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(O WEBFNSRL L, 2% 2 MEER B A8 AL

T ARERBIRG B 2 RETS, BRI 2 NRERD , U AT R AE 2 L

#or: R BRI A,B,C,D,E Wil R K, AR B R ik,

3. WEEEZ L, WHREE E.

AR L, TS 0REREE. N m=m, +7 kg FF1f Gn 452 10 FE)  FR B
WOTED, HE m=m,+2 kg; BM mo+2 kg FF15, B WIS, 4 E m=m, 17 kg; M £ 44
R

Ra: BIRR LR A,B,C,D.E WRBEEHR K, A B R R R

RBEBRIE SR | kg RO, BNSEL L, R AL, 3185482 L,
WG E E.

e X FXERFHEH

TESERR B B G AR R 0 TR B R SR W I 358 R A s ok, 7R 4
HL L R Ay S o B R O S A B, LB — Ok 1075 ~1072 0 4%,

PR LA COURR BT FL T ) U R T 4 e BELA , 220 T S B A S (L ZE U 100 1
e AR e BEL P 67 2 ek BEL A X 40 0 e BELSHe D387 T /20 S e e A0l B O S 0, B A T IO
R HLH T DUE A OURRIF AR SCHRHEY » R — o 8 P 190 00 55468 o, L £ 77 3.

UL ETES 43

W S LA A HL B IR T2 R LU AR B 0 T o B T R MR O B — RO S A T 8 7 3
HEEW BRI R T FAE, R FE S R M.

B 1 2y R 2 0 o LYY 0 6 T 1 00 kL L R P 00 4 ko EL O 48 W EL 40 1) 262 4
2R, B F1sT2 7357y, i@%"%ﬁiﬁﬁlﬁﬁkm Fior Xﬂ”?ﬂﬂﬁﬁ@%ﬁﬂﬁXkaﬂﬁ r. M r; 5 Ry HE
E—E,ﬁﬁU%Mﬁ r2HRy+rs. 25 ry il rg %{'{E—]ﬁ Ry ﬁ*ﬁﬁﬁ%gﬁ’ﬁﬁﬁ Ry, I B R A BE
JH B H B SR M £ Ry, _

AT R BT EBOR AN 2 FER B B K R A L Ry TR RO B A R A
MPLE R C-C MW HLES: & P-P,C-C7E P-P (94U 44 B i £ % fy L P-P 773
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Z A B (A S B IR, HBR T ooy XT Ry IR MR 0. A0 U & {5 o PR B AR P B 7
i e, I 0 7 s T I 0 1 2 R LB o BEL et R O T 9 /00 s ol L 2 £ e BEL T 8
L.

B1 K=ENEE B2 HAm3LENEE

2. XU I B AR [

6105 ZI£H % U SUB F F o B AN T 3 B, o - RERCE L R ~R, AR h
T ASAR AR R 5 Ry 9 A5 000 PO S o BEL G W ELRAR B3 E W B PR s K1 D9 s R IR [ 2S5 ok
S EE LA T.

/Tl LK
4, oA

_—

E
|1
17 =

+

B3 WEBHEREE

3. ZBAUBMBEASE
(1) 48R 4 4 R, .R, R, F R, , B AT 4+ B HL 100 Q,1000 Q.10 000 Q.
(2) FTASARMERL R Re & C,»C, s Py P, PUAE| i3, By 10X0. 01 Q+10X0. 001 Q 4 »
H i 10X0.001 Q B—4 100 43 ERIRI 225,

(3) HR: 1.5 Vi, B R AR MAR, kMK 1.5 A, ifEHRN2A R
W FHE R H BB AN

(4 BB PFFE K-1, BA “Br T 858”7 R BB 74 3 #4zh Bk
() WP AFHEAUHREEE, REETH REUEFELH, BNAL T4, 2%
A& B AT

(6) BATHERR 0.0001~11 0, AW LA mRE. MA B RGOARBRIR ]
7R -
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*® 1
BREEM HEERE/O W EHGIE/(56)
100 1~11 0,2
10 0.1~1,1 0.2
1 0. 01~0. 11 0.5
0.1 0.001~0.011 1
0,01 0.0001~0,0011 5

4. HBAELE.

(D A 3 FrAEE. B bl Ry R AR H M Rs HHERE, 5 R R, Ry fll
R BEH, HE Cuo Ca 2 MEHMEL.

(2) W FHe ] AR K-1 Wk, T T B I8, fT AR S i e 38, Bk 5 4.

(3 @Z: ﬁ;‘cﬁﬁ%ﬁﬁ?&_ﬂﬂ“iﬁz‘i”ﬁi,Jiﬁ%“i)%]ﬁ”ﬁ%éﬂ,@Emﬁiiﬁ%ﬁ?‘é%.

() FME% ., KT BRI R IT R AMET R R MBI R IT IREHE E.

(5) EREE. FHEAEEMNRBFRERIELRXHE”.“10 mV”.“3 mV”.“1 mV”,
“300 V7. “100 wV”,“30 p V75 BRI T B S AR BIT IR B BT 09 R U el H R RE
“HEZR 1 B SR AE A S R BN R U,

(6) AR e R, % W R AL, A B 2T R W T8 4T R B R AL B i
R YR BRI BB IR AR FMET A, FE TR E.

(7) WEREHRHERE P Rs PEdts, SR E K B A6 THE.

(8) WH WHMAXE K1 MM “EmEE”. MEHRFET (R, WEEHEN, T
W BBk, th T ETE SR » 2 5] ATl B FEL A0 28 Ak, BT LA o R IO 2 18 B A » Pl YRF SR il
R B . BB R RO AR A, A 1 . SUCERE, B R AR
BEA#1 1 4r6h, AT T RITR).

(9) FErERFEE, MEDBTRT7 £ 8EEHAT, ERIBHES.

(L0) WIS FI REE . EELHECE I, HERBEHNAE300 pV7EH 100 p VI,
Wit ETIEE.

(11) AR50 B0 B R A 45 o Y e 1 T 26 K1 45008 “ B2 TR 4 » TR O R 4% R A i
B sr EE e e M b, a0 S s oA SCRE S0 B A0S e fok e SRR R AR U
£ 5 Ml

(12) i85 Ri»Re»Rs » Ry Hil Rs R R,

(13) LB HHEBRFLITA“ELEP " (ENRF, FAXARATBERNERE
P,

XBRESSERE

L% ARSBLAHOHKEE

1. ARFFRMEFUERZ L HRE
(1) AR e B v RO ) L AR M BRI SO BB R AN B L B
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- D ——

| SR |

I — R G R, I —
a 1, £ Iy - >

Py, Ry Pys r Pgy Rs o | P
— } 1 { —
Cxi . Cxz CSII Cs;
h—> e L—
.4, o3|

BH1 NERFERER

Rx MR AMERANT .
FRERRFMME 1 YR FEN, =0, RIEERERERTE
LR, = LRy + IR,
{Ile = IaRs+IZR4! (L
(I, — L)r = L (R, - Ry,
BRI, 18

Rl er & _&
Rx = g Bs YRR, +r(R2 R4)‘ @
"
Ry _ R
B_& (3)
B, r BB Ry WEE W, W18 Ry MSH 0
Ry = E:Rs (4}

(2) E 1 PrmER, RESRUNT .

@ JHMies B Ry, A AT AAR R Rs MW ERHEE. 5 RO R, R, IR, E#, 358 Cas
szZI‘?%Hﬁﬁ%ﬂi’f%

@ Ho e P m 6 K-1 MR TP ER R IT I W R I8 g 5 204,

® A%,

@ e

® BRI REE S REFERME AT, REN WL THE IR MABE.

©® AR G A2 O £ e PR 2 BT, B VR T AR AL AR R AL A T

@ WERbPRuE I Re SREGE, BT 0 W B A

W R T 6 K-1 i “IE 3l , MRS BB H T, (BRERRNET 1 B4
BYCEB G, Z WA A0 A B A 1 ok, BT P& D

@ BHFEABT NEBZR 7 2 8 EEHFT, HERIHE.

© HNERHREE . EEHE6E 9, HERBIEHALAET00 VI 4 HiHH 45 £ 5%
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@ FRFFI BN RS S B I P 26 K-1 45 A ) 6 7, E BT ROA R R R

W IR R AE T AL, AT AR A L BORF SR A0 T B R TR B ik e SRR P B0 U B
.

@ iFE R >R Ry, R M R HERBET R L
@ LR BRI I B R R 1, R R i L, RE AR IR

£1 MWMEEZ L, WHEA R i, 0
W | RAR, | R: iR, M=R\/R: Rs M Ry | AHE (ERE) | FHRRR T SRR
10 000 100 100 0.01199 | 1.199 100 pV
10 000 100 100 0.01198 | 1.198 100 pV
10 000 100 100 0,01199 | 1.199 100 1V
THE 0.011987 | 1.1987

Rx=1.1987 0
(3> MWBHIITAR 2.

B

#2 WL MKAER R Hfi.
W¥ | R AR, | R MR, [M=R,/R,| Rs M Re | REUE(REY) | FaERERTHER
10 000 100 100 0.01838 | 1.838 100 uV
10 000 100 100 0.018 37 | 1.837 100 uV
10 000 100 100 0.01837 | 1.837 100 uV
F Y 0.018 373 | 1.8373
Rx=1.8373Q
(4) |

L L
Rxu =p§]s Ry =p§2a

. Xz
L, = gL (5)
1.8373 _
Ly =1 7ggs X 453.0 mm=694. 33 mm

2. FIEEFEMBEENSRE L, ®iKE AL

(D FIARAIFRESEANEEL L, MAKE AL SEATHERENLRR.

@ AT 68 B B =K

AL IBER /N ERNATITR IR, A 2 JiR. Y2 BLEEAERTMK AL B, )%

FATHY G RABBEZ F % AL, T R ST IER: 0 1. = AL I

_ AL
ﬁ—b, | (6)

Hep b BTG R EPRT R EL A IER.

@ FIATM EHARCENEREN R, SHFNEEL L WHRE AL 5HAbAT#
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el

Y

l—l_b 9+AL

B2 kO#FFEHR

BEmEE
By BRI AR E R R WA BB LR ETRRIC LM E N A F
RS 60 T R R R I R BT B, RO SRR ERE 20 A1 iZHJIELfHﬂEEHJ%HJ_E%J
hy. Ah=h, —h,. 3 AR H B}, H
Ak

Hh H 2Ot ZTH s REER.
6, (DR FHKE
_ bk .
AL = S’ (8

Hof Ah=h—ho, RABEZN RS 18 An BB FEENH B LRAH AR R ol T8,
FA T AR AR

@ WE oh BRI EHEE EA K.

WE 3 PR N RGN REEANT B0 4R MG, e R R R, 8t
BITRINAREE 2o D " B4E 1 T I F 40 40 A0 2R 0 J2t R 5, B VU4 H BRI LA X o LB
TR F B R ko WYMRAIAL B BREC A1

AR hg

IV




S AR A

BoHy FOARLETEAHAETRTL 77

PR 2 B 4 7 52 4049 BCAS TT  BRASLIE X ) 45° P B S G008 0 8 1 Wik B B XL 4
Qi E TR 4 b L. #5 S U B BB A 40 o B0, SRR A T AR = hY — Y. i
@ 3 L% E

Al (Z-I—Hf—f)Ah’ @
H Z%:ﬁ%i 45 :FEEQT%EKJEE% FRBENEE. BORXRAGK,.BHKE
i _bAh _ B(Z+H— AL
AR, B AL ﬂ%?[ﬂ!ﬂﬂj S HIH.
(2) P EBEEEE f
@ & £k EWE 4 B,
- B ol BRIV N
E B -

B4 EHEEE AEERTIEE

EBEE AR T . e B R B S EM LR EERITHE B A T H G 8P R
R, B EE E A LR . E xR E e LT R T LA R AR i 2 [ BE L L 2 Rl E
LRAE/DILPRERAGHAE. LR LML FEREE LA RTRISERNY . B FIA
EREEARAR

= +1, an
WE L R, W THENEREER £

@ WE fHERPHRMT .

L YR BEER ILR B B AT, IR .

U, RN R B K R, B K ) B — BURE R A RIE SRR R A B R
HLRE b, HE RS HhEE B /N X R B R SR

i, B AR W R R, SR BN R AARMBECEE R, LT E RS
BB WILF DL ST MBS B BT F EA Y IR HER S, LEREBHT
4 B EVEL R AN TR B A R DGR

iv. AASTHFER EELILEME. BEMEMEERFEME, WRTRS.

v. SRR RGN, RAWE « KTHRE v AT

@ fFHMERBERITESRILE .
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FI NEREE rHABYEBERTHAR Bfi. mm
W LRueE BEMNE TEHENE | SBWE BRARIE v -3
1 217.0 577. 1 756. 1 360. 1 179.0 119.6
2 217.0 576. 3 - 756.1 359.3 179. 8 119. 8
3 217,90 577.3 756. 1 360. 3 178. 8 119.5
4 217,90 576.0 756. 1 359.0 180.1 119.9
5 217.0 575.9 756.1 358.9 180. 2 120.0
B 119.76

MiEEAERE F=119. 76 mm.
(3) MBI MR H
@ B 5 hilE H Ay E

Lt A B C
F A A
T
i
3
%
i
it
J [
H
FHis
BRday .~
r‘\ "” -
A e s
N FohA |
Wi B Vo SR MR Z IR

| | 1
w4 |

Hs5 P HEHRE

MW B RN BRANETERRE A HRRE RN BSR4 0B E K as, 0
P RIER TN L BHR A, C 214k (R B E 140 mm, B8 Ay=140 mm). &5 Il & %Ik B 47
Ay EIMBBEBEREID Ay URBE S PHRHENES Z, BETEHES H.
HAR T KRB ALFH
Htz f_ f a2
Ay Ay
g

- —

H=J;Ay Z+f, (13)
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Hep H 96BN BE RS, Z S8 85 W 1 I % 1R A B .

@ RAEcEP BT .

LRI B S W B S BRI .

it PRI B BRI B B TR0 20 R AR o, 5 X L T .

i, IEFRBEERMTHRAHRESR LR, BHEEE5 Y EHRNISES 2.

iv. PATHHH A, C 2401 (BIE Ay=140 mm) , 7EHI 5 B8 h il Ay BT IS Ay' 1
KAIEFRIER 4 .

Fa4 TIHACHEHG A NBHE B4} mm

wH B Ayl BFME Ay ‘AN Ay

1 0.374 7.583 7. 209

2 0, 370 7.578 ' 7.208

3 0,377 7.586 7. 209

4 0,373 7.582 7.208

5 0, 375 7,584 7. 209
HE 7.2088

@ MEBHFERLBER.
IR E A, C ZIL4E Y, 9™ Ay=140 mm.
®ES,

H— fAy

Ay’

119. 76 X 140 _
— 7 F= (W 260.3+119.7s)mm 2185. 3 mm

x5 VHEHTHIRHES H Bfy . mm

B E Z) | FEEANE Z, | B85 THRER Z| 9K/ ay|RAD Ay BEAE £ TMEEMERS H
1257. 2 1517, 5 260.3 140 7.2088 | 119.76 2185.3

() WERNERL L, WA 2 MEBRHKE AL

® ﬁ&—: )
bAh _b(Z+H— AL
i (10038, MG B 22 L, i AL=527 I

HTEZ(EARBEGRMNE Z, FHARMEME Z, B T):
M“H gl 5 2 A B8 R %W EOR (Ay/AyD BT
Ak = (Ay/Ay ) ah" = (140/7. 2088) AR" = 19. 42AR7,
BENLBEL L, MK E

bAR _ b X 19.42 X AR
sl=or = 2H '

@ WEBE 2 MEENITEALE b RNGEE AR

MEREN e +7 kg FFI6, 8 45" FH RSHE (RO 2 R4 G, ST AR & 6 &
ho. PRI H 88 L 3 Mk Ao BLERADLE  BREUCH AL WD 2 A FERS I F DR R ALE Ao MR
D Al (=hoe) s BRI 2 DFERSZ mo +7 ke D R IAMMARE AL B b HRALE 2L BUBIDHT
R6H,

(14
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F6 BB HREBEAHUE
RO i B | EEEERE A B iﬁ'ﬁfﬁ%ﬁ%‘% Ro B9 | hi= (ki +hs)/2 Lﬁiﬁ‘ﬁi 2 ¢Tf!_25%ﬁféi% ’
Jiid -y RALE AL /mm | RAE AL /mm /mm LR ke MRABE AR
i my+7 kg C. 393 0. 389 0. 391 AR'=1(3.113-0. 381) mm
2 my 15 kg 3.113 3.113 3.113 =2.722 mm

B 2 MNEEM RGN B A RV BEAE .
AR'=1(3.113—0. 391) mm=2. 722 mm

QO IHERNEEY L, WA 2 MEBMHRE AL

ﬁ?‘%\“—‘:

B AORE

bk _b(ZHH— AR _ 76, 00X (260.312185.3—119. 76) X2.722
2H 2Hf "2X2185.3X119.76

=0, 9192 mm
?i?%:(EX&B%E%{ﬁﬁ Z W VFHERHENE Z: iR T):
B (1448

AL

AL _bah__5X15. 42><Ah’:76. 0018, 42X 2,722
Z2H 2H 2X2185.3
=0. 9192 mm
3. MESRELL, KSR E.
(D BHIREENEREE
—KEN LEEERNY S WHSSR4L, 2N RKEF M LS J1 F EMR HKER AL,

TR AR A, RIEA T EE, KZBIWRMMN A F/S SMKAMAE AL/L FIEK, B

5= ES% (15)
H E N RERE,
_ AL
E_SAL' (16

(2) hm=m, +7 kg JPU, BT HEH S, EROCET B RS E , XHETUR AR &
FLE ho. WG B G LLTEHE Ao BABDLE  BEECH Aus UB B 1 DM EERBC T TR £
PiE ho MRNLE Rl HE m=mo +2 ke; UG FFIRB A INAETD , BiE RTIR L AL B ho 1
ROLRE hier HE m=m, +7 kg, BHIEFH TR 7 &

RT FEREE L HERUBE AVHAUR

WEKE | BBEER WL THARER Ao 'iﬁ’ﬁ\tﬁ—”ﬁ%% ho | RI=(RL+R5)/2 | BIBE 1 kg BETARER ,
BB ALE Ry /mm | BRALE hs/mom /mm fLE he BRBEE AL

1 mo +7 kg 0. 393 0. 380 0. 387
2 mo+6 kg 1. 745 1.730 1.738 EEk
3 mo+5 kg 3.113 3.105 3.108 AR Zs}(h’,-...g—h’,-)/&)
4 mo+4 ke 4. 495 4.475 4,485 i
5 mo+3 kg 5. 857 5. 818 5. 838 = 1.3644 mm
6 mo+2 kg 7. 200 7.180 7.190




Foda FBOELETFEANEBERSM 81

RBEEL TR 1 ke BEUARRALE ho WRBLBMH AL, B I BT R 2, 4K
7. BHER:

3
Ah'= D (his— k1) /9
i=1

= (7.190—3.109 + 5. 838 — 1. 738 + 4. 485 — 0. 387) (mm)/9
= 1. 3644 mm.

) HHMKE AL, FHFTAMAR, AARE. B g5

FHE—: A0,

AL— 28R _ B(Z+H — AR _ 76.00 X (260.3+ 2185, 3 119. 76) X 1. 3644 (onm)
2H 2Hf 2% 2185.3 X 119. 76

= 0. 460 77 mm,
FEZ(ERYEEENE Z, PTHRMNEMNE Z, fWETF).
14y,

AL= YAk _ 6X19. 4208 X AR’ _ 76.00 X 19. 4208 X 1. 3644 (-
2H 2H 2 X 2185. 3

= 0. 460 77 mm.

(4 HH L, WHIER E, S H AL RASE. B lg R

£ FL _ _1X9.8408X 694.33 X 4
SAL  3.14159 X 0. 308 X 0. 460 77

(N/mm})? = 1.99 X 10° N/mm?.



fi—  DoJddasE v A4 Yy s S % B k[ 2 i
(5] P P L B e D 3l 3 8 2 A 17 D

5 1~29 AR AEYEERAHELFLRE A-L

FAl $1~- E2ERFEYHEIRNESRER
. W g o #
At [ ZIEAM W | AR EL N

1 19844 11 H 18 H 43 079 1985422 H26 HE 3 H 2 H Jb= 76
2 198541 A 26 H 52 925 19864 4 A 1 HESH LiE 104
3 198411 H16H 58 766 19872 A 22 HE 25 | K 103
4 1987 4£ 10 H 25 H 57 523 1988 £ 1 H6 HE 10 H 2ZH 101
5 19884 10 H 23 H 55 855 198941 A6 HE 10 F | 106
6 |198s4E 10H 8 H 53 096 19894 12 H 10 R E 14 H k# 127
7 | 19%04E 10 4 21 H 54 393 19904E 12 H23 HE 27T H B 105
8 |19914g6 5 30H 73 806 199149 H8HZE13 H AT 104
9 |19s24eH6H 60 617 1992410 H12HE 15 H =gl 101
10 | 189349 H S H 46 843 19934E 10 H 8 HE11 H i 105
11 | 1994 4E9 H 4 H 85 146 19944 10 9 HE12H (g 109
12 1995 € ¢ A 3 H 55 867 19954 10 I 8 HE 11 H KE 112
13 1996 £ 9 H 8 H 86 173 1996 F 10 H19 HE 22 H A M 114
i4 1997 £ 9 H 8 H 90 067 1997 £ 10 H 18 HE 22 B =) 118
i5 | 19984 9 A 6 H 134 599 1998 4E 10 21 HE 25 H KE 121
16 | 19994E9 A S H 169 282 159942 10 B 16 HE 21 H 5= 126
17 | 200049 8 5 H 225 683 200045 10 H 21 HZE 25 H i 143
18 | 20014E9 A 9H 267 363 2001 4£ 10 B 20 HZE 24 H I 145
19 200249 H 8 H 322 043 2002 4F 10 H 19 HZE 23 B HN 146
20 |20034E9H7H 359 835 20034108 18 HE 22 H ¥ 170
21 |200449 A5 A 328 134 20044 10 A 16 HE 20 A iy 173
22 |20054 9840 363 139 2005410 A 15 HE 1S H b7 167
23 20064E9 A 2 H 426 673 2006411 H4 HESH G 173
24 200749 H 2 H 411 350 20074E11 B3 HESH T 177
25 20084F9 A 7H 452 967 20084610 H 18 HE 23 H | A 210
26 (2009496 R 437 840 2009410 3LHEILAGSH L 280
27 |2010#9Hs5H 443 327 201045 10 H30BE 11 A 4 8 F=A g 280
28 | 201149 A 4H 484 301 2011 4E 10 H 20 HE 11 H 3 H it 280
29 2012429 A8 H 485 193 2012411 H1HBE11HARHE o 279
it 6 165 885 4357
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B E T A REERZMTRXEREBETHE 17" RERY B Rk &g
{International Physics Olympiad, [PhQ). ZELIEMHEE By B R AR UL i S e v, B E A 4
Wik S BFESIN, ESIRE 128 A, HESENELRFRILE A-2.

A2l RESNE T~ EEGYEERCESENERER

a

[ _ e % e

JBY| B Ho R BREELL P Pepry e
17 | 1986 4 |EEMEH HR.ILE.HEH I 1 3
18 | 1987 4F |4 E % PR R IE B KRB T 2] 3 5
19 | 1988 4F | ML AFHEAR | BRESR RS L. TER BE L z] 1 1 5
20 | 1989 4F [ 2L HR. B AR B HBER 4] 1 5
21 | 1950 4 |# 2B F T/ RN AN 5 FOE BEE 21 1) 2 5
22 | 1991 4 | E BT EEREFH.EMNE.EE.BE 5 5
23 | 1992 48 |F2MURFER  HRE.FR GEERER T IR 5 5
24 | 1993 4 | = E RN 2 B M LB SR T 2| 2|1 5
25 | 1994 4F | f E AL 5T Vst s H R 4] 1 5
26 | 1995 4F (MAH) WL | WA VBB (O (MR R S 5 5
27 | 15996 £ |48 % BT B XTI () R BRI REE | 5 5
28 1997 4 | IMEXPFENAE | BHE TR GEFF . EH T RCE 3] 2 5
29 | 1998 4F | DKE B RIERIT | RIS EFH S () Rk | 5 5
30 | 1999 4 |BARFMHE T R R B TR TR 2| 3 5
31 | 2000 4 | 3% [ SR AT 45 B BRI R R & 5 5
32 | 2001 & | =B HFHEMNE | MR E 05 1 E S 28 4|1 5
33 | 2002 4 I RWIFEEIE | S0 F GE . JHEE KM H & 4] 1 5
34 | 2003 £ | REEE —

35 | 2004 £F |5 E B RSB R AN 7 NS I 5 5
36 | 2005 4 (WIEAEE R @k | R RILE EHHE ER . EHAR 5 5
37 | 2006 4E |30k B ERE RS WL RS 5 5
38 | 2007 4F |BRRAGINERY |HEA BARM.BFEE BN EER | 4| 1 5
39 | 2008 4E |RAEE I Py R S AL AR B 5 5
40 (2009 4F |BTTEAFEIE | LIRS ARG EIRER ST 5 5
41 | 2010 4 | B T FEEEAT | HEE . 2ER.FTE HL. KRR 5 5
42 2011 FF |#EEH EEH MEL. BT EE BN 5 5
13 | 2012 48 ﬁﬁgm’ém“ FHEM BB . IE RS | 5 5
Bit 9 [ 21 | 9 2 | 128




e 46 43 JmERR BBk PL3E
P T AR

HiEE®
1. AFWESHRAGER

A HEF

—ANNRUBEE v E—NHEARNENGTHE, B FEHN 2,z FIHEKEHFE, 2
WIEF W SHEAMEE ¢ FIEHER. BrgasSHEA.

i BRB/NER RS DL e R v ST AR RS AL AT

25l 2y — kx?
3 B Y 4 B AR Re R i .

A EASREFIES, EZEE TR HEEH. REE « A 2 fFER.

i. A BREAMLUEKER =0 LEERERS S IFFE. K
SHAEAT ME RS HE RNV EE v i -—EBEER R Y
REEAYENES S (HE, /MREHZTR BRI A B ERT
LR, B (qualitatively) il H /N BR BY B 1& & BB R R (R A 8
HE - BYRFE TR . TR A SR AR AR B S PR SR T A

i, BTPREBHEPRERNI R WRBEANES S FIHHNENEHEE v 2 f
K7 BhHEEERR.

La Géode, Parc de la Villette, Paris, Photo: katchooo/flickr, com

@ dbRUKF Y I B B A R B IR R S S B R 0 TR 1R
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B. MLEHHS T |

RUFR—HGy LUF 15 800 2% . X020 o 98 30 9 W o 0 B R o 3
AFHEGERT BERRF I o ogh+-5ov’ =B oAb o R R g % F S
IR s 0 9 MR IR. Y Cstreamline B RE SR ML HOAE B9 508 R0 50 B SR 48 1 ).
WIER: 5o’ BHRE S %R,

‘FEﬁﬁ%ﬁ%ﬁ%&%ﬂﬁﬁ&ﬁﬁﬂ%ﬁﬁﬁ%%ﬁﬁbﬁﬁiﬁi%l’&l(Mﬂiﬂ]%%%). &
BEAFWT: (2 %FE?&’%%@J%~4‘Z@:£&E%§(§E"—T%@J%EE%%&?E%%’-EPﬂ);
(b ERMAARMNEAR T UIFRRETE; () WEBERERER; (D) 8 3 % JE 38 (dynamic
pressure) Jo/NFRSIEIR po=1.0X10° Pa. i 1% RAT LR R ORI B4 R 4K R B .

L A0SR RATH ARG T 4 T8 B9 B FEE 4 w0 =100 m/s, 3R F P SCIn B RO RO i 28 S R
He TR we RO

if, B2 IR AR RV T 5 240 AT A AR S T £ R AR A B 0 R Vern B s — B /N IK
W SENIEIE R, X BNk R R Q R B, s | Hr BEPRSERE Q &
T&(qualitatively)ﬁﬁ{f‘r\%ﬁu{w&Hjitls{ﬁﬁérﬁ'(Eﬁ%ﬁﬂi&iﬁ#ﬂﬁx‘ﬁﬁ‘é&‘ﬁﬁ?i?%@ﬁ). E
B MR E ORI IRE T AU S E RIS R 2 R RERE
XRWAR 5 HAE P2 8] 34 B AT I 28 5.

it R RS SO A B R v . SSSETHIRG R N r=90%, % E LA R
6=1.00X10° J/(kg « K), ERT MK KM IRMAMERIELERE T, =293 K WA pa=2.31
kPa, BRI T =294 K I3 po,=2. 46 kPa, B3 TR 0935 00 8, 4 1]
RETT BRI BIA TSR LA v =0, 717X 10° ]/ (kg » K).

C. %

FIR— SRR RGBS, SR KER L ALBL -,
HE >r BENTRORNEE AT MBS ARER ¢ i o
BEM OB ==0,2 5t <.

TR — R BB 55 2 HE R RS B 1 R G R o B B RR BT SR 2 0).

L FEEREACIR T B 7 A2 VT ] i AR R L IS R AR 2 45 5B o
BEREYMBE LIRTREA A,

i RFEER T = TS TEE 20 M <0 (O FT R4

A hag i
BTt me 12k A AR
L

b

Y




86 AEPFLHBERFLH - 2013

2 A AR B A B D e sk sk

il MEMBEEFER KT . ES5E - FR2MAF AT B 2&
EANBYG SR —FEANBS T AR, FEE _FEHTLOMT »
=lz=2=0, R EXBFKE B— T IEFT KB &KX, RETREZ 8/
BAEERS F iaRE.

2. FRLKelvin) HARE

HAEERWAWMAERERBEF RS EERN. RS S 8ER
A0 B WV 2 T 4RO B /N TR PO A TRUS I Uk R AL T (9 R AL U=0S, A
S RATER o HEEHNER. RERAAR N F=ol, Rh L HKIE.

ME, —BEeBEEERN TRE HERN G ANEBE TR EOE
1BTEE. RN S K BTN REN o BN o BEEE d<r. r B
I bk A 4% , 45 b R ) BB, E B b T oA MR A KA O 4
BB EIMEEY o

A B |

LR AR S D RV A BT KRB KRR

i SREMMTESTLNBEEERY o RIBKBELZY r HNFEEQ.

il A<IR (B (R R o BRI, 2K B R BN T AN R SRR A
SARR R R I B TR A R T 1A 1 R RS A A G R 5 .

B, W&

B H“FFAR 30 (Kelvin) WK 887, TR & B (15 A 34> i
ROMED A TR EE—E, HERBANRBER STy
WO (EEEERNEER L. HA& % D, B L>D>n mEgh  [q
AR R B R T A B B KRN H b F#E
B O T M FAS SRR, S om0 B 8 e 4% 3 B o BT 22 XA
5 P Y A B R A C. Bl B M T B T
B bR A T R ARk 2 RE R I,

BT B R AT X 2 B L R A, A
BHEATE.

L MM, g i, A A BB B A A B Qo T LB o (A B
S PR SO RRE R, B A B4y i PHR AR

i R g BEBTIE ¢ Ak a7k BE g (), B g(0) =g,.

i, A SR T PR 3R 4 BT R K SR T M Sh » A R AR 2 R i B e R
AL 78 WA B 477 AR 2 ] B A 78 Y e FR AR A — A L PR U SR B G IR U

B |

3. REEZHH R
AT LT T AR B SR flR 1L 2 AT AR — 1 TR BRI = B W SR S




ME—= H43 BERLAE LT ERA 87

1, B FH B S8 I G, IR IRERS o, RS m RIS HRIE = E
RN EEREN T, MY ZFMWISRE G To. B = B g ET Ry mE g ]

FHBEIRRIEN oo Y HIEH 7> [ G/ SRTo, Forf R BUESHHB G R

SHE

L EREZEAPRRENASEE A D, sHPRSGEAREIERESE, WA ST gE R
PR VR & ST AR ST BIERIE = 1 5 A BB ARGV RE S B P A ERGR
#5),E F SR = B L2 B R — 28 (rn =0. 570, ERR A N FORM 2 () 7

i GEUHD)SR B SEERER M ro HEB] r, =0. 957, B AR IO 8] 2, B — UL
T &SR AR5 RN R B

il B AE HESR 4R 48 T 20 , ) A0 I 3 0 O R 2 1 RERFE TR o A B — A
JEH /B A B T B I IR 2o

iv. BE—RE <K TLAKREREEHRT, UETHHRENAEY. BHERESE
HABM ro B s B PSR R TRE AR B ORE Q

vo BEBNT ry B ERIE R B AR ST T M T B IR AR BT R R - <lry B
KA.

vi. B RNAFREZM ERM S I E MW RS r=r, BHE L K 3R
W z B W%t SMB ST T 2, BRI IR R R AT R AR R X — R E M EBRA
FAERAL 3 AT 1 H AR RS X F AT A B BB T W B R IS, W R — o k£ 31 0
it G B4 v FARSTRIRVRIE T,

e ®
ST

1. KegptF$

R Rk R A A B e o Bk R B 7 AR AR ST, R R MRS 00 o A B
G ieREEN wZﬁBZ TR SEAT R AR EOE 1A RS YA SR B AR R AT AR AR

BRGNS o BRI 1 AR MR FIRUR 8. FEA R, BATHR S BUR A REERT™ A B9 5 %3 K
e BRI BRI SR A R Ak S . E B AER T AT REE FEFRE
% R 5K 7 B, ‘

SRR B AE RH 1O % B P BRI U AR R R 3, L 4R KNG T 503
164 T A AR (A R 4 7 CRESR B AL %) . B TR AT MRk 1 R 51 J [ e E S AR R HE.
PR R EEE 8 E L SO i FE IR R R L, Wb R R ROGE KB 3. ATLGEA
I R 4R 13 RO R AR R R B4k KB R BEERTE 1 mm £ (R
FEREE,KE S TE MW SBET AR LR, BE KKK 15 MEH s 16 7 LA
SR K T B E (G 18 ml A ] RMEARTEAF 1 mm). FRAE 2 (PR M RE" /b
REk 14 FEARER L. WEREAEEEHBER HREKEEEHREMGERE.

O JEHCRAE B I R PR I K I RO IR




88 £BFFAEHBREER - 2013

BB E A P AURIE . 6 RECEITERE LW AGLL Bir R R MBS BN 10
B—E4H, BT IR R RBAEZEARME S B8 8 B R RAMFE,9 BRIMTER
BESCE T, BOLE)R A — MR R, B0 He 41 7T DA i 2 B 2 ISR AR 2R /s
GET B, B4R T — R LR F 3805 58 0 =0

T I A2 B -

BB OB R R HIACT IR L, =490 mm, 75 (W0 B EHNIE, BEHRA &0 E) R
AR TR EME SN B EMR SRR, Rt S S R BB 12 AR Bk
ERE B 1 mm B4R ERBERRIIREE S B, =0. 50T, KB K 0. =1000 keg/m® , [ fy ik
IEE g=9.8 m/s* , ELZBESFHE 1y =4nX 107" H/m.

Bk,

o BOGHITT R F LR AEE]

o REEWBOLHEEMRITLR!

o RNEBILBHK!

o REMBHM AT

o FE BN RIBOCE, T BB 1 A AR

AL TE T4 3 B ok T ARG TR 4R

S E AR B G B TR TE T B K2 . WREERE SR o K B R A MR E

IKARPIRE R (el 1D B R REAR (> 1),

2 (5 T
At TES w.,;'.u}\‘;gﬁﬁﬁ,d\‘;b;.«h.,‘ nw.{ﬁ,ﬁj..dka AT

BIE S EAL LS 5 04 E) K T AT X R A3 T A, B AN X R R 45
2 1> B <l KBS REERB R E,
B. AEHEBRE

WA 7o 3 3 G REE 2 T A S RS 1 U o TR TR, TR s e sle 3t
s b I B K RTEACE 7 B B AR S I




HEZ FOREARLHEESEERARM &9

i WER EEOERRRE y X ek R« WRER R (BEER). NIKE R R
RUBTAT AT LATS 3 VB B 15 300 B B S 3 28 AR G 3R A%

W RS R R 2R

iii. R E L B AR S K FERRA a.

iv. THERKEHZE(an) W LA FRERR

2
.l COSTa0 ¥ — o (x— ) tane
tanf == B~ 7 L+x*:cz °,

24 D AR A R A O b B R B Y B B OGN BEDE yo » B HEAR R RBIRECH 0.

HEARAELKEH R FHTERRNX SR RERATTRG RSP FEE R
A 3 v P B A — L T 45 ol Y TR I A P B o L T AR AT

v. UL EBRFKEREEAREEL BRI FRER « THKESEE,H
HAEREE R,

vi. W48 v P HOBSE R AEE, HF TR L AR B 06T R R R IE 1 7 K T 89 X BR.

C. HEE

FH BEABERTH o~ 1 NEECTEN#BERED, X8 o Rk #E S HR. %
R BA N AMBEE RS IELSELRL L.

2. ELRHZET

TERI AR TEOLF » R o8 1B b R Ak SO 4 AR G B8 7 4R 5 » 1 P R B B P SR B B R R A

%FHIF: BELV=RD, 85 (Q=CV) M (V=Li=L %{) JEH R,C, L EBEEE. A

TifEA R, WATHEW R B aE TRt/ X TR R ERE TN T
R 2R M ST AR UL, AT AR R R R R AL T .
SWEEMET — TR GREN : “IPhO-measure”) , — MR FEE, — M &K
ARG T, NAEER. B TEFHEE BB E.
e T AR E AT R WA . EREZ R 2000 MRS BN EEL

@I T BE VR LK P= IV, BB R=V/L R E SRR E S V(=9 )5

F(=S5 ) WA BRI o BT A SE R4 9. OB 40 08 500 2000, 75 44 BB HE 9
BB AWRIERE.

HEF 4 iR 2 A 8 RgERFE—0. 6125~ 10. 6125 V Z [E B {H R IR e i Ae =
P B, 38, (B ) . 22 i, 9 S B A L 0 R 24 e — A R B (R BESE 5 O




90 2ETELHBERLE - 2013

=6mA p
U=—612.5mV~612,5mVi i
ER/ED

ReFread—THARUAAESNREERK, AMAFERSE , — M RAGIELH
SRR —A LR (L =10 pF1) , 0 o JBR 0 ol BEL T LA 220, 3 L LA Jo0 B B s e 8 A ER IR 8 v
B BETHHESEAETUERERAFREEE-BRXCRGARMELT 2V HELER,
B I(0)=0]. F#E, X T AR 3L EMHMSBEGEh CO)=d/d AR ER
. BATTUCRAE: HREWOERBNERETRELRY D HN, RE B ERIEXN.
RBEBERNFENT . FRESEERHERSGMRERAER. BE . AT LR FEE.

MERBENKEEFHAR, AFRMELRTE: ~REEERE LHIE AR E#; —
ABEETHHITELRABSTRAELN INMOUT M AAEETHHERHMEE
I BT AR R R R E 21, A PER R AR TG,

)

TEA B R E R HE AT E .
A, TREEE

TERANE Y, B R BE T R REERERS CTEEH T B RS g .

HE FENESREELKME, N TBERBERN T EF R ERATHERE: AW
pid: ik

LOBAE R AR RS 6 mALRIAERESN 0~480 mV KT E PY , 4 Y e IR 60
AR HE . PR R

i, HRATRABEE S IR Vo R E C MM A mAM C(Vy)=C,, H LTI B & T K
S C(VIRH g 2F. Wi e B .

iii, ZEEANIESE, IEE COD~C. HERETRAHTHNER-LEXR &
- SR T T T T G T R TS R DR 4 IS L 1 Y O - R FE W T (V) T X R 6 L

iv. ) RITE BT A H RS T Bl P9 YU B TS RO B8R T R A R LW R E B R R K
AS LS B P COVBHER. S AT 2 COVD) MR /ME. Coin R KA Cooe. 11 4 39 30 i, B

B. HEFEEK

FTIF & b 36 GRE0” % T ), SR L B0 /3 5 s R Zh Bl FIJT A 34> il P




MEZ FQEERRANELHETFEYE 91

BB E I AR R - EX R HRMRS A R BMARNEERRZ
Ab. &5 H— TR VERY B R R RN A S KRR,

BAL IR T EAME X DR AL L AF — AN 1oP) X A SRR
BEL 3 K.

IPhO-JU R B 5T

IPhO-#l 2 (L2 — MRS R E V i T 602 2880038, (L85 fgic 48 i i i
% VAT S P=VI. B R=V/I, LI RETH ¢ WEEBWEE AL AN
M5 B YT N BB SRUENTFS s MANBERFS ». THUETFHEEES A—1
HERHY INAFICASF » T EL B A 7T LA .

PN

EERRMNTERN—BERD -PHER.

2 PIBE
, eEE | 02v MG
| uE®R [2~10v 57kQ
|k | 0-1A 19

EXER

o Z“POWER”4] I IPhO-M & L. IhEf W B AR B H IF R TN E, F#H T “Start”
B s B AT LR BE T 9 4 B R 08 O R AR B BEE.

o WM E ZMEFIRBEER R “PREVIOUS”S “NEXT” #. Ml & #% T “PREVIOUS”
B NEXT” 8B i B 1] , 5877 LAZE A [8) 4 1] = (8] S 462

o XA HCRIN &SR GRSTOP 8, W LLSE R — M W EBIE W &) fF . /T #% “START”
BT IR A 5 — .

o &8, F“SAMPLE” 824 Mai iR B g fr e k.

o MIE AT, H]“PREVIOUS” g “NEXT™ 4, BT 24 30 8 24 5 26 oy oA AR & 308,

o H“STOP”8E, W AGS R — M M BHR M &, Ho il & X34 FRYRE . TS 2T
BT —NH PRI 2 308 3 0 B S R R

o {Z“POWER”H3CH IPhO-HI &Y. M & & BR3CF “my mind is going . .. 7 ; A4
O T BT BOE O L6877, AT AR T YCRT 0 I 2300 ) 00 3¢ S 08 . TR BB A i k.

WFEAR, — M RESHER, SELAER.

L. AABEFS ns

2. ARFE s;

3. FFUR S 4 02 BT R ] g

4. BEV;
5. VBRGNS V. MRESEHT V B CHETEREE, T4 ER

“+nan/s”;




92 2EFFLAHBLEFH - 2013

g0l st Somple

6. HL I;

7. TRBEARCGIHEIMNSE D MRSEE T I WESTRTHEBLRE. T2 ER
“+nan/s”;

8. MjE P=VI; )

5. BH R=V/L

nRAMEEEN ENARTFEE, 2 BRHinf” 8 —int”,

O 0
THEORETICAL COMPETITION

1. Focus on sketches

Part A, Ballistics

A ball, thrown with an initial speed v, , moves in a homogeneous gravitational field in
the xz plane, where the z-axis is horizontal, and the z-axis is vertical and antiparallel to the
free fall acceleration g. Neglect the effect of air drag.

i. By adjusting the launching angle for a ball thrown with a fixed initial speed v, from
the origin, targets can be hit within the region given by

2 < 7 — kaz®.
You can use this fact without proving it. Find the constants z, and .

ii. The launching point can now be freely selected on the ground level =
=0, and the launching angle ecan be adjusted as needed. The aim is to hit the
topmost point of a spherical building of radius R (see fig. > with the minimal

initial speed ©,. Bouncing off the roof prior to hitting the target is not-

C HEXWREREETMEHFE bttp://www. ipho2012. ee/ T .
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allowed. Sketch qualitatively the shape of the optimal trajectory of the ball (use the
designated box on the answer sheet). Note that the marks are given only for the sketch.
iti. What is the minimal launching speed v, needed to hit the topmost point of a

spherical building of radius R?

La Géode, Parc de la Villette, Paris, Photo: katchooo/flickr. com

Part B, Air flow around 2 wing

For this part of the problem, the following information may be useful. For a flow of
liquid or gas in a tube along a streamline, P+ pgh + %-p'oz = const. , assuming that the

velocity v is much less than the speed of sound. Here p is the density, & is the height, g is

free fall acceleration and p is hydrostatic pressure, Streamlines are defined as the trajectories
of fluid particles (assuming that the flow pattern is stationary). Note that the term %pvz is

called the dynamic pressure.

In the fig. shown below,a cross-section of an aircraft wing is depicted together with
streamlines of the air flow around the wing, as seen in the wing’s reference frame. Assume
that (&) the air flow is purely two-dimensional (i. e. that the velocity vectors of air lie in the
plane of the figure); (b) the stream-line pattern is independent of the aircraft speed; (c)
there is no wind; ¢d) the dynamic pressure is much smaller than the atmospheric pressure,
po=1.0X10° Pa.

You can use a ruler to take measurements from the fig. on the answer sheet.
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i. If the aircraft’s ground speed is v, =100 m/s, what is the speed of the air, vp, at the
point P (marked in the fig. ) with respect to the ground?

ii. In the case of high relative humidity, as the ground speed of the aircraft increases
over a critical value vo; » a stream of water droplets is created behind the wing. The droplets
emerge at a certain point Q. Mark the point Q in the fig. on the answer sheet. Explain
qualitatively (using formulae and as little text as possible) how you determined the position
of Q.

iii. Estimate the critical speed v using the following data: relative humidity of the air
is r==90%, specific heat capacity of air at constant pressure ¢, = 1. 00 X 10* J/(kg * K),
pressure of saturated water vapour: p,=2. 31 kPa at the temperature of the unperturbed air
T,=293 K and ps,=2. 46 kPa at T, =294 K. Depending on your approximations, you may
also need the specific heat capacity of air at constant volume ¢y =0, 717 X 10° J/(kg * K.
Note that the relative humidity is defined as the ratio of the vapour pressure to the saturated
vapour pressure at the given temperature. Saturated vapour pressure is defined as the vapour

pressure by which vapour is in equilibrium with the liquid.

[}

Part C, Magnetic straws

Consider a cylindrical tube made of a superconducting material.
The length of the tube is I and the inner radius is r with {>3>r. The
centre of the tube coincides with the origin, and its axis coincides with

the z-axis.

There is a magnetic flux @ through the central cross-section of the
tube, z=0, =z +3*<s*. A superconductor is a material which expels

any magnetic field (the field is zero inside the material).

superconducting|cylidrical wall
I vertical cross-sectionffor drawing fieldlines

i. Sketch five such magnetic field lines, which pass through the

five red dots marked on the axial cross-section of the tube, on the
designated diagram on the answer sheet.

ii. Find the tension force T along the z-axis in the middle of the tube (i. e. the force by
which two halves of the tube, 2>>0 and z<(0, interact with each other),
iii. Consider another tube, identical and parallel to the first one.

The second tube has the same magnetic field but in the opposite
direction and its centre is placed at y=1,z=2z=0 (so that the tubes
- form opposite sides of a square). Determine the magnetic interaction

force F between the two tubes.

2. Kelvin water dropper

The following facts about the surface tension may turn out to be
useful for this problem. For the molecules of a liquid, the positions at the liquid-air interface

are less favourable as compared with the positions in the bulk of the liquid. This interface is
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described by the so-called surface energy, U=5S, where S is the surface area of the interface
and ¢ is the surface tension coefficient of the liquid. Moreover, two fragments of the liquid
surface pull each other with a force F=gl, where  is the length of a straight line separating
the fragments,

A long metallic pipe with internal diameter d is pointing directly

downwards. Water is slowly dripping from a nozzle at its lower end, see fig,

Water can be considered to be electrically conducting; its surface tension is o
and its density is p. A droplet of radius » hangs below the nozzle. The radius
grows slowly in time until the droplet separates from the nozzle due to the free
fall acceleration g. Always assume that d<<r.

Part A, Single pipe.

i. Find the radius 7, of a drop just before it separates from the nozzle.

ii. Relative to the far-away surroundings, the pipe’s electrostatic potential is @. Find
the charge @Q of a drop when its radius is r.

iii. Consider the situation in which » is kept constant and @ is slowly increased. The
droplet becomes unstable and breaks into pieces if the hydrostatic pressure inside the droplet
becomes smaller than the atmospheric pressure. Find the critical potential ¢max @t which this

will happen.
Part B. Two pipes

An apparatus called the “Kelvin water dropper” consists of two pipes, each identical to
the one described in Part A, connected via a T-junction, see fiz. The ends of hoth pipes are
at the centres of two cylindrical electrodes (with height L and diameter D with L3>D>>r).
For both tubes, the dripping rate is # droplets per unit time. Droplets fall from height H
into conductive bowls underneath the nozzles, cross-connected to the electrodes as shown in
the diagram. The electrodes are connected via a capacitance C, There is no net charge on the
system of bowls and electrodes. Note that the top water container is earthed as shown. The
first droplet to fall will have some microscopic charge which will cause an imbalance between
the two sides and a small charge separation across the capacitor,

i. Express the absolute value of the charge Q, of the drops as
they separate from the tubes, and at the instant when the

capacitor’s charge is . Express @, in terms of r_,, (from Part A-i)

and neglect the effect described in Part A-iii, “
ii. Find the dependence of g on time ¢ by approximating it E+ §§
— S| 26
with a continuous function g(¢) and assuming that g(0)==¢,. %% L

iii. The dropper’s functioning can be hindered by the effect g
shown in Part A-iii. In addition, a limit U, to the achievable
potential between the electrodes is set by the electrostatic push

between a droplet and the bowl beneath it. Find U,,..
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3. Protostar formation

Let us model the formation of a star as follows. A spherical cloud of sparse interstellar
gas, initially at rest, starts to collapse due to its own gravity. The initial radius of the ball is
ro and the mass is m. The temperature of the surroundings (much sparser than the gas) and

the initial temperature of the gas is uniformly T,. The gas may be assumed to be ideal. The
average molar mass of the gas is g and its adiabatic index is y>> % Assume that Gn—:&>>
43

RT,, where R is the gas constant and (G is the gravitational constant.

i. During much of the collapse, the gas is so transparent that any heat generated is
immediately radiated away, i. e. the ball stays in thermodynamic equilibrium with its
surroundings. What is the number of times, », by which the pressure increases when the
radius is halved to r, =0. 57,7 Assume that the gas density remains uniform.

ii. Estimate the time 2, needed for the radius to shrink from r, to », = 0. 95r,. Neglect
the change of the gravity field at the position of a falling gas particle.

iii. Assuming that the pressure remains negligible, find the time ¢,., needed for the ball
to collapse from r, down to a much smaller radius, using Kepler’s Laws. _

iv. At some radius r; €7y, the gas becomes dense enough to be opaque to the heat
radiation. Calculate the amount of heat Q radiated away during the collapse from the radius
re down to r;.

v. For radii smaller than +; you may neglect heat loss due to radiation. Determine how
the temperature T of the ball depends on its radius for r<Tr,.

vi., Eventually we cannot neglect the effect of the pressure on the dynamics of the gas
and the collapse stops at »=ry (with r, € ;). However. the radiation loss can still be
neglected and the temperature is not yet high enough to ignite nuclear fusion. The pressure
of such a protostar is not uniform any more, but rough estimates with inaccurate numerical

prefactors can still be done. Estimate the final radius », and the respective temperature T).

EXPERIMENTAL COMPETITION

1. The magnetic permeability of water

The effect of a magnetic field on most of substances other than ferromagnetics is rather

weak. This is because the energy density of the magnetic field in substances of relative
2

B
Zppo

Still, with suitable experimental techniques such effects are firmly observable. In this

magnetic permeability 4 is given by the formula w= » and typically g is very close to L.

problem we study the effect of a magnetic field, created by a permanent neodymium magnet.
on water and use the results to calculate the magnetic permeability of water. You are not

asked to estimate any uncertainties throughout this problem and you do not need to take into

d
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account the effects of surface tension.

The setup comprises of {11! a stand (the highlighted numbers correspond to the numbers
in the fig.), '3  a digital caliper, 4  a laser pointer, ‘5 a water tray and :7: a cylindrical
permanent magnet in the water tray {the magnet is axially magnetised). The water tray is
fixed to the base of the stand by the magnet’s pull. The laser is fixed to the caliper, the base
of which is fastened to the stand; the caliper allows horizontal displacement of the laser. The
on-off button of the laser can be kept down with the help of :13. the white conical tube. Do
not leave the laser switched on unnecessarily. The d;apth of the water above the magnet
should be reasonably close to 1 mm (if shallower, the water surface becomes so curved that
it will be difficult to take readings from the screen). 15 A cup of water and 16 a syringe can
be used for the water level adjustment (to raise the level by 1 mm, add 13 ml of water). 2
A sheet of graph paper (the “screen”) is to be fixed to the vertical plate with 14 small
magnetic tablets. If the laser spot on the screen becomes smeared, check for a dust on the
water surface (and blow away). '

The remaining legend for the {igure is as follows: 6 the point where the laser beam hits
the screen; 11 the LCD screen of the caliper, 10 the button which switches the caliper units
between millimeters and inches; 8. on-off switch; :9: button for setting the origin ol the
caliper reading, Beneath the laser pointer, there is one more button on the caliper, which
temporarily re-sets the origin (if you pushed it inadvertently, push it once again to return to
the normal measuring mode).

Numerical values for your calcu_lations:

Horizontal distance between the magnet’s centre and the screen Ly =490 mm. Check
(and adjust, if needed) the alignment of the centre of the magnet in two perpendicular
directions. The vertical axis of the magnet must intersect with the laser beam, and it must
also intersect with 12 the black line on the support plate.

Magnetic induction (magnetic field strength) on the magnet’s axis, at a height of 1 mm
from the flat surface, B, =0.50T.
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Density of water p, =1000 kg/m’.

Acceleration of free-fall g=9. 8 m/s%.

Permeability of a vacuum g =4%xX107" H/m.
WARNINGS,

® The laser orientation is pre-adjusted, do not move it!
® Do not lock into the laser beam or its reflections!

® Do not try to remove the strong neodymium magnet]
® Do not put magnetic material-s close to the magnet!

¢ Turn off the laser when not used, batteries drain in 1 hl
Part A. Qualitative shape of the water surface

When a cylindrical magnet is placed below water surface, the latter becomes curved. By
observation, determine the shape of the water surface above the magnet, Based on this

observation, decide if the water is diamagnetic (g<1) or paramagnetic (p>>1).

“Option B OptionC . Option D

shatd

T OptionE . OptionG
Write the letter corresponding to the correct option into the Answer Sheet, together
with an inequality x>>1 or p<1.

For this part, you do not need to justify your answer.
Part B. Exact shape of the water surface

Curving of the water surface can be checked with high sensitivity by measuring the
reflection of the laser beam from the surface. We use this effect to calculate the dependence
of the depth of the water on the horizontal position above the magnet.

i. Measure the dependence of the vertical position y of the laser spot on the screen on
the caliper reading x (see figure). You should cover the whole usable range of caliper
displacements. Write the results into the Table in the Answer Sheet.

ii. Draw the graph of the measured dependence.

iii. Using the obtained graph, determine the angle a; between the beam and the
horizontal surface of the water.

iv. please note that the slope (tang) of the water surface can be expressed as follows:

2
cos‘ay ¥ — vo — (o — 7 ) tang,
tanf =~ 3 ~= -
f~ B 2 Lo+zxz—x !

where v, is the vertical position of the laser spot on the screen when the beam is reflected

from the water surface at the axis of the magnet, and x, is the respective position of the
caliper, Calculate the values of the slope of the water surface and enter them into the Table
on the Answer Sheet. Please note that it may be possible to simplify your calculations if you
substitute some combination of terms in the given expression for the slope with a reading
from the last graph, .

v, Calculate the height of the watér surface relative to the surface far from the magnet:
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as a function of x, and write it into the Table on the Answer Sheet.
vi. Draw the graph of the latter dependence. Indicate on it the region where the beam

hits the water surface directly above the magnet,
Part C. Magnetic permeability

Using the results of Part B, calculate the value of 4 — 1 (the so-called magnetic
susceptibility) , where u is the relative magnetic permeability of the water. Write your final

formula and the numerical result into the Answer Sheet.
2. Nonlinear Black Box

In simple problems, electrical circuits are assumed to consist of linear elements, for

which electrical characteristics are directly proportional to each other. Examples include

resistance (V=RI), capacitance (@=CV) and inductance (V=LI =L %) » where R, C and

L are constants, In this problem, however, we examine a circuit containing nonlinear elements,
enclosed in a black box, for which the assumption of proporticnality no longer holds.

The setup comprises a multimeter (labelled “IPh(}-measure™), a black hox that acts as a
current source, a black box containing nonlinear elements, and four test leads with stackable
connectors for wiring. Be careful not to break the seal on the black box.

The multimeter can measure current and voltage simultaneously. You can store with it

up to 2000 data points, each consisting of: voltage V', current I, power P=1IV, resistance

ﬂ/) , current time derivative I (:ﬂ) and time £
dt de
See multimeter manual {or details. If you go beyond 2000 stored data points, the oldest data

R=V/I, voltage time derivative V (=

will be overwritten.

o
©

The constant current source supplies stable current as long as the voltage across its
" terminals stays between —0. 6125 V and 0. 6125 V. When switched off, the constant current

source behaves as a large (essentially infinite) resistance,

?I

+

O——O/

I=6 mA

{=—512.5 mV~612.5 mV

Current scurce




100 2B PFLHEEELHE - 2013

The black box contains an electric double layer capacitor (which is a slightly nonlinear
high capacitance capacitor), an unknown nonlinear element, and an inductor L =10 pH of
negligible resistance, switchable as indicated on the circuit diagram. The nonlinear element
can be considered as a resistance with a nonlincar dependence between the voltage and the
current [ J(V) is a continuous function of V with I(0) —0]. Likewise, for the capacitor, the
differential capacitance C(V)=dQ/dV is not exactly constant. _

We say that the voltage on the black box is positivé when the potential on its red
terminal is higher than the potential on the black terminal. Positive voltage will be acquired
when the terminals of matching colours on the black box and the current source are

connected {you are allowed to use negative voltages),

(I')+

Nonlinear
. device
('3 |

Black box

It is safe to discharge the capacitor in the black box by shorting its inputs, ecither by
itself or through the IN and OUT terminals on multimeter: the internal resistance of this
capacitor is enough to keep the current from damaging anything.

You are not asked to estimate any uncertainties throughout this problem.

Part A, Circuit without inductance

In this part, keep the switch on the black box closed (push “I” down), so that the
inductance is shorted. Please note that some measurements may take a considerable time,
therefore it is recommended that you read through all the tasks of part A to avoid
unnecessary work.

i. Confirm that the output current of the current source is approximately 6 mA, and
determine the range within which it varies for voltages between 0 and 480 mV. Document
the circuit diagram used. ‘

ii. Show that the differential capacitance C(V) used in the black box is appfoximately 2
F by measuring its value for a single voltage of your choice C(V,) =C,. Document the circuit
diagram.

iii. Neglecting the nonlinearity of the capacitance [C(V)=~C, ], determine the current.
voltage characteristic of the nonlinear element used in the black box. Plot the I(V) curve for
obtainable positive voltages on the black box onto the answer sheet. Document the circuit
diagram. -

tv. Using measurements taken from the whole range of obtainable voltages, calculate

and plot the C(V) curve for obtainable positive voltages from the black box on the answer
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sheet. Write down the minimal and maximal values of differential capacitance Cpins Cuas-
Document the circuit diagram.

Part B. Circuit with inductance

Enable the inductance by opening the switch on the black box (push “0” down). Using the
same method as in Part A-iii, measure and plot the current-voltage characteristic of the nonlinear
element. Describe any significant differences between the curves of parts A and B and suggest a
reason using qualitative arguments. You need to know that the nonlinear element also has a

capacitance (=1 nF) which is connected in paralle] to the nonlinear resistance.
IPhO-measure ; short manual

IPhO measure is a multimeter capable of measuring voltage V and current [
simultaneously. It also records their time derivatives V and I, their product P=VI, ratio
R=V/I, and time ¢ of the sample. Stored measurements are organized into separate sets;
every stored sample is numbered by the set number s and a counter » inside the set. All saved

samples are written to an internal flash memory and can later be retrieved.
Electrical behaviour

The device behaves as an arnmeter and a voltmeter connected as follows.

N OUT GND

(l') ? BiE PaBHL
, | HUER | 0-2V IMQ
‘—.—L.J (OH [aE# (2107 | sne
Multimeter Ve | 0~1A 1Q

Basic usage

® Push “Power” to switch the IPhO-measure on. The device is not yet measuring; to
start measuring, push “Start”. Alternatively, you can now start browsing your stored data.
See below.

e To browse previously saved samples (through all sets), press “Previous” or “Next”,
Hold them down longer to jump directly between sets,

e While not measuring, push “Start” to start measuring a new set.

¢ While measuring, pusH “Sample” each time you want to store a new set of data (i. e.
of the readings shown on the display).

® While measuring, you can also browse other samples of the current set, using
“Previous” and “Next”,

e Press “Stop” to end a set and stop measuring, The device is still on. You are ready to
start a new measuring session or start browsing stored data.

® Pushing “Power” turns the device off. The device will show text “my mind is going
_..”;: do not worry, all the data measurements will be stored and you will be able to browse

them after you switch the device on again. Saved samples will not be erased.
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Display

A displayed sample consists of nine variables:

. index n of the sample in the set;

1

2. index s of the set;

3. time ¢ since starting the set;

4. voltmeter output V;

5. rate of change of V' (the time derivative V) ; if derivative cannot be reliably taken due
to fluctuations, “+nan/s” is shown;

6. ammeter output I;

7. rate of change of I (the time derivative I); if derivative cannot be reliably taken due
to fluctuations, “+nan/s” is shown;

8. product P=VI;

9. ratic R=V/I.

If any of the variables is out of its allowed range, its display shows “~+inf” or “—inf”.
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M ERE®
THEORETICAL COMPETITION

1. The drag on a falling magnet

A clear and detailed discussion on eddy currents was first provided by
the British physicist Sir James H. Jeans (1877—1946) in his celebrated
book The mathematical theory of electricity and magnetism (1925). The

James H. Jeans
(1877—1946)

present problem is based on electricity and magnetism,
A small size magnet with dipole moment of magnitude » and mass m is
dropped through a very long vertically held non-magnetic metallic tube as shown in Fig. 1

(figure is not to scale), In general the fall is governed by

mi = mg — ki, (1
Here g is the acceleration due to gravity, Note that the 1 Magnet
damping parameter % is due to the generation of eddy currents o
in the tube. l
z - Metallic Tube

1.1 Obtain the terminal velocity (wr) of the magnet,
I.2 Obtain z(£), i. e. position of the magnet at time ¢.
Take 0(t==0)=0 and 2(t=0)=0.

-We shall attempt to understand the dynamics of the fall. —__

In order to do this we consider in part 1. 3—part 1. 8 a Figure 1

O EXREESGETMNE R E http. //www. apho2012india, org/ T #,.
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simplified problem of the magnet falling axially towards a
fixed non-magnetic metallic ring of radius a, resistance R and

inductance L as shown in Fig. 2. In this problem, we shall ignore

radiation effects,
In our case it is convenient to change the reference coordinates

to a set of cylindrical ones (pyg,2) as shown in Fig. 2 where z-axis

. . . C e .. Rin
is the ring axis, the magnet is initially at rest at the origin and the ¥ s
‘ z

center of the ring is at distance z, from the origin. Cartesian axes
2a -

(z,y.2) are also shown in the figure, AThe manget has dipole Figure 2
moment p in the positive z direction {(p= pk) where k is unit vector
in z direction. We will assume that during the fall, magnetic moment remains in the same
direction. The axial component (B,) and radial component (B,) of the magnetic field at an
arbitrary point (p,@,2) when the magnet is at the origin are given by
B, =t P 31:23222_1],

dm (g + 287 Lp + =

=t _ 8P

[ 4x (pz _I_ZZ)alz !

where o is the permeability of free space.

1.3 Let the instantaneous speed of the magnet be ». Obtain the magnitude of the
induced emf (e} in the ring.

1.4 This emf will give rise to an induced current () in the ring. Obtain the magnitude
of the instantaneous electromagnetic foree (f,.) on the ring in terms of 4.

1.5 What is the magnitude of the force on the magnet due to this ring?

1.6 Express the emf in the ring in terms of L, R and i. Do not solve for i.

1.7 As the magnet falls it loses gr‘ewitational potential
energy. ldentify the three main forms of energy into which the @

gravitational potential energy is converted and write down the

expressions you would use to calculate each of the three LC A - =0
contributions.
I.8 Does the magnetic field of the magnet do any work in —=(f)

this process? Tick in the appropriate box,

Next we will estimate the damping parameter & due to the

pipe (see Eq. (1)). Take an infinitely long pipe with radius a,

small thickness w, and electrical conductivity . For this and

later part, we take inductance of the pipe to be negligible. It

would help if you considered the pipe to be made of many rings

each of height Az', radius a, small thickness w and electrical

conductivity ¢ (see Fig. 3). For simplicity, the two ends of the

Figure 3

pipe are at z=—o° and at x=cc, respectively.
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1.9 Obtain the resistance of an individual ring.

I.1¢  Obtain the damping parameter %4 due to the entire pipe in terms of g, o
and geometrical parameters of the ring. Since each ring is very thin, you may take magnetic
field to be constant over the thickness of the ring and equal to B, (p=a). Assume that at
an instant ¢, the magnet has a coordinate 2(¢) with an instantaneous speed 2. You should
leave your answer in terms of a dimensionless integral I, involving a dimensionless variable
u=(z—=z2")/a.

1.11 Assume that the damping constant £ depends on the following

k= flusspsRosad,
where R; is the effective resistance of a long pipe. Use dimensional analysis to obtain an
expression for k. Take the dimensionless constant to be unity.

The following integrals may be useful:

J udu _ 1 (@ +uP)T

Ly 2 1= + Constant  (n > 1).

2. Chandrasekhar limit

In a famous work carried out in 1930, the Indian Physicist Prof
Subrahmanyan Chandrasekhar (1910—19895) studied the stability of stars.
The problem will help you to construct a simplified version of his analysis.

You may find the following symbels and values useful.

Speed of light in vacuum c=3.00X10* m+s™!

Planck’ h—6. 63X 10~ ] S. Chandrasekhar
anck’s constant =0, s (1910—1995)

Universal constant of Gravitation G=6.67X107"" N+ m® » kg™*

Rest mass of electron m,=9.11X107% kg

Rest mass of proton m,=1.67X107% kg

II.1 Consider a spherical star of uniform density, radius R and mass M. Derive an
expression for its gravitational potential energy (Eg) due to its own gravitational field
(gravitational self energy).

1.2 We assume that the star is made up of only hydrogen and that all the hydrogen is
in ionized form. We consider the situation when the star’s energy production due to nuclear
fusion has stopped. Electrons oiaey the Pauli exclusion principle and their total energy can he
computed using quantum statistics. You may take this total electronic energy (ignoring the [

protonic energy) to be

¥

BExt 73\ N
- 10me42f3(¥) R?

where N, is the total number of electrons and #=h/2x. Obtain the equilibrium condition of

E,

the star relating its radius (R,4) to its mass. This radius is called the “White Dwarf” radius.
11,3 Numerically evaluate R,y given that mass of the star is the same as the solar mass
(Ms=2. 00X 10% k).
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.4 Assuming that the electron distribution is homogeneous, obtain an order of
magnitude estimation of the average separation (r.,) between electrons if the radius of the
star is R,4 as obtained in part 1I. 3.

II.5 Let us estimate the speed of electrons. For this purpose, assume each electron to
form a standing wave in a one-dimensional box of length r,,. Estimate the speed of electron
{v) in the lowest energy state using de-Broglie hypothesis.

1I.6 Consider now a modification of the analysis in part II. 2. If we take electrons in

the ultrarelativistic limit (E=p¢), a similar analysis yields

2 5/3
rel _ . 7]:_ __3_ ﬁ_C 4/3
ES = 443 ( b ) R N

Obtain the expression for the mass for which, the star can be in equilibrium in terms of the
constants provided at the beginning of the question. We call this the critical mass (M.).

II. 7 If the mass M of the star is greater than the critical mass M, obtained in part IL 6,
state whether the star will expand or contract. Tick in appropriate hox.

I, 8 Calculate a numerical estimate of this critical mass in units of solar mass (Mg).

(Note: Your answer may differ from Chandrasekhar’s famous result because of the

approximations made in this analysis)

3. Pancharatnam phase

This problem deals with the two beam phenomena associated
with light, its interference, polarization and superposition, The
particular context of the problem was studied by the Indian physicist
S. Pancharatnam (1934—1969).

Consider the experimental set up as shown in Fig. 1. Two

coherent monochromatic light beams (marked as beam 1 and 2),

S. Pancharatnam
{1934-—1969)

travelling in the z direction, are incident on two narrow slits and
separated by a distance d(5,8,=d). After passing through the slits
the two beams interfere and the pattern is observed on the screen S. The distance between
the slits and the screen is D and D>>d, Assume that the width of each slit §; and S; is much
smaller than the wavelength of light.

- D
hy
8
beam | >
beam 2 > T 0 £
2
z={} s
Figure 1

III.1 Let the beams 1 and 2 be linearly polarized at z=0. The corresponding electric
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field vectors are given by

E, = iE,cos(wt)» (la)

E; = iE,cos(w?), (1b)
where 7 is the unit vector along the z-axis, w is angular frequency of light and E, is the
amplitude. Find the expression for the intensity of the light I(#), that will be observed on
the screen where ¢ is the angle shown in Fig. 1, Express your answer in terms of §.d,E;,¢
and @ where ¢ is the speed of light. Also, note that the intensity is proportional to the time
average of the square of the electric field. Here you make take the proportionality constant to
be 8. You may ignore the attenuation in the magnitude of the electric fields with distance
from the slits to any point on the screen.

ML 2 A perfectly transparent glass slab of thickness w and refractive index u is
introduced in the path of beam 1 before the slits. Find the expression for the intensity of the
light I(@) that will be observed on the screen. Express your answer in terms of §.d.E, ¢ >
g and w,

ITII. 3 An optical device (known as quarter wave plate (QWP)) is introduced in the
path of beam 1, before the slits, replacing the glass slab. This device changes the
polarization of the beam from the linear polarization state

E, = iE,cos(wt)

to a circular polarization state which is given by

E, = %EEEQCOS(wt) + JEssin(w) ], @)

where J is the unit vector along the y-axis,

Assume that the device does not introduce any additional path difference and that it is
perfectly transparent. Note that the tip of the electric field vector traces a circle as time
elapses and hence, the beam is said to be circularly polarized. We assume that the angle 8 is
small enough so that intensity from slit one does not depend on the angle § even for j
polarization,

111. 3a Find the expression for the intensity I(4) of the light that will be observed on
the screen. Express your answer in terms of §,d,E;,c and w.

111. 3b  What is the maximum intensity (Jo.)?

II1. 3¢ What is the miniml;m intensity (Iun)?

II1. 4
optical polarisers
device h b
L ¥
] I H
beam 1 i Sy
*ﬁ*—l l l )4
. ]
beam 2 S;
z=0 z=a z=b z=¢

Figure 2
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Now, consider the experimental setup (see Fig. 2) in which the beam 1 is subjected to

® the device (QWP) described in part 3 and,

® 2 linear polarizer (marked as 1), between 2 =a and z=24& which allows only the
component of the electric field parallel to an axis (i') to pass through. The unit vector I’ is
defined as

i’ =licosy+]siny,

and,

® another linear polarizer (marked as 1I) between z=4& and x=c¢ which polarizes the
beam back to i direction.

Thus the beam 1 is back to its original state of polarization. Assume that the polarizers
do not introduce any path difference and are perfectly transparent.

II1. 4a Write down the expression for the electric field of beam 1 after the first polarizer
at z=b, E,(z=5).

III. 4b  Write down the expression for the electric field of beam 1 after the second
polarizer at z=¢, E; (z=¢).

1II. 4¢  What is the phase difference (a) between the two beams at the slits?

The most general type of polarization is elliptical polarization. A convenient way of
expressing elliptical polarization is to consider it as a superposition of two orthogonal linearly
polarized components i. e.

E = i'E,cosecos(wt) + ] 'Eysinesin(wt) , (3)

where i’ and j' and this state of polarization are depicted

Y
. v Hi
in Fig. 3. !
The tip of the electric field vector traces an ellipse as j'\_ ~ ":Eﬁsine
time elapses. Here e represents the ellipticity and is given /)
LYY
by E ’) /

AT / 1
WK Egcose
\

\,
N,

y
\

Semi-minor axis of the ellipse
Semi-major axis of the ellipse’

tane =

Linear polarization (Egs. (1)) and circular polarization
(Eq. (2)) are special cases of elliptical polarization (Eq. Figure 3
(3)). The two parameters y(€[0,n]) and e(E[~n/4,x/4]) completely describe the state
of polarization. 7

The polarization state can also be represented by a
point on a sphere of unit radius called the Poincare “ACD=
sphere. The polarization of the beam described in Eq. £DCP=2¢
(3) is represented by a point P on the Poincare sphere S <>
(see Fig. 4), then latitude ~/PCD = 2¢ and longitude
ZACD=2y. Here C is the center.

I 5 Consider a point on the equator of the Figure 4

X Equator

Poincare sphere,
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I1I. 5a  Write down the electric field (Eg,) corresponding to this point,

111, 5b  What is its state of polarization?

III.6 Consider a point at the north pole of the Poincare sphere,

ITI. 6a Write down the electric field {(Ewp) corresponding to this point,

ITI. 6b What is its state of polarization?

II. 7 Now, consider the three polarization states of beam 1 as given in part 4. Let the
initial polarization (at z=0) be represented by a point A, on the Poincare sphere; after the
optical device, let the state (at 2=a) be represented by point A; and after the first polarizer
(say, at z=¥), the state be represented by point A;. At z=c¢, -the polarization returns to its
original state which is represented by A,. Locate these points (A;, A;, and A;) on the
Poincare sphere,

111, 8 Ii these three points (A,,A;, and A; from the part TI. 7) are joined by great
circles on the sphere, a triangle on the surface of the sphere is obtained (Note; A great circle
is a circle on the sphere whose center coincides with the center of the sphere). The phase
difference a obtained in part 4 and the area S of the curved surface enclosed by the triangle
are related to each other. Relate S to a, I

This relationship is general and was obtained by Pancharatnam and the phase difference

is called the Pancharatnam phase.

EXPERIMENTAL COMPETITION

1, Friction

If a cord is passed around a post or a beam and the tensions in the
two segments are different, friction between the cord and the beam m
plays a role in controlling the motion of the cord (Fig. 1), It is \_/
observed that to hold a body suspended at one end of the cord, the
minimum force needed at other end of the cord is less than the weight T AT

of the body due to the presence of frictional forces. With the increase

in the number of turns around the heam, the decrease in force is

spectacular. Sailors are known to use this idea for arresting the M“.g. Wite
motion of ships by winding ropes tied to ships around posts at the Figure 1
docks.

OBJECTIVE.

To explore the relationship among the three quantities: the load W (= M,g), the
minimum effort P (= M,g) needed to keep the system in equilibrium and the angle 4,
subtended by the segment of the cord in contact with one or more beams, by systematically

varying these quantities and to express it in the form of an equation.
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APPARATUS;

Sr. Ne. Item ' Quantity

1 An apparatus consisting of four pieces of steel pipe on four sides of an identical vertical 1
piece at the centre, all fixed on a2 wooden platiorm

An acrylic sheet (with lines 1. 5 mm apart) mounted in front of one of the horizontal

2 . 1
pipes

3 A plastic pan (including supporting rods) with its mass (M.} written on its side 1

4 A magnifying glass with torch 1

5 White cord with blue markings (Dial cord) 2 pieces

6 Pink cord 1 piece

7 A weight box containing following weights
500.0 g 1
200.0 g 2
100.0 g 1
50.0 g 1
20.0g 2
10,0 g 1
5.0g 1
2.0g 2
1.0g 1

8 A body of unknown mass, M,

9 A hanger of slotted weights with hook (each weight 100. 0 g and total weight 800.0 g)

_= | = =

10 A piece of cleaning cloth

The blue switch can be moved to switch the torch ON/OFF. The acrylic plate with lines
ruled on it is provided to detect the motion of the cord. The lines on the acrylic plate can be

taken as reference against which the motion of the cord can be observed.

Figure 2(a] Steel pipes Figure 2(b) Set of weights Figure 2{c} Plastic pan

mounted on wooden platform
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In

Figure 2(f} Magnifying glass

with torch

Figure 2{(d) Dial cord Figure 2(e) Pink cord

Figure 2{g) Body of unknown Figure 2(h) Slotted weights Figure 2{i) Complete set-up

Mass, M, with hook

EXPERIMENTAL PROCEDURE.
Caution: Do not touch the surface of the pipes with which the cord would be in contact.
Any greasy material can change the frictional properties of the surface (surface of the pipes

as well as the cord). A cleaning cloth is provided if required.

Part 1. (Note; Use the dial cord in this part. )

Use the hanger with slotted weights as load M,,. Attach the load at one end of the given
piece of dial cord (whose mass is negligible) and a pan (with known mass) at the other. A
weight box with weights is also provided. The angle  subtended by the cord can be changed

by passing it over/around two or more of the given pipes. (Refer to Fig. 3)

T T

_ P=M,
w-sts || Wr=Me  poug *

Figure 3 Schematic arrangements of the assembly for angles m and 37/2 respectively
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The minimum value of angle # is obtained when the cord passes aver two parallel rods without
making any contact with the central post (Fig, 3). By winding the cord around the vertical post and
shifting the position of the effort the angle 8 can be changed by steps of n/2. The load M,, should be
suspended from the pipe to which the ruled acrylic plate is mounted,

For increasing the angle ¢, the cord is to be turﬁed around the central vertical post, To
observe whether the cord suspending the load is slipping over the pipe, the transparent
acrylic plate is provided. You can use the magnifying glass with torch to view whether the
cord is slipping over the pipe. Ideally one should note the effort M, when the load M, is on
the verge of moving down (overcoming static friction). But that is not possible. However, it
is possible to determine the interval [M,—, M,, ] within which this value lies. Since this
interval is a measure of the uncertainty in the magnitude of M, , it should be made as small as
possible.

For §=x, take observations over as wide range as possible with the weights provided.
Make estimate of the uncertainties in the observations. Plot the necessary graphs and
combine the results from the graphs to get the desired equation. On the basis of the analysis
of your data write down the quantitative relation giving value of P in terms of W and 6. The
value of P is also dependent on friction between the cord and the pipe. Identify the term in
your equation which acbounts for friction and equate it to the coefficient of friction u for the

given system. Estimate the expanded uncertainty in its value.
Part 2; (Note: Use the pink cord in this part. )

A body of unknown mass M, and a pink cord is provided. Suspend the unknown mass
from one end of the cord and the pan from the other end. Write down the relevant equations
to determine M, and u,. With §=x, take necessary observations to determine its mass and
the coefficient of friction between the pink cord. and the pipes using the relationship obtained
in the experiment. Estimate the expanded uncertainty in your results.

Note on uncertainty evaluation

(1) If it is observed that the magnitude X of a quantity to be measured lies somewhere in
an interval [ X, Xz], and there is equal probability that it can have any value in this
interval, then the probability distribution is said to be uniform or rectangular. The standard
| Xi—X, |

243

(2) After evaluating the combined standard uncertainty in a measured quantity, the

uncertainty for such distribution is given by

+

result is stated with an expanded uncertainty. If the expanded uncertainty is taken equal to
twice the combined standard uncertainty, the confidence level is approximately 95%. The
number giving expanded uncertainty is rounded upwards to retain a single digit (generally)
and the number giving the magnitude of the measured quantity is rounded to keep appropriate
number of digits such that the last digit has the same decimal place as that of the expanded

uncertainty.

L e g
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1

2. Electromagnetic induction

The modern technique of eddy current testing employed for detecting defects under the
surfaces of metallic objects is based on the principles of electromagnetic induction. The
circulating currents induced in conducting bodies due to changing magnetic {lux in the region
where they are located are called eddy currents. The defects are detected by observing the
changes in the resistance and inductance of a coil carrying alternating current when held near
the surface of the object.

Unless the core of the solenoid has some ferromagnetic material the magnetic flux @ is
proportional to the current i, The constant of proportionality is called self inductance of the
coil and is represented by letter L. The self-induced emf in a coil with inductance L is,

therefore, given by —L %

In a coupled system of circuits with current i; in one circuit the magnetic flux linked

with it is given by

@=L, +Myis,
where L, is the self inductance of that circuit and M, is the mutual inductance of the coupled
system,

Similar equation holds for the reverse, with M,, =M,,.

I-R Circuit

A sinusoidal alternating current with angular frequency w flowing through a series combination
of resistance R and inductance L produces a voltage drop across the combination.

If we represent current by i=1I, sinwt, the voltage drop across the resistance is equal to
I,Rsinwt and that across the inductance it is Jowlcoswt. We can combine these to get the
voltage across the R-L combination. The quantity wl is called inductive reactance and is
represented by symbol X. One can readily show that the voltage across the coil is equal to
I, ZsinCwt+@) . where

Z =R + X, (1

and

= arctan(%). (2

Alternating voltage as well as current vary continuously in both magnitude and polarity
during the course of time but the rms values of these quantities calculated over a cycle are
independent of time and the relation V=1IZ where both V and I represent the rms values, is
analogous to Ohm’s law. From this we see that

Vi = (IR)* + (JX)™ (3
(Note: The concept of resistance is basically related to dissipation of electrical energy and the
value of resistance of a coil in ac circuit can be different from its value determined by applying

Ohm’s law with dc currents. )
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When there are additional resistances and/or inductances in series with the coil, we can
still consider the voltage drop across the combination as equal to the square root of the sum
of the squares of voltage drops across the total resistance and across the total inductance.

Measurement of Inductance and Resistance of a Coil

For measuring alternating current and voltage, generally the rms values are noted.
From Equations (2) & (3) we get

Veosf = IR, ' 4
and

Vsing = IX. (5
To obtain the values of R and L of the coil we can use the above equations. Voltage V and
current I can be measured. But there being three unknown quantities #, R and X we need

one more equation.

L: ———————————————————— Vi\ ————————————————’——-)—f
TN
)
Vir 1 14
I e all( ———————————————————————— »|
]
R’ : Rl L
AN AN Goaa0
T A = oml i
 Figure 1

If the applied voltage across the series combination consisting of a known resistor R’
with the coil is V4, then an expression relating applied voltage V, to the voltage drops Vg
across R', V across the coil and the angle @ is '

A= Vk +V24+2VeVeosh. (6)
All quantities except @ in Equation (6) are measurable,

Hence measuring the three voltages V., Vi and V, and using Equations (4), {(5) and
(6), §, R and X can be determined. Knowing the frequency of the alternating current the
value of L can be calculated,

Alternatively, from Equations (4) and (6) we can express the value of R in terms of the
three measured voltages as

= ()]
The impedance Z of the coil can be calculated using the formula Z= %Rrand the value of X

could be obtained from
X =+Z" —R". (1A)
Coupled Circuits
The energy supplied by the power source to the primary can be dissipated partially in the
primary and the remainder in other mutually coupled secondaries. When no mechanical work

is done, the energy dissipation is only in resistances. The inductances store energy in the




MEZ BI3EBHMAKE S EELMA 127

magnetic field associated with them. With current I (rms value) the average stored energy in

inductance L is equal to %LIZ.

When a current flows in the secondary the emf induced due to it in the primary brings
about change in the primary current. Seen from the primary side the effect is a consequence
of change in the effective resistance and reactance of the primary coil and there is no need to
know the parameters in the secondary circuit. The total energy dissipated in primary as well
as secondary circuits appears as if it is dissipated in the elfective primary resistance when
seen from the primary side.

The effective values of resistance Rpe and inductance Lpp of primary can be related to a
“reflected” resistance Ky and a “reflected” inductance Lg from the secondary side. The
{average) power dissipatéd in the reflected resistance Ry in the primary has to be equal to

that in resistance Rs in the secondary circuit. This gives

#Rr = IE(Rs + Ry, (8
Similarly, we can relate the reflected inductance Lg to the secondary inductance Ls from
1

Considering the fact that the induced emf in the secondary due to an alternating primary current fp
has magnitude equal to wMTp we can write the equation corresponding to Kirchhoff”s loop rule for
the secondary in terms of rms values of primary and secondary currents as

wMIp = IsZs, (10

where Zs is the impedance of the secondary circuit. When the secondary impedance is infinite

the mutually induced emf appears as the voltage across the open ends of the secondary.
APPARATUS.:

Resistance Board Connecting Digital Coils wound ong over the
Wires Multimeter other

Sine wave Generator Resistance Board Aluminum Rod ~ Complete experinental set up
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The appatatus provided for the experiment consists of the following,

1. A sine wave generator with output of about 10 V (rms) at 1000 Hz frequency.

2. A digital multimeter (DMM) to be used as a voltmeter.

3. A pair of coaxial coils wound one around the other on a cylindrical hollow piece of
non magnetic non conducting bobbin.

4. A piece of aluminum rod capable of fitting inside the bobbin.

5. Two series of ten resistors mounted on an acrylic board; one consisting of 100 chms
resistors and the other of 10 ohm resistors with banana pin sockets,

6. The required resistance for load R, or sampling resistance R’ can be selected using
this resistance board and connecting wire pieces. A separate acrylic board with resistance of
300 ohms is provided which can be used for sampling resistor when the other board is used
for load resistance.

7. A set of five red and five black wires with banana pins at their ends (the pair of
longer red and black wires is meant for use as DMM probes).

The output of the sine wave generator of frequency 1000 Hz is to be used as the
alternating source voltage. Use the 20 V range of the DMM to measure rms ac voltages.

The magnitudes of currents I; and Is when needed are to be caleulated from the

measured voltages across known values of R in primary and R, in secondary respectively.

EXPERIMENT

PART 1: Determining Resistance and Inductance of a Coil with Air-core and Aluminium Core

Connect coil 1 (with blue terminals) in series with a resistor R’ (to be selected from the
resistance board) across the output terminals of the sine wave generator. The sine wave
generator will be on before you start your experiment for stabilization of its output, Do not
turn it off. Keep the output voltage amplitude maximum. (The DMM should show the
output about 10 V).

The ac output of the generator may have some v,

asymmetry. In that case, the readings of the DMM will ~)
show slightly different readings, when the input polarities
of the DMM are interchanged between “V/0” to “com”. To

correct for the error due to asymmetry repeat each reading

by interchanging the polarity of the probes of the DMM and
take the mean of the two readings.
Choose the value of R’ to obtain Vg and V

approximately equal so that the systematic error in Z

becomes negligible. Figure 2
(a) Measure the voltages Vi, Vi and V as well as Vo across the terminals of the other
coil. ' ‘

Determine the resistance R; and inductance L, of coil 1 {with blue terminals) and
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