ~ ~ 2 -*7~ 

~EJ T ffii ;f /" 1£ 11 iPf *i)J 1ft # ~ ,\~A.lHt fJ )R 17 ,ftHi:lOC *- ~ ,~ -Yt ** fJ )~M: . 
:/lD rB 1- 56 I'fr:if: ,~ iYl!J ~ ft j[ A {£ ~ lj R M4Jt z. I"l •• iPl~ ~ 1ft Ii B {£ il\( z. j§- . 

rB tf SJ\.1 ~ D :J}jilJ 3& :if: ;ili rB ,RM{t~.iPl~~. 
D S nM c= = ~I= <:'D 

VI'EIB 1lLJiA 
(a) 

mH£5i:~ 

1lL'if.B VI E':A 
(b) 

1Ii1-56 ;&: ~'filHtJIiJl~(~m~{IiHJil.fofIJ~IIi) 

Cl);iliJr Tj!!;~~ ; ~JfJ I'fr.~#, WI!l 1- 56 %}t~~~ Ji . #- JfJ *~~Mr 


119 Tj!!;. ;iliP-~M~~ :I ffjljj$-i~JtfJ 40 kHz. 


a. ft jilJ WA ~ B jJ;fj # jj ~ '!i: 7i!z ~ i~~ ~, ;it ~ "* i~~ lU 9-9 t§ %*- ;J\ lj ;iii r ~ 5, 

RM4Jt M~.i9.~-W-D 1ijilliJ ~9*~. 
b. -%~~~ ~'!i:7t~~M~~ ffi.MiJt.Z.IE], 00 It 5 ~ D 119iiLiL~:l±# i)J M, ru 

~~"Jfl ItMJr j~ ~ j~-K. 

(2) JfJ ~~ ~9 jj5!~ Jt T' W~ ,*iLl~: 1? jf~ . 

http:ffi.MiJt.Z.IE
http:ffi.Mi!t;fEjT%-~bt~i~.1i
http:Cj)www.cyjy.com
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a. 5t ~ 5 lj M IBJ lie /I;J ~ *-. 1t 5 tp M Z fP] $ ~~JJiI,j.J!~ jlJ.tt iR. 

b. .R;f;f ~ 5 lj M e<; fP] lie )iJ ~ at. ;t ~~ t£ 5 tp M z fP] ~JiI, )~BU .tt iJt. JlI:.?t n 

.7t'~~. 

c. #' A fP B 'fliUI' 71 3.'\ ;5,t ji l* i~U .w. ,$ ~UY!UUi it Ff.J iJt 15" lj ,Jt Jlj{. Ji "EJ J;J, l! :Ii 
~ ~ 5 ;f1l M iY~ 1]: :f. }biE ajJ • 
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"~*-*,;f&./J\ . t£ Ji 2 :# ,t~ ~ r, Jtf jJIJ.R M~ *= ilii tp ~ jlf ,t M~ rlPifij?t;lt itRt if 
;vJt'17. 

3. 3 ~~~~E 


~.~Ff.J1§% ••• iW-*,~.~z~~~~ij]~~~~~•••~~. 


$h~S . 

~4!.i.J!BIJ ~~$ iB riliie~i~3.'\~ ill: 
c-vo 

f= fo c+vs ' CD 

iW-lj ~ );liI! ~ i% 1f)(t 7f:E ij) at:itJt 1IX..JE 1~, fo ;It tiJ ~,t ill El9 P iJt!iYI $- ,c !t jlf ,If 
1t ~ '\ cp at:it $-, Vo tp Vs 71- jJtlt~i9l1.w.tp jlf ~%( ~)(t f"1i' Jtlt a91tlt . 

~~~~~fr.RM.tp•• ~(;Z~~pitAA~~4~.~J:.,#~.RM.~ 
'lit iR ff:lml* iWLiIJ. ¥l- ~ ~,t i 4HHftr ill 1§" %~ $ lX Jt J!J .I1H~ $- ~ 40 kHz. n-1f 
~g ij) ft -4t th ~A1L, r£ fV~ *- ;iJD:fE Itf1LJ:. E--J t 1£ , ~JiI, J%- jlf -=£'- ~ $- e!~ ~ 1t. 

(Dit% ~.%.~Ff.J0~: tiJ~PRJt~,till a~p )/;t:tt~-4tJ:j)9~w.RMjf;%'" 

1._~.~~!iZ, 4'H*f*'ttifre~JLf.I~ *- tiJ 1fJ 1-57 ~dL #-i%,'B- ifl- R 7f ~ Ff.Jftij}:ititic 
J!J v( f.,J!Ml ,-:;;;5-(ol~ijJ.lfx.iE{iO, $i ill mfo ,c J). v *= if; ~ f i'I-'J *:it *.. t£ ~~ cp ,S 1~A 

:lltit tp .RMftJ ;§jI+f" 5' ,Ji#-~ f- f1J~J.!DtftJ Jt ~1K;fftt~ Jf<"EJ (;Z ;1g,i3(}. 

!!I 1 - 57 $HttlltfLt ftJ ~,\S ti:i 

11% - ~ ~O~ltlB8 ~ . ' -~.e' - - ---- ---- --- _. --' ,-, -- --.-~--
-.f. "I r", ,\. 

tiJLilii~j~tJiJ*lti3.'\,*mic% 6f= l f-fol(fo ~J:1t~~),t£ v«c a9'~ . 

~ r, $i illM" e!9 ~6 1t03.'\,:#:ft 7f:~.:£. Ff.J iii j:.
f o c 

(2) ~ -4t 51 ~ a~ J, -t f1J~S ~ it~: -* ill ~itf cp,~ ~ 1~ roJ :i!lU~ 4 ~ ij}!J-'J ftlit 
1t w tp 6l ~ 1t a~ i~ 3.'\ , 1t ft,Uit - :~:Ht ~ at , -i% 'l!i' n-'J ~ 1t Jt ~ 6l = (4. 37 ± 
0. 05)mm. 

(3) ~ ~ ~3iJ:.S lj t tIL t1£ Ff.J k~ : i.J!1 :t~i.J!IJ -W-tHB1 a9 jlf 5Jt. $lj ;iJD 1t t tIL 

L S9 tt 1£ u Ff.J ~ *' 1!,t¥a-u * * ru , tiJ IE cp u 11 ~ *- at ~ S a9 fll71-7~ it ~ ¥a = 

O,j).. ~ Jt ill ~41fyH~ ij] ata9 fiJ11 ~1£ U"E~H4<$JB4$- e<; i~Bl:~k 
(4HftlJt .0 nu ~1K;#(* *: ~~it1# Ff.J ttIL~~.R ~ ill J - /H~Jt t1£ r 
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f" j}D1t~ ltiL ~ t1£. 

(5) tiJ J, iHh ~S lftJ Jt ~ '\ ~ jlf it: JWJ at :t~ I~p lj v tp I~p lj U ~ ~ *- , 
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3.4 lit] fiJ lj Alf--=£,-.71-#f*~ 


fill fiJ!t ~ 1f] JiJ~ ff fj~ 4J.t '!Ii' ~~ Ff.J J\'k IJ\ jlf t- ,11t (Y), W / m 2 h J¥.1i. ftJO. fill JiiJ lj jlf 


t-tJiJ.$1f~,;f£ 2000 HdftlliflllfiJ~ Io=10-12W/m2. ~~m 19 I: .1fjlf,!~ 
(SID, j(:~1]:kJQ $CBell),~ $i ~ B. ~~L*m 10 SIL=10Ig £~~ 7111. ,j(:~ 

1]:~ Jt J)l. (deciBel) ~~ $i ~ dB. 

#( AA ru 1-58lt~ ~~*-ji, n1f 3'( it ~t!t it!q i1J ~k 1.~ a9 t Jff-1f *, ¥f i1J 
~,t 1.~~ ill 7i Jt i}i] 1S' $t1RJi f" cp fP] ttl'.. 

(l) jJlIJJt § Jl' OJ '!Ii' Jtl ~~1~. <$ f, ,R-/OC f,ij. $ fh. 
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(2)~JJt -/OC1i '!Ii' jt. $ ~ IE :lffr Jl!fi~t-:i,.* Jl!fi~t-:lll:, $ ~~~Jt f, ,R fh. 
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,~~5iW..!!W.CY1~ ~C!!!!!.. __. ~.:-:.~ ~~]l3?} _ ..____. 

I ~ Jtl Pft ~t '1f JU 89 J'OC i~ ~ :t 8\) ~ * Il [6] , ,jt. r ,,~. lG J:J Ithl , J:. 'R lG J:J IthZ. J~ 21-~ * 
89.ljZ-~m!lP );d[iftt ~ '1f %jIjj*,!lP 

- [.hl+j.h2I th- 2 

(3) AJt a9 {j-~ :0-t#*-4Yi: ( R): AJt a\) ~ ~ :0-1HUJ )U~:0- ¥h 21-~ *;JtJ lit I'l9 

]if ~ S\J ~~ fJ. ¥HIi ~ jZ 1. ~ I'l9 jIjj * l~ Jt J:J Ith' ~'H~ {j- it~ Jt 111 '1f JU\) ]if {j- ~ ff It. 
Y :l t& ~]if {j- jIjj * , :frD '*7t t#;f ttl JIL ~ * ]if {j- Jij ~ * J:J I th 89 -p ~ 89 ~ YlV , 1M l)\j l)\j 

~ *- $!Ii *I'l9 t& ~ I: ,1du - 1- 'tfr- Jij Itdi~:0-m I'l9 ~ *' JIL ~ $ Jij Ith -z ~ IlP J:J A Jt;f£ 
jIjj * Ith I'l9 ~ Ij, or 7t t# ~ *. )~tl :f ~ /j\ or :0- t# jIjj $ (l!./) :#- it ~ {j- jIjj :0- t# *

4Yi: R=-b. 
(4)# J:.Jt ~$, ~ ttl 1i~~A ~!'{? ~ tU $ ~ ~Y/{J}l a9 ~i~ffi..Mit~ ;/Jit$. m 

r~~#ffi..M.S\J.~~ ;/J it.A~~~: 
M_2v ®I-~ 

~ 0/ ,c=343 m/s, JJ 20 ·C af;f£ p jIjj ~ [E S\J:£ ~ o/]if:it. 

[~fJT] Jlt~JX\.j§!:§)fr:q:*~~i.Rm~~ffgl~1l;Z, §O)1m~~~!±~~*JT9{)i,~ 

tBllli:1J. Jlt~¥~..t7f:~~~!±mJ\~l.~!Jill75~, ::E~~~!±@~*t(;r.jx;7f:~itMjlj~ 

tB~!Jill1T§tBlllin ,§Off.n"~'-fEtBi*ml~. 

Jlt~~TiBFmOO, ::E~52iJEZiBF8'9F!±!:§~'~ . Jlt~m~i~§JJiBFffi*8'9~ 

!Jill*§~~!±~ )&8'9~~8'9~~, UEZ7:HJTrq]~8'9§~:1J. §5-75lHJ, 9'1~*TFI!Al 
~ttc:p~m~il,U:P52iJEZ~~, {6~!±R~~:&1":l~IM8'9~~, ~.m~ , t97f:Xf£wt~ 

Jlt~. 

urn 
4. 1 MiJl'f1*~~~%'tEi'i1~:I: 

i'i1~~1J 0 Bt1tIEJ!E{£~~E1..t. :5Hllj*MiJl'f:&M~5i:~ H fIl~jjW~5i:~ I( ~J.t1;


it€f.]--t-)tiIlAi'i1~~1J~tiIMIl~~..tfntill=fL. :5Hllj*:&M~ F fIl~i'i1lj~ GfitAXt$fn5i: 


~,iftiJ~'E1f1fn1iz~ ,{tA:Wi!ll. 7J{ti~~~1Jfn~~iElif@,lf~1*1iE:&~t~fnHuftffii1izT~ 


!iIIp:P{". tl(~ 1-59 *~,**~~:&I£~fn!ftulli~f;1J}[i%JJ7 1 v 1i.;tj. 


ci; f:;I( ii-fEr !f&:Ii ~ j/£c::J 
o 

14 em 

001-59 ~~~a~t1j!j!~ :I¥l:1i~~~1!l 

6-58 =:, 

_~:-:=~ ._..~! .~ .~~_ . ____. c 

~-(, ,. -
(l)tE 40 kHz ~.$fl#JlI1Ji!~:I:~tkiti!d~:Ej fEi~:&j::~!ftu lli~.$Il3] t¥.J**, #f 

~*ic.A*2. 
* 2 ~~~•• UEj~•••/~~~. 


I / Hz U/ mV U/Uma• II/ Hz U/ mV U/ U",.x 


38600 155 O. 169 
 40020 910 O. 993 


39 000 245 O. 267 
 40 100 885 O. 966 


39400 470 0.513 
 40200 820 0.895 


39600 630 O. 688 
 40400 660 O. 721 


39 800 830 O. 906 40 600 470 O. 513 


39 850 865 O. 944 40 800 300 0.328 


39900 895 O. 977 41 000 205 O. 224 


39 960 914 O. 998 41 200 144 O. 157 


39 980 916 1. 000 ' 41 300 125 O. 136 


40000 915 O. 999 41 400 110 O. 120 


~ 1- 60 J7~~~Jt¥.J~f4~~*&f.~o(ti]!IIJ~, ;JttJk*ffi:xt$~.$J7 39. 98 kHz, Ej 

U 1 

-= M fnWi5(,#.:5tJlljxt$~ll:~.$ II = (39. 62±0. 01) kHz fIl 12 = ( 40. 41±
Umo. ,,2 

O. Ol)kHz. tilJJt~~~f4~~*&f.fnIf'F~.$ Iw = (39. 98±0. 01) kHz, *~ l!./= fz 
- 11 =(0. 79±0. 02)kHz. 
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--

~=~ ~~OO:fr- --.--.----.-----.-.-----.....•.--.-..--~--- . 
~ ill1f Il)j lIP. :I:~ no , YlHJt f!,IHK JE ¥IH~ fO. ;l't l'X, .@j 9" m ¥u l~tl. m IE ~ 30 kHz ~ l50 kHz,1.§.~~ji1f~5(aJLK~~ 39 kHz~41 kHz. tE:f~$~w:9"tfl~*~i\5~m 
Ntm ~ aJ mi'_i!i!tl;l: m IE , /2911:t. ~O {OJ;:fp,~ 8',tj'ffl ~i:t~. J!lf!}~tE r:IB ~1t1t IliU~z!l1 
fO 9" ,L'~.$Ilft:llI~nolffi:liR,~7r ,;l't{mlK~I¥J~i\5!~JBJIWiPJ lVJ\R 1 kHz ~~]!!:.k. ~ 

-= ,~.$I¥Ji!i!tl;l:~Jt~~~1t~I¥J, PJIV,JE¥JJ 1 Hz,J!tE~ 2 9"~&ll9CtI:l*. IfF~.$ 
ifI:l~J.t%!.$l¥Jl~tljJ!i*&~~;F~ill ~{*itijJt&51~1¥J, J!illpJ IV, ill ~~lJltl1~. ?Jl:1t~ 
.$,~m~~~~Jt&,~~.~~~~~tI:l1t~I¥J~.$&~~~i!i!tl~~~.$I¥J~. 

JEJt. fFl!lill~fOr~tl;l:~Jt[l;;1iC,~o*fFl!Isttlil'tAAliRmmlE~ 30 kHz~50 kHz,Yltl 
ill T*t;FgS:;~/J\~tlJt B-J ~~1!Jij, tii*I¥J~.JEJt~no:kg~ 5 ffi. /2911:t.1'.ffF I!I sttlil'!fIll 
I¥JmlEJ:ili:i:t:~ 39 kHz~41 kHz. 'iil'% 61 a\j:;r;.JEJtliR o. 01 kHz ifI:l O. 02 kHz ±'t 
PJtt~. illT~Jili~l!Il¥Jw/29,m 1-60 9"r:IB~~att~~,~l¥JfJT~,~:;r;xtl¥J. ~ 
;q:~m tJj ,J!il~JYlOloJr:IB~~~i'_*ml¥J, no~{J.{J.~f*i!i!tl$E1t~I£$I¥J. 

C2) 7'G~~ lJltl m15UfHf @lYE tE~Jtm{.\i::i: ,fHIll j)liJ ~ iii: ~;J$ }j (n] ~ tt 4:9: ¥iJ B'~ f§" % 
~5';, fii\;q:7f~~i!i!tl it~ [PJ mJt '"f B-Jf§ %~';~. ~ 3 fO m 1- 61 ~~~m{;!l; SJ t5F (ft 
~i\5. 

*3 1~~s';fl: U ..!:5"£M1fl <:p iBJ I¥J~ * 
<:p/n U/mV U/U",cr<:p/n U/mV U/U""" ' 

0 300 1. 00 250 30 O. 10 

10 280 O. 93 260 33 0.11 


20 260 O. 87 
 270 32 0.11 


30 200 O. 67 
 280 52 0.17 


40 150 O. 50 
 290 65 0.22 


50 120 O. 40 
 300 100 0.33 


60 100 O. 33 
 310 120 O. 40 


70 68 O. 23 
 320 150 O. 50 


80 50 O. ] 7 
 330 200 O. 67 


90 30 O. 10 
 340 260 O. 87 


100 30 O. 10 
 350 280 O. 93 


110 30 O. 10 
 360 300 1. 00 

M.~ 3 fOm 1-61 PJIV,;gtl:l, ~f*i!i!tl~~i¥]m{.\i:II:1g 400±2°~ 3200±2°st ,{*% 
5.;Jt~~m:.kml¥J~¥; ~f*i!i!tl~~aJm{.\i:li:1g 600±2°fO 3000±2°St ,{*%5.;Jt~~ 

m:.kmI¥J 3 
1 

· 

8 .____..__ ~ - ~ il!.:.:..:~~1 B8 .4 , . •.. ,--.-:: II5'E ==
4;.JJ 

1.0 
0.8 
0.6 
0.4 
0.2 
O.O~ 180111111(~IIIII'jlo 
0.2 
0.4 
0.6~ 210,<\~1i330 
0.8 
1.0 

270 
I!l 1-61 ~)E £~HilJi J!IJ7t::$ 

i!i!tlm{)(I¥J~~i*&:1g 1° ,i~d*itl¥Ji*&:1g 2 mV,tE 40o~ 60°Ilft:llIfJT1fi*&~ 
:1g 10, $:,~~.JEJtliR:1g 2°. i\iQ'L'i*&~:1g O. 2°, PJ IV,:m~. 

~~I¥J 8;g 9" OO*I£Jit$:5tI¥Ji!i!tl:J~jj15*&J.lIH~:.k,1Mt~~M$J1J:li{.\i:li51 
~1¥J.~*iii:I£$ft~~1fJ1J:tE~.I¥J~II,.~~i!i!tl$~l¥Jm.tEi!i!tl.trW~~ 

~1t~ ,i\iQ,L'i*&~~~1t:.k, ]!!'I:~I¥J~;t~~:i!itj~iii:M$iii: tI:lI¥JMl% ~iY1tl ¥U I¥Jm 
:5t;:fpr:IB~F'l:1t*. 

4. 2 Jm% 'f7&1iJfJi: 
Cl)tt;;m 1-56 ¥f~i!i!tl$J1J:JftEJm%.~&MmzrBJ. i&1t&Mm{.\i:li, ll1¥Bi:1¥J 

~JIlfO~lJ~5i:wJ&Jif*i!i!tl$ ,~i!i!tl¥JJI¥J{*%5.;Jtiii:I£JWJWH:jJ.;~~1t~. ~ 4 ~ til 
~i!i!tl$i!i!tl¥JJ~*JUiBElJM&~tml¥J{.\i:Jf.::&9" N :1gJ¥%,X :1g&Mm~li.

*4 i&:*jj!~:@: 

.~ ~ 

N X/mm N X/mm 

0 29. 50 10 73.00 

1 34. 50 11 77. 60 

2 38. 50 12 81. 50 

3 42. 50 13 86.00 

4 47.50 14 90.00 

5 51. 50 15 94. 50 

6 56.00 16 99. 20 

7 60. 50 17 103. 00 

8 64. 50 18 108. 00 

9 69.00 

m 1-62 ~*:1g1I~,;l't*4.$8',t~¥~K l1U£1b(1f1~¥iJI¥JJmfil'¥Bi:¥Bi:-K:1gC8. 63 
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·____... ~=fi. _~.~~.?1 ______ • 
±O. OZ)rnm. ~1!.&M~{.lzit EI3 ~:artw!IJ1~-).tW!~-;:, ~it i'iJ 1,!).f@BJ?r. O. 02 mm ~~it 

~ EI3 ffi ;jd'~!J&~ 1~ a<]. 
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40 
20V. , , , , , , , 
-2 2 6 [0 [4 [8 

N 
001-62 ;&:*i!i.~k 

(Z)jffip; ·:nj;~~1i.IfJ?: : jffip;-=f~~~ia<]~~%* 5.* 5 itHPl' -=f;tV~!l&s~ 

abe d e g 

v X X X ' X v v 

it: *~~~~~~v. 
~~~~~~~~••m••R~~~*~.#~*•. m~••%~~tt 

~~AA\~*1~¥1J~-).{;&t~~~ T.1*W!~$~.1£t"Jj;] 1em, ~~M$--I:j&MmrBJR~ 
/J\'T~mEt ,~Il;FL#~fl~;FIJJE 5 --I:j M rBJ~:afHEtt!&:. YrlV. a ~~~£g;;~~ 
••Ri{;~tI:l~. ~Q. a ,iHfti ,Jil~ b-JE~~~ . e ill~~~~~, 1?iIj;]~1*W!IJ$~ 

iE 5 --I:j MzJBJat, .Rfl~f*l9!~iUm~1""jJloJ ~1iat EI3 'fJiil ~!jo/J1*&M~~PfOJ, ~W!~ 
${E~M$~~~~m••~~.%~~i'iJDill~~fi~,~.~~M~m•• 
%ill~~1:.5!ii~~~{t,m#~fl~J;5I~-).>tiE~M$~illffiEUrBl. 

l'f~~ a<]t1Ffi~~iAJ;j,*~ d ;likjnfti~ . ~o.fHIll5t11T,~~mI#~~~oJlt. ~ 

JEg!*ij;] ~ ~{~!J&{.g:til-Jlt~{.g:E~·, 5 --I:j M rBJ~~1rBl%A~Q ~ 1-63 Yr7i\. jffip; ~M$ 

Fl.W-~11HM EI3 ~~t$ttmitil~liWtt!,mE:;ic/J\tRJE, --I:j til MI8JJEg!*iX*, i9:JtJ;j A. ~ 
>d5¥l'. 5 til M 18J ~~i9:J;g~~IoJ~>b 21'-jJloJ{{'m~f- Wi2t~~1m. i9:1oJ~f~m 
~i2tB~~~Mj;] AR , IoJft{tm~11t~~$Mj;] AL • M~ 1-63(a) a<r/W6t ,~M$Fr.W-~ 
B~:illW1iHj:j;] A=AR-AL ,iE M:lll:~:illW~'d4j;] AR~AL ,YrlV.~ AL ~AR »A. 

xtl!ll- 63( b)~'~6t ,~M$p;t.W-~~ltIW~{4j;] A=AR+AL,iE M~B~ltIW~ 

{4*~j;] AR ~AL ,'f~~ AL~AR~ 1 · ~~1FL, E13'fjffiF~M$~tI:l ~#~~f
OO¥&' ,-N:bDLJt{m~f{ ,AL --I:j A rBJ ~ tt$~--I:jL iii5t11T~-JEitJEg. moo 1- 63 (a) 
'r~(£T&M@]~rBl~$U~::;ic, ~ 1-63(b)'/W6t T &MrBl~~~UVJ\~~-)'{;~~~. 
~ D:fij:iE 5 ;(:.~atl!i!tH~~{~%--I:j&M¥&'~$M.iEffi* ,YrlV.J.ilZ;lik~ 1- 63( b) 'I'l'HJLT , 

~n 5 --I:j MJEg!*ij;] ~ ~{IJH&{.g:atW!H~~{~%fB!ii. h\~~L-).jj:,:tt~ -1'-rii]!~1L&t;lik 

.----_. -----_. ~--=--!!'~-=~ ~ ~ 

jffip;~M~N~~~p;mm:!:#~&t;likliU~1P jXXJ ~{.lz:!: ( ;f] 2~4 mm {riJ;f zfij ;tit), 

rmll&Mm~~~J.t{.lz:!:ill1~.JEI'!E(~~k~11.f1,:t it ~ f il.\ilfe ~;f] 1 mm ;fzftJ;tIt,.&. 

Mit~flxt-fS;f..~k )Jl ll.f1,:tit 5l;f] 1 mm {riJ ;f$ffJ;t~J . i!~, ~~rA'~~Il;FL#~JEI,!). 

~5tp;r.W---I:j&M.~JEg_~_~~~~ft{.g::tt;lik.!J&~ 

cb·.. c=clM 

(a)S!jM'B9liEi&\":.9 ~ e<.Jf~l'Y:flliHt 

Mo=c)··· d 
(b)S!jMe<]liE~)g ~ B'J~l'Y:flliBt 

1!l1-63 ~~ d l¥J~goo 

M;J;£ e f!Jl~~~~a<]. »Stl!ll-63 ~i:t-).{;:m, '*~ f fl]M;~ g t~;lik.iEfJifl~ . . 
(3 )Jf~~~f1Ff!E~~~Q* 6Yr7i\.

* 6 tf,1l~~ 

~~$~~.% &Mm*W jffiF~1:.$liU. 

~~!ii rBll'J ~l'J ($.4<-$.-$::IJ iltJll) 

~~~ i2tl'J ¥&' Jll ($.4<- $.-$: :IJ ilt -y; ) 

&Mm*W~~~Mt~J.ilZ~j;] :W: , J;5I~J.ilZ;likjJtl'J . {E!X;fjffiF ~~H~llU~ ( 1f§.:.t 
:Y;t,t ~ I'tf i19:.1i.)~~~i9:J'~6t, ~{f1~~~.jl}~--I:jJf~tliHP-:B~ffi&, Ji,1*JJii:1?iI 
9i!,liUooxtOO 1- 63 ~N-).{;. 

4. 3 g;;~ ifJJ ~~J.ilZ 


~OO 1-641i~'iijffipr~M$til~ffitl~N' R't{f1~$!ll1oJ --I:j~1i!tm~ ¥{h*~Jl!{bLiE


:>fOOL, RAM1l'l ;fo&M1l'l f! IlJfl~/J\ , llm1&i lJ ~&M{~%f!i'iJ~M!iifl]~JE. 

( l)i~Am~ :~1!.it~g;;~~~J.ilZEtpT lV.5tWJ*~J111. 

a. ~~1!{P1~m ( ~fl 'kl -f '&'M1t )~~ffixt'fFt.W-ill1-'j a<]~1&~, ~nACD cp Vs = 

O,VD=V. 'f~E13ACDi'iJ1~&M.~~iiji$ f= / 0c-v. nI I ~ 
c 

~+I 

I!l 1· 64 £J1H'U..~;lj!~ ~ to ~ :&1'8) I¥J JL foJ 50~ 

b. ~&M.~~iiji$j;] f, I,!)'~N v ~.l*W!~$jgi9:J~Ft.W-. 'f~.=tliiACD 

~~1~iIJl*W!~$m1&ilJ~iiji$j;] 
, c c-v 

j= f c + v = / 0c +v' Q) 
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http:artw!IJ1~-).tW
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( l)i~Am~ :~1!.it~g;;~~~J.ilZEtpT lV.5tWJ*~J111. 

a. ~~1!{P1~m ( ~fl 'kl -f '&'M1t )~~ffixt'fFt.W-ill1-'j a<]~1&~, ~nACD cp Vs = 

O,VD=V. 'f~E13ACDi'iJ1~&M.~~iiji$ f= / 0c-v. nI I ~ 
c 

~+I 

I!l 1· 64 £J1H'U..~;lj!~ ~ to ~ :&1'8) I¥J JL foJ 50~ 

b. ~&M.~~iiji$j;] f, I,!)'~N v ~.l*W!~$jgi9:J~Ft.W-. 'f~.=tliiACD 

~~1~iIJl*W!~$m1&ilJ~iiji$j;] 
, c c-v 

j= f c + v = / 0c +v' Q) 



~l$j] 

~::::-_~__~~_~2t ._-.. 
( C-V) 2v

t::.f= fo- f= fo 1-c+v = c+do. ® 

~ v«c st, 

t::.f:"'~ 2v. ®c 

(2)~fti9!tl~IoJJ~'J!N v j'f:JflHf:i&~ftaMI5i!T~j] N( ~ j!;f-L orY:l.~1-¥- N= 

36) ,1f 
Nt::.lw v=-- @21[ . 

(3)~l$£j~m~tt**: ~tI1Jtl*:bOtE~trLti¥J ~tt, l!i!~:ij~t&~m i±l j'f:J1ff 

-'%~$,~tJi5!\!.* 7. ~mJIIY!Ettt~Z9J ,IfI::~$j] fo =40000 Hz. 

~n Ui~~~m~ffif8]ag~1f-

lOOt::. [
No. U/V f/Hz t::.f/Hz 

fo 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

16. 00 

15. 00 

14. 00 

13.00 

12.00 

11. 00 

10. 00 

9.00 

8.00 

7.00 

6. 50 

6.00 

5. 50 

5.00 

4. 50 

4.00 

3. 50 

38705 

38772 

38853 

38915 

38997 

39081 

39154 

39249 

39339 

39418 

39473 

39500 

39549 

39583 

39630 

39674 

39723 

1295 

1228 

1 147 

1085 

1003 

919 

846 

751 

661 

582 

527 

500 

451 

417 

370 

326 

277 

3. 238 

3. 070 

2. 868 

2. 713 

2. 508 

2. 298 

2. ll5 

1. 878 

1. 653 

1. 455 

1. 318 

1. 250 

1. 128 

1. 043 

O. 925 

O. 815 

O. 693 

.~~~. .~ - f: iRtl ~ MRB ___ ._ ._. ___ __I!I!!itIl, -.eo -----~ --- - _. - -.~ ..- - .- - - -...--.-. - I :. 
' 

-";.~ NI 1~~ ;\ ... 

18 3. 00 39758 242 O. 605 

19 2. 50 39800 200 O. 500 

20 2. 00 39847 153 O. 383 

21 1. 50 39887 113 O. 283 

rn 1-65 j]ffi* 71.lj\f1Ji¥J;tE!xt&illf$£j~;fJlE£!.ff**m. iI:i:1~'Ii1f.(t,,-(+#p.}J 
K-fiij il?i #kA1.&Hkt.%)PJ l.-)'1~iiJ~Lll:JXJ~3Hi1~Z9Jstj'f:Jl~mE£!.tt U, = (0. 17±0. 03) v. 

H~i¥J~~$1J kl = (2. J2±O. 01) X 10-3 V- J • 

ill 0.D35 


Io 0.030 


0.025 

0.020 

0.015 

0.010 

0.005 

0.000
0 2 4 6 8 10 12 14 16 

UlV 
I!i 1-65 1§:xt!tiJjn.!::J~~Jl~ff!¥J** 

~t}j%l-i±l ~ U= 01. o±o. 1)V oj, !C£!.trL~J!j] 0'= (l 525±5)r/min, ill JltPJ1~ 

O'-U i¥J~'+*1J k2 = 040±2)r • min-I. V-I. El3 fOf- f = 2v, fo - f =kl CU -U,) fIl 
o c .f 0 

v= 36t::.lk2 CU-U, ){f~1~iiJ 

72k2 t::.l
c=-k--' (J) 

l 

w4§·r:0~Jl:8<]!/&m{-tA.(])J't, ftfFiR&-frPX;it~1~ c= (349 ± 7) m/s, c j'f:J;j:i}ili 

mj] 313 m/s. El3Jlt~i±liJ1~i!:j'f:J*'§xti\ffi& E'=3~3XlOO%=2%. 

tE{-t:~'Ii:f£'(ifst;ft'jYH!IJ~ii*&PJf@1fli}8<]-@i9:. IZ9Jlt,xt~ 1-65 fI:: U=a+b 

7!%A;j'f:J~'lif£'(if£if~. WifBt)j\Ul~m~'Ii**!€l<:~fj'f:J!/&1m. 
4. 4 1~:~£j1§-i§i:5-Hjf.;<$:~Jfl:Y!lJit~* 

Jlt$:5ti¥J~*IZ9Aml:ff,jj :(.£ 16~50 Hz,fh:(.£ 15~20 kHz,fthltE 800~ 

1200Hz,jd,2tE 3 500~4 500 Hz,fthtE 2 000~3 000 Hzt~~PJ*~j'f:J. tE 2. 5 kHz 

1lft:iJi-f[9:A*3&~~lR7t 5~9 Hz ffJ~$iL ~$:5tm:<$:®rtE 300~500 1.I.-:f5, 1.§.2f 

yijij'f:J:5tm;<$:@l'ilJ ~f1J 1 OOO.i&tE 2 500 Hz Xi~G:5tf#¥(5± 1) Hz, PJ1.lj\:5t~~;<$:~Jfj;J (5 

± 1) X 100. ffi :ct:®~ ,~~~ffl.A4:5tmH:l g;~tIJ&JJj'~iJ<]:!a1ltl$Z9JJ!NJj)zj;] 
.ill. 

v= 2fo c. ® 

http:l.-)'1~iiJ~Lll:JXJ~3Hi1~Z9Jstj'f:Jl~mE�!.tt


~l$j] 

~::::-_~__~~_~2t ._-.. 
( C-V) 2v

t::.f= fo- f= fo 1-c+v = c+do. ® 

~ v«c st, 

t::.f:"'~ 2v. ®c 

(2)~fti9!tl~IoJJ~'J!N v j'f:JflHf:i&~ftaMI5i!T~j] N( ~ j!;f-L orY:l.~1-¥- N= 

36) ,1f 
Nt::.lw v=-- @21[ . 

(3)~l$£j~m~tt**: ~tI1Jtl*:bOtE~trLti¥J ~tt, l!i!~:ij~t&~m i±l j'f:J1ff 

-'%~$,~tJi5!\!.* 7. ~mJIIY!Ettt~Z9J ,IfI::~$j] fo =40000 Hz. 

~n Ui~~~m~ffif8]ag~1f-

lOOt::. [
No. U/V f/Hz t::.f/Hz 

fo 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

16. 00 

15. 00 

14. 00 

13.00 

12.00 

11. 00 

10. 00 

9.00 

8.00 

7.00 

6. 50 

6.00 

5. 50 

5.00 

4. 50 

4.00 

3. 50 

38705 

38772 

38853 

38915 

38997 

39081 

39154 

39249 

39339 

39418 

39473 

39500 

39549 

39583 

39630 

39674 

39723 

1295 

1228 

1 147 

1085 

1003 

919 

846 

751 

661 

582 

527 

500 

451 

417 

370 

326 

277 

3. 238 

3. 070 

2. 868 

2. 713 

2. 508 

2. 298 

2. ll5 

1. 878 

1. 653 

1. 455 

1. 318 

1. 250 

1. 128 

1. 043 

O. 925 

O. 815 

O. 693 

.~~~. .~ - f: iRtl ~ MRB ___ ._ ._. ___ __I!I!!itIl, -.eo -----~ --- - _. - -.~ ..- - .- - - -...--.-. - I :. 
' 

-";.~ NI 1~~ ;\ ... 

18 3. 00 39758 242 O. 605 

19 2. 50 39800 200 O. 500 

20 2. 00 39847 153 O. 383 

21 1. 50 39887 113 O. 283 

rn 1-65 j]ffi* 71.lj\f1Ji¥J;tE!xt&illf$£j~;fJlE£!.ff**m. iI:i:1~'Ii1f.(t,,-(+#p.}J 
K-fiij il?i #kA1.&Hkt.%)PJ l.-)'1~iiJ~Lll:JXJ~3Hi1~Z9Jstj'f:Jl~mE£!.tt U, = (0. 17±0. 03) v. 

H~i¥J~~$1J kl = (2. J2±O. 01) X 10-3 V- J • 

ill 0.D35 


Io 0.030 


0.025 

0.020 

0.015 

0.010 

0.005 

0.000
0 2 4 6 8 10 12 14 16 

UlV 
I!i 1-65 1§:xt!tiJjn.!::J~~Jl~ff!¥J** 

~t}j%l-i±l ~ U= 01. o±o. 1)V oj, !C£!.trL~J!j] 0'= (l 525±5)r/min, ill JltPJ1~ 

O'-U i¥J~'+*1J k2 = 040±2)r • min-I. V-I. El3 fOf- f = 2v, fo - f =kl CU -U,) fIl 
o c .f 0 

v= 36t::.lk2 CU-U, ){f~1~iiJ 

72k2 t::.l
c=-k--' (J) 

l 

w4§·r:0~Jl:8<]!/&m{-tA.(])J't, ftfFiR&-frPX;it~1~ c= (349 ± 7) m/s, c j'f:J;j:i}ili 

mj] 313 m/s. El3Jlt~i±liJ1~i!:j'f:J*'§xti\ffi& E'=3~3XlOO%=2%. 

tE{-t:~'Ii:f£'(ifst;ft'jYH!IJ~ii*&PJf@1fli}8<]-@i9:. IZ9Jlt,xt~ 1-65 fI:: U=a+b 

7!%A;j'f:J~'lif£'(if£if~. WifBt)j\Ul~m~'Ii**!€l<:~fj'f:J!/&1m. 
4. 4 1~:~£j1§-i§i:5-Hjf.;<$:~Jfl:Y!lJit~* 

Jlt$:5ti¥J~*IZ9Aml:ff,jj :(.£ 16~50 Hz,fh:(.£ 15~20 kHz,fthltE 800~ 

1200Hz,jd,2tE 3 500~4 500 Hz,fthtE 2 000~3 000 Hzt~~PJ*~j'f:J. tE 2. 5 kHz 

1lft:iJi-f[9:A*3&~~lR7t 5~9 Hz ffJ~$iL ~$:5tm:<$:®rtE 300~500 1.I.-:f5, 1.§.2f 

yijij'f:J:5tm;<$:@l'ilJ ~f1J 1 OOO.i&tE 2 500 Hz Xi~G:5tf#¥(5± 1) Hz, PJ1.lj\:5t~~;<$:~Jfj;J (5 

± 1) X 100. ffi :ct:®~ ,~~~ffl.A4:5tmH:l g;~tIJ&JJj'~iJ<]:!a1ltl$Z9JJ!NJj)zj;] 
.ill. 

v= 2fo c. ® 



-- •• ~( C~1twW.Cyjy.com _.___~:::-_L_.~~.~!t_._. _ .----, . 
v = (O . 34±0. 7)m/ s. 

;(£iY!~ ?H)$*~.9iBt~~ ff]f- B<J:;Ii!: , ~il~$ B<J ~12 1'8) ~Jf.PI ~~!:j?HJHm J:J - iY:, 
~ (2007' ill1:J+H!iPHI!llJllm ) 

W!tl~~¢It!$f$ 

-,~~Vl.1l)J 

1t*~~ tf~!fl if.] *1*($.\:~~) ~ ~$»l~ :iiO'! tf ,~~.ff-J!~ ~ ~ ~,.pfi J;,{ 

~t~~~0.M~~~~.~~.t~*;#A0•• ~~~~*~*1*•• 
.M, ~~!" 'i1f1-J 1t:lf ffi-S, 0 Jll'. i~d~~ OJ *-Jt!JJi~~ }fl. 

ftD i'B 1-66 .pfi 7j<,)j!~ 1:*1*~ ~$~~~ if.] fJ -$;lt Eb jIJj -t-'l'- 1~;f§ Iii] if.]:$X. ~£% 
1:lfiii~ if.] ,~lf~~tr - ~ii~! , jIJj ~ii ~ ~ if.] IT-~;f§ Iii]. jIJj%1:~ Iii] ~ ~ ~H;j~1'J 

#*#~~~tf~OO;fHIt,:fnJi'B 1-67 .pfiiF. 
2--==---, 

J '~' -----..f 'J/ --£~ .\

l' 

ill J-66 ill 1-67 

iY!~it ~ ,¥!-~'it~~a~1t*)J!H~*1* tf . ~ 1m u'.iUF;1§% k 'i.ff-, ~ $ tv 
liJ 2. 5 kHz. 1t %:t 'i.ff- if.] 1§ %~ ill 'iii it OJ ~~ 1f1t 'I~ ~ ~, ~·iq~ i!::fnJ *jlj[:ii ~ - JJl\ 
;t te IE ,~* .R ~ if.] ~ ,1~d;f 4i lli Wi it;f§ Iii]. ~ rm 22'. ~~ ~ JLtL jj1U: ~ S if.] 1§ 
%~.ffi ,;fIt'*rf!..ffi*- / j' OTitn ill *)Jl~ *1* e~ ~ ~ $ . 

.::,~~Jffil! 

~#*1*~~•• t •• if.]I~Jffil!;lt:Eb1§%~'i~.lliif.J~~~f~~ 

1t ~ iii II' ~ fJ f- 1. ~ ~ 3t ~ ~:Ih ,~ ~ :Ih 1t ~ ~ * 1* tf f- 1. ~ ~ 3t f if.J ~ 1. ~ 
~ ,~~ 1. ~m:1t ~~n 22'~ fJ f- 1. 3t ~ e~.pJi:lh , 1:t:~:w1ttiU.El. 22' fJ)Zf- 'i~ 1. ~ 
;& ~,ffi,JJ 'it~.ff- if.] $lli 1§ %. 

~,~*)jIH&:S ,$lli~.ffi Vo ;lt$A ~.ffi V; if.J1f-if.] ~~L 1t-Jtif.J~ A~.ffi V ; 

~ IE fJ ,#lL*1* e~ ~ ~ $ r;?t T -;t te IE fJ ~ ,r; ~ ~o ffi, ~ It ~* , 

r;=K(~~ ). CD 

CD i\ tf ,K JJ It i?U~ Itt. 
iE jJilj it~ Jf. tf , !& #- * i~N * 1* if.J ~~ fR *- , 00 U 1*?'r 1W if.J *1* if.J ~ ~1I. fR Ij' , Vo 

if.J *-/} 3:* ~ 'it ~~ (i; tf ~ lID #1* fJ if.J * 1* (101 #~#';fi) tr *, ~ JIt OJ Eb * 1*u
*itJf:*1* iJ~ ~ ~ $ . *1*u ~ PlI.liJ 

~_-~ ~O~~H!..-------- ~-----, --------"'=--
~ "I> /,I'"

1 L 1 L
R=-;S,r;= RS' @ 

@i\ tf ,L JJ * 1*u ev*-it, S JJ * 1*u if.J~ 1W {J;. ~~~CD;fl1@OJfHJj 


Vo = (.L . ~).L = B .L 

V; KSR R" ® 

®~tfB=(k · k),-t!LOJ~~K= ~. k.1'\;'A@OJfH~ 

~= (.L . ..b.) Vo @
v B S V; ' 

i}/.1l)J m*'it~~~~*1*if.J ~ ~$ ~ ,r; ~ tf ~ @u1**-it L,~ 1W~ S, ~~;fl1 ~~ 
~j#lttB tr~. 

ji;t :iE~~ tf, JJ l' fjf.oJij:Oj{j;t ~~171 # it K .R B, **~*i1li'.~.$ # r; e, ~ B<J 

* 1*, 1!!~#ti~ ~~~ ffi *. JJ J1t, ~1rJ m?r.#:1t ~ ~11.**1'\;' e, ~ r; (i; 5& 1*, ~~ 
~/J~:1t.oJij. 

¥!--;fIt~~.~'it~.if.Jtf~@ti1*,.1t#:1t~mif.JjIJj.ffi,JJ~m§.,:fnJ 
ru 1-68 .pfi iF. 

ill 1-68 

~,~~*>R 

1. @i lli *1* It ~$'it~.;t# (i; ~~~.i'B. 

#t L1W@i lli if.]~~~.i'B.%-~.,m T:iil~:t'it~~i1~~A~.ffi V; «2. 000 V)jfll 
~S~lli~.ffi Vo. 

2. ;fit,*#:1t ~ m1e: IE :0~9. 9 fl,:iil~ jj[ ~ Iii] ~1I.11I ~ if.J (~~ ) 11I, iG:iJtiE § Gi~ 

it if.J it '*$: ~ fJ . 
~ ~if.]1t V; (i; Wi it ,~:j;ftr ~11I1t[ 1. 700,1. 990]Vt€; IE fJ if.J ~ ,~;t 11I, $f 

1VH~jlj[~±0. 03 V.1$-t!L OJ J;,{ ~;t 1§ %i\( if.J~.ffi V; Jt!:fj;J!HIi-. 

3. 1 J{{~~ liJ #A ~#, J{{#}1t ~ ~1I.11I liJ ~j ~ ( k)JJ ~ ~#, ~ (~~ )- k~* 
i'B. ji ;t1t~-t$lli ~.ffi~ 1t ~ IE fJ jJnj i!: A~*j;' T 201-. 

3. 2 OJ J;,{ ~ j~ ~ i'B tf 1t~ 1. ~ l.?!t ~ I} (i; ~ - t€; IE fJ , 8!1 ~ ~ ~ 'Ii e~. ¥!- 8!1 ~ 

mailto:fIt~~.~'it~.if.Jtf~@ti1*,.1t#:1t~mif.JjIJj.ffi,JJ~m�.,:fnJ
mailto:k.1'\;'A@OJfH
http:1:t:~:w1ttiU.El
http:H)$*~.9i
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-- •• ~( C~1twW.Cyjy.com _.___~:::-_L_.~~.~!t_._. _ .----, . 
v = (O . 34±0. 7)m/ s. 

;(£iY!~ ?H)$*~.9iBt~~ ff]f- B<J:;Ii!: , ~il~$ B<J ~12 1'8) ~Jf.PI ~~!:j?HJHm J:J - iY:, 
~ (2007' ill1:J+H!iPHI!llJllm ) 

W!tl~~¢It!$f$ 

-,~~Vl.1l)J 

1t*~~ tf~!fl if.] *1*($.\:~~) ~ ~$»l~ :iiO'! tf ,~~.ff-J!~ ~ ~ ~,.pfi J;,{ 

~t~~~0.M~~~~.~~.t~*;#A0•• ~~~~*~*1*•• 
.M, ~~!" 'i1f1-J 1t:lf ffi-S, 0 Jll'. i~d~~ OJ *-Jt!JJi~~ }fl. 

ftD i'B 1-66 .pfi 7j<,)j!~ 1:*1*~ ~$~~~ if.] fJ -$;lt Eb jIJj -t-'l'- 1~;f§ Iii] if.]:$X. ~£% 
1:lfiii~ if.] ,~lf~~tr - ~ii~! , jIJj ~ii ~ ~ if.] IT-~;f§ Iii]. jIJj%1:~ Iii] ~ ~ ~H;j~1'J 

#*#~~~tf~OO;fHIt,:fnJi'B 1-67 .pfiiF. 
2--==---, 

J '~' -----..f 'J/ --£~ .\

l' 

ill J-66 ill 1-67 

iY!~it ~ ,¥!-~'it~~a~1t*)J!H~*1* tf . ~ 1m u'.iUF;1§% k 'i.ff-, ~ $ tv 
liJ 2. 5 kHz. 1t %:t 'i.ff- if.] 1§ %~ ill 'iii it OJ ~~ 1f1t 'I~ ~ ~, ~·iq~ i!::fnJ *jlj[:ii ~ - JJl\ 
;t te IE ,~* .R ~ if.] ~ ,1~d;f 4i lli Wi it;f§ Iii]. ~ rm 22'. ~~ ~ JLtL jj1U: ~ S if.] 1§ 
%~.ffi ,;fIt'*rf!..ffi*- / j' OTitn ill *)Jl~ *1* e~ ~ ~ $ . 

.::,~~Jffil! 

~#*1*~~•• t •• if.]I~Jffil!;lt:Eb1§%~'i~.lliif.J~~~f~~ 

1t ~ iii II' ~ fJ f- 1. ~ ~ 3t ~ ~:Ih ,~ ~ :Ih 1t ~ ~ * 1* tf f- 1. ~ ~ 3t f if.J ~ 1. ~ 
~ ,~~ 1. ~m:1t ~~n 22'~ fJ f- 1. 3t ~ e~.pJi:lh , 1:t:~:w1ttiU.El. 22' fJ)Zf- 'i~ 1. ~ 
;& ~,ffi,JJ 'it~.ff- if.] $lli 1§ %. 

~,~*)jIH&:S ,$lli~.ffi Vo ;lt$A ~.ffi V; if.J1f-if.] ~~L 1t-Jtif.J~ A~.ffi V ; 

~ IE fJ ,#lL*1* e~ ~ ~ $ r;?t T -;t te IE fJ ~ ,r; ~ ~o ffi, ~ It ~* , 

r;=K(~~ ). CD 

CD i\ tf ,K JJ It i?U~ Itt. 
iE jJilj it~ Jf. tf , !& #- * i~N * 1* if.J ~~ fR *- , 00 U 1*?'r 1W if.J *1* if.J ~ ~1I. fR Ij' , Vo 

if.J *-/} 3:* ~ 'it ~~ (i; tf ~ lID #1* fJ if.J * 1* (101 #~#';fi) tr *, ~ JIt OJ Eb * 1*u
*itJf:*1* iJ~ ~ ~ $ . *1*u ~ PlI.liJ 

~_-~ ~O~~H!..-------- ~-----, --------"'=--
~ "I> /,I'"

1 L 1 L
R=-;S,r;= RS' @ 

@i\ tf ,L JJ * 1*u ev*-it, S JJ * 1*u if.J~ 1W {J;. ~~~CD;fl1@OJfHJj 


Vo = (.L . ~).L = B .L 

V; KSR R" ® 

®~tfB=(k · k),-t!LOJ~~K= ~. k.1'\;'A@OJfH~ 

~= (.L . ..b.) Vo @
v B S V; ' 

i}/.1l)J m*'it~~~~*1*if.J ~ ~$ ~ ,r; ~ tf ~ @u1**-it L,~ 1W~ S, ~~;fl1 ~~ 
~j#lttB tr~. 

ji;t :iE~~ tf, JJ l' fjf.oJij:Oj{j;t ~~171 # it K .R B, **~*i1li'.~.$ # r; e, ~ B<J 

* 1*, 1!!~#ti~ ~~~ ffi *. JJ J1t, ~1rJ m?r.#:1t ~ ~11.**1'\;' e, ~ r; (i; 5& 1*, ~~ 
~/J~:1t.oJij. 

¥!--;fIt~~.~'it~.if.Jtf~@ti1*,.1t#:1t~mif.JjIJj.ffi,JJ~m§.,:fnJ 
ru 1-68 .pfi iF. 

ill 1-68 

~,~~*>R 

1. @i lli *1* It ~$'it~.;t# (i; ~~~.i'B. 

#t L1W@i lli if.]~~~.i'B.%-~.,m T:iil~:t'it~~i1~~A~.ffi V; «2. 000 V)jfll 
~S~lli~.ffi Vo. 

2. ;fit,*#:1t ~ m1e: IE :0~9. 9 fl,:iil~ jj[ ~ Iii] ~1I.11I ~ if.J (~~ ) 11I, iG:iJtiE § Gi~ 

it if.J it '*$: ~ fJ . 
~ ~if.]1t V; (i; Wi it ,~:j;ftr ~11I1t[ 1. 700,1. 990]Vt€; IE fJ if.J ~ ,~;t 11I, $f 

1VH~jlj[~±0. 03 V.1$-t!L OJ J;,{ ~;t 1§ %i\( if.J~.ffi V; Jt!:fj;J!HIi-. 

3. 1 J{{~~ liJ #A ~#, J{{#}1t ~ ~1I.11I liJ ~j ~ ( k)JJ ~ ~#, ~ (~~ )- k~* 
i'B. ji ;t1t~-t$lli ~.ffi~ 1t ~ IE fJ jJnj i!: A~*j;' T 201-. 

3. 2 OJ J;,{ ~ j~ ~ i'B tf 1t~ 1. ~ l.?!t ~ I} (i; ~ - t€; IE fJ , 8!1 ~ ~ ~ 'Ii e~. ¥!- 8!1 ~ 



iJ\.7 iJ1. 'IHfl J} fF IlB , mfF lInt jt iff 11. ~ 

_ ~-!tti_~.@~~_. _ .. __.__ • 
iJ\.7 i4 $- B, #- it ~ tJ Jlt :f :uJll ;t ~ u ( B) ~ 

~(B) .I... 
BU'L· 
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UU 
1. l!!jjtf:l ~~-I*~~?~~~ff5E:t'F!Y:J~~~~OO ( 1!l1 -70) . 

I!JJ-70 

2. ij!IJ:I:/Fli>Jt'F(jt<t~JllBtI¥.J (~~ )1l[,iCJR:H § c1J(itl¥.J~Hm~~J1;] . 

V; (V) Vo(V) R (D) Vo 1.(S)
Vi R 

1. 95 1. 621 O. 1 0. 831 5. 000 

1. 95 1. 494 O. 2 O. 766 3. 333 

1. 95 1. 342 O. 3 O. 688 2. 500 

1. 95 1. 216 O. 4 O. 624 2. 000 

1. 95 1. 09 1 O. 5 O. 559 1. 667 

1. 95 O. 987 O. 6 O. 506 1. 42 9 

1. 95 O. 912 O. 7 O. 46 8 1. 250 

1. 95 0.837 O. 8 O. 429 1. III 

1. 95 0. 775 O. 9 O. 397 1. 000 

1. 95 0.718 1.0 O. 368 O. 909 

1. 95 O. 508 1.5 O. 260 O. 833 

1. 95 O. 396 2.0 O. 203 O. 769 

1. 95 O. 31 8 2. 5 O. 163 O. 714 

1. 95 O. 270 3.0 O. 138 O. 667 
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__________._.~~_=~_ ~.~$2t-._______.___._.. 

1. 95 0.230 3. 5 0.118 O. 625 

1. 95 O. 201 4.0 O. 103 O. 588 

1. 95 0.177 4. 5 0.091 O. 556 

1. 95 O. 160 5. 0 O. 082 0.556 

1. 95 O. 144 

O. 132 

0.118 

5. 5 O. 074 0.500 

1. 95 6. 0 0.068 O. 454 

1. 95 6. 5 0.061 0.417 

1. 95 0.112 7. 0 0.057 O. 385 

1. 95 0.101 7.5 0.052 0.357 

1. 95 0.096 8. 0 0.049 O. 333 

1. 95 0.089 8. 5 0.046 O. 312 

1. 95 O. 085 9.0 O. 044 O. 294 

1. 95 0.079 9. 5 0.041 O. 278 
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3. 2 11R~> kEltJ~(]9~.Hi$7tfFOO ,fflfFOO7!*1~:ft~fj{JfW¥ B ~*4*fI9;f§ 
m/F1iffl~JJl(m 1-72). 
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lID 1-72 

u(B) [u(B) J2B=O. 434 [l,u(B) =0. 009 [l'iJ=O. 21, iJ =0.00044. 


u(B) i'iJ t;)ffl$#1n.Ht~, .R~it~!tK1H~jl[8ki-Aj;JE-lijij. 


4. E%lf~~~fI9*JJt L= (30. 500±0. 025)mm,~-I*ttfj{J1I1~j; d= 03.900 
±O. 025) mm, itji K ~ K fI9;f§m~fiftJ~JJ(. 

1 L 4X30.50 
K=B ·5 O. 434X13. 902 X3. 142 S/mm=O. 463 S/ mm, 

[uc:)r = [uc:) J+ [uCf') r+ [2Xuc:)J 
=0.00044+0.000001 +0.0013=0.001 7 . 

5. iffiJi:l:~~pg~-I*fj{JEg~*,~t±J~jt*.


ffl*••W:l:.-I*~~*~~~*fI9;f§m~**~0~j; 


a= (~ • ~ ) ~~ =KXA=O. 463 X A S/ mm. 


A=~~ [uc:)r= [uc:)r+ [uc:) r. 

X;j'''1ifiP1tl~-I*''£~jfl!tl:l:t\(X~~ ,~t!Brrr: 


VoVi (V) Vo (V) VoV; (V) Vo(V)Vi V;r---, 
1. 95 0.037 0.0190 1. 95 0.037 0.0190, 
1. 95 0.037 0.1090 1. 95 0.038 0.019 5 
1. 95 0.037 0.0190 1. 95 0.038 0.019SJ 
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~-it_~.~~lhL__-.-- ._.--e 

Yo
A =y; = 0. 019 17. 

0'=0. 463XO. 019 17 S/ mm=O. 008 88 S/ mm. 

6 
~CA-AY 
;~l 6 =0.000258,uCA)= 

uc:) =0.013, 

[uC: )T=0.00017, 

[uC;)T=0.001 7+ 0.00017=0.0019 , 

uCO') =0.044. 
0' 

uCO') =0.00039 S/ mm. 

"~lY!iJ~WJ~~.W$jg 0.008 88±0. 000 39 S/ mm,gj(; o. 008 9±0. 000 4 S/mm 

~.C.t~~~tE 100 mL ~1il;:CNaCl);'!itlWtE 700 mL ~ 10. 1 'C7.K9=t ,ffi!¥f~?:]~ 

'/1j 1JLr r£~tl W:Jifi1~ . 
• M 13 (2007· SIEjjWjj)J~!l.a ) 
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.__--""m=-=tli ~.~W:fr'--_______ .. __. 

elK: E§j;Jj:ijWIjllj;t&~..t -Ht{[ii:;f-1-l'f, WWIjlljoott1*~..tT*[ii~*f-l'f ,ffi 
~..tWIjllj;t&~TWIjllj;t&~j:ij~&M*m~~~-~.~Wili~~~~tt;~j:ij~ 

&M*m~*5!l\?t;fjJJiW~AM*5!l\?t;fjJ~M.v!;f§IEJ. 

l. 2b ~1l5IUB\:iji;T"1}"CN) ,ilffl-~~'~Jti~i>t.~JHJ!!.El3 :~~. 

2. ~J]i:!»lui!:wIjllj~ pfQ y 

2. 1 iQ:it~J]i:/J~, iJ!jj ili~J]i*Im[l#5t*ili~*~!»lui!:0~. 


!»lUi!: P~*Im[l~Il[lI-78 ffi~, !»lUi!: y ~*Im[l~llag 1-79 ,&f~. 


;1¥< W: 
ft nft 
~ ~ 

r-Xv---""@ r-Xv---""@ 
m...t Bi IHL / 1111 T itlH~Hz Bi ft Ji{f m...t Bi IHL / 1111 T itHHz Bi ft Ji{f 

;ji!~V j9W;i:Y 

iEtE.tmPlBi#£ iE :tE :lJQ PI Bi t*- o"!. 

001-78 00 1-79 


~~*lAtF~~ c IK&Matc~[fJ 1-78 flJj"-;f-) ,tEm..tPJ~lfilJ't~=~&M 

*m,~~v~~~~tt,'t~El3..tWIjllj~~T*[ii~TWIjllj~~..t*[iij:ij*&M 

*~~~M'm~~,J!j:ij**~*lj~j;J 2L. Et!:J;P7f:!lil1JIl~J§,iQ:iIfi!.ltJt~ 6T,W 

IjlljW,,* D.L=Lp6T,~~*,ttft~ ml *,,!JlO~ 2D.L=mu\,~~'\ j;J~*~iBlK El3 

J1tPJ~1J p= 2Z~T B3al L fQ,\ ,lA ml -T agPJ~1JilJiIfi!.ltlA 40 'c ~90 'C at ~*,ttft 

~~ ml, El3J1tPJ*~1J p. 

~~*lA a IK&MBtC~[fJ 1-79 flJj"-;f-) ,JItat*lj~j;J 2nL,lJli\.Jt 6T'7ljjg~* 

lj~5t1tj;J 

6C2nL)=2(n 't!r+L ~~)6T=2LCnp+Y)6T. 

iQ:JItBt~~?lV*,ttft~T m2 *,,!JlO~2LCnp+Y)6T=m2'\. 


_ m2'\ __ (m2 )
IlP Y-2L6T np- ml -n Xp. 

lA m2 -T agPJ~1JilJiIfi!.ltlA 40 'C~90 'cat~*,ttft~~ m2 ,E§JItPJ*~1J y. 

2.2 (1 )!»lUi!:W:;f;f)/::-+~~W,,**~ P~~mic*. 


~uili ml-T ** 


m2 Cffi-) 1 2 3 4 5 6 7 8 9 ! 10 
I 

1 I 
25.41 27.0 

I 

T('C) 28. 9 3l. 0 33.4 35. 3 37. 6 40. 0 42.2 I 44. 4 

m2C~) 11 12 13 14 15 16 17 18 19 20 I 
T('C) 46.6 48. 9 51. 6 54.0 56: 2 58.6 61. 2 64.0 66. 4 69. 0 

nlz Cffi-) 21 22 23 24 25 26 27 28 29 30 

T('C) 172.4 
1 

75.0 77. 6 79.8 82.4 84.41 86. 4 88. 2 90. 2 

_~ -~_. i~1I.~~~ 
~- _.---'-"- 

6 I
5
4
3
1 2
miC~) I 

54.450. 6
T('C) 46. 1
40. 6
30.0 I 35.4 

14
12 
 13
11
10
9
mlC~) 

87.479. 8 
 83. 8
75.8T('C) 67. 6 
 72.2 

7 

15 

90. 9 

(2)1Ji!U:l:W:;fJ;f-j.~tFrM¥Y}j/,lt*~ y ~'i&mic*=. 

jji!U,'l:l mz-T** 

2. 3 Jf(iliW:;fJ*Sj.i¥J~~,,**~ PflltFrM¥Wtlt *!J& y, #1ii~'t111 ~:;fJifB 

i£lt. 
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(2)itJl: P 
B~ L=10.12±0. 05 mm,'\=632. 8 nm,6T=50. 0 'C,#El3 ml-T ag1~rO T 

l
tE 40 'C~90 'cat nil = 11. 5 *" El3 13= 2Z~T'~1J p=7. 19 X 10-

6 
'C- . 


(3)·fiS'¥r. f3 89:;fiiffli£lt u Cf3) 


B 3al uCL) =0.05 min, llR uC6T) =0. 2 'c ,1tiit UCml) = 
O. 2 *'. 

http:2nL,lJli\.Jt
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www . cyjy~m __ ~-=-L.~~B!l?}_ ._ _ .__ ._. _.__ ~ -:-~IIi'E .~.~____ _ ~., 
4. >(, :, 

EE [ ~J = [ UC;:I )J+ [ UCC) J+ [ Uc;J) J 	
.-

2. ~ltJJ O. 1 'C8~~*~jlltit,thH~-(0)l1-j:jU a<J11lt1tI.ff-:ffi-.1jJ, r 
jJ I. ff-: a<J k 't i' . :f J-~)f] max/ min ~1Ii :max/ min fJ ~ 1ltr1i, -RLk: 1i5fP l'OC IHiL ~ 

2= (~ ) 2 + ( O. 05 ) 2 + (~) 	 ~4#t~4Ji. :/tP*7.K1iifVi 70 ·c, 1''oc it I. ff-:" H", '* ff-: ~i± :iff.. 1>%::f :j.!}~)f] l'11.5 	 10.12 50 
It l.U1 :lilUU'lt, i'lt it15l)f] --t~ -~ ?t D9 ~~.=3.4 X10-". 

3. 'lIH'La<J18~Jl.ll;fi#£ .1~ 	 u((3) =0. l3X 10- s·C -I . 
4. ifl!i ltJJ 1 g I1'J t -T -*. f- , 'if. ~ -*. f- J-i'f.# JJ<.f-. Tare/ Zero ~1IiJJ On/ Off i;l.(4)it~ y 

ZZif,]~~4Ji . :fJ-~)f],1t~~4Ji. jf.~ : ~ 50 t).';£;5J-ma.v-i-*.f-, i;l. rw-.Jl: § iYIld1l..
B~ n= 1. 515 ,ml = 11. 5 ~, EE m2-T ~PJ1~¥~ T {E 40 ·C -90 "C at ,m2 = 


:/tD*~± § ;&7'UJ1,~~t:Nfr7t~#-i}ij$'. .
21.0~,#BWlIJ1~(3=(7.19±0.l3) X 1 0-s·C -I. 
5. iJ&*f'J* , ;£JiLa<J~4Ji)f] --t~ 4#tat#5fP-itat :0iit. if itat:>.H~ r, tf fa] 89* 

EE y= (:~ - ml )(3'1~ y=2. 24X 10-6 ·C-I. 4Jik Stop/Start,;5 JiL 89 ~4Jik ~ ~. 


(5)1iiJi: y l¥J/GfifrlJElt 6. iHiff.'lJJ<.89i'f.jUi,. 

1iiit u(ml ) =u(mz) =0. 2 *, ,# B:;j(1~ It(m =0. l3 X 10-6 ·C - I. 7. ffw:'~JJ<.I1'J$a . 


8. it I1fHt\; 2 *-. 
u(y) =J[u(m2) ~nu(ml) JZ + [ u({3) J2 + [ u(ml ) JZ =0. 13. 


y mz nml (3 ml 9. ~ . 


u(y) =0. 30X lO-6'C- I. 	 18 D91i. ~ a<J i~Jil I: ft*¥f-)f] --t ~ -=-~?t ~ ~~ tf . 

2.4 ~~~* ~~li.ff.'I".tk~i±Ii..i;l.r.~~. I.a:j.!}a<J: 


it;ff&ltW~.fJ;jSj.I¥J~~,,*~~:1g :(3= (7. 19±0. 13) X1O-6 'C -I . 0) :&~W:.I18# £ at, ~f+.:ff.ll1. #.:JJ<. a<J f!fj, 1 ~ ( ~--;v ) . 


it;ff!l"bW~~$:fI¥J1JTM$m,lt*~:1g: y= (2. 24±0. 30) XlO-s'C - I. (2)~# £ 7J: ~if #.:JJ<. tf at 8~ f!fj' I. (~ .::.-;v ) . 


<~ (2006 • ill!:;ffl!fm}]l~"~ ) 7l(a<J~~ ff.'IJJ :c,.=4. 20 kJ/ (kg ' ·C). 


W!IJ.~agttr!.':~Jlnf~agR:itr!.': JJ<. a<J *ltJJ :pw = l. OO X W kg/ m3. 


~-$7J' ~ ~*It :pAl =2. 70X 103kg/ m3. 

W!IJ.~tE 45 'C-65 ·C t!?;lErklagttr!.': ~%: 


*~?t,R. jt it~)f] r 711x.a IJ"-:'" ~7.K, j,lt 1>50 ·C atffUUI .t;;J~ 195. if*~?t tf:f J-~)f] *-~ . 


f"l~ 
(la) fA J!10.1-!f .'lH8#£ I1'J ~~ #.:0-~,)f] *~. tf D9 j.J! ~ :i:i* ff-: :ml 7J ~

:!J7 ~. tf ff.'I JJ<. ~ ~ j[ , mz JJ ~ -=- :!J7 ~ ~ tf ff.'I JJ<. D9 ~ fr ,m JJ 19 ;fi 1* D~ ~ :m: ,K = 

9.., k #.:~ i!::t Ii. ,CI k~ -.:!J7 JJ<. ~ #.:~ iI ,C2 ;It.~.::::.:!J7 JJ<.5fP1g jJt%]§-" #.: ~:!-. 
Cz 

(1 b) 5fP ( I e) tf , 1iF J- jEJ}}.. K ~ Jill it. if~. tf *J:.1 ~ -T. %i~if1!# 1m- J,lL r , 
.:fftf~#f+5fP~~~~.~••~*.--ttm:tM~.lt~,.~ja15l15l*. 
--t 7.K1t-tf tf i!9 jilj It. if ~ (Ie) ~?t, m' J- ¥f-~;fi1* 3t ~7J: ~ JIJ JJ<. tf ,.:ff 89 #.: ~~ or 
i;l. ~,Bi}. 

(lb) ~ -:!J7 ~ ~ : 1t j,lt 45 'C-65 ·C IK fa]-OJ!'~ JJ<. j,lt TI ~ at fa] t 8~ :!C% , 7'J 

ili ;~~1t**,if$~~t\;.1~~~~:i mi· 

(le) ~ -=-:!J7 ~ ~: if j,lt 45 ·C -65 ·C IK fa] -OJ!' ~ ;bDA ~.:Ii 'f*]§-i!9 JJ<. j,lt T z ~ 

at fa] t D9~ j , 7tl ili ;~1 fr**,1t$~~t\; .1 ~ ili ~I:- mz 5fP m. 

Od)itl1fl~;tff.'l~.Z~~ K=.£L5fP :f~;tlt M,1t$~~.1~ ili K 5fP M. 
Cz 

001-81 

1. IH4.:ff,.:ff J: ~ 7t tJ )f] i:)bl,OC it. 
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4. ifl!i ltJJ 1 g I1'J t -T -*. f- , 'if. ~ -*. f- J-i'f.# JJ<.f-. Tare/ Zero ~1IiJJ On/ Off i;l.(4)it~ y 

ZZif,]~~4Ji . :fJ-~)f],1t~~4Ji. jf.~ : ~ 50 t).';£;5J-ma.v-i-*.f-, i;l. rw-.Jl: § iYIld1l..
B~ n= 1. 515 ,ml = 11. 5 ~, EE m2-T ~PJ1~¥~ T {E 40 ·C -90 "C at ,m2 = 


:/tD*~± § ;&7'UJ1,~~t:Nfr7t~#-i}ij$'. .
21.0~,#BWlIJ1~(3=(7.19±0.l3) X 1 0-s·C -I. 
5. iJ&*f'J* , ;£JiLa<J~4Ji)f] --t~ 4#tat#5fP-itat :0iit. if itat:>.H~ r, tf fa] 89* 

EE y= (:~ - ml )(3'1~ y=2. 24X 10-6 ·C-I. 4Jik Stop/Start,;5 JiL 89 ~4Jik ~ ~. 


(5)1iiJi: y l¥J/GfifrlJElt 6. iHiff.'lJJ<.89i'f.jUi,. 

1iiit u(ml ) =u(mz) =0. 2 *, ,# B:;j(1~ It(m =0. l3 X 10-6 ·C - I. 7. ffw:'~JJ<.I1'J$a . 


8. it I1fHt\; 2 *-. 
u(y) =J[u(m2) ~nu(ml) JZ + [ u({3) J2 + [ u(ml ) JZ =0. 13. 


y mz nml (3 ml 9. ~ . 


u(y) =0. 30X lO-6'C- I. 	 18 D91i. ~ a<J i~Jil I: ft*¥f-)f] --t ~ -=-~?t ~ ~~ tf . 

2.4 ~~~* ~~li.ff.'I".tk~i±Ii..i;l.r.~~. I.a:j.!}a<J: 


it;ff&ltW~.fJ;jSj.I¥J~~,,*~~:1g :(3= (7. 19±0. 13) X1O-6 'C -I . 0) :&~W:.I18# £ at, ~f+.:ff.ll1. #.:JJ<. a<J f!fj, 1 ~ ( ~--;v ) . 


it;ff!l"bW~~$:fI¥J1JTM$m,lt*~:1g: y= (2. 24±0. 30) XlO-s'C - I. (2)~# £ 7J: ~if #.:JJ<. tf at 8~ f!fj' I. (~ .::.-;v ) . 


<~ (2006 • ill!:;ffl!fm}]l~"~ ) 7l(a<J~~ ff.'IJJ :c,.=4. 20 kJ/ (kg ' ·C). 


W!IJ.~agttr!.':~Jlnf~agR:itr!.': JJ<. a<J *ltJJ :pw = l. OO X W kg/ m3. 


~-$7J' ~ ~*It :pAl =2. 70X 103kg/ m3. 

W!IJ.~tE 45 'C-65 ·C t!?;lErklagttr!.': ~%: 


*~?t,R. jt it~)f] r 711x.a IJ"-:'" ~7.K, j,lt 1>50 ·C atffUUI .t;;J~ 195. if*~?t tf:f J-~)f] *-~ . 


f"l~ 
(la) fA J!10.1-!f .'lH8#£ I1'J ~~ #.:0-~,)f] *~. tf D9 j.J! ~ :i:i* ff-: :ml 7J ~

:!J7 ~. tf ff.'I JJ<. ~ ~ j[ , mz JJ ~ -=- :!J7 ~ ~ tf ff.'I JJ<. D9 ~ fr ,m JJ 19 ;fi 1* D~ ~ :m: ,K = 

9.., k #.:~ i!::t Ii. ,CI k~ -.:!J7 JJ<. ~ #.:~ iI ,C2 ;It.~.::::.:!J7 JJ<.5fP1g jJt%]§-" #.: ~:!-. 
Cz 

(1 b) 5fP ( I e) tf , 1iF J- jEJ}}.. K ~ Jill it. if~. tf *J:.1 ~ -T. %i~if1!# 1m- J,lL r , 
.:fftf~#f+5fP~~~~.~••~*.--ttm:tM~.lt~,.~ja15l15l*. 
--t 7.K1t-tf tf i!9 jilj It. if ~ (Ie) ~?t, m' J- ¥f-~;fi1* 3t ~7J: ~ JIJ JJ<. tf ,.:ff 89 #.: ~~ or 
i;l. ~,Bi}. 

(lb) ~ -:!J7 ~ ~ : 1t j,lt 45 'C-65 ·C IK fa]-OJ!'~ JJ<. j,lt TI ~ at fa] t 8~ :!C% , 7'J 

ili ;~~1t**,if$~~t\;.1~~~~:i mi· 

(le) ~ -=-:!J7 ~ ~: if j,lt 45 ·C -65 ·C IK fa] -OJ!' ~ ;bDA ~.:Ii 'f*]§-i!9 JJ<. j,lt T z ~ 

at fa] t D9~ j , 7tl ili ;~1 fr**,1t$~~t\; .1 ~ ili ~I:- mz 5fP m. 

Od)itl1fl~;tff.'l~.Z~~ K=.£L5fP :f~;tlt M,1t$~~.1~ ili K 5fP M. 
Cz 

001-81 

1. IH4.:ff,.:ff J: ~ 7t tJ )f] i:)bl,OC it. 



____ ~-~__~.~~.7.t ___ . 
--.. 

Cl e).f1Q JE.I::I::, 1?" CA! :#-1t it~ /f ~ JE./t C:.CA! .;f£$ ~ ~~ J:. ¥ tll C~J,fP C:.c."J. 

~=$5t 


••~~~M~•• 

~*.~~~~m~~«. 


00 1-82 

1. 1lHHiJ1P!.~~Ut l.,j.jfi;ff. 
2. ~1f -;IUi. ~ i%. 7A jj[. 

3. 'lInt, ~4g ffit rnu;/iff: £ (~~ -'~II:0'-{1'l fiB) . 

4. ifriltn Igtr.Jt-f-3i:f-(~~-~:0'-{m~). 
5. :ltk~l'Y,*(~~-~~:n"-,fmfi;1). 

6. 1f I!H~ 2 *. 
7. ~. 

·#~~*~~~~1?,,~·~.~*~~~*~~±.~~~~4~~~tr.J 
'r1£. ;f£ft >If * ~Ef ~ •ilt if" fig ~ ,fj, 4~ #1it. ;Ft:iH.n TN = 77 K= -196 'C. 

4*~~t tf' .1t¥I-~J jJ: ~$\. ~ ~1tf7.', . mT1P!. *J1U~ l.,j.jfi.ff tf' * 1\1. lPiF;l%x #< 
;lt~ }£ • *- ~ if.. :i ~ 11: • [§ i/O fl: ffit :lK I;,( -- JE.lt $ Jfll. ~ . ~;fJJ ~f; 5A IX jg 't 51 eiJ W# £ :f9: 
A j~ iii $R fp- .ilt 1K ¥I- j~ r.q~ ~ ..t. lHg # £ if.) 71 It lj ~ ~ tB JiiJ. lit fp- %- if.. 13H1 i;~ 
i~ ?,~ ~ ~ •'* !jIl WEl~ 4- if1 E, fl ~ Jl: .li# ,WI] ?!! ~~ ;It mT 4§ ,fP *~ z faJ eg ;\ Jlll; i~ *
5/ ~ Bg. 41g # £ Jtjl] 5it:l 51lt fp-. *%..¥I-~ ~)~1t. 

;;If mJtl lllt lK~~~*. m=~J1l JH§ oHI::,M CAllj ~ :,tjNdH9 #:.*. ~ 1-83 *= ~ 
48 ~ I::t #.Ilj 1111 ~ #: * . ill tf' iJA*#;;It;ftJ n *;f~. m~ -.~ tp 45 'c -65 'c fR (til 

e9 1::1::, ~ iji)lj:li it**t,'fJE.it t~ BiJ ~)"t iF-1iL. 

,... _____._ ___ ~-~ ~~~R2---... -~.. ~---~. -_...... .. -----_.
4 * /,1 

5 

4 

3 

2 

100 150 200 250 300 350 400 T~K) 
00 1-83 lSi't-J lt~~i,\fiJl!¥J**, W-~tiF~ffi~~IH'F 

.%: 

(l)4 n!. ~~* l.,J:* ;j:ftp ilt Jl\ jIlt n TN = -196 ·C. n I!ff Jl: J! 1$" •/f Ji it:ti* 


~\)fll~1f~Jl\if.) ~•. 1'-A~~J, #J £ ~P"§{1'fi ,.f*=~~Si& ii'iiltJl\. 

(2)/f Ji,*1fM Jt#: eg #J £ ~A* Jl\ 9'. 

(3) Ji ~~ '$ IJ, ,\..':!tl!.¥tW# £ ~AiOC~ 9' .Ilt Jl:)i,t tIl:s.t~ til. 
fOJ J@ 


(2a) j~~ f:ilt~ ~;~1tlt$ af Ji ~%;tf ~. iYJIJ:fit 4 ig# £ a9 *if1 ±t~ tp ~ 1t D9 

70C ~ ~m:l. (-t:g#.?al!li.AJ:. (r!J 7f 0 ~Atf. <f ) 


m*~p ~;ff ~:liHr ~!Jt . ¥t1f ~ if.) 1P!.~}lt * l., J:*;ff~ 4 ~ -f- ff J:. .1f1 A* fiJ 
250 g ~*~. ~ 5 ~# ic.~ ~ 7f~UHt. ~ ~:i*%..i~ 1t fp-. ¥tig;/i :!t:A;ff 9' ,:i! 
%- 5/ ~.wtl ~ ~Mt. ~ 4g;/i *if1 JIJ nx.Jl\ lIlt I;,( fp- •5~ 1t%-Jf-~~*. JIt)§-~~ ~ i,IlL!i 5 

~#ic.~ •.t..X1f-.~iltJl\~~1.4.1'-±t~tp~~~-f-*~•• ljaf~~ 

#:* M(t). 


it;t:4 11M ,t~?lL ~$:f Ji~.p!NA J~ ~ Jl\ I;,( fp- Dg 19 # J'P. 

1t~1a% tp Ji~ tIl-1'- M(t);fII mN(t) O9.il6*=,;Ft: tp mN (t)*:iF ~ 1t# 09 ~ 


Jl\m :!to 

(2b)5ftlJfl(2a)9'ag~l:tii*.f1=~1t#~~Jl\mi!::mN ljaff"l t ~ru. JIt~fJli 


11 :Jt~-1-~ 1t±t~ fig ;:.-1- JIJr R: ~A {g # £ Htr ,)§- Jf-~ if.) t\ 1t JlJrR;fII ilt ~ .wI] 1.~! ~ 1t 

~ JlJrR. 


(2c) mIE .f/Il JE.1g # £ :f9: A ilt ~ fp- • t O911lt mi: iA * if1 Jtl ~~ iIIt Og ±t f¥. tf' • 

*- Jl\;fllig# £ f7.',;z ~J'JTJi!c~1t eg ~ Jl\ffit it mNAl. lilL ~~ fJli;;lj- t.t ig # £ *if1 Htr , 

*ip af;fll *ip fp- ~~1'-±tf¥. tp .;ff-f-;fII ~~~ #.: x~. 4$~~J:.¥ til mNAl figiH.;fII 

t ~ /f.f/ll JE.lt C:.mNAI. 


(2d) 5ftl Jfl ~ -.~ tf' 45 'C -65 'C tK f"l 09 1::1::, #'::iI!1:it tii ***.it {g a~ 1::1::, f7.', lj 11 

It lib ~ J:.iJA~* ~ iF-1iL. 4$~ ~~ J:. ¥ til ~I::, f7.', e9;ftJ n iF-1iL (if-~ i¥--(;i) lj ~n If!.1iL 


~~~~. 

CAl [J / (kg· 'C) ] =,8 • CAl (if-~ Jf.-(;i). 


(2e) 5ftl mig ~ *if1 5/ ~7OC Jl\~1t # e9 J::lt e9 ;YJlJ I: tii *;fII E,.it#; ~ 1::1::, Mlj lIlt 

http:t:g#.?al!li.AJ
http:t,'fJE.it
http:l.,j.jfi.ff
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••~~~M~•• 
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00 1-82 

1. 1lHHiJ1P!.~~Ut l.,j.jfi;ff. 
2. ~1f -;IUi. ~ i%. 7A jj[. 

3. 'lInt, ~4g ffit rnu;/iff: £ (~~ -'~II:0'-{1'l fiB) . 

4. ifriltn Igtr.Jt-f-3i:f-(~~-~:0'-{m~). 
5. :ltk~l'Y,*(~~-~~:n"-,fmfi;1). 

6. 1f I!H~ 2 *. 
7. ~. 

·#~~*~~~~1?,,~·~.~*~~~*~~±.~~~~4~~~tr.J 
'r1£. ;f£ft >If * ~Ef ~ •ilt if" fig ~ ,fj, 4~ #1it. ;Ft:iH.n TN = 77 K= -196 'C. 

4*~~t tf' .1t¥I-~J jJ: ~$\. ~ ~1tf7.', . mT1P!. *J1U~ l.,j.jfi.ff tf' * 1\1. lPiF;l%x #< 
;lt~ }£ • *- ~ if.. :i ~ 11: • [§ i/O fl: ffit :lK I;,( -- JE.lt $ Jfll. ~ . ~;fJJ ~f; 5A IX jg 't 51 eiJ W# £ :f9: 
A j~ iii $R fp- .ilt 1K ¥I- j~ r.q~ ~ ..t. lHg # £ if.) 71 It lj ~ ~ tB JiiJ. lit fp- %- if.. 13H1 i;~ 
i~ ?,~ ~ ~ •'* !jIl WEl~ 4- if1 E, fl ~ Jl: .li# ,WI] ?!! ~~ ;It mT 4§ ,fP *~ z faJ eg ;\ Jlll; i~ *
5/ ~ Bg. 41g # £ Jtjl] 5it:l 51lt fp-. *%..¥I-~ ~)~1t. 

;;If mJtl lllt lK~~~*. m=~J1l JH§ oHI::,M CAllj ~ :,tjNdH9 #:.*. ~ 1-83 *= ~ 
48 ~ I::t #.Ilj 1111 ~ #: * . ill tf' iJA*#;;It;ftJ n *;f~. m~ -.~ tp 45 'c -65 'c fR (til 

e9 1::1::, ~ iji)lj:li it**t,'fJE.it t~ BiJ ~)"t iF-1iL. 

,... _____._ ___ ~-~ ~~~R2---... -~.. ~---~. -_...... .. -----_.
4 * /,1 

5 

4 

3 

2 

100 150 200 250 300 350 400 T~K) 
00 1-83 lSi't-J lt~~i,\fiJl!¥J**, W-~tiF~ffi~~IH'F 

.%: 

(l)4 n!. ~~* l.,J:* ;j:ftp ilt Jl\ jIlt n TN = -196 ·C. n I!ff Jl: J! 1$" •/f Ji it:ti* 


~\)fll~1f~Jl\if.) ~•. 1'-A~~J, #J £ ~P"§{1'fi ,.f*=~~Si& ii'iiltJl\. 

(2)/f Ji,*1fM Jt#: eg #J £ ~A* Jl\ 9'. 

(3) Ji ~~ '$ IJ, ,\..':!tl!.¥tW# £ ~AiOC~ 9' .Ilt Jl:)i,t tIl:s.t~ til. 
fOJ J@ 


(2a) j~~ f:ilt~ ~;~1tlt$ af Ji ~%;tf ~. iYJIJ:fit 4 ig# £ a9 *if1 ±t~ tp ~ 1t D9 

70C ~ ~m:l. (-t:g#.?al!li.AJ:. (r!J 7f 0 ~Atf. <f ) 


m*~p ~;ff ~:liHr ~!Jt . ¥t1f ~ if.) 1P!.~}lt * l., J:*;ff~ 4 ~ -f- ff J:. .1f1 A* fiJ 
250 g ~*~. ~ 5 ~# ic.~ ~ 7f~UHt. ~ ~:i*%..i~ 1t fp-. ¥tig;/i :!t:A;ff 9' ,:i! 
%- 5/ ~.wtl ~ ~Mt. ~ 4g;/i *if1 JIJ nx.Jl\ lIlt I;,( fp- •5~ 1t%-Jf-~~*. JIt)§-~~ ~ i,IlL!i 5 

~#ic.~ •.t..X1f-.~iltJl\~~1.4.1'-±t~tp~~~-f-*~•• ljaf~~ 

#:* M(t). 


it;t:4 11M ,t~?lL ~$:f Ji~.p!NA J~ ~ Jl\ I;,( fp- Dg 19 # J'P. 

1t~1a% tp Ji~ tIl-1'- M(t);fII mN(t) O9.il6*=,;Ft: tp mN (t)*:iF ~ 1t# 09 ~ 


Jl\m :!to 

(2b)5ftlJfl(2a)9'ag~l:tii*.f1=~1t#~~Jl\mi!::mN ljaff"l t ~ru. JIt~fJli 


11 :Jt~-1-~ 1t±t~ fig ;:.-1- JIJr R: ~A {g # £ Htr ,)§- Jf-~ if.) t\ 1t JlJrR;fII ilt ~ .wI] 1.~! ~ 1t 

~ JlJrR. 


(2c) mIE .f/Il JE.1g # £ :f9: A ilt ~ fp- • t O911lt mi: iA * if1 Jtl ~~ iIIt Og ±t f¥. tf' • 

*- Jl\;fllig# £ f7.',;z ~J'JTJi!c~1t eg ~ Jl\ffit it mNAl. lilL ~~ fJli;;lj- t.t ig # £ *if1 Htr , 

*ip af;fll *ip fp- ~~1'-±tf¥. tp .;ff-f-;fII ~~~ #.: x~. 4$~~J:.¥ til mNAl figiH.;fII 

t ~ /f.f/ll JE.lt C:.mNAI. 


(2d) 5ftl Jfl ~ -.~ tf' 45 'C -65 'C tK f"l 09 1::1::, #'::iI!1:it tii ***.it {g a~ 1::1::, f7.', lj 11 

It lib ~ J:.iJA~* ~ iF-1iL. 4$~ ~~ J:. ¥ til ~I::, f7.', e9;ftJ n iF-1iL (if-~ i¥--(;i) lj ~n If!.1iL 


~~~~. 

CAl [J / (kg· 'C) ] =,8 • CAl (if-~ Jf.-(;i). 


(2e) 5ftl mig ~ *if1 5/ ~7OC Jl\~1t # e9 J::lt e9 ;YJlJ I: tii *;fII E,.it#; ~ 1::1::, Mlj lIlt 



_5!-=~ _. ~~.oo'l

* * 00 , 11fti JUPd!\..10 5i.1t ~ 1I,~!t ~ §t\.l ~ ill 5i.1t ~ II *p "t; a<J /f 11fti Jt,OC 611. 
• 

bHlTl :¢:~8SJMtlB5j-~~~~;m~~. ~-BB5j-&Ff~tt\ttm;Vw~; ~=tlB5j

~:r;@tt\r=\ft~8SJ ;!iW~. JSMffi\5j-~ffi*8SJ ,ESJ A513 -BE5j-l§j 8SJ tt~eSJjOO~~;Ej§~?f 
513=tlB5j-8SJ~!Jllicp~ffi¥U, ffi.i§~-BE5j-C:P 8SJl§jt~~~J\513=BE5j-8SJ;m:%cp. PJT~ 

eSJ~f'~11IB!liMm~~mfHffi,ii~,-~@~fgt.!)i~~,=~~JJlt~f7Jm)*f7J. 

~~8SJ*m~X1ttmfOnft~~~~lItIfeSJ1t&~, §$1;ti~tI:l ttT~ffinft~eSJ 

~l:t:rt, El3JS~~l:t:rtqJ~tl::lJillii<;m~~[)jJB~~, f'F~f4J*~B:IJ~, ~Foffif'F~)~* 

I±lffl;m~~. ~§869TI ,l88SJtt~~t!tt~M~~!JlliB:IJ~~~ : -:-~).B:~18f$ooBj, 

~7.K8SJIl&)fijHm~, =~~l8f$&lBj~7.KeSJll&)lffiB:IJ~. 

[ttl ~-$:5J'- wW:iiWiE 45 'C~65 'C ;lffi.~mlEpgffJ~tm 

(la)iE~#>~-"pmmi¥JtA7](J1fi:~ m) ,7](i¥J ~tm cw =4. 2 kJ /( kg • :C) , p.bJ<.i¥J 

m~:7g 

CI =c",ml . CD 

:(£~~="pmm i¥Jt.!VJ<.J1fi::I::7g mz , ~A7J<."p i¥J ~.gttJ1fi::i: 1.1 m, 7]( ;fO-tBtt i¥J ,~, 

~t 11!~'§ :7g 

C2 = c",mz +C.'-l m. cv 
~K=~,~~CD;fOCV~~~.~ 

~ 

_ ( ml -K' m2 ) @CAI- K. m cwo 

~tm'§i¥J ~tm K ~lA~~(1b);fO (Ie) "pj£I±J. {fJ!~1-~~i"p ,*L!tmm~tS9 
~ oicJ , ~gVf-l-;j>f I*J i¥J 7]( f.li: ?i!IJ ~1}~ t§ 1iiJ. 1.1 lifij 7£7]( f.li: ~ J3t , PI m ~:(£;j>fT i¥J fYllJ ffif _UiF 
i2 , ~;jKlr.rf ~ili;ff7](:i: 

ml =m2 + m. @ 
Pw Pw PAl 

~T@~"pi¥J:5tT1.1~m , :§:ili;* m) ~Jl[ mm, 1V,*1~:&HES9~®~i!i*. 
(lb)~~-: m7J<.i¥J J.!D::I: ml = (50± 1) g, ~W1 Tr = (2 3. 4± 0. 2)'C, ~tA7](~ 

!pag,:(£ 45 'C ~65 'Ci¥J¥~J3t1M~11*J ,7](W1 TI ;fOS~' IS] t i¥J*~ibJU!lrr~: 

N 

1 

2 

3 

4 

5 

6 

T)CC) 

65 

64 

63 

62 

61 

60 

t( 0'-, *);) 

0,00 

0,27 

0 ,56 

1,49 

2,08 

3,02 

t( 0'-) 

O. 0 

O. 5 

O. 9 

1.8 

2. 1 

3. 0 

In(T) -Tr ) 

3. 72 

3. 69 

3. 67 

3.64 

3. 62 

3.59 

. ... ___ _rg - ~ /Yl11:tE ~R8 ____ ._.__---.---
.\\1 ", ~ij;* 

7 59 3,48 3. 8 3. 56 

8 58 4, 34 4. 6 3.53 

9 57 5,20 5. 3 3. 51 

10 56 5 ,48 5. 8 3.47 

11 

12 

55 

54 

6,33 

7,37 

6. 6 

7. 6 

3. 44 

3.41 

13 53 8,50 8. 8 3. 38 

14 52 9 , 37 9. 6 3 . .34 

15 51 10,13 10.2 3. 31 

16 50 11 ,26 11. 4 3. 27 

17 49 12,39 12. 7 3. 23 

18 48 13,52 13. 9 3. 19 

19 47 15,33 15. 6 3. 15 

20 46 16,17 16. 3 3.11 

21 45 18,00 18. 0 3. 06 

(lc)~~=: m7J<.S"JJ.!D: :fi m2 = (27± l)g,-tBtti¥JJ.!D:~ m = (69± l)g, ~m Tr = 
(23 . 4±0. 2) 'C, ~m7](~t;p8i ,;(£ 45 'C~65 'C i¥Jr~J3tmlE I*J ,7](;fO-tBtt i¥JW1~ T2 

;fOsilS] t i¥J*~i2:¥R:~Or ;l~L 

N 

1 

2 

3 

4 

5 

6 

7 

8 

9 I 

T2 CC) 

65 

64 

63 

62 

61 

60 

59 

58 

57 
-

t(:B-,t)r) 

0,00 

0, 18 

0 ,46 

1, 32 

2,00 

2,26 

3,03 

3,39 

4,25 
-

t(:B- ) 

0. 0 

O. 3 

O. 8 

1.5 

2.0 

2. 4 

3.0 

3. 7 

4. 4 

In(T2 Tr ) 

3.72 

3. 69 

3. 67 

3. 64 

3. 62 

3. 59 

3. 56 

3. 53 

3. 51 

682 

-""---
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~~8SJ*m~X1ttmfOnft~~~~lItIfeSJ1t&~, §$1;ti~tI:l ttT~ffinft~eSJ 

~l:t:rt, El3JS~~l:t:rtqJ~tl::lJillii<;m~~[)jJB~~, f'F~f4J*~B:IJ~, ~Foffif'F~)~* 

I±lffl;m~~. ~§869TI ,l88SJtt~~t!tt~M~~!JlliB:IJ~~~ : -:-~).B:~18f$ooBj, 

~7.K8SJIl&)fijHm~, =~~l8f$&lBj~7.KeSJll&)lffiB:IJ~. 

[ttl ~-$:5J'- wW:iiWiE 45 'C~65 'C ;lffi.~mlEpgffJ~tm 

(la)iE~#>~-"pmmi¥JtA7](J1fi:~ m) ,7](i¥J ~tm cw =4. 2 kJ /( kg • :C) , p.bJ<.i¥J 

m~:7g 

CI =c",ml . CD 

:(£~~="pmm i¥Jt.!VJ<.J1fi::I::7g mz , ~A7J<."p i¥J ~.gttJ1fi::i: 1.1 m, 7]( ;fO-tBtt i¥J ,~, 

~t 11!~'§ :7g 

C2 = c",mz +C.'-l m. cv 
~K=~,~~CD;fOCV~~~.~ 

~ 

_ ( ml -K' m2 ) @CAI- K. m cwo 

~tm'§i¥J ~tm K ~lA~~(1b);fO (Ie) "pj£I±J. {fJ!~1-~~i"p ,*L!tmm~tS9 
~ oicJ , ~gVf-l-;j>f I*J i¥J 7]( f.li: ?i!IJ ~1}~ t§ 1iiJ. 1.1 lifij 7£7]( f.li: ~ J3t , PI m ~:(£;j>fT i¥J fYllJ ffif _UiF 
i2 , ~;jKlr.rf ~ili;ff7](:i: 

ml =m2 + m. @ 
Pw Pw PAl 

~T@~"pi¥J:5tT1.1~m , :§:ili;* m) ~Jl[ mm, 1V,*1~:&HES9~®~i!i*. 
(lb)~~-: m7J<.i¥J J.!D::I: ml = (50± 1) g, ~W1 Tr = (2 3. 4± 0. 2)'C, ~tA7](~ 

!pag,:(£ 45 'C ~65 'Ci¥J¥~J3t1M~11*J ,7](W1 TI ;fOS~' IS] t i¥J*~ibJU!lrr~: 

N 

1 

2 

3 

4 

5 

6 

T)CC) 

65 

64 

63 

62 

61 

60 

t( 0'-, *);) 

0,00 

0,27 

0 ,56 

1,49 

2,08 

3,02 

t( 0'-) 

O. 0 

O. 5 

O. 9 

1.8 

2. 1 

3. 0 

In(T) -Tr ) 

3. 72 

3. 69 

3. 67 

3.64 

3. 62 

3.59 

. ... ___ _rg - ~ /Yl11:tE ~R8 ____ ._.__---.---
.\\1 ", ~ij;* 

7 59 3,48 3. 8 3. 56 

8 58 4, 34 4. 6 3.53 

9 57 5,20 5. 3 3. 51 

10 56 5 ,48 5. 8 3.47 

11 

12 

55 

54 

6,33 

7,37 

6. 6 

7. 6 

3. 44 

3.41 

13 53 8,50 8. 8 3. 38 

14 52 9 , 37 9. 6 3 . .34 

15 51 10,13 10.2 3. 31 

16 50 11 ,26 11. 4 3. 27 

17 49 12,39 12. 7 3. 23 

18 48 13,52 13. 9 3. 19 

19 47 15,33 15. 6 3. 15 

20 46 16,17 16. 3 3.11 

21 45 18,00 18. 0 3. 06 

(lc)~~=: m7J<.S"JJ.!D: :fi m2 = (27± l)g,-tBtti¥JJ.!D:~ m = (69± l)g, ~m Tr = 
(23 . 4±0. 2) 'C, ~m7](~t;p8i ,;(£ 45 'C~65 'C i¥Jr~J3tmlE I*J ,7](;fO-tBtt i¥JW1~ T2 

;fOsilS] t i¥J*~i2:¥R:~Or ;l~L 

N 

1 

2 

3 

4 

5 

6 

7 

8 

9 I 

T2 CC) 

65 

64 

63 

62 

61 

60 

59 

58 

57 
-

t(:B-,t)r) 

0,00 

0, 18 

0 ,46 

1, 32 

2,00 

2,26 

3,03 

3,39 

4,25 
-

t(:B- ) 

0. 0 

O. 3 

O. 8 

1.5 

2.0 

2. 4 

3.0 

3. 7 

4. 4 

In(T2 Tr ) 

3.72 

3. 69 

3. 67 

3. 64 

3. 62 

3. 59 

3. 56 

3. 53 

3. 51 

682 

-""---



_.___ ~.=.~. __~~.Wzt__. ._- -- _....... 
(~*) 

10 56 4,45 4.8 3. 47 
I 

11 55 5,29 5. 5 3. 44 

12 54 6,24 6. 4 3.41 

13 53 7,1 9 7. 3 3. 38 

14 52 8,05 8.1 3. 34 

15 51 8,33 8. 5 3.31 

16 50 9,27 9.5 3. 27 · 

17 49 I 10 ,3 1 10. 5 3. 23 

18 48 11 ,35 11. 5 3. 19 

19 47 12,58 13. 0 3.15 

20 46 13,35 13.6 3.11 

21 45 14,57 15. 0 3.06 

T, (tHo T2(t) i39*~ 1tI!~:!m~ 1-84 Yfif:. 
(ld)tE~~-l!l~~'::' cp 7.k~i39 Ti!*, ~ EE T~ I*J i39~Eltl!lf.iJ ~1iF!jtilt1'J~ 

X:~i39~*. i.~~I*Ji397.k~j; T,~mj; Tr ,lJl~ §~I*JYfrm:~~f.iJmJ1iFmi39~:i:,'!§ 

jj;\j ~Z.r8] i39Wr£i39-tX:IJ~lE t~, ~p 

-cdT=a(T-Tr). @ 
70 


6S 

I-H2O 
2-H2O+AI 

e~60t' 
h 

55 


50 


4S I I I I I I I I I I I I I I I'>t I j"">Q I I 


o 2 4 6 8 I0 12 14 16 18 20 

t(min) 

1!11-84 

~cp c j; t~~?g(CI ~ Cz) ,et j;- t~{9lJ1jt~. ~@~f.Q7H~ 

T-Tr= (To-Tr)e-';-' . @ 

~cp To j;~I*J7.ki391JJiffi\.. ~@~jj;\jjtJIlitx1~, Pf{ltft~111t,~~ 

__~-=-~__~%:~_BL",._- -_. ---- --
~.., p,-~ 

In(T-Tr)=ln(To-Tr) -'!!"'t . (j)
C 

~Clb)l!l(lc) ~~~B>51~m~~j; in(T, -- Tr) - t ~ !neT! - Tr) - t B9*~ ItI! 
~,:!m f1l 1- 85 JiJf7f.;. jj;\j1!f~.ill!.if: lli ~:ilt-B<]~·ri~~. EE 00 cp WJ~:fliftlWJif H!1~Ur-]If,f 
~(.i'iJ:j~ K OO:~;ft/Giiffi~ii 61(. 

.!!... 
K ± M,' = _~ = bz± 6hz 

®.!!... b, ±6b, ' 
CI 

K=!:L= -0.0439 
b

l 
-0.0367=1.196. 


6K = K fI( 6b l \ ~ + (6hz )

~ b!) bz 


/ (0. 000 4) z -( O. 000 5) 2 

=1. 196XV 0.036'1 + 0. 0439 = 0.019. 

3.8 

3.7 

3.6 

3.S 
~ 
i. 3.4 

c: 
- 3.3 

3.2 

3.1 

I-H20 
2- H20+Al 
y=hx"", b!=-(0.036 7±0.000 4) 

b2 =- (0.043 9 ± 0.000 S) 

3.0 I I I I I I I I I I I I I I I I I I I I I 


024 6 8 10 12 14 16 18 20 

t (min) 


I!I 1-85 


Cle)~IJmQ)~,Pf it:¥):f.8 i39 t~~~~.If~Tiffl5E;IIj; 
C50±1)-O.196±0.019)X(27+1)]

[cAd6c,\l= C1. 196±0. 019) X (69':": 1) X 4.20 

= [g: ~~~: ~] X 4.20= (0. 90±0. 08) k] /C kg • 'C). 

~=$'" i9lIJiljfi~~if..JR:f.t!f.\. 
(2a)T*7!7'lJJt~JitB~~i$1ii1;Elt1i mN(g)~x11i.\ZAtr8] t ~~~iWxW,*cp!!ll:~l:V!IJ 

:i:B9/G-liffl~ji1J± 1 g. 

http:jj;\j1!f~.ill!.if
http:i39~Eltl!lf.iJ


_.___ ~.=.~. __~~.Wzt__. ._- -- _....... 
(~*) 

10 56 4,45 4.8 3. 47 
I 

11 55 5,29 5. 5 3. 44 

12 54 6,24 6. 4 3.41 

13 53 7,1 9 7. 3 3. 38 

14 52 8,05 8.1 3. 34 

15 51 8,33 8. 5 3.31 

16 50 9,27 9.5 3. 27 · 

17 49 I 10 ,3 1 10. 5 3. 23 

18 48 11 ,35 11. 5 3. 19 

19 47 12,58 13. 0 3.15 

20 46 13,35 13.6 3.11 

21 45 14,57 15. 0 3.06 

T, (tHo T2(t) i39*~ 1tI!~:!m~ 1-84 Yfif:. 
(ld)tE~~-l!l~~'::' cp 7.k~i39 Ti!*, ~ EE T~ I*J i39~Eltl!lf.iJ ~1iF!jtilt1'J~ 

X:~i39~*. i.~~I*Ji397.k~j; T,~mj; Tr ,lJl~ §~I*JYfrm:~~f.iJmJ1iFmi39~:i:,'!§ 

jj;\j ~Z.r8] i39Wr£i39-tX:IJ~lE t~, ~p 

-cdT=a(T-Tr). @ 
70 


6S 

I-H2O 
2-H2O+AI 

e~60t' 
h 

55 


50 


4S I I I I I I I I I I I I I I I'>t I j"">Q I I 


o 2 4 6 8 I0 12 14 16 18 20 

t(min) 

1!11-84 

~cp c j; t~~?g(CI ~ Cz) ,et j;- t~{9lJ1jt~. ~@~f.Q7H~ 

T-Tr= (To-Tr)e-';-' . @ 

~cp To j;~I*J7.ki391JJiffi\.. ~@~jj;\jjtJIlitx1~, Pf{ltft~111t,~~ 

__~-=-~__~%:~_BL",._- -_. ---- --
~.., p,-~ 

In(T-Tr)=ln(To-Tr) -'!!"'t . (j)
C 

~Clb)l!l(lc) ~~~B>51~m~~j; in(T, -- Tr) - t ~ !neT! - Tr) - t B9*~ ItI! 
~,:!m f1l 1- 85 JiJf7f.;. jj;\j1!f~.ill!.if: lli ~:ilt-B<]~·ri~~. EE 00 cp WJ~:fliftlWJif H!1~Ur-]If,f 
~(.i'iJ:j~ K OO:~;ft/Giiffi~ii 61(. 

.!!... 
K ± M,' = _~ = bz± 6hz 

®.!!... b, ±6b, ' 
CI 

K=!:L= -0.0439 
b

l 
-0.0367=1.196. 


6K = K fI( 6b l \ ~ + (6hz )

~ b!) bz 


/ (0. 000 4) z -( O. 000 5) 2 

=1. 196XV 0.036'1 + 0. 0439 = 0.019. 

3.8 

3.7 

3.6 

3.S 
~ 
i. 3.4 

c: 
- 3.3 

3.2 

3.1 

I-H20 
2- H20+Al 
y=hx"", b!=-(0.036 7±0.000 4) 

b2 =- (0.043 9 ± 0.000 S) 

3.0 I I I I I I I I I I I I I I I I I I I I I 


024 6 8 10 12 14 16 18 20 

t (min) 


I!I 1-85 


Cle)~IJmQ)~,Pf it:¥):f.8 i39 t~~~~.If~Tiffl5E;IIj; 
C50±1)-O.196±0.019)X(27+1)]

[cAd6c,\l= C1. 196±0. 019) X (69':": 1) X 4.20 

= [g: ~~~: ~] X 4.20= (0. 90±0. 08) k] /C kg • 'C). 

~=$'" i9lIJiljfi~~if..JR:f.t!f.\. 
(2a)T*7!7'lJJt~JitB~~i$1ii1;Elt1i mN(g)~x11i.\ZAtr8] t ~~~iWxW,*cp!!ll:~l:V!IJ 

:i:B9/G-liffl~ji1J± 1 g. 



".. 

.~ 
~w~V!. cyjy. com ~=~ ~~OO?} . ~_- ~ __ rni! ~ !18 ._. .•_ •. __

,-,~-,~" . . ....--
N M(g) t( 0'-, t);) t(0'-) m N(g) 

1 250 0,0 0 0 

2 248 0,19 O. 3 2 

3 246 0,39 O. 6 4 

4 244 0,59 1.0 6 

5 242 1, 19 1.3 8 

6 240 1,38 1.6 10 

7 238 2,00 2. 0 12 

8 236 2,19 2. 3 14 

9 234 2,41 2. 7 16 

10 232 3,02 3. 0 18 

11 230 3,22 3. 4 20 

12 228 3,44 3. 7 22 

13 226 4,06 4. 1 24 

14 224 4,28 4. 5 26 

15 222 4,50 4. 8 28 

16 220 5,13 5. 2 30 

17 274 5, 52 5. 9 45 

18 269 6,00 6.0 50 

19 264 6,07 6. 1 55 

20 259 6,18 6. 3 60 
, 
, 

21 254 6,30 6. 5 65 

22 24 9 6,41 6. 7 70 

23 244 6,54 6. 9 75 

24 239 7,09 7. 1 80 

25 234 7,25 7. 4 85 

26 22 9 7,40 7. 7 90 

~~ .~". 
(~* ) • 

27 224 7, 48 7. 8 95 

28 222 8,06 8. 1 97 

29 219 8,49 8. 8 100 

30 217 9,16 9.3 102 

31 215 9,44 9. 7 104 

32 213 10,14 10. 2 106 i 

33 211 10,44 10.7 108 

34 209 11 , 14 11. 2 11 0 

35 207 11 ,45 11. 7 11 2 

36 205 12,13 12. 2 11 4 

37 203 12,43 12. 7 11 6 

38 201 13 ,1 4 13.2 118 

39 199 13,46 13.7 120 

40 197 14,1 6 14. 3 122 

41 195 14,50 14.8 124 

(2b) *t(2a ) a~ ~~~~!lJ~~~j;] mN-t ~**IiIl~.jmI!l1-86 ffrff.;. 

orl 1 1 1 I I I I I 1 I I I I I I 
o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

t ( min) 

140 

120 

100 

OJ) 
80 

z 
E' 

60 

40 

20 

~ 

l k2=4 .03 ± 0.02 g/m in•

" 
•" ;r" 

,. 
,.I 
y=k1x+a 

kl=5.75 ± 0.03 g/min 

" 

I!Il·86 

(2c)!.ili:ffl:liVPf:Jj~~ ,it:w-rn 1- 86 ~~j;!j~~1!iWJil1i:~ ( ~=9< ~fo.t;F ) ~ 

*4* kl ~ kz .kl j;]~Affi1tWJB'~~;$~~'&l!*.kz j)!!Jj;]~AffitUf{E'®J?!~$~ 

http:j;]~Affi1tWJB'~~;$~~'&l!*.kz


".. 

.~ 
~w~V!. cyjy. com ~=~ ~~OO?} . ~_- ~ __ rni! ~ !18 ._. .•_ •. __

,-,~-,~" . . ....--
N M(g) t( 0'-, t);) t(0'-) m N(g) 

1 250 0,0 0 0 

2 248 0,19 O. 3 2 

3 246 0,39 O. 6 4 

4 244 0,59 1.0 6 

5 242 1, 19 1.3 8 

6 240 1,38 1.6 10 

7 238 2,00 2. 0 12 

8 236 2,19 2. 3 14 

9 234 2,41 2. 7 16 

10 232 3,02 3. 0 18 

11 230 3,22 3. 4 20 

12 228 3,44 3. 7 22 

13 226 4,06 4. 1 24 

14 224 4,28 4. 5 26 

15 222 4,50 4. 8 28 

16 220 5,13 5. 2 30 

17 274 5, 52 5. 9 45 

18 269 6,00 6.0 50 

19 264 6,07 6. 1 55 

20 259 6,18 6. 3 60 
, 
, 

21 254 6,30 6. 5 65 

22 24 9 6,41 6. 7 70 

23 244 6,54 6. 9 75 

24 239 7,09 7. 1 80 

25 234 7,25 7. 4 85 

26 22 9 7,40 7. 7 90 

~~ .~". 
(~* ) • 

27 224 7, 48 7. 8 95 

28 222 8,06 8. 1 97 

29 219 8,49 8. 8 100 

30 217 9,16 9.3 102 

31 215 9,44 9. 7 104 

32 213 10,14 10. 2 106 i 

33 211 10,44 10.7 108 

34 209 11 , 14 11. 2 11 0 

35 207 11 ,45 11. 7 11 2 

36 205 12,13 12. 2 11 4 

37 203 12,43 12. 7 11 6 

38 201 13 ,1 4 13.2 118 

39 199 13,46 13.7 120 

40 197 14,1 6 14. 3 122 

41 195 14,50 14.8 124 

(2b) *t(2a ) a~ ~~~~!lJ~~~j;] mN-t ~**IiIl~.jmI!l1-86 ffrff.;. 

orl 1 1 1 I I I I I 1 I I I I I I 
o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

t ( min) 

140 

120 

100 

OJ) 
80 

z 
E' 

60 

40 

20 

~ 

l k2=4 .03 ± 0.02 g/m in•

" 
•" ;r" 

,. 
,.I 
y=k1x+a 

kl=5.75 ± 0.03 g/min 

" 

I!Il·86 

(2c)!.ili:ffl:liVPf:Jj~~ ,it:w-rn 1- 86 ~~j;!j~~1!iWJil1i:~ ( ~=9< ~fo.t;F ) ~ 

*4* kl ~ kz .kl j;]~Affi1tWJB'~~;$~~'&l!*.kz j)!!Jj;]~AffitUf{E'®J?!~$~ 



.~__ .~=~ ~~8{\1r ----------. 
z,€ a<Jw:~~~jtl!$. 

kl =(5. 7S±0. 03)g/ min, 

k2 =( 4. 03±O. 02)g/ min. 

B~~~.~~~l!*~~~m~~~~.&.~~~~~~.~~~. 
l5lJ?'!~7Jll~Mril] (-)to r!l l' ftiJ li~fo!f;F ) , ~Ell~]aJ OO:l>f1Jt~~x~fFffl, jffi .ff¥:i~~. 

m; jt~it*1iJ1!!lit;'h 
_kl +k2 5. 75-H. 03 I . -4 89 I .k - 2 2 g mIn - . g mIn. 

k llitiL'il)·J,'IJ}f:j!t11B~1jl-:i:5J1J;q,;*tR:;E,{9ti~Qlf'<. kl ;fIl k2 ~JLM1jl-:l::>]1i[. ~1j]IlR. 

..ti£.*~:!:l]:fOJL1iiJ~:i:5JB9~1i[ , fl'jg k 1i[B'J/j~lifU5Ei!:, en M =0.08 g/ min. 

Ell ~ ~B'~ .iJ[~fIlWi ~~ B9X:F.;\, PI5E ili ~~.~J?'!~i9Il Jll'$M B<J/tf,~ 8tt~ tl = 
5.2 min ;fQ~!,~A;.ttU t2 =7.8 min. 1Z5l~{)(.r.l3 7'f8 ~tl;flly.&~.Zr8] ~m:x:~, f,ijfJi 
r-t1tt&!B<J~?t1J~C~,&f{ 7rtNAJ, PJ;fIJ}f:jT~i" r~1{}tl:l 

mNJ\J ±6mNAl = [mN Ct2 ) -mN (tl) ]-kCt2 -tl) 

=[(95±D - C30±D]-(4. 89±0. 08) X[(7. 8±0. 1)- (S. 2± 

0.1)] g 

=(S2±2) g. 
(2d);(£ 45 °C-65 °C~m:~rJ;] ,f8~tt~ili1b(j;-1j\"~,tE~-$)t~~~~ 

iYliJ1{}!t1i[j; C'\.I=(O. 90±0. 08) kJ/(kg· ·C). Ell@j%l"B-9tgtt~(~f.r:-t:.i¥-1±)fIl7.lit 

OCZrii]~*~ au~, 1iJ~1&\ CAl =4. 5±0. 1 H:ff.ifi.lli:, ~jJ,lj~zr8]a<]~~~~j; 
f3 = CAJ[kJ/ (k_g • o~)] 0.90-:0.08 k]l(kg. °C • 1f:-itif1iL)

c,\l(f.r:-t . .i¥-13L) 4.S:r:0.1 
=(0. ZO±O. 02) kJ / (kg· °C • f.r:-;t.i¥-1iL). 

(2e)~A~~~B<J~flH.tb\/tfMi~~~ Tr ~tjJEt~1~U~l\.1t TN=77 K,M'lf 
nttl:l ft9~ii11 

T r
Q=m CJ\J(T) dT. ®JTN 

EI3 -'ftg tt~ C,\l (T) 1100 1-83 Jifi7J';~ au~. 129~..t~1;Z~~~).~1i[f}l.5tB-91J~* 

m,!tf}l.)tm~Tw:rtll~F1Jb\ TN ~ Tr m:oopqerriQOOB~lffifft tEW:fIE~~~Hffi 
OO.L &-/J\1J~B9jijf}l.~'f O. 25( 1:f;t S¥-1± • ·C), it~..t~oof}l.Jifi~~/J\1J~~ 

§ 'fri-r~ N=311±11-,;Ii.ll:1&\r CAl ( T)dT = C311 ± 1) X O. 25(1±:\t.i¥-1± · 0c) 
TN 

= (311 ± 1) X 0.25 X (0. 20 ± 0.02) Ji g 

= (l56± 16) Ji g. ® 


~..tm1-tA®~,1{} 
Q= (69± 1) X (l56±16) kJ= ClO. 8±1. 1) kJ. 

~A~~~B9fgttJififf$:,'±l ~~:m ,~&itj; mNAJ~~~~F\.1t,~). .\ 1-t*y.& 

~ ::.! _J~(~~J __._11&..- ~ ... 'I.~ 
~.~r-t1t~,Jj!U -

.\mNA1=Q. ® 
~~~B-9F\.~~;fIl!t~.~.B9#~~~~: 

.\±tJ.=...9... ClO. 8±1. 1) X10
3 

J=(207±23) Ji g.
mNAl (S2±2)g 


~ (2003 . ill1.i+H!lmJ!!sn'~ ) 


~:iiUr-]iY!~. 


""J':* 1)t BA 

AfJf ftl jp, t $J.aiE t!it l' :fjf7Ji -1'i: ~ a9ifl~. *%JL# 1J;t; OJ ~)fl *-jYl~ it 
t$J.~a<J t$J.. '* ~~ ~ >Jt 1*{lJ J¥J ~ If!. e9:x);t t!it ~ $, *-)}l~:t -1' t $J.a al:; 
~$J.. 

~P IJ:I 1-87 fJf~, - t$J.J,) C 99 t$J.~fP -1' t~]. R $ ~j§-, it tUtl-l':x);t 
tlI t1J. WI #'-f~ t~.!l. R .HI:; t w¢fP£o ,C,R ~2Z:xJ,t tif a<J!IJi$ 1 *ii!J ~~ 
~ . ik.1' ~ ~ ~ III:; ilid:t IE OJ ~)fl *-;t I±J t $J. C a<J ~11 . 

R 

I!I 1 - 87 jlj!IJ II: El!.g c S\J X)At El!,m 


~~.##fP lit I (~p IE 1-88 fJf ~) 


c 

2~Jlr~l~~ 
50HZL ff 

E Re RoR,\ 

1!I1-88 *~~pfi ffl ~IiS\J7J<~1!I 

1. t$J.a; 
2. ='1' e, jp t ~].1t a<J t~]., ;Jt.~~11J,) ±S% (RA = 680 !LRn = 1 500 n ,Rc = 

3300 D); 

3. -l'flt1f~1fa,:x);ttiUI:;IIJj$ 1= 50 Hz; 

4. ~*t1f*; 
5. it~)fl a<J ·!HL 
6. ~ 'Ii ft I!H~. 


~%:
'* ~~ fJf )fl a<J $ )fl Jt ~ * t * , 1X.)fl -f 5,MJJ I: t ~]. R "* ii a<J 1J ~.m. (rms) t 1f 

(O),:f OJ )fl-f;Jt.~ a<J 5,MJJ it~~. 

~~~>Jt 
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.~__ .~=~ ~~8{\1r ----------. 
z,€ a<Jw:~~~jtl!$. 

kl =(5. 7S±0. 03)g/ min, 

k2 =( 4. 03±O. 02)g/ min. 

B~~~.~~~l!*~~~m~~~~.&.~~~~~~.~~~. 
l5lJ?'!~7Jll~Mril] (-)to r!l l' ftiJ li~fo!f;F ) , ~Ell~]aJ OO:l>f1Jt~~x~fFffl, jffi .ff¥:i~~. 

m; jt~it*1iJ1!!lit;'h 
_kl +k2 5. 75-H. 03 I . -4 89 I .k - 2 2 g mIn - . g mIn. 

k llitiL'il)·J,'IJ}f:j!t11B~1jl-:i:5J1J;q,;*tR:;E,{9ti~Qlf'<. kl ;fIl k2 ~JLM1jl-:l::>]1i[. ~1j]IlR. 

..ti£.*~:!:l]:fOJL1iiJ~:i:5JB9~1i[ , fl'jg k 1i[B'J/j~lifU5Ei!:, en M =0.08 g/ min. 

Ell ~ ~B'~ .iJ[~fIlWi ~~ B9X:F.;\, PI5E ili ~~.~J?'!~i9Il Jll'$M B<J/tf,~ 8tt~ tl = 
5.2 min ;fQ~!,~A;.ttU t2 =7.8 min. 1Z5l~{)(.r.l3 7'f8 ~tl;flly.&~.Zr8] ~m:x:~, f,ijfJi 
r-t1tt&!B<J~?t1J~C~,&f{ 7rtNAJ, PJ;fIJ}f:jT~i" r~1{}tl:l 

mNJ\J ±6mNAl = [mN Ct2 ) -mN (tl) ]-kCt2 -tl) 

=[(95±D - C30±D]-(4. 89±0. 08) X[(7. 8±0. 1)- (S. 2± 

0.1)] g 

=(S2±2) g. 
(2d);(£ 45 °C-65 °C~m:~rJ;] ,f8~tt~ili1b(j;-1j\"~,tE~-$)t~~~~ 

iYliJ1{}!t1i[j; C'\.I=(O. 90±0. 08) kJ/(kg· ·C). Ell@j%l"B-9tgtt~(~f.r:-t:.i¥-1±)fIl7.lit 

OCZrii]~*~ au~, 1iJ~1&\ CAl =4. 5±0. 1 H:ff.ifi.lli:, ~jJ,lj~zr8]a<]~~~~j; 
f3 = CAJ[kJ/ (k_g • o~)] 0.90-:0.08 k]l(kg. °C • 1f:-itif1iL)

c,\l(f.r:-t . .i¥-13L) 4.S:r:0.1 
=(0. ZO±O. 02) kJ / (kg· °C • f.r:-;t.i¥-1iL). 

(2e)~A~~~B<J~flH.tb\/tfMi~~~ Tr ~tjJEt~1~U~l\.1t TN=77 K,M'lf 
nttl:l ft9~ii11 

T r
Q=m CJ\J(T) dT. ®JTN 

EI3 -'ftg tt~ C,\l (T) 1100 1-83 Jifi7J';~ au~. 129~..t~1;Z~~~).~1i[f}l.5tB-91J~* 

m,!tf}l.)tm~Tw:rtll~F1Jb\ TN ~ Tr m:oopqerriQOOB~lffifft tEW:fIE~~~Hffi 
OO.L &-/J\1J~B9jijf}l.~'f O. 25( 1:f;t S¥-1± • ·C), it~..t~oof}l.Jifi~~/J\1J~~ 

§ 'fri-r~ N=311±11-,;Ii.ll:1&\r CAl ( T)dT = C311 ± 1) X O. 25(1±:\t.i¥-1± · 0c) 
TN 

= (311 ± 1) X 0.25 X (0. 20 ± 0.02) Ji g 

= (l56± 16) Ji g. ® 


~..tm1-tA®~,1{} 
Q= (69± 1) X (l56±16) kJ= ClO. 8±1. 1) kJ. 

~A~~~B9fgttJififf$:,'±l ~~:m ,~&itj; mNAJ~~~~F\.1t,~). .\ 1-t*y.& 

~ ::.! _J~(~~J __._11&..- ~ ... 'I.~ 
~.~r-t1t~,Jj!U -

.\mNA1=Q. ® 
~~~B-9F\.~~;fIl!t~.~.B9#~~~~: 

.\±tJ.=...9... ClO. 8±1. 1) X10
3 

J=(207±23) Ji g.
mNAl (S2±2)g 


~ (2003 . ill1.i+H!lmJ!!sn'~ ) 


~:iiUr-]iY!~. 


""J':* 1)t BA 

AfJf ftl jp, t $J.aiE t!it l' :fjf7Ji -1'i: ~ a9ifl~. *%JL# 1J;t; OJ ~)fl *-jYl~ it 
t$J.~a<J t$J.. '* ~~ ~ >Jt 1*{lJ J¥J ~ If!. e9:x);t t!it ~ $, *-)}l~:t -1' t $J.a al:; 
~$J.. 

~P IJ:I 1-87 fJf~, - t$J.J,) C 99 t$J.~fP -1' t~]. R $ ~j§-, it tUtl-l':x);t 
tlI t1J. WI #'-f~ t~.!l. R .HI:; t w¢fP£o ,C,R ~2Z:xJ,t tif a<J!IJi$ 1 *ii!J ~~ 
~ . ik.1' ~ ~ ~ III:; ilid:t IE OJ ~)fl *-;t I±J t $J. C a<J ~11 . 

R 

I!I 1 - 87 jlj!IJ II: El!.g c S\J X)At El!,m 


~~.##fP lit I (~p IE 1-88 fJf ~) 


c 

2~Jlr~l~~ 
50HZL ff 

E Re RoR,\ 

1!I1-88 *~~pfi ffl ~IiS\J7J<~1!I 

1. t$J.a; 
2. ='1' e, jp t ~].1t a<J t~]., ;Jt.~~11J,) ±S% (RA = 680 !LRn = 1 500 n ,Rc = 

3300 D); 

3. -l'flt1f~1fa,:x);ttiUI:;IIJj$ 1= 50 Hz; 

4. ~*t1f*; 
5. it~)fl a<J ·!HL 
6. ~ 'Ii ft I!H~. 


~%:
'* ~~ fJf )fl a<J $ )fl Jt ~ * t * , 1X.)fl -f 5,MJJ I: t ~]. R "* ii a<J 1J ~.m. (rms) t 1f 

(O),:f OJ )fl-f;Jt.~ a<J 5,MJJ it~~. 

~~~>Jt 
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(a) ~ tb t mR .lWj ~ !f.J.3f10 ttrh$ P ~~~"t-*~:r.\:., mEo ,R,C,;fP w *ffi. 
(b)~ tb P j;~*11i!f.J*1!f. 
(c) (t (a) ~ J'JT ~ tb !f.J ~ "t- * Ai: :r.\:. 9=' , 1.9: )i It).. tb ~ Wi l' i: a ,fP P, 1~ -it< * Ai: :r.\:. 

~~~.~a;fPp~~!f.J~~*Ai::r.\:.. 

(d){t RA ,R/J ;fP Rc !f.J J'JT?fr ~ ~~!f.J $ ,:#- llHil % 9=' (~~;f; J\ 1~JfJ - 1'- tt fiL, ~1~ 

JfJ iJf; 1'- tt fll. , ~;tt -=- 1'- tt fll. 1:- JfJ ) , ;xi ~ - # %il % J'JT i!} !f.J ~ *- It mR, )~~ i: 1t< ~il % t 
m~t 7i 10;jR It ffi. Urms. 

(e) @j tb P ;xHil % It mR !f.J * ~ [fI , :#-;fu m 1t< * Ai: clIJ ~ , ;jt tb It $ C ~~ -00:. 
CD @j ill (c) MiJ'JTi!} Wi 1i a t-p p ~ is] !f.J *~1i ~,:#-;fU m-i~ 1L ~,;jt tb if',$ c. 
(g) it it {£ (e);fP CO Wi ~ 9=' J'JT i!} It $ C !f.J;r; ~ JE: it. 
[:$t:tJTl EB§%§~EBjfgffiJ¥:¢:)1;1tj:, )[ilUii~EB§~~IlIl~3illrpg~m~~UB'SJ. :¢: 

~~*ffiiEm~ffiJ~~EBjfg~3ill)[ilUmEB§, ?f~~i7t,BJ3rp8retl::l-*~jfg, ElD?f RC 

§jS~~~EBjfgCP, 5i!'lit?fEB~'§ R .tB'SJEBJ;/J$ P fOEB§ C l)).E'<!Wi$ f ~*, ~lIt,;fU 

ffi~M$, 1'1=1:±J P-f 8:BtXElOqJlfflAEEB§ c. 
[~l (a) EflJll R ...tm~ffJ3fL:Itg~:9J.$~ 

_ 10 = ~~.[ Z] [ 1 Z ] 
P=Im,/ R= Rz +(~f R= R2 +(~f R. 

(b) P ~t1k*111ffJ~d4~ 
-

dP=O
dR . 

Z 
d P_ d [tEoz ]-1.. 2 R + (;!cf -R(2R) 

dR - dR R2 + (~f R - 2 Eo [ RZ + (~fT' 
~...t~~P~t1k*111ffJ*#~ R=~. 
(c)f'J m(a).I!Ji)f1~ P a<J~~*~~,1~ 

1 ...l z 
~EO1 Z ~EO ZR 2 Eo _ 	 1 

P= Z R = ----=,---=-
1[ RZ+CC) R [ l+(R~fJ 

--L=~ [1 +R\ zl1"2 J.RP Eo w'--' 

~:1;; RP=R(U'i/) =Urm,Z ,'/it..tAPJr!L~~ 

U~/ = E~Z +E~Z (~f ~Z' 

~)( a= R1p=U~Z ,p= ~Z ,1-tA...tA,1~ 


.___ ~-~_ i~.lI%:~t~____ • __ _ 
~-!i ,..... 

2 	 2 ( 1 )z •a=2+2 -C p.
Eo 	 Eo w 

...t~E~~Jit a %U p zf8JffJ~ 'ti**A. i9:1P:~~ffJ~.$~ a,;!t:(£ a !iIb...t~ 

all [b
~~	b ,JJl~

II b'= w2CZ ,C=-;;;'V -;:. 

JJm :fIJJtl P=Unn,z ,it.A(a)m!i"PffJ P*~~ ,1~ 
1-Eo 2 

Urm/ 2_ z. 
"R2 R2+ (:c) 

RZ 
[ ( 1 ) Z ] 2-Uz= R2+ -C 2' 

rms W Eo 

1 	 [ (l) Z 1 ] 2 2 2 ( 1 )z 1 
RZU= Z= 1+ we RZ Eo Z= Eo Z+Eo Z wC . 

RZ= (...lEOZ ) (..K..) Z_ (...l )z. 
2 Urms wC 

~)( a=Rz ,p= (U~,,) Z,...tAPJ~~ a %UP zf8JffJ~'ti**A' &P 

a= ( ~ 100 
2 )p- (~( 

Efl,$ CPJh\:(£a !iIb..tffJ~~*tJj. 
(d)~fP Efl,~lltllifffJ~~:f{Efl,~ll%uAjJ;!.j!!jfflEfl,lliffJ~!Jfu:~1m, ~IJ*~Q"f : 

~-% It ~.li §il% R(D) U"",,(V) p=U'i/ (w) I 

1 Rf\ 680 9. 86 O. 143 

2 R/J 1 500 17.36 O. 201 

3 Rc 3300 22. 81 O. 158 

4 Rf\+RB 2180 20. 49 O. 193 

5 R;l/IRIl 468 7.28 0.113 

6 RB+Rc 4800 23. 98 O. 120 

7 R/JIIRc 1032 13.78 O. 184 

8 Rc+RA 3980 23. 66 0.141 

9 RcllRA 564 8.42 O. 126 

10 RA+RB+Rc 5480 24. 40 O. 109 

11 (RAII RB )+Rc 3768 23. 43 O. 146 

12 (RB II Rc) +RA 1 712 18. 63 0.203 

~ 
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(a) ~ tb t mR .lWj ~ !f.J.3f10 ttrh$ P ~~~"t-*~:r.\:., mEo ,R,C,;fP w *ffi. 
(b)~ tb P j;~*11i!f.J*1!f. 
(c) (t (a) ~ J'JT ~ tb !f.J ~ "t- * Ai: :r.\:. 9=' , 1.9: )i It).. tb ~ Wi l' i: a ,fP P, 1~ -it< * Ai: :r.\:. 
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(d){t RA ,R/J ;fP Rc !f.J J'JT?fr ~ ~~!f.J $ ,:#- llHil % 9=' (~~;f; J\ 1~JfJ - 1'- tt fiL, ~1~ 

JfJ iJf; 1'- tt fll. , ~;tt -=- 1'- tt fll. 1:- JfJ ) , ;xi ~ - # %il % J'JT i!} !f.J ~ *- It mR, )~~ i: 1t< ~il % t 
m~t 7i 10;jR It ffi. Urms. 

(e) @j tb P ;xHil % It mR !f.J * ~ [fI , :#-;fu m 1t< * Ai: clIJ ~ , ;jt tb It $ C ~~ -00:. 
CD @j ill (c) MiJ'JTi!} Wi 1i a t-p p ~ is] !f.J *~1i ~,:#-;fU m-i~ 1L ~,;jt tb if',$ c. 
(g) it it {£ (e);fP CO Wi ~ 9=' J'JT i!} It $ C !f.J;r; ~ JE: it. 
[:$t:tJTl EB§%§~EBjfgffiJ¥:¢:)1;1tj:, )[ilUii~EB§~~IlIl~3illrpg~m~~UB'SJ. :¢: 

~~*ffiiEm~ffiJ~~EBjfg~3ill)[ilUmEB§, ?f~~i7t,BJ3rp8retl::l-*~jfg, ElD?f RC 

§jS~~~EBjfgCP, 5i!'lit?fEB~'§ R .tB'SJEBJ;/J$ P fOEB§ C l)).E'<!Wi$ f ~*, ~lIt,;fU 

ffi~M$, 1'1=1:±J P-f 8:BtXElOqJlfflAEEB§ c. 
[~l (a) EflJll R ...tm~ffJ3fL:Itg~:9J.$~ 

_ 10 = ~~.[ Z] [ 1 Z ] 
P=Im,/ R= Rz +(~f R= R2 +(~f R. 

(b) P ~t1k*111ffJ~d4~ 
-

dP=O
dR . 

Z 
d P_ d [tEoz ]-1.. 2 R + (;!cf -R(2R) 

dR - dR R2 + (~f R - 2 Eo [ RZ + (~fT' 
~...t~~P~t1k*111ffJ*#~ R=~. 
(c)f'J m(a).I!Ji)f1~ P a<J~~*~~,1~ 

1 ...l z 
~EO1 Z ~EO ZR 2 Eo _ 	 1 

P= Z R = ----=,---=-
1[ RZ+CC) R [ l+(R~fJ 

--L=~ [1 +R\ zl1"2 J.RP Eo w'--' 

~:1;; RP=R(U'i/) =Urm,Z ,'/it..tAPJr!L~~ 

U~/ = E~Z +E~Z (~f ~Z' 

~)( a= R1p=U~Z ,p= ~Z ,1-tA...tA,1~ 


.___ ~-~_ i~.lI%:~t~____ • __ _ 
~-!i ,..... 

2 	 2 ( 1 )z •a=2+2 -C p.
Eo 	 Eo w 

...t~E~~Jit a %U p zf8JffJ~ 'ti**A. i9:1P:~~ffJ~.$~ a,;!t:(£ a !iIb...t~ 

all [b
~~	b ,JJl~

II b'= w2CZ ,C=-;;;'V -;:. 

JJm :fIJJtl P=Unn,z ,it.A(a)m!i"PffJ P*~~ ,1~ 
1-Eo 2 

Urm/ 2_ z. 
"R2 R2+ (:c) 

RZ 
[ ( 1 ) Z ] 2-Uz= R2+ -C 2' 

rms W Eo 

1 	 [ (l) Z 1 ] 2 2 2 ( 1 )z 1 
RZU= Z= 1+ we RZ Eo Z= Eo Z+Eo Z wC . 

RZ= (...lEOZ ) (..K..) Z_ (...l )z. 
2 Urms wC 

~)( a=Rz ,p= (U~,,) Z,...tAPJ~~ a %UP zf8JffJ~'ti**A' &P 

a= ( ~ 100 
2 )p- (~( 

Efl,$ CPJh\:(£a !iIb..tffJ~~*tJj. 
(d)~fP Efl,~lltllifffJ~~:f{Efl,~ll%uAjJ;!.j!!jfflEfl,lliffJ~!Jfu:~1m, ~IJ*~Q"f : 

~-% It ~.li §il% R(D) U"",,(V) p=U'i/ (w) I 

1 Rf\ 680 9. 86 O. 143 

2 R/J 1 500 17.36 O. 201 

3 Rc 3300 22. 81 O. 158 

4 Rf\+RB 2180 20. 49 O. 193 

5 R;l/IRIl 468 7.28 0.113 

6 RB+Rc 4800 23. 98 O. 120 

7 R/JIIRc 1032 13.78 O. 184 

8 Rc+RA 3980 23. 66 0.141 

9 RcllRA 564 8.42 O. 126 

10 RA+RB+Rc 5480 24. 40 O. 109 

11 (RAII RB )+Rc 3768 23. 43 O. 146 

12 (RB II Rc) +RA 1 712 18. 63 0.203 

~ 




----, ~=~ ~~oo~ 
~ ........-~--- -----_.----..--.---. 

(~~J 
13 (Rc IIRA)+RB 2064 20. 15 O. 197 
14 (RA IIRB) liRe 410 6. 22 0.094 
15 (RA+RI3 ) IIRe 1313 16.18 O. 200 
16 (RB +Re) liRA 596 8. 82 O. 131 
17 (Re+RA) IIRB 1089 14. 36 O. 189 

(e) P :xttilif~~liR i'19**EIIl~~IlT: 

peW) 


0.25 

0.20 

0.15 

0.10 

0.05 

,,., 
0.00 o I , AAA 

I 000 2 OUO j UUU 4 000 5 000 6 000 
RCQ) 

~ 1-89 

ffJ I~LtQJillli p i'19m*-mt±:llJlJiE R =1600.o.!zl:, ~.J:1~l.Y!qi'l~Eg~mjg 

1
 

c =,,1 2rc X 50 X 1600 F=1. 9 X lO- 6 F=1. 9 flF. 


Cf)a fIl p i'19~11**fx:m,a=-L=u 1 
2 'P=R\'

R P nn, 

R(D.) p=Um,,/ (W)Unn,(V) -Len· W)-Ii2 (X 10-6 .0.- 2 )R RP 
410 6.22 O. 094 5. 948 0.0259 

I
468 7. 28 0.113 4. 565 0.0189 

--e 

1712 

2064 

2180 

3300 

3768 

3980 

4800 

5480 

18.63 

20. 15 

20.49 

22.81 

23.43 

23. 66 

23.98 

24. 40 

1 
RP(Q·W)-' 

0.030 

0.025 

0.020 

0.015 

0.010 

0.005 

~ - ~ ~:lE ~ 118_____.__ 4n... 

(~:1V 

O. 203 O. 341 0.0029 

O. 197 0.234 0.0025 
I 

O. 193 0.210 0.0024 I 

O. 158 0.091 0.001 9 I 
O. 146 0.070 0.001 8 

I 

O. 141 0.0631 0.0018 
I 

0.0434O. 120 0.001 7 I 

~O. 109 0.0333 0.001 7 I 

• 

..y=4 000x+0.001 52 

0.000[""'---'----'----'----'----'----'----' 
0.00 	 100 2.00 3.00 4.00 5.00 6.00 7.00 

-If. (x 1O-6Q -2) 

iII 1-90 

J::.1!I9=':K~I¥.J$l_.$ a= (4 000±39) .o./W,iEW-~J::.i'19~~ b= (1. 52±0. 09) 

X 10-3 en • W) - J ,j~5cl~jyIJJa9~~-mjg 

c= ~Jf=2rc~50J1.5;~0;0 3 F=1.96X10- 6 F=1.96 flF. 

1
j5ifl¥ :%:)(. a=R2 'P= (U:, f ,~U a= ( ~ eo 

2 )p- Ccf. 
564 8. 42 

596 8.82 

680 9. 86 

1032 13. 78 

1089 14. 36 

1 313 16. 18 

1500 17. 36 

O. 126 3. 143 
O. 131 2. 815 
O. 143 2.162 
O. 184 O. 938 

O. 189 O. 843 
0.199 O. 580 

O. 201 O. 444 

0. 014 1 

0.012 9 

O. 010 3 

0.0053 

0.0048 

0.0038 

0.003 3 

p=Unn/ (W) (A )2 (.o./V)2R(D.) Unn,(V) R2( X 106 .0.2 ) IR Unns 
0.17410 6. 22 0.094 4345 

468 7. 28 O. III 4133 O. 22 , 

4487564 8.42 O. 126 0.32 

596 8. 82 O. 131 4566 O. 36 
I

4756 0.46680 9. 86 O. 144 

1. 0713. 78 O. 186 56091032 

5751 1. 1914. 36 O. 1901089 I 



----, ~=~ ~~oo~ 
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(~~J 
13 (Rc IIRA)+RB 2064 20. 15 O. 197 
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16 (RB +Re) liRA 596 8. 82 O. 131 
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c =,,1 2rc X 50 X 1600 F=1. 9 X lO- 6 F=1. 9 flF. 


Cf)a fIl p i'19~11**fx:m,a=-L=u 1 
2 'P=R\'

R P nn, 

R(D.) p=Um,,/ (W)Unn,(V) -Len· W)-Ii2 (X 10-6 .0.- 2 )R RP 
410 6.22 O. 094 5. 948 0.0259 

I
468 7. 28 0.113 4. 565 0.0189 

--e 

1712 

2064 
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3300 

3768 
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5480 

18.63 
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20.49 
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1 
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0.030 
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O. 193 0.210 0.0024 I 

O. 158 0.091 0.001 9 I 
O. 146 0.070 0.001 8 

I 

O. 141 0.0631 0.0018 
I 

0.0434O. 120 0.001 7 I 

~O. 109 0.0333 0.001 7 I 

• 

..y=4 000x+0.001 52 

0.000[""'---'----'----'----'----'----'----' 
0.00 	 100 2.00 3.00 4.00 5.00 6.00 7.00 

-If. (x 1O-6Q -2) 

iII 1-90 

J::.1!I9=':K~I¥.J$l_.$ a= (4 000±39) .o./W,iEW-~J::.i'19~~ b= (1. 52±0. 09) 

X 10-3 en • W) - J ,j~5cl~jyIJJa9~~-mjg 

c= ~Jf=2rc~50J1.5;~0;0 3 F=1.96X10- 6 F=1.96 flF. 

1
j5ifl¥ :%:)(. a=R2 'P= (U:, f ,~U a= ( ~ eo 

2 )p- Ccf. 
564 8. 42 

596 8.82 

680 9. 86 

1032 13. 78 

1089 14. 36 

1 313 16. 18 

1500 17. 36 

O. 126 3. 143 
O. 131 2. 815 
O. 143 2.162 
O. 184 O. 938 

O. 189 O. 843 
0.199 O. 580 

O. 201 O. 444 

0. 014 1 

0.012 9 

O. 010 3 

0.0053 

0.0048 

0.0038 

0.003 3 
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B':JEg~ffltl 

~=1. 59X1Q3 D. 

C=2. OOX 10- 6 F=2. 00 ,uFo 


Cg):(£ Ce) ~.p Eg~fflEr-J/G.pftl~iht~:lmr 


C±~C=C( 1± t) =1. 9,uF X (1± 1~0) = C1. 9±0. l)pF. 


:(£ CfHJiI .p Eg ~ffl Er-J :nfE i!:it1f:lmr 


c±~c =c[1± ~ (~+~) ] 


1 (0. 09 39 ) ] = 1. 96 ,uFX [ l±-Z X 1. 52 +4 000 

= C1. 96 ±O. 07) ,uFo 

m-~_ .. ~q~~~•.. -- _._. --' -'--- 
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11.t..Ili rf , 'It if] ¥t';Pdfllt:if: i,l!lj ~)i- '* Jt ~ IJ T' j!ij JJi if ~: Cl) ~Pt - 1- 00 ~ & 
1*#1 mt iJ<J)~ 00 ~ ; (2) i~Ut -:l:R:A IlB fj~ It ~ B'J 3l'!z $. 
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~.~~~,~=«~j!ij_~t~~~~~M#{E*$~ 

V(8)=V C80) - aC8-80). CD 
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Dz iJ<J ffi' fL . IJ,R1# fl m*: i}liJ:!ir = « l' Dz ~ a~ t ~ ~ V z *11 =« l' DJ ;ft1 Dz 9~ It 
t~ ~V 8~ffi'fL. 
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2. 1 f.f~ I !a~fm~tf;ff!l,?\jIjlJl~ 

2. 1.1 ~~t.I 

Jlt 1t~~:7~ ,;lJ:l;hJJ:j;I!-(#-!lo r ~#: 
a. JfJ 'if: ~ lI! &9 20 W 1Ei:f ;kT. 
b. ~A~ ;$j:;f!H~ Jil<. &9 JlL't. ~~~ tlLl:.:7f;fr j] -JL , -JL L ~;t;fr - +:Ijt ~ 4PJ~. 

c. 2 1';!.!jt *;fr14: .::. ;fa 'f &9 IHIUt. - 1' JJ :t'- ,1!~ ~ , )7 -1' JJ # .Po ~. 4f l'~ T 

~$t-ft 1 :lAiiH~L. 1;iH~ &9~JJ ~ /J'ttT,*i~,{pJ~Jt11 - ~"iHU~ ati%.1iE ilil~ 
~+~T~M~~~~~M.~~&9.~~T~*~.T~~JfJ*Dk+4Tf 
j~ W$ ~ J1$ 'r.J. ;iJo1& JfJ lEi *";kT ,*RL·'lHA Jr' ttT Ii-'J ~:-M.-!lD gg 1-94 ffi ff:. 

,, Jffipf 
tr. _........ -' 

,iM 

ill 


001 -94 jJi!ij:l!:;JiE®,~i¥J~ID 

d. 2 1'ff Itlf *JfJ i:9 ~ 'f' 7i JfJ *' ~ :0 lib! *" itt l!I.~-ft u'C/"F"f1; Lat. 7i JfJ*-It ~ ~ JfJ * j)1la :i )1. 
e.l 1'9V It){!!' . 
f. *~~~9..!f.~. 

g. *-~ ~ 20 mg *;.i1~ #J mIi-'J 't~. 
h. 1 :lA{:l'*. 
i. 1 1'it~~. 

j. ~gg{-JfJ~*T . 

2.1.2 ~~r*J$ 

__ ~=-L-it!II~~~. 
-4 ". P.""• 

¥t ~ it ,fa #. #J JJt ;iJo1A mit To ~!t- Ilt jl , Jlt #J m¥t {£ ~ ;t &9 jl It Bs r )~ ffil , "*• 
.lt~JJJlt~m&9.~A~mA . • t.~A~~*~~*~~.*~~~~. 
It fia at ra] a~ ~ it. IiJ {-%~ t±l;fEl ~*1A-, IJk ffil ~~ ~ #J m &9 jIlt *ilj'd~;f~. -!lo* 
tJo m&9 m:m: 1R* , jIlt §lt49'-i'£;fll ~ ,R, ~ at raj 1Hx -K, j~ ffil ,r?, Of ~ j]1Vtl!, ;~H~ . 1!!.~o 
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1-~~ . tf} ~~~t E!L il9 B"""p ~ JJ Bs. 

,*~."*.k*m*~j]*tp!:~••*.t~itA~#Jm&9.~A~. 
E'., ~ as 11 50~70 'C faJ. ~~ ~ J'fi JfJ 4'wm~1 ~ii: ~ JJ 20 mg. 

A. jt¥t 2 1-~~H~~t~J1t,::t:$t11 <\ffi;ffi.L, 1t¥t~,1Jll j:tp ~ fJ9 #.Po ~:5.k11i!H~L 
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b.V ~ 1tii't1c , 91~ S ~~ JJ\ 5j!I:i [Ii] 1% at [aJ. # £ :il il~ Jlf J! 50 'c Fo ~ )j.t;}lj:Ji. 

B2. 1'£ ~ m-t m~ J:. flo e"""p /it at [Ii] t ~1t m,*.z:. n Graph 1. 
B3. 1'£~ m-t m~J:. flo b.V ~ V >amp ~ it m,*.z:.n Graph 2. 
C. ,*:1i.'~9='iJ<}1Uj~JUt1!IA#£:il9='. 4*-9 B3t~-~iJ<}:*~jjHi~~iIl'll:. 


C1. '* V samp ,b.V ~ t ie ~1'£ffi~ iJ<}*: 9='. 

C2. 1'£ ~m-t JfH~ J:.it V samp ~ at [Ii] t ~ it ~l. *.z:. n Graph 3. 

C3. 1'£~ m-t m~J:.it b.V!lJH V samp ~ it m • *.z:.n Graph 4. 


D. :iffl.iilt~ B~ C ~J! 99~ it ilb!& ,~it tUBr#JJUt 09~ ~ ,R:.. 
D1. '* m fU't:t 5i- 5.l!1 it es : It ~ C ~ B1!J. J! iJ<} V samp ~ at [Ii] t ~ it iJ<} ilb !& , !lp 

Graph 3 ~ Graph 1,1'£ Graph 3 J:. -# til )J,t ~ ,R:. )(1 S 119 ,R:. , :#-~ it -9 ~m,R:. Jt $. iJ<) 

V samp 11L Vs . ;jt :B -1Jt J!ll ~ JUt 119 ;J,t m,R:. es •:#-1t ~ $ ~ £ . 
D2. ,*Jfl £~lI!l jl 5i-iIll it es: H:,4l{ C ~ B1!J. JUBI] b.V IiR V samp ~ it iJ<} ilb!&. !lP 

Graph 4 ~ Graph 2,1'£ Graph 4 J:. -# :B ~ I'm ,R:.)(1 $. 91] ,R:. , :#-"A it )f;( ~ ,R:. JtS il9 V",,"p 

0911L Vs. ;jt :B -1Jt ;!l!1 it~ JUt a<J ~ ~ ,R:. es , :#-1t jt$ ~£. 
D3. i'lt=i%)JlBHk=i%~itJif.99~~, itnm £ ili!l!BUH1!it iJ<) es tf,J~£. ~:B 

~~	it#-ii ~,,fk Fo '* es a<J l!l!1 :l11L~i~£ - ~~ 1'£$;8!§~J:.. 

~2 ffAll ~~~~~~M~~~~ft~~~~. 

*~nlt_iJ<}••-1Jtit~n:*m.t_n4~*t••~a<Jt~$-9t_ 
ffi~ i}!{JlJiJ\J $i M ,g J); If..z:. It. 1'£* ~~ 9=' ,Jfl 1 ,R t8J f: 8:tf-;kT it $i MjUf-. n J i.l'11 
;t*mnt_~•• ,.~Mt;kTk""f:t~~d~~gft~E~~~.ft""f*~ 

• It:>tl!. ~ -Rk*-i-:B 1); *" P "»x.1'£* ~~ 9=' ,d= 12 cm()t I!l 1-97),:m I!R ~;tx. n E 

= ~. $ 9=' cP ;1t:m,Iffl:iffl.}g:(l!p;f.lt,~4U:-ifQ#Jjt~ ,&~~ ) ,5 ;1t;ft ,Ilf(M*:ilii ~ilii~. 

d= 12 em 

cb 
1!l1-97 ffldii~n1l&7t;'®: 

.. (I~ ~_-:~ . J.1l(~l~t~ 	 
~.., ."'-

2.2. 1 ~!Jfr-W-# 

a. 1,R 20 W iJ<) t8J f: n. 
b. :mM~J!1 *;1t~]jiIJ ~1ft,;¥t fHt ilii -1Jtm:h1l ~);t*~~ (m 1-98). ~ ~ lj 7'~ 

~lf1.t;p 3t~~ 1t:. 1'£*~~ 9=' ,J:.:it~ 5!l!1 ~ OJ ~1*;lVl ~.~1*. ~)Ij 11.::.;\& 'f Dz -1Jt 
m;t1'£:mM~ 5.l!1-W-J:., ~ ~.::.;\& 'f ~ illt lj ~ 1ft D9 il~~ ~. m3!UJlHil: If:\t il~ iJ<} 

~ ,~ .::. ~R ~ DI 1lt 'it T it 7J: ~ 5jl!1J * D9 ~ -r fJ 'it. ~ i.l'11-W- ( I!p :£ 1jt;ft> ij)1j it.::..:.1&. of)09 ,€
1t::titn C=(O. 69±0. 02)] / K. 

c. 11'-:lIpI'l9 1-93 ffi:iFiJ<}ltl!§.~. 

tl311.\~ 

ott' U.an. m: 
I!l 1- 98 Wi ~t1* 5Ji!~ B§ i¥J ~yg I!l 

d. 1 Jt-1Jt~it1'£~#~9='iJ<}*~~~It_ ( JtI!l1-99). 
U" 

,, 
~' 

1!11-99 :tllElfjg~)fu 

e. 21-~*7i Jfl *.it ltJ1dH~Jfl at, 7i Jfl *: 91] fJ ~li OJ l;J. ~ 1*3t 9J *-,;¥t~ ~ 
~£ n 1&-*1iJ:. iJ<} ± 2. it t )J,i.*:~m at, 7i Jfl *- 11-1 fJ ~li;P Ii~~. iI}. 7i Jfl *- -tE.1i~ Jfl *
;~I:!it ~ il. 

L 11-9VIt_. 
g. 1 1'- OJ 1}l] It ~li. 
h. 1 *~J*:. 

i. 1 fC'.~*tlj~ ~ ."R.R.. 
j. "rIHIU,iJ<}~!& . 

k. ~m-tm~*T. 
2. 2. 2 ~~fJ:t 

~ 5JlI~%~ ~1\5;.:mMIi~ itffii-1Jtj}n~. lj ~ ~ at ,~~~.w..x...%:iffl.iiJL~7i J:l:.11Lt 
1t::l , :it ~ :t J:I:. ~ :J'51t:1t .!f ,)(1)J,i. ,:m M;tf . ~ ~ , 1'£ at [Ii] fli] 1% dt fJ ~ iIll ~~ *t iJ<) :m 
Mnt;tfT~~.~.~*~iJ<}1t:tlj~M~1t~~#~a<J1t:t.z:.~: 

------------------------------------------------------------------------------------~--~-.-~~----------------------------------------------------------................................... 


http:i'lt=i%)JlBHk=i%~itJif.99


--~WW'CYJy.com ----~:--~-~~~-~ .- 
AI. ;~HI 't jA\. eo ~ 't jA\. eo ""f # £ ~ J:. .::.;\& 'f Dz J:. ill] It 1I Jlf vsamp (eo) . 

A2. ?1- jJHHi>iA\.~ n 50 'C ,70 "C ~ 80 'c at ;!l!j :l! m.::.;\& 'f J:. It JI. Jlf o\Pl it-11L 
vsamp (50 'C) ,V,.""p (70 'C)~ V,..np (80 'C). 

B. 1'£ 2 1-:il-r ~;f 09 'm ljL ""f n:7f;kT ,~~ vsamp iJ<} 11L. ~ # £ :il iA\.~:lt J! 80 'c 
at .'* rnUl'l. 

B1. j\'; ~ 1# #- £ :il jA\.~ Jlf JI 70 ·C , ~ Fo 1'£ 11'J;ftZ Jlf iAHHi 9=' ~Ji!, ;!l!1 vsamp ~ tN IiR 
at [Ii] 09 ~ it. ~ J\\\\ 10-20 5 ~ 1 *- V samp ~ tN 11\J 11L.:#-.n ie ~1'£ ~ it 9\J *: 9=' •:liP *
b.V ~ 1tii't1c , 91~ S ~~ JJ\ 5j!I:i [Ii] 1% at [aJ. # £ :il il~ Jlf J! 50 'c Fo ~ )j.t;}lj:Ji. 

B2. 1'£ ~ m-t m~ J:. flo e"""p /it at [Ii] t ~1t m,*.z:. n Graph 1. 
B3. 1'£~ m-t m~J:. flo b.V ~ V >amp ~ it m,*.z:.n Graph 2. 
C. ,*:1i.'~9='iJ<}1Uj~JUt1!IA#£:il9='. 4*-9 B3t~-~iJ<}:*~jjHi~~iIl'll:. 


C1. '* V samp ,b.V ~ t ie ~1'£ffi~ iJ<}*: 9='. 

C2. 1'£ ~m-t JfH~ J:.it V samp ~ at [Ii] t ~ it ~l. *.z:. n Graph 3. 

C3. 1'£~ m-t m~J:.it b.V!lJH V samp ~ it m • *.z:.n Graph 4. 


D. :iffl.iilt~ B~ C ~J! 99~ it ilb!& ,~it tUBr#JJUt 09~ ~ ,R:.. 
D1. '* m fU't:t 5i- 5.l!1 it es : It ~ C ~ B1!J. J! iJ<} V samp ~ at [Ii] t ~ it iJ<} ilb !& , !lp 

Graph 3 ~ Graph 1,1'£ Graph 3 J:. -# til )J,t ~ ,R:. )(1 S 119 ,R:. , :#-~ it -9 ~m,R:. Jt $. iJ<) 

V samp 11L Vs . ;jt :B -1Jt J!ll ~ JUt 119 ;J,t m,R:. es •:#-1t ~ $ ~ £ . 
D2. ,*Jfl £~lI!l jl 5i-iIll it es: H:,4l{ C ~ B1!J. JUBI] b.V IiR V samp ~ it iJ<} ilb!&. !lP 

Graph 4 ~ Graph 2,1'£ Graph 4 J:. -# :B ~ I'm ,R:.)(1 $. 91] ,R:. , :#-"A it )f;( ~ ,R:. JtS il9 V",,"p 

0911L Vs. ;jt :B -1Jt ;!l!1 it~ JUt a<J ~ ~ ,R:. es , :#-1t jt$ ~£. 
D3. i'lt=i%)JlBHk=i%~itJif.99~~, itnm £ ili!l!BUH1!it iJ<) es tf,J~£. ~:B 

~~	it#-ii ~,,fk Fo '* es a<J l!l!1 :l11L~i~£ - ~~ 1'£$;8!§~J:.. 

~2 ffAll ~~~~~~M~~~~ft~~~~. 

*~nlt_iJ<}••-1Jtit~n:*m.t_n4~*t••~a<Jt~$-9t_ 
ffi~ i}!{JlJiJ\J $i M ,g J); If..z:. It. 1'£* ~~ 9=' ,Jfl 1 ,R t8J f: 8:tf-;kT it $i MjUf-. n J i.l'11 
;t*mnt_~•• ,.~Mt;kTk""f:t~~d~~gft~E~~~.ft""f*~ 

• It:>tl!. ~ -Rk*-i-:B 1); *" P "»x.1'£* ~~ 9=' ,d= 12 cm()t I!l 1-97),:m I!R ~;tx. n E 

= ~. $ 9=' cP ;1t:m,Iffl:iffl.}g:(l!p;f.lt,~4U:-ifQ#Jjt~ ,&~~ ) ,5 ;1t;ft ,Ilf(M*:ilii ~ilii~. 

d= 12 em 

cb 
1!l1-97 ffldii~n1l&7t;'®: 

.. (I~ ~_-:~ . J.1l(~l~t~ 	 
~.., ."'-

2.2. 1 ~!Jfr-W-# 

a. 1,R 20 W iJ<) t8J f: n. 
b. :mM~J!1 *;1t~]jiIJ ~1ft,;¥t fHt ilii -1Jtm:h1l ~);t*~~ (m 1-98). ~ ~ lj 7'~ 

~lf1.t;p 3t~~ 1t:. 1'£*~~ 9=' ,J:.:it~ 5!l!1 ~ OJ ~1*;lVl ~.~1*. ~)Ij 11.::.;\& 'f Dz -1Jt 
m;t1'£:mM~ 5.l!1-W-J:., ~ ~.::.;\& 'f ~ illt lj ~ 1ft D9 il~~ ~. m3!UJlHil: If:\t il~ iJ<} 

~ ,~ .::. ~R ~ DI 1lt 'it T it 7J: ~ 5jl!1J * D9 ~ -r fJ 'it. ~ i.l'11-W- ( I!p :£ 1jt;ft> ij)1j it.::..:.1&. of)09 ,€
1t::titn C=(O. 69±0. 02)] / K. 

c. 11'-:lIpI'l9 1-93 ffi:iFiJ<}ltl!§.~. 

tl311.\~ 

ott' U.an. m: 
I!l 1- 98 Wi ~t1* 5Ji!~ B§ i¥J ~yg I!l 

d. 1 Jt-1Jt~it1'£~#~9='iJ<}*~~~It_ ( JtI!l1-99). 
U" 

,, 
~' 

1!11-99 :tllElfjg~)fu 

e. 21-~*7i Jfl *.it ltJ1dH~Jfl at, 7i Jfl *: 91] fJ ~li OJ l;J. ~ 1*3t 9J *-,;¥t~ ~ 
~£ n 1&-*1iJ:. iJ<} ± 2. it t )J,i.*:~m at, 7i Jfl *- 11-1 fJ ~li;P Ii~~. iI}. 7i Jfl *- -tE.1i~ Jfl *
;~I:!it ~ il. 

L 11-9VIt_. 
g. 1 1'- OJ 1}l] It ~li. 
h. 1 *~J*:. 

i. 1 fC'.~*tlj~ ~ ."R.R.. 
j. "rIHIU,iJ<}~!& . 

k. ~m-tm~*T. 
2. 2. 2 ~~fJ:t 

~ 5JlI~%~ ~1\5;.:mMIi~ itffii-1Jtj}n~. lj ~ ~ at ,~~~.w..x...%:iffl.iiJL~7i J:l:.11Lt 
1t::l , :it ~ :t J:I:. ~ :J'51t:1t .!f ,)(1)J,i. ,:m M;tf . ~ ~ , 1'£ at [Ii] fli] 1% dt fJ ~ iIll ~~ *t iJ<) :m 
Mnt;tfT~~.~.~*~iJ<}1t:tlj~M~1t~~#~a<J1t:t.z:.~: 

------------------------------------------------------------------------------------~--~-.-~~----------------------------------------------------------................................... 




-~ 
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._-$"h - ~. ~ ~" --------.--~--

. if>dt=CdB+dQ. 

It- ~ C)t tit\.)~U~;fP -==- -i'R" Dz g(J ;t!.H~ 1:, dB )t j.& It it<] ~ j]p:!:, dQ )t liLt it<] 

~i!:. 

~ ~)J!~ -*.!ij J;f:flt a9 j.&lt1: M=B-Bo tH' at, -or IV. iA-J; (£ at [I'll [Ii] l% dB fJ ~ ;~~ 

-*/rt~J;f:fltit<] ~it dQ iE It-f M jfp dt, i'iP dQ=kMdt,lt- ~ k)t -1--JJc;fj W/K:i 

mit<] 1Z3-T. IZ3 lit ,1& It k J; ~I:,M JV IJ'I:,;fj 
if>dt=CdB+kMdt=CdCM) +kMdt, 

:sX; 

dCM) +~M=.!k @)
dt C C" 

~mh\®OJ.f.!t, JAtit\.;y!~-*:Jf~{J~ Y5:JJc;fj 'f§.It.tEi ,Effi It it<].tEi Mat CiHt at r=O, M 
=0) ~, i.&lt1: M f!l[ at [S] t 89 ~ it 

if> _1
MCt)=TO-e c'). ® 

3tP**w.tEiM,®i1.~~ 

dCM) +~ ALl=O
dt C L::,JJ • ® 

Wi j.&lt1: M:ij: IV. r ;!JiI,1*f!l[ at [Ii] 'Jt it 

t:.BCB) = MCO)e-t'. (j) 

It-~ MCO))t t=O atkJa9illt1:. 
A. )J!~ It ~ 1'& Bo. 

B. :jfJt;~IJ i:~ Mtit\.;J,l~ -*1.&lt it<] t ~, t J1t1L i* 2 1-- -==- tzt ~ 'it ~-* C{Ef~i~ll S 
A), t ~~;fP 7i )fj;~. 

Bl. tEo 1* ;~~ -* 1I. -f 7G 5J r liE: ;kT;g d = 12 em JI:.. ;kT JI:. -f :¥dil i!t it-. JJi\ ;Ji1~ t:.V 09 'Jt 
1ti1.1 2min,IV.I0s89[~I%~§&,iJi1~ltil.Q)~ t:.VCBo)it<]fID:. 

B2. tr1f;kT,iffiM1*5Ji1~-*. JJi\;Ji1~ t:.V a9~1t.~l% 10~15 s iG:iJt 11-- t:.V it<]ill,:# 

:I:~flJ *J@§~1- ~It 89 *~. 2 min J6 ¥J-;kT *l'il. 
ill. JA;kTr '# 1f1*)Ji1~ -*. JJi\;Ji1~ t:.V it<] ~ it ~ 2 mir~ ;!¢- [Ii] , ~ 1% 10~ 15 sic:iJt 1 

1-- t:.V it<] ill ,:#-:l:~fIJ *J@§~1- ~It it<] *~. 

c. :it ~ ~ JfR x ;fP y ~ i:, tE :cy ~ # %, ~ fP ill , IV. hl ~ tE;kT *l'il J6 , iI. (j) 
~iL. 

C1. 13 til x ifp y ~ I: 89 *:it i1.. 

C2. fP y f!l[ x ~ 1t89 iI!1!& ill ,*i:J; Graph 5. 

C3. JiJ 1-Ji iI!1!& ill~1t k it<] ill. 

D. :it ~ ~JfR x ifp y 'Jt 1'1L tE :cy ~;j;J; *~ fP ill , IV. iV}] tE 1*;Ji1~ -*'iit 7G ,Effi at, iI. 

®~iL. 

01. 13 til x ifp y ~Mit<] *:it i1.. 
02. it y f!l[ x ~ 1t89 iI!1 !& flL *i: J; Graph 6. 

.___ ._._._~-=-~1!11 :lE ~ ftE._.__•__._.• 
" D3. ~lti*;Ji1~~1*)Ji1~ W" tJ Jl:.tOd!!llt E it<] ill. 

E. tEo * JlEl ~~ t ;t;5J: tE mut".t~ Mtit\. ;Ji1~ ~ J'Jr tE aHr.:i , :#- ¥J- It-~ fU JiJ 2 1-- 7i JfJ * 
;fPI1--OJ~tm-*m~~t.~.~.~~OJ~tm~OJ'iitJfJ*~'Jt*~~t~ 

1-89 ffi. ~. tE /f fjiJ ~ t ~iL ill r , ~i~ :tK t ~ ~ it<] t 5j[;fP * ~El ii~ t ~ 1- it<] t 11. 
El. @j til '*It J'Jr JfJ a9 t J1t gg . 
~~lt~~tm~~~~,!V.~~ffi.~~mill.iG:iJt~~tE~1--~Iatt~ 

I;fP t11 V ~'m ,:#-:l:/tfU *ftH~.l~1t a9*~. 
E3. fP:r:.h $- f!l[ t ~ 'Jt it iI!1!&, *i:J; Graph 7. :Jt.£,:r:.h $-:m t ~ 1#~ffi. ~ 89:r:.h 

$-, t ~t~:®.:i± t;t a9 ~~. 
E4. JiJ 1- ill ~ til ~ ~ ~ **:r:.h $- Pma." :#-1t ~lt-*-1:. 
B.13t1l.!ij.*~.~~S~t~~~$-~*:ltil.,:#-##~~$-it<]ill;fP 

*-1:. 
[~~l 4S:~~*7Crn8SJff~, Hl'-~~,#±?fC:P,#,#i18SJpg§, ~flfttW 

~m~§8SJ~,#±~R~~R~,#~ffi~fi~m~8SJ~n.~tt,~~8SJW~~~ 

~~§~~, ~\llli~~ffi~i'FtI7il~UEB}t~illl, iiUumffi91~8SJ~~~=9, ~\lllic:pffii 

~J&8SJilllIJ \w15W=9, ~Jro?f*~[Qj/~8SJ~3ITl~*c:p:gj :m-1'2l'H~~i!J~rn8SJ~~ 
/tIJ.LtIJ \~m~9~W*~O!DJ, rol't.JO~~, qr~i~2""ljJitillJ51 iEa8SJ)ftJ1~;jk5§~F~::*:, l;,( 
~~J31J1't±l~[Qj~ ,M~~~~lQ\(, IEpfi.~"illl15)j(;cErnlQ\(". x:9D, ~\llliC:Pg?fiq:=9 
i~~~ ,?fi'Fi~~foitB~, Jill7:J~Q!lBill!~±~8SJ, Q!lB@~:tR~8SJ ,1'~g"iffiJ;z:tH:~ 

J~m". 

4S:~ir~2-:)lil~~~~~~m8SJ~[Qj/~,~m'#8SJpg§,,#±Hl'r§±. j-~HfC8SJ 

75)~~Xm~)~t;jJijf~ c:p ~~ IW B'1 IBJ 8SJ ~it ,?f11ll ~-B'1IBJ *~fffi~J::: tt1!Z a. ~ 4S: 
~JaS~*m~~)N~11ll)zti)yW~, 4S:~8SJi~BJlC:PX'1li<75)ztii'FJ ~illll~}t, ffi~~~~. 

ff~2=: )lil1J~ABB~gEg)mBSJ>&¥, ~±qr~gmiYll'=9, ~M4S:~8SJi~BJlc:pqrl;,(,# 

~-illi. 

[~l /FII'J~®~i[:j,HiJ~~®~*~i'I~/F[j'i],tEl~~Bt-*/F1ixtJ'l-1* 

iMI~i'IF*~~:>j(.ig~xtr-JIJit1*i'IffEliJijJJ[~~U~ : 
a. if:%- I >P Bs tEL& *~; 
b. if:%- IT >P k ,E, PS"'" fO 1rr=12Jt~~.",II 
ff%I~~~*m7.~m~~ftm,ff:%-IT~~~*m7~.~[j'i]~~~ 

~ftm. 

3. 1 if:%- I ~~ 
A. Al ~~~:Bo=C25±1)°C;V",,"pCBo)=(574±3)mV. 

~fflJJ Yfl~~;mJJ[j;] o. 5% ,iMi § >P X.*f.£IJt~ ili ,tEfF~ff*mBt,7]ffl**ift 
~~j;]±2C*;f:# 1JH~ t!l ,-*-1.i.~ft ar.JK D. ft*JJ m*~*~j;]: t~7f;iH x t;Oiif 
~!!+*ift*~. JtllLBo ][J3);rnJJm*a'~ililiJJ[~jIj1H~, !Ell'9:;;PJtif.£~i~~ ,*ift~~ 

-
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._-$"h - ~. ~ ~" --------.--~--

. if>dt=CdB+dQ. 

It- ~ C)t tit\.)~U~;fP -==- -i'R" Dz g(J ;t!.H~ 1:, dB )t j.& It it<] ~ j]p:!:, dQ )t liLt it<] 

~i!:. 

~ ~)J!~ -*.!ij J;f:flt a9 j.&lt1: M=B-Bo tH' at, -or IV. iA-J; (£ at [I'll [Ii] l% dB fJ ~ ;~~ 

-*/rt~J;f:fltit<] ~it dQ iE It-f M jfp dt, i'iP dQ=kMdt,lt- ~ k)t -1--JJc;fj W/K:i 

mit<] 1Z3-T. IZ3 lit ,1& It k J; ~I:,M JV IJ'I:,;fj 
if>dt=CdB+kMdt=CdCM) +kMdt, 

:sX; 

dCM) +~M=.!k @)
dt C C" 

~mh\®OJ.f.!t, JAtit\.;y!~-*:Jf~{J~ Y5:JJc;fj 'f§.It.tEi ,Effi It it<].tEi Mat CiHt at r=O, M 
=0) ~, i.&lt1: M f!l[ at [S] t 89 ~ it 

if> _1
MCt)=TO-e c'). ® 

3tP**w.tEiM,®i1.~~ 

dCM) +~ ALl=O
dt C L::,JJ • ® 

Wi j.&lt1: M:ij: IV. r ;!JiI,1*f!l[ at [Ii] 'Jt it 

t:.BCB) = MCO)e-t'. (j) 

It-~ MCO))t t=O atkJa9illt1:. 
A. )J!~ It ~ 1'& Bo. 

B. :jfJt;~IJ i:~ Mtit\.;J,l~ -*1.&lt it<] t ~, t J1t1L i* 2 1-- -==- tzt ~ 'it ~-* C{Ef~i~ll S 
A), t ~~;fP 7i )fj;~. 

Bl. tEo 1* ;~~ -* 1I. -f 7G 5J r liE: ;kT;g d = 12 em JI:.. ;kT JI:. -f :¥dil i!t it-. JJi\ ;Ji1~ t:.V 09 'Jt 
1ti1.1 2min,IV.I0s89[~I%~§&,iJi1~ltil.Q)~ t:.VCBo)it<]fID:. 

B2. tr1f;kT,iffiM1*5Ji1~-*. JJi\;Ji1~ t:.V a9~1t.~l% 10~15 s iG:iJt 11-- t:.V it<]ill,:# 

:I:~flJ *J@§~1- ~It 89 *~. 2 min J6 ¥J-;kT *l'il. 
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1-- t:.V it<] ill ,:#-:l:~fIJ *J@§~1- ~It it<] *~. 

c. :it ~ ~ JfR x ;fP y ~ i:, tE :cy ~ # %, ~ fP ill , IV. hl ~ tE;kT *l'il J6 , iI. (j) 
~iL. 

C1. 13 til x ifp y ~ I: 89 *:it i1.. 

C2. fP y f!l[ x ~ 1t89 iI!1!& ill ,*i:J; Graph 5. 

C3. JiJ 1-Ji iI!1!& ill~1t k it<] ill. 

D. :it ~ ~JfR x ifp y 'Jt 1'1L tE :cy ~;j;J; *~ fP ill , IV. iV}] tE 1*;Ji1~ -*'iit 7G ,Effi at, iI. 

®~iL. 

01. 13 til x ifp y ~Mit<] *:it i1.. 
02. it y f!l[ x ~ 1t89 iI!1 !& flL *i: J; Graph 6. 

.___ ._._._~-=-~1!11 :lE ~ ftE._.__•__._.• 
" D3. ~lti*;Ji1~~1*)Ji1~ W" tJ Jl:.tOd!!llt E it<] ill. 

E. tEo * JlEl ~~ t ;t;5J: tE mut".t~ Mtit\. ;Ji1~ ~ J'Jr tE aHr.:i , :#- ¥J- It-~ fU JiJ 2 1-- 7i JfJ * 
;fPI1--OJ~tm-*m~~t.~.~.~~OJ~tm~OJ'iitJfJ*~'Jt*~~t~ 

1-89 ffi. ~. tE /f fjiJ ~ t ~iL ill r , ~i~ :tK t ~ ~ it<] t 5j[;fP * ~El ii~ t ~ 1- it<] t 11. 
El. @j til '*It J'Jr JfJ a9 t J1t gg . 
~~lt~~tm~~~~,!V.~~ffi.~~mill.iG:iJt~~tE~1--~Iatt~ 

I;fP t11 V ~'m ,:#-:l:/tfU *ftH~.l~1t a9*~. 
E3. fP:r:.h $- f!l[ t ~ 'Jt it iI!1!&, *i:J; Graph 7. :Jt.£,:r:.h $-:m t ~ 1#~ffi. ~ 89:r:.h 

$-, t ~t~:®.:i± t;t a9 ~~. 
E4. JiJ 1- ill ~ til ~ ~ ~ **:r:.h $- Pma." :#-1t ~lt-*-1:. 
B.13t1l.!ij.*~.~~S~t~~~$-~*:ltil.,:#-##~~$-it<]ill;fP 

*-1:. 
[~~l 4S:~~*7Crn8SJff~, Hl'-~~,#±?fC:P,#,#i18SJpg§, ~flfttW 

~m~§8SJ~,#±~R~~R~,#~ffi~fi~m~8SJ~n.~tt,~~8SJW~~~ 

~~§~~, ~\llli~~ffi~i'FtI7il~UEB}t~illl, iiUumffi91~8SJ~~~=9, ~\lllic:pffii 

~J&8SJilllIJ \w15W=9, ~Jro?f*~[Qj/~8SJ~3ITl~*c:p:gj :m-1'2l'H~~i!J~rn8SJ~~ 
/tIJ.LtIJ \~m~9~W*~O!DJ, rol't.JO~~, qr~i~2""ljJitillJ51 iEa8SJ)ftJ1~;jk5§~F~::*:, l;,( 
~~J31J1't±l~[Qj~ ,M~~~~lQ\(, IEpfi.~"illl15)j(;cErnlQ\(". x:9D, ~\llliC:Pg?fiq:=9 
i~~~ ,?fi'Fi~~foitB~, Jill7:J~Q!lBill!~±~8SJ, Q!lB@~:tR~8SJ ,1'~g"iffiJ;z:tH:~ 

J~m". 

4S:~ir~2-:)lil~~~~~~m8SJ~[Qj/~,~m'#8SJpg§,,#±Hl'r§±. j-~HfC8SJ 

75)~~Xm~)~t;jJijf~ c:p ~~ IW B'1 IBJ 8SJ ~it ,?f11ll ~-B'1IBJ *~fffi~J::: tt1!Z a. ~ 4S: 
~JaS~*m~~)N~11ll)zti)yW~, 4S:~8SJi~BJlC:PX'1li<75)ztii'FJ ~illll~}t, ffi~~~~. 

ff~2=: )lil1J~ABB~gEg)mBSJ>&¥, ~±qr~gmiYll'=9, ~M4S:~8SJi~BJlc:pqrl;,(,# 

~-illi. 

[~l /FII'J~®~i[:j,HiJ~~®~*~i'I~/F[j'i],tEl~~Bt-*/F1ixtJ'l-1* 

iMI~i'IF*~~:>j(.ig~xtr-JIJit1*i'IffEliJijJJ[~~U~ : 
a. if:%- I >P Bs tEL& *~; 
b. if:%- IT >P k ,E, PS"'" fO 1rr=12Jt~~.",II 
ff%I~~~*m7.~m~~ftm,ff:%-IT~~~*m7~.~[j'i]~~~ 

~ftm. 

3. 1 if:%- I ~~ 
A. Al ~~~:Bo=C25±1)°C;V",,"pCBo)=(574±3)mV. 

~fflJJ Yfl~~;mJJ[j;] o. 5% ,iMi § >P X.*f.£IJt~ ili ,tEfF~ff*mBt,7]ffl**ift 
~~j;]±2C*;f:# 1JH~ t!l ,-*-1.i.~ft ar.JK D. ft*JJ m*~*~j;]: t~7f;iH x t;Oiif 
~!!+*ift*~. JtllLBo ][J3);rnJJm*a'~ililiJJ[~jIj1H~, !Ell'9:;;PJtif.£~i~~ ,*ift~~ 

-
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PJiAjg~±l 'c ,M:ffi~jg 25 'c Bt8<J~~jg 00=(25 XO. 5% + D'C",:::;l 'C. iY1~ V"""p 

(/10) Bt,J])ll~ffitiljg 573. 9 mV, iJt~jg oV=(573. 9 X 0.5% +0. 2)mV=3. 1 mV 

=3 mY. V sarnpCBoHUffir=t&.~tf'tt,~iEJ~~~~:rBJ~UfPJit 40 mv' 

••8<J5~~OO*~~~~~~~*8<J.~.m~~~••,#.~.~. 
9.~~T*11i:~_, M:J9Tf{l:8<JEglli~~tilJH~t;f,rfttil/J\ 11'-:!i~, 

A2 8<J~~: 

*t.tr~til1-tA:rtCD~ ,~ 
V"",pC50 'C) = (524 ±4) mV, 

V,;ampC70 'C)=(484±4)mV, 

V sarnp (80 'C) = (464± 5) m V. 

#1f~~BtJ1jjIJT OV~""p(/1) =0\1"",,"(/10) +C/1-/1o )oa,~~ oVsamp C80 )1&3 mV, 

oa :t£:rtCD ~e f{l: l±l , jg O. 03 m V FC. 
B. ~:t£ 10 s P;JW;l±l t, V"",pjfQ .eN 31'-~ ,Jf~J§ 21'-ic:llt:t£*~, BtfBJ~~1ft~ 

ili ,ji)fJ:) , :t£iY!~:l:WJ~~fF~1E:5trfti)-. ..t11~*.8<J 31'-i&~~~8<JEglli*i.t~ 
~/lJj..t~jg*l1fFrfti)-8<J ,:5tJ.lIJ~ ElZ~11:.1JDr.iiL 7f~~~jfQ~ 11:. ~~Bta<]til. * 1 

jg*1JDA~J'bBt~t[JttW8<J~tI5, ~ ~ t 8<JW!~:i:~.jg ± 3 s, V sarnp 8<Jl~~ it~.jg 

±3 mV,.eN 8<J~.±O. 2 mv' 

*1 =* 1m A;j$ J'b 1ft~ ijl i1~ a-:J!I&mi 

ti s V,.",p / mV tN/ mY 

0 492 -0.4 

10 493 -0.5 

20 493 - 0. 5 

30 494 - 0.6 

40 495 -0.7 

50 496 -0.7 

60 497 -0.8 

70 497 -0.8 

80 498 -0. 9 

90 499 -1.0 

100 500 - 1. 0 

110 500 -1.1 

120 501 -1. 1 

130 502 -1.2 

140 503 -1.2 

150 503 -1.3 

160 504 - 1.3 

ti s Vsamp/mV tN/ mY 

240 509 -1. 8 

250 509 -1.9 

260 . 510 -1. 9 

270 511 -1.9 

280 512 -2.0 

290 512 -2.0 

300 513 -2.1 

310 514 -2.1 

320 515 - 2.1 

330 515 -2.1 

340 516 - 2.1 

350 516 -2.2 

360 517 -2.2 

370 518 -2.3 

380 518 -2.3 

390 519 -2.3 

400 520 -2.4 

. tt -_~__~E,~ II!__. 

170 504 -1.4 

180 505 -1.5 

190 506 -1.6 

200 507 -1.6 

210 507 -1.7 

220 508 -1. 7 

230 508 -1. 8 

~\•

~ ~ .!~, ~ 

410 520 - 2.4 

420 521 -2.5 

430 521 -2.5 

440 522 -2.5 

450 523 -2.6 

460 523 -2.6 

±3 s 8<JfltfBJiY!~:i:i3H~~1Ciit8<J,J!!t~~~'~PfJiJjIJJ§oo~*,. :!l1l*,iY1Ul BtfBJ 

fBJIWi~~tE 1O~20 s ZP;JjfQiY1Hi1[OO~i1i1.\1U~ 50~70 'C~:5tJ.liJ~tlt11l O. 25:5t . 

tN 1291)H~~J.liJPJ it±40 mV ,'§'~i&~8<Jr~!;!tPJtl~..tft ,i!1PJtl~r~, ~~ 

l&tJcr 21'-/J\f,t8<J1i.t~11i:~. 

B2. ~ 1-100 !1PJ;;!w~J9T~*8<J Graph 1. tE Graph 1 ~illii l±l T~.1t ,~iJ\Bt 

#~~*.W~~.*~.~~m8<JjfQ.R..tft8<J. 
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B3. ~ 1-101 !1P~~~ji)f.*8<J Graph 2. W~Bt~Jlt~8<J.*~: ~.~jg 

~m8<JjfQ.jfoJ8<J. Ej Graph 1 ~iEJ,tE Graph 2 8<J~~,~~PJtl~~l±lJ.!l1.li~JL1'-,~ 

~Mi!Il~t;f,;f§iEJ 8<J'I'tJi£. J!i1i?t~E13 r1>!.~:5tm*®i~$~JiM<], /F~ ~ .*~8<J~j\l, 
ff. J9Tt;,( ,~~*,J~.Bt/Ftl~illii~-1'-1'-~~ ,~!i!IJ8,t~ftHf]:5t. 
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____ 

tis V"""p / mV 6V/mV 
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C. W<7~1±~&'bft9=":bOA~~"b~r, ;!:t{m!) B 7t~*§ iffJ, :bOA~&'bE~ilili:i:1~ 

EB~~~~i:*jo* 2 J'fi~.;!:t9=" t EBt!i!~:i:~~jg±3 s,Vsampf8t!i!~iI~~jg±3 mV,6V 

EBt!i!~il:~~jg±O. 2 mY. 

*2 bnAff~gllf;Md::t~f8~~~~ 

CEB~.~*!)B-~,@m~.~A~&'bft9="EB~&'b~*~••• ilili 


=t,&~. 


C2. 00 1-102 RPjg!l2!9="J'fi~*EB Graph 3. if~atxtJltOOB9~:>j(~~1f-1-!J\ 


:>fil,jf13.mif.j~lIFl±l. 
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C3. 00 1-103 RPjg!l2!9=" J'fi~*EB Graph 4. if~atxtJltOOEB~* :~ff:(£ 6V EB 

~~, ~1f-1' ~, ~ m if.j ~ t~ I±l ~ mI.\~dli: jj':. 00 9=" 6V EB ~ 3t: tt j:: 1£ V ~1mp = 

. 503 mVk.!:, if.j~mt~:(£~~IKEB 9=".~ ,{gif.j~{li:jj':.tr~1tJV¥~~DIoJ V>amp. 
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I!I 1-103 :l1,§"Q:&!=j~~:&r8] iM,*(;/Jo#J'"g )fQ:l1~ m:;M,ffl:I¥J~%. 

D. :(£1~m:Int;;9=" ,~mI.BPJ EI3 Graph 3 9="1t!l~1jZ-i1 J'fiMmEB~&'bft=t&~;E§. 

1li V""",p*1~. :(£~~ilililtit7!:9=" ,~mI .~ PJE13 Graph 4 9=" 6V EB~3tBxtmEB~&'b 
ft=t&~E§.1li Vsamp*1~. 

Dl 9=" Graph 3 .tIW~tIF1±l7~1~1.~1li:jj': . .M.00~1~: Vs = 

C61±2)'C . 

D2 9=" Graph 4 .tIW~t'F1±l7~mlB1.li:jj': . .M.OO*1~: VS = 

C61±2 )'C. 

D3 9=" ~mI.~ t!i!~:I: EB ~~1il;'¥f 

EI3 8s =80 + V(80)-VCOs) =8o+A,1f 
ex 


085 = -/C08o)2 +CQA)2. 


;!:t9=" , 


C503± 3) mV, Os = 


C503±3)mV,8s = 


QA= VC8o)-VC85) 1-{0[VC8o)-~}2+ (oex)2. 
ex \j VC8o)-VC8s) ex 

mailto:CEB~.~*!)B-~,@m~.~A~&'bft9="EB~&'b
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C3. 00 1-103 RPjg!l2!9=" J'fi~*EB Graph 4. if~atxtJltOOEB~* :~ff:(£ 6V EB 

~~, ~1f-1' ~, ~ m if.j ~ t~ I±l ~ mI.\~dli: jj':. 00 9=" 6V EB ~ 3t: tt j:: 1£ V ~1mp = 
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D. :(£1~m:Int;;9=" ,~mI.BPJ EI3 Graph 3 9="1t!l~1jZ-i1 J'fiMmEB~&'bft=t&~;E§. 

1li V""",p*1~. :(£~~ilililtit7!:9=" ,~mI .~ PJE13 Graph 4 9=" 6V EB~3tBxtmEB~&'b 
ft=t&~E§.1li Vsamp*1~. 

Dl 9=" Graph 3 .tIW~tIF1±l7~1~1.~1li:jj': . .M.00~1~: Vs = 

C61±2)'C . 

D2 9=" Graph 4 .tIW~t'F1±l7~mlB1.li:jj': . .M.OO*1~: VS = 

C61±2 )'C. 

D3 9=" ~mI.~ t!i!~:I: EB ~~1il;'¥f 

EI3 8s =80 + V(80)-VCOs) =8o+A,1f 
ex 


085 = -/C08o)2 +CQA)2. 


;!:t9=" , 


C503± 3) mV, Os = 


C503±3)mV,8s = 


QA= VC8o)-VC85) 1-{0[VC8o)-~}2+ (oex)2. 
ex \j VC8o)-VC8s) ex 



'lib 
"--~wW.cyjl· com _____ .. ~_=_~*.~gj3?t_ • 

~lf, 

O[VCOo) -VC8s )]= -/[OVCOO)]2 +[cWCOS )J2 . 
~®~~JW*~1J:08o=l ·C ,oVCl1s)~OVCOo)=3 mV,oa=O. 03 mVFC, 1~ 

ALlID~~OJ1~ : 
O[VCI1) o-VCl1s) ]=4. 2 mY. 


0A~2. 2 ·C. 


ol1s~2. 4 ·C. 


!lFo~*~ ,~~~ 2 ·C~ 3 ·C ~OJ. JW**,E!nt1tP.~1:I~~1tit1Ji'!, U~11} 

¥U;f§ili89~*i!LOJ1Vj~~. ~?;&,M~&~mk!l:k89;Jil:: OV,JA 4 ~1lIl~OJIV.~tfj, 

1il.?~~&~$X* ,1.§J&t\S89~m*/f:k, ~f!Ji OV 3::~~/flljijJEtt*~iJR&. 
~lfif~J~tfj ,$.?;&&~jijlIJmi'!ft¥JHJIJ~~AC~~£ ,1.§j9:;ffJ1'f11JD~~B89lJ!U 

:i:~~,I25l1J~~,~~r!ii~ji'ij/f~m&. 

3. 2 ff~ II ~~ 
A 1:*ffl~;fflJ!Um:9Jfi~89hffl*lJ!u:;::i:m,~*lmT ,~&?HJT~1f* I ~ 

Al ffifli]. Oo=C24±1)·C. 

B. ~~~il;: JMt:l*lJ!U~ fIl h ffl * CiF <t!, J.E k-. H~~ >1<: *M, *:jtf:l* lJ!U ~»!n'£ 
lID~:.tTT 89iE f1ffIlli~. :5t;)JIJft(/f7f:.tT , 7f:.tTfIl~JTFo 3 ff'/tfi£lJ!U:S: tN. /f7f:.tT Bt89 

~t\S!Ul* 3 pfi~ ,A~ 6V 89~&1J±0. 2 mY. 

*3 /f 1f!kTIt-HF-J ~~ 

• ~-~ iR~~Mag 
-.-~ .. . - -_._-- .. ~ 

4; ~ ~ :". 

*4 1f~TJ§"ag~~ • 
tis 6VCl1o)/ mV li s 6VCl1o)/ mV 

0 -14.0 70 -22.9 
10 -16.0 80 - 23.5 
20 -17.6 90 - 24.1 
30 -19.0 100 -24.4 
40 -20.2 110 - 24.9 
50 -21. 3 120 -25.3 
60 -22.2 

;.f§5(;JT7G:7t ,~~B;J ,:7t,~T 6VCl1o)OJIV.;ff 10 mV~20 mV W~1-t. ~lfi!Lfli]f-f 
~>1<:~f-fr8]lWi1J 10 s~20 s. 

;tdTFo8M&t\S~D* 5 pfi~. A~ 6V 89iJR&1J±O. 2 mY. 

* 5 ~!kTJ§"ag~~ 

lis 6VCl1o)/mV lis 6VC8o)/ mV 

0 :.....20.0 70 - 14.0 
10 -18.7 80 -13.5 
20 -17.5 90 - 13.0 
30 -16. 6 100 - 12.7 
40 -1 5 ~ 7 110 - 12.4 
50 -15.0 120 -12.1 
60 -14.4 

1Ji!i!~:.tT8%)d~~ 89'JQI~ ,~HTFo ~re:l*lJ!U~JA:.tTTl$7f-R7f~lJ!uii. 
c. 1JiiH~~CD~:lL, '/~W~ ffl *:.tTJ§"iY1H~ 89 ~m'tF 00. !lM89 jH!~i.t [J B<] ~ 

M.89~.~;ff~tt**.~T:l*jijlIJ~;ff~.tt,~oo~!lM:;v:~m~~~AAM~ 
iY1U¥U8<1~m. 

C1. fFGraph 5 B;J,~ x=t ;y=ln[6V.Cl1o )-6VCt)]. ~?;&,A1tP.fi6ftx~y 1'8] 

M~'I1** 89*:i2s~~OJ. 
C2. 00 1-104 &P1J~~pfi~*8<1 Graph 5. EI3 Graph 5 OJIV.~·tfj yx 1'8]~,@,~ 

-11** ,~'t1m~89;.f§*J3t:i2s¥1j O. 999 64. 

C3. ~ttm~1~¥U#'f$ ks = - 0.013 53/ s = - ~. E1311t OJ IV. ~ tfj: k = 

9.34 mW/ K. E13T Graph 5 ~~.89lJ!Uili~&~/f~t~89,~1tiHf$89~&tt.~ 
l:*.1.E!~,*t\S 6V 8<11Y1Uii:~&fIl Graph 5 ~~t\ii89~ 't1;.f§~Jt , OJ lV.1~ tfj k 89i* 
&~*L*1w.T C 89ti!iit.I25l.llt1tittfj ok~O. 3 mW/ K. 
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+ 40 m V ~ilOJ*~. jijlIJ1~ 6VCl1o) .QJS1Z*;ff~it~mji'ij:;V:JS1Z;ff *~ttwr£1-t. 
* 3 ~ 6VCl1o) 893jZ-J5.Jffi1J-1 0. 15 mV,t~fl&1J O. 05 mV.1J~~&C;r::1?flJt. 

,t±~tt~A.)1J o. 2 mY. t&iliFo~*1J 
6VCOo)=-ClO. 1±0. 2)mV. 


7f:.tTFo8<1~t\S~[]* 4 pfi7f-.. A* 6V 89~&1J± 0. 2 mY. 
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t i s 

001-104 ffl 'f~i,iIIt<1H¥J Graph 5 


D. j;;1iEIJf:lA®~3L'1In~m~mJmatl!QlJ1~~~mfFOO,1tii~~~J2!;~~ii 

~1~~A@~3Lat1~¥1J~~-~1t~. 
-~ , -~ 

D1. iiJI:J~ x=l-exp C ,y=t.V( 8o ) - t.V(t). ~?i.{,~ x=exp C ,y= 

t.V(t)~m~iiJ LV-~. 

D2. f!;; D1 M'IIit~ x;f1l y ,ffl B2 i'J1~~~mfFOO '1~ Graph 6,.mOO 1-105. 
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0.0 	 0.2 0.4 0.6 0.8 
I_exp(-kt)

C 

001 -105 i,iISJjIt@JiX.:sL (t-J Graph 6 


Graph 6 ~~tt;f§*N~ 0.999 2, ~JltiiJI:J1iEIJf:l.P:@~3L. W,j§:-1~¥1J~1t~~ 

$j;; :ks =13.94 mV,mJltiiJLV-1J:tI:J CP=ks -
k 

=64. 8 mW ,~~, ~j;;~1:j:l i'iiJlil1il,
a 

~~~~$f*\¥I1lli:,ffl1tR.i'J1~~jY!Ij~1t12j;; 27.0 mm. ~Jlt1~: 
cP 4CPE= -=--z= 113W/ mz. 

Sdel rcDde' 

E. */lallM!YtB~~$ 


E1. mJ:iit~;m.moo 1-106. 83TImI:j:lB~lJf:lltl..ffi~P3~JliiJLV-mj;;x~,"lfflltl.mt 


~P3I!1Fffm~~, ltI..ffi*16,~:9"tl. */lafmltl.YtB;;ffmm=t&'m'~%*~. iiJ mi9:~ 
~;E~:ft~ff~~%:tm)C~i.3iIJf:l**~. 

.__.__ . -- -.--.-~~ --!¥~~ --'. "'4 .olj ~" .. _. 

m'*rnu~I : ? t R 

001-106 ::t:llStlE~itjJ,~.'±lJjJ*)WJI: ~&§OO 

E2. :k~IU~ltI.?tE~l±lJ}]*~i9!!JfH&mm* 6. Jt9=' I ~lY1~:I:~&1J(±O. 05~ 

±O. DmA.V ~iY!IJJl:~~:1:J(±O. 3~±3) mV..6 
*~.*~.W~.~~.~. 
l / mA V/ mV P/ mWl / ITLA. V/ mV P/ mW 

O. 00 476 0.00 9. 92 415 4. 12 


2. 99 465 1. 39 
 10. 3 409 4. 20 


4.01 459 1. 84 
 11. 2 396 4. 43 


4. 60 456 2. 10 
 12. 2 376 4. 58 


4. 99 453 2. 26 
 13.4 351 4. 68 


5.47 451 2. 46 
 13.5 349 4. 69 


5. 61 449 2. 52 
 14. 3 297 4. 26 


6.09 445 2. 71 
 14. 7 266 3. 90 


6. 48 444 2. 88 15. 0 230 3. 45 


7. 41 437 3. 24 15.8 24.2 O. 381 


8. 87 425 3.77 


E3. 	 m E2 ~lY!~'jjit~fFI!H~¥1J Graph 7.f!POO 1- 107. 
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l i mA 
001-107 	 ::t:llSlIE~ )tjJ,~.'±lJjJ*~~*'(t-J**(Graph 7) 

£1. JAOO...tw;l±l Pmox =4.70 mW. El3iY1rJ:l:fftili:l:B<J P""" ~;f§x~·~&~:tJ 1%. EI3 BiI~ 

m1~ Pmox Bt~l.AfB;f§xt~&-fi!ilt:1:J 5%. ti9:m:j§-B<.J~i1i:*:1:J P""" = (4. 7±0. 2)mW. 

E5. m1tR. lY1rJ1~:k~Sll~Jtl. ?t!!.~* ~fli!: :1:J: a= (2.45 ± o. 05 ) mm. b= (2. 10± 

O. 05)mm. 5iJO¥*~A:1:J 

mailto:JltiiJI:J1iEIJf:l.P:@~3L
mailto:i,iISJjIt@JiX.:sL(t-J
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____ 1f5-~ ~~~2:t ----. 
Pmax- - 0 081-8 1% T/n",x-ES -. -. O. 

ce ll 

~~1tiit 

(}1'Jrr= = T/n>a.J(!f-::: ) 2 + ( Of )2 + ( 0~~1~l\ ) 2 • 
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fOJ~: 

Arul?t 
1. ;Jt. aJl-(;t:i!jj,Jt ¥J 7i it' , :# @i ill Jlt 7i it' 99 ~~ i't it:f ~. 
2. ~ lli {!FfJT:i!jj, 7i *tf ;jlg 1l!::i a1 #. ~ t, , iJt nJl ~.iu"it*' Jt t. fJT ma~ fJT;ff Jlt1·~. 
3. t~-r7'~ )i~Jf ;l'dlUf~l1~:J.% : !f!QJI:l' , ~m , .l'Ji'i!I. 
4. mffl ~H!I! iLiJllJ tI:l if ¥J *- ~ ~ *' ilt B)jJt# E117G §Ii', :#'t~ ill ~ Jt#OJ m~ IE . 
5. m~*;:ftj 'jf. 1f;t#1{FJ'; lTk /J' .f¥.'i!I, :#,'itiU1:fi '51 ~ah\uk. 


Brul?t 

l. @i ill ~~i'tJi!'l~:f i!J. 
2. ..!¥ ill -r 7'~ *,:it 1\.. 

[ /\ =~2p(1(':;') AI 

wt kB T urt. 

3. *-r 7'~~ t,;l'diHtJtl1~ ~: 
, #J 11 it (*-{tL, J¥.{i). 

4. liftl Jtk
e a~ 1ft JHtit$i:klt. 
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[?t~ffl Jlt~miHrnJ~m, ilil-&/J"¥' J~,,¥, ,Eg"¥'ffiHj,,¥,B'SJ-~¥~~~. ~* 
"¥'~El2ifdt~~75;ti, tEI~f:I(~~~, ~~"¥'~~~5:aB'SJrill~~g1J, )sJi~, ~-)@ 

. 1lli!Jf!ltjla-~Wiffi~1JB'SJ~~~. Jlt~B'SJ A gj37.J~~ B 837.J§~J§B'SJ, ±~~i9mg 
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F=m dt2 =ml dt" 
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~1ft1ft /mm 
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t::.Q= 2et::.N . 
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t::.t . 

piN= t::.Nk B T = l~tk B T. 
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* -~ ilN iE :!!HaC!.- -- - - ----.  ~'-I< ~ "" 

ff;~f;j;f.l't 

i:A~'rf' 1¥J7UD E€t,W * 
 ~J./<. I¥J~;!§ 

:i:4P1 

III 1- 109 

p!:::.hC 11:? ) = It::.tknT
2 e . 

It::.t=.L 2p C11:? ) 
k B T !:::.h. 

3. ~~i/&m-

Jf% !:::.h / 1f~: #;!t I/mA t::.t / s 
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ifoJ ~~ll.W j; R {f[ Bt~ tTt: it:flf~ ,Jil014 
III 2-18 

f:1 f:z 
R=RM ' CD 

~=7xjji!~:I:,:J%.~IillW.!=3 RM x~{:fz:!: ,~ifnJ~~ll.~fiij; R'{f[Bt.tn.it.~, 

€J € z J)!014 ®RM =R" 

=~l{XiLfW1!f RM=jRR'. 

3. jji!~it~.'&~~~* 
(J¥.1i.: m~~* 

~ R R' 

1 1460. 5 153 1. 6 

2 1 461. 5 1 531. 6 

3 1460. 9 

RM =1495. 9 0. 
-

~ (2004 • ill!l1ti!lmJ!~JH~D 

~~Jiii\~T 

{$(i§fIlM~ 

1. h'Z 3Jj( ;if- YlU~-. 

1 531. 4 

-'fL ~ 

RM =jRR' 

1495. 6 

1496. 1 

1 495. 7 

1 495. 9 

2. -ill-% ~ 1. ~ , OJ iiJ- f' 1.!iJj if- ~ IE O. 02 Hd~ 2 MHz (Jig j£ ~ 5lL -=- Jil )~ *' ;;Ii 
5R-ill-% . 

3. ~ O!f- ~~-T (JIg~ 3k5r J.J m~.n: -~.n ABCD, - ~R A'B'C'D'. JJ 1r m1-~ 3k e~ 
#* ~ PJi Rn =5 ko., Ej .1.:Jf. m~.n #l~!k iI. 

4. OJ~,~~PU~:it~-!f-~. 

5. ~#~l\. 


~%-: 


http:R'{f[Bt.tn.it


•• m-~ ~~gu:fr 

<P ~tm: raJ rBti:lJ~~j; ~ 2-15(a), (b), (c) , ~-Un.raJ..t.ati:lJ~~j; ~ (d), (e), CO, l'Jil1£ 
:J%. A,B {:fz.'!:I¥.J~~1l.;f§ 3C~,ur1-T~=7Xj:j!~iJ\. 

(l):lln*~=IXj:j!~iJ\i!i!i*:ljZ-1fij, ePi:lJMJ;E:~ -IJ(miJtBt~~¥!iEit<p ~ -Un. raJ r , 
J)!Offi' ..t.j;~ 2-15(c) ,x~J6Jlltj; ~ 2-15(b) ,:i!Bt A ,C {:fzlt..t.j; 21'*~~1l. ;~~ 

tn. raJ ..t.J)!Offi'..t.j; ~ 2-15Cf), X~J6 Jlltj; 00 2-15 (a), :i!Bt B, D {:fz:!:..t.j; 2 1'*~ 
~ll.. :;f~ur1-T~ -=::lXjji!~iJt. 

(2) ~Q*~=lXiJi!OiJt{)J:;f:ljZ-~j, i:lJ ;mX~Mffi' ..t. i:lJ n~j; 00 2- 15 (a), (b), (d), 
(e)4 # '/1fI£. ffi'''h~TI¥.J$t~-l't.1tI¥.J*~m. ffi' ..t.~~ll.x~J§:5HJOJlltj;~ 2-15 
(d), (b), (a) ,(e) . :i!Bt~~-lXjji!~iJtBt~tm:it<p ~ tn. raJ rifij~= ('lzjji!~iJtBt~ tn.& 
raJ, J)!Oi:lJMJ;E:X~J6ffi'..t.j; 2- 15(d), A {:fz.'!:..t.j;J3 -1'* ~~1l. ;~~-lXjji!~iJtat~ 

7fft.it <p ~¥!iE raJr ,~=jj;:jji!~iJ\B~·~mt{)JraJr , J)!IJ i:lJ®fJ;E:X~J§ffi'..t.{)Jj; 2- 15(b). C 
{:fz.'!:..t.j;~=1'*~ ~ll.; *-('lz, xt~-jj;:jji!~iJtBt~¥!iEit<p ~~n. raJ..t. a~'/1f1£ -ti2 i:lJ tEX 
~J6ffi'..t.1¥.J B ,D {:fzJi:..t. ~iOJ3-l'*~~ll.. :;fi'fflur1-T~ -=::7Xjji!~iJ\. 

( IZ!J) ~..t.,*ili 7 -#mJJE.iJ\!l2~*I¥.J~~1f~, .R14tEMj'I;J;j7Xjji!~iJtt~i!i!i*f 

1WBt;ti'ffl~ffl~ -=:: 7X jji!IJiJt ,Jt·ft!r~%.R~14j'l;J;jjj;: jji!IJiJtff,t i:lJ f.UO 2l'* ~ ~ll.. lli~~ 
j;xt~:;f.1WI¥.Jffi'.~~ffl7.mt~ <p~ mt1fraJl¥.Jm~~j;~MI¥.J*-•. ~*:;f 
~.~¥!iE1fraJl¥.J.~.R~.~7fft.I¥.J~~,-ti2i:lJ1£~8M=jj;:.iJtl¥.J*#r~~ili 

mJJE.iJt~~*I¥J~~1f~ ,:i!£:;fWJ£7. 
[~* 2] ~MfHc:* 
1. ~.FIHIlS%j; RI ,R2,R3 ,R, I¥.J 41'~~ll.ntOO 


2- 16 t~Jiffi'. , ur1-T~-lXjji!IJiJt, i!i!i*.~. 


2. 4;- RI ,R 3 5i:~{}z:.'!:ur1-T~=jj;:~iJt,{)Ji!i!i 


*:ljZ-~ . i:lJ :mffi'..t.j;~ 2-14(c)QX;(d). 

3. fflffi'''H\ ~~1l.:!:~Rz ,ur1-T~-=::7Xjji!~iJt,:;f ' II ~_----.J 

f~, i:lJ llJfJ;E::!:~ r I¥.J ~ffi'..t. D {:fz.'!: I¥.J ~ 2 l' * I!I 2-16 

~~ll. . 

~*: 21-*~~1l.1¥.J~%j; Rz ,R,. 


[~* 3] jji!~:i: RM 
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~-IJ(jji!!Jii : ~ 

; E~J§'W B C 
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-mat ,~¥!iEitm~ ,J)!IJ14 ~~-LJ 
f:IR III 2- 17R+RM=€ z. CD 
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--- ~-~ ~~$?} ----.-----~ 
;f .ft3t- :}r 7f ~ ~ '" :t -T . 
~Jjft 

t ~ "':t -T ~ ~ j.ilJ ~il3[; ~ '*14' (~ FJI. R, ~$. C, ~ tf!, ~ L). 'jf; - ~£l1L f,5- -=- -t:7t 
14' ZI-Z2 fP Z3':*P Ifl 2-19 PJf~:iH~~ --t £W t~ ,~±i A,B,C 5fP D :Ji' 8:J, $ tf 
A ~1j}#:Ji'!k. 'jf; :::-Jil1L f,5- =.-t :7t14' ZI' ,Z2 'fP Z3' ,~P Ifl 2-20 PJf ~,ffl Eij 'jf; - ~illiiJ 

#119 £Jf}~~~±i A' ,B' ,CfP D':Ji' 8:J, jt tf A' ~1j}#:Ji'k 
C 	 C' 

Z2 	 Z1 

B ~ C""'"J---- D B'~ I--.D ' 
Z(ZI z;~ 

A 	 A' 
I!IZ-19 	 1!12-20 

1. ffl ~ ),UHtJ1§ %~:i ·rpftl Jt -it -t:7t '# ZI ,Zh Z3 {I; ZI' ,Z2' ,Z/ B~ ~~!,P 

~ ~L ~p 4}.:7t 1H~ t ~]. R, t $. C ~ 4f ~.!@ L 11~ 1[. 

2. ~ 5 -t:Ji'!k B,CB' ,C 5fP D'.it.ft - ~,,~n--tif I'l~ ~ ~ '" ~-T' D,D' ifp 

A' n~ R ,*i:n DD'A' "'~-T. 

(a) @j 8:J if ~ '" ~-T ~ ~ ~ Ifl. 

(b)}f] 1t % iZ :i ~.ft ~ ,P,., D ;fP A' i: fa] ttu A IE §t .y£ 1§ %. ft jH @j 8:J Jlt at ~ 1f 


UD'A' fa ULYl , I'l~* m~~1[ k, i;.l.»..;J1J ~ cp ~IE 5t1§ -ry-!fJi 45- f ~ :!U'db~. 

(c) J:J! Ifl.ft~ Jt ~!fJi 45- fo !<t ~ --t#~R, lN~;t Jlt!<t fo I'l~ ~ 1m: , i;.l. »...ft 

f o !<t ~ ~ 1f *m~~ k fP Jlt!fJi 45-!<t B~;J1J ~ cp iJ~ ~ 1m:. 
(d)..!f tiH.il ¢ f o Eij Jlt 7~:t -T tf % -t:7t 14' *' 't': 119 :5>U}. J\, Jf:-~t :4 !fJi 45- fo IJ~ 

~1l. 

~(t ;iJt :1X '*~ ffllJ1. il}j 

jf;i.&:M 


[IQlITl] lTI][8J [ill[i] 
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-0-:; ,.; . I," • • • : • • '.~:-'" ~~~,.~~~ ~~r.:.{'~f t,,:~ !·:~~",~~ r:J ~~""'l·r;''';'~ ·': ,.-;: 

t:,~ " '., . 
• 	

P .~~~\\~P"~tif<:~~~~~\'~::~T"·:
'i," '. 'i:r:7.r,.~". 	 ~ ",' ro:"!-!;,-' ~ " , ......'. 
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."'." .. ".,_1 .:>1 ~ ';tJ-r •.,., ..,.?; t!' ,'-' .,'J.V '. ' .. ' ij£;~> {'~t~<~81t;''vl~'::'' '.. .:'.:' ';',
.'~ ." .. ' . " ~~~,~.~~ ..... j"" ~ ..... , • fJI': 7.f5s~
~ ,..:. ~ . _ .: '.~ ; · ·~"' ·.r ~ ..... J J • • l - : W. ··~•· .;.t~~"', .,),; ' ~..' -..:.;.'7. : '-- . .~ \ .~';\;." ""'-J. ' " ,,'41...'I!'_ .•oo<....~ ~~....~"'.~4.\~,~. :~.. (>', • 
• J T .- .... ~-·q:.- ·w ;to'",~".j:1'" .. l'''';:rr-..... .'''...... .." .' r.:- .. :':h:,.:t-;,'~~.ii J:~ '~~I': ·:~ ''''' I~.r,;;'l ""'i ···r;;;l' , ~:'>.~ .j" :;:,{' ";"'- ' ,A-'" .~.•~~t .P.~ .,!. ')~, ':~ (~.,':-{. . .\ :-. 'otr.,·" ...... .,.:..~ ...". >,:;_· ~;:..<l\ .~·....:,!;;£:~~i.,.lj!{~ ), ,~,,_, , ;,to ' .10'. " .. ",..':. ,..... " 	 ~ ~ .. 

OJ 
IfI 2·21 

l. ON/OFF rJ:!,iW7f* 

........ ________._~.::~ ~~ IOJ _IIL_,.. _._ 
 ..
4;>(f ,.I>" 

2. CH2 ~ Y IN ~ tJ 	 CH2BH~'1L~A:oX. Y ;Ji!J1if A(X-Y:;;f ii.. T) 

3. CHI ~ X IN ~ tJ 	 CHI a~*1i:f!irA:oX. X $hf!irA(X-Y:;;f ii.. T ) 

4. CH2 VOLTS/DIV ~~ CH2 * 1i: f!ir A fl.) w. *- I!J T 

5. 	 7. .it ~ 'iftll5' JfJ !i~ VOLTSIDIV ~.it ~ iftJ l5' , 1X. {E,~ fit # AUIJ fit ~t. VO

LTSIDIV ~#llt;P~~ 

6. CHI VOLTS/DIV~~ CHI f®-AI'liJ:ij:*~-T 

8. FOCUS 7t ,P,., ijjJ 1.t 
9. INTEN 1t~ ijjJ l5' 

10. X5 MAG *1i:$E:ij:* 51:g:.,~P)ffi~:itEE;1t VOLTS/DIY K~iHiJ+ 
~ 

11. CH1 lfiL jL ijjJ l5' 
12. V MODE :i!tt ':l£.1i::t (,;]1§% ~~J\:i!* 


CHI :1X.K ~ CHI ~A1t% 


CH2: 1X.1[ ~ CH2 ~A1t % 

DUAL, £ ~ CHI ifp CH2 


:*P-*ftii;t~)fJ CHI, 

TIMEIDIV o. 2 s~1 ms, ffl CHOP ~ J\ 

TIME/ DIV O. 5 rns~O. 2 fls, ffl ALT ~ J\ 

ADD:CH1;fll CH21§-ry-I'l~{~~{I; 

13. CH2 INV 1fo! CH21§% JJ..* 
14. CH2 'fi.i. ijjJ l5' 
15. Trigger LEVEL ~iZ t jh~ l5' 
16. Trigger SLOPE ~];jtj~~fl AtkiZ1t% ~i445-, "+ "fi 8:J, " -"#tT 
17. *' i'-1i ]h~ l5' 

18. X 10MAG B j/Ii at fiiJ liJ. * 10 ft-, ~p TIME/DIV n:l ~ {[ 119 110 

19. .it ~ if.] l5' :r:,h jj~ TIME/DIV 99 :it ~ ijjJ 1l , 1X..ft ~ at # ~ ~U *' at ,TIME/ 

DIV ~ #~;;f >i1>'fti 
20. 	 :it ~ 'J!J 1l JfJ liE: 7f * (.£j 19 ljG~) tiC l~ at ,7J "T ,t %hftJ l5' , ;fi~ 7f at ,TIME/ 

DIV ~H);~)i~ 

21. ~~~J\'J!J1l :i!*~iZi1{J\: 
AUTO: §#Jftii~t~J\. !fJi45-* -t 25 Hz at, § #J §S~ 


~iZBj/Ii 


NORM: f #J :tp.iZ ~ J\ 


TV-V ifp TV-H:*~JjftJfJ ;fj~ 


22. TIME/ DIV :t3 fa!i at .£:i! t~ 

23. ~;t~7f!k fii'k,;lt)lf::i!* ,*jt~~:i! CHI 

728 ____~._lL 	 ~729 
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--- ~-~ ~~$?} ----.-----~ 
;f .ft3t- :}r 7f ~ ~ '" :t -T . 
~Jjft 

t ~ "':t -T ~ ~ j.ilJ ~il3[; ~ '*14' (~ FJI. R, ~$. C, ~ tf!, ~ L). 'jf; - ~£l1L f,5- -=- -t:7t 
14' ZI-Z2 fP Z3':*P Ifl 2-19 PJf~:iH~~ --t £W t~ ,~±i A,B,C 5fP D :Ji' 8:J, $ tf 
A ~1j}#:Ji'!k. 'jf; :::-Jil1L f,5- =.-t :7t14' ZI' ,Z2 'fP Z3' ,~P Ifl 2-20 PJf ~,ffl Eij 'jf; - ~illiiJ 
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~ ~L ~p 4}.:7t 1H~ t ~]. R, t $. C ~ 4f ~.!@ L 11~ 1[. 

2. ~ 5 -t:Ji'!k B,CB' ,C 5fP D'.it.ft - ~,,~n--tif I'l~ ~ ~ '" ~-T' D,D' ifp 

A' n~ R ,*i:n DD'A' "'~-T. 

(a) @j 8:J if ~ '" ~-T ~ ~ ~ Ifl. 

(b)}f] 1t % iZ :i ~.ft ~ ,P,., D ;fP A' i: fa] ttu A IE §t .y£ 1§ %. ft jH @j 8:J Jlt at ~ 1f 


UD'A' fa ULYl , I'l~* m~~1[ k, i;.l.»..;J1J ~ cp ~IE 5t1§ -ry-!fJi 45- f ~ :!U'db~. 

(c) J:J! Ifl.ft~ Jt ~!fJi 45- fo !<t ~ --t#~R, lN~;t Jlt!<t fo I'l~ ~ 1m: , i;.l. »...ft 

f o !<t ~ ~ 1f *m~~ k fP Jlt!fJi 45-!<t B~;J1J ~ cp iJ~ ~ 1m:. 
(d)..!f tiH.il ¢ f o Eij Jlt 7~:t -T tf % -t:7t 14' *' 't': 119 :5>U}. J\, Jf:-~t :4 !fJi 45- fo IJ~ 

~1l. 

~(t ;iJt :1X '*~ ffllJ1. il}j 

jf;i.&:M 
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OJ 
IfI 2·21 

l. ON/OFF rJ:!,iW7f* 

........ ________._~.::~ ~~ IOJ _IIL_,.. _._ 
 ..
4;>(f ,.I>" 

2. CH2 ~ Y IN ~ tJ 	 CH2BH~'1L~A:oX. Y ;Ji!J1if A(X-Y:;;f ii.. T) 

3. CHI ~ X IN ~ tJ 	 CHI a~*1i:f!irA:oX. X $hf!irA(X-Y:;;f ii.. T ) 

4. CH2 VOLTS/DIV ~~ CH2 * 1i: f!ir A fl.) w. *- I!J T 

5. 	 7. .it ~ 'iftll5' JfJ !i~ VOLTSIDIV ~.it ~ iftJ l5' , 1X. {E,~ fit # AUIJ fit ~t. VO

LTSIDIV ~#llt;P~~ 

6. CHI VOLTS/DIV~~ CHI f®-AI'liJ:ij:*~-T 

8. FOCUS 7t ,P,., ijjJ 1.t 
9. INTEN 1t~ ijjJ l5' 

10. X5 MAG *1i:$E:ij:* 51:g:.,~P)ffi~:itEE;1t VOLTS/DIY K~iHiJ+ 
~ 

11. CH1 lfiL jL ijjJ l5' 
12. V MODE :i!tt ':l£.1i::t (,;]1§% ~~J\:i!* 


CHI :1X.K ~ CHI ~A1t% 


CH2: 1X.1[ ~ CH2 ~A1t % 

DUAL, £ ~ CHI ifp CH2 


:*P-*ftii;t~)fJ CHI, 

TIMEIDIV o. 2 s~1 ms, ffl CHOP ~ J\ 

TIME/ DIV O. 5 rns~O. 2 fls, ffl ALT ~ J\ 

ADD:CH1;fll CH21§-ry-I'l~{~~{I; 

13. CH2 INV 1fo! CH21§% JJ..* 
14. CH2 'fi.i. ijjJ l5' 
15. Trigger LEVEL ~iZ t jh~ l5' 
16. Trigger SLOPE ~];jtj~~fl AtkiZ1t% ~i445-, "+ "fi 8:J, " -"#tT 
17. *' i'-1i ]h~ l5' 

18. X 10MAG B j/Ii at fiiJ liJ. * 10 ft-, ~p TIME/DIV n:l ~ {[ 119 110 

19. .it ~ if.] l5' :r:,h jj~ TIME/DIV 99 :it ~ ijjJ 1l , 1X..ft ~ at # ~ ~U *' at ,TIME/ 

DIV ~ #~;;f >i1>'fti 
20. 	 :it ~ 'J!J 1l JfJ liE: 7f * (.£j 19 ljG~) tiC l~ at ,7J "T ,t %hftJ l5' , ;fi~ 7f at ,TIME/ 

DIV ~H);~)i~ 

21. ~~~J\'J!J1l :i!*~iZi1{J\: 
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http:lK.!fL.!fL~1:!L.ii
mailto:a9J4t:i@.l�J
mailto:Jil~~:i@.l�:7\:;t
http:Ii](..tf
http:www.cyjy.com


www.cyjy.com ~=~ ~~OOj} 

~ -T t*J 1~ 23 mm. ~ lJ j}D:i!Jt g= 9. 8 mN. It.!J ~ -T at t*J ~;f.f - J( 8~ ffJi~. 

~ 
kJ ,--, k2 

IJcrmJx>>mx.mJI 

-I
JI· ~L 

002-35 1J¥~l!:TC;f-w~t{f<j) 

*~.~~~~~~tt*S~-T~••~*-ili.~mt~~.w.~~JtJ 
~ kl ,k2 • :it1- fPJJ5l et 0J J!t.z?t ~if1.~1£ - *- ~.~ fiE 1~ jU It ~ m:i m ~1:!Lj[ l, I!J 
7:J:it ~1-j:~~Fl §JtltJ a9. :itJlll ;lklJ ~ '" ~ -T lK.!fL:ii!c j[, 7G ~ j1,Pl'-~ &j-, ~ -T tf' 
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2. ~.))111: mXl a9tn. 
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m=~ ..~~_ IO] ~ 	 ~ (I
-<\>fI r.. ~ 

1. il~~}A~ PJ i'l9~lt h *~&~~,~Jil~~:i@.l±:7\:;t fl a9:i!Jt v. ~i;U (ft a9:i! . 
JfU~ IE}A h=1. OX 1O-2 mjlJ 4. OXlO- J m h 1n ~ faJ IWi 1. OX 10-2 m~2. OX 10-2 m, iJilHi 

- *-. ,*)~~~i~UJ% I),i! ~ 7J j\.~~#~rI;J: it N!.}A flO OJ I), *- ili m iJ.'J11L. :!tD;f.f ~,~,11. * 
~l.v~h.zM*lfp-,~I),.~~t~*~-~.t~.~.~lJ~S~-T~ 

~ 1~ )t 4JJ;f:!t &j- , til -f w: *)t ~HL ~~ It:*Hf W~ It -T D9 Jit1ijl . ~ ill J: # ttl 'ti:i! j,t 
~ lK~~~:i!j,t~ lK~. 

2. iiE FJfl 1Y11:t!t.*;(£ 'ti:i!.~ lK~S;AA')t h iUI:. -f v 2 e9 * J (h=GJ) , ~ ,tJt~ 

$t~ lK~Sifij)t h=AJ+B. 

3. 4-.f~7:J r,m:i-7:J m a9J4t:i@.l±J*)\...'$bD~~~,tlitX7:J2~? :!tP.*J*;(£.~~ 
2*11 7J (oJ J: 1H~ a,.9!1 ~ i/J 'tlit i:~ j}p ma • rn *-£t [ *:T- $,A: ~ 1* AA %Jit I), :71- 09 ~ #J 

,l1tiir . *- ili*~ C.!J lJ ~Sl!: -Tm,l ~~:l:e9*J. 
4. >Jtt±lJ~A, B.!J lJ~$,~-Tm,l~~ -Ia9 *J . 

5. ;flU'%i>l1it!t*~ A -$:0-e~!t*-1lirl1t m a91Ji. 

C$~ ~Jtl~ kJ ~ k2 


~:it -$:0-,:t JJi.lJ ~ '" ~ -Tit 7:J 1'l1 ,tt ~ 4t at ~;]- ffl Jt t! i/J, lJ ~ '" ~ -T j1,Ij J#ij ~ 
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4t$b,~.;]-ffllt4tijJ~ffl •• wtil~~*J~~ttl 

-[ ;h #i J1-' 
w- fflJt X ~i/J'tlit:l 
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J'ft ff; a9 ~ *I' ~.,tt?IL. 

1. i~:m: ill 2-37(a))Z(b)J'ft:T- a9 /J'ffl Jt4ti/J e9ffiJ j\Ij TJ )Z T2,#iG~ t if] a9 ~1Ji. 
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2. *1 JIl7i {inJff ru 2-37(a))Z (b) J'ft ff; ~ IJ' ffl Jt 4t ijJ a9 ffl. $ WI ~ ~ PJW 2 
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~-~ ~~OO?:1- . --_._---,.-•... - _._---_._.__._----.... 
3. h\ 1ltr IIii I1'J it *- 0/ )~ t- 10, it ~ t;,.L. 
4. it~ B~?}R C~?} 1-3 ~it*-,)jtJlt,JZ5!f~Udttl1'J$:!ik3)J1t$~ k R 

jt~1K . 

5. q ili kl ~ k2 *it~jt.~1K . 

[71'trl J.X~Xft~-roSSJ1.J~~g~ . mxm~pg9~~g~~~, EI3~~g~~ 

~ro, )l6~lWg~{F-I§iffitI:Jlm, ~::F1.J~lWg~1~~=6.1i~, Jl,SHnFf~iJ, iffi~fMJ~ 

::F§5J*-l':t.J~~g~. J.Xl'~~~~~m~FI,~~"tI:J~Ff~,J~U~.t::t:~"SSJ~~. 

J.Xl'~g~~~-l'~~~~m~~.a~~SSJ§SSJ~*~~~SSJ~.ffi 

~~.~ffiJfJJ~~~. ~fi!);g1'~§, m~SSJ~~~1.J~SSJ~4\~~, ~~iJ~P1iJ~ 
ffiJ~~~~,~~~§~*W~gfr*~~pg~~ffiW~g~~W~~SSJ~~,~ 

~~I'~t~SSJmt~~~~~~~, ~::Ft§fiP~~l'SSJ~~1~~~~it~. ~fr);g1'~ 
§~ tI:J S t$@SSJ~{'FtI7~ffifi!~, jg{ffiliMF)f1Ql(l'n, ::t:Xftfi!~. 

[Ml A $71' f.;j(~m1::I:~{jj:f$~*~(mXL) 

1. !!VF~~$~¥U m X L ~j9!IJ:I::n~,fIH~~~UF . ~1-*mm1:'L,!iftJJi:Fo,J:&m 

tIffrnl)f~ 
m X l=(M+m) X l(M. 

2. 	~~l9!!Ii!:mX l ~1il,Jm:i11i:~mJii!,PJ1-l'} 


M+m= 041. 1±0. 05)g= O. 411±0. 000 5) X 10-1 kg. 


l(M =(2.1±0.06)cm=(2.1±0.06)X 10- 2m 

frJm..tJ£Tt.PJ~¥U 
m X l=(296±8)g· cm=(2. 96±0. 08) X 10- 3 kg • m 

B $71' 	 IJ\J5j(~m1:tI: m 

. 1. itli'!~1A>f'lI'iJi\!IiJ.l h l'~,j9!IJ:fIli'!{i!?,Jm:i1J'(;~n~l!J.l v. #fmJ:i:~iI&~~ 

~:n~:(£~ti~..tfFl!I,J9ffF~I!IJ:&~il-T*lliJ5j(~m1:it m.1AOO 2-35 ..t!iftJk:ti 
l!%E~ ~~fIltRl!%E~~~. 

2. 19!!IjI:~~:i3VY'l:(£tll!%E~~~J:&Wl~ h=CrJ ~**,:(£t1cl!%E~~~J:& 

Wl~ h=ArJ+B ~**. 

3. m~~~~~~*7F C 
IJ\J5j(:(£~~~1I!ffI~~11:. (x=l) ,li'!{i!?,l!J.liJ v 111 ~~~,~~l9JfiliiJ 

1 1 1 ( 2) 2K =-TY1<)rJ+-h}+-m l2+-? w
2 2 2 5 

=.l [ I ( l2 + ~ ? )] rJ . 
2 TY1<)+R2+m R2 

~"P w=; ~1f.I)!J.l,I ~~l9J*ml~ilJ\J5j(~?~~~l9J11Jtil:.l'~:i1~tJL~fjjg 
"fm,J9f~ 

TY1<)gh =.lTY1<)rJ +.l Iw2+.lm(l2 +l..? )w2 
2 2 2 5 

~.tg=~~~_!~l!_.It------.---

=.l [mv+~+m(l2+t? )] rJ. 
2 R2 

mJltftWlli 
h=CrJ . 

TY1<)+~+m~l2+t,.z)l[

C R ~ 

2TY1<)g 

50 

E 40 

'0 30 

:2 20 

~~ , , .----r-
200 400 600 800 

v2/ ( 10. 4 m2. s -2) 

I!l 2-38 

4. m~1§!T~~~*5J'; A,B 


IJ\J5j(~OO:(£'ll'~~~~(x= ~ -o-r) ,li'!~l!JliJ v at~!§! ~.t~,i¥Jl9J~~1] 


K= ~ {7~+d2+m[(t-o-;)2 +t?] r· 
IJ\f.;j(m®fJJi¥J3jL mflz1f(x= L)¥rj ~~Yj!ij(x= ~ -o-r) .5!jitt~~~i¥J~J:iJ 

t;,.U,= ~ {-kl ( ~ -o-r-lf +k2 [(L-20-2r)2 - ( ~ -o-r+lf J}. 
tJL~~~'iTtg~J§ZW:i!218':ff'i:j] :Jh'~~ i¥J~i!: t;,.Ug = -TY1<)gh, an K + t;,.U, + t;,.Ug 

=O,?t1f£~¥rj 

h=ArJ+B. 
L 	 )2 2

I l( +-?--o-rTY1<)+R2+m 2 5 
R2 

A 2T1'l{)g 

{ -k l ( ~ -o-r-L) 2 -H2 [(L-20-2r)2 - ( ~ -o-r+l) 2 J} 
B 2TY1<)g 

5. 1Jiiiilj!rj:l:~*fIl A $?ti¥J~*!iftJJi: m ~m. 

ffi l.!)..tWJ1-/NiiJ i¥J~*PJ~1~¥rj m fill Wl~i¥JJ3 -1-0.i\ 


A-C=_m_ [(~-o-rf -l2J.

2TY1<)gR2 2 

'.~--------------------------------------------------------------------------------------"""""".... 
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> 	 ____~=ij ~~m37.1 	 ____...._____......9···-,.lI· __n. 

:a:J:f1}itl8<Jlmtl:m~*JJ 
L=(40. o±o. 05)em. 

mo=(100. 4±0. 05)g. 

2R= (3.91 ±O. 005)em. 

A 1Il C 8<JitlEl3 008<J*4$~tl:l 
A = (5. O±O. 1)s2 / em. 

C=(2.4±0.1) sz/ m. 

:pJ~.g. A$8<J~* m X l=2. 96X 10- 3 kg • m,frR1~ 

m=(62±2)g= (6. 2±0. 2)X I0- 2 kg. 

C '$:$t ~13i*~ kl 1Il k2 

1. Ij\ j§13imZSb8<J.fflJWl TI lJz T2 8<Jj9!iJiI:~* 

~ TI / s Td s 

1. 019 4±0. 000051 1. 108 5±0. 00005 

2 1. 109 2±0. 00005 1. 019 4±0. 00005 

3 1. 108 9±0. 00005 1. 019 3±0. 00005 

4 1. 108 5±0. 00005 1. 019 1 ±O. 000 05 

5 

6 

7 

8 

9 

10 

1. 109 4±0. 000 05 

1. 109 o±o. 00005 

1. 108 8±0. 00005 

1. 109 O±O. 00005 

1. 109 2±0. 00005 

1. 109 4±0. 000 05 

1. 019 1±0. 00005 

1. 01 9 4±0. 00005 

1. 019 4±0. 00005 

1. 019 1±0. 00005 

1. 019 2±0. 000 05 

1. 019 3±0. 00005 
I 

.1jZ-±$]itlJJ 	 TI = (1. 109 o±o. 000 3h 

T2 = (1. 109 3± 0. 000 1)5. 

2. j§~$ WI 1Il W2 7G1i'iI8<JJff:!N. 
.~~*.~"Att~:a:~~~m.8<Jft~••*mJJ 

It =Io+m[ ( ~ +HD.l) 2+ ; ; ]. 

I 2 =Io+m[ (~ -HD.lf + ;; J. 
~.~~••~~~~~••~j§Ne~.hmJJ 

'I =Mg ~ sin8+mg( ~ +HD.l ) sin8= [Mg ~ +mg( ~ +HD.l) Je. 

~-tt• n~M L - ~ ;t; fOJ ••_ JI! 
g -p",a+mg 1,.._ 	 -. !NJttm-ilJilJiIl!lJi>f<" (2 H D.l) sin8= [Mg -,L+mg ( ~ -1+ 01) le------;s' ..I,,

IH
 Mg t+mg( t+HD.l) 

WI= T:e _ 

L 2 2 J' I o+m [ (z+HD.l) +5; 

Gj Mg ~ +mg( ~ -HD.l ) 

W2=~ Iz = I o +ml(t-HD.lf+t;~· 
3 . .b\lltrjfif8<J~*J:f, i.t~ D.l. 


¥f...t~:a:J:f8<J 10 m~'1~¥lj 


(W2 2-WI 2 ) [(M+~n) gL+mgD.lJ+(W2 2+W1 2 )mgl=wI 2W2 2m(L+2D.l) • 2l. 

¥f1}lmtlititl{-tA...tjc\P]" l;(~1~ 


D.l= (7. 2±0. 9)em= (7. 2±0. 9) X 10-2 m. 


4. 	 Jttx.x5'Jf*m8<J~~:H!JJt*~ k. 

!!!E. (62 +2) X980


k= D.l 7. 2±0. 9 	 dyne/ em=(9 000±1 OOO )dyne/em. 

~ 	 k=(9±1)N/ m. 

5. ~tl:l kl 1Il k2 ;Jfi.tJ1:A~itl. 


.~~£~~~*.1jZ-m~~~.1jZ-.8<J*#£ 

L--l-(;-r
2 k2 
L k'-+l-(;-r I 
2 

.><.IZ9JJ 	 k=k l +k2 • 

L-+l-(;-r 

JiA l;( kl 2 k 


L-2(;-2r . 

k2 =k-k l • 

¥f1}lJ!tl:liitl{-tA...t:a:1~¥lJ 


kl =(5 700 ±600)dyne/ em. 


kJ =(5. 7±0. 6)N/m.
~ 
kz = (3 OOO ± 1 000) dyne/ em. 

k2 =(3±1)N/ m.~ 
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4 1. 108 5±0. 00005 1. 019 1 ±O. 000 05 

5 

6 

7 

8 

9 

10 

1. 109 4±0. 000 05 

1. 109 o±o. 00005 

1. 108 8±0. 00005 

1. 109 O±O. 00005 

1. 109 2±0. 00005 

1. 109 4±0. 000 05 

1. 019 1±0. 00005 

1. 01 9 4±0. 00005 

1. 019 4±0. 00005 

1. 019 1±0. 00005 

1. 019 2±0. 000 05 

1. 019 3±0. 00005 
I 

.1jZ-±$]itlJJ 	 TI = (1. 109 o±o. 000 3h 

T2 = (1. 109 3± 0. 000 1)5. 

2. j§~$ WI 1Il W2 7G1i'iI8<JJff:!N. 
.~~*.~"Att~:a:~~~m.8<Jft~••*mJJ 

It =Io+m[ ( ~ +HD.l) 2+ ; ; ]. 

I 2 =Io+m[ (~ -HD.lf + ;; J. 
~.~~••~~~~~••~j§Ne~.hmJJ 

'I =Mg ~ sin8+mg( ~ +HD.l ) sin8= [Mg ~ +mg( ~ +HD.l) Je. 

~-tt• n~M L - ~ ;t; fOJ ••_ JI! 
g -p",a+mg 1,.._ 	 -. !NJttm-ilJilJiIl!lJi>f<" (2 H D.l) sin8= [Mg -,L+mg ( ~ -1+ 01) le------;s' ..I,,

IH
 Mg t+mg( t+HD.l) 

WI= T:e _ 

L 2 2 J' I o+m [ (z+HD.l) +5; 

Gj Mg ~ +mg( ~ -HD.l ) 

W2=~ Iz = I o +ml(t-HD.lf+t;~· 
3 . .b\lltrjfif8<J~*J:f, i.t~ D.l. 


¥f...t~:a:J:f8<J 10 m~'1~¥lj 


(W2 2-WI 2 ) [(M+~n) gL+mgD.lJ+(W2 2+W1 2 )mgl=wI 2W2 2m(L+2D.l) • 2l. 

¥f1}lmtlititl{-tA...tjc\P]" l;(~1~ 


D.l= (7. 2±0. 9)em= (7. 2±0. 9) X 10-2 m. 


4. 	 Jttx.x5'Jf*m8<J~~:H!JJt*~ k. 

!!!E. (62 +2) X980


k= D.l 7. 2±0. 9 	 dyne/ em=(9 000±1 OOO )dyne/em. 

~ 	 k=(9±1)N/ m. 

5. ~tl:l kl 1Il k2 ;Jfi.tJ1:A~itl. 


.~~£~~~*.1jZ-m~~~.1jZ-.8<J*#£ 

L--l-(;-r
2 k2 
L k'-+l-(;-r I 
2 

.><.IZ9JJ 	 k=k l +k2 • 

L-+l-(;-r 

JiA l;( kl 2 k 


L-2(;-2r . 

k2 =k-k l • 

¥f1}lJ!tl:liitl{-tA...t:a:1~¥lJ 


kl =(5 700 ±600)dyne/ em. 


kJ =(5. 7±0. 6)N/m.
~ 
kz = (3 OOO ± 1 000) dyne/ em. 

k2 =(3±1)N/ m.~ 



_.___ ~=ii ~~~IH1__________• 
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:7C~~M.:-r 

f"l)lg~Jt: -tE:It1-- t"l Ii@. tf' ,1f-1:. ~:oflj k if. 7J 1*~-T .£ tJI:J *~ It 1f- ft1t. ~ -T ~ 
it I~ tJI:J , .R :fr 2%Jfl h ~ I!2 if/-~ JJJUI ~ #J {'Hi' tJI:J ~ £!. 1f-1:. /~ lib@i±;(£ ~~ tf' ~ iJ!j 

jlJ tJI:J lt~~i§;.*~Hl'J Jl!:.ft1t. ~if/-~Jl4I~~ tJI:J~/J\JfbjtS or .~.UiJ). 
Jf l±~fi! tf' I\,' I1g 1 '*-~~~-T a~ tf':fib. ,HI-~ J ~I?lH'4 :W-)j~UI~ 40 ~ 7~, Jl* 

~ rit-It tf' ~ 3 1--("f~~-#~"f~~;r--#): 
O)ffi..M4jt ,-'jLffii4Jt~llt ffii1lt; 
(2)~~. t'l:ltt~EX; 1!!l~4t; 

(3) -m 1--* jjjj ~ -'jL1j llltlrl' tJI:J~ D)l 'lt~ Jt ; 

(4)~1t ; 


(S)MMlt-lM. 
;It tf' a-7J£ D)lit14 Jt'itJfl M,P]f Jfl kjit"* tJI:J iIf M$ j,] 1. 47 tJI:J #if/-~J~. 
or Jfl tJI:J ~Ut: 
0)1 ;t i1t"* j,] 670 nm tJI:J itk 7t fEr;iF -*-, j1;t:;:r: or $. ii~.:t ittj~ k *; 
(2) 7t ~ --!f- tft.; 

(3)1 1--;tt:i[1E 7J 1;f>:~-T eg -'jL iJ , or Wi} 7t 1f- --!f- $'(.{$ ~ ; 


( 4) 11-- or t?out;(£ --!f- $Pu jlU~ EX; !If ~ r * it ;it ~ i>lH[ Jfl 9~ :Ji ~~* ; 
(S) or Jfl }IHH6;(£ »f- 1:. 119 it III §~ ; 
(6) 11--.l * 1Effi..JEfP * 11 ~ ~'J b -i-;I.: "i tJI:J 'J£ $. *- -T. 

1 ii~ 


M*#;iF;(£I!I.~fP~•• ~1:.~~~.Jt'itJfl~#~*~~,~#$m 


mm j,] *1fL3R#;t. 
2 ~* 
~M~;t31--it##~~t~~~~A.~~.*1 1iTtmag~i*~~1>t.ft-1*i~~JI 

orM~it#•• ~*~~tJl:Jft~A.~~ 

~ .tJI:J~ ••@.•M~~-Ttf'~~~~ 

~.* ~t'l~.JlJtI!!l~~,;lt_~~R-tE~-Ttf'tJI:J~~ 

-'jL1jk~~~'lt_Jt ;lt~bR~~-Ttf':fib~*t 

#~ m~R;lt~-1--~Mjjjj~~-T~MtJI:J~t 

MM7t-lM* 7t •• ~,.~7J~~&7t.;(£~-Ttf'tJI:J~. 

-* -i)t$-'jLjjjj~~ ~-Ttf'$!l1~$.~. 

Jfl mm it$-1i • EX; Jfl -t 71- ,R. EX; it I!l ~ 1:. at # b it $-nr *;iF 'iff -lOC E ~ ~ iJ~ '* ~ 
tf' ~ ft 1tA.~it-i)/, a)l (*,,~,)!e, --f~~;fo db"f- ) ,~;:r: ~ ~-i:j- #=!t *- e~;ff!j-~ b. 

~=~~J. 10)~ __________ e": .?-

A-~ ~ ... 

3 ~Jm~* 
(1) ~ ~ ~ -T tf' e~ 7t 1f- it 1H~ • ~ (}('1t ~flJ 1- :No.1; f\0. 2; No.3). 
(2)1* @j ~ *;iF 3 1-- it#;(£ ~ -T tf' ~ 'm'. ~j', ~ ~ m. ;(£ 1~ tJI:J UiJ) mtf' ,i*~ }l'l Jfl 

~*(l) tf' tJI:J%~t~;iF ~~1--it#. 
(3) iii' Jflilft fJp tJI:J :It m*~ JE 1:. A. a~ 1f if!-, ~ -iJl. aJl ;(£ ~ ;jt (2) tf' a~ 7t 1f- ft it -Jw 1'J 

tI~:?u ,~u frp :;tt E:. tJI:J ~ ~ , it 14' ~ ~ £t tJI:J lle ;Wi fP t if] a~ 1~ ~ ~ 7J ~ . 
(4) ,~, !t it- tJI:J:xJ(\ ~~ i% ,;(£ @j I!I 99 f# !Ij] r :i@±t --!f- ~ it ~ tJI:J /s t\, 1iftl;t No. 1 7t ~ 

it# e~ A.~#-, it 1r- ~'p]f f"lli~ 1Ji\#-#;(£*#- 1:.1$1:.1~ tJI:J ,*~. 
(5) ,~, !t1~ ~:xJil,~~ i%,;(£ @j I!I e9 f#!Ij] r:i@ l± --!f- ~::it ~ ~ 0- t\,:ofg;t No.2 7t ~ 

it#e~A.1Ji\#-, it~ ~,PM"l tJl:J1Ji\#-#;(£*#- 0/ 1:A1:.1ttJI:J'*~. 
(6) ,lH!;'iff tJI:J ~~r.c1i ,{E @j I!I tJI:J f#!Ij] r:i@l± --!f- ~ it ~ tJI:J /s t\, ~;t No.3 It ~ 

it1ttJI:JA.1Ji\#-, it~ ~ ,PM"l ~1Ji\#-#;(£.#- tf' ~1:.i~99'*~ . 

[:$HJfl iX~-~Wil3ffiJ~~m~. ~~)It~~~m~tttR1t, pffld)j§illH~XEE 

IlliqJ~. :¢:~~*~~~)It~ffiJ~:¢:mt~fO~3ili!ffi~ffiJ7:HM~)f!J~. ~*~~~g~ 
mfm~BSJ5§~@:t!:H~~~3ili, ~tI5WJ~fm~nEm*~~~!DlB®71;14=F~ffiJWJ~!ffi~, 
iX~7C14=m7:E1t~lli~. ~1t~!I~H~,~~. ;fUffi"7't~7:HJT)ti"qJldJ.~IR-'=~IOJ~. 

:¢:~JiPD~Jfj~7'tflljjffiJWJ~)It~9;[]i,~,@mi}t7.K~~$X~ttsJ . ~~~~P9§§ 

=l'7'tflljjfO-t.RJ$~h ,pffldJ.~*~1;~7'tflljjoj~~~+7:t~H'$, ti-~~m~I~~ 

~1J, ~IlliIEm1'FtB*~[tff. 
:¢:~~~1;mr~:d6~~3iliffiJllli1JfO~~7't~~:¢:lm~j~~ fi:HlIJ ,~Jlt ,~cp ~ 

w.J~~M;f;~5%~~tg:UllffiJil3~~. 
UU (l)~Jt-r?HfHrll~1 2-39 tFf5F ,Jt-r;f!jxtfl<JWJj)l~OO .t.*:1f-~tii, ~~ 

ai~Jltimu~~UJA. 
(2)~~:tt~ 

u~ l:$:JIt*b\I£-r-j)l~llt.A(JtOO 2-39) . 

M N"+-O
-0". 

p, ., N f-------'!'( 

00 2-39 '$7tJ.A-1l!~ltEAat 002-40 '$7t)'A~-1l!MAat 

~~~oo ~~~OO 
JltaiM.t.fl<J~~1JJlttJlltmM~~. ~~JIt*imu~~TIfiJ1Hi.AMBt ,m.t.JIt 

}~,ill'JI1J 0 A\ (m +~~ ;f- ) . mMJlttJllttEl*E;:-r I*J1f;JlI MN Jll, 7ttJllt#dt~~tii 
*K. ·ttHWmM!I;J;fr:p,L.' ~~it5 0 ~ rPJ.t., *1l}j~JlttEimu~E;:T;i1~r:pI'a]jGf41J 

mailto:JiPD~Jfj~7'tflljjffiJWJ~)It~9;[]i,~,@mi}t7.K~~$X~ttsJ
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f"l)lg~Jt: -tE:It1-- t"l Ii@. tf' ,1f-1:. ~:oflj k if. 7J 1*~-T .£ tJI:J *~ It 1f- ft1t. ~ -T ~ 
it I~ tJI:J , .R :fr 2%Jfl h ~ I!2 if/-~ JJJUI ~ #J {'Hi' tJI:J ~ £!. 1f-1:. /~ lib@i±;(£ ~~ tf' ~ iJ!j 

jlJ tJI:J lt~~i§;.*~Hl'J Jl!:.ft1t. ~if/-~Jl4I~~ tJI:J~/J\JfbjtS or .~.UiJ). 
Jf l±~fi! tf' I\,' I1g 1 '*-~~~-T a~ tf':fib. ,HI-~ J ~I?lH'4 :W-)j~UI~ 40 ~ 7~, Jl* 

~ rit-It tf' ~ 3 1--("f~~-#~"f~~;r--#): 
O)ffi..M4jt ,-'jLffii4Jt~llt ffii1lt; 
(2)~~. t'l:ltt~EX; 1!!l~4t; 

(3) -m 1--* jjjj ~ -'jL1j llltlrl' tJI:J~ D)l 'lt~ Jt ; 

(4)~1t ; 


(S)MMlt-lM. 
;It tf' a-7J£ D)lit14 Jt'itJfl M,P]f Jfl kjit"* tJI:J iIf M$ j,] 1. 47 tJI:J #if/-~J~. 
or Jfl tJI:J ~Ut: 
0)1 ;t i1t"* j,] 670 nm tJI:J itk 7t fEr;iF -*-, j1;t:;:r: or $. ii~.:t ittj~ k *; 
(2) 7t ~ --!f- tft.; 

(3)1 1--;tt:i[1E 7J 1;f>:~-T eg -'jL iJ , or Wi} 7t 1f- --!f- $'(.{$ ~ ; 


( 4) 11-- or t?out;(£ --!f- $Pu jlU~ EX; !If ~ r * it ;it ~ i>lH[ Jfl 9~ :Ji ~~* ; 
(S) or Jfl }IHH6;(£ »f- 1:. 119 it III §~ ; 
(6) 11--.l * 1Effi..JEfP * 11 ~ ~'J b -i-;I.: "i tJI:J 'J£ $. *- -T. 

1 ii~ 


M*#;iF;(£I!I.~fP~•• ~1:.~~~.Jt'itJfl~#~*~~,~#$m 


mm j,] *1fL3R#;t. 
2 ~* 
~M~;t31--it##~~t~~~~A.~~.*1 1iTtmag~i*~~1>t.ft-1*i~~JI 

orM~it#•• ~*~~tJl:Jft~A.~~ 

~ .tJI:J~ ••@.•M~~-Ttf'~~~~ 

~.* ~t'l~.JlJtI!!l~~,;lt_~~R-tE~-Ttf'tJI:J~~ 

-'jL1jk~~~'lt_Jt ;lt~bR~~-Ttf':fib~*t 

#~ m~R;lt~-1--~Mjjjj~~-T~MtJI:J~t 

MM7t-lM* 7t •• ~,.~7J~~&7t.;(£~-Ttf'tJI:J~. 

-* -i)t$-'jLjjjj~~ ~-Ttf'$!l1~$.~. 

Jfl mm it$-1i • EX; Jfl -t 71- ,R. EX; it I!l ~ 1:. at # b it $-nr *;iF 'iff -lOC E ~ ~ iJ~ '* ~ 
tf' ~ ft 1tA.~it-i)/, a)l (*,,~,)!e, --f~~;fo db"f- ) ,~;:r: ~ ~-i:j- #=!t *- e~;ff!j-~ b. 

~=~~J. 10)~ __________ e": .?-

A-~ ~ ... 

3 ~Jm~* 
(1) ~ ~ ~ -T tf' e~ 7t 1f- it 1H~ • ~ (}('1t ~flJ 1- :No.1; f\0. 2; No.3). 
(2)1* @j ~ *;iF 3 1-- it#;(£ ~ -T tf' ~ 'm'. ~j', ~ ~ m. ;(£ 1~ tJI:J UiJ) mtf' ,i*~ }l'l Jfl 

~*(l) tf' tJI:J%~t~;iF ~~1--it#. 
(3) iii' Jflilft fJp tJI:J :It m*~ JE 1:. A. a~ 1f if!-, ~ -iJl. aJl ;(£ ~ ;jt (2) tf' a~ 7t 1f- ft it -Jw 1'J 

tI~:?u ,~u frp :;tt E:. tJI:J ~ ~ , it 14' ~ ~ £t tJI:J lle ;Wi fP t if] a~ 1~ ~ ~ 7J ~ . 
(4) ,~, !t it- tJI:J:xJ(\ ~~ i% ,;(£ @j I!I 99 f# !Ij] r :i@±t --!f- ~ it ~ tJI:J /s t\, 1iftl;t No. 1 7t ~ 

it# e~ A.~#-, it 1r- ~'p]f f"lli~ 1Ji\#-#;(£*#- 1:.1$1:.1~ tJI:J ,*~. 
(5) ,~, !t1~ ~:xJil,~~ i%,;(£ @j I!I e9 f#!Ij] r:i@ l± --!f- ~::it ~ ~ 0- t\,:ofg;t No.2 7t ~ 

it#e~A.1Ji\#-, it~ ~,PM"l tJl:J1Ji\#-#;(£*#- 0/ 1:A1:.1ttJI:J'*~. 
(6) ,lH!;'iff tJI:J ~~r.c1i ,{E @j I!I tJI:J f#!Ij] r:i@l± --!f- ~ it ~ tJI:J /s t\, ~;t No.3 It ~ 

it1ttJI:JA.1Ji\#-, it~ ~ ,PM"l ~1Ji\#-#;(£.#- tf' ~1:.i~99'*~ . 

[:$HJfl iX~-~Wil3ffiJ~~m~. ~~)It~~~m~tttR1t, pffld)j§illH~XEE 

IlliqJ~. :¢:~~*~~~)It~ffiJ~:¢:mt~fO~3ili!ffi~ffiJ7:HM~)f!J~. ~*~~~g~ 
mfm~BSJ5§~@:t!:H~~~3ili, ~tI5WJ~fm~nEm*~~~!DlB®71;14=F~ffiJWJ~!ffi~, 
iX~7C14=m7:E1t~lli~. ~1t~!I~H~,~~. ;fUffi"7't~7:HJT)ti"qJldJ.~IR-'=~IOJ~. 

:¢:~JiPD~Jfj~7'tflljjffiJWJ~)It~9;[]i,~,@mi}t7.K~~$X~ttsJ . ~~~~P9§§ 

=l'7'tflljjfO-t.RJ$~h ,pffldJ.~*~1;~7'tflljjoj~~~+7:t~H'$, ti-~~m~I~~ 

~1J, ~IlliIEm1'FtB*~[tff. 
:¢:~~~1;mr~:d6~~3iliffiJllli1JfO~~7't~~:¢:lm~j~~ fi:HlIJ ,~Jlt ,~cp ~ 

w.J~~M;f;~5%~~tg:UllffiJil3~~. 
UU (l)~Jt-r?HfHrll~1 2-39 tFf5F ,Jt-r;f!jxtfl<JWJj)l~OO .t.*:1f-~tii, ~~ 

ai~Jltimu~~UJA. 
(2)~~:tt~ 

u~ l:$:JIt*b\I£-r-j)l~llt.A(JtOO 2-39) . 

M N"+-O
-0". 

p, ., N f-------'!'( 

00 2-39 '$7tJ.A-1l!~ltEAat 002-40 '$7t)'A~-1l!MAat 

~~~oo ~~~OO 
JltaiM.t.fl<J~~1JJlttJlltmM~~. ~~JIt*imu~~TIfiJ1Hi.AMBt ,m.t.JIt 

}~,ill'JI1J 0 A\ (m +~~ ;f- ) . mMJlttJllttEl*E;:-r I*J1f;JlI MN Jll, 7ttJllt#dt~~tii 
*K. ·ttHWmM!I;J;fr:p,L.' ~~it5 0 ~ rPJ.t., *1l}j~JlttEimu~E;:T;i1~r:pI'a]jGf41J 



. _~.::-~ _ ~~$7,1 

WiiLl7tmf1'T8(n~~1&, 7tAiJ3<j 'f,\iHt~ El3 Jffi:~1&8<]mM~ I®~J. 

:ttfj 2:V19: 7t*»,,~ -T ;1j -1m~ :IztA (Yi:, f!i3 2 -40 ) . 
JltB~'mJ:81~-@'~ 21-7t:t!1IHrrM~{~. i3taA~tt: PQ iiiifl.1f 11-7t1Jlit, i:t:7t1Jllt 

~JW,~T PQ iii~~f1'T. 83T~~1&8<]mM. :jrrMtp {,,};?:t-§x1 0 }~, ifl.1f 1'%; ,{§. 

{\fij~1J[Ii] [Off •~:ttfj 1 t§&. 
tf-itV)J:8<]!FiJ~ ,~1k-Ti*J$1f 2~wM7t1Jllt. 1~Jffi:~1&. 

~~7t,M. PQ oo~~~AMst .~tt:ilI PQ OOB11 ~~~~f1'T8<]7ttlllt:5tMfttp 
;fi 3*~~8<]7t*.~:tt AB iii :±lMBt.Rff tp rBJJJ~*Jt 1lJ IV-~~ilI MN iii 8<] 1 tk: 
~~giHltl[8<]7t1Jllt:5tj;] J: tpr 3 *~~8<]7t . $tt{n{E~i&M J: ifl.tl8~¥iJ ~ 2-39 
8131-7tW. 

~~7t,M. MN oo~~AMst .~~i5: MN OOB9 1 ~~~~g~f1'TB9 7ttlllt:5tMJ: 

tpr 3 *~1E8<]7t* .~:tt PQ 00 :±lMBt~ 3 *7t'&*.£~:5tj;]ft tp;fi 3 * .{§J't 
tp:j)!:MflJ~i&·mJ:~Jt~*$~Xl\I.~¥iJ8<]8,t~j!Q~ 2-40 tp8<] 51-7t~. 

7t.~1k-TWi.8<]~m~.~~.NM1f1lJn{E:tt~2tp,M.1k-T:±lM~*~ 

8<] 7t~ffl1tW~/F flJ WiJil8<] 7t~. 
~m7t,~ 2 lX8<]~ ~'If1£ 1lJ IV- JE'tIJ~iJ 1lfrJffi:~1& 8<]PJ[!l:1J [Ii] j;] 1&J: ~~ PQ 

00. r~$ MN 00. 
ff :~IfF~~8<]B1~1lJXl\I.~flJ8<]7t~I~tt~~ ,Jlt~1!I tp.R imi:±l tp -L,,7tmI2Ui 

-~mM7tf)If'FJEtt:5ttIT.A*7t~~j;]tl~:I:~{~W~~/F75$ . 

(3) ~mV) J::5t tIT •f\'; {fJ 1lJ IV-:j~ :±lIV-r ~it : 
a. ~1-7t~jG{tj::5t1iiJ~: 


No.1 j;]mM7t.; 

No.2 j;]wM:J't1Jllt; 

No. 3 j;]:if1'T~~Jffi:~Jt . 


b. ~l!!!.-T~~oo~m~ 2-41. 

c. t~Jti3t~: ~. -- --- tP~_~mlc1~~~llJ.7ttM No. 1~l!!!.-Tft.8<]m~~fj;]~; 
~TEt"J

7ttM No. 1 8<]~IJ~~l!!!. -T8<]~~M1l:ftl; !fdIrx 
7ttMN~2~l!!!.-T;fi.8<]m~~fj;]~; 

No.1 No.3 No.2 
7t. No. 2 8<]~iJ~~l!!!. -T8<]~rtM:if1'T. 


~ 2-41 ~~Tmt£iliil!l
(4)wM7t1JlitffjU1!!.(f!i3 2-42). 
7tfj£j;] 

t:,.=dsinD. 

Atp d j;]7t1Jllt1t~.e j;]wMftl,m j;]wM~lX. ==i:?wM~{tj: 

t:,.=mA. I!I 2-42 :7ttJlJlpjM~ 

§TV) .x1-~WM(m= 1)1f 

---------"IIIII~--

*=~ ~~fO)IIa~ .'" ~ " 
'nD A •Sl = ""d' 

~~1Fifi1JJ:!:st, tanD 1lJ~~~:tt~-~mM7tf)I~ tp{"ltWzrBJ 8<]RE~~ W~i& 
M¥iJJiIi!.ITi! -TilI8HffijB9m~:j~¥iJ. 

~1i 8<] ~.,I*:5tfJT : 
jjj!iJ No.1 jG{!:j:8<]!M"lim* 2. 
*2 N~l~#!M'tt 

tanD ee") sinD 

O. 34 18. 8 O. 322 

O. 32 17.7 O. 305 

0.32 17.7 O. 305 

1~:±l :No. 1jG{!:j:~mMlt1Jllt,:J't.1t!I!j;] 2. 16I-'rn.7t1Jllt~~~rtM1l:ftl. 
jljW No.2 jG{tj:8<]!M"lim* 3. 
* 3 No. 2~i!:j:~tt 

tanB e/n sinD 

1. 04 46. 1 0.721 
O. 96 43. 8 O. 693 
1. 08 47. 2 O. 734 

1~:±l :No. 2jG{tj:~w~t7t1Jllt .7ttM-;t}ij;] 0.936 I-'rn, 7t1Jllt~~1~rtf1'T. 
(5):if1'T~~~~Jt ( OO 2-43) . 
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1ftt It ~ I~ Ej ,fill lU jt if!. jtI1, 1. ~ jt 51 5t ~.il It ~ ; #-PJf- J'E 7f 1ftt if!. If UQ' 5fP;ffl;x1 jt 51 L 

.z:. I"J tfJ:lIt if,( **. *-~ J. * "* * j\';5! :It liJJ\VJ' jt 5! tfJ 91if l;.Z 1.. 
O)~ ~~:it.tt&iiE:;if)if, # @i tB j!;.tt& jtil} m,# I9J fJf Jfj *~:7t# ,Jfj ~ f19 t§ ~t1iL 

]i. 11 ~~m1., ~ # tB :7t1!f , Jfj Jl- tfJ.t *l~ l;.Z2Z~ :7t14- #J ~t ge ~. (.t:t iF: ii. ~ ~'" -;f j(, 
if.; -§j vf.J) 

(2 ) @i tB iIltl Jl It j§. m. ;t~ JfJ ~*i5" JfJ *~ if!. ~ll.;ffi , it IYl fJf ~Jfj tfJ ~*i5" JfJ if!. 
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(3)~Jl~ ii ~ t% :rIJ -*. ;if~ t%-*.:ti 0/ 89 *-lif ~ :1:4 , ltiJt IlJlJUll:1.l(. tfJ ~1*~t*, # X 1#1ff~* ;Y1~ i:~ it Jf:;if)if. 
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fii:, pJT~X1OIJltEg)ti:lffiJDff~~m~tt:J~~. 

~~!:§ili:£j:*~p~mJll:!~~~ffiJJXI.~ffiili:, j]H:I:l!:§~P~"HW1"~~, ~D~~'S 
~~!±:tt:J~~ Ffu1J. :¢:~~~tt:J~>J<8j]~, f;i( ~ffi217~mJl~illl, t2SJJltqJm217~F)f 
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*1 
- -

R I D UI V I= XIrA 
rY

P=R" I p.W 

250.0 0.0078 31. 2 0.243 

500.0 0.0156 31. 2 O. 487 

750.0 0.0234 31. 2 O. 730 

1000 0.0311 31. 1 O. 967 

2000 0.0621 31. 05 1. 928 

4000 O. 1237 30. 93 3. 825 

6000 O. 1830 30. 50 5. 582 

8000 O. 231 6 28. 95 6. 705 

9000 0.249 1 27. 68 6.895 

9200 0.2521 27.40 6. 908 

9300 0.2535 27. 26 6. 910 

9400 0.2549 27. 12 6. 912 

9500 0.2562 26.97 6. 909 

1. 000 X 10' 0.2625 26. 25 6.891 
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OInJ; 111M ,1Jm~*rJ;jt§JEP,~~F't~M~J¥J;~OInJ ,&~~-l'm~ii ••~m7C:rL 


t!:lftM A !i9:.;(£ B M'<:1lut!:l~. l!J ta!~:i:* rJ;j t}[JEP,~ ~F't J¥J~Mft,;Jf )A,g, B<Jft It 

mtii <j:ltQ~~-$*( J1;l;!:; Jt tt;f,. ~ jG5!lHti.A iUt.). oE'tQ ~'ij'jll;'<:Ji5 J¥Jft It mt ii 

l=jm~.J¥Jm.~~1.f&~**,m~~l!J~~ftItMF'tJ¥Jm.El!mtl=jB.t& 

¥tlJ¥Jft5$.~XH~. 

(2)j1)[iJ:l:El!.~~Q~ 3-6. ~jji!~m.It~1E I .. at.i/&~)Jffllt*J¥J:;:~7J 200 V, 
El!~Jl~J¥J~Jlii1J 1000 .0.; ~jji!Hf.El!lI U", at. i/&~)Jffllt*J¥J:I:~7J 2v. 
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D2 1 

U"I Uxo U", 1=~ I U"O Ix =1",1 In(l.d l 
diem Diem .... 1 R xo=If 

10-4 ImV ImV IV -1",o /fLA fLA) 

em- 2 
I fLA IfLA 

10. 0 12.0 69.4 21. 43 0.48 O. 331 5 21. 43 O. 48 20. 95 3. 042 1 

12.0 14. 0 51. 0 15.95 0.55 O. 320 1 15.95 O. 55 15: 40 2. 7344 

14.0 16.0 39. 1 12. 37 O. 60 0.3106 12.37 0.60 11. 77 2.4656 

16.0 18.0 30. 9 9. 92 O. 64 0.3025 9. 92 O. 64 9. 28 2. 227 9 

18.0 20.0 25 . 0 8. 18 O. 68 O. 295 6 8. 18 O. 68 7. 50 2. 0149 

20. 0 22.0 20. 7 6. 90 0.71 0.2896 6. 90 0.71 6. 19 l. 822 9 

22.0 24. 0 17.4 .5.94 0.73 0.2843 5. 94 O. 73 5.21 1. 650 6 

24.0 26.0 14.8 5. 18 O. 75 O. 279 5 5. 18 0.75 4. 43 1. 488 4 

26.0 28. 0 12. 8 4. 58 O. 76 O. 275 3 4. 58 O. 76 3:82 1. 3403 

28. 0 30. 0 11. 1 4. 10 0.76 0. 2714 4.10 O. 76 3. 34 1. 206 0 

30.0 32.0 9. 77 3.69 . O. 76 0.2679 3. 69 0.76 2. 93 l. 075 0 

32.0 34.0 8. 65 3. 36 O. 76 0.2642 3. 36 O. 76 2. 60 0.9555 

34.0 36'.0 7.72 3.08 0.76 O. 261 2 3.08 ' 0.76 2.32 O. 841 6 

36.0 38.0 6. 93 2.84 O. 76 O. 2580 2.84 0.76 2. 08 O. 732 4 

~ .~~ ~R~_~.-- ~ .'{; t~ -*:3 


~:I: .it x.'&' )~~ :i:sX. it~ 7J 5i 

:t7t1t E, *l #!iW J5, 7\:; It ~RJ!.*p n RJ!.;JtJ ;tit9 :iiL~i:. fa] eVil§: #Ii; or jA 
;M- ;fE ,!J:. e9 ~ tHLl;, 1.~ ttl 

7\:; lIt;fP 7\:; It ~*IJ5: ilil i:. fa] 119 ~§: if; CD=dl +d2+d, -* tf dl ;;t;.tyiE tf 
.\,; jlj;tT$. flt1t If.] ~Ale ~ ,d2 ;;t)t tt i<Il.4Jlt Oil jlJ .7t1t:£:flt~t If.] ~ JL 
lie ~) ; m ~PJX)~~ q~ dl = 1. 8em. EI ;Ji111~ d2=0.2 em 

*-m A g}~7\:;, I:tJ 1'-** K at It HlR 1. e9ltlE 

m Ag}~7\:;,I:tJ1'-** Katlt~llR 1.iJ91t1I 

*mAffi.~7tatliJ*lf}ltlI 

d 

D 

Ud 

U"o 

U", 

Ixl ;tSfU",I.*m Ag}~7\:;ate9JJ1:~It1)[(I"I=URI) 

;tSf U...o,m A g} ~ 7\:; lit IiJ J~ If} It 1)[ ( 1..0 = URo )1.... 0 

1---. 

I" 
-

:tv '*' ~ J: 7t J5 99 ~J1: ll§.1t :Ii CIx = Ixl  1....0) 

(4 ) JE)(;f3xtft5$.(~ :ll1\~;ffl~Jt5! 1f.]#JJl'. y)L at. ~ i:Jffl,~ft~~ftEl!M 

.<:r8Jm.3f1.fJ¥Jff!Jf{ }y *~;f3xtfts$.J¥J*/j\,!lP L= }y. Ix-L ** J¥J~:I11f)~ B±I 

~jQ~ 3-7. m~1.f~1J I ... =A+BL,:Jt<j:l~ll:§: A= -0. 33 liA.#-~$ B=O. 302 1X 

10' liA • em2 ;;f3**i/& r=O. 999993. 
25.00,,-----------------. 

,.-'"
20.00 

,,'
.-" ..... " 

«: 15 .00 ,,,,,,,, , 

-2: ,... ' 
...." 10.00 ,,,,,,, 

ft" 

5.00 
,... ' 

.,. .....:t 

....+... 

0.001 ,< , , . , . !. , I 
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 

~(xIO-4 cm-2
) 

D 
III 3-7 

(5) JE)(;j:§xtftS$. (~:ll1\~;ffl~ j(.5! If.] 41JJl'. ~)L at ,ffl*ffl AJJfi!!l;ftatJ¥J~ 

http:fiFbZ;l�t;jji!~:i:~it.1.f7


~?;
~i f'~ww. cyjy. com m=~ ~~§(l?:1 

41 

il>}tiiE1.f7!~Qr :,¢,i,ft~$iiM:!:}J J¥Jft~$.l=j ll:§:~~ft~ 

J¥Jm.~~1.f&~**.~~~~.m.~.iliftm 
J¥J;j:§x;j'j(/J\. {g~, 1?S11J~El! Mt~t&¥IJ J¥J"Ff*~Mft R 
~~l=jB~ftD~J¥Jm.~~~1.f&~**.~~. 


~m~~!t~MftB9~OlliJ. ~ffl B Mfp7J~llIlJ. l!J~ 


jNJ\;I:T?E!.M¥UWl lE rm1*LF't~Mftxtft El! MJ¥J~ 


OInJ; 111M ,1Jm~*rJ;jt§JEP,~~F't~M~J¥J;~OInJ ,&~~-l'm~ii ••~m7C:rL 


t!:lftM A !i9:.;(£ B M'<:1lut!:l~. l!J ta!~:i:* rJ;j t}[JEP,~ ~F't J¥J~Mft,;Jf )A,g, B<Jft It 

mtii <j:ltQ~~-$*( J1;l;!:; Jt tt;f,. ~ jG5!lHti.A iUt.). oE'tQ ~'ij'jll;'<:Ji5 J¥Jft It mt ii 

l=jm~.J¥Jm.~~1.f&~**,m~~l!J~~ftItMF'tJ¥Jm.El!mtl=jB.t& 

¥tlJ¥Jft5$.~XH~. 

(2)j1)[iJ:l:El!.~~Q~ 3-6. ~jji!~m.It~1E I .. at.i/&~)Jffllt*J¥J:;:~7J 200 V, 
El!~Jl~J¥J~Jlii1J 1000 .0.; ~jji!Hf.El!lI U", at. i/&~)Jffllt*J¥J:I:~7J 2v. 

(3) ?}{~ft5$. J¥Jjji!~:l:f{i¥L~,* .2,;l§t;<j:l W~:li!6 fiFbZ;l§t;jji!~:i:~it.1.f7!JX!.* 3. 
*:2 

III 3-6 

1 
D2 1 

U"I Uxo U", 1=~ I U"O Ix =1",1 In(l.d l 
diem Diem .... 1 R xo=If 

10-4 ImV ImV IV -1",o /fLA fLA) 

em- 2 
I fLA IfLA 

10. 0 12.0 69.4 21. 43 0.48 O. 331 5 21. 43 O. 48 20. 95 3. 042 1 

12.0 14. 0 51. 0 15.95 0.55 O. 320 1 15.95 O. 55 15: 40 2. 7344 

14.0 16.0 39. 1 12. 37 O. 60 0.3106 12.37 0.60 11. 77 2.4656 

16.0 18.0 30. 9 9. 92 O. 64 0.3025 9. 92 O. 64 9. 28 2. 227 9 

18.0 20.0 25 . 0 8. 18 O. 68 O. 295 6 8. 18 O. 68 7. 50 2. 0149 

20. 0 22.0 20. 7 6. 90 0.71 0.2896 6. 90 0.71 6. 19 l. 822 9 

22.0 24. 0 17.4 .5.94 0.73 0.2843 5. 94 O. 73 5.21 1. 650 6 

24.0 26.0 14.8 5. 18 O. 75 O. 279 5 5. 18 0.75 4. 43 1. 488 4 

26.0 28. 0 12. 8 4. 58 O. 76 O. 275 3 4. 58 O. 76 3:82 1. 3403 

28. 0 30. 0 11. 1 4. 10 0.76 0. 2714 4.10 O. 76 3. 34 1. 206 0 

30.0 32.0 9. 77 3.69 . O. 76 0.2679 3. 69 0.76 2. 93 l. 075 0 

32.0 34.0 8. 65 3. 36 O. 76 0.2642 3. 36 O. 76 2. 60 0.9555 

34.0 36'.0 7.72 3.08 0.76 O. 261 2 3.08 ' 0.76 2.32 O. 841 6 

36.0 38.0 6. 93 2.84 O. 76 O. 2580 2.84 0.76 2. 08 O. 732 4 

~ .~~ ~R~_~.-- ~ .'{; t~ -*:3 


~:I: .it x.'&' )~~ :i:sX. it~ 7J 5i 

:t7t1t E, *l #!iW J5, 7\:; It ~RJ!.*p n RJ!.;JtJ ;tit9 :iiL~i:. fa] eVil§: #Ii; or jA 
;M- ;fE ,!J:. e9 ~ tHLl;, 1.~ ttl 

7\:; lIt;fP 7\:; It ~*IJ5: ilil i:. fa] 119 ~§: if; CD=dl +d2+d, -* tf dl ;;t;.tyiE tf 
.\,; jlj;tT$. flt1t If.] ~Ale ~ ,d2 ;;t)t tt i<Il.4Jlt Oil jlJ .7t1t:£:flt~t If.] ~ JL 
lie ~) ; m ~PJX)~~ q~ dl = 1. 8em. EI ;Ji111~ d2=0.2 em 

*-m A g}~7\:;, I:tJ 1'-** K at It HlR 1. e9ltlE 

m Ag}~7\:;,I:tJ1'-** Katlt~llR 1.iJ91t1I 

*mAffi.~7tatliJ*lf}ltlI 

d 

D 

Ud 

U"o 

U", 

Ixl ;tSfU",I.*m Ag}~7\:;ate9JJ1:~It1)[(I"I=URI) 

;tSf U...o,m A g} ~ 7\:; lit IiJ J~ If} It 1)[ ( 1..0 = URo )1.... 0 

1---. 

I" 
-

:tv '*' ~ J: 7t J5 99 ~J1: ll§.1t :Ii CIx = Ixl  1....0) 

(4 ) JE)(;f3xtft5$.(~ :ll1\~;ffl~Jt5! 1f.]#JJl'. y)L at. ~ i:Jffl,~ft~~ftEl!M 

.<:r8Jm.3f1.fJ¥Jff!Jf{ }y *~;f3xtfts$.J¥J*/j\,!lP L= }y. Ix-L ** J¥J~:I11f)~ B±I 

~jQ~ 3-7. m~1.f~1J I ... =A+BL,:Jt<j:l~ll:§: A= -0. 33 liA.#-~$ B=O. 302 1X 

10' liA • em2 ;;f3**i/& r=O. 999993. 
25.00,,-----------------. 

,.-'"
20.00 

,,'
.-" ..... " 

«: 15 .00 ,,,,,,,, , 

-2: ,... ' 
...." 10.00 ,,,,,,, 

ft" 

5.00 
,... ' 

.,. .....:t 

....+... 

0.001 ,< , , . , . !. , I 
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 

~(xIO-4 cm-2
) 

D 
III 3-7 

(5) JE)(;j:§xtftS$. (~:ll1\~;ffl~ j(.5! If.] 41JJl'. ~)L at ,ffl*ffl AJJfi!!l;ftatJ¥J~ 



----+---
<') 

~ 
'li:l'------ ----

N 

~ 
'li:l'------ --  -

o 
r---------~ 0.,., 

, 
\ 
\ 
\ 
\ 
\ 
\ 
\ .. 

\ 
\ 
\ , 

\ 

",, 

N 

o 
o 
o 
N 

o 
o .,., 

c 
.----------~ :;; 

M 

o 
c 
'''' N 

0<
gS

• 0 0> 
N ........ , 


C M 

g- Iffi .,., 

o 
o 
o 

00 
o 
o 
~ 



----+---
<') 

~ 
'li:l'------ ----

N 

~ 
'li:l'------ --  -

o 
r---------~ 0.,., 

, 
\ 
\ 
\ 
\ 
\ 
\ 
\ .. 

\ 
\ 
\ , 

\ 

",, 

N 

o 
o 
o 
N 

o 
o .,., 

c 
.----------~ :;; 

M 

o 
c 
'''' N 

0<
gS

• 0 0> 
N ........ , 


C M 

g- Iffi .,., 

o 
o 
o 

00 
o 
o 
~ 



----------------------

, ___ d •• _,.,. __••• • ~=-~_ .~~~?j 

it i191iiL ~~Jt~ -*; ~ Jf; fIl-~ J:./J\ -fL Jt Ill. it ~iftJ 11 ttl:l01.s:J iI9 Jt:ih. 
5. ;jK~~: ~ *E JJ 250 mm. Jfl 'f!" 1. -f- [Iii Jt 7ffi:. 
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fliJ *-1'#1{', ,r?:,; ~ ifJ KJflftfo,'lifL a~ )~~:t; ~ tr;fP 'f- It ~1#!ffi B)j Jfl. 

~~~Ji:i1P 00 3-11 fJf ffi. 
rot . §§.: ~ ~ 

11l;P !Ii. f f~ * cco n~;1J't \J!1II1!1;; 
. ~!; ~ ~ < ~ i ~D'If~ ..~ ... 

~ 3-11 

I!!!,~~~* 

1. Jfl~j:I.~~:J.li\%JttM.~* 1 ~;;jt)Jl~;tJttM#j: d.#;t11jihtJttM~~ 
Jt#~. 

*1 (if-ii.:mm) 

;f;J~j: *~j: ftl;)I}Jj: ftl;Jtljd d iJ~ i~J :OC !t*

JttM~~Jt4Hl: 

2. 11Cm 3-11 fJfffi .¥t~Jt.w~~4JtJ{-li.\f-$JLi19 -:lffiid~Jf;**-~'ii~ JRJ2f 
it». IJ\ -fL Jt III HI 14' , If[ K i2f i1t ' ~ Jt Jt IJI ;fP Jt bt .% l.t!" 1. -f- [Iii Jt 7Jt iI9 Jt ~ ,# Jl-1* 
lJ1.IJfl:ilDMiftJ1$'*~1:% : 

(l)*~ JR~it!:Jt* ~ JtJl-li.\f- $Jt.-f-ii. ~ Jtffi- J:. i19#1{', ,r?:, JJ.£;j,r!i:" lJ1.IJfl iftJ 
1$'it!:JtJR ~ JtfJ,li.\f-$Jt.-f-ii iI9 fr~: 

(2) ~ -* Jf; iI9 ifA: Jt )lu.~ >f[ K~ 4ft Jf; ~ ht -f- [Iii Jt 5t. ~ Jt ffi- J:. iJ~ # 1{', lif, JJ .£;j 
lif, •iJl. a)j !" 1. *[Iii 7ffi: # ¥t!t 1ftl 1$' ht -f- [Iii Jt 5t iI9 fr ~ : _ ______ 

-


____ ~=-~ Off ~ ~ IH 

3. tf!fl 3 -11 fJf ffi ,4 Jt Jl-li .\f- $JL iI9 JJ - JilL~ i'. ~1')f * • !t J:. ~ ~ htll4j{~ 
;fP CCD I$-:7U && Jt ~~ •~q~;j K ~ it ;fP htll ~ it Z 1'IiJ 11~ *E ~ f!:.. it f:. - ~. -i- # Jt 
ffi- ,~ J:. Jt tM ,1tk "f [Iii a9 if,] 1#. ;fP :J.li\ ~~ : 

(1);fj;;IJ JttM, KJ~ 4Jlrl:iJiI..wJ:. -lfb~ ~:t{j7,~ J~ ht11~~n JttM *J1' fJf ht iJ%~, 
~~~~itht_it0~i19•• 1{',"f~~JttMiI9ft.~.• ~Jlrl:iJiI..wJ:.l.ffiil9_itil9*~ 
~ »'JttMiliij i% ftI Z; ~~ iI9 ~ it. 

(2)4* 2 'f' 1{',:if<.~ *fJf:7~ 7t1H9 J1t *11 JtJl-li.\f- $Jt.J:. iI9 1SLJi.* 2 (if-ii.: cm) 

1 iltJl'oll Ilt.<.iil 1>itUliil 1iHJI'olOl1 U}(z, ) 1·"1$.i!iil I . cm J 
(3);fj;;IJ JttM. ifi 7f ht1t~ it. :J.li\% Jlrl: iJiI..w J:. fJf I. ffi iJ~ !fl1t. ~- t:!t Jt tM § ht iI9 

11. <iJij;t § ht ~ i191'!ilL _it 1i Ji:f ~Jij;t iI9 -f-:l0 ~ IE • # iJl.IJfl *~ Jt JJ Jt tM § ht_it iJ~ 

*1%. 
4. 11 J:. it Jt ~ 'f' .1:%# '*' Jt tM ~ 1'~ ~.Ii iI9 ft 'ii:f ~ •7t ht ~ "f a~ ~,i~IJ : 
0) ~;IJ JttM. i% 7f ht11m4t. 11 Jlrl: fJt.w J:. **- t:!tJUJttM i19]tr 7 l' § ht •• 1{',:if<. 

4iJ-1'.fJf:xt S ~ JttM~ iiI Zg • ~ Jt 11 Jtl JttM iI9 *E {gj 2", (m= 1. 2. ···.7) • # ¥t!t:lit 
;I:~A*3. * 3 (if-ii. : cm) 

1

I":1$.1 I' 1 3 I 4 I 5 I 6 1 71 
z. 1I I I I 

(2) ~ Jtht*Iii- J\. z,,, = Co ";2 'f' 119 Co ii. 

5. 11 J:.it Jtft} ~.£~ J:.. -i- *,;j K ~ it;fP:l@.Jt Jt If] • Jfl It*~ J$. [Iii Jt)K lL '* 
,~M JttM ,1:%#~*4it»,/J\ -fL Jt III ~[l14', ht1~ 4it~;fP CCD I$-:7U ~ Jt ~ ~ ~ ».!t~ 
7t1H91i~:f ~ (*-*- 2 'f {f.J ~ {tLfoJj" ~;t); ~ Jf; ~ ;IJ Jt tM. :J.li\ ~ Jt tM iJZ] § ht1fl!,. 
J)11,~. 

(1) ~ Jt:J.li\% Jtl a~ § ht1t iI9 j: § ; 

(2) Jt 'Ii. it fJf ~ Jtl ~ § ht1i!.J)11,t.. 
6. 11 J:. J£ Jt '1i :J.li\ ~j;H~ .£~ J:. •Jt 11: ~fil JtIt**[Iii )t!ffi IJfl ~ 14' "f Jt tM § htit fJf 

*- i191i~L 
(1) ~Jij Jtlt ttl ~ [Iii )K iI9 A Jt~1iji Zo ,JttM*J1' i~ht1tlt~ ht)jf iiI1f11 ~ i191i'lii 

Z; I;J, ».~~1'1iji.z fliJ iI9 *E i% A. 

(2)1:%.# Zo ;fP Z; :f ~. ~;iJ JttM. **-~ JtJttM ~ 1iJi Zg.~ ~11Jlrl: ~.wJ:.1iT 

mailto:it;fP:l@.Jt
http:4Jlrl:iJiI..wJ


----------------------

, ___ d •• _,.,. __••• • ~=-~_ .~~~?j 

it i191iiL ~~Jt~ -*; ~ Jf; fIl-~ J:./J\ -fL Jt Ill. it ~iftJ 11 ttl:l01.s:J iI9 Jt:ih. 
5. ;jK~~: ~ *E JJ 250 mm. Jfl 'f!" 1. -f- [Iii Jt 7ffi:. 
6. ~Jt Jt III :~Jt -fLKif JJ 30 mm. Jfl 'f fIR ';ji~ Jt*,R. -t. 
7. i~jj1~ JttM:Jfl 'f § ht11~~. 

8. ht_it 4Jt ~ dt *E ~ JJ 50 mm. Jfl 'f ¥t Jt tM * J1' ».;ft. § ht eH~. fIl- ht11 'f CCD 

["CCD";t" ~1tj-~~214-"(charge-coupled device) {f.J roi] # ] J:.. . 
9. CCD JlH'u ~Jt~~: Jfl 'f,*~,1ffi M4!t~ Jt [Iii J:. iI9 Jt ~17}* . 

10. Jlrl:t!il,.w: E, ~ CCD I$-:7U ~ Jt ~ *;fEJ:It. Jfl 'f I. ffi CCD fJf '* ~ J~ iI9 Jt 51 
7}*. 

11. !t~: Jtffi-, ~ifJ K,'f- It ~,~ tr 3t:¢.w~. !t 'f'. Jtffi- J:.~Hr ~#~~. 'f' 
fliJ *-1'#1{', ,r?:,; ~ ifJ KJflftfo,'lifL a~ )~~:t; ~ tr;fP 'f- It ~1#!ffi B)j Jfl. 

~~~Ji:i1P 00 3-11 fJf ffi. 
rot . §§.: ~ ~ 

11l;P !Ii. f f~ * cco n~;1J't \J!1II1!1;; 
. ~!; ~ ~ < ~ i ~D'If~ ..~ ... 

~ 3-11 

I!!!,~~~* 

1. Jfl~j:I.~~:J.li\%JttM.~* 1 ~;;jt)Jl~;tJttM#j: d.#;t11jihtJttM~~ 
Jt#~. 

*1 (if-ii.:mm) 

;f;J~j: *~j: ftl;)I}Jj: ftl;Jtljd d iJ~ i~J :OC !t*

JttM~~Jt4Hl: 

2. 11Cm 3-11 fJfffi .¥t~Jt.w~~4JtJ{-li.\f-$JLi19 -:lffiid~Jf;**-~'ii~ JRJ2f 
it». IJ\ -fL Jt III HI 14' , If[ K i2f i1t ' ~ Jt Jt IJI ;fP Jt bt .% l.t!" 1. -f- [Iii Jt 7Jt iI9 Jt ~ ,# Jl-1* 
lJ1.IJfl:ilDMiftJ1$'*~1:% : 

(l)*~ JR~it!:Jt* ~ JtJl-li.\f- $Jt.-f-ii. ~ Jtffi- J:. i19#1{', ,r?:, JJ.£;j,r!i:" lJ1.IJfl iftJ 
1$'it!:JtJR ~ JtfJ,li.\f-$Jt.-f-ii iI9 fr~: 

(2) ~ -* Jf; iI9 ifA: Jt )lu.~ >f[ K~ 4ft Jf; ~ ht -f- [Iii Jt 5t. ~ Jt ffi- J:. iJ~ # 1{', lif, JJ .£;j 
lif, •iJl. a)j !" 1. *[Iii 7ffi: # ¥t!t 1ftl 1$' ht -f- [Iii Jt 5t iI9 fr ~ : _ ______ 

-


____ ~=-~ Off ~ ~ IH 

3. tf!fl 3 -11 fJf ffi ,4 Jt Jl-li .\f- $JL iI9 JJ - JilL~ i'. ~1')f * • !t J:. ~ ~ htll4j{~ 
;fP CCD I$-:7U && Jt ~~ •~q~;j K ~ it ;fP htll ~ it Z 1'IiJ 11~ *E ~ f!:.. it f:. - ~. -i- # Jt 
ffi- ,~ J:. Jt tM ,1tk "f [Iii a9 if,] 1#. ;fP :J.li\ ~~ : 

(1);fj;;IJ JttM, KJ~ 4Jlrl:iJiI..wJ:. -lfb~ ~:t{j7,~ J~ ht11~~n JttM *J1' fJf ht iJ%~, 
~~~~itht_it0~i19•• 1{',"f~~JttMiI9ft.~.• ~Jlrl:iJiI..wJ:.l.ffiil9_itil9*~ 
~ »'JttMiliij i% ftI Z; ~~ iI9 ~ it. 

(2)4* 2 'f' 1{',:if<.~ *fJf:7~ 7t1H9 J1t *11 JtJl-li.\f- $Jt.J:. iI9 1SLJi.* 2 (if-ii.: cm) 

1 iltJl'oll Ilt.<.iil 1>itUliil 1iHJI'olOl1 U}(z, ) 1·"1$.i!iil I . cm J 
(3);fj;;IJ JttM. ifi 7f ht1t~ it. :J.li\% Jlrl: iJiI..w J:. fJf I. ffi iJ~ !fl1t. ~- t:!t Jt tM § ht iI9 

11. <iJij;t § ht ~ i191'!ilL _it 1i Ji:f ~Jij;t iI9 -f-:l0 ~ IE • # iJl.IJfl *~ Jt JJ Jt tM § ht_it iJ~ 

*1%. 
4. 11 J:. it Jt ~ 'f' .1:%# '*' Jt tM ~ 1'~ ~.Ii iI9 ft 'ii:f ~ •7t ht ~ "f a~ ~,i~IJ : 
0) ~;IJ JttM. i% 7f ht11m4t. 11 Jlrl: fJt.w J:. **- t:!tJUJttM i19]tr 7 l' § ht •• 1{',:if<. 

4iJ-1'.fJf:xt S ~ JttM~ iiI Zg • ~ Jt 11 Jtl JttM iI9 *E {gj 2", (m= 1. 2. ···.7) • # ¥t!t:lit 
;I:~A*3. * 3 (if-ii. : cm) 

1

I":1$.1 I' 1 3 I 4 I 5 I 6 1 71 
z. 1I I I I 

(2) ~ Jtht*Iii- J\. z,,, = Co ";2 'f' 119 Co ii. 

5. 11 J:.it Jtft} ~.£~ J:.. -i- *,;j K ~ it;fP:l@.Jt Jt If] • Jfl It*~ J$. [Iii Jt)K lL '* 
,~M JttM ,1:%#~*4it»,/J\ -fL Jt III ~[l14', ht1~ 4it~;fP CCD I$-:7U ~ Jt ~ ~ ~ ».!t~ 
7t1H91i~:f ~ (*-*- 2 'f {f.J ~ {tLfoJj" ~;t); ~ Jf; ~ ;IJ Jt tM. :J.li\ ~ Jt tM iJZ] § ht1fl!,. 
J)11,~. 

(1) ~ Jt:J.li\% Jtl a~ § ht1t iI9 j: § ; 

(2) Jt 'Ii. it fJf ~ Jtl ~ § ht1i!.J)11,t.. 
6. 11 J:. J£ Jt '1i :J.li\ ~j;H~ .£~ J:. •Jt 11: ~fil JtIt**[Iii )t!ffi IJfl ~ 14' "f Jt tM § htit fJf 

*- i191i~L 
(1) ~Jij Jtlt ttl ~ [Iii )K iI9 A Jt~1iji Zo ,JttM*J1' i~ht1tlt~ ht)jf iiI1f11 ~ i191i'lii 

Z; I;J, ».~~1'1iji.z fliJ iI9 *E i% A. 

(2)1:%.# Zo ;fP Z; :f ~. ~;iJ JttM. **-~ JtJttM ~ 1iJi Zg.~ ~11Jlrl: ~.wJ:.1iT 



r,e;s.·nll-~tr-..... ·-" ,.--· ·· ..,. ~-~ ~~~?! 

I;). *jt~1:!!.;f fiJ:1t;jffl- 119 § fiVt, ~ tl.J 4iJ 1- Zg ~ -fIUe:of.oftl Jt ffi IE &.,:# *f1L~:.:!~ 

A*4. * 4 (.!f.{;i:em) 

3 4 5

I·:.~ 11 1'1 1 1 ! '1'1 
7. 5fUl 1.:l! Jt it ~J :i ~ ~ =if , .oftl Jt tlU!t Jilt lID itt,~ a)l 4-1-'1' r :1t ~ § Ji\ ~ E19 

~f4t. 

(l)ijt a= IzK-zo I ,b= IZi - Zg I ,E=~2. ** 5 e9!j;jt ffit #, :#*tij)!~·:!~A 

*r"J. 
(if.-I:1:.: em)*5 

§Ji\1t 

a 

b 

ab 

ab 
A·E 

1 2 3 4 5 6 

I 

I 
E= 

7 

(2).oftlJt a 5fP b Z is] ffi ~~,*~~ii* ~,up jt~Lt lID :1t5ffi:,~ B}j ~# r:1t1!llt ~ m 
Ji\1t0J(. 

[71"*fT] )i6f1l1l§M~fHtfllllM~C:P8'5J-frp~mllffi~, ~O~Jj)i6$l8'5J)i6~Mf± 

Jtg~Iffi)i6$l8'5J~~, ~±?±~~l!.tyjJltmlMl1'5>, ~Jlt. iC&~*~J:U£fT@¥, tjH~ml 

rEK.1'~. ~~*fSj~8'5J~31!Hm~*1=t1'~t'fl, ~/9~M)i6f1l1lElM~Ilffi55:8'5J~~~ 
tSZC:P~~U~jJ.;J .1'~~&§~8'5J ,iXf;l;'j~~3lil:J3Z.rs, gilllxro~. 

[~] 1. 19!t~7't{lVt,*,~ d, *5tttWi~;Jt~7't*1iEa<J~*%* 6.* 6 (if.{;i: mm) 

to~~ *~~ ftJj!,§~ ftjj!,§d d IJ9 i.Yl~ :i #j)lt 

30. 651 28. 733 10 O. 191 8 

28. 738 26. 808 10 O. 193 0 
d=d'ff;J ±6el-j'.J',j 

=0. 192 5±0. 000 4 
26. 808 24. 882 10 o. 192 6 

7\:A!lfr~:lft:1t*HiE:,'& B;ffJ fa] ,~ttJt1t B}j 11k);: f 3tttJt~. 
-

___._ ____~~j,2:.. __f>I!.. ~ _~_ ~__•_____ 

2. (1) tV-:7tJ# ...ta<JtiFicBJ;;~(aB, i)iiJm~:Jlt*~:7tJl,,*~$JL~1l'a<JtH~~Q 
r :CDnJc~:7tJ# 1:E:7tJl,,*~$JL a<J{:jY#ij. **tAl1T~~ EfJ~ m:. @M:11~7't~TI:~ 
ilta<JlCi'iffij, jclft]l1"Ar:JJ a<Jt'§\~, ~~:7t~~~$JL~*f1l': Ni)iiJl1"A~!~.&6:{:j 

i\1ij~ ,&tt9:1t5R:Mi1E7'tmF...t(j{JtiFic,~. ®~~:7tJ~H$jlI~~:7t~, iftll1"7'tMa<J ·(.li::l! ,1~ 
;j:iFic,~MJ!E~:7t5R:i¥J7't~. @)~:7t}#:j3H$~IJ~$JLi¥J{:j~, ~l1"~.7t~. ~:7t~lW7jz 

~1:Ef;fic,~...t. @&JlI~®~®. 

(2) tV-7'tJ#.t J'l9tiFic ,~ J;; 15 I'ft8 , r=~:e}; lID itt* i~;l't ~'IiJ l1" ~'f tID :7t t&: i¥J ~~ 3W 
r :CD1%ff:7tJ;lf ...ttiFic,~ i¥J1.li::i':/F~: @~:j)*~.&/FfL7'tI;m~.Il141i9::l:1:E7.ttf{:;Uj~tf 
i¥Jm~(.li::i':, l%l:lftt*m ,:l&r INL:7tillij :CDift:l1J£.fi143t~i¥J~w:JJ1ft, 1~w7't*:Jffi 
tEtr'-w:m...t, **JJX; ~7'tm;f~i.c,~J;; !f'1l,'EJ:3'tyI: ®N~...t/J\:rL:7tIll1J, ti.{:j ,...t r i)iiJ 
!t1.li:'ft*iW J51$:9Jttw:~, ~jlj1'£:7tm ...t:~BljfmB~:7t3;iI, *lJ~l1"5[~~W, ~1~ 

1t~li¥J r:p 1l,\1'§:1:E1iFicB...t: @nJc~ItJR~uU!1Jm:7t:7tI;mtE~ ~ i¥l1.li:ii, ~¥iJ:(.£7'tJ# 
..t.~ilj tV-tjicJ;; r:p Il,' i¥J ~l%:7t3;iIB':J*/J\/Filif!:7tm i¥J1}z~i!j[~. 

3, (l)~ z;=139. 30 ema1,JJX;1~~mM:7t{lVt*~~1~.Jifihlti¥l1~.!=jiJt~liQ.~ 
~~r:p~!Ij8<l'H!1J;.(, m~1i!iitmlJEjM~nlU~0Jt. {;~~-t-1.li:JlJ5, -/JilO:7t1Jlf}...t1l}k 
Il#B9-~/J\*U1L~~~!f~: j3-:JJilO, ~J't1Jlf}f$«i]JJX;1~~m~&:i:.t*ftiifJa1.*, 
ttB<]JtJ.~~~mWJ. 

(2)~:fff:JTYIJ~14B~f~#C{£:7tJl,~~$JL...t8<J1:\L!l:%* 7. 
~p ($-1:1:.: em) 

~j: :1t.w. I if JR {it :lflI:ilHt ~:1t7U*1 :1t;j)W( Zi) Ji\~J!~ CCD 

9. 00 I 38. 00 65. 70 73. 50 139. 30 151. 25 162. 00 

(3) §JJX;1~i¥J"i'-!J&J;; 9d~1.li::'lf/F1iffl5tM+B]m~J;;±0. 5 mm:*IJ5tJ;;:7t1Jlf} § 
JJX;.i¥J*mJ;;.~~Bg.fti¥J:7t.*~.~~1iE. 

4. (D1:E.7't1Jlf}i¥JiW 7 -t- § lJ:Jt. r:p ,&--t-{fimM)jtz 8<] 1t:vlfr1¥.J 1.li:!l: ZK fIl1~¥I17't1Jlf} 

i¥JlIfi~ Zm ,%* 8. 
(if.1:1:.: em)*8 

§~it-I 1 2 3 4 5 

Zg I133. 56 127. 70' 121. 80 ll5. 95 llO.05 

Zm 15. 74 Ill. 60 17.50 23. 35 29. 25 

6 

104. 15 

35.15 

7 

98. 22 

41. 08 

(2) Ei3 'T. z", = iZg -Zi I, &m = Zm = (5. 83±0. 02) em: 
m 

tV-.& d=(O. 192 5±O. 000 4) mm,A=O. 633 nm,ji!1j 
5.83 em 

Co (4-:l5JiQ.)= f::,z,,,
el 2 (0. 1925 mm)2 """0.996. 
A 0.633 run 

http:iXf;l;'j~~3lil:J3Z.rs


r,e;s.·nll-~tr-..... ·-" ,.--· ·· ..,. ~-~ ~~~?! 

I;). *jt~1:!!.;f fiJ:1t;jffl- 119 § fiVt, ~ tl.J 4iJ 1- Zg ~ -fIUe:of.oftl Jt ffi IE &.,:# *f1L~:.:!~ 

A*4. * 4 (.!f.{;i:em) 

3 4 5

I·:.~ 11 1'1 1 1 ! '1'1 
7. 5fUl 1.:l! Jt it ~J :i ~ ~ =if , .oftl Jt tlU!t Jilt lID itt,~ a)l 4-1-'1' r :1t ~ § Ji\ ~ E19 

~f4t. 

(l)ijt a= IzK-zo I ,b= IZi - Zg I ,E=~2. ** 5 e9!j;jt ffit #, :#*tij)!~·:!~A 

*r"J. 
(if.-I:1:.: em)*5 

§Ji\1t 

a 

b 

ab 

ab 
A·E 

1 2 3 4 5 6 

I 

I 
E= 

7 

(2).oftlJt a 5fP b Z is] ffi ~~,*~~ii* ~,up jt~Lt lID :1t5ffi:,~ B}j ~# r:1t1!llt ~ m 
Ji\1t0J(. 

[71"*fT] )i6f1l1l§M~fHtfllllM~C:P8'5J-frp~mllffi~, ~O~Jj)i6$l8'5J)i6~Mf± 

Jtg~Iffi)i6$l8'5J~~, ~±?±~~l!.tyjJltmlMl1'5>, ~Jlt. iC&~*~J:U£fT@¥, tjH~ml 

rEK.1'~. ~~*fSj~8'5J~31!Hm~*1=t1'~t'fl, ~/9~M)i6f1l1lElM~Ilffi55:8'5J~~~ 
tSZC:P~~U~jJ.;J .1'~~&§~8'5J ,iXf;l;'j~~3lil:J3Z.rs, gilllxro~. 

[~] 1. 19!t~7't{lVt,*,~ d, *5tttWi~;Jt~7't*1iEa<J~*%* 6.* 6 (if.{;i: mm) 

to~~ *~~ ftJj!,§~ ftjj!,§d d IJ9 i.Yl~ :i #j)lt 

30. 651 28. 733 10 O. 191 8 

28. 738 26. 808 10 O. 193 0 
d=d'ff;J ±6el-j'.J',j 

=0. 192 5±0. 000 4 
26. 808 24. 882 10 o. 192 6 

7\:A!lfr~:lft:1t*HiE:,'& B;ffJ fa] ,~ttJt1t B}j 11k);: f 3tttJt~. 
-

___._ ____~~j,2:.. __f>I!.. ~ _~_ ~__•_____ 

2. (1) tV-:7tJ# ...ta<JtiFicBJ;;~(aB, i)iiJm~:Jlt*~:7tJl,,*~$JL~1l'a<JtH~~Q 
r :CDnJc~:7tJ# 1:E:7tJl,,*~$JL a<J{:jY#ij. **tAl1T~~ EfJ~ m:. @M:11~7't~TI:~ 
ilta<JlCi'iffij, jclft]l1"Ar:JJ a<Jt'§\~, ~~:7t~~~$JL~*f1l': Ni)iiJl1"A~!~.&6:{:j 

i\1ij~ ,&tt9:1t5R:Mi1E7'tmF...t(j{JtiFic,~. ®~~:7tJ~H$jlI~~:7t~, iftll1"7'tMa<J ·(.li::l! ,1~ 
;j:iFic,~MJ!E~:7t5R:i¥J7't~. @)~:7t}#:j3H$~IJ~$JLi¥J{:j~, ~l1"~.7t~. ~:7t~lW7jz 

~1:Ef;fic,~...t. @&JlI~®~®. 

(2) tV-7'tJ#.t J'l9tiFic ,~ J;; 15 I'ft8 , r=~:e}; lID itt* i~;l't ~'IiJ l1" ~'f tID :7t t&: i¥J ~~ 3W 
r :CD1%ff:7tJ;lf ...ttiFic,~ i¥J1.li::i':/F~: @~:j)*~.&/FfL7'tI;m~.Il141i9::l:1:E7.ttf{:;Uj~tf 
i¥Jm~(.li::i':, l%l:lftt*m ,:l&r INL:7tillij :CDift:l1J£.fi143t~i¥J~w:JJ1ft, 1~w7't*:Jffi 
tEtr'-w:m...t, **JJX; ~7'tm;f~i.c,~J;; !f'1l,'EJ:3'tyI: ®N~...t/J\:rL:7tIll1J, ti.{:j ,...t r i)iiJ 
!t1.li:'ft*iW J51$:9Jttw:~, ~jlj1'£:7tm ...t:~BljfmB~:7t3;iI, *lJ~l1"5[~~W, ~1~ 

1t~li¥J r:p 1l,\1'§:1:E1iFicB...t: @nJc~ItJR~uU!1Jm:7t:7tI;mtE~ ~ i¥l1.li:ii, ~¥iJ:(.£7'tJ# 
..t.~ilj tV-tjicJ;; r:p Il,' i¥J ~l%:7t3;iIB':J*/J\/Filif!:7tm i¥J1}z~i!j[~. 

3, (l)~ z;=139. 30 ema1,JJX;1~~mM:7t{lVt*~~1~.Jifihlti¥l1~.!=jiJt~liQ.~ 
~~r:p~!Ij8<l'H!1J;.(, m~1i!iitmlJEjM~nlU~0Jt. {;~~-t-1.li:JlJ5, -/JilO:7t1Jlf}...t1l}k 
Il#B9-~/J\*U1L~~~!f~: j3-:JJilO, ~J't1Jlf}f$«i]JJX;1~~m~&:i:.t*ftiifJa1.*, 
ttB<]JtJ.~~~mWJ. 

(2)~:fff:JTYIJ~14B~f~#C{£:7tJl,~~$JL...t8<J1:\L!l:%* 7. 
~p ($-1:1:.: em) 

~j: :1t.w. I if JR {it :lflI:ilHt ~:1t7U*1 :1t;j)W( Zi) Ji\~J!~ CCD 

9. 00 I 38. 00 65. 70 73. 50 139. 30 151. 25 162. 00 

(3) §JJX;1~i¥J"i'-!J&J;; 9d~1.li::'lf/F1iffl5tM+B]m~J;;±0. 5 mm:*IJ5tJ;;:7t1Jlf} § 
JJX;.i¥J*mJ;;.~~Bg.fti¥J:7t.*~.~~1iE. 

4. (D1:E.7't1Jlf}i¥JiW 7 -t- § lJ:Jt. r:p ,&--t-{fimM)jtz 8<] 1t:vlfr1¥.J 1.li:!l: ZK fIl1~¥I17't1Jlf} 

i¥JlIfi~ Zm ,%* 8. 
(if.1:1:.: em)*8 

§~it-I 1 2 3 4 5 

Zg I133. 56 127. 70' 121. 80 ll5. 95 llO.05 

Zm 15. 74 Ill. 60 17.50 23. 35 29. 25 

6 

104. 15 

35.15 

7 

98. 22 

41. 08 

(2) Ei3 'T. z", = iZg -Zi I, &m = Zm = (5. 83±0. 02) em: 
m 

tV-.& d=(O. 192 5±O. 000 4) mm,A=O. 633 nm,ji!1j 
5.83 em 

Co (4-:l5JiQ.)= f::,z,,,
el 2 (0. 1925 mm)2 """0.996. 
A 0.633 run 



'~WW'CYjy,com ~-=-~ ~~§f3'2 .. 	 -~ -
[5co = (Mz,n +2 od) Xco= 0. 02 em+ 2X 0.000 4 mm~O. 008. 

6zm d 5. 83 em O. 1925 mm 


t3<: co=O. 996±0, 008,m.IIR::h 1. 


5. (l)?fr%\l~iU(jij EI~1l\{(jij1-~::h 7, (2).!oj+1-r7t,~f(iVj?fr~(jij1l\{~1g.(,,R~ 

1l\{ ~:;k/J\1BR7t1tiU~1l\{j2H~ B9 ~;@;jll?:;k®!\fI:;k. 

6. Cl h o j; 7i~j2H~ ~ 1ft.'!:.!oj i'fE~j~Hl (jij~jgz.&, ~~ Zo = 65. 70 em 

25.00 em=40. 70 em;zi=139. 30 em, (:iZ,..RJt.1i:.fiJAl 7 'i'lr.] ~4!t{rHtOL, ~ }ill] ,jl.'jyj 

Raj]). A=Zi -Zo = 139.30 em-40. 70 em=98. 60 em. 

(2)7t1t~1ft.'!: Zg lk.ft:x;Jmft:}ill:;k/Fjjjij5EmOO 6zg .m* 9. 
(.!'f-{i:em)* 9 

~A1& 1 2 3 4 5 6 7 

Zg 133. 20 125 . 97 116. 83 102. 30 77. 50 62. 95 53. 80 

6zg O. 05 0.05 0.05 O. 05 0. 05 0.05 O. 05 

7. (1)-i.t~~*.m* 10. 
(.!'f-1;i:.: em)* 10 

~ Ai' 1 2 3 4 5 6 7 

a 92. 50 85. 27 76. 13 61. 60 36. 80 22. 25 13. 10 

b 6. 10 13.33 22.47 37.00 61. 80 76. 35 85. 50 

ab 564. 3 1 136.6 1 710. 6 2279. 2 2274.2 1 698. 8 1 120. 1 

ab 
A·E O. 978 1. 969 2. 964 3. 949 3. 940 2. 943 1. 941 

'E= (0. 1925 mm)2 ~5 85 
O. 633 run ~. em 

-  - -- 

(2)tE£1tt1t iID'7t iit,lffi iVj ~14' ''f , i9: m = ,.:~ (m lli:.1.;( JJ 1l-4!t). EB T a +b= A, . 

$1f 
d Zab ab -=-=mE=m 

A 	 a+b )" 

J..+J..=J..REBT a b f,n' 

?fr~ 	 fm =m(~Z ). 

ft' (2005 • ~OO!lo/J~~JU'j)1 

~9t7ti~ff.J1j!~~Ia~~f,Hlt~~ 

[(S(i§.!:j fflt!J 
.7\:;Jl,~ 1 il' ,4flJ.7\:;:KJ(4J!J)t.~A:.tU=589 . 3 nm)! il' ,1;t~1&~-m 1 il', 1iJif,j!f1cilt 

JJf. 21- , ;:.)]\~-mJE 21-, 8 ~iJl 21-( #.3e f= 150.0 mm), 5,WJ ~ IHt 1 1-, S JJf. 1 

1-,il':KJ11-. 

. _ .________~. =-._6IL 'R ~LBL < 

[ ~~~im&~j\;1HBJ 

1. ;;io~*JHHt 5Z.~.JJ ftT.7\:; a<.J iif M (JiL 00 3-12), J;d~.AM.7\:;jt ftT.7\:;,.7\:; 

if,i(!f1c~%f II T~~ 99wr1H" WJ:. ,ftT .7\:;,*:li J!!l M!f1c!t f W , :i1;t .7\:;~!f1c~ ~ JJf.:t 

t.i:;ft tf I\""i~ tai 35.0 mm, Jl-J)i1,~)Jl~ 1i t:. J~* Jf iif M~ if $.;f£ N M t1cfi:t tlJ .7\:; 9,\\i liJ:. fL 
- 8 ~~,;f£ 8 ~i)t]§-1t f WJ:.ffi .V)i1,JfL~ t:.J~*JfqJf Mill #. Jl- ~~>It:oJiJ iY!~:t, 

~Hf&: § i)t?t~HltS1iT8~~(f=150. 0 mm) a<.J]§-~fW J:., :i1: l!ilH~{ § 4t?t~HR 

~ :t tJ':;ft tf ,\..,' 1!iU tai J 25. 0 mm. 

2. ~i1t:.JVji:.~HfM I!I# IPa-tt5mK 0- ~ bsin<pk =k).(k= ± 1, ±2,· .. ) . ;ft. tf b 

.JJ ~fi! 1Llt;k .JJ iif Mj2t* ~; <pk .JJ 'f, k ~ IPa- tt)(t $. 99 H M ftJ Ci.i : 4itM ffJ ~[U,);). 

.JJ .7\:;)>>:~-K . 

lID 3- 12 

[~~fJ~~Jl-;;]tJ 

1. *J'M~R.W- ~ )f] Jl, ~Il it JfL ~ t:. J~* ~ iif M~1'.. 

(l);f£ ~~ J:. @j tlJ .7\:; ~ I!I .W-1if;$' It. ill. 

(2);f£.7\:;~.W-1if-tli!i'. IE J:.fJ,..7\:; ~~~ JJf.;ft tf I\..,'~)f] 11 ~~** 1B ~;it 1if:t # 


;ft tf 1\"";f£.7\:; Jl, '* a<.J 1i JUt* (:t 1.or i/J fiJ )t.J!t ~1t;fp 1L 00 .:!lUi- i' ,-(E.;f-. '!Y ~ 'i' lr.] 8 

~;jtf#:..to* ). 
(3) 1§' 1B !IlM!:~ J[ 99 Jl-;;]t. 

~ fJ,. •• §~tf~~~~*.MM~~a<.J~**tt?t-tli: 


(1) it ilil if,j ':!fi.7\:;~ tf ~;it1t1R iifM*tt3t IPa-M ItltJtj~ lOCi!. 
(2Hhl.. tf ::JdEtt a<.J1Ii:.if. ,~~fA tf:9c 3ttt~~ 99 ~ ,;6 j.\!f 1fl~ IPa-tt Ovk.~ ill] fiJ 

k= ± 1, ±2, "·i;f.ie.) 9'.J1iif. ~ IPa- tt fa] lie:, #i}t VJl;ffJ 4~ ~ tt fa] lie: ~ tf :9c ,*-tt1(.ltz. 
r;i]a<.JjU~. 

(3) It -11 i}t aJl !1!1L ~ ;ffJ ~~ IPa- tt fa] lie: i'l9 **' 
3. *~'%:j<{1# i'l9qJfM~ilt!t1Ljt 1iJif,j i'l9, ~ %l.J1~ ~(~HitM)J!'J~) ¥tfi!1(. ?tYJU 

if,j':!fij~:!IPrj.\!f1-~OOfJ: 

(DO. 300 mm-O. 309 mm;@O. 200 mm-O. 209 mm 


?tYJu if i'i!1L(D:fP!t1L@j.\!f# 'rJi' 11. r:iiHf:!llJ r J>lIJ:Ill: (fiJ 1f~~ :.j:ie.jf<.;fpj,/:Jll.4't-t%) : 


O);.e, jf{ if,j ':!fi ]§-IMt 1(. ij!~ :!l ~:t% ( ~~ -ttMi§N i:) . 

(2)5JliJ:!il:ik j.\!f#!t1(. r ±1, ±2, ± 3 ~i;HtlPa-tta<.J19:i[~*#j~*;.e,jf{· 


(3))f] X+I ,x+z ""XH***:if- tf:9c aJl tt;61i1~~~2tlPa-tta<.J ~*;)f] X-I , X - 2, 


mailto:t1L@j.\!f
http:a<.J1Ii:.if
http:iZ,..RJt.1i


'~WW'CYjy,com ~-=-~ ~~§f3'2 .. 	 -~ -
[5co = (Mz,n +2 od) Xco= 0. 02 em+ 2X 0.000 4 mm~O. 008. 

6zm d 5. 83 em O. 1925 mm 


t3<: co=O. 996±0, 008,m.IIR::h 1. 


5. (l)?fr%\l~iU(jij EI~1l\{(jij1-~::h 7, (2).!oj+1-r7t,~f(iVj?fr~(jij1l\{~1g.(,,R~ 

1l\{ ~:;k/J\1BR7t1tiU~1l\{j2H~ B9 ~;@;jll?:;k®!\fI:;k. 

6. Cl h o j; 7i~j2H~ ~ 1ft.'!:.!oj i'fE~j~Hl (jij~jgz.&, ~~ Zo = 65. 70 em 

25.00 em=40. 70 em;zi=139. 30 em, (:iZ,..RJt.1i:.fiJAl 7 'i'lr.] ~4!t{rHtOL, ~ }ill] ,jl.'jyj 

Raj]). A=Zi -Zo = 139.30 em-40. 70 em=98. 60 em. 

(2)7t1t~1ft.'!: Zg lk.ft:x;Jmft:}ill:;k/Fjjjij5EmOO 6zg .m* 9. 
(.!'f-{i:em)* 9 

~A1& 1 2 3 4 5 6 7 

Zg 133. 20 125 . 97 116. 83 102. 30 77. 50 62. 95 53. 80 

6zg O. 05 0.05 0.05 O. 05 0. 05 0.05 O. 05 

7. (1)-i.t~~*.m* 10. 
(.!'f-1;i:.: em)* 10 

~ Ai' 1 2 3 4 5 6 7 

a 92. 50 85. 27 76. 13 61. 60 36. 80 22. 25 13. 10 

b 6. 10 13.33 22.47 37.00 61. 80 76. 35 85. 50 

ab 564. 3 1 136.6 1 710. 6 2279. 2 2274.2 1 698. 8 1 120. 1 

ab 
A·E O. 978 1. 969 2. 964 3. 949 3. 940 2. 943 1. 941 

'E= (0. 1925 mm)2 ~5 85 
O. 633 run ~. em 

-  - -- 

(2)tE£1tt1t iID'7t iit,lffi iVj ~14' ''f , i9: m = ,.:~ (m lli:.1.;( JJ 1l-4!t). EB T a +b= A, . 

$1f 
d Zab ab -=-=mE=m 

A 	 a+b )" 

J..+J..=J..REBT a b f,n' 

?fr~ 	 fm =m(~Z ). 

ft' (2005 • ~OO!lo/J~~JU'j)1 

~9t7ti~ff.J1j!~~Ia~~f,Hlt~~ 

[(S(i§.!:j fflt!J 
.7\:;Jl,~ 1 il' ,4flJ.7\:;:KJ(4J!J)t.~A:.tU=589 . 3 nm)! il' ,1;t~1&~-m 1 il', 1iJif,j!f1cilt 

JJf. 21- , ;:.)]\~-mJE 21-, 8 ~iJl 21-( #.3e f= 150.0 mm), 5,WJ ~ IHt 1 1-, S JJf. 1 

1-,il':KJ11-. 

. _ .________~. =-._6IL 'R ~LBL < 

[ ~~~im&~j\;1HBJ 

1. ;;io~*JHHt 5Z.~.JJ ftT.7\:; a<.J iif M (JiL 00 3-12), J;d~.AM.7\:;jt ftT.7\:;,.7\:; 

if,i(!f1c~%f II T~~ 99wr1H" WJ:. ,ftT .7\:;,*:li J!!l M!f1c!t f W , :i1;t .7\:;~!f1c~ ~ JJf.:t 

t.i:;ft tf I\""i~ tai 35.0 mm, Jl-J)i1,~)Jl~ 1i t:. J~* Jf iif M~ if $.;f£ N M t1cfi:t tlJ .7\:; 9,\\i liJ:. fL 
- 8 ~~,;f£ 8 ~i)t]§-1t f WJ:.ffi .V)i1,JfL~ t:.J~*JfqJf Mill #. Jl- ~~>It:oJiJ iY!~:t, 

~Hf&: § i)t?t~HltS1iT8~~(f=150. 0 mm) a<.J]§-~fW J:., :i1: l!ilH~{ § 4t?t~HR 

~ :t tJ':;ft tf ,\..,' 1!iU tai J 25. 0 mm. 

2. ~i1t:.JVji:.~HfM I!I# IPa-tt5mK 0- ~ bsin<pk =k).(k= ± 1, ±2,· .. ) . ;ft. tf b 

.JJ ~fi! 1Llt;k .JJ iif Mj2t* ~; <pk .JJ 'f, k ~ IPa- tt)(t $. 99 H M ftJ Ci.i : 4itM ffJ ~[U,);). 

.JJ .7\:;)>>:~-K . 

lID 3- 12 

[~~fJ~~Jl-;;]tJ 

1. *J'M~R.W- ~ )f] Jl, ~Il it JfL ~ t:. J~* ~ iif M~1'.. 

(l);f£ ~~ J:. @j tlJ .7\:; ~ I!I .W-1if;$' It. ill. 

(2);f£.7\:;~.W-1if-tli!i'. IE J:.fJ,..7\:; ~~~ JJf.;ft tf I\..,'~)f] 11 ~~** 1B ~;it 1if:t # 


;ft tf 1\"";f£.7\:; Jl, '* a<.J 1i JUt* (:t 1.or i/J fiJ )t.J!t ~1t;fp 1L 00 .:!lUi- i' ,-(E.;f-. '!Y ~ 'i' lr.] 8 

~;jtf#:..to* ). 
(3) 1§' 1B !IlM!:~ J[ 99 Jl-;;]t. 

~ fJ,. •• §~tf~~~~*.MM~~a<.J~**tt?t-tli: 


(1) it ilil if,j ':!fi.7\:;~ tf ~;it1t1R iifM*tt3t IPa-M ItltJtj~ lOCi!. 
(2Hhl.. tf ::JdEtt a<.J1Ii:.if. ,~~fA tf:9c 3ttt~~ 99 ~ ,;6 j.\!f 1fl~ IPa-tt Ovk.~ ill] fiJ 

k= ± 1, ±2, "·i;f.ie.) 9'.J1iif. ~ IPa- tt fa] lie:, #i}t VJl;ffJ 4~ ~ tt fa] lie: ~ tf :9c ,*-tt1(.ltz. 
r;i]a<.JjU~. 

(3) It -11 i}t aJl !1!1L ~ ;ffJ ~~ IPa- tt fa] lie: i'l9 **' 
3. *~'%:j<{1# i'l9qJfM~ilt!t1Ljt 1iJif,j i'l9, ~ %l.J1~ ~(~HitM)J!'J~) ¥tfi!1(. ?tYJU 

if,j':!fij~:!IPrj.\!f1-~OOfJ: 

(DO. 300 mm-O. 309 mm;@O. 200 mm-O. 209 mm 


?tYJu if i'i!1L(D:fP!t1L@j.\!f# 'rJi' 11. r:iiHf:!llJ r J>lIJ:Ill: (fiJ 1f~~ :.j:ie.jf<.;fpj,/:Jll.4't-t%) : 


O);.e, jf{ if,j ':!fi ]§-IMt 1(. ij!~ :!l ~:t% ( ~~ -ttMi§N i:) . 

(2)5JliJ:!il:ik j.\!f#!t1(. r ±1, ±2, ± 3 ~i;HtlPa-tta<.J19:i[~*#j~*;.e,jf{· 


(3))f] X+I ,x+z ""XH***:if- tf:9c aJl tt;61i1~~~2tlPa-tta<.J ~*;)f] X-I , X - 2, 




~I ' 

~WW'CYjy ...com ~=i\i ~~$:fr---"'--' ..- .---- - - - -- -- -----e 

" ' x-dR**~ <f::!*ta)Jtti£~IJ%~*ttE8~#. IX+I-x-II/7 <f::!*tf!}j ttfJ~.tlt . 
Jt5<. XI = IX+I-x-II ,XZ= Ix+z -x-z l ,···X. = IXH-X-k I71-;llU /7~ 1 ~,~ 

Z~" .. ~ k ~~ tt r~ ~ , rE )jl1J1~ 1r'J ~ '*;t 1:8 ~I ,"'¥ ,'" ~k , ;Jt ;Jt .3f ~ 'fi. 

(4) Ix±z -X±I I, IX±3 -x±21, ···IXH -X±(k-i) I 71-;llU /7 if ::!*t;t-M!! (hlii.1~n#J 
4~ ~- tt Iii] lie. ffl iJlll 1~ at 1:k.:Ii it ~;fEl4~ *tt r~ lie # ;Jt.3f ~ 'fi. 

( 5);t1t :Ii{lj MiY!!J :!it ~ :Ii :fP /£- *. ()t« ~ .!lfr ~ iol hl /..>- j( 1i"- f'g ») Hit # ;{[ iiG f(§ J:. I§ 

$ :~.t b ~ ~* ill] *- *,~k Ej #J 4~ iii tt r~ lie ill] *- *. 
4. *.~J:.*.*~*'{ljM~~~~.~~-~~~*S.,~t8.~# 

j.x Ji ~ I 1t 2nU!. 

5. ~~ilX.!Jf~~~iG:ilUJIjt. 


[1X.¥fRffl ~ l!1r UlJ 

1. i~1{$X § {t: iffi.1f.f § {tk )JJ .~+ *11 th ':f,' m7\:; if.~ . ))j11 1t{ § ~ 11 ~ it 5J\. 

:l!.H&.;fp 5t ;l;7t:l!.HIt , W! :lj{:7t~Hffi.~..g- ~* ;jt.tli!.~ frD 00 3-13 fjf~. ffi.:t 7HHffi. ~ )~j 

1~ § ~ E8 3:.,R •~ JAr 9 -t..tHL ~H&, f"l ~~ ft!: 1 rnrn; 15 ij; 7t :!ii,HIt ~~ 1LlX. ~ f;P T *X. 
!i. rE lZ.!i ilt1iE. "iiJ ~ 1:8 +~ JZ. g x ,:2, i.I'91i .i, <JH~~. J5;1; 7t:li.~.tffi. ~ ill11iU~ ~ (+4t-) 
:JIt;l;, ~ti£*#;I; ,Jt##J ~ t-J*j", T § ~ iIt 7\:;$6:, f-$e ~~ 
1 ~ JZ. !i #:;1; 1 rnrn, f- ~ J:. tlJ;fif 100 "*" ~ 7t ill] i<HL 123 JIG (X. 

• e'9 i!OC +71-lt /7 0.01 rnrn,.fI.#( /0 1t~"iiJ ,ill 0.00 1 rnm. JZ. ~ 

In 1i~ ~# (#<M:J rE jfj -$ 7t !i!.pl(" ** ~ J:. iIt ~ 71-)A ~~ <f 
~ 1:8 , frp 111 3-13 ~ dl ~* ~ J:. 8'9 i;H;l: JJ 4, **- Wf 1n-$ 71
fA ~ ~.f $0 J:. t~ 1:8 ,fFh9: /7 O. 125, JJH', JZ.!i 1i:li ~ {HI]:!fk 00 3- 13 
iHj; ~(/7 4. 125 rnrn. 

2. ~ 1:k. ![ .j,.1 ~ :~ ~ ,[~~k - # ~ 1r )}lIJ :i 1)] !it 89 ,[ 1lz 4ft , 1X. • ~ IJ\ 0-lt /7 
0.0 1 rnrn. iffi.!Jf[ atWJ 1t1f.l ~:f ~, ~ fJ~#; <f il-J tk1i*fi't.. YJ\' ~ , 7t ;\\1.tffi. X!i Jr Ijt ~ IJ\ #J 
1*1AUil.~ at %,t"T ~ v)i~ J , '\;;* ~ J:. E8~ ~fA T5F ,RJ:. i;i\; 1:8 ,** ~ T e9 ~ ~fA:f ~ 

L '4"- w "2i "1I. /.- -.L./.J.- ,*' ~"",,;., AJ" I ... I fb ' iJ 6s. -'\> "I" ~-, '*' ;liJ.
..L 1;'< CD , -n-.Il!.1T 10 '10 l7< , "'<:.JliL ;tt:: -1"91 1'1'" ")<. JlL "'" 1:[, ';f:: 'T-'F]:7-: W-. 

3. /7 J i~j!~1t ~~Ijt'f1i , )J!~:i <f $lIifit I§ {¥. 1}t'&: (## ?i::fI~.:i) , ~5!k;{[ ;,~Hi!: 
~ -!i!. ~.ati;i\;~:f$e f\ ~~#(-~1f t-J ~#J ,#J$'ilffJ <f JZ.~-I!!,f\ t-J -~~ t-J #;1;. 

[~;j;fi] l2J~1~~J'6~8SJfiffJt~. ~~fiffJt~titj~~M!:§tj~1~tQjlIl!HB 

*~ , ?fJlt~otlLt, ~*i9:it-l'jjffi~j~~%§ ,iX~m~8SJimi~Ji~U~29..b, iXfi1Jj~~ 
%§EBa£~JCj4Jillm~~ti . 

~~~~m~~5~R~*~~~~ft~,~§-W~~~~iXfi1J5~ilitt 
$.XM\~ , Q£~~~-ro:5:J;@ms~3lli~*CPPJT:i&tV~i!tjjfiffJt , 1'XEE~8J~ig . ~~ 
~=ro:5:Ji9:itj~~%§!ilU~~-!lli~#5ijJi"q, tt~~~)5@ffl PJT~m1.,qEB~~1J . 

.--[~] 1. liji341!5HJT ~:f; 5If ~ aE .~"'lil5c~ lIr- ~ .Q!i!II:r~
1l'l" I!l""~;U;liJi!.0" ' ..,( 

bsin'f:= kA. (k=±1,±2, "' ) CD 
*m~ k ~BittfBlf€ B':J 5E5l..(*-~!Jl 3- 14) . 

00 3-1 4 

XA 
tancpt,=ZF ~ 

E5I ({1l: :f~/J\, El3 CD~~:f~ 

b='2M. ® 
Xt 

k 

"# 
!<.,x. 

Xk ='2M
k b' ® 

El3 00 PI !\!, ,* cpt, :fLVJ\Bt ,Wi {y!IJ;ffi ~ e:gtt fBI I¥J fBI 1lE 
IXH - X±(k-ll 1=fl rpH -rpHk-ll I . ® 

El3CD~.1~ 

IrpH-rp± (k-I) 1=""6A ' ® 

$: ffi~ e:g tt fBI 1lEJ;; 

Ix±< - X±(k-lll =Ub' 
(j) 

~LYf)£ ,tE:JItmUt-K ,~~~5E'IiIl(£r, M=fffi IPJ B':JmM~~%~, ;fi ~mr 

mi~: 

(1) El3 ®~*a)L ~~%-5EBt ,mMOO~B':J~ 1 ~,~ 2 ~,~ 3 ~lI-gttB':J I'B] 

f€~k.,(~tXikX~1 =xl =~3 ="·~-l'1il'ikX. ~ 1 ~e:gttB':Jri3]f€~1 ,~n~cp:9<!:aAtt 

B':J%~. 
(2) ~T cP :9<!:aA tta<JY!~ffl l X+I - X- I I*7J'; k.,(;o~ ,ffl (j)~*7J';1¥J cP :9<!:aAttWi1Dl~ 

;f§~~e:gttfBlf€~t§~ (19. 
(3) tt~®~;fO(j)~, cP :9<!: aA ttB':J~~~*ffi~e:g~$CI'B]f€B':J 21'1?f. 
(4) El3(j)~PI.!it!., ~tf!%~ b &~Bt ,;f§ ~~Bittf8Jf€llifiz&~- b ~*Bt( -It;t 

If] p;J) •ffi~e:gttf8J1lE~/J\;b ~+ , t§~e:gtt l'B]f€1t* . El3 ®~PI.!it!., mk ~e:gttl'B] 
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__ r-f~w'CyjLCOm m~~ ~~BI3?} _ ____ _ 

~I 

RE?fJ\JlJHb 1&12. f9tJ:!m bl2/j\Bt, mk !;&B:gtti'B]REJlJHzl2::k. i&1:x/:f!l x/')H}IJ~jf;121t 
jfuj§-ag~!;&~tti'B]RE ,!ilIJ~ x/'>x/. 

2. :l't~~{41fi1[~ 


(1);:Jcf~*~mM~f$-'f1'T:l'tagmM, ~Jttff~J:)rJW}i~.7fij~~1~iEriffl~*, 


CD ffi T mM~tJi:)J D00i\iU i*l~MJi:3tif;j:-pp 'L' 35. 0 mm, 129 Jtt I!I ~ ~JHit3t ~ff 

¥lJ~m Ll agRE1&';1'1(l50. 0-35. 0)mm=115. 0 mm. 

CVffi Tl!i!IJ1~ § m*~IJ1&i\iU1&';i~JJV'& § m3t1fff~/L' 25.0 mm, [z;].tItoo 3-15 ~7IJ!1J 

~j:§m3t~ff¥lJ~m L2 agRE1&';JG(l50. 0-25. 0)mm=125. 0 mm. 

EI: 7't~ Ll: ~iii'tl: E2: 1{J L2: ~iii't1; 
llHii r;jf (J~ 150. 0 mm) i 5JUili (J= 150.0 mm) p: j9JIJ ~ §llJH¥~;jf 

S~UO ~ I ~ 9
1.115.omm ~ 125.0m~WI 

200.0mm 315.0mm515.0mm 715.0mm 840.0mm 
~ 3-15 

(2)~~ ~-j§.fG{4~~;!t!M. 

3. i.Y!~1i 


~~ b' =0. 300 mm atmM~tt~1iiSic3j~:~: 


~ 1 
attt** 
x",(+)/rrun

, 
3.015 

xE:(-)/mm
, 

2. 433 

x. / mm 
, 

O. 582 
, 
~/rnm' 
k 

o. 582 

-, 
~/rnm
k 

2 

3. 328 

2. 168 

1. 160 

O. 580 

O. 581 

b =2 X5.893X 10-<X150.0 =0 304 
I O. 581 mm. mm. 

~~ b' =0.300 rnm ati.Y!~mMt§~~tti'B]REag~1iiSic~~, 

3 

3. 651 

1. 908 

1. 743 

0.581 

IX+3-x+zl / mm Ix+z-x+ll / mm IX-3-x-zl / mm IX-Z-x-ll / mm .!f:I5J1t 

0.323 O. 313 0.260 0.265 O. 290 

~ =- t! Off ~ ~}2 -""", 

~~ ff'=o. 200 mmmM~tt~1iiSic*~, 

~~tt** 1 2 3 

x",IC+) / mm" 3. 165 3. 607 4.051 

XE: " ( - ) / rrrrd' 2.283 1. 841 1. 399 

Xk " /rrrrdl 0.882 1. 766 2. 652 

" ~/mm' 
k 

o. 882 O. 883 O. 884 

---,; 

~/mm
k 

o. 883 

b =2 X5.893 X10-4X 150.0 =0200 
2 O. 883 mm. mm. 

tJi:~ If'=o. 200 mm Bt7lJ!~mM;ffi~~tti'B]JEeag~1iiSic*~, 

IX+3- X+21 /mm IX+Z- x+ ll / mm IX-3- x- zl/ mm IX-Z -x-ll / mm .!f:l$Jifi 

O. 444 O. 442 0.442 0.442 O. 442 

ffii.Y!~~~1iiSor%l , 

(l)~tJi:~Jl-lEat,~ ~k j[{g(;f§~. 

(2) ti C~ :6 )-@!lm~mM~.ttIB]JEej[{g(;f§~. 

(3) ~ ;k:lYlttag~Jl~TJW-@!tl;ffi~mM~ttlB]REag 2 1~. 


(4)~tJi:~J3t12~Bt, ~;k: IYl tt ag~Jl:f!l~JW-@!~ ag;ffi~mM~ttaglB]RE~::k 


(TitMJJt~~~;i) ,JttIB]R£E8:l't~~~:f!lmM~tJi:~JltR:lE, ~p (~~) =¥. 

4. 1~~~i&1:i-tC1x.~4'-~) 

(1)~T~~~Jl.!ojmM~~tti'B]REzlB]e9lijijlE*-*,~Q*¥Hifi.Y!~tMiEj~~ 

;ffi ~ -* ,JfH~ iYl~ r!.~ milNtJl ag ~it*1& ~~ tJi: l¥J::k IJ\ , it;j;'MlliL~ ag 12 1t~Jt:f!lm~t 00 ¥f 
.t§~~ttlB]RECtf~aMkp;!j1~IJn<;±1 M.aHHIiJl!e~7'r)e9~1t~-*®*T. Cij:,)). 

CCD ;j1fMMIIl:t.f:t.JJ ;fms. fI!:J ~1t1-, ~ AID #-#t ,;f;t Of)f] it ~;f;L.i~Utit ~ ,?tJ£ , 

4# , ..r.. Jk. §:] ij]1t:tf- tf;fit '*" YA ~IA~~ ~J ft iit..;t , H.:h ,H. ~i , 1E Ji.. :t.1t n<; #- #t ~;fo 

1t~~) 

(2)lff!J1i 
!..§.nX;~~.U9 JW)J D ,-Jt lID 1£:(£ lID 1£~...t , nX; 1'1 lID 1E)J D ; - Jt .!oj Xl( ~~ Jt;f§ 

Ji~. Xl(~~Jt ...tJt*ffl~%t, r Jt*fflfo.l;fJ(~ Of RZ) ,Xl(~~Jt.!oj~m\;f§Ji~. 

f.lagmJt~~*i/&::k, WlagmJt~!JlC-*i/&;ffixt$.l(/J\, ~Xl(~~ Jt?f~j§-, 4f.jJt ...tim, 
~!it~J3t~/J\,mMIlI¥f~ttlB]JEe~~. 
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___-""~: -_~_~_~_OO"?l • 

R1R, =RJR, ~ RJ =~: Rl =aRl . CD 

(3) .R~1t ~: =a,,ffl Rl mm M,RJ mm m, I!P1':E Rl .LiQ:~ M I¥.Jm, j)W'P R3 . 

~~m3jl-~,Jj!~1I~)AR3 1¥.JW;~'filH~i~ m=aMl¥.Jm1fJ.~~~*. 

(4) It T »-~ill~.LJG7!lI~iQ:iE ttm~: =a, Jiff ~, :(£m1fJ.*r!~~ m=aM 

!3'juf:1£q:., ~ 'W¥l: ml =a1M1=9. 470X58. 7%kg B1: 
CDilT VJiQ:'lt Rl = 1000 n,RJ =587 n(~ Rl = 100 n,R3=58. 7 n ~ ifijJiUt,1f'J

*~ ifJ1Ji.) ,i&Fo~Jm~~** Sl fIl~mtit** Sz, j)W'P~{.lL~~~mtit~~1J~ 
I!PkSiIJT~m3jl-~,Jj!IJiQ:'ltT al =58. 7%. 

®ltIT* Sz ,/Fi&1t~{.lL~~mill:it,~ R l jft]j; 947.0 n(!&. 9 470 m,~Jm Sz, 
jft]1J R 3 ~~m3f-~,icrlltB1 R3 I¥.Jm,Jj!IJ~ R3 E1~mI¥.J/J\~ ,8ft~ 2 {.lL, I!P1~ilJ 
ml l¥.J~m (Jlttt"*-¥~~iG;if<.~;ft,.tf~0-). 

(5)~itJl: mz =az Mz=65. 90X28. 9% kg B1: 
CD%ltIT*,i9:~ Rl = 1000 n,R)=289 n(~ Rl =100 n,R3=28.9 n ~i~X.j;t, 

11'J *~ ifJ1Ji.) ,i&Fo~Jm~tmt** Sl fIl~~lLit** Sz ,jfoJ-:P~{.lL~{~~mtit~~1J 
1tI!PkSilJT~mf~,Jj!IJiQ:~T a2=28. 9%. 

® ltIT* Sz ,/F&~~{.lL~~m{.lL~,~ Rl jft]1J 659. 0 n(~ 6590 m ,~Jm Sz, 
jft]-:p R3 ~~mf~,icrlltB1 R3 I¥.Jm,Jj!IJ~R3 I¥.JmI¥.J /J\~,8ft.f$1 {.lL (!&. 2 {i), 
I!P1~i1J m2 l¥.J~m. 

(6)~ Sz ~/o:J 2~, ~~mf~B1,:1f 

Rl +Rz _R3~ R =Rs (R1+R2). 
~-Rs- 3 R, ® 

~iJ:it~: =b=l,Jj!lJ:1f 

R 3=R1+Rz. ® 
ilTWWVE:bor!I¥.J~{4. 

(7){§.N::,)A ~{.lL~.LX r! lIf~iJiE ttm ~: = 1, ~ B1, ltIT* Sz, iQ:jt R3 = 

1000 n,Rl = 1000 n,R2=0 (J&. R3 = 1000 n,Rl =Rz = 500 n ~it1L.ft#' i~X. R3 

=Rl +R2 iI-':J t\!. Fll1Ji.~"'''[) ,i&Fo~Jm~ymjt** Sz ,~ift.llJ~{.lL~,~~mfm,Jj!1J 
fFm1fJ.~~B1ff,t1':E ~{.lL~.L iQ:jt T 

~=R5=1 000 =1 
Rl +R2 R, 1000 . 

(8) ltIT* Sz ,/F&~~{.lL~{.lL~,~ Rl fIl Rz iQ::it~J::jB~mmtJj I¥.J ml fIl m2 

X1J.iiIl¥.Jflm( mfll ( m,j)SJlJ R3 ~~mfjj,Jj!~lltB1 R3 1¥.Jw;~( 'Ht,§jd.$ 2 
l.i), I!PX1J.iiI m l¥.J~mUttt"*-¥~~iG;if<.~;ft,.tf~0-). 

• 
 ;g.=.~ £if R ~ jg 


(9) %ltIT*~~ ,~1fj;~~:flIl{)(~. 

[~~ic~~~J 

1':Er~IJ4ij~ q:.~~ ( iA.+t ~t *-):;k /J\ ilT VJ:1f ± 1 % I¥.J~~, {§'N:::1f5&~~{il~/F 
fl~~ ( 4t )lIJ!f...JfJ jlJ T ~~#i at, ,R. ~i'.iG;if<.jIJ 1'--i.i), ~Jj!lJfr:J O. 5 7t. 

*,~fJ:t- R1 / n Rz/n R3/n 

*,J~it;i\f ml = a1M1 
947.0t(; 

9470 
556. 0 t(; 

5560 

~J~itJli:: m2 =aZM2 
659. 0 t(; 

6590 
190. 5 ],\(, 

1905 

;t~it~ m=m) +m2 
55.6 ],\(, 
556.0 

190.5 ],\(, 
1905 

246.1 ],\(, 
2461 

~1J:)~~it* 

m] =5.560 kg 

mz =19.05 kg 

m=24. 61 kg 

_i"'tSh> (2004 • :ill!.iffl!/o/JJ.I!~H'~ ) 


~Ej:3ttEHIl~ It! ~1I.3ttEiZ 

t\H'#{j(J1X.~jfp##(ro 3-18) 


i. ~,R ~*7i )fH~:. 
2. ~Jt1i fp ~~ t~ 4 tm-JJ!p MNPQ(M ,w. ~,N 1t~ ,p u~,Q rt.~) J:.e~~Jr. 

-ffl-~~, -.:xBJ ~59 M,N,j3 -.:xr5J f&59 P,Q. 

3. 00 lit :!k7"k 7.~ ~ Jt , -t~ r= 14 mrn, W-Jt t=4 rnrn. 1iJi: 1tjfl~ lj 00 llt* iii * 
1L.~ :!:ftJ Eo e~1t#1i.j;,lHAJt*iii( ~{i!f...#Jl~.:!i ). 

I!fI 1-18 


1i*,~:i±{1 tf , ;fftffl t IlhiI¥t t J& g 5,l Jr.-ffl-~~. 


4. N ~f&mJ~1i~*~~##;t:.l.~*##;t:{j(J-f-:!:!g-tq~ p=-Z5 rnrn. JiFJ!? 
~~;t:J:. ~ faH~59 d=3 mrn e~ ~ ~ faJ P;~. 

5. Tit 51\1,:,t;i&: ~ Wff f 1. 5 V {j(J t jtf!, ,;t~J:U!k Jr. . -11 t jtf!, 0$11* 10 kn ~ or ~ t 
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~~;t:J:. ~ faH~59 d=3 mrn e~ ~ ~ faJ P;~. 

5. Tit 51\1,:,t;i&: ~ Wff f 1. 5 V {j(J t jtf!, ,;t~J:U!k Jr. . -11 t jtf!, 0$11* 10 kn ~ or ~ t 



~_____ ~-.~ ~@fill?J • 

~Jl, *;kJ t ~ 1, -t ;kJ ~~*,,$~~1# t~ . JiJ -l$" t ~~ *;kJ t ~ 2, iX-1t ~~ i: at 
~Jfl ,-t;kJ~mltt1#t~ . 

6. 1t tf I\..' *;J' fL If.] I: iii ~. 
7. ~~*t'L1lt~fffi.,.i* ~Jt ;J' #. 

8. '*' *;: ~*,,$~ ItJ fp fiP~ t ~fffi.:t *-. 
9. -+ if or IVJfl ;J'# ~Jt*~~1tJ M# if. 
10. orl;.1.~, lB}t~JlItJ~~. 

11. 1?#~. 

~~ 
-, ~I-t 
1;jHJl~S;fP -1Vt ~S 
:ilJ~- 1-*,"'71-jJtl;lt a;fP b,Jf.JJ..;kJ c ltJ-'ffi 

f;-if 1;$:.~1;$:.#£ (.9L 1Il 3- 1 9). 
(J

t~I*altJ ~~~rl. ~*~*#£IT~ 

:\mB tf ,~:\m~ ~ PfaJ # £ fig t ~Jl, It:$t;lt J'Jdlll ~ ~Jl ~ 
S(MRE-magneto-resistivity effect). :fIp* DR;It# 

£ t ~.ll.1tJ ~ :hP 11 ,Ro ;It X ~ :\m at # £ ItJ t ~1l. 11 , JilIJ 
00 3- 19 

~ ~1l.~S ItJ ~11Jt)(;kJ u-,11 ~. 

1lJt~:fJp ItJ ~:\m;lt 15] -5J ItJ ,~~S Sl It*I:B;fP #.Po ItJ.iYffii if:#J -'ffi,:fIp 00 3
19 J'fi:if;. 1TiJ# £ tf ItJ tf.!j~~-f-;It t-f- ,}J~ i. %1Uth ~~ t if] ~.i-t db ,# £ ItJ 
.iYffiiif ~ '* ffi. tf.!j, lt1t;lt1[ ~~S . .iYffiiif M ,~;fP "f Yffii if N A.z fa] 99 t 1£ Jt)( 
;kJ1t~ t1£. tor l;.1.Jfl t*J>l~ 1:. tt&. M;fP N i:fa] ItJ t~!' IE "f j\,~ ill 

~=~+~. m 
;It tf U H ;It.~ t1£ ,VMN ;lti!t*~:\m at ItJ t ~!" t *- §J T ~#/f I ~ ItJ ~ 

S(19IJjtu~~M;foN ~t.~~zffI~*,~~). 
l! 'lt tt~ "f ,.~ tlf UH .iU~T IBsinB, ~ t ~1l.~S ItJ ~11.iE It T B2 sin2 e. 

j\, tf e;It *:!!B ;fP t ~ I ~ ~ ItJ *,-ili. ~*# £ W:j;\/f ~JilIJ at ,UH ;fP ~n BsinB ItJ 

*%t*~~~;kJjt~· 
fl ~~S 'It Jfl T~U :It~u :I:~ :\m fig~#, It# ~#*;kJ # It* &t~. nT:t ~* 

~~lTiJif,UH til"fj\,*:if; 
UH =aIBsinB. (2) 

;It tf a ~Jt)(;kJ:r ~*&t~fig J( ~lt . 

::., #£i.llu:i 
1t ~~ tf ,# .Po ;It il1i £ :i It 1t&t~. t;lt Jfl M ifiHI M ------r-t-- p 

1i:1tJ.lj!- ~1;$:. ;J' 1f if,Jl;-* 41-tt&.,~ill~)j!p;kJ M, N , Q~N
00 3-20 

____~=-~__!i!:! ft: ~ 1/8 < 

-tt ~ .~•. 

P ,Q(.9L III 3-20), t:{£ ~~ tf Jfl *- -Igf JE~ t ~1l.~S;fP5,r lt~S . -
~$~JJt ~~JLT.fi!:\m tf ,~Jfl ~:9jH~ ijlH! M, N i: fa] ItJ t ~Jl,;r,t ~~ ~ ill ~ It 

~1l.~S 99 *-/J'.1t PQ i: fa] l@. t ~(t9 1 rnA), Jfl ~ik*)Jl~"i: M,N i: fa] it.J t if;r,t ~~ 
-Igf9Etr~~S. 

~ ,~~~* 
1. *Jti:~~SB9J(~JJ..a. 
ill rnA 99 t 5j,(. l@.i±*,,$~, 1%#JJt ~~;fP 00 ~nt It * Wi tf ":;- fa] I1e y= 2 em. 

if,] l$"~ 1t ~ ~ ~~~ tlE 11~*-, l;.1.JlLifIIJt~1t 1tJ~~. jYJ~:f/f I6l t 11 at E;~ ~]f. t 
If,*Jt>,it ~*~~ ItJ J( fitlt a. 

.lj!-1£;kJ r, W-lt;kJ t ItJ mL~t~ if, 1t I1e ~ ~ tf 1\..';kJ y(y»t)?l:,;lt-liK ~S Silt* 
Jtj\,;kJ 

_ 1 [ y+t y l 
B(Y)-ZBo j(y+ t)2 + ~ jy2+~ J' 


Bo 11{if :e: ~ It *Wi . 

2. <7f Jt UH fll iii It (} i: fa] B9 **' e;It B *:Ii ~ It 11 ~ ~ i: fa] a~ 7\: ftJ . 
ill rnA ItJ t ~l!i±*~~, 1%#1t ~~;fP 1M! :4!: ·pi:Hr *: Wi tf I\..' fa] fte y= Zem 

:J+-liK It jiT:fili~.i, iftll$" T$: if~ (oJ~i:~ *~~;fP~ It * Wtf I\..':J! ~ ~A. 
(a)@j ill ~~!lHr.m. 
( b)e 1f[l\X.1t -90o~~90o~ IE ~ ,~ UH ;fP f¥j JJ.. e 7~ * ' 
(c) i$tl! i± 'i* 1111l91t gg % j\, !jfriiE UH ;fP sin(} i: fa] )~ ~1t i. # ItJ H:, 1?~ **' 
3. III B *~~AT :# £ * Wi at ,-l7f ~ ~;fP B i: fa] ItJ **. 
1>it t ~Jl:AA:S f- *:{£~~ SH9~:\m"f;;f;lt 1J.Il;li 1tJ . ~ix..}f] ~i!: *- 1tJ1>it:\m. 

(a)@jill~~~JiI1l. 


( b) )~~ it:#- -iHUH'j *. 

(c)'iR19: ~cx;B~ ,i@i±1t gg ,Jfl 'ts-lll 99 ~ *1i'A Jt k 9~11 , 1;5- ft: k ItJ J&k~!'. 


4. *.\tlfJfHAT$:~## ItJ tEl n~ ~ $. 

tRW l;J, "f #~, i9:;t:#-i~1 ~ t 11 I 11, *Jtl&t~~ ##ItJ;f§ n'* ~ $ . 

•••~1t••:{£.~~##~~I?l:. 


. :J! li~ mI, :ti-~*;fP t 5t!!, 2, :{£;iI:.-$71-, :ti-~*1X. ~Jfl "COM";fP"ZO A":jHL. 

• • t~~tfltJt11;fP.~~ltfltJ~.S.~R 


. it j1::#J Jt.o1t ~ $ . 11F or l;.1.;fU}f] "f 7~ *~ it1f. 


B(Zrrp-d) +Bd=4rr X 10-7 NI. 
p. 

lfw##;t; ItJ 1fL15] ~~§: p= 25 mm, N ;kJ ~ 1Illffi: ~ , lfW~ ~.i 99 fa] 1;kJ d= 

3mmltJ~~ra]~~. 

Ilfblt:~~7i Jfl t*ltJi3l.1J.Il 

http:t*ltJi3l.1J.Il
http:1f[l\X.1t
mailto:5j,(.l@.i


~_____ ~-.~ ~@fill?J • 

~Jl, *;kJ t ~ 1, -t ;kJ ~~*,,$~~1# t~ . JiJ -l$" t ~~ *;kJ t ~ 2, iX-1t ~~ i: at 
~Jfl ,-t;kJ~mltt1#t~ . 

6. 1t tf I\..' *;J' fL If.] I: iii ~. 
7. ~~*t'L1lt~fffi.,.i* ~Jt ;J' #. 

8. '*' *;: ~*,,$~ ItJ fp fiP~ t ~fffi.:t *-. 
9. -+ if or IVJfl ;J'# ~Jt*~~1tJ M# if. 
10. orl;.1.~, lB}t~JlItJ~~. 

11. 1?#~. 

~~ 
-, ~I-t 
1;jHJl~S;fP -1Vt ~S 
:ilJ~- 1-*,"'71-jJtl;lt a;fP b,Jf.JJ..;kJ c ltJ-'ffi 

f;-if 1;$:.~1;$:.#£ (.9L 1Il 3- 1 9). 
(J

t~I*altJ ~~~rl. ~*~*#£IT~ 

:\mB tf ,~:\m~ ~ PfaJ # £ fig t ~Jl, It:$t;lt J'Jdlll ~ ~Jl ~ 
S(MRE-magneto-resistivity effect). :fIp* DR;It# 

£ t ~.ll.1tJ ~ :hP 11 ,Ro ;It X ~ :\m at # £ ItJ t ~1l. 11 , JilIJ 
00 3- 19 

~ ~1l.~S ItJ ~11Jt)(;kJ u-,11 ~. 

1lJt~:fJp ItJ ~:\m;lt 15] -5J ItJ ,~~S Sl It*I:B;fP #.Po ItJ.iYffii if:#J -'ffi,:fIp 00 3
19 J'fi:if;. 1TiJ# £ tf ItJ tf.!j~~-f-;It t-f- ,}J~ i. %1Uth ~~ t if] ~.i-t db ,# £ ItJ 
.iYffiiif ~ '* ffi. tf.!j, lt1t;lt1[ ~~S . .iYffiiif M ,~;fP "f Yffii if N A.z fa] 99 t 1£ Jt)( 
;kJ1t~ t1£. tor l;.1.Jfl t*J>l~ 1:. tt&. M;fP N i:fa] ItJ t~!' IE "f j\,~ ill 

~=~+~. m 
;It tf U H ;It.~ t1£ ,VMN ;lti!t*~:\m at ItJ t ~!" t *- §J T ~#/f I ~ ItJ ~ 

S(19IJjtu~~M;foN ~t.~~zffI~*,~~). 
l! 'lt tt~ "f ,.~ tlf UH .iU~T IBsinB, ~ t ~1l.~S ItJ ~11.iE It T B2 sin2 e. 

j\, tf e;It *:!!B ;fP t ~ I ~ ~ ItJ *,-ili. ~*# £ W:j;\/f ~JilIJ at ,UH ;fP ~n BsinB ItJ 

*%t*~~~;kJjt~· 
fl ~~S 'It Jfl T~U :It~u :I:~ :\m fig~#, It# ~#*;kJ # It* &t~. nT:t ~* 

~~lTiJif,UH til"fj\,*:if; 
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00 3-20 

____~=-~__!i!:! ft: ~ 1/8 < 

-tt ~ .~•. 
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~ ,~~~* 
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4. *.\tlfJfHAT$:~## ItJ tEl n~ ~ $. 
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. :J! li~ mI, :ti-~*;fP t 5t!!, 2, :{£;iI:.-$71-, :ti-~*1X. ~Jfl "COM";fP"ZO A":jHL. 
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m=~ .~~$21_.._________ .~ __ .. ____._---_ .... .. 

~ 3- 21 

~ 7i Jfl ~ 'it .JJ *'f ~ JfJ at JfJ COM;fP A t m. JiAj 

~ 7i JfJ ~ 'it .JJ :tc-:l'Il- * JfJ at JfJ COM fP 20 A t 1.Af)i!ij 

~ 7i JfJ * 'it .JJ ~'i5i**JfJ at JfJ COM fP V · n ~ 
)11 7i JfJ * it .JJ I!X ~* JfJ at Jfl COM ;fP V • n ~iIii 

[5ttfTl :¢:~j!H~~Mf4J~E~Jm~8SJmJZ: ~&~Jill~O~E§~B~Iill, ~~f4J~Jill 

~~IDr52fftjm~8SJJillffi. Mf4J3'&JillIDJBjm~~~nO~~~E§ffig:1'Fffi8SJ~M. 

:¢:~~ffi~~~D~~~~~D~~~8SJI~,*m~~E§~Jill~8SJ~f4J* 
~ . ~~~D1~~~8SJ$tuI:±:lE§ff!:3~~1ill5<R~J5.ltIHt, $tu1:±:lE§ffiX qJffi~~E§ff~ 
j(ij~~, T~~~FE§~~~)Umm~~E§~~e~jVw~. l"~§$IC~~~E!1~~~J:Eti, 

§D>.K~D1~~~8SJ~li&~. 

UU 1. *ili1}f{f~~I¥.JJR.1ii9:J3t a. 

i.in::~oOO 3-22 J9f~ l¥.Jf{l.lEfi, ffi f{l.7tI!. 11tt@1¥.J 
IH 

f{l.mt I H , Ii:! m1}f#~~I¥.Jn::/lt4l p mtA , i!i1ffl'~~ 
*~,»d"§~J!fIJ Q V\tili. Jftj~i5J~f{I.~.§.~,f~f{l.mt IH 

=1 rnA,*IJffl~ffl f{I.*i¥J~djd~ , jjillJi!: M;fO N M 
~/lt4lzfSJ i¥J~1}f{l. ff. t£~:lJoW,HM~J'Ii!f(£"f, jjilH~ 

M;fO N mn::/lt4lzfSJ Et:J f{I..ffi£ VMN ,Jt{i~ jJ - 1. 3 
mV< VMN <1. 3 mY. 

~~.*.~.tE*~*i¥J~~~~,~ • • ~~;fOf{f~~Z~l¥.Jm.jJ 
y = 2. 00 em ~;tJ.~00 ,A~q~~J:m:::kEt:Jm1}f{I..ffi UH. tEl! -t-1:fz.1[8t , •••00 
1¥.J~'L'!f!II~A=f1#~~tpJ*oo, ep:IJO=ff#~~I¥.J.~:lJoo~A=ff{l.mt IH Et:J:lJiaJ , 

p 

10 k n 

~¥t!ll 
~ 3-22 

~.=.~ £ff~lt!.B8 
-rt '" /J"

~i!:~~Et:J~J.t~5EjJ (J=90°.:l:Ij,'( M;fO N Mn::/lt4lZI'SJi¥Jf{l.J.±£ UMN ,itm:~ 1} .•
f{l.J.± UH=U,vr;v -VMN • ffi =f UH=aIHBsinB,"/.i!l:. 

U,YIN = aIHB sinB+VMN =aIHB +VMN • 

1%J~i5J~ f{I.~.§.~ ,~ f{l. ifiE IH ffi 1 rnAj§Wim~JL1'-~3Z:,J9fq~~m~Or*. 

IH ±O.Ol(rnA) 1. 00 1. 50 2. 02 2. 50 3.02 3.51 4. 00 4. 40 

UVlN ± O. Ol(mV) 32.4 48.5 65. 0 80. 4 96. 0 11 0. E125.0 136.5 

~*~~1!5~~jJ U,VlN-I H i¥J 5d~ 00~~o~ 3-23 J9fffi. ffi =flitt~@5!RJl B ~ 
5E~~,tj: UMN ;fO I H ZI8]1f~tE** ,Jt*,F¥~=f aBo E8 00 q:, Et:JA~*,1~ i5Jq~ aB 

= 30. 6±0. 3 n,rt;~.~@5!RJli5J*IJffl~i&:~I%.:-rt;;fO~"'f'i¥J Bo = 0.946 T,.&Tlit. 
sf.J,*:f2 1-= 14. 0 mm,JJJ3t t=4. 0 mm ,it~~Or 

B=~ XO 946X [ 20.0+4. 0 20. 0 JT 
2 ' /(20. 0+4.0)2+ 14. 02 /20. 02 + 14. 02 

= 2. 11 X 10- 2 T. 

E8 ~~iY9~m, it~1~~1}f#~~Et:JJR.$:!t a jJ 

a= A30i 16:100}2~= O. 45±0. 01) X103 niT. 
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1!:ftmlEIj,'(tE - 90o~~90°,J9f1~ Et:J UH ;fO(J Et:J~mL ~DT&J9fffi. 
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----'!!!'.!!.c.ri~ . ~.om ~=-~ ~ffil?} -
IH=l. 00 rnA,VMN= O. 4 mY. 
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s in (J sine 

III 3· 25 III 3·26 

ff:;E'5f:U,F!h~:xt~~fffiW;,¥f..t*fj{]~m~1!R:j; UI-rsinB R<:J**~~:!1nOO 3-26 Jifi 
:if-; ,91UPI1~~fffi1!ffi.X.iHtfj{]~Jl'. 1.9: UHo::CsiriJi ,muEB ~ 9" fj{]~)iU4$.PI1~ k= O. 97 ± 
0.01. 

3. 1±B~llT~&1frmfj{]'I1f6Lr ,l*it ~;f1l B fj{]**. 

EB ~~ 1 PI ~,W!IJiIl:~~ Itff UH' PJ1~~ at 
*~Ta~~.ftfj{]E.m~OCR~.~. Wi~~
~Jljn~ 3-27 Jifi7j; ,ftI2ll1i!JJ~~HtJ;;B<J 9"iL'~~ I 

*~1lTf~.ftfj{]* TIIT, #ft It mt~i*1± IH = 
1 rnA,t!~Jt:jiM9~9"iL, ;f1l~.ftZI8Jfj{]R!j:;~· y , IV. II/ N 1f:ll-1t!~~~ 

~1!:;rr;/J01±f~f~ftJ:.fj{]m.m~SiJl' B. {'£4fJ - - III 3·27 

1- y (~L W1~itffimfj{]~1+ltffi UH ,#l91tlii{EnUom:f:}jat ,M;f1l N fffi*Jl!Ilzr8] fj{] It 
~liR, i.t~ tR= R-Ro ,:c\:9" Ro j;*;/JOE:% atltfffi*}!tjJz 1'8] fj{] Itm. Jifil91tl1~ a<:J~ 

e±o. 2(') 90 80 70 60 50 40 30 20 10 0 

sine 1.00 0.985 0.940 0.866 0.766 0.643 0. 500 0.342 O. 174 0 

UMN ± o. l(mV) 31. 4 30.7 29. 3 27.0 24.0 20.3 16.0 11. 3 6. 0 0.4 

UH±O. ICmV) 31. 0 30. 3 28. 9 26.6 23.6 19.9 15.6 10.9 5.6 0 

e±0.2(") -10 -20 -30 -40 -50 -60 -70 - 80 -90 

sine - 0.174 - 0.342 - 0. 5 - 0.643 -0. 766 -0.866 - 0. 910 -0.985 -1. 00 

UMN ± O. l(mV) -5. 3 - 10.8 - 16. 5 - 21. 6 - 26.1 -30.0 -33.0 -34. 9 - 35.6 

UH±O.l( mV) -4.9 -10.4 -16. 1 -21. 2 - 25.7 - 29.6 -32.6 - 34.5 -35. L. 
¥f*9" ~1fi5~~j; UnsinB fj{]** ~~,:!1n ~ 3·25 §T:if-;, 1:l-)jct&};~,fj{]:m: 

~,[2;lJitUH ;f1lsinBfi.X.lEtt. 
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'"" V 
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-1 .0 - 0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

~=~ ~..~.~.~ e 

~~tf;S:!1nr*. 

*;/Jolitt:%at ,:&~f~.~ M;f1l N w;r*Jl!Ilzr8]fj{]It~liRo =374 ,n,ftltffi V.1,.fN 

= 0.4 mY. 

y±O.l(mm) 20 19 18 17 16 15 14 13 12 11 10 

UMI\' ± O. l(mV) 31. 0 35. 2 39. 5 43.6 49. 7 57. 6 61. 6 68. 8 75.8 81. 7 90. 3 

UH±0.2CmV) 30. 6 34. 8 39. 1 43. 2 49 . 3 57. 2 61. 2 68. 4 75.4 81. 3 89. 9 

R± l(D.) 380 381 383 385 388 392 395 400 405 411 420 

tR=R-RoCD.) 6 7 9 11 14 18 21 26 31 37 46 

EB T R ;f1l R o fj{]&m /j\T 10%, ~Jlt ~PJf-tZj;~ ,Jifi.~~fj{]*&m /j\T 

1 %.]!~~j;~ = ~ (I_R~Ro ) ~~ - (~) z,:c\: 9"=7X1JJfl!fj{]:lim /j\T 

o. 01. {E~.WlI8J Ro i£~1!:1t, ii9:~xt B fj{]** ,ffi~T tR X<t B fj{]**. J<.EBT 

U 
a= IB ,;E'It~1E I /F1!:,mtl Bo::UH • ~Jlt In CtR)Xt InB fj{]**!I!l~, PI~~j; 

logCtR)Xt logUH fj{]**!I!l~. {E~M~*ty,~..t,¥f*9"fj{]~m~~j; tR xt UH 

fj{]**!I!l~,:!1n~ 3-28 §T7j;. 009"fj{]1l~*4$~Pj; k m,k= l. 9±0.1. 
100 

~'1tl1.2 

S 10 
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,/ 

0.01 0. 10 
UI/(mV) 

III 3·28 

4.*~~~~W~.litttl~Mfj{]ffiMlitt~$p 

~1:1F~.!tt]l:!1nlfl 3-29 Jifi:if-; ,¥f;!~f~.~trJlA~~~~Wfj{] 1'8] ~9", *~ 
Itrt!!. l,~mtf&~~~fj{]ltmt IH {liH~j; 1 rnA, 7Ji!IJ-;t:&~ltffi UH=UMN -VMN ,m 

IV. i.t~{E~~~.I'8]~9"fj{]~~m~IilJl' B. ¥f~~~~~fj{]~I!I*~Itrt!!. 2,]!at 
mtf&~[!Ifj{]It¥m Ie PJ~~{E 3 A 3?: 4 A ZI8J1!:;f] ,~Jli(f.%}Efj{]ltmt~~ Ie ;f1lffimfj{] 
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1~~~ltff U,',{N. ff~&~**ltiJ1i:wJ&J§, j'[ F.!P1:JJIjjfIt~, I:)':i!l!iR.iPt1~~~(t!j 
IIiiL~;ffJifi1£fj]. H~t~~~~Im(t!jITli~ N,;fIJm~J:g):E1*, PJ1~r:9U**A 

B (rrp-d) +Bd=4rr X 10- 7 X NIc. 
p 

7
4rrXlO- XNJ 


9JZEJJJ B= [ ( rrp-d ) +d Ie. 

p 


;fUm~~ 1 Jifi~~~Jt1~~~(t!j~~Jl a= ~~ ,~~ 
B=UH U,\1i'/-VMN 

aIH aIH 

1-tALA ,PJ~~ 
4rrX 10-7 X NJ 

U,',{N -VMN (-d) I
[ rrp +d c· 

p 

4rrX10-7X Na I H UMN-VMN 

(rrp-d) +d Ie 
p 

~~Jifi~~ Ie lU UMN (t!j**~W:tlQr*. 
N=49, IH =1. 00 mA,VMN =0.5 mY. 

Ic ±0.02(A) 3.00 3. 18 2.91 

UMN±0.2(mV) 67. 8 71.6 65.3 

UMN-VMN (10-2 m 2. 24±0. 02 2. 24 ±0. 02 2. 23±0. 02 
Ie 

2.81 

61. 2 

2. 16±0. 02 

3. 15 

68. 3 

2. 15±0. 02 

EI3;& 9" 8S~W-;,t)1:~~UMN ~VMN 8S.1JZ-:l:5J-aiJJ (2. 21 ±O. 01) X 10-2 D, $. 

4rrX 10-7 X NaIH] 
(rrp;d) +d =0.022 1±0. 000 1 n.

[ 

~B ~1H:ls~W1-tA~~ 
. rr X O. 025 0-0. 003 0 +0.0030 

p 

4rr X 10-7X49X ( 1. 45+0. 01) X W X 1. OX 10-3 

O. 022 1±0. 000 1 


m~~~~~p;j~~tt.tJ;J48S:m~t~~$ p=73±1. 
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JI::~~~~ 


Cl)~~ 

~.~§~~.t•.~~M*.~~~~*.*~~.~-+~~.~#
~~M$. 

,.
_~=-~~~ ~ Ba 

.(!; >{, ~~ "" 

~ 7\';P.~MjU --+~1**Wi at '~ 7HttRM ,{Jjl?t~M,~?t:tt~~. ~M 7\';:0$ 
89*fl~1ft~JJ ~M~~ R,~ :x'JJ ~M7\';:0$ t ~ AM7\';J);$l;.z~ 

R=.1. CDl; 

AM 7\'; OJ 7}~ JJ 2 1'-1J.WJ=W: 7}:I, 1 1'-?t:i e9. =W: 7i toJ ~ AM ffj-lJ'-iT ( je.:h p 7j

it) ,% 1 1'-7}1:~ • 7i toJ ~ A:!It ]Iii ~1: ( 1-e.:h s 7j- -:i) , '*' ~. tf Jf:I ~ fi!.: ~1. ~ i#;\: 7\'; , 
t;(E -+~1**]Iii 89 ~~ OJ I;H~. at};f it. ;(E Jlt4[d4' r ,~-f 7\'; EJ ~ "" A!lHHt _* Wi 
~ ~M ~ ~ Rp ~ R, (7j-}lIjJt i:L T P 7j-i:ofo s 0-i:) til *;iIJF-0- iU~::Il 

± JR; = neasOi - cosO, ®cosO, +ncosOi' 

_ ./R, = eosOi - neasO, Q)
eosOi +neasO, . 

kr n fi!.:*tN~tffM$,Oi JJ AMfoJ ,0, JJ ~M~ ,0, JJ tJTM~ ,:ilP~ 3-30 Jift~. 
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CS)11'-JX *~ ~ ~jtJ); $*, lJ lilJt;(E :t *- 1. ~ 7\';~~~.w- #li~, ~:t *- 0J!Jt# 

Jl, ~ ijJ. 


®l1'-7\';J!,Et. 

ClHt ~~,1t~MW:7\';:0$ ~•• ~ ~ ~ 1.~ ~* ~ Hb ~ ~ (~'* 2 no. 

®1t rn~, @j ~M ~ JX~ AMfoJ *~ Hb!&.1E (~'* 4 no. 

®~7\';~ . 


http:m,.:l-*.Jt
http:J't~tlMjmJl,..tB


- -

----~-~ ~~$~ ---_.__._

1~~~ltff U,',{N. ff~&~**ltiJ1i:wJ&J§, j'[ F.!P1:JJIjjfIt~, I:)':i!l!iR.iPt1~~~(t!j 
IIiiL~;ffJifi1£fj]. H~t~~~~Im(t!jITli~ N,;fIJm~J:g):E1*, PJ1~r:9U**A 

B (rrp-d) +Bd=4rr X 10- 7 X NIc. 
p 

7
4rrXlO- XNJ 


9JZEJJJ B= [ ( rrp-d ) +d Ie. 

p 


;fUm~~ 1 Jifi~~~Jt1~~~(t!j~~Jl a= ~~ ,~~ 
B=UH U,\1i'/-VMN 

aIH aIH 

1-tALA ,PJ~~ 
4rrX 10-7 X NJ 

U,',{N -VMN (-d) I
[ rrp +d c· 

p 

4rrX10-7X Na I H UMN-VMN 

(rrp-d) +d Ie 
p 

~~Jifi~~ Ie lU UMN (t!j**~W:tlQr*. 
N=49, IH =1. 00 mA,VMN =0.5 mY. 

Ic ±0.02(A) 3.00 3. 18 2.91 

UMN±0.2(mV) 67. 8 71.6 65.3 

UMN-VMN (10-2 m 2. 24±0. 02 2. 24 ±0. 02 2. 23±0. 02 
Ie 

2.81 

61. 2 

2. 16±0. 02 

3. 15 

68. 3 

2. 15±0. 02 

EI3;& 9" 8S~W-;,t)1:~~UMN ~VMN 8S.1JZ-:l:5J-aiJJ (2. 21 ±O. 01) X 10-2 D, $. 

4rrX 10-7 X NaIH] 
(rrp;d) +d =0.022 1±0. 000 1 n.

[ 

~B ~1H:ls~W1-tA~~ 
. rr X O. 025 0-0. 003 0 +0.0030 

p 

4rr X 10-7X49X ( 1. 45+0. 01) X W X 1. OX 10-3 

O. 022 1±0. 000 1 


m~~~~~p;j~~tt.tJ;J48S:m~t~~$ p=73±1. 


~ (2002 • ill!.ij!i~H!!MJII1D 


JI::~~~~ 


Cl)~~ 

~.~§~~.t•.~~M*.~~~~*.*~~.~-+~~.~#
~~M$. 

,.
_~=-~~~ ~ Ba 

.(!; >{, ~~ "" 

~ 7\';P.~MjU --+~1**Wi at '~ 7HttRM ,{Jjl?t~M,~?t:tt~~. ~M 7\';:0$ 
89*fl~1ft~JJ ~M~~ R,~ :x'JJ ~M7\';:0$ t ~ AM7\';J);$l;.z~ 

R=.1. CDl; 

AM 7\'; OJ 7}~ JJ 2 1'-1J.WJ=W: 7}:I, 1 1'-?t:i e9. =W: 7i toJ ~ AM ffj-lJ'-iT ( je.:h p 7j

it) ,% 1 1'-7}1:~ • 7i toJ ~ A:!It ]Iii ~1: ( 1-e.:h s 7j- -:i) , '*' ~. tf Jf:I ~ fi!.: ~1. ~ i#;\: 7\'; , 
t;(E -+~1**]Iii 89 ~~ OJ I;H~. at};f it. ;(E Jlt4[d4' r ,~-f 7\'; EJ ~ "" A!lHHt _* Wi 
~ ~M ~ ~ Rp ~ R, (7j-}lIjJt i:L T P 7j-i:ofo s 0-i:) til *;iIJF-0- iU~::Il 

± JR; = neasOi - cosO, ®cosO, +ncosOi' 

_ ./R, = eosOi - neasO, Q)
eosOi +neasO, . 

kr n fi!.:*tN~tffM$,Oi JJ AMfoJ ,0, JJ ~M~ ,0, JJ tJTM~ ,:ilP~ 3-30 Jift~. 

~tE~~5' 

Ii ..tB~W.Pn 


I!l 3- 30 J't~tlMjmJl,..tB<.JJ'tllitlfl I!l 3-31 ~~lJlIJ:ID:~,£ 

;(E Oi =0 ,tt ~ r ,1:~ ;Yl'j :i Rp ~ R, ~ ~/j 1.;f OJ ft. f& ffiJ *7IJF-0- -JI.. jt if ~ if] 

til1f:t AM ~ riHU Rp ~ R. 1ft itU::Il n. IE 3- 31 JJ ~~.uHIUUi IE. 

(2) ~i.I&~~1;t~ 

CD l1'-lil Jt;(E ~ ~ 1.# ~ 1 1'- 3 V T tt )tI!,i1JjH~.::::.:.t&. If (-f-i'-#.) ~7\';.w-. )j'k:7\'; 
.w-jt::ll~7\';895ffi.*JJ 650nm. 

®l 1'-lil~;(E ~ ~ 1. .R.~~ JJ 20 mrn ~!&.•• tt. Ci.:t:.# {7 J:. f!i] 0 iUt{ilL 
;r:; - Jt.Jt -m,.:l-*.Jt f!i] -m,.:l-*.41b pJj" ~1i;;5" fa]) 

Q)1 ~ ~Jg ~ (JtiR*JJ 650 run f!i] jeAt:·~if.Jit*:h 1. 57),1 Jt -+ ~ ~ ~ ~ U'f 
J'a) ,7t jH lil Jt;(E ~N- ~ (#J'al{-) ~ Wi i1l ~1J1~]Iii. 


®ij~ lil~#Jl, ~ 89 7\'; #'~ ~. 


CS)11'-JX *~ ~ ~jtJ); $*, lJ lilJt;(E :t *- 1. ~ 7\';~~~.w- #li~, ~:t *- 0J!Jt# 

Jl, ~ ijJ. 


®l1'-7\';J!,Et. 

ClHt ~~,1t~MW:7\';:0$ ~•• ~ ~ ~ 1.~ ~* ~ Hb ~ ~ (~'* 2 no. 

®1t rn~, @j ~M ~ JX~ AMfoJ *~ Hb!&.1E (~'* 4 no. 

®~7\';~ . 




, 

~I 
~I 

~I 
I 

~! 
I I 
lHR 



, 

~I 
~I 

~I 
I 

~! 
I I 
lHR 



~. ~=~ ~~$:5} 

1.0 or§~ §r Jc.::JI: co :lei::!!:
09 CIt I -:'1: ;::,:::; Je,ll: [,:I :ICI::JS 

08 ~?!~! ~:~ ~~~~~ ~:~ rn~ 
':;It I t t'.::J JC'Jt CI~ '::Ie 

0.7 IOt::1tIJCJCI:lC::1CI:JC~~~ lCI::IClot 101 rOt 
~ 1101 [91~ ~Ot: [IJrJE 'JCJCIJtJCIJC~:;lC l lC 

~ ~:! ~!!! :::m:-,m:mm:mm:~:!::~; 

:101" ~ ~I::1rl::l[J[I:I[::J [I:Jr::::J[I::JCJ~;b C 

0.3 u .. , ...... IO:::':~JcrJ~:J~:J:~:':~~~tl: 

0.2 :m~m l~~~m~;Him:mmUl~
0.1 110 1 101 [ OIeI I:l;~; :Jt~ [IJ[~:~C:Jt ' ;C C:JC: 
0.0 'lOI~IOI t:OI~ tr:J!:J I I:! t J tlJ I: 2~C: t l~ l ;,::1 C' 

o to 20 30 40 50 60 70 80 90 
AMm l (O) 

i?fl 3- 33 {\llJRjjjf7HllHfu1i:f1:I1jL1i'f#-~j;f;:AMjjjfs-..t, 

&M-*~-'=jAM:tf3~-* 
fF~[jt, t£:f& /J \'OO::tim~j9!~JL1-,9-, r:)1~HiEOO~18:7tm'/1~ iEfl€fj'/1. 
S3 ;W7.!Vj\0~~Hg~1ITM'¥0~. 
S3 ®Q)~1~ 

1 ± .,/R; _ 
1~ .JR; 

1 + ../R, 
1 - ../R, = 

EEI ®@~q~ 

nCOS(}i 
cosO, . 

neosB, 
eosBi . 

n= ,O±.,/R;)( I+../R, ) 
O~ .JR;)(I-../R,)· 

)z' EI3 ®~~ , ~± .JR;JfY.iE~8t 

neo~f); - eosB, > O. 
EEl :jJfMJE1*~ 

sinBi =nsinB/. 

II*3l.:CV~jfQ®~q~ 

n 
SinBi< Jn 2 +1' 

gp~ SinBi < ~8t,± .JR;JfY.iE%. 
n 2 +1 

I".IJllFiJ:j~, ~ sinBi > ~8i', ± .JR;JfY.fft %; 
n 2 +1 

~ sinBi = ~Bt,.JR; = 0. 
n 2 +1 

n 18 61--(1{:!m~ 1 JiJi7i\. 

® 

@ 

CD 

® 

•. . _~ =-.~ . 6lf ~ ~ fiB 
~ ~J !> "'. 

*- 1 n E8 6 i-ii[ • 
nRp (J,/n 

3. 93O. 34120 
3. 82O. 29330 

0.248 3.8140 
3. 82O. 18750 
3. 8560 
3.61O. 812O. 03780 

R, 

O. 366 

O. 382 

O. 435 

O. 497 

O. ll5 O. 576 

n= 3.81 an = 0. 05 

tEJflJHljt,H5flJEiE.AMsti'fJ Rp jfQ R, -(1{8t, ~ff:§:p;LJ~ Btl ~ 89 Rp jfQ R, AlJ§ 
1:£.AMfil J;;~JtElt~V3T- ,9- . 

__.-=......- (2002 • !IKjJN!tlliJJ.JlJ;tll~D 

fi~.M.$~~~~.~g~~E8~~ 

1.1 §sg 

~~I~.X~.~~.~MAA~~.X~.-~~.~~~~*~.t ~ 
~1t,:#-JfJJIl:)~~~ 1 xtJljt~.X~iI9~:lj(: X !fJ.*-JoJ9t:i. 

1. 2 ¥*mt~~%lW, 

1. 2 . 1 !ffl ri.:] -()( 
*- 7: Jjft ~1~)fJ 1 §' ~ IAJ R, t ;it;(if 1~ 'Jiz It ~T u91;iJ ~ It =J- iJt ~ , 1?< lit ~ n- OJ' J;.L. 

~*~0i19~~M.~.~M~~.~.~)fJ.~R~i;.L.~~.~~.~~.~ 

iI9 'tff ~ r , >'-J :fi • ~ iI9 ~HIJ .s.U~. ~ !iJI &1 . 
if.~~~: 

~ ~ R;(if -,t il91f1it, ~P-lOC ~ il9IAJ ;I;if;* 1& , g] JIl:~ JfJ ~ ~ *fht. 
~4JfJ.~R§~*~.OO~~~il9J9t~,~*~~•• ;itJ9t~~*•• ~ 

JL -ffi' ~ JL 71-.z. - , fJ~ i l!1-. ,~, ~ ~ i-~ ~ ,t;j~ ;IJ. I!I JIl: , J9t ~ 00 ~ ~ ;IJ iI9 f.J ~ ~ 
i;.L.:i@li1ft]-;5' R f,f-~ 89 •• *i.ll~;t . 

1~:IiP;t -. ,P,; 1tHHIJ~;IJ , ft. •• h X Hz,. r,g 1x. B'J IAJ tf-!!j[. Jg y Hz. -t;it, 

~;fEJ~ 2 *1)Hf-!J9~rSJrSJJWj.l. s ~,l!_1m~~~li21\'X rad. 
y y 

:IiP.'£ ;it xlI ~, fJ~ i t: ~ x)t;;ft ~ h 21-Jft~ a9 H:,1:[, JIl: ~l!~ J9t ,R. ~;it rg) 
y 

,t~ ;IJ , ~ k ~ .li- 'ti 'tV1i!. roJ'~ ~ r.J To ~ ;IJ , r.J lltr ~ r.J To *1c -t .£ iI9 H:,1:[ H:AEl:ili il9 y 

;t~ ;(ifl1. ~ tU' -~ ~~;k -~ . 

ftp*-; =f, ft..p p 'fP q ;itJf'HL}J~ i • ~ R~~ 4ij: p ~:t f.J!1JJ ~ ~ i'f; q *' 
:iii: -:!J7, ~* p 'fP q .z.fSJ x/&-~~(fR;t~-t-~.!Jft-tf),}J~ i ~* ~ tf-~ J!l! Mil tl:l4m~ 
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l~,r--rJ;I~WW. CYIV .com ~.~~?lr;~- - ~ .~-~ _ ---------.___e 
~'J;r:: ~ iiii., :it#-4m1*1trg t't 7\'; r ~ lE.t~ q 1";r:: ~ ~;t1iji. 

:iI!J-*. q ~ f~**-, 1&.Jl~ til *'i)J 1W1*J'Jf ~ J~ ~;t;r:: 'i)J1iIi·1l'J ~ § . 
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lID 3-44 -1'j'ij~ItJ .iE1JIl$JIJ 

4. 3 ff"*:~~:lEPJj-~.iE1J1l$9tJ~~m,*,. 

ff"*l 
@j til 00 3- 44 1ft;;f- ~ 1'itr Jf1..iE.)j J$7U ~ifH! IE. ;flO 00 0/ # iifl 1ft rg.~ ~;1* i$ 7~ ~ Jb 

~#ta~~1fl!iii~fa!iii~~d.•:j,%~m@j~m•• tIl.tt.~•. 

ff"*2 

.  _ ___ ~..::_~ 6/f ~ ~_~.______ 

~P;~ijn]~J$7~ ~ :B~~i: a. 

(a) @j til 11F e~ ~~~j[;;f-;t 1lJ. }fl ~ 2 jJf aHf; %**;;f- 1ft *a~ -W-#.;g #, #;flO 
000/*~_#tIl~M.~a~Jb!iii~~~~~8~'&'~M.~a~.~-w-~.~ 

faJ ~ ~1fl ~. ;flO ~~ 0/ ,{ifMlJi-!iii JiI ~~!iii ,~~1fl!iii E,}fl ha;flO r&' it~ .1#;£. 
(b);flO ji;; Jjfr 0/ ,AM1fl ~ lY!1 :It ~ 00 20o~8~50°. ;flO lit, ~ 00 ~ 1X. ~~ }/'I\ &lou - JJt fir 

M,t:1tJlU\.1 ic r 8 ~ ~,¥tji;;~it:lH~ Ik*~. 

(c) @j til ~ {if MiU~ ~!.lll I ~.iE. It ~ 4iJJl.! i: ~ A M~ 8 ~ faJ ~*JIdb a 00. 
(d);fUHft @j ~ db. oo;jt til fa ~'$I: a, #1t~Jt ji;;~1;~. 

BHfi] J.X~-J@:*T=fJZDlm~8'9~81i'im~~~, !:31~m?J6~~1'[OJ 8'9~ 

Jlt~ffi~~fF~~~' m~~~~Ii'iD=f~U\l~. t1J~JE;~~~r.U!:3qrm)lt~1~tt:J 
7C~Eg~, ;§B~ttlfitt)~~{t~1<$~.t\J ,ffi?J6~~~fittqr&lJ~. 

[~] ~-$~: ili.51lf.jtJIT)tY-f:)( 
(a)~~~ (JiL l!l 3-45). 

Receiver : 
I 

RotaLing tabl~ 
I 
I Goniometer 
I 
I Movable arm

Goniometer I: 

Fixed arm H~ 

//i: Holder 

~__ Reflec tor 

lID 3-45 ~~~!il!l 

(b)~~&'M~ ,ffl*!&ajy!tJ~.lj.Xt}jn9ut ,fF~(~ l!l 3-46) . 
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" ~ 0.0 

-0.4 1L,'-"~-'~'-"'-,-,'-"-'--'~'-"'-"-'--r 
88 90 92 94 96 98 100 102 104 
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~WW'C;Yjy.com ~---- ~-:--~.-~~~~ ---...-------- e 

A 103.6-87.8 cm,&P ,1.=2. 87 em
"2 11 

xtJ.ilIi*~ 
2

,1.=Ud,~~.z. M=O. 05X2 em=O. 1 em 

2
I!:::J..I = \ 116d 1= 121 XO. 10 em=(i. 018 cm<O. 02 em 

~=$7.t: "iWnt"'f;jV 
Ca)'f~~{'!= 

l~i9:iW~8':J~J3t11 t,J3.tfTM$11 n. 81 11.AM~ ,8: 11tJTM1H. 7tf.¥~ 6L 11 

6L = 2 ( nset - ttanB2 sinB1 ) • 
co 2 

E8 sinB1 =nsinB2. 


:(!t 6L=2t v'n 2 -sin2 81 ' 


~m¥rlf j$l;Jc , 'f riVt& jd'd'!=:h 

2t y/,)2-.3i n28,n;n =m,1.. Cm= 1.2,3, .. ·) 


'f~t&/j\~{,!=11 


2t v'n 2-sin28"",x = (m±t ),1.. Cm= O, 1,2,· .. ) 

!mi!tm:* A fIlJ~!l t, ilJt:)jm:i1jj!~:i:jSl.Jl I:ffJ 81 r':!~:k~Ujjij1EtfT~t¥ n. 

Cb)~lIFL~~~ 

Receive..--a 

Plano-convex ", 

Cy linder lens """'" 

Thin film 

Fixed arm 
I!I 3-47 ~~~1l1!1 

Ce)~JlB~;r:~1E!l tiJ1 =±O. 5°, ttt&~;r:~1EJl±0. 001 mA,~lIFLtJ!i*~rml 

3- 48. 

79-6 

~ =-~ 6ft ~' ~ 1l8 __.;:...=~",,-- --.-ti ~ .t." 
1.2 70.S0 

1.0 

<: 0.8 

.§ 

bO 
c 0.6 

:.0 
::<':I 

0.4 ... 
~ 

::E'" 0.2 
•.....• 

0.0 48° 

35 40 4S 50 55 60 6S 70 7S 80 
()/(") 

I!I 3-48 ~~~* 

jj!ljii~*1!j.i1j 8min fll8""",,.}jJlj11 48°fll70. 5°.1-tAjJ~ 

2t ·/n2 -sir?48°=mA. Cm=1,2,3, ... ) CD 

;fIl 2t ./n2-sin270. 5° = (m-+ ),1.. Cm=0,1,2,· .. ) @ 

~lIFLjj!lj1!j. t=5 . 28 em fIl ,1.=2. 85 em,~ tJ:j 

m=4. 83. -m=5. 

n=1. 54. 

i*~:5HJT 
m2,1.26n= 1 6t~sin28+(m,1.)2 (sin28' M+m?!:::J.._ )2t 2t- 2t'3 

2A1 ( . m m2,1.2)
-;; sm28' M+27!:::J..-2t'36t ",,=,0.02. 

~*11 n+6n= 1. 54±0. 02. 


~~$7.t:~1!1J~i*l&M 


f.E~1 


~lIFL:t(tl~~Il~ 3-49,ff~~!f1 z 8':J::k/j\. 

Transmiuer 

Lens 

I!l 3-49 ~~~W 

f.E~ 2 
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;g=~ ~~flI3?} .------.. 
~w:il:~m.9i!.* 

X t:,.X Setl Set2 

d /cm /cm SdmA ~dmA 

O. 60 0.05 O. 78 O. 78 

O. 70 0.05 O. 68 0.69 

O. 80 0.05 O. 58 0.59 

0.90 0.05 0.50 O. 51 

1. 00 0.05 0.42 0.42 

1.10 0.05 0.36 0.35 

1. 20 0.05 0.31 0.31 

1. 30 0.05 O. 26 0.25 

1. 40 0.05 O. 21 O. 22 

S.lvcrage t:,.S# 1/ .' 

/mA /mA /CmA)2 
t:,.(l, ), 

O. 780 0.01 0.6080 0. 016 

O. 685 0.01 0.4690 0.014 

O. 585 0.01 0.3420 0.012 

0.505 0.01 0.2550 0.010 

0.420 0.01 O. 1760 0.008 

O. 355 0.01 O. 1260 0.007 

O. 310 0.01 O. 096 1 0.006 

0.255 0.01 0.0650 0.005 

0.215 0.01 0.0462 0.004 

Y 
t:,.y&

In[I, /CmA)2] 

-0.50 O. 03 

-0.76 0.03 

-1. 07 O. 03 

-l. 37 0.04 

-l. 74 0.05 

-2.07 0.06 

-2.34 0.06 

-2.73 O. 08 

-3.07 0.09 

ff*3 
EI3 I, = Io exp( - 2yd) '1~ 

InCI, )= -2yd+lnCIo ). 

fflLJ£~mft~ 

0 


::> -1 


~ 
<n 

~ -2 


'2'" 
-< 
-3 


-4 

0.4 	 0.6 0.8 1.0 1.2 1.4 1.6 eI/ em 

III 3-50 

2y=3.247. 

lIR 01 =600 ,k2 = 2A1C~2. 20. 

n) ~=1.43.
k2 sinB) 

e--- .___ ~ =- f: __. 6If ~ ~ H.@ 	 ~l. 
# '" .;\>. '" ~gg$~:~~*fi$9IJI¥.Jll\ti~mM:1iitL~&M 

ff*l 

t~1---------
I I 

I 

I 

I 


I.---I 

I 


I 
I 

---------.. 
I 
I 

, I 
I I 
I I 

---------.. I 

---------~----~----~ 
I 
I 
I 

----4t----~---- ..----.. 
III 3-51 ~o"6trfl~1II 

.\'f1fj;(jitL~~*~ 

:~: 

III 3-52 

h=dsinB. CD 
2h=2dsinB. ® 

2dsinB=m}... (m=1,2,3, .. ·) ® 
ff* 2(a) 

Lalliceon 
R018,i ng Taole 

Plano-convex 
cy linder Lens 

Transmiller A on 
Holder 
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._ _ _.~~_OO2}_ ~-~ ...---__ 

Lalliee BoxCDon 
ROlalingTableCD 

CD 

Trsnsm iller on 
Holder 

I!l 3-53 ~~~ltl!l 

f.f~ 2(b)~ 2(c) 

W!iJit~* 
0.14 

0.12 

0.10 

l
-< 
E 

0.08 


~ " 0.06 

" 
" :; 0.04 .," 

I:r: 0.02 

0.00 1 , , , ,-G', , ' , ' , ' , . , ' , ' , , , ' , ' , , , L71'"T' ,', , ' , ' , 
16 182022 24 26 28 30 32 34 36 38 40 42 44 464850525456 

Thel aJdegree 

1I13- 54 ~~~* 

f.f~ 2(d) 


83 001~ 
 8""x =31°, (Jl'.ft--i1 8rrox =32°) 

2dsinBmax = A. @) 

a=.J2d. (5) 

A 2,85a= cm=3. 913 cm.
.J2sinB .J2sin31 0max 

.'---. (2005 • OOiij;!Io/Jm~.Il~D 


JfJ ~ ~:tJJY!U.~M£,*. 


-t f1)J 1f. -f 1900 1f ~ lli Jt }HUi~ it:iJ: -=f h)) a~ ~ ?\. fA ifHt· tf :it I:l:l ~91W i~ . 1'£ 
1905 1f, $1' g) *:!l!~Jl1 ~1'-1Wi3t., Rn jj~ :Iltit-=f- Qit:it lli, ~%t ~-~~ t 
If-J Jt it -=f ( .J6 Aliti:-r- ;ft:#-fit;t -J-). '# Ji!, ~ Jt;tt:it r£ ;lc!U~ Jt -=f *- 1'£ 5,1t rlHt *~ 
a~. iii. f<!{ t: {fHp #11* tf a~ Jjjt -=f & ~~, hl1'£ Jt jJt tf ,1.§. -t ~Jl:it t il: h ~ tt 1 t: ~'] ~Hf 

.. _ . .J!.~'! .~ ~ ~_~ __ ~__ ._~,\.,- . 
-<':", .", .. 

1'£. -*;tE ~ ~ § ~9;.Jt j~IJ :I: -t ~Jl :it '$ :t. 
#1#%-1'£~ lli ~~H9 fEil ~, ~~1~$- ~9~M, ~#~:it ~~ Jt1:-~tlXr)f1'17,1t *~ 

M~ tbJ1*, fEil ~ t: -tl1ftJt1:-IlHii M1*, Jr !tiiU,It* i3t., ~1*ft ~ 1'1 ffi.M, 71';1:- ~ tlX, 
71';1:-~M a~ #11*. ~ ~#11*~:it" 1:-~"~. -1'-#11* ~:#J fEil 51~ 99 ~1* a9 ~MJ:h ¢ 
~I:.;$t:it it( #11* ~~M$ e,:@. '$ e ~ itt *1'1 k 

-tM1f.~~1'£~h ••~~T~#11*~Mlf-JjJt*~Alf-Jt@.~~$~~~ 
C I 

CDU.l=€ --,z-

AS (err --1). 

It .f. CI l!z. Cz ~ntiL-*~ ~3jtfA~~~.it cz, t iUI:. -f-t M1f. '#:!i' h. 

;1t}$ Ait+ ~, lIP 1'£ 00 3-55 ii. 7f ~.t&. *- 1!1R:ift;. ~ 1ft~, PJ !;J, .~ Ill} CD ?\. 5t--!iJ: ~9 
-1J~, 7f~CDPJ f6j ·(t~ 

CI 
U), =g --'2 (2) 

A5 err 

c 
a==

A 
I!l 3-55 III 3-56 

.4 

m3-56 At;f-*;l<~s<J.£)tdll.#. 

• ~M#11*n s #UT A s<J4iHL 1'1qlCJU9~MJtitl', ffiJ il~Jt~ PJiftJ. 
'~~B~1'1dJt*1*, **1*Rft~1'£PJJi!,*tf~itffl~-$'#~s<J~! 

a97\';:i@±iOU!l 3-57). itt7\';~ 'Ii.JJQif. Ji!,j§- jc 

• :i@±i 5J!7\'; ~ ~~ k~ rc *1'£ Jt 4jk t ~Ji (LOR) C 1. , it( LOR ~ 4HE Ji!, j§- :Jz. 
u~ 

A 
III 3-57 

LOR s<J t ~Ji R ~ ;ft r)f ~ 7t ml E ~ *- ,ffiJ E Ji!V ~ i% fi a9 J:h ¢ ~ It~ .if. ~I:. 
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~=~ ~~OO?} _.. _ .. -_ ..- -------- ---
Eocu, }° =;> RCCu; 1 

RocE-1 ° 
~ tf 7G:m: ~ 'it ~ y Jg LDR I1'J # iiI i:. - , ~ lipj,:;t -* tf ;jt 1~. fA 1. llif OJ ~ tl:l 

LDR fl'J t ~]. R ~ ~ ti:. y,lt T I1'J *- *7J 
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4. ?'f:¢::lill!cp~~j¢Eg[l§, -~~HEg[l§, ffl Ro ~m; §5-~JIC~Eg~§ R, ~~ 

Eg~§~m*i*j!j)~m~ffil, ffij Ro ~j!j)~fi~Hiffil~tJSJ. EET R '=3~Wi\~*, ffijJIC~~ E 
'=3~HJJ.J~W~~*,pjfQ1.R mtE§~Hiffil~ T ~*: 

'2 r 
R=C3~oT. 


ffij TqJm~HEg[l§RB ~m'T~~~J~~ R E§RlI ffilBJt: 


lnR= lnc3+ C2 YR B -0. 83. 

Aoa 

EE-.t~qJ~t±:llnR '=3 Ro -0.83 ,'itIEtt, i'f:t±:llnR '=3nR-O
.83 *~ffil~, ;fUm~~ 

5li, EE~3j$qJ>.RtI:lm~ C2 ,~EE C2 = ~C ,!i1uqJ>.R~~mJ~m§ h. 

:¢::~cp;fUm~~fri1EMf:IOJ;g;mffilU:trgi'f:;m~~, F!±)(E~§~, :xqJ®t& 8~n 
tJSJn9~m~. 

ilt9~, ~51~:¢::Iill!~>J(lO~tj!j)~fi~~tJSJi~~, ~Jlt7:E~W~lii5B1mt~~~e1' 
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00 3-63 

7I:f5t t ~Ji ~ 

n-* --0
t1i~ t 
h~tHL D 

~~tHL I 

n 1XXJ!!J:;f{ 

V tlf3& 

A t1tE* 
P -f-~ 

Pm t1i~ 

B t5t 

2. (a) 

to=24"C To=297K t.To=IK 

(b)¥f R8 ~ I ag~:tKf'F~: 
50 

40 

a, 
c:c: 

30 
20 

10 

o 
o 5 10 15 

IImA 
00 3-64 

20 25 30 

U/mV limA RB /n 

21. 9 1. 87 11. 71 

30. 5 2. 58 11. 82 

34. 9 2. 95 11. 83 

37.0 3. 12 11. 86 

40. 1 3. 37 11. 90 

43.0 3. 60 11. 94 

47.6 3. 97 11. 99 

51. 1 4. 24 12.05 

55. 3 4. 56 I12.13 

58. 3 4. 79 12.17 

61. 3 5.02 12. 21 

65. 5 5. 33 12. 29 

67. 5 5.47 12. 34 

73.0 5.88 12. 41 

80. 9 6. 42 12.60 

85. 6 6. 73 12.72 

89.0 6.96 12.79 

95.1 7.36 12. 92 

111.9 8. 38 13.35 

130. 2 9.37 13.89 

181. 8 11. 67 15. 63 

220 13.04 16. 87 

307 15.29 20.08 

447 17.68 25. 28 

590 19.8 29. 80 

730 21. 5 33.95 

860 23. 2 37.07 

960 24.4 39.34 

Umin =9. 2 mV 
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_~=-~ ~ ~_~_L__ _____~-~ ._~~8Il?I___.__,~ ________.... _. ~ >{J _I>-•(c) 11 T1~¥lJ Rn.o ,IIR.mIITiJ89 10 1-'i&:f.i!i: a=39. 4 ~a=O. 3 J 
U/ mV 

21. 9±0. 1 

30. 5±0. 1 

34. 9± O. 1 

37. O± O. 1 

40. 1±0. 1 

1 3.l/mA RB/n 

1. 87±0.1 11. 71±0. 08 ~ ! 

Z. 58±0. 1 I 11. 82±O. 06 I 4. (a) 
~ I2. 95±0. 1 I 11. 83 ±0. O
" I 

3. 12±0. 1 11. 86±O. OS I 
I I3. 37±0. 1 i ll.90±0. 05 

43. o±o. 1 I 3. 50±0. 1 I 11. 94±0. 04 I 
I I I47. 6±O. 1 3. 97 ± O. 1 11. 99±0. 0-'1

I I 
51. l±O. 1 I 4. 24 ± 0. 1 12.05±O. 04. I

i 
J0" I55. 3±0. 1 4. 56±0. 1 12. 13±O.I I 

58. 3±0. 1 4. 79±0. 1 12. 17±0. O;__ 

J3 

12 

~ 
c:2 

II 

- -, 

I 
~ 

... ~~I 
1 

~ 
i 

~ 
~ I 

2tJ.=(620-565)mrn,AO=28 run. 

tJ.=590 mrn tJ.=28 run 

U/V 

9.48 

9. 73 

9.83 

10.01 

10.25 

10.4 1 

10. 61 

10. 72 

10. 82 

10. 97 

11. 03 

11. 27 

11. 42 

11. 50 

l/mA 

85.5 

86.8 

87.3 

88. 2 

89.4 

90.2 

91. 2 

91. 8 

92. 2 

93.0 

93. 3 

94. 5 

95. 1 

95.5 

R/kn 

8.77 

8. 11 

7. 90 

7.49 

7.00 

6. 67 

6. 35 

6. 16 

6.01 

5.77 

5.69 

5. 35 

5. 17 

5.07 

(b)tEJ't~1l:*~ltt-t~:iJOAtx:J.l1&(~A'..* 51. 2%)~~MBt:5HJIJl!i!~:II: LDR 1i9~10 
o 2 3 4 5 ~Jl. R ~ R' ,R=5. 07 kn,R' =8.11 kn,;filJml/mA 

I!I 3-65 R
In =ylnO.512.

K 
R8 li9tljt&;li[: 

R 5. 07 
InK In 8.11/(~U)2 (M)Z~1l=Rn\ U + T y= lnO. 512=lnO. 512=0. 702. 

0. 1) 2 (0.01)2 1i!l.~~~yf(0:=11. 71"1 \2l. 9 + .1. 87 =0.08. 
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InKEE ~/J\=*;'t;;>.l(1~ y=J;:;t . 
'--R- o =--1-1.-3-9-n--~1--~--8.o6.- -=--0.-0-6-n~ 

1 (~ ~') 1 (0. 01 0. 01)
M= Int If+y = InO. 512 5.07 + 8. 11 =0.00479. 

1'--aRo. 83 -~ -~-~3C' ~3(d) - , (l - Ro 0_ 83 ,a-, 11. 3go. 83 ,- J: '! . ~y=O. 01. 

t~ZlJt~~ 

lna=lnTo- O. 831nRll•o,~a=a( ~!o + 0. 83 f:n.o).
o 8.0 

R=5. 07 kn y=0.70 

R'=8. 11 kn ~y=O. 01 

- 39 __ 83XO. 06 )- - (c),*:f.i!i%j\,3( 1 -L 3 3M - .4 297 10. 11. 39 -0. 05-0.. 
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~~~~~$7.t -----------_._-. ~ .=.~~ ~ ~ RL . ~.• - .-~ * fi" 
'2'R=C3IV-OT • - (6.a 6.Ra )_ (0. 3 + XO. 2 )K- 8 ,6.T-T -;;- + 0. 83X RB -1 962 39. 4 0.83 110. 9 -1 K. 

PlITi21~:xt~:j~ Ra - 0. 83 fl9i,!R&1t;il : 
C2Y 

InR= Inc3 + ,1.0 T' X=RB-0. 83 . 

lnx= - 0.83 1nRB •;litm0~ 

T=aRao.83 • 
6.x = xXO. 83x ~a. 

PI ~:j~¥lj 
I\(R - 0.83 ) = R - 0.83 6.RB 

C2YRlnR=lnc + - 0.83 w a a RB . 
3 Aoa a . 

(6) 6.(R B - 083) = 0. 020 onx l~O~9~0. 004 X 10- 2 

U/V limA Rain T/K 
Ra-o.83 

(S. U 
/ 10-2 

R/kD InR 

9. 4S± 0. 01 88. 5±0.1 1l0. 9± 0. 2 1962±18 2. 008±0. 004 S. 77± 0. 01 2. 171±0. 001 

9. 73±0. 01 86.5± 0. 1 112.l±0.2 1 980± 18 1. 990± 0. 004 8. 11±0. 01 2. 093± 0. 001 

9. 83±0. 01 87.3± 0.1 112.6± 0.2 1 98H18 1. 983±0. 004 7.90±0.01 2. 067±0. 001 

10. 0l±0. 01 88. 2± 0. 1 113. 5±0. 2 2000±18 1. 970±0. 004 7. 49± 0. 01 2. 014± 0. 001 

10. 25±0. 01 89. 4±0.1 114. 7±0. 2 2018±18 1. 952± 0. 003 7. OO ± O. 01 1. 946± 0. 001 

10. 4l±0. 01 9O. 2±0.1 115. 4±0. 2 208±18 1. 943 ± 0. 003 6. 67± 0. 01 1. 894±0. 002 

10. 61 ± 0. 01 912± 0. 1 11 6. 3± 0. 2 204l±IS 1. 930±0. 003 6. 35±0. 01 1. 849± 0. 002 

10. 72± 0. 01 91. 8± 0. 1 116. 8±0. 2 2049±19 1. 923± 0. 003 6. 16± 0. 01 1. 81S±0. 002 

10. 82± 0. 01 92.2±0. 1 117. 4±0. 2 2057±19 1. 915±0. 003 6. 0l±0. 01 1. 793± 0. 002 

10. 97±0. 01 93. O±O. 1 118. O±O. 2 2066±19 1. 9OH O. 003 5. 77±0. 01 1. 753±0. 002 

11 03± 0. 01 93. 3± 0. 1 118. 2± 0. 2 2 069 ±19 1. 904± 0. 003 5. 69 ± 0. 01 1. 739±0. 002 

11. 27±0. 01 94. 5±0. 1 119. 3±0. 2 2085±19 1. 890± 0. 003 5. 35±0. 01 1. 677± O. 002 

11. 42±0. 01 95. l±0.1 120. l±0.2 2096±19 1. 88O± 0. 003 5. 15± 0. 01 1. 639 ± 0. 002 

11. 5O±0. 01 
~ 

95. 5±0. 1 120. 4±0. 2 2101±19 11. 875 ± 0. 003 5. OHO. 01 1. 623±0. 002 

6.R6.1nR = jf. 

6.lnR= ~: ~~ =0. 00 1. 

(e)~ lnR~RB -083~i\Hj::OO 

/'
!/-'

2.1 

V 
,.4 

? 
Ct:: 1. 9 

" V

? 

1.7 

~V 
I1.5 

1.860 1. 880 1.900 1.920 1.940 1.960 1.980 2 .000 2. 020 
R -g83/ W-2 

[!] 3-66 

jfljJiHVj'=* i"! 
~4$ m = 414. 676 7. 

2:6.(R B- 0. 83) = O. 003 X 10-2 . (JR - 0.83 
B n 

2:6.ClnR) = 0. 002.(JlnR 
n 

i,!R~1ii:JI: ( v) ~ - .ft4t.-t%- :h 'i?J) : (J= J (Jl nR 
2 +--;nz(JRil o. 83 2 = ..JO:(j(j22 +414. 6722 X (0. 003XIQ=2)2 = 0. 012 6. 

~(6.U)2 (6.1)2 J(0.01) 2 (0.1)26.RB=RB U + T =1l0. 9 9. 48 + 85. 5 .(1= 0. 2 D.. 6.m=Jn2: (RB - 0. 83)~ ( 2,RB 083)2 =J" ,, - :~::<,~._~~26~ _____ ..M _ 

= 8.295. 

810 
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iEmjj, ~-®~Mf~~±ffiJf*i3Nm. 
$llm~PJTffi~j~ , ~!lill~~ ~~~!lill~>Rj'F j \'¥~ffiJ:1HB ,tl5Jlt~:!J7ittn~:ts, 

1'xt£7'em$llmJ:E1§. ~jj§£~!lillFl'§)II[lj5fllillij, *~n:E.l§.~D ( 31:,,(£ ~jlUtll~1'-~ 

~fIlJ j(,!f&.{£/ji.) ~~F~~~ffiJ, Jlt9~, ~tt~ : 5f4J5§ j~@tEAAl!E~j~l'j§£m ;tE~ 

€l,~llMjfr&\~B\j@~~JM§~tI5. 

~~1E~£:±0.1 mA,~.ff~£:±O. 01 V; 

b. @j~ : J2l;*~~~~t\!ia9mlEif1:l:mJt;f§f,fa9~ ,~*ftFif1:lit!-w:; 

c. RII~:i'i~a9~t\!iif1:l~~a9~%. 


.~Q~ 3-78 fJr~ Jf'Ml-o-~~-m---~tt---tE!if1:l 


IO]@ A-(2) 

a t'Ft±J1!I3-78 a9~ttlR~; 

b. .FIHVJ\=*7'!-~fflR -=f § J9!1J:ilHT~£?H1T; 

-lOC IJ\ ~ -* ~ jt:J. 15 JfJ A 13 ~~ 

ru 0/ *-t: o. Ox mA mo/*-t: o. x mA 

*/J\~*~jJ~ 7it*~JJt m 
*-t:?}iff @i ill 3 1dh ~ it *- t: ?}iff 

c. Im±Mm:)}...J-l RII~~ttlR~1~i1J~~a9lm ~t\!i;fll~£ ( ±Mm); 

d. ~~a9 lth-ml)'(~£ , 
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III 3-78 J-l JC*~ 


Itr.=[C21~26)±CO. 01 A. O. 2)]rn..l\. 
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III 3-79 Hi1UIl7Ht 


[llfHU 
@A1-1 

• 	:iIt+..::.J1t*: 

I=m} +b----b= I th . 


~ y=mx+b 

~ .=.. OIl ~ ~lL..____. 
~-----

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

y: limA x:} xy r- yCx)=mx+b [y- yCX)]2 

23.8 O. 3 7. 14 O. 09 23.7937 3. 969E-05 

24.2 0.66 15. 972 0.4356 24. 171 34 0.000821 

24.6 1. 02 25.092 1. 040 4 24.54898 0.00260 

25 1. 41 35. 25 1. 989 1 24.95809 0.001 76 

25.4 1. 88 47. 752 3.5344 25.451 12 0.002 61 

25.8 2.23 57.534 4.9729 25. 818 27 0.000334 
-

26.2 2. 64 69. 168 6. 969 6 26.24836 0.00234 

26.6 3.04 80. 864 9. 241 6 26.66796 0.00462 

27 3.36 90. 72 11. 289 6 27.003 64 1. 325E-05 

27.4 3.78 103. 572 14.2884 27.44422 0.001 96 

27.8 4. 12 114.536 16.9744 27.80088 7.733E-07 

28.2 4.48 126.336 20.0704 28.17852 0.000461 

28. 6 4. 79 136. 994 22.9441 28.50371 0.00927 

2::y= 2::x = 2::xy= 2::y= 2::[y- yCx) J2 
340. 6 33. 71 910. 93 113.840 L_ =0.0268 

&-;,,;,-t~ 

t,= N~X2 - C~X)2 =l3(1l3. 840) - C33. 71)2 =343.556. 


=.lCN'" - '" '" )= 13C910. 93)-C33. 71)C340. 6) =1 049 

m t, L,XY L,XL,y 343. 556 .. 

b=.lC"'-2'" - '" '" ) 013. 840)C340. 6)-C33. 71)C91O. 93) 23 479 

t, LJX L,y L,XL,XY ~. ~ -- ~ . . 

ay =~/2:[y_yCX)]2 =13=-2/0.0268=0.015. 

a=-jCay )2+ (~ax)2 = /CO. 015)2+0. 049XO. 005)2 =0.016. 

rw J13XO.OW 
am ='\j C; = 343. 556 =0.003 1. 

- ~-O 016XJ1l3.840
(]b -'\j ~ .L.X- - . 343.556 -0. 009 2. 

Ith=C23. 48±0. 01)mA 

@Al-2. 

.j§J~tJ: 

I=m} +b--+b = I th . 


~ y=mx+b 


Ji#t 1: y=1. 00x+23. 66 . 


Ji~ 2: y=1. 05x+23. 48. 


Ji~ 3: )'=1. 13x+23. 31. 


I th C-tU))=23. 48 mA. 

I 

http:J13XO.OW
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23.8 O. 3 7. 14 O. 09 23.7937 3. 969E-05 

24.2 0.66 15. 972 0.4356 24. 171 34 0.000821 

24.6 1. 02 25.092 1. 040 4 24.54898 0.00260 

25 1. 41 35. 25 1. 989 1 24.95809 0.001 76 

25.4 1. 88 47. 752 3.5344 25.451 12 0.002 61 

25.8 2.23 57.534 4.9729 25. 818 27 0.000334 
-

26.2 2. 64 69. 168 6. 969 6 26.24836 0.00234 

26.6 3.04 80. 864 9. 241 6 26.66796 0.00462 

27 3.36 90. 72 11. 289 6 27.003 64 1. 325E-05 

27.4 3.78 103. 572 14.2884 27.44422 0.001 96 

27.8 4. 12 114.536 16.9744 27.80088 7.733E-07 

28.2 4.48 126.336 20.0704 28.17852 0.000461 

28. 6 4. 79 136. 994 22.9441 28.50371 0.00927 

2::y= 2::x = 2::xy= 2::y= 2::[y- yCx) J2 
340. 6 33. 71 910. 93 113.840 L_ =0.0268 

&-;,,;,-t~ 

t,= N~X2 - C~X)2 =l3(1l3. 840) - C33. 71)2 =343.556. 


=.lCN'" - '" '" )= 13C910. 93)-C33. 71)C340. 6) =1 049 

m t, L,XY L,XL,y 343. 556 .. 

b=.lC"'-2'" - '" '" ) 013. 840)C340. 6)-C33. 71)C91O. 93) 23 479 

t, LJX L,y L,XL,XY ~. ~ -- ~ . . 

ay =~/2:[y_yCX)]2 =13=-2/0.0268=0.015. 

a=-jCay )2+ (~ax)2 = /CO. 015)2+0. 049XO. 005)2 =0.016. 

rw J13XO.OW 
am ='\j C; = 343. 556 =0.003 1. 

- ~-O 016XJ1l3.840
(]b -'\j ~ .L.X- - . 343.556 -0. 009 2. 

Ith=C23. 48±0. 01)mA 

@Al-2. 

.j§J~tJ: 

I=m} +b--+b = I th . 


~ y=mx+b 


Ji#t 1: y=1. 00x+23. 66 . 


Ji~ 2: y=1. 05x+23. 48. 


Ji~ 3: )'=1. 13x+23. 31. 


I th C-tU))=23. 48 mA. 

I 



c.;...;..;;.;.;.;...._. ___• ~=~ ~~OO?} • 
M'h=0.18mA 

Ith =(23. 5±0. 2)mA. 

B $5t g~~~t'!<.J:1t:$!'I1@: 90° TN-LC ~t'!<.J~-:1t:*~*f11 

rCJJl:2I B-(1) 

a. ~iF:l£:i:~1li{ft EfJ ~1m*trr 
'p}f ;fJD It JI. IV ;7\';31ii.IV ?}f;fJD It JI. IV JU1ii.IV 'p}f ;fJD l\!. JI. IV 7tS.VV 

0.00 0.00 1. 78 O. 21 3. 41 1. 39 

O. 10 0.00 1. 81 O. 26 3. 50 1. 40 

0.20 0.00 1. 85 O. 33 3. 60 1. 39 

O. 30 O. 00 1. 90 0.44 3.70 1. 40 

O. 40 0.00 1. 96 0.57 3. 80 1. 40 

O. 50 0.00 2.03 0.70 4. 03 1. 40 

O. 60 O. 00 2.08 O. 80 4. 22 1. 40 

O. 70 0.00 2. 15 O. 92 4.40 1. 39 

0.80 0.00 2.21 1. 02 4. 61 1. 39 

O. 90 0.00 2. 28 1. 10 4.78 1. 40 

1. 00 0.00 2.33 1. 14 5.03 1. 39 

1. 10 0.02 2. 39 1. 19 5.20 1. 39 

1. 20 0.04 2.44 1. 22 5.39 1. 38 

1. 24 0.04 2. 50 1. 26 5.61 1. 39 

1. 30 0.04 2. 55 1. 27 5.81 1. 38 

1. 34 O. 03 2.60 1. 29 6. 02 1. 38 

1. 38 0.02 2.67 1. 32 6.21 1. 38 

1. 45 0.01 2.72 1. 33 6.40 1. 38 

1. 48 O. 01 2.85 1. 36 6. 63 1. 38 

1. 55 0.02 2. 97 1. 37 6. 80 1. 38 

1. 59 0.03 3.11 1. 38 7.02 1. 38 

1. 64 0.05 3. 20 1. 39 7. 20 1. 38 

1. 71 0.11 3. 32 
L 

1. 39 

~.1m~.EfJm~m.~~~.~~~~~~EfJ%mEfJ~~~1li& 
c. l!i1~iljt-il!!i til :7t~$IliHJ9i'to Itlli1t1tEfJ J-U rrns lIB ~ 
.:(£iE-m-~m:'·\;"T~M:7t~siJH:: o. 05 V 

.:(£7'~to Itlli:it~IjII(QJ1!.{~Ju1if -/j\EfJ:7t&~!fi 

• ~7'~to Itllilmi111{lj J1!.'ffiFo~M:7t5$~,~j~* 

.~~~ltllilmi13VFo~M:7t~til••g~ 

e- _ ~~_!.. Off ~ 18=--__ 

1.5 I~"""""~"""'-~""""-"""""'~""""~~~_ 
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Uw 
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" WL.• TD

1.0 

,,," c 
~ 

~ , " ,., 
, 

J'tJjJif. :0.5 
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1=0 
U "I
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f--~Ol 
0.0 

0 2 345 6 7 
n£[:1JQ Egffirv 

I?fl 3-80 

d. Y'ffibZ.~~ 

.tEJ9i'tolt!lli 3. 0 V~7. 2 V zrB]1ttil:7t5$EfJ~*'ffi 

.5E til ~*:7t5$ EfJ 90 %~'ffi , .fljffll*J trfi r!1~ til J9i'to It! lli EfJ U90 'ffi 

.5Etil~*:7t5$EfJ 10%~'ffi ,~jffll*Jtrfi?!1~tilJ9i'tO It!llii¥J UIO'ffi 

.iEliJiJi¥J y±6y 'ffi: (0. 42~0. 44) ±O. 02 

1'CJfi@ B- (2) 

a. Uc 'ffiR.~~,Uc±6Uc . 

.~*~~il!!iOO~fitE~~~~$.~~.~1m~ 

.5Etil ~~MJ't5!i':~.~j~*B;ji¥J Uc 'ffi 

.iEliJiJEfJ Uc±6U, ~{EjA (1. 20~ 1. 50) ±O. 01]V 

Jltrni¥Jfl1m.!:5mrWEfJfl1m~~R::--Mmzi¥J. JltOO{:Z~ffi Ttm{iiJ1~til Uc • 

C$5t gU~~t'!<.J:1t:*11@: ~ffU~~~~t'!<.J*-:1t:*~*f~ 
1'CJJl:2I C-(l) 

a () ~ 6n 'ffiR.~~.$It. TII 'ffi~• .lf±4J'ffi 

.fEtil~~m'ffi 

• .iHiti EfJ () 'ffi, 15. 7 ~ 18.2 

.iEliJiJEfJ 6n'ffi:0. 20~0. 24 

T il = 0.31 +o.p +0.31 V=(O. 31±0. 01)V. 



c.;...;..;;.;.;.;...._. ___• ~=~ ~~OO?} • 
M'h=0.18mA 

Ith =(23. 5±0. 2)mA. 

B $5t g~~~t'!<.J:1t:$!'I1@: 90° TN-LC ~t'!<.J~-:1t:*~*f11 

rCJJl:2I B-(1) 

a. ~iF:l£:i:~1li{ft EfJ ~1m*trr 
'p}f ;fJD It JI. IV ;7\';31ii.IV ?}f;fJD It JI. IV JU1ii.IV 'p}f ;fJD l\!. JI. IV 7tS.VV 

0.00 0.00 1. 78 O. 21 3. 41 1. 39 

O. 10 0.00 1. 81 O. 26 3. 50 1. 40 

0.20 0.00 1. 85 O. 33 3. 60 1. 39 

O. 30 O. 00 1. 90 0.44 3.70 1. 40 

O. 40 0.00 1. 96 0.57 3. 80 1. 40 

O. 50 0.00 2.03 0.70 4. 03 1. 40 

O. 60 O. 00 2.08 O. 80 4. 22 1. 40 

O. 70 0.00 2. 15 O. 92 4.40 1. 39 

0.80 0.00 2.21 1. 02 4. 61 1. 39 

O. 90 0.00 2. 28 1. 10 4.78 1. 40 

1. 00 0.00 2.33 1. 14 5.03 1. 39 

1. 10 0.02 2. 39 1. 19 5.20 1. 39 

1. 20 0.04 2.44 1. 22 5.39 1. 38 

1. 24 0.04 2. 50 1. 26 5.61 1. 39 

1. 30 0.04 2. 55 1. 27 5.81 1. 38 

1. 34 O. 03 2.60 1. 29 6. 02 1. 38 

1. 38 0.02 2.67 1. 32 6.21 1. 38 

1. 45 0.01 2.72 1. 33 6.40 1. 38 
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.5E til ~*:7t5$ EfJ 90 %~'ffi , .fljffll*J trfi r!1~ til J9i'to It! lli EfJ U90 'ffi 

.5Etil~*:7t5$EfJ 10%~'ffi ,~jffll*Jtrfi?!1~tilJ9i'tO It!llii¥J UIO'ffi 
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a. Uc 'ffiR.~~,Uc±6Uc . 

.~*~~il!!iOO~fitE~~~~$.~~.~1m~ 

.5Etil ~~MJ't5!i':~.~j~*B;ji¥J Uc 'ffi 

.iEliJiJEfJ Uc±6U, ~{EjA (1. 20~ 1. 50) ±O. 01]V 

Jltrni¥Jfl1m.!:5mrWEfJfl1m~~R::--Mmzi¥J. JltOO{:Z~ffi Ttm{iiJ1~til Uc • 

C$5t gU~~t'!<.J:1t:*11@: ~ffU~~~~t'!<.J*-:1t:*~*f~ 
1'CJJl:2I C-(l) 

a () ~ 6n 'ffiR.~~.$It. TII 'ffi~• .lf±4J'ffi 

.fEtil~~m'ffi 

• .iHiti EfJ () 'ffi, 15. 7 ~ 18.2 

.iEliJiJEfJ 6n'ffi:0. 20~0. 24 

T il = 0.31 +o.p +0.31 V=(O. 31±0. 01)V. 



~=~_ ---~-..- - - --. .• 	 _______..._~ .=- ~. . _ _ _!B.JS.l@$it 	 ~ ~ !t[& - .. ..4 .~ JoJ 

0.16, ' , 	 " ...:,,,,"" 

0.14 , 

0.12 ,,•• 
, 

0.10 
,/ 

it~0.08 , 	 • 
> t 	 ~ 

~ 

~ ~ 	 .
0.06.. Vc., 
0.04 --..,.

' ..-.. 1......4 ...... -0.02 

0.00 I, " , , ,'4' , , '1'5' , I~6 . , 1.712 	 1.3 . . 

. Jl([)Ju~lIN 


00 3-81 

1. 04+1. 03+1. 04 V=(1. 04±0. OUV.T1. 

o ~ tan-=±~=-1. 83 *. 
2 Jfi 


0=4. 14+2mn:. (~-2. 14+2mn:)
1~ 
r-=2n:dt:.n =2n:X7.7XO. 25=18 61 
u A 0.65 . . . 


m=2 gIZ 3.


* 	 0=16.70(5. 32n:).1~ 


EB 0=2n:~t:.n. 


1~ 	 t:.n= 2:~=0. 22. 

ftW{K:t:.n=(O. 20~0. 24). 

.J< ~Q* tan ~ =1. 83,JjlO o-mIlJlV,~ 4. 68n: gIZ 6. 681T,~riiJ~ C-(2)iY-J~!wOO 

/Gt-Sr.t. 
riiJ~ C-(2) 

a. tHF~2i!:fIl.1}LiY-J~:j1H~* 

O. 20 0.29 1. 53 0.06 2.31 1. 14 
O. 30 0.29 L 59 O. 30 2. 34 L 07 
0.40 O. 29 1. 62 0.05 2. 37 1. 00 
O. 05 0.28 1. 65 O. 15 2. 40 0.94 
O. 60 O. 26 L 68 O. 24 2.43 ~~~ 
O. 70 

, 
O. 23 l.71 I O. 34 2. 46 T 0. 79i I 

O. 80 O. 19 1. 74 O. 49 2.49 O. 72 

O. 90 0.09 l.77 i O. 63 2. 52 
I 

O. 66 
O. 99 I 0.00 I l. 80 I O. 78 2. 55 O. 61I 

--
Il. 02 0.06 L 83 O. 92 2.58 O. 56 

l. 05 I O. 16 L 86 L 05 2.61 O. 51 
1. 08 O. 25 1. 89 1.19 2. 64 O. 46 
1.11 O. 40 1. 92 l. 27 2. 57 0.42 
1. 14 O. 67 l. 95 I 1. 34 2. 70 0.37 - -
1. 17 O. 93 1. 98 1. 40 2. 73 0.33 

0----· 
1. 20 1. 25 2.01 1. 47 2.76 O. 30 
l. 26 1. 31 2.04 l. 48 2. 79 O. 26 
1. 29 l. 36 2.07 1. 48 2.82 O. 23 
1. 32 1. 32 2. 10 1. 48 2. 85 O. 21 
1. 35 I l. 09 2. 13 l. 45 2. 88 O. 18 
l. 38 I 0.85 2. 16 1. 42 2. 91 O. 16, 

1. 41 O. 62 2. 19 l. 38 2.94 O. 14 
1. 44 I O. 46 I 2.22 l. 33 2. 97 O. 12I 

I 

I3.00 O. 09 3. 70 0.02 5. 39 O. 44 
3.06 O.OR 3. 80 O. 03 5. 51 O. 48 
3.09 O. 06 3. 90 0.04 5. 57 0.49 
3. 12 O. 05 4.00 O. 07 5. 70 0.52 
3. 18 0.04 4. 10 I 0.09 5. 80 O. 55 
3. 21 O. 03 I 4. 20 0.11 5. 90 O. 57 
3. 24 O. 02 4.30 0.14 6. 01 O. 60 
3. 27 0.02 4. 40 O. 16 6. 10 O. 62 
3. 30 0.01 4. 50 O. 19 6. 19 O. 64 
3.33 0.00 4. 60 O. 22 6. 30 O. 66 
3. 36 0.00 4.70 O. 25 6.40 0.69 
3. 39 O. 00 4. 80 O. 28 6. 60 O. 73 
3. 42 

J 
0.00 4. 90 0.31 6. 70 O. 74 

3. 45 0.00 5.01 O. 34 6.80 O. 76 
3. 48 0.00 5.11 O. 37 7.00 0.80 
3.51 I 0.00 5. 21 0.39 7. 20 0.83 

J'Jf liP ot 11 / V 7t5! / V 1Jf j]p ~ 11 /V 7t5VV 1.JT;iJP ~11 /V 7t5!/V 

0.00 .0.30 1. 47 O. 29 2. 25 1. 27 

O. 10 O. 30 L 50 0.13 2. 28 1. 20 
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1~ 
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ftW{K:t:.n=(O. 20~0. 24). 

.J< ~Q* tan ~ =1. 83,JjlO o-mIlJlV,~ 4. 68n: gIZ 6. 681T,~riiJ~ C-(2)iY-J~!wOO 

/Gt-Sr.t. 
riiJ~ C-(2) 

a. tHF~2i!:fIl.1}LiY-J~:j1H~* 

O. 20 0.29 1. 53 0.06 2.31 1. 14 
O. 30 0.29 L 59 O. 30 2. 34 L 07 
0.40 O. 29 1. 62 0.05 2. 37 1. 00 
O. 05 0.28 1. 65 O. 15 2. 40 0.94 
O. 60 O. 26 L 68 O. 24 2.43 ~~~ 
O. 70 

, 
O. 23 l.71 I O. 34 2. 46 T 0. 79i I 

O. 80 O. 19 1. 74 O. 49 2.49 O. 72 

O. 90 0.09 l.77 i O. 63 2. 52 
I 

O. 66 
O. 99 I 0.00 I l. 80 I O. 78 2. 55 O. 61I 

--
Il. 02 0.06 L 83 O. 92 2.58 O. 56 

l. 05 I O. 16 L 86 L 05 2.61 O. 51 
1. 08 O. 25 1. 89 1.19 2. 64 O. 46 
1.11 O. 40 1. 92 l. 27 2. 57 0.42 
1. 14 O. 67 l. 95 I 1. 34 2. 70 0.37 - -
1. 17 O. 93 1. 98 1. 40 2. 73 0.33 

0----· 
1. 20 1. 25 2.01 1. 47 2.76 O. 30 
l. 26 1. 31 2.04 l. 48 2. 79 O. 26 
1. 29 l. 36 2.07 1. 48 2.82 O. 23 
1. 32 1. 32 2. 10 1. 48 2. 85 O. 21 
1. 35 I l. 09 2. 13 l. 45 2. 88 O. 18 
l. 38 I 0.85 2. 16 1. 42 2. 91 O. 16, 

1. 41 O. 62 2. 19 l. 38 2.94 O. 14 
1. 44 I O. 46 I 2.22 l. 33 2. 97 O. 12I 

I 

I3.00 O. 09 3. 70 0.02 5. 39 O. 44 
3.06 O.OR 3. 80 O. 03 5. 51 O. 48 
3.09 O. 06 3. 90 0.04 5. 57 0.49 
3. 12 O. 05 4.00 O. 07 5. 70 0.52 
3. 18 0.04 4. 10 I 0.09 5. 80 O. 55 
3. 21 O. 03 I 4. 20 0.11 5. 90 O. 57 
3. 24 O. 02 4.30 0.14 6. 01 O. 60 
3. 27 0.02 4. 40 O. 16 6. 10 O. 62 
3. 30 0.01 4. 50 O. 19 6. 19 O. 64 
3.33 0.00 4. 60 O. 22 6. 30 O. 66 
3. 36 0.00 4.70 O. 25 6.40 0.69 
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3. 42 

J 
0.00 4. 90 0.31 6. 70 O. 74 

3. 45 0.00 5.01 O. 34 6.80 O. 76 
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J'Jf liP ot 11 / V 7t5! / V 1Jf j]p ~ 11 /V 7t5VV 1.JT;iJP ~11 /V 7t5!/V 

0.00 .0.30 1. 47 O. 29 2. 25 1. 27 

O. 10 O. 30 L 50 0.13 2. 28 1. 20 



-- ---_~~~_ ~~.~.?:t 
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LSil1 'I "1 ,i, Ii 

;
f ; !. , ;.

" 
~ ~ ~ 

it n
1.0 :: : ~ 

lim 1~ , ~ 
"i: ; \

> ,:: l:0, 
1 " \~ ,'l " \, " ~ i : ; 10.' ; ! : ., , , 

11 

./IH 
',; i; /"n 

0.0 1 , .' t., ,'-.4'j " " , , , , , , , , , I 
0123' S 67 
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c. ~til\: T// IIJfi~:IJO~lliEJlj~1t#il!!it±:l T/rUm,,!Ill~ 

. 31-tlVNifO 21-9Cf3?EJljftEJljW.::kffi 
• 21-w.::kffir8] ;ffi~/J\T 15 % 
.W./J\ffiEJljij&ffi/J\T O. 1 V 
riiJRli C- (3) 

U, EJljffi'&~& 

.~::k~IJJl:ilili ~ ,U, 1K1l#Jl[*~$ij&!15 

• tj; t±:liE iifflEJlj U, ffi 
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(3) ;,,~;t7!Hj;: ~ :f!i-M$. 


~-~.*.~~OO#~••~.~~~~~.1~~~lt1tw~lt~_ 
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lj Jt f 00 .JE ~ h {!, jill] 
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;ft. ~ Rh .~ 119#1:£ ,g .h t:.7J j]Pltlt. 
:iii - :* IiJ t;J i1 a/9 ,~t W<Wmax ( $. tf Wmax:h 111 it#-~#. t... di; tf ''> ~ ~ 2 A di; 4 

~ at ~ foi ltJ.V , ~ x= Xo = Jz. at , 
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2x	 • 

y=yo+ (40' 	 CD 

:W!.t!JJ 00 ~ 1W .R; 1£ V(O,Yo), ~ ,R; 1£ F(O, yo +0. ~ f-fr T-~t* $ib (;;t;f.b) ~:lt 
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____~=_~ .~~.]!l1t________..._____ ---o 

or ~	WtJ ~ ~d~ ;/J I/J fill! III ; 
(3)1 ;1;luJ(.3f~.Hi MJ:It i!Jl ffi-,;ltJ: or ~~ eJl ~ .!fliPJl *#~. »I- B~ -iiI or;{} ~ 

1i~7l<..:t;t [f;J1f.lCP; 
(4) ffiJ;t;(£ ~~ J: MJ ~7t~. ~7t~1iiL or ~J 1f.l CP. t ~$ B~ ¥II jb~ oriftl ~MJ; 
(5) 1 1-1#jlH~: MJ itk7t~ ¥UL 

(6 )1 tE.,R. f-; 

(7)1 ~i.G%~; 

(S) 1 JZ #'*' #C;It tL JiL :jHll jdt1ft ,#UP fli] #dR 39 Ji'dt :I. ft ~ J\ , #C ;5 JiL #C ~ 
k7H~~~.JI:. it at ; 

(9)#;(f 500 ~ 1 000 ~/mm MJ7t:jJjl}; 
(10)7l<..3f,R.; 
(11) ti' fJ~. 
jj:~¥I9i : 
(1)/f ~ 1i:tW.itk7tJ1C j1:t, fA 1% <It Wffi'..M MJ itt7tJll -tl!, q~~ ~,JJ J *±, tt %

!lh -oc rn ti' § it ; 
(2) {E1'f1- ~~:li~ tf ,i;i1l ;/J"'/(f{l- 5$ tr-1 #f- at ~+ 1\,' ; 

(3) ~ ~ 'Wi7\'; e, 1f.lft7l<..3f, '\*7l<..:t ,R.1X.J¥Ut1f.l cp:Jt I9l »I- e~ 7l<..:t:jk ~; 
(4)~1-~~tf ,1t-~{E ffi-~J:~~j~ JL1-~ ,~" tifJ 7Hltl til:£ ,\,*#.,»I-;fP{ff

.~MMJ~Wffi'..M~~MJIl~~.~••*~~.t~.~~.M~*MJ7tJll; 
(5)!lh~ ~,ti:lt\l,~:t ~;/J:Iilll, *.1~Jt~"* at fli] ~1~ iOC #.~ jtl.:t~, ~ fri./lt 

:l!fHtli:. 

~ 1 $71 ftJm11U~iiH;'~IJ:.:E g 


(1)~til*~J\CD; 


(2)iP!tl~$~ tf * #. a9 iIli III ho ;fP$~~ 1*l1i1£ 2R; 


(3){E7\:;~lij$~~fli]:Jjfj A 7t»l-,)J1tl:l1J:~~lij7tffi-fs]i191!R~ H(1Il3-S5); 


(4)1f.l15' itk7t~~7tJll ':l2: A [f;J r, :#'~;It~:li ~ $~ tf I\,' 7l<..:tliE ~ Xo = :z.?t 

~ iOC #.* W; 

(5)f! 'ti:lt\l,~;/J ~ ~, ;1./f~1J:.~~*#.* Wtf I\,'~:t>!:$~*, W; 


(6) e, ~{E Xo =:z.?t,:9C*: fil :itlll (V 7uHp1-r ,*** W ~ llllij /f ~ at :fEI1iiJ. 

*IJ rn :lZ. - A , i~tl:;- /f IiiJ ftl:Iilll (V r X o ** #.* Wa~ -\:JJ W1~ fil e,:Jm.:li ~~)J1lj}t t: jJ 

;/JP:itlll g; 


(7)~.1- (V r MJ~iP!tl :!ita;fPit~ta?'J Rt*; 

(S)ft 111 ~ it n~ jJ ;/Jp:Iilll g; 


(9)it~ g a~tabt;lt~~*.£; 


(10)~ 2R, xo ,ho, H fll ~~i.IlH~MJ g i1bt;lt~lH~~ j~!t~~J: . 


~ 

...... - ._._~=-'_6£f_~._~_.~ ____ . c=-& 
-<I * Ie." 
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220Vae 

I!I 3-85 m 1 $5t%ilm 2 $5t1¥J~~~'i!l: 

1. ~.1.1¥J~:l't~ 2. ~:l't.9f 3. Q,J! 4 . .!:1;J!lQjfjtJ~ 5. ~~ 6. ~~ 

7.ll!!Imr%m 
~2$7t J't~~~ 


(E:lZ..~~~tf.~*#'••• - 1- ~.7t.J.;tilfiOC#'*W~i •• 

~;/Jfill!lll:t~,~~:lZ.1-7t.J~~.liE*.f~ 


2a) 1.t liE e~Hlf ~ 


CD1f.l15'.7t~~~.7tJll~A[f;JrM~{ff-*,WMJtf~.~:lZ.at7tJlllij~:fEI 


~?t# 39 P A, #f-~Wa9 tf I\,' lij:lZ. ,;?' MJ JH~.);t~:lZ.1- ~ ~ a9 7t1$ (1Il 3-85); 

~tilf*#'~*W.-1-M~ W.~,~1-r.:t~f7tl$MJ7tJll~:lZ.1-M~W 


ffi'..M fri ~~:li7t*m J: 1'19. R" F; 

Q)1f.l15' $t ;/Jitlll, ~. ,~, ~{E»I- J:. ~:lIl ftl :Iilll;fP »I- lij $t ~ fS] E!!JliE ~ H; 
@) ~t;:r:1iiJ H1ii~~J:i!tJ;-~; 

® {E $ ~ ~lI; J: ~~ A 2R, ho a~ ~lJ:if1ii;fP 4if 1- H 1ft ~t .& MJ (V MJ ;.llBl: it. 
@*tlrnita9 ijl1ii:~ =tl&ft 111 ,~til • liE lij ftl:Iilll ~ f8] 99 *- J ,39 %J .If!~ ~,1~' or 

:ilii!i-~ H-ho ft39.liE. ~11fe9~:lfl:J~jtl!t~H~J:.. 


2b) "~" (I!r 1t-1ihf.$...t.foif;t jtl to) E!9 ~t1f 


;(E:lZ.$71-~~tf , 1t;jq-~t1f li1:lZ.1-7t"f J~F1. a~"~". 39 !it ,#CrfIJ tJ;-~:l!D· . 


CD:&:at#~$t~ r itk7t~ e9 ~ ~; 


~XJj at#t;(~ ~J: itk7t~ MJ;trr ¥II]1 UUHt1it 'f). lJiI,iE 1-t ~ itt7t ~ ij~ *A ~ 


sur a9 OO~, i/O /f./lt~ -JIlfilJ7tJll ; 

Q)1f.l15'.7t~MJ1i~,-ocitk7tJll:ili~':l2:1i~ti~#f-tf~ffl:ili; 


http:k7H~~~.JI
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____~=_~ .~~.]!l1t________..._____ ---o 

or ~	WtJ ~ ~d~ ;/J I/J fill! III ; 
(3)1 ;1;luJ(.3f~.Hi MJ:It i!Jl ffi-,;ltJ: or ~~ eJl ~ .!fliPJl *#~. »I- B~ -iiI or;{} ~ 

1i~7l<..:t;t [f;J1f.lCP; 
(4) ffiJ;t;(£ ~~ J: MJ ~7t~. ~7t~1iiL or ~J 1f.l CP. t ~$ B~ ¥II jb~ oriftl ~MJ; 
(5) 1 1-1#jlH~: MJ itk7t~ ¥UL 

(6 )1 tE.,R. f-; 

(7)1 ~i.G%~; 

(S) 1 JZ #'*' #C;It tL JiL :jHll jdt1ft ,#UP fli] #dR 39 Ji'dt :I. ft ~ J\ , #C ;5 JiL #C ~ 
k7H~~~.JI:. it at ; 

(9)#;(f 500 ~ 1 000 ~/mm MJ7t:jJjl}; 
(10)7l<..3f,R.; 
(11) ti' fJ~. 
jj:~¥I9i : 
(1)/f ~ 1i:tW.itk7tJ1C j1:t, fA 1% <It Wffi'..M MJ itt7tJll -tl!, q~~ ~,JJ J *±, tt %

!lh -oc rn ti' § it ; 
(2) {E1'f1- ~~:li~ tf ,i;i1l ;/J"'/(f{l- 5$ tr-1 #f- at ~+ 1\,' ; 

(3) ~ ~ 'Wi7\'; e, 1f.lft7l<..3f, '\*7l<..:t ,R.1X.J¥Ut1f.l cp:Jt I9l »I- e~ 7l<..:t:jk ~; 
(4)~1-~~tf ,1t-~{E ffi-~J:~~j~ JL1-~ ,~" tifJ 7Hltl til:£ ,\,*#.,»I-;fP{ff

.~MMJ~Wffi'..M~~MJIl~~.~••*~~.t~.~~.M~*MJ7tJll; 
(5)!lh~ ~,ti:lt\l,~:t ~;/J:Iilll, *.1~Jt~"* at fli] ~1~ iOC #.~ jtl.:t~, ~ fri./lt 

:l!fHtli:. 

~ 1 $71 ftJm11U~iiH;'~IJ:.:E g 


(1)~til*~J\CD; 


(2)iP!tl~$~ tf * #. a9 iIli III ho ;fP$~~ 1*l1i1£ 2R; 


(3){E7\:;~lij$~~fli]:Jjfj A 7t»l-,)J1tl:l1J:~~lij7tffi-fs]i191!R~ H(1Il3-S5); 


(4)1f.l15' itk7t~~7tJll ':l2: A [f;J r, :#'~;It~:li ~ $~ tf I\,' 7l<..:tliE ~ Xo = :z.?t 

~ iOC #.* W; 

(5)f! 'ti:lt\l,~;/J ~ ~, ;1./f~1J:.~~*#.* Wtf I\,'~:t>!:$~*, W; 


(6) e, ~{E Xo =:z.?t,:9C*: fil :itlll (V 7uHp1-r ,*** W ~ llllij /f ~ at :fEI1iiJ. 

*IJ rn :lZ. - A , i~tl:;- /f IiiJ ftl:Iilll (V r X o ** #.* Wa~ -\:JJ W1~ fil e,:Jm.:li ~~)J1lj}t t: jJ 

;/JP:itlll g; 
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(S)ft 111 ~ it n~ jJ ;/Jp:Iilll g; 
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2a) 1.t liE e~Hlf ~ 


CD1f.l15'.7t~~~.7tJll~A[f;JrM~{ff-*,WMJtf~.~:lZ.at7tJlllij~:fEI 


~?t# 39 P A, #f-~Wa9 tf I\,' lij:lZ. ,;?' MJ JH~.);t~:lZ.1- ~ ~ a9 7t1$ (1Il 3-85); 

~tilf*#'~*W.-1-M~ W.~,~1-r.:t~f7tl$MJ7tJll~:lZ.1-M~W 


ffi'..M fri ~~:li7t*m J: 1'19. R" F; 

Q)1f.l15' $t ;/Jitlll, ~. ,~, ~{E»I- J:. ~:lIl ftl :Iilll;fP »I- lij $t ~ fS] E!!JliE ~ H; 
@) ~t;:r:1iiJ H1ii~~J:i!tJ;-~; 

® {E $ ~ ~lI; J: ~~ A 2R, ho a~ ~lJ:if1ii;fP 4if 1- H 1ft ~t .& MJ (V MJ ;.llBl: it. 
@*tlrnita9 ijl1ii:~ =tl&ft 111 ,~til • liE lij ftl:Iilll ~ f8] 99 *- J ,39 %J .If!~ ~,1~' or 

:ilii!i-~ H-ho ft39.liE. ~11fe9~:lfl:J~jtl!t~H~J:.. 


2b) "~" (I!r 1t-1ihf.$...t.foif;t jtl to) E!9 ~t1f 


;(E:lZ.$71-~~tf , 1t;jq-~t1f li1:lZ.1-7t"f J~F1. a~"~". 39 !it ,#CrfIJ tJ;-~:l!D· . 


CD:&:at#~$t~ r itk7t~ e9 ~ ~; 


~XJj at#t;(~ ~J: itk7t~ MJ;trr ¥II]1 UUHt1it 'f). lJiI,iE 1-t ~ itt7t ~ ij~ *A ~ 


sur a9 OO~, i/O /f./lt~ -JIlfilJ7tJll ; 

Q)1f.l15'.7t~MJ1i~,-ocitk7tJll:ili~':l2:1i~ti~#f-tf~ffl:ili; 




_________~::_::~ .. _~,~BB?t _._,__._.__.__ --. 
®~*~~*~~••~~-*••~~#.,*AM.~*4~~•• ~ 

., ji'ij ffi.Mikk7\';*fiUUu ••u)Hl\; 
~ ~ ~ ~HI] at}~~ tiJ tli Mikk~*Ww/'{t"s<; *)J\;fP~ J.iJ ~ lk. tiJ ffi.Mikk ~ *W 

iX.. if:J" {t" s<; * /J\ ;fP ~ J.iJ ; 

@*~~~••,~M~~.~.~~«.~~~S<;t*.,~at•••~ 
"'fflt"s<;~1t, ~ w~*at,1fr-%~jVL1-~ riil ~¢ rH/(.,~~~:f [¥i]~¢IR~tf"~"at 

'11$ 3t±~ riil, JJ 1 Wi:it~~~~!Ht.~$;t.s<;* tf fwii ,4i}-{-J!ji~~:itJ'ft}JU~ 
j4 iJH~i$- ~ IE,#JfJ J'ft~s<;f,f-% 3tw,Jlt*. ~~ ,f,f-% 091'-)(.~$;t!l\~fnJl. UJl. 

~3$5t tJTM$ 
~~.~~.tf.m*~JfJ~.*.~m.*.S<;~M$.~-*.*JJA 

at ~-@'~~:iAMjIH;rMkjl ~at,*1t am ?U~~jU{ijM;tt;fHH&,*.,am *x. 
r7~fl~ 

mA=dsinam • ® 
jt. tf m 7:14;rM~~ ,d 7:1 :ft.~:t. ~~.~~. tf, {U JfJ -4iJM ~.*)j!U Jt 

~~S<;)~*;fP*-.S<;fn-M$C~ 3-86). 
(1){UJfJ ~.iJ!u:&i: ~~% s<; itt~)~*, #*ffr- tlt!t *!ji1g ~$;t !l\ ~; 

(2)*~.~:i~A*. tf ,#*:}t~ -t*F*s<; tf '\"; 
(3)iftj -!fi itk~**:}t tiJ ~~*A*.#~1LAM jlJ 71:. ~; 
(4)1tj~-t*F*}too~~ tit ~*~JJt!z~••{iJ·M;tt#, #1t .x.,~ s<;iJi'J:HI; 
( 5 ) 'l'IJ JfJ -ifF e~ ),oou :I: it~ ~ !Jt $- C.t,~ tl! #-4 -T n}G:fI- 691i} of.} ) ; ilt. s<; 
6, *ffr-s<; ~jJH'¥*!~1g ~$;t.L 

~ 

..>.g 

I!l 3 -86 1&~ 9=' s<J 7'tlM ~~ilfH~, f§g 

1. 'IIHHi[.R.I¥.J~~~ 2, :l&1£?JUJ:I¥.J7'tlM 3. ~;)'t~ 4. [gJtt7fj~ilN 

(5tffil JX~-~~~~13tt:J~~u.t~. 'E:1$;t)2V&n~mJ'6~ffiJ-®~::$~~ 

~OmiR, x)1iH~Nl~!Jill8SJ~::$i*1'F, tt§~*:7.HfT~!Jilllm~ffi~IDili~~. ::$~ t& 
§~w.JNlffil~ffiJ&TJZ, X §@w.JNl~ffiJJVl~~, )2V&~~t9r ,pjf~i$t~-~&TJZ1fi 

ffiJ~3~. 

~=-~ £If ~ ~ 118 ......-;r.-.I,• - - - - -_.- _ _ _ __ _.. __._____, -... _'.. 'If!! ." .. 
~ .fl .; .. 

tm~B1 ,~~PJf~JVl~:ff~I}?J.JNlmffiJ1'[OJ, qJ~~~mE~;~~:5j§U1'F19n~~mw 
7'6~*m*&TJZ. ~ll&n~*mB1, E!3~{{\-l'm7l;~nffiJ:5jffT ,~tf::j*mn1JOjg 
I1'!ffiJzHt; ffij~ittZQit~8SJJ'6~~mB1, ;{Q{{\~iID~-l'mn1o/.JiIDm~, mtl~~iIDffiJm~ 
~mE~1'f3~®3"'f*, E!3~lli!i&TnM~ffiJ*~. 

::$~§JJ<ffi~U1'F~)li*tm. ~Tn~~m,~U1'F~)li*m1J1JO~®:;XgT* 
~*m,EI31'F~)li*ml?e. qJffi{'F~)liXg~~~J'm~1'Fffi. 

(~l ~ 1 $~'- W!IJ~~:h:tJQ~ll ~~ 
~~m~ : m 

~~~ 3-87 ~~lli:'F~OO..t.i¥J-1-J9!j(; m, ~Jt:tl'F IJ I\' 

~~Ilt,~ mg 

Ncos8=mg, I!l 3-87 

NsinB=mw2 x . 

~OO8t%t'tPJ~ ili:ilor:
-Q.y iY _ w 2 X 
nBta -dx'cIx- g' 

2 .) 

/Z5Iffil y=w
2
;' +YoCyO Jt..;{i. x=O lit 69 ~"I0. 

Xt'F~-.8 X=Xo ,~lffi~~~ ho ~~-i**%Ef.tf8;jtfHiiJ. :tE:i!#-tMr. r:-, 
2 X0 2 

ho = yo 
, +w---zg , CD 

2 _ 2gCho - Yo).§. Xo - 2 • 
W 

EI3 T71H$,l¥J1*fQ/F~ 

f f 2X2
rrR2ho= yC2 rrxcIx) =2rr CYo+w )Xcix.

2g 

w2R 2 
yo = ho - "'4g . @ 

,M.)j~CD@PJ1~ 

R 
Xo = .fi' 

~~Ufl5t: 

2R/ mm 

145. 0 , , 

xo /mm ho/mm 

51. 0 30.0 
-

H/ mm 

160.0 

H-ho = 130.0 mm. 

M'Fjijlt~~/J"l¥J~iifJ, iY!tl-l: ~tlf.tf iifJ 101-fcl AAYrJ'IH19Iltr8J lOT; xr'F1§ ~ 
~$Xj\:'l¥.Jf.tfiifJ ,iY!tl:l:@Itlf.tfiifJ 15 ilJ 20 1'-fclWlYfml¥Jlltr8115T~20T;~Jm tan(20) 

= H =h/1<· w= ~ qt· tf X J!J --&.M }G-t.;{i. it IlJl htJ:.. 69 x.. A ~ AM}G-t. 69 7l<--t J!E 

mailto:iY!tl:l:@Itlf.tfiifJ
mailto:M.)j~CD@PJ1
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rrR2ho= yC2 rrxcIx) =2rr CYo+w )Xcix.
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Xo = .fi' 
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-------

0.6 0.9 

J7~--»- ...... .- 111 . --. . • -'---- -j=~_~~?B?:t . . 

iii) ,~~~~m9Hl~~QT ~ tanf}-w 2 ft~, ilJ11t~ 3- 88. 

x / mm 10T/s w/ rad. S-1 tan2a a/ rad a/deg tanB w2/ ( rad • S-I )2 

II 21. 34 2. 94 0. 08 0. 04 2.4 O. 04 8. 67 

20 15. 80 3. 98 O. 15 O. 08 4.4 O. 08 15.81 

26 14. 22 4. 42 0.20 O. 10 5. 7 O. 10 19. 52 

30 12. 99 4. 84 O. 23 O. II 6. 5 O. II 23. 40 

40 

51 

11. 74 

10. 45 

5. 35 

6. 01 

O. 31 

0.39 

O. 15 

O. 19 

8. 6 

10. 7 

O. 15 

O. 19 

28. 64 

36 . 15 

56 9. 90 6. 35 O. 43 O. 20 11. 7 0.21 40.28 

65 9. 40 6. 68 O. 50 0.23 13.3 O. 24 44. 68 

70 9. 08 6. 92 O. 54 O. 25 14. 2 O. 25 47. 88 

85 8. 39 7.49 0. 65 O. 29 16.6 O. 30 56. 08 

100 7. 71 8. 15 0. 77 O. 33 18. 8 0.34 66. 41 

ll2 7. 43 8.46 O. 86 0. 36 20. 4 O. 37 71. 51 

132 7. 00 8. 98 1. 02 O. 40 22. 7 O. 42 80. 57 

~4 11. 19 6. 20 O. 47 O. 21 11. 98 0.21 41. 51 

( if}.Ji; -H15tlfJ ~-it ~~.£ ) 

~ 3-88 9'< 1I~ 1¥J*4.$::*J O. 00 5 2(s/rad) 2 ,I29J1t~ 

0. 45 

0.40 

0.35 

0. 30 

0. 25 

..., 0. 20 

O. 15 

O. 10 

0. 05 

0. 00 
O. 00 

_~_ 5. 1 /2 
g- #4.$ - 0. 005 2em s = 980. 8 emfsZ . 

_w2x o
~~it~ g- tanB' 

t£=	 Iz(&J)2 + ( &0 ) 2 + (~tanB)2. 
g ~ G w X unB 

UU:l:1t.lfJ ~k;r-.ifflJt.J.VE.Jf-/~;\ ) 

""&J ~T 6 tanB 68-=-,--:::::::;-. ( liJiJlPf'f"l' ta'fl8:::::::;(}) 
w T tanB () 

20. 00 

00 3- 88 

40. 00 

w'/(rad .s")' 

xo :9.t tane Ej OJ ~~ 

60. 00 80. 00 100. 00 

--·----0 

~ 

... ~_. __.__ .__.Jr;~.~ .!1f_~.!L _ _ ... 

B:::::::;H=ho,r:=J (~f +(o//) 2 +(~o f ' 

....c_.......-..... 

7=J2 ( t.j') 2 + ( ~o ) 2 + ( ~) 2 + ( ~) 2 + ( ~o ) 2. 

EE'f- H=1 60. 0 mm,6H=1 mm,ho=30. 0 mm, Mo =l mm,x'fllJ = 61. 4 mm, 

&'fl'>J = 1 mm, T'fl'>J = 1. 1 s, ~T= O. 01 S, Xo =5l. 0 mm, &0 = 1 mm , =Jtffl11t~O 

g = (981±42)emfsZ . 

* IT:¥: , EE m:fif jJmlJii¥! ilJ11t 

g = 982 em/ S2 . 


;Jtty, rljJ~::*J a= 33 em/s2 
• 

* * jfOffl~ 'l1mlJii$:,~ tanB ~tw2 ::*J O. 052 O ,#J'I.-~ 5. 14X 1 0 - 5 I¥Jtf-li~ 

~ !Z5lJlt t£=J [6(*4.$)J 2+(&0 ) 2 =002 
, g ~~.$ Xo ., 


g= (981± 20)emfsZ. 


~ 2 $:$1 iY!IJ~JW:R~:$1tJf 


2a)~~~~i~HHO[]T ~ Ig(H- ho)~ lgw ft~, ilJ :f1t rn 3- 89. 


H / mm 


158 


209 


190 


150 


129 


11 9 


llO 


EE ~ 3-89 ilJjQ ,~HeJ ~w a<];m;:P1§~ :/=AW 
2 , ;Jt9'< n~-l. 7. 

1[-tl!.. Pf JfJ (H-ho)-2'11 iJlJ 
w 

10T/s 
10. 31 

13.1 9 

11. 70 

9. 80 

9. 21 

8. 75 

8. 10 

'6 1. 2 
,"" 
~ 1. 

"" 

0. 9 

0. 8 
0. 7 	 0. 8 

19w 

II] 3- 89 

w/rad. S-1 

6.09 

4. 76 

5.37 

6. 41 

6.8 2 

7. 18 

7. 76 

1. 3 

19"" 
O. 784921 

O. 677935 

O. 729994 

O. 806954 

O. 83392 

0. 856172 

O. 889695 

(H-ho) / mm IgCH- ho) 

2. 107 128 

2.25317 9 

160 2. 204 

120 2.079 

l. 99699 

1. 94989 

l. 90380 

http:k;r-.ifflJt.J.VE.Jf
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' i' . ~ 

~ . . ·~~;cyjY.COrTl· _~_-=-~ . J~~EJ.l?::t~ ~' 
ff ft ~~ xt"f J.;j( iJil ~J1I!M iK te~ ,~ if]:fl 

tane=W 
2X 

.E!.e",::; R
x 

"'::;taP-e. 
g 

K R...1LJ!~!::lj R= 2*.1=-2 =2 2 ' 
W (1) 

2b) ffl ~~ a<Jt4%tIil~1fjq±P.f J:jliV~H1J 8<J t£N M%nJt i¥.J 00 it. 
w(~lE) ! (rad . ,;;-1) 7J (..1 >0 'Hi it,.,JitI. ';;~ !£ 

w=o ER 
0< w< 8. 2.,· ER D V 

0< w< 6. ~i * ·X 

8. 2< w< 14. 6 ·* * INV I R 
.---

6. 3< w< 14. 0 * * I 

14. G< w< Wm." * ER NC 

I 
V 

14. O< w< Wm.x * * 
"xtf H=110 mm ** ;l1'''f H=240 mm 


w a<Jtt!ffi H ,ho ~tic7.E. 


i~a~ : 

( 1 ) l1){ (ri] ( 19 {t, ,(f. i! aJl )jf ..t. ~.lJl. ~ fU fIJ ;ff; jG -*- J:t. ~ ) INV- - fil] 'iL ; ER

.iEli:. 
(2)~ w !~*MIID~*+a<J121t I-~*;D--~Jj\;NC--~3t. 

(3)xt''f~ Ii'i]a<J~~m:001tS<a~Jm'11= ;S:MiE~$.!V--.t, ~ R; ;s:miE1.tA~ !:X'f, 
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5l€tr9liU1ff~,*~~tr9tmME§~~tr9~~· m=g{)?:J{jJf~~~*8lBtr9M~:Q, k= NBI B •~n1 	 NA IA' 
"UEBJ3§~~~E§*IilB~~tt9~~,E§~tt9~~,)lJl~;@fl&mitt9~li&i~· 

[Ml ~ 1 flMt 
1. RA =2.4 n,Rn=1. 7 n,Rpickup=O. 64 n. 

fCkHz)
2. 

3. a-f~. 

,I' 
,1"1' 

O. 33'x+1. so·..·;·, 
I

.yf 

3 

2.S 

2. 6r 
2.4 . . 

00.020.040.060.080.10.120.140.165 10 
d(m) 

(a) 	 (b) 

4 

3 

4 

3. 2 
3 

2. S 	 2.S 
2.6 

2.4
00.020.010.060.080.10.120.110.16 

cl(mm) 

(e) ( d) 

III 3 ·9S 

~2$?t 
l. a JAjjfjj\®1~ EA =wcNA 2 lA -wckNANBI B.*' In=O ,!J! ~ EA =WCNA 2 l A. 

2}Ajjf~@,ft1fJff CNA = ElA =LA • 
W A 

~{g(®rt,ff EB = wcNn 2 Ia-wckNANBl A. 

CNB2;s: !,\ =0, !J!IJ~ 	 = ElB =LB. 
W B 

ii EB=O,!J!~~ UXNB 
2 lB=wckNANBIA. 

842' 

l. b:lmOO 3-96YT7.f\. 

m~m 
I!I 3-96 

1. c LA =C34±3)mH,LB =Cl5±1)mH,k=0. 95±0. 09. 

E
2. a Ip = IA Ct-kZ) 33 mA±6 mA,UB=O. 

2. b Ip =C35±3)mA,EA= 7. 2 V. 

3. 1 LMB =C99±8)mH. 

3.2 a UA =Cl5. 6±0. 6)V,UB =C8. 4±0. 3)V. 

3.2 b 	 ~: =1. 86±0. 12. 

UA INA 
2 

-kNANBI
3. 2 c UB = NBZ-kNANB =l. 94. 

-'=- -	 LA N Z - 1 5 X 1 -6 H4. NZ-C'NA Z A -. 0 . 

LA+B~-1 	5X1 -6H -1 5X 1 '6 HNBZ-	 . 0 'CNA+NB) Z-' 0 . 

5. 	 RA =2.4 n «Cw ' LA)"';"' Cl-kZ)=100n. 

-.!:L UJIz_ -.!:L II _ .>/-.T.tHl-llMJLffi'6. a f.1.r- d CIIU 1)- d CLz 1) ,If /'J1lL4JJ:ff IlH'-I'x' 
z 

6. b f.1.r=2300±400. 

'\ 
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1 ~1t % 

!f;m!' 1it~~Q ~~~1m~ 

1l;~ 9=' B9jtj!: c= 299 792458 m • 5-1 

1l;~m~*:f1C=41t' 10-1 H· m- I 

1i~1l-1{I.1jt~:£0=8. 8541878 pF' m- I 

i5IJJ1n~ :G=6. 672 59 X 10- 11 m3 / Ckg . 52) 
~1*1Il'~ :R= 8. 314 510 J/ Crnol • K ) 

11lUr;tt~1jti!it:k=1. 380 658X IO-23 J. K- I 

Wi~tllIl·i~K~1f..4:£M,*"4tJ :,,= 56. 703 nW/ Cm2 • Kl) 

Jlll:rl{l.{iiJ:e=1. 602177 33 XIO-19 C 
I{I.rJlll:1[:mc =9.109 389 7X 10-31 kg 
:~Wl51,*"~:h=6.6260755 X W- ·1< J. 5 
m~m~~.~: TK =273. 15 K 
j.: llaJlll:ilt :Ms = 1. 991 X 1030 kg 
Jtll.~Jlll: :li :ME=5. 979X1024 kg 
Jtll.f,;j(.1f'-:!::5J~12:rE =6. 373 Mm 
mJ:;ft!tJLJ! *~!ilIl :RE= 1. 495 7 X lOll m 
tK~ B* :d, = 86.16406 ks 
~: y=3 1. 558150 M5 
it!? 1;j(*iii£JJ:iJoJ!Ji.j:~({tlli:g=9. 806 65 m' 5-2 

#ij.3fiii::k~£E.j:.iFmlli : po =101325 Pa 

15°C*irt~m::k~ffr~~MPJ .!Ji!,jta9fJT%J*: n,;, = 1. 000 277 
2j.:~S1jt~:S=l 355 W' m

*£Jlll:ii :M= 1. 901 X1021 kg 

*£~J!~:j£:RB=69 . 8 Mm 

*£$JLi1PjZ·:I:5j~12:R =7. 783 X1011 m 

*£ B*:dJ = 35. 6 k5 

*£~ :YI =374. 32 M5 

1C: 3. 141 592 65 
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