Name

Student ID

Score

last

G =6.67 x 10" Nm?/kg®
Meartn = 5.97 x 10% kg
Msun = 1.99 x 10* kg
learth = 6.38 X 10° km

Fsun = 6.96 x 10° km
dsun-garth = 149.6 x 10° km
g = 9.8m/s?

g0 = 8.85 x 10™% C%/(Nm?)
to = 4 x 107 Tm/A
me=9.11 x 10" kg
qe=16x10"C
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Part I. [xx points] Consider
the solenoid within a
solenoid, show at right. The

outer solenoid is hooked to a
current source, which can 1 OOOOOOOOOOOOOOOOOO
supply a current, loyter. The “““‘
current flows out of the page
at the top of the solenoid and R, ?”””””“”””
into the page at the bottom, L
as indicated. The outer R, o 1
solenoid has 200 windings,
and the inner one 150
windings. The outer coil is 2
0000000000000000000

m long; the inner coil is 1 m )
long. The ends of the inner
coil are joined by a resistor of

20 Q. The outer coil has a @@@@@@@@@@

radius of R, = 10 cm, the
inner coil aradius of R; =5
cm.
1. [xx points] A
constant current
louter = 2 A has been flowing in the outer coil for a long time. What is the magnitude of the magnetic
field at radius r = 2 cm due to the outer coil (point P1)?

- Biscongt B AT

é 13x10-4T
25x10-4T 3 - 2. 00 _ L
D. 5.0x10-4T “(L/??VLU D(._—g\_ ‘) 2 =280 T
E. 1.3x10%T

2. [xx points] What is the induced current in the inner coil, linner?
(A 0.0 mA

B. 0014mA  di =~O‘«/,/ € ﬂﬂ%y'n(f ) )Vwel/oe)

""'@@@@@

KIXIXIX)

C. 0.020 mA
D. 0.030 mA JJ()
E. 0.059 mA

3. [xx points] At time to =0 sec, louter Starts decreasing at the constant rate of 1 A/s. After 1 second
has passed, what is the magnitude of the magnetic field in the inner coil?

A OT 1 e G{'@W[«”/ﬂ @/ZA) now 1, amp-

1.26x10-4 T

C. 251x10-4T Ly L)

D. 5.03x10-4 T -

£ 126x 10°T (= -8 AW T 2 | 2a6x0
o—
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4. [xx points] What is the induced current in the inner coil, Linner, at teé 1 sec? laj‘po

A. 148 x10* mA QiN%—_NA zﬂﬁﬂcﬂ%

7.4 X 10'33[nA i _
. 9.87x10°mA 3 — Y~y 2T
D. 1.48x 107 mA =(189) 7 (.08 = (47X o e 3_,) Cl)
E. 2.96 x 102 mA - [LQ® X0\

5. [xx points] Which statement best describes the direction current flows in#1€ inner coil att = 1 sec?

A. Same direction as the outer coil V:_:L‘bQ =)L e2,48X O__g A

Opposite direction as the outer coi
C. Itdoesn’t flow

/
e/
D. Not enough information to tell spOSEes  INexeds
6. [xx points] Which of the following is a true statement about linner just as louer reaches zero?

A. T 15 0 MA. h Lost "o - s
linner i the same as in problem 4. — O canres o a5
C. linner is less than it was in problem 4 (but not the same magnitude). A ) W#ﬂ”fs‘

D. linner is greater than it was in problem 4.
E. linner is the same magnitude, but is moving in the opposite direction.

7. [xx points] The current in the outer loop, louer, IS returned to the full 2 A and left there for a long
time. At some time later, t;, the current source is switched off, and the current output drops to zero
instantly. During a short time after t; does the current loyeer

A. Fall to zero instantly.

Continue to flow for some amount of time in the same direction.
C. Continue to flow for some amount of time in the opposite direction.
D. Not enough information to tell.
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Part Il. [xx Points] The elements in the circuit A — s
shown above have the following values: E = 104 V, f1 R1 q :'3 R3
L=22H,R =16 Q,R,=20Q, and R; = 33 Q. Zl
After the switch has been open for a long time, it is
closed att = 0. %
_ + L
8. [xx points] Calculate the current through Ry el Rz é
att=0+. =0 &t=-0+ - &
23=0
A_15A V/
29A [ ® ? AN

C. 32A Ry, Te 2=

D. 52A ~

E. 65A =103 . 2724
9. [xx points] Calculate the potential drop across the inductor at t = 0+.

A. 00V

/
B. 21V Sume dS a@?‘qo deenvss g
C. 54V
58V V.:@,&Psﬁ)@\@ =52.7V
. 80V
10. [xx points] At what rate is the current through the inductor increasing at t = 0+?

. 0A/
A. 0 Als ;/:_),20%:_ aLI‘LS7/7’_QC|9_C

B. 9.5A/s

C. 24 Als H 2.0
26 A/s

@ A8 ' JW&N\

11. [xx points] After a long time, what is the current through R,? Now L vs @ cm
A 0.0A pQ—f[re,JJ— T=2¢9502

B. 14A
28. L:s = 3. QS,Z)

C.16A = —X—
) 2.3 A K¢
E.37A AV, {3.55/_1)({(_(9 . se.4gy AV = 108 —s8 48 4S
12. [xx points] After being closed for a long time, the switch is opened at time T. Whaf; the magnltude of
the current through R, immediately afterward?

0.0A W wer the comvent %roUﬂ/» L= VQD-.

) 14A . 4g.S
C.20A [ G;b 'z}/wb yomeny. = o
S
D. 23 A / 22.27 A
E. 3.7A - 22X/
2] = 3.5-2
I3 uy

1.39A4
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Part 111. [xx Points] A small charge of +9 mC is placed at the
center of an uncharged metal sphere, as shown at the right. The
sphere’s inner radius is 7 cm, and the outer radius is 9 cm. Two
Gaussian surfaces with spherical symmetry are shown at A and B.
The points P, Q, R, S, and T are 3.5 cm, 7cm, 8.5 ¢cm, 9 cm, and 12
cm from the positive test charge, respectively.

13. [xx points] What is charge enclosed for the Gaussian Surface
A?

A. 0puC )\ ]
45 pC Mg 1y dhere
@wc — a,[H W
D. 13.5uC
E. 18 uC T
14. [xx points] What is charge enclosed for the Gaussian Surface
B? . \
—— =¥ }’fkjfd/[ NRZAR=IY
s
. 45uC
C. 9uC
D. 135uC
E. 18 uC
15. [xx points] What is the magnitude of the electric field at point P? | T00" G,
B oS IENG  Fe o L5 = dmersRe ™ (.038) =
. 2.3X 2 A J . Og&
. 33X 107N/C 4<%
6.6 x 10° N/C ~7
E. 9.9x 10" N/C = (.Llxlo N/(/
16. [xx points] What is the magnitude of the electric field at poir}t R?
0.0 N/C . J /
B. 9.5 x 10° N/C Wy m,_/’d’—,/"
C. 5.6 x 10°N/C
D. 1.7 x 10" N/C
E. 22x 10" N/C
17. [xx points] What is the magnitude of the electric field at point T? | 0_-'5 C
A. 0.ONIC ] 2 \ 97 .
B. 6.7x10° N/C A == = Y 3
C. 28x10°N/C G = LW g r\9~ Lo~ @ LEXL0 (O. LD\)
8.4 x 10° N/C z
7 1.1410" N/IC 65 G
8/ =G eno N

i~ far,
"

Physics 122A, Spring 2004 Final, page 5



Name Student ID Score
last first

18. [xx points] What is the magnitude of the potential difference (JAV|) between points Q and S?

?géookx/ — m 'mgéd/%) @5 p‘S& dW")(;Vf’/.
C. 900 kV

D. 1200 kv
E. 6500 kv

19. [xx points] What is the magnitude of the potential difference (JAV/|) between points P and T?

A. 0.0kV Q
zug b

ol S

B. 670 kV

-
((C) 1400 kv LV= I J% /‘

D. 1600 kv
E. 54000 kV

P T
_ j‘ém edl
:

)
| 1 -
ANTS L Yo TS

~lou
Lo 8850
| L
| | y —
S 0.59
2ho~
Ovel 0.03S O
= |30 k\/
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V. [25 pts] Wire Wire
) iy out of page
A bar magnet is held near a long p\

current-carrying wire as shown in the

top and side views at right. The o

magnet is free to rotate about its center.

17. [5 pts] What is the direction of the
torque on the magnet?

Top view Side view

A. out of the page, (top view)

With the right hand rule, it is found the wire creates a magnetic field directed downward
near the magnet. Trying to align itself with the field (think of the magnet as a compass
needle), the magnet rotates counter-clockwise, so torque is directed out of the page.

18. [5 pts] At which of the labeled points is it possible that the net magnetic field is zero at the
instant shown?

C. PointS

Point S is the only point at which the magnetic field from the magnet and wire can add to
zero for the arrangement shown.

The magnet is replaced by a neutral copper loop oriented as shown. [ copper Wir
There is a current i, toward the top of the page in the wire. loop
the top of the page (i.e., parallel to the wire). In that case,

19. [5 pts] Suppose the loop is moved at a constant velocity toward
which one of the following is true: 4

D. There is no induced current in the loop

Side view

As it moves upward, the loop stays the same distance from the
wire, so the magnetic flux through the loop does not change. Since there is no change in
magnetic flux, by Faraday's Law there is no induced current.

20. [5 pts] The loop is now moved directly toward the wire. While the loop is moving, how
does the absolute value of the magnetic flux through the loop change?
A. Increases
Magnetic field strength increases as one nears a current carrying wire, so as the loop nears
the wire the magnetic flux through the loop increases.

21. [5 pts] As the loop is moving toward the wire, which one of the following correctly describes
the net magnetic force on the wire?
C. Away from the loop

By Lenz's Law, a clockwise current is induced in the loop to oppose the change in external
flux. The section of the loop nearer to the wire repels from the wire while the section further

Physics 122A, Spring 2004 Final Exam June 7, 2004
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away attracts the wire. Overall, since the magnitude of the force from the nearer section is
greater, the net force on the wire is away from the loop.
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V. [25 pts. Total] Consider the circuit made up of a 4.00 volt battery, a light
bulb, a switch and a 1.0 Farad capacitor. This circuit can be used to

investigate the time-varying or transient behavior of current. Assume that 400V

the capacitor is initially uncharged and at t = 0, the switch is closed.
1. [5pts] Is the brightness of the bulb greater than, equal to, or less than the

brightness of an identical bulb placed directly across the battery at t = 0.
Explain your answer.

i

Il
N+

|

Same brightness. The reason is that the potential drop across the capacitor is zero att = 0 since there is no charge in

the top or bottom plates at that time. Thus, effectively, the bulb is already across the battery.

2. [5pts] The above circuit is changed by adding an identical bulb B as
shown. Is the brightness of bulb A greater than, equal to, or less than the

A @ |
+
brightness of bulb B when the switch is closed at t = 0. Explain your 4.00V]+

answer in terms of charge flow to the left and right capacitor plates.

Bulb-B has the same brightness as bulb-A since the AQ/Atleaving the right plate is
the same as the AQ/At flowing to the left plate.

| 0¢lo—

1.0F

C

)

3. [5 pts] What is the final (not net) charge on the capacitor in part 2 (above) a very long time after the

switch has been closed. Explain your answer.

Q =CV where V =4 volts = Q =4 coulombs. This occurs when the capacitor becomes fully charged and the
current flow goes to zero. Thus, the entire voltage of the battery appears across the capacitor at that time

E

A series resistor would not allow charges on the high-potential plate to move back to the low potential plate (or vice

4. [ 5 pts] Assume the capacitor in the above circuit has become leaky with age,
such that, when isolated from the circuit (at t = 0), it begins losing its charge.
The equivalent circuit for this isolated capacitor can be modeled by an ideal
capacitor and a (linear) resistor R, . Which equivalent circuit (shown to the
right) properly describes this leaky capacitor and explain why it should.

versa). The parallel resistor does allow this to occur (making a complete circuit).

5. [5 pts] Assuming that it takes exactly t = 8 days for the leaky capacitor to lose 37% of its original
charge, at what time t’ (relative to t = 0) does it have only 5% of its original charge?

First of all, if 37% of the charge is lost, then there is 63% of the charge remaining. Use the following: Q= Q¢

—t/r

which yields —t/ 7 =1In(Q/Q,), evaluated at 8 days and the unknown time t". Thus, 8 days = —7In(0.63) and

t"=—71In(0.05) combine to yield t"= (8 days ) In(0.05)/In(0.63) = 52 days.
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[25 pts] Two large conducting plates are placed parallel to one another a distance D apart. The plates
are connected by wires to Box X as shown. The potential difference between the plates is V,.

1. [5pts] A positive charge g, with mass m, is
released from rest at the top positively charged [ ]

plate. Write an expression in terms of the 4
given variables for the speed of the particle Box X A D
when it reaches the negatively charged plate. , ,*
Show your work. L]
using AV=-Weec/q and Wyee = A KE = 1/2m(Vf2 - using AV = Ed; F = qE = ma; and Vi - V2 = 2aAX:
Viz): E— -

o vi-0?=2aD = 2(qoE/my)D = 2(q,V,/Dm,)D
_1 2 A2 _ R
Vol = /2 mo(vi” -0°)/o Vi= 2Vogolmy - E Vi =V 2V,0o /M,

* Can also express V,in terms of 6. E =oc/g, Vo =0Dlg, vi=v 26Dq,/mqe,

2. [5pts] A negative charge starts at a point not shown (point B) with a speed v,. When it reaches
point A, halfway between the plates, it is going faster than v,. Is the potential difference, AVag = Va
- Vg, positive, negative, or zero? Explain your reasoning.

If the negatively charged particle is speeding up as it moves from B to A, then the
net work on it must be positive. Based on the definition of electric potential
difference: AVag=-Wee/qQ=-(+*W)/(-q) >0. In this case the negative sign in the
definition cancels with the negative sign of the charge leaving a positive potential
difference between points A and B.

It is observed that when the top plate is moved closer to the bottom plate, the electric field between the
plates increases. (At all times the plates are close enough together that fringing effects can be ignored.)

3. [5 pts] When the top plate is moved closer to the bottom plate, does the absolute value of the charge
density on the top plate increase, decrease, or remain the same? Explain your reasoning.

The electric field between the plates is directly proportional to the charge density
of the plates. Since the electric field increases, the charge density of the plates
must increase.

4. [5pts] On the basis of this observation, is it possible that Box X contains an open
circuit as shown at right? Explain your reasoning. Box X

)

No. If Box X contained an open circuit, then there would be no way for
any charge to be transferred to or from the plates, and so the charge
density would be constant. Since the electric field between the
plates is directly proportional to the charge density on the plates,
the electric field would not change when the plates were moved closer
together. Since the electric field increases, it is not possible that Box X

5. [5 pts] On the basis of this same observation, is it possible that Box X contains a

) . X Box X
battery as shown at right? Explain your reasoning. >
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Yes. If Box X contained a battery, then the electric potential difference between
the plates of the battery would not change when the plates were brought closer
together. By definition, the electric potential difference between the plates equals
the work done by an external agent in moving a charge from one plate to the other
(with no change in kinetic energy) divided by the charge. So the work done by an
external agent in moving a test charge from one plate to the other plate would remain
constant even though the distance between the plates is reduced. This can only
happen if the force the external agent applies is increased. While moving at a
constant velocity between the plates, the only forces on the test charge are the
force exerted by the external agent and the force exerted by the electric field;
these forces must have equal magnitudes. Since the force exerted by the external
agent has increased, the electric field must increase. Thus the increase in the
electric field when the two plates is brought closer together is consistent with Box
X containing a battery as shown.
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