10.

12.

. A child pushes horizontally on a box of mass m

which moves with constant speed v across a hori-
zontal floor. The coefficient of friction between the
box and the floor is p. At what rate does the child
do work on the box?

(A) mgy
(B) mgv

(C) viumg
D) wmeglv
(B) umv?

Quantum transitions that result in the characteristic
sharp lines of the X-ray spectrum always involve

(A) the inner electron shells

(B) electron energy levels that have the same
principal quantum number

(C) emission of beta particles from the nucleus

(D) neutrons within the micleus |

(E) protons within the nucleus

. Which of the following experiments provided

evidence that electrons exhibit wave properties?

I. Millikan oil-drop experiment
II. Davisson-Germer electron-diffraction
experiment
1. J. J. Thomson’s mcasurement of the charge-
to-mass ratio of electrons

(A) T only

(B) II only

(C) T and III only
(D) I and III only
(E) L 11, and 111

Quantities that are conserved in all nuclear reactions
include which of the following?

I. Electric charge
II. Number of nuclei
III. Number of protons

(A) T only

(B) II only

(C) I and III only
(D) II and IIT only
(E) L 1I, and III

13.

14.

N

Which of the following is true about the net force
on an uncharged conducting_sphere in a uniform
electric field?

(A) It is zero.

(B) It is in the direction of the field.

(C) It is in the direction opposite to the field.

(D) It produces a torque on the sphere about the
direction of the field.

(E) It causes the sphere to oscillate about an
equilibrium position. ’

Two parallel conducting plates are connected to a
constant voltage source. The magnitude of the elec-
tric field between the plates is 2,000 N/C. If the
voltage is doubled and the distance between the
plates is reduced to 1/5 the original distance, the
magnitude of the new electric field is

(A) S0ONC -
(B) 1,600N/C -
(C) 2400 N/IC
(D) 5,000 N/C
(E) 20,000 N/C
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Physics B

Questions 15-16 refer to the following diagram that Questions 17-18
shows part of a closed electrical circuit. - o
+
1Q 30 g_ ________ )
AM—A : E
1
X Y ! 1 d
B @ i :
H
S S 3
MV +0
20
The figure above shows two particles, each with a
15. The electrical resistance of the part of the circuit charge of +Q, that are located at the opposite corners
shown between point X and point Y is of a square of side d.
(A) 1l Q
3 17. What is the direction of the net electric field at
(B) 2Q point P ?
© 220 - ISAN )
D) 4Q A ®) )
(E) 6 Q © ¥
D
16. When there is a steady current in the circuit, the D) N
amount of charge passing a point per unit of time is (E) $
(A) the same everywhere in the circuit
(B) greater at point X than at point Y 18. What is the potential energy of a particle of charge
(C) greater in the 1 £ resistor than in the 2 Q +g that is held at point P ?
resistor
(D) greater in the 1 Q resistor than in the 3 Q (A) Zero
resistor .
(E) greater in the 2 Q resistor than in the 3 Q
resistor (B) ﬂ qQ
47[60 d
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Questions 22-23

_____ B [)

© 66 60 0 D
. . . . Poy————=- Ty
19. A rectangular wire loop is at rest in a uniform mag- 3 |
netic field B of magnitude 2 T that is directed out 0 : } %
of the page. The loop measures 5 cm by 8 c¢m, and Vs Vo
the plane of the loop is perpendicular to the field, 2

.- as shown above. The total magnetic flux through

the loop is A certain quantity of an ideal gas initially at tempert-
ature Ty, pressure py, and volume V|, is compressed
(A) zero to one-half its initial volume. As shown above, the process

may be adiabatic (process 1), isothermal (process 2), or

G2
(B) 2x 10" Tom isobaric (process 3).

(C) 8 x 107 T:m’ .
(D) 2 x 107" T-m*

22. Which of the followingTis true of the mechanical

21.

(BE) 8 x 107 T-m’

. A certain coffeepot draws 4.0 A of current when it

is operated on 120 V household lines. If electrical
energy costs 10 cents per kilowatt-hour, how much
does it cost to operate the coffeepot for 2 hours?

(A) 2.4 cents
(B) 4.8 cents
(C) 8.0 cents
(D) 9.6 cents
(E) 16 cents

An electron is in a uniform magnetic field B that
is directed out of the plane of the page, as shown
above. When the electron is moving in the plane of
the page in the direction indicated by the arrow, the
force on the electron is directed

(A) toward the right

(B) out of the page

(C) into the page

(D) toward the top of the page
(E) toward the bottom of the page

o

work done on the gas?

(A) Tt is greatest for process 1.

(B) It is greatest for process 3.

(C) It is the same for processes 1 and 2 and less
for process 3.

(D) It 1s the same for processes 2 and 3 and less
for process 1.

(E) Tt is the same for all three processes.

23. Which of the following is true of the final tempera-

ture of this gas?

(A) It is greatest for process 1.
(B) It is greatest for process 2.
(C) It is greatest for process 3.
(D) Tt is the same for processes | and 2.
(E) Itis the same for processes | and 3.




Physics B

Questions 46-47

A magnetic field of 0.1 T forc€s a proton beam
of 1.5 mA to move in a circle of radius 0.1 m. The
_plane of the circle is perpendicular to the magnetic
field.

46. Of the following, which is the best estimate of the
work done by the magnetic field on the protons
during one complete orbit of the circle?

X X X X X

45. A metal spring has its ends attached so that it forms A) 07
a circle. It is placed in a uniform magnetic field, as -2
- shown above. Which of the following will NOT (B) 107 i
: cause a current to be induced in the spring? © 1073
2
(A) Changing the magnitude of the magnetic field ) 10201
(B) Increasing the diameter of the circle by (E) 1077
stretching the spring
(C) Rotating the spring about a diameter 47. Of the following, which:is the best estimate of the

(D) Moving the spring parallel to the‘magnetic field
(E) Moving the spring in and out of the magnetic
field

speed of a proton in the beam as it moves in the
circle?

(A) 107 m/s

(B) 10° m/s

(C) 10° m/s

(D) 10* m/s

(E) 10" m/s

i
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48.

49.

© 0 0 0
-B

© /0 O\ O

©\o O 06

© © 0 0

A single circular loop of wire in the plane of the
page is perpendicular to a uniform magnetic field B
directed out of the page, as shown above. If the
magnitude of the magnetic field is decreasing, then
the induced current in the wire is

(A) directed upward out of the paper
(B) directed downward into the paper
(C) clockwise around the loop

(D) counterclockwise around the loop
(E) zero (no current is induced)

o8B
140 &
D°

A small vibrating object on the surface of a ripple
tank is the source of waves of frequency 20 Hz and
speed 60 cm/s. If the source S is moving to the
right, as shown above, with speed 20 cm/s, at which
of the labeled points will the frequency measured
by a stationary observer be greatest?-

(A A

(B) B
< C
Dy D
(E) It will be the same at all four points.

32 |

Mirror
PEg

50. An object, slanted at an angle of 45°, is placed in

front of a vertical plane mirror, ag shown above.
Which of the following shows the apparent position
and orientation of the object’s image?

e
(D)
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Questions 59-60

A rock of mass m is thrown horizontally off a
building from a height h, as shown above. The speed
of the rock as it leaves the thrower’s hand at the edge
of the building is vy.

59. How much time does it take the rock to travel from
the edge of the building to the’ground?

(A) Vho,
(B) hiv,
(C) hvylg
(D) 2hlg
(E) 2h/g

60. What is the kinetic energy of the rock just before it
hits the ground?

(A) mgh
| 2

(B) 5mvy
|

(<) 5mVo — imgh
D)

D) 1 m Ué + mgh

(E) mgh — %mv%

61.

62.

63.

64.

Physics B

Which of the following statements is NOT a correct
assumption of the classical model of an ideal gas?
(A) The molecules are in random motion. ,
(B) The volume of the molecules is negligible com-
pared with the volume occupied by the gas.
(C) The molecules obey Newton’s laws of motion.
(D) The collisions between molecules are inelastic.
(E) The only appreciable forces on the molecules
are those that occur during collisions.

A sample of an ideal gas is in a tank of constant
volume. The sample absorbs heat energy so that
its temperature changes from 300 K to 600 K.
If v, is the average speed of the gas molecules
before the absorption of heat and v, is their
average speed after the absorption of heat, what
1s the ratio v,/ v; ?

1
(A) 3
B) 1
© V2
D) 2

(B) 4

Two people of unequal mass are initially standing
still on ice with negligible friction. They then simul-
taneously push each other horizontally. Afterward,
which of the following is true?

(A) The kinetic energies of the two people are equal.

(B) The speeds of the two people are equal.

(C) The momenta of the two people are of equal
magnitude.

(D) The center of mass of the two-person system
moves in the direction of the less massive
persom.

(E) The less massive person has a smaller initial
acceleration than the more massive person.

Two parallel conducting plates, separated by a

distance d, are connected to a battery of emf €.
Which of the following is correct if the plate separa-
tion is doubled while the battery remains connected?

(A) The electric charge on the plates is doubled.

(B) The electric charge on the plates is halved.

(C) The potential difference between the plates is
doubled.

(D) The potential difference between the plates is halved.

(E) The capacitance is unchanged.




Questions 65-66 1

mV

mV

67. A stationary object explodes, breaking into three
pieces of masses m, m, and 3m. The two pieces
of mass m move off at right angles to each other
with the same magnitude of momentum mV, as
shown in the diagram above. What are the magni-
tude and direction of the velocity of the piece
having mass 3m ?

Two concentric circular loops of radii b and 2b,
made of the same type of wire, lie in the plane of the Magnitude Direction
page, as shown above.

v
- . A A
65. The total resistance of the wire loop of radius b is R. (*) V3 »/
What is the resistance of the wire loop of radius 2b ? "
® = /
(A) R/4 V3
(B) R/2 NG
Vv
©) 2 © 3 /
(D) 2R
(E) 4R NoRY
D) -5~ '
® 2V e

66. A uniform magnetic field B that is perpendicular
to the plane of the page now passes through the
loops, as shown above. The field is confined to a
region of radius a, where a < b, and is changing
at a constant rate. The induced emf in the wire loop
of radius b is €. What is the induced emf in the
wire loop of radius 2b ?

(A) Zero
B) €2
©) ¢
(D) 2&
(E) 4¢

36
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View from Above

68. A rod on a horizontal tabletop is pivoted at one end

and is free to rotate without friction about a vertical
axis, as shown above. A force I is applied at the
other end, at an angle @ to the rod. If F were to be
applied perpendicular to the rod, at what distance
from the axis should it be applied in order to pro-
duce the same torque?

(A) Lsin 6
(B) Lcos 8
O L

(D) Ltan 8
(E) 2L

69.

70.

Which of the following imposes, a limit on the
number of electrons in an energy state of an atom?

(A) The Heisenberg uncertainty principle
(B) The Pauli exclusion principle

(C) The Bohr model of the hydrogen atom
(D) The theory of relativity

(E) The law of conservation of energy

A 4 pF capacitor is charged to a potential differ-
ence of 100 V. The electrical energy stored in the
capacitor is

(A) 2% 10707
B) 2 x 107°%7
(C) 2% 10°7
D) 2x 1077
(B) 2x 1077

STOP

END OF SECTION I

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION II UNTIL YOU ARE TOLD TO' DO SO.

37




. (10 points) - .

In the circuit shown above, A, B, C. and D arc identical lightbulbs. Assume that the battery maintains a
constant potential difference between its terminals (i.c., the internal resistance of the battery is assumed to be
negligible) and the resistance of each lightbulb remains constant.

(a) Draw a diagram of the circuit in the box below, using the following symbols to represent the components in
your diagram. Label the resistors A, B, C. and D to refer to the corresponding lightbulbs.

| .
T ANV AN =AM —AM—

Battery Resistors

Draw your diagram in this box only.




(b) List the bulbs in order of their brightnesses, from brightest to least bright. If any two or miore bulbs have
the same brightness, state which ones. Justify your answer. - -

(c) Bulb D is then removed from its Sécket’. v e

i. Describe the change in the brightness, if any, of bulb A when bulb D is removed from its socket.
Justify your answer.

1. Describe the change in the brightncss:, if any, of bulb B when bulb D is removed from its socket.
Justify your answer. -

50 |
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Figure |

8. (10 points)
The long, straight wire shown in Figure | above is in the plane of the page and carries a current /. Point P is
also in the plane of the page and is a perpendicular distance d from the wire. Gravitational effects are negligible. -

~

(a) With reference to the coordinate system in Figure 1, what is the direction of the magnetic field at point P
due to the current in the wire?

A particle of mass m and positive charge ¢ is initially moving parallel to the wire with a speed v, when
it is at point P, as shown in Figure 2 below.

~

Figure 2

(b) With reference to the coordinate system in Figure 2, what is the direction of the magnetic force acting on the
particle at point P ?

57




(c) Determine the magnitude of the magnetic force acting on the particle at point P in terms of the given
quantities and fundamental constants.

g

(d) An electric field is applied that causes the net force on the particle to be zero at pojiit P.

i. With reference to the coordinate system in Figure 2, what is the direction of the electric field at point P
that could accomplish this?

ii. Determine the magnitude of the electric field in terms of the given quantities and fundamental constants.

End of Examination
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Section I: Multiple Choice Section I: Multiple Choice

& Blank Answer Sheet . -
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Answer Key and Percent Answering Correctly

~ Percent
Correct

ODUEON OUE®EO WU o

OP U Opwrs B0k 0R» U B0 EE D

e O W

e
E .
C

o G
E

A
D,

A
A

B

A

A
e

B

qey
D
C
D

..

S

59




e

Physics C: Electricity & Magnetism

PHYSICS C
SECTION I, ELECTRICITY AND MAGNETISM . ,
Time—45 minutes
35 Questions

Directions: Each of the questions or incomplete statements below is followed by five suggested answers or completions.
Select the one that is best in each case and then fill in the corresponding oval on the answer sheet.

36. Aresistor R and a capacitor C are connected in
series to a battery of terminal voltage V. Which of
the following equations relating the current / in the

circuit and the charge @ on the capacitor describes

this circuit? 38. Two initially uncharged conductors, 1 and 2, are
d on insulating stands and are in contact, as
A) V,+0C-T*PR=0 mounte & conact,
(A) Vo + 0 shown above. A negatively charged rod is brought
0 near but does not touch them. With the rod held in
B) Vy ~ ol IR =0 - . place, conductor 2 is moved to the right by pushing
its stand, so that the conductors are separated.

© v2-1 o 1R = 0 Which of the following is now true of conductor 2 ?
A =
2 ¢ (A) Itisuncharged.
dgQ 2, (B) Ttis positively charged.
D)y % -Cgr - I"R=0 (C) Itis negatively charged.
(D) Itis charged, but its sign cannot be predicted.
(E) %— -IR=0 (E) Itis at the same potential that it was before the

charged rod was brought near.

37. Which of the following combinations of 4 £ resis-
tors would dissipate 24 W when connected to a
12 V battery?

(A) (B) (&)

(D) (E)




Questions 39-40

+Qe-mmmmmmm '

As shown above, two particles, each of charge +0Q,

are fixed at opposite corners of a square that lies in the
plane of the page. A positive test charge +¢ is placed
at a third corner.

39.

40.

What is the direction of the force on the test charge
due to the two other charges?

(A) /

® —
© \\
(D)

(E) /

If F is the magnitude of the force on the test
charge due to only one of the other charges, what is
the magnitude of the net force acting on the test
charge due to both of these charges?

(A) Zero

“(B) F/2

©) F
(D) 2 F
(E) 2F

134

41.

42.

Gauss’s law provides a convenient way to calcu-
late the electric field outside and near each of the
following isolated charged conductors EXCEPT a

(A)
(B)
©
D)
(E)

large plate

sphere

cube

long, solid rod

long, hollow cylinder

A wire of resistance R dissipates power P when
a current [ passes through it. The wire is replaced
by another wire with resistance 3R. The power
dissipated by the new wire when the same current
passes through it is ' )

(A)

B)

T Wy oy

©
D)

(E) 6P
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Questions 43-44

A narrow beam of protons produces a current of
1.6 x 107> A. There are 10° protons in each meter
along the beam.

43. Of the following, which is the best estimate of the
average speed of the protons in the beam?
(A) 107 m/s
B) 107" m/s
(€) 107 m/s
(D) 107 m/s
(E) 10" m/s
44, Which of the following describes the lines of mag-

netic field in the vicinity of the beam due to the
beam’s current? b )

(A) Concentric circles around the beam’
(B) Parallel to the beam

(C) Radial and toward the beam

(D) Radial and away from the beam
(E) There is no magnetic field.

Physics C: Electricity & Magnetism |} o

Questions 45-46 refer to two charges Jocated on the line
shown in the figure below, in which_the charge at point I
is +3¢g and the charge at point Il is +24. Point Il is

halfway between points I and II1.

+3q +2q
I I m

45. Other than at infinity, the electric field strength is
zero at a point on the line in which of the following
ranges?

(A) Totheleft of I

(B) BetweenIand Il ' ’ -
(C) Between II and III

(D) To the right of III

(E) None; the field is zero only at infinity.

46. The electric potential is negative at some points on
the line in which of the following ranges?

(A) Totheleftof I

(B) BetweenI and Il

(C) BetweenII and III

(D) To the right of 111

(E) None; this potential is never negative.

GO ON TO THE NEXT PAGE
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D I
C . . .
49. A rigid, rectangular wire loop ABCD carrying
current /; lies in the plane of the page above a
47. The graph above shows the electric potential V in very long wire carrying current /,, as shown
aregion of space as a function of position along above. The net force on the loop is

the x-axis. At which point would a charged particle .

- . . (A) toward the wire

- experience the force of greatest magnitude? .
(B) away from the wire

(A) A (C) toward the left
(B) B (D) toward the right
< C (E) zero
- (D) D N ) ) -
(E) E S 2

48. The work that must be done by an external agent to
move a point charge of 2 mC from the origin to a
point 3 m away is 5 J. What is the potential differ- \
ence between the two points?
(A) 4x107* Vv
(B) 1072V
(© 25x10°V
(D) 2 x10°V
(E) 6x10°V

50. A uniform magnetic field B is parallel to the
Coe . xy-plane and in the +y-direction, as shown above.
o A proton p initially moves with velocity v in the
xy-plane at an angle 6 to the magnetic field and the
y-axis. The proton will subsequently follow what
kind of path?

(A) A straight-line path in the direction of v

(B) A circular path in the xy-plane

(C) A circular path in the yz-plane

(D) A helical path with its axis parallel to the
y-axis

(E) A helical path with its axis parallel to the
Z-axis
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52.

A parallel-plate capacitor has charge +Q on

one plate and charge —Q on the other. The plates,
each of area A, are a distance d apart and are
separated by a vacuum. A single proton of charge
+e, released from rest at the surface of the posi-
tively charged plate, will arrive at the other plate
with kinetic energy proportional to

A)

edQ

I
2

® 2

AeQ

© 2

2
ed

eQ2 -
(v

(D)

In which of the following cases does there exist a
nonzero magnetic field that can be conveniently
determined by using Ampere’s law?

(A) Outside a point charge that is at rest

(B) Inside a stationary cylinder carrying a
uniformly distributed charge

(C) Inside a very long current-carrying solenoid

(D) At the center of a current-carrying loop of wire

(E) Outside a square current-carrying loop of wire

Physics C: Electricity & Magnetism
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53. A beam of protons moves parallel to the x-axis in

the positive x-direction, as shown.above, through
a region of crossed electric and magnetic fields
balanced for zero deflection of the beam. If the
magnetic field is pointed in the positive y-direction,
in what direction must the electric field be pointed?

(A) Positive y-direction
(B) Positive z-direction “™
(C) Negative x-direction
(D) Negative y-direction
(E) Negative z-direction

(&=~}

—V

. A vertical length of copper wire moves to the

right with a steady velocity v in the direction
of a constant horizontal magnetic field B, as
shown above. Which of the following describes
the induced charges on the ends of the wire?

Top End Bottom End
(A) Positive Negative
(B) Negative Positive
(C) Negative Zeto
(D) Zevo Negative
(E) Zero Zero .




55. Suppose that an electron (charge —¢) could orbit

a proton (charge +e) in a circular orbit of constant % v ©  x T« .
radius R. Assuming that the proton is stationary PEE NS
and only electrostatic forces act on the particles, v x xS x  x\ x X
which of the following represents the kinetic energy 4 §
of the two-particle system? N~ x A % Irx g% %
1 e X X x\ /x X X
A) Z7e; R
1 &2 % X X X X X
®) g7, K
0 . . . . .
57. A negatively charged particle in a uniform magnetic
©) - 1 52_ field B moves in a circular path of radius r, as
Brey R ’ shown above. Which of the following graphs best
| 2 depicts how the frequency of revolution f of the
(D) Tneg ——;7 particle depends on the radius r ?
L e f f
B - T 72 ) .~ (A ) _ ®)
B
O — e
. . ’ . . . . 0 " 0 "
e e o o o o f
j © 1 ®) %
e © o e L e e -
‘0 r  SE—
56. A square wire loop with side L and resistance R
is held at rest in a uniform magnetic field of magni- E Vi
tude B directed out of the page, as shown above. E) 3
The field decreases with time ¢ according to the
equation B = a — bt, where a and b are posi- -
tive constants. The current / induced in the loop is
A) zero
( 0 r

(B) aLz/R, clockwise
) al* / R, counterclockwise
(D) bLz/R, clockwise
(E) bLZ/R, counterclockwise
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58. If the only force acting on an electron is due to a Questions 59-60

uniform electric field, the electron moves with - =
constant : In a region of space, a spherically symmetric electric
potential is given as a function of r, the distance from

(A) acceleration in a direction opposite to that of o ; - i
the field “the origin, by the equation V(r) = kr*, where k isa

(B) acceleration in the direction of the field positive constant.

(C) acceleration in a direction perpendicular to that i ) ] )
of the field 59. What is the magnitude of the electric field at a point

(D) speed in a direction opposite to that of the field adistance r, from the origin’

(E) speed in the direction of the field (A) Zero

(B) kn
(C) 2k
(D) kny?

E) %k’

60. What is the direction of the electric field at a point
adistance r, from the origin and the direction of

the force on an electron placed at this point?

Electric Field Force on Electron
(A) Toward origin Toward origin
(B) Toward origin Away from origin
(C) Away from origin Toward origin
(D) Away from origin Away from origin
(E) Undefined, since Undefined, since the
the field is zero force is zero
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61. Two charged particles, each with a charge of +¢, are located along the x-axisat x = 2 and x = 4, as shown

above. Which of the following shows the graph of the magnitude of the electric field along the x-axis from the origin
tox =67 ‘

E E

\ ®)

(A)

°
—
SO A
W
[ R
W
o+
o
—
[NCY
w
I A —
K
)

GO ON TO THE NEXT PAGE
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62. A positive electric charge is moved at a constant
speed between two locations in an electric field,
with no work done by or against the field at any
time during the motion. This situation can occur
only if the

{A) charge is moved in the direction of the field
(B) charge is moved opposite to the direction of

the field 63. The nonconducting hollow sphere of radius R
(C) charge is moved perpendicular to an shown above carries a large charge +Q, which is
equipotential line uniformly distributed on its surface. There is a

(D) charge is moved along an equipotential line

. () electric field is uniform ) initially located at point P, adistance r from the

v center of the sphere. If k = 1/4né0, what is the
work that must be done by an external agent in

small hole in the sphere. A small charge +g is

moving the charge +gq from P through the hole
to the center O of the sphere?

(A) Zero - ‘

kqQ
r

©

(B)

® k0% -7

GO ONTO THE NEXT PAGE
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Questions 64-65
[ :
| | 3.0 pF
X 30pF |} [
[
||
| |
30 uF
lyly
i
12V

Three identical capacitors, each of capacitance
3.0 uF, are connected in a circuit with a 12 'V battery
as shown above.

64. The equivalent capacitance between points X
and Z is - :

(A) 1.OpF
(B) 2.0 uF
(C) 4.5 F
(D) 6.0 uF
(E) 9.0 pF

65. The potential difference between points Y
and Z is

(A) zero
(B) 3V
< 4V
(D) 8V
(E) 9V

142

66.

67.

(E) Nothing

Brulb\l Bulb 2
~ = AN
T

___ng
|||L

The circuit in the figure above contains two iden-
tical lightbulbs in series with a battery. At first both
bulbs glow with equal brightness.,When switch §
is closed, which of the following occurs to the
bulbs?

Bulb 1 ~Bulb2
(A) Goes out Gets brighter
(B) Gets brighter Goes out
(C) Gets brighter Gets slightly dimmer
(D) Gets slightly dimmer Gets brighter
Goes out

(N slj

A bar magnet and a wire loop carrying current /
are arranged as shown above. In which direction,
if any, is the force on the current loop due to the
magnet?

(A) Toward the magnet

(B) Away from the magnet

(C) Toward the top of the page

(D) Toward the bottom of the page

(E) There is no force on the current loop.
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B (into page) uestions 69-70
xox X X X _ A capacitor is constructed of tWwoidentical conducting
X % plates parallel to each other and separated by a distance d.
- The capacitor is charged to a potential difference of Vj,
X X

by a battery, which is then disconnected.

X X X x X
69. If any edge effects are negligible, what is the mag-

68. A wire loop of area A is placed in a time-varying nitude of the electric field between the plates?
but spatially uniform magnetic field that is (A) Vd
perpendicular to the plane of the loop, as shown B) Vy/d
above. The induced emf in the loop is given by 0
E = bAr'"?  where b is a constant. The time- © 4y, : .
varying magnetic field could be given by D) V, /dz
0
W Loar ® 1/
(B) 1 b2 ) 70. A sheet of insulating plastic material is inserted
2 G between the plates withqut otherwise disturbing
c Ly the system. What effect does this have on the
© b capacitance?
(D) 2 papr? (A) It causes the capacitance to increase.
3 (B) It causes the capacitance to decrease.
(E) 2 b2 (C) None; the capacitance does not change.
3 (D) Nothing can be said about the effect without

knowing the dielectric constant of the plastic.
(E) Nothing can be said about the effect without
knowing the thickness of the sheet.

STOP

END OF SECTION I, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION II UNTIL YOU ARE TOLD TO DO SO.
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PHYSICS C
SEC'ﬁON I, ELECTRICITY AND MAGNETISM o=
Time—45 minutes
3 Queétions

Directions: Answer all three questions. The suggested time is about 15 minutes for answering each of the questions, which are

worth 15 points each. The parts within a question may not have equal weight. Show all your work in this booklet in the spaces
provided after each part, NOT in the green insert.

A

| 1.5m | ’ -

Note: Figure not drawn to scale.

E & M. 1. The small sphere A in the diagram above has a charge of 120 pC. The large sphere B, is a thin shell of

nonconducting material with a net charge that is uniformly distributed over its surface. Sphere B, has a mass
of 0.025 kg, a radius of 0.05 m, and is suspended from an uncharged, nonconducting thread. Sphere B, is in

equilibrium when the thread makes an angle 8 = 20° with the vertical. The centers of the spheres are at the same
vertical height and are a horizontal distance of 1.5 m apart, as shown.

(a) Calculate the charge on sphere B,.
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(b) Suppose that sphere B, is replaced by a second suspended sphere B, that has the same mass, radius.
and charge, but that is conducting. Equilibrium is again established when sphere A is 1.5-m.from sphere
B, and their centers are at the same vertical height. State whether the equilibrium angle 6, will be less
than, equal to, or greater than 20°. Justify your answer.

The sphere B, is now replaced by a very long, horizontal, nonconducting tube, as shown in the top view
below. The tube is hollow with thin walls of radius R = 0.20 m and a uniform positive charge per unit length

of A = +0.10 pC/m.

" _ Tube (radius R) ‘ 2

/

[Py,

MAAN

Top View

(c) Use Gauss’s law to show that the electric field at a perpendicular distance » from the tube is given

1.8 x 10°
r

by the expression E = N/C, where r>R and r is in meters.

GO ON TO THE NEXT PAGE
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(d) The small sphere A with charge 120 1 C is now brought into the vicinity of the tube and is held.at a
distance of r = 1.5 m from the center of the tube. Calculate the repulsive force that the tube exests
on the sphere. :

(e) Calculate the work done against the electrostatic repulsion to move sphere A toward the tube from a
distance r = L5 mto adistance r = 0.3 m from the tube.

GO ON TO THE NEXT PAGE |
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R=10Q ¢ B

£€=20V=— C=15uF §L=2.0H

W
R,=20Q

E & M. 2. In the circuit shown above, the switch § is initially in the open position shown, and the capacitor is uncharged.
A voltmeter (not shown) is used to measure the correct potential difference across resistor R,. -

(a) On the circuit diagram above, draw the voltmeter with the proper connections for correctly measuring
the potential difference across resistor R;.

(b) Attime ¢ = 0, the S\%/itchwis moved to position A. Determine the voltmeter reading for the time
immediately after ¢+ = 0. o

(c) After a long time, a measurement of potential difference across R, is again taken. Determine for this later
time each of the following.

i. The voltmeter reading

ii. The charge on the capacitor

| Go on T THE NEXT PAGE
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(d) Atastill latertime t = T, the switch S is moved to position B. Determine the voltmeter reading for the
time immediately after + = T.

— -

(e) Alongtime after + = T, the currentin R, reaches a constant final value /;.

i. Determine I;. ) ‘ -

ii. Determine the final energy stored in the inductor.

(f) Write, but do not solve, a differential equation for the current in resistor R, as a function of time ¢ after
the switch is moved to position B.

GO ON TO THE NEXT PAGE.
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E& M. 3.

A conducting bar of mass m is placed on two long conducting rails a distance £ apart. The rails are inclined at
an angle 6 with respect to the horizontal, as shown above, and the bar is able to slide on the rails with negligible
friction. The bar and rails are in'a uniform and constant magnetic field of magnitude B oriénted perpendicular to
the incline. A resistor of resistance R connects the upper ends of the rails and completes the circuit as shown. The
bar is released from rest at the top of the incline. Express your answers to parts (a) through (d) in terms of m, €, 6,
B, R,and g.

(a) Determine the-current in the circuit when the bar has reached a constant final speed.

e

(b) Determine the constant final speed of the bar.

G0 0N T0 THENEXT PAGE.
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(c) Determine the rate at which energy is being dissipated in the circuit when the bar has reached its_,
constant final speed. )

—

(d) Express the speed of the bar as a function of time r from the time it is released at ¢+ = 0.

(e) Suppose that the experiment is performed again, this time with a second identical resistor connecting the

rails at the bottom of the incline. Will this affect the final speed attained by the bar, and if so, how? Justify
your answer. :

STOP

END OF SECTION II, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
ELECTRICITY AND MAGNETISM, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.
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Chapter \ Answers to the 1998 AP Physics C Examination

B Section I: Multiple Choice Section |: Multiple Choice
@ Blank Answer Sheet _ ]
‘ Listed below are the correct answers to the multiple-
B Section II: Free Response choice questions and the percentage of AP candidates

who answered each question correctly.  +

Answer Key and Percent Answering Correctly

Correct- -~ Percent
Answer ... Correct

Dwprwsorwo0m 00 > b

*This question was not counted when the exam was scored. -
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