Physics 1B

Final Exam
Spring 2013, UCLA, A. Forrester

Full Name (printed) Solutions

Full Name (signature)
Student ID Number

Seat Number

~ Problem | Grade

1 (av) /39
2 /14
3 (a,b) /17
4 (a—d) /25
5 /15
6 (a—c) /20

Total /130

¢ Do not peek at the exam until you are told to begin. You will have approximately the
whole exam period (3 hours) to complete the exam.

® You are allowed one 5"x 7" card of notes (both sides), but all other books or notes
must be put away. You can use a calculator for calculations only.

e Show your work to get full credit. (Exception: You don’t need to show work in the
multiple-choice problems. Brief sentence fragments or equations will do for the short-
answer questions.)

e If you initially budget your time roughly by 1 minute per point (130 pts for 130 min),
then you'll be able to judge where to spend the remaining 50 minutes you have left.
Do your best and finish what you can. You can move on if a problem is taking you too
long; you will get partial credit for partial solutions you leave behind.
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1. A collection of problems.
la) (1 point) A forced oscillator will oscillate at

A. the intrinsic, natural frequency of the oscillator.
the frequency of the driving oscillator.
C. a frequency that depends on both the natural and driving frequencies.

1b) (1 point) A forced oscillator will oscillate with an amplitude that depends on

A. the natural frequency of the oscillator (but not the driving frequency).
B. the frequency of the driving oscillator (but not the natural frequency).
@ both the natural and the driving frequencies.

1c) (1 point) A forced oscillator with small damping will resonate

A. at the natural frequency of the oscillator.
near the natural frequency of the oscillator, but slightly lower.
C. near the natural frequency of the oscillator, but slightly higher.

'1d) (1 point)  (Circle all that apply.) For the simple superimposable waves we discussed
in class, the speed of the wave is fundamentally determined by

A. the frequency of the wave.

B. the wavelength of the wave.

C. the amplitude of the wave.

@ the elasticity and inertia of the medium.

le) (2 points)  Suppose the tension in a guitar string is reduced by a factor of 81%. By

what factors do the following change: T T'= 0.81T
e the string’s wave speed: 20 % _ pn
e the frequency of the string’s oscillation: 10 7. U= G
c@ e the wavelength of the string wave: {00 % (no okm\je) s - Jo3r - o. 90
o e the generated sound’s wave speed: _[00 %
§ e the pitch (frequency) of the generated sound: WA u=A¥
“ e the wavelength of the generated sound: | (| % (6.90) = (1.00)(0.30)

(Loe) = (1.i1)(690)
1f) (2 points)  Suppose a room has an organ pipe that plays a note at a particular pitch
and a guitar with a string that plays at the same pitch. If the air in the room is replaced
with helium, how will the pitches of the sounds generated by the pipe and the string

change? S me geo»\gh—y/wavefems%s‘

piper 925 has less mars/imorha 2 higher wave speed
= "Uﬁ'ﬂ-&r gas vibraton ﬁ»g.? = Phg‘ﬂ-w sound Q\ﬁcq/rr{‘dfl

ibﬁ__'fng: Same :h?nﬂ mass € fension => Same sd-m'nj wave speed £ vibrafion Q’y’_
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"1g) (1 point)  Suppose you bring a positive charge near (but not touching) a conductor,
touch the conductor with your finger, hold your finger on the conductor as the charge
is taken far away, and take your finger off the conductor. Then you bring a negative
charge near (but not touching) the conductor. Is there a force between the conductor
and the charge?

A. Yes, you have charged the conductor by induction and there is a repulsive force.
B. Yes, you have charged the conductor by induction and there is an attractive force.
C. Yes, although you haven’t charged the conductor, there is a repulsive force.

@ Yes, although you haven't charged the conductor, there is an attractive force.
E. No, there is no force.

1h) (2 points)  Three charges and a closed Gaussian surface are shown below, to the right.

-~

e Which of the charges contribute to the electric field ~ : .
at point P? Al 3. ¢t \'

e Which of the charges contribute to the net electric

(.
/
. ‘ : 3 e k4
flux on the Gaussian surface? On(y ?: 4 %2- AN ?_ ,IP t

1i) (2 points) In which of the following cases does an electric dipole experience a non-zero
net force? The dipole is in the field...

@ of a point charge with the charge on the dipole axis.

B. within an ideal parallel plate capacitor with the dipole axis at 45° to the field.
C. of a thin, infinitely long charged rod with the dipole axis parallel to the rod.

@ of a thin, infinitely long charged rod with the dipole axis 45° to the rod.

@ of a thin, infinitely long charged rod with the dipole axis perpendicular to the rod.

F. of an infinitely large plane of charge with the dipole axis perpendicular to the
plane.

1j) (2 points) In which of the following cases does an electric dipole experience a non-zero
net torque? The dipole is in the field of. ..
A. of a point charge with the charge on the dipole axis.
@ within an ideal parallel plate capacitor with the dipole axis at 45° to the field.
@ of a thin, infinitely long charged rod with the dipole axis parallel to the rod.
@ of a thin, infinitely long charged rod with the dipole axis 45° to the rod.
E. of a thin, infinitely long charged rod with the dipole axis perpendicular to the rod.

F. of an infinitely large plane of charge with the dipole axis perpendicular to the
plane.
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1k) (1 point) A capacitor is connected to a battery until charged and then it is discon-
nected. What happens when you increase the distance between the plates?

@ The voltage across the plates increases.
B. The electric field between the plates decreases.
C. The magnitude of charges on the plates decrease.

1) (1 point) A capacitor is connected to a battery until charged and remains connected.
What happens when you fill the space between the plates with glass, a dielectric?

A. The electric field between the plates decreases.

B. There can be no field inside the dielectric.

C. The voltage across the plates increases.

@ The magnitude of the charges on the plates increase.

1m) (3 points) Consider a parallel-plate capacitor with plate-area A and (initial) plate-
separation d hooked to a relaxed insulating spring with stiffness &, as pictured below.
Charges @ and —@Q are placed on the plates of the capacitor and the plate attached to
the spring moves slightly toward the other plate. What is the displacement of the plate?
(Assume no friction between the capacitor and the surface.)

f’/ new eq(.(?lil»rfum (Fnd' =0)

“ /
g c kx = QE _ Q€ _ Q
Vi rarriria E- g ,?e = X7k kA&,

1n) (4 points)  Consider a resistor of length ¢ and resistance R in the presence of a charge
g > 0, as pictured below, with the charge along the axis of the resistor and at a distance
d away from the resistor. Neither the charge nor the resistor are moving. What is the
voltage (or change in electric potential) across the resistor? Why? What then must be
the current in the resistor, and what is its direction?

R AV =0 since vesishor is a conductve in electresdatric
\3 i' L2z equil, (H‘ has been ro‘ar'« zeA)

'é > |
| d | 4 1 T-= % = 0 charge moved inN’faUy whem resistor way
no directhon folarized "P‘ij‘l‘f‘wwml-— but now, o current

1o) (2 points) If you place an electron next to a current-carrying wire, as shown below,
in which direction does the electric force on the electron point? And in which direction
does the magnetic force on the electron point? Explain (very briefly).

’ C‘ ?E =0 No net L.“tarse nemrby (W"'e ts nm’h“a{)

o Unless ¢ induces fola.rttaﬁan in Wive

2 atractive Brce toward wire
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1p) (1 point) In which configuration will two 60-watt light bulbs shine brighter, when

connected in series or in parallel? Waﬂ‘age is a bad label for bqlbsl
A. in series n SMM' Since it Can'chanse,
in parallel deyouding on the circumsdamces,

C. it makes no difference — they are 60-watt light bulbs

1q) (1 point) You have three resistors of equal resistance, but you need a lower resistance.
Can you combine the three resistors to get a lower resistance?

A. No, you can only combine them to get more resistance.
B. Yes, you can connect them in series.
Yes, you can connect them in parallel.

1r) (1 point) A proton and an electron move in circular orbits within a uniform magnetic
field. If both particles move with the same speed, which will have the larger orbit?

@ The proton has the larger orbit. Same majn:‘dwle of centri ye“'ﬂl for ce, larger inertin,
B. The electron has the larger orbit. '

C. Since both have the same charge, they move in exactly the same orbit.

D. Their orbits have the same radius, but the directions are reversed.

1s) (1 point)  Consider a cylindrical magnet, shown below, with a magnetic field that is
symmetric about its axis. Suppose a planar circular loop of current is centered on the
magnet’s axis with its plane perpendicular to the axis. The loop is positioned near the
north pole of the magnet with the current I > 0 in the loop directed as shown below.
What can you say about the net magnetic force on the loop of current?

A. The net force is perpendicular to the magnetic field at the center of the loop.
The net force is directed toward the magnet.

C. The net force is directed away from the magnet.

D. The net force is zero.

i = N
? 2 )‘(n }l‘l
s N 11 —_— —>
- ? ) a‘('h‘ac‘ﬁoh

1t) (1 point)  Consider the same magnet and loop of current pictured above. What can
you say about the net magnetic torque on the loop of current?
A. The net torque is perpendicular to the magnetic field at the center of the loop.
B. The net torque is directed toward the magnet.
C. The net torque is directed away from the magnet.

@ The net torque is zero. 9}“"" metric &,CC <
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1u) (3 points) A positively charged particle moves in the positive z-direction. The

magnetic force on the particle is in the positive y-direction. What can you conclude
about the. .. : :

e x-component of the magnetic field at the particles position?
(® B,>0 ,
i, B, =0 Z
iii. By <0

@—> GV

FB
iv. not enough information given to decide ‘

e y-component of the magnetic field at the particles position? ? 5
i. By>0
@ B, =0
iii. By <0
iv. not enough information given to decide
e z-component of the magnetic field at the particles position?
i. B,>0
ii. B,=0
iii. B, <0
@ not enough information given to decide

1v) (5 points) Suppose a planar loop of current I with loop-area A is in a uniform magnetic
field of magnitude B, initially at rest with its magnetic moment aligned with the field.
The dipole is able to rotate about an axis that is perpendicular to the magnetic field,
and it has a moment of inertia I about this axis. If the dipole is perturbed a small

angle away from being aligned and is then free to oscillate (with no damping), what is
the period of these oscillations?
-

-

M . o
bt

jjx@ = }133:%6?\

3

'/ugsme - —-/(89 = r'o(

'-=~}.—‘-§
= o r,@
S -

M B - | 4B

6 Z W= d7
N
= 2 i i
T > T=7 = Z“jpa = QWW‘iIAB
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2. Submarine race.

(14 points) A submarine pilot is in a race and must navigate around obstacles. She uses
an intermittent series of short sound pulses for sonar (sound navigation and ranging). That
is, she uses these sound pulses to detect the presence of and distance to stationary obstacles
and also to calculate her speed in the water. Each sound pulse, or “ping”, has a frequency
of 350.00 Hz, and her digital sonar equipment calculates the speed of sound in the water
around her to be 1550 m/s. If a pulse is emitted and returns 27.2 ms later with a frequency
of 351.00 Hz, how far away is the obstacle and how fast is the submarine moving toward the
obstacle at this moment (assuming the submarine is headed straight for the obstacle)?

Zd =, At‘ (* ds.\‘uvm"ns U—Sulv << Um)

| ~ - 2 = 3 (1550 ¥)(27.2 ns)
== —
(} ( -

— =21 m

&= (P58 - (~%‘_f"u_m)£.

Z; - ,': -U—m*u‘ ’ - bum*u‘fu u-m*u.u "4
- (U.,—%)J;S i <"’Tr_i)¥ N (‘A)(l*)g

™ % Vi~ Usub

’
‘g'o (U‘h‘- Urul.) = (Vm il U}v_‘,) ’V

U (£/-8) = vy (£ 8)
oy = <\? -E)U_m _ (351.00-3'so.<:»o>('ssoi_;1

s
£+ f 351.00 + 350.00

2.21 m/s

M

(VSuL << Vi ‘/)
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3. Hexagonal geometries.

In class we examined a finite line of charge of length ¢ with uniform linear charge density
and total charge @. We found that the electric field due to this line charge at a point a
(perpendicular) displacement d away from the center of the line is

Q
o134

ERYCE 0D

Use this formula to solve the following problems.

E =

ot

3a) (10 points) Consider a hexagonal loop of charge with uniform linear charge density
and total charge g, pictured below. The loop is in the zy-plane, centered at the origin,
and each side of the loop has length . Calculate the electric field at any point on the

z-axis due to this charge.
68 N \°
3 EVZ
VAV A

_ d -
N R oy
2 =z J3% « 3(4r2)*

Symmu“f\/ » Cancellahion w/ °“‘}/ 2"‘”’"0"“* ?‘mm‘n?ng

3

]

6 E; 2
, A 2 A
6 E a0z = ¢ E a4t
6 ( d  Jdr e/ A

- S ——
d% 1d% + (i/2)?

kg | l
(3% + 200/2)2) 2% +4U/z

N>

)T‘
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3b) (7 points)  Suppose a particle with the same charge ¢ as the loop and mass m is fired
through the middle of the loop. When it is at the center of the loop, the particle has a
speed v in the z2-direction. /

o At what speed will the particle be traveling when it is very far away, moving with
an essentially constant velocity?
o Is this eventual speed greater or less than the original speed v?
Your answer will involve an integral. You do not need to solve the integral, but express

it as fully as you can and pull the constants out in front of the integral. Assume there
are no dissipative forces.

}} k———? Conservation- of eneroy
' K.E. « P.E,

J,‘mu"‘ + %V = é-mu’z + }Z’

\f’=—\} vr o+ %}\7

<<
)
|
8emy
m
S
v
"

- og E; dz (alonj 2—4»?5')

oo [~ )

= kg T

o (3 +3(1/2)%) Ez Yy i)t

2dz

)
L
m

~
S
)

loof c&,) (ar&icle % = Sd.me/hkc d‘argcr r\ope(
.g 0/7 ‘)—
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4. Double-sphere capacitor.

Consider the circuit pictured below. A battery of emf £ is hooked to two spherical capacitors
in the manner shown. The top capacitor contains a dielectric of constant K7 and has radii
R,, Ry, and Rj3 for each boundary, from smallest to largest. The bottom capacitor contains
a dielectric of constant K, and has radii R4, Rs, and Rg, smallest to largest.

For the battery to reach the inner conductors, each capacitor has a small hole drilled
in the outer conducting shell so a wire can be fed in to touch the inner conductor without
touching the outer conductor. Assume that this does not measurably affect the symmetry
within the capacitors.

4a) (5 points)  Where will charge accumulate in this circuit, and what will be the signs of
those charges? Label these charges.

4b) (5 points)  In terms of these labeled charges and other parameters, write expressions
for the electric field inside these capacitors.

4c) (10 points) ~ What are the magnitudes of the accumulated charges?

4d) (5 points)  What is the effective capacitance of this arrangement?

(capacitors cross-sectioned)

2)

- %. (hcga‘H'VQ)
c&,' ((as'.h've‘)

Charges are on inside surfaces.

—E'__L_'_?—'——

—
-— —

' Kl Yeer? £, Kl rt

. . — -L' -~
lm.ﬂ"om CQFQC:J‘Dr. El = Kz I‘,—;ZLZE-

P
1
I5
5>

‘7) +°P CaPacN‘oV‘:

5>
]
|
F
T~
5>
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(BLANK / SCRATCH-WORK PAGE)

%’l:CIVQ :C|€

c,= & |
' R2 . R,
V,z’SElrdr=‘*% ,(_J._‘:.
Ru ‘g r?
SR
_ ket o kgL
- Kl[ Y‘]K‘ - %(R' R2>
¢ =& —
OV k(R
k.8
.=C -E _
OO TR
kK, €
= C,E =
2 2 O L
% k(R,'-l_Rs)
Ceq? (:u-a“d! (Same VDH'&ge) ‘}h{-’-‘?:‘*‘zz)
5> C - C ' K. + uL
= = C, + =
9”77 T2 T (mrw) k(R )
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5. Resistor circuit.

(15 points) Assuming the resistances and emf’s in the circuit shown below are known,

how many independent equations are needed to solve for all the currents? Create enough
equations to be able to solve the unknown currents in the circuit. (Do not solve the equations,
just set them up.) The circuit includes a 3D triangular pyramid (tetrahedron). The small

apparent break in the rear wire is to help you visualize which segment is behind the others
— there are no breaks in the circuit.

X brauolqgs (3 curm’i‘s,

8 unknowas

2 nteed & l'ndqemoteoﬂﬂ' equa"ﬁ'ons

There are ~6 simple foops, but
on\y heea 5 o(u.e ‘I‘o ra(undancy.
'-ﬂwc are 4 h°d€$, bu"'

only need 3 due & redundancy.

Kl

EO*ROI‘,“R.I‘ =0 1
(Lack) K‘I, - R;13 t R,— Is =0
(le€4)  R,I, -R,I, tR, I, =0
(Irt“gh{') RoT, ~RyI; + R T = 0
(Loﬂ’owl) -RgTg ¢+ R, T, + Ry I,=0 >' overkill.
E, - R, T, ~R I, =0 10 equations
K2
- T, =T, +1,+ I,
IL,=T,+T,+« I
T,=I,+ 15+ T,
\IC = IZ + Iq + ‘I7 J
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6. RC circuit.

Consider the circuit pictured below. Initially, before the switch is closed, the capacitor is
completely neutral and uncharged.

6a) (4 points)  Immediately after the switch is closed, what will the currents and charge
on the capacitor be?

6b) (4 points) A long time after the switch is closed, what will the currents and charge
on the capacitor be?

6¢) (12 points) For any time after the switch is closed, solve for the current to the
capacitor and the charge on the capacitor as functions of time.

Hint: You may need to take a derivative of equations that you come up with.

. T, a) Capacibors like a shoet
—_— —> 0
T %=
r —L Z‘L % . £
“ C-_—_-_J_-_—__ R Iu—Iz“T I.?=
“#
‘—J:V‘. -} lo) (‘apac’)&'ahfs' ke a break
g 1, .t
I,= 3% LosTy=2x 1,70
E
§=CV=cIR = 5F
c) [y _ A1 T dT
JEEEme] Lan et g
dle 1 2o . T A
| € "RL; =0 = _CLIz,Rngs_O I dT, dI, 47T,
i Re 't gy TR T At
L Ia Iz Jf"‘[.3 i_:E'_: dT, dt’
L dt at * dt E‘lZ'Iz = —E\—I‘z _dI,
¢ dt
41, F p
d. o A1) 2 .. J2 2
zn L Tpe () e
/e 2 0
— B -2%/pc H z E /] RC\[ -2t/Re
‘LZ‘RC %:ofolg_’: T, dt =/‘E("i-)[€ *l]

o
_ce ~24/@c
= S5 (l-¢ )
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