10.

2009 Physics Bowl Solutions

# | Ans # | Ans # Ans # Ans # | Ans
1 D 11 B 21 C 31 A 41 E
2 B 12 D 22 D 32 E 42 D
3 A 13 E 23 C 33 A 43 B
4 C 14 B 24 B 34 E 44| C
5 D 15 C 25 E 35 A 45| A
6 D 16 A 26 D 36 D 46 D
7 B 17 D 27 C 37 A 47 E
8 C 18 E 28 E 38 B 48 B
9 A 19 B 29 B 39 D 49| C
10| E 20 C 30 A 40 C 50 D

D... Converting units.. 2000 365dy 24hr 60min

60s

1 lyr ldy 1hr
25m? y 100cm y 100cm
1 im im

B... Converting units.

of acceleration. Putting them together gives us that the unit of force caritba as

Imin

= 250000cm?

= 315x10°s ~10°s

measuremerdfter the decimal. Therefore, the significant digits are bolded1l230

D... Kinetic energy is computed é’ém\/2 = }é(O.Skg)(4.Or%)2 =40J

D... Antinodes are separated by a distance of one-half of a wavelength. Hemneayealength

isA =40cm here. For waves on a string, we compute fA = f = V/’t =

B... The resistors in the circuit are connected in parallel. Hence,

1 1 1 1 1 1 1

1.08l =

— =t —+—= + + =
R, R R R 400Q 300Q 2000 Q

C... The speed of the object is greatest when the slope
of the line tangent to the position vs. time graph has the
greatest slope. This occurs at titne 40s. The graph

shows tangent lines at the points of interest in the
answers.

A... For the trajectory shown, the velocity is tangent to ©
the path while the acceleration in the problem is that due
to gravity (straight downward).

'osition (m)

E... Using the conservation of linear momentum for the

1

=——0=0923Q
R 108

. A... From Newton, we havé&,, = ma. The MKS units of mass akg with %2 as the MKS unit

kg-m
SZ
C... In a measurement, all non-zero values are significant, as well asrapg aéthend of a
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collision, we write P,;; = Pgg = MV, + MV, = MV, + m,V,, where we identifym, = M ,

9
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19.
20.

m, = m,, = X and call “to the West” as the positive direction. This gives
M(-4V)+X(@3V)=M(2V)+ X(V) - BMV=XV = X=6M

B... During a lunar eclipse, sunlight is blocked from the Moon by the Earth. Hence rthésEa
between the Sun and the Moon.

D... The gravitational force on the sphere by the Eartimgs= (5.0 kg)(lO'P{z)z 50N. By

Newton’s Third Law, this is the magnitude of the gravitational fesaated on the Earth by the
sphere.

E... Using constant acceleration kinematics, we write
2 2
2 _ 2 25 —{5.0M
Ve -V,
Vi =V} +2aAX - a= 9 - ( %) ( A) = —O.9375’P/2 . The question asked
2AX 2(10m) s

for the magnitude (positive value) of the acceleration.
B... Work is done on the box for any displacement parallel to the direction gbphiedforce.
Hence, since the force is applied to the left as it moves 8.0 metheslédtt then the work is positive

(leftward force and leftward displacement) and has Ve Fd, = (240N }(80m) =1920]

C... Using the ideal gas equation, we wr&/ = nRT recognizing thaiR = 0.0821" : atr; (see
mo

constants sheet) to utilize the pressure given in atmospheres ané voliters. Also, the
PV (25atm)6L)

(0.0821 L-atm j(373K)
mol - K

temperature must be in Kelvin. This leaddte

. 1 . : . .
A... The expressiom\x = V,t + Eat2 is only applicable when the linear acceleration is constant.

1 . : .
A = oyt + Eozt2 is only applicable when the angular acceleration is constant.

D... Average speed is computed as distance divided by time. The totatdistareled is 3.0 meters
for the first part and then an addition&k = vt = (9 %XZS) =18m for a total of3+18=21m.

im/
Hence, the average speeaZ%AS— 7.0% :

E... The magnetic field associated with the current in the wire istdatesut of the plane of the page
at the location of the electron (Right-hand rule... right thumb along currentdingap in the sense
of the field). Using the right hand rule for the force on a chargecieairiia field... right fingers
point to the left (velocity), the fingers are curled toward thel fieut of paper) and the right thumb
points toward the top of the paper... except that since the charge iveé¢gkctron), the hand is
flipped 180 degrees giving the final direction of the force to be toviserattom of the page.

B... Energy transfer from the bulk motion of a fluid is best related tt¢ettme convection.

C... This is a 2-D constant acceleration kinematics problem. Horipgritegere is no acceleration,

S0 one has\x = v, t + %axt2 - (120m) = VOx(4'O S) = Vg, = 30% . By symmetry, the vertical

component of the velocity is instantaneously zero halfway through the trip. ,Hence
V, =V, +at > 0=y, + (—10%2 XZS) = Vo, = 20%. Using the Pythagorean Theorem to

find the total initial speed yieldg, = V2, +VZ, = \/(30%)2 +(oom/J =362/
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C... Since the object didn't change its motion, it has an acceleration of zero. Witihemipplied
force and friction acting on the mass horizontally, these forces must havesiequaf

F.« =ma=0. The friction force is therefor60N .

D... The period of a simple pendulum is computed as 272'\/E. By shortening the length of the
g

string to}{I L, the period is now ¥z as large because of the square root. The new p%d is

C... Protons are confined to the nuclei of the atoms and are not mobile, so tfisgiadone via
electron transfer. That the comb becomes negative means thtairedavere accepted by the comb
from the hair.

B... The kinetic energy of the masskE = }ém\/2 =128 mv’® = 256. The net force acting on
the object is found from Newton’s Second Lawkgg = mv% = 25% = 32N since the

2
acceleration is toward the center of circle and has magnﬁyﬁe

E... The momentum of a photon is directly related to the energy of the photon... thenagetie
the photon, the more momentum it has. Of those listed, the gamma ray is thaemgpstie
D... By adding the shorting wire, bulb 4 is now bypassed. This reduces the overalhsistthe

circuit (check it: before short}'?’/3 R, after short:% R). By decreasing the resistance, the current in

the circuit increases. Using Ohm'’s Law, bulb 1 now has more current anetbehedre is a larger
power associated with (P = 2R) and it burns more brightly. Bulb #2, however, dim using
Kirchhoff's Loop Rule... the battery voltage is unchanged while bulb #1 hasex laigage. ..

meaning that the voltage across bulb 2 must decrease and it therefonmés (ﬂﬁrv%) Finally,

since there is a bit more current in the circuit and the branch with thab & greatly reduced
resistance... more of the current will be directed this way, therebiytenigg bulb 3.

C... By the right-hand rule, there is a magnetic force on the proton directatienptane. (Fingers
point up the page, curl them to the right... thumb points inward). Since the proton isctedefle

there must be an electric force of equal size directed out of the plahe page. UsinE = qE , the

direction of the force on the proton and the field that it is in must be inte digection since the
charge is positive. Hence, there is a component of electric fieldedireat of the page.

E... The ideal yellow pigment is reflecting the red and green light. Cyawdsiped with green and
blue filters. Consequently, when this light shines on the yellow pigriengreen light is reflected
and the blue light is absorbed. The pigment appears green.

B... To transition to the-12eV state with only two photon emissions, the only options are for the
electron to make the following transitionsleV — —3eV — —12€eV giving us photons of energy

2eVand9eV or —1eV — —7eV — —12eV giving photons of energeV and5eV . This
means that thd €V photon is not possible with only two transitions.

A... The most straight-forward approach is to use that the expression far fpomwea resistor in the
kg-m
= m 2
2 .
form R—EWhICh yields units of— / = N-m_ =_S = kg-m . Note that the base
| 2 A* As As ARSS

MKS unit is the Ampere and not the Coulomb.



31. A... There are a couple of options for solving this problem...

32.

33.

34.

Method 1: Writing the constant acceleration kinematics expressions forlegadi the trip yields

AX; =Vt +%a1t2 = AX, :V(34T). For the second leg, we have

2
AX, =Vt +1a2t2 = AX :V( 4T)+1 U = lVT where the acceleration was
2 2 }/ T\4) 8
computed during the interval @s= av = O;V . Putting this information together gives the ratio of
A
AVT 24 6

the distances traveled as— = :
y VI 4 1

Method 2: Graph the motion as velocity vs. time. The area under the curve wiltigivchange in
position... and since this is purely a 1D problem, the size of the displacertfentlistance traveled.
So, the problem reduces to the ratio of the area of a rectangle todhaibole. That is,

A, LW _ (%TXV _24 6 .
&%, —bh (%TXV z
N
0 34T T

Time (s)
E... By placing the cube in water and drawing the free body diagram, we have aalyjtatpnal
V.
displace — pcube = 060.
chbe pwaler

So, the density of the cube is found toﬁﬁﬂk%s . Using this same logic for the cube in the oil,

force and buoyancy. Equating these giygs. 9Vigiace = PewveVered =

V.,
we find P2 _ Pave _ 600_ 0.75. 75% of the cube is submerged in the oil.

chbe poil 800
A... The PV diagram shows qualitatively what the processes of inteodstike. Since the first
process is constant pressure, the constant volume cooling reduces the pres
from the initial value, making (A) true. The volume clearly increasagjng isobar
(B) wrong. The temperature could end up greater, less than, or the shme as i S odfiore
started depending on the exact nature of the processes. The samefithe
total heat associated with the processes. Finally, the internayénent
changed ONLY if the initial and final temperatures are exactlyahees v
E... Looking at the light Medium 2, we use Snell’'s Law to see that the index aftrefrés greater
in Medium 2 than in either Medium 3 or 1. Since the light bends so severely awath& normal in

Medium 3, the index is much lower than it is in Medium 1. 1$0< n, < n,. The speed of light in

these media is therefore expresse®as v, < v,sincev = % . This also means that the

wavelengths are ordered ds < A, < A, as the frequency of the light is the same in all of the media.
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A... The continuity equation is needed as the total fluid moving through Regiost lequal the fluid
through Region Il. Hence, we havgv, = A,V,,. Since the area in region l4dimes the area in

region Il (double the radius... areazsr %), then the fluid speed is greater in region Il by a factor of 4.
D... Using Kirchhoff's Loop Rule for the circuit, we have

AVg + AV +AVg =0 — (+120)+ AV, + (= IR)=0 — AV, = (-12v)+(05A)10Q) = -

The potential difference across the capacitor is -7 voltagjitrie size of the voltage as 7 volts.

A... Conventional current in the left-hand circuit is directed clockwisga Bght-hand rule, the
magnetic field interior to the loop with current is therefore INFI® page. Since magnetic field lines
form closed loops, outside the current-carrying loop, the field has a compimeeted OUT of the
plane of the page. Since the resistance in the left-hand circuitéasireg, there is a decrease in the
current and hence a decrease in the magnetic field strength. By Lewzs tte right-hand circuit,
there is an induced current in the wires to generate a field directedtbatplne of the page. This
means that there is a counterclockwise current in the wire ardithent is from B to A through the
resistor in the diagram.

B... There are 3 forces acting on the mass... a gravitational force, the furcéhe
string, and an electric force (see the FBD to the right). Using NesvBetond Law

e
gee = 0= F +F ~Fg, . Thatis, the Fhlec

sum of the gravitational and electric forces is equal and opposite ta¢kdriam the
string. By removing the string, there is therefore a net force directegitgpdo
the string force. This gives the direction of the constant acdelesadting on the F
object and since it starts from rest, the mass will move in alstiaig.

D... Efficiency can be computed as “what you get” divided by “what you paid for”". , Mergot the
mass to rise to the top of the incline. We paid for it by applying a tsreesome distance and
putting work into the system. Writing this mathematically, we have

(10kg)iLo
e= Vh :M = Esin?»oo = 7£N%2)Sin30° :g% = E Note, we took the height

W, Fh F

n

in equilibrium, we havd: + FS[r +F

Elec =

of the incline to bed and the hypotenuse (how far we applied a forcd) lesding tsin30 = —

C... Conservation of mechanical energy can be employed here. This/difes- APE = Oand we
note that we have two forms of kinetic energy (translational andomdd)t Incorporating both, we

wiite AKE, + AKE,, + APE = 0 (¥ mv? ~0)+ (¥ 10? ~0)+ (0~ 1 ke?)= 0. Noting

1
from the equation sheet thif, = — MR2 we can write, usingy = rw , that

Ymv? + Y (1 MR o’ %kx2—>mv+%mv =k =5y, = [4557 % = 115M

E... This is a question of time constant. The circuit with the smdilestconstant will charge to
90% the fastest. The time constants are RC, RC, 2RC, RC, and % RC faruhe given.
D... When the objects come together, there is conservation of angular rmom@at net external

. 1 .
torque). Hence, we write, =L, = | 0, = (I1 + Iz)a) where | :Emrzleadmg to

L e

L+,

L MR + 1 (2m )Ry f T A
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. B... Because the object is placed outside the focus of the lens, theforrage will be real for this
real object. The magnification, though, is unknown. If the object is placeeédretive center of
curvature and the focus, then the image is larger. If the objectigdtbat the center of curvature,
then the image is the same size as the object. Finally, placingjdwt outside of the center of
curvature results in a minified image.

C... The LC circuit has charge oscillate as a simple harmonic oscillatmse@Quently, it is %2 of a
period for energy to switch from the inductor to the capacitor.

A... It was Pauli who conjectured the existence of the neutrino (Ferminatked out the theory of
beta decay and named the particle).

D... In order for the 6 electric fields to completely cancel, one can draw einafe (27z rad)and
divide it equally into 6 pieces. Doing so gives an angl%ﬁor each piece. This is the phase

difference for each of the fields so that when added together (in a phasandiabe total field will be

zero. Consider tharos(o%)Jr cos(%)+ cos(z%)+ 005(3%)+ 005(4%)+ cos(5%): 0.

E... The time-changing electric field induces a magnetic field. Sireeldctric field is out of the page
and increasing in time, then by the right-hand rule, the time-changing fisltikaca current (a
displacement current) and the magnetic field associated with atcautsof the plane of the page is
directed in a counterclockwise manner around the circular region. At thi@tockthe proton, there is
a magnetic force therefore directed into the page (fingers poire tagtit, curl down the page, the right
thumb point into the page).

B... Atraveling wave has the fornfi (kr * a)t) where the direction of wave travel would e . For

the field given, this means that the wave is traveling inttixedirection.

C... The direction of energy flow is computed by the Poynting Vector which iedela the cross

product of the electric and magnetic fields. At the origin at timeD, the electric field has valué.0Z.

We must therefore solve the problem= Zx ??. The magnetic field is perpendicular to the electric field
and from the rules of cross produckss (— 9) = X. The magnetic field is directed alorgy .

D... Using classical physics, we compute

KE = Y,mv? = 320x107° = }/(91x10"\* = v=84x10° M/ = 28c That s the

electron is moving at 2.8 times the speed of light!!! Conclusion... we nedistia physics to
answer this question. So, we approach it as either...

Method #1: KE = (y —1)m,c? - 32x10* = ( -1)9.1x10"*)3x10°* Solving for

y = 1 yields y-1=3907 >y = 1 4907 —» 24.08(1—,6’2): 1—> £ =0979.
1- p? J1-p°

L= % so we can finally writep = y myv = (4.907)(9.1>< 10‘31X.9790) =13x10%kg ’p{ :

Method #2: Using Einstein’s equation for energy, we can write

E2 =(ymc®) = (KE+myc?) = p’c? + mic* — KE? + 2(KE)m,c? )+ mc* = p’c? + méc’.

Simplifying this expression gives us

2 13 31 3 \2
o KE 1+2(moc J R p:(s.leo j\/“ 2A91x10°Y3x10°f o %

c KE 3x108 32x10%



