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Physics C—Electricity and Magnetism Practice Exam 1—
Multiple-Choice Solutions

1. B—An electric field exists regardless of the 
amount of charge placed in it, and regardless 
of whether any charge at all is placed in it. So 
both experimenters must measure the same field 
(though they will measure different forces on 
their test charges).

2. D—You could use Gauss’s law to show that the 
field outside the sphere has to decrease as 1/r2, 
eliminating choices B and E. But it’s easier just to 
remember that an important result of Gauss’s law 
is that the electric field inside a conductor is always 
zero everywhere, so D is the only possibility.

3. B—While in the region between the plates, the 
negatively charged electron is attracted to the pos-
itive plate, so bends upward. But after leaving the 
plates, there is no more force acting on the elec-
tron. Thus, the electron continues in motion in  
a straight line by Newton’s first law.

4. C—This is a Newton’s third law problem! The 
force of A on B is equal (and opposite) to the 
force of B on A. Or, we can use Coulomb’s law: 
The field due to A is k(2Q)/(4 m)2. The force on 
B is QE = k2QQ/(4 m)2. We can do the same 
analysis finding the field due to B and the force 
on A to get the same result.

5. A—The charge is in equilibrium, so the horizon-
tal component of the tension must equal the elec-
tric force. This horizontal tension is 0.1 N times 
sin 30° (not cosine because 30° was measured 
from the vertical ), or 0.05 N. The electric force 
is qE, where q is 0.002 C. So the electric field is  
0.050 N/0.002 C. Reduce the expression by 
moving the decimal to get 50/2, or 25 N/C.

6. D—The answer could, in principle, be found 
using the integral form of Coulomb’s law. But 
you can’t do that on a one-minute multiple-
choice problem. The electric field will point 
down the page—the field due to a positive charge 
points away from the charge, and there’s an equal 
amount of charge producing a rightward field as 
a leftward field, so horizontal fields cancel. So, 
is the answer B or D? Choice B is not correct 
because electric fields add as vectors. Only the 
vertical component of the field due to each little 
charge element contributes to the net electric 
field, so the net field must be less than kQ/R2.

7. A—Use the symmetry of the situation to see the 
answer. Because the infinitely large plane looks 
the same on the up side as the down side, its 
electric field must look the same, too—the field 
must point away from the plane and have the 
same value.

8. C—Another way to look at this question is, 
“Where would a small positive charge end up 
if released near these charges?” because positive 
charges seek the smallest potential. The positive 
charge would be repelled by the +2Q charge 
and attracted to the −Q charges, so would end 
up at point C. Or, know that potential due to 
a point charge is kq/r. Point C is closest to both  
−Q charges, so the r terms will be smallest, and 
the negative contribution to the potential will be 
largest; point C is farthest from the +2Q charge, 
so the r term will be large, and the positive con-
tribution to the potential will be smallest.

9. A—A positive charge is forced from high to low 
potential, which is generally to the left; and the 
force on a positive charge is in the direction of 
the electric field. At point P itself the electric field 
is directly to the left because an electric field is 
always perpendicular to equipotential surfaces.



Physics C—Electricity and Magnetism Practice Exam 1—Multiple-Choice Solutions   ❮   273

10. C—The charge on the metal sphere distributes 
uniformly on its surface. Because the noncon-
ducting sphere also has a uniform charge distri-
bution, by symmetry the electric fields will cancel 
to zero at the center. Outside the spheres we can 
use Gauss’s law: E ·A = Qenclosed/eo. Because the 
charge enclosed by a Gaussian surface outside 
either sphere will be the same, and the spheres 
are the same size, the electric field will be the 
same everywhere outside either sphere. But within 
the sphere? A Gaussian surface drawn inside the 
conducting sphere encloses no charge, while a 
Gaussian surface inside the nonconducting sphere 
does enclose some charge. The fields inside must 
not be equal.

11. A—That’s what Gauss’s law says: net flux through 
a closed surface is equal to the charge enclosed 
divided by eo. Though Gauss’s law is only useful 
when all charge within or without a Gaussian 
surface is symmetrically distributed, Gauss’s law 
is valid always.

12. B—The electric field at the center of the ring is 
zero because the field caused by any charge ele-
ment is canceled by the field due to the charge 
on the other side of the ring. The electric field 
decreases as 1/r 2 by Coulomb’s law, so a long 
distance away from the ring the field goes to 
zero. The field is nonzero near the ring, though, 
because each charge element creates a field point-
ing away from the ring, resulting in a field always 
along the axis.

13. C—Capacitance of a parallel-plate capacitor is 
eoA/d, where A is the area of the plates, and d is 
the separation between plates. To halve the capac-
itance, we must halve the area or double the plate 
separation. The plate separation in the diagram is 
labeled c, so double distance c.

14. E—We are told that the capacitors are identical, 
so their capacitances must be equal. They are 
hooked in parallel, meaning the voltages across 
them must be equal as well. By Q = CV, the 
charge stored by each must also be equal.

15. E—First determine the voltage of the battery by  
Q = CV. This gives V = 600 µC/2 µF = 300 V. 
This voltage is hooked to the three series capaci-
tors, whose equivalent capacitance is 6 µF (series 
capacitors add inversely, like parallel resistors). 
So the total charge stored now is (6 µF)(300 V) =  
1800 µC. This charge is not split evenly among 
the capacitors, though! Just as the current through 
series resistors is the same through each and equal to 
the total current through the circuit, the charge on 
series capacitors is the same and equal to the total.

16. B—The charge does reside on the surface, and, 
if the conductor is alone, will distribute evenly. 
But, if there’s another nearby charge, then this 
charge can repel or attract the charge on the 
sphere, causing a redistribution.

17. D—The voltage must stay the same because the 
battery by definition provides a constant voltage. 
Closing the switch adds a parallel branch to the 
network of resistors. Adding a parallel resistor 
reduces the total resistance. By Ohm’s law, if volt-
age stays the same and resistance decreases, total 
current must increase.

18. C—The time constant for an RC circuit is 
equal to RC. The resistance used is the resist-
ance encountered by charge that’s flowing to the 
capacitor; in this case, 40 Ω. So RC = 20 s.

19. E—Assume that the current runs clockwise in 
the circuit, and use Kirchoff’s loop rule. Start 
with the 7-V battery and trace the circuit with 
the current: + 7V − I(3Ω) + 3V − I(2Ω) = 0. 
Solve for I to get 2.0 A.

20. C—The intrinsic property of the light bulb is 
resistance; the power dissipated by a bulb depends 
on its voltage and current. When the bulbs are 
connected to the 100-V source, we can use the 
expression for power P = V 2/R to see that the bulb 
rated at 50 watts has twice the resistance of the 
other bulb. Now in series, the bulbs carry the 
same current. Power is also I 2R; thus the 50-watt 
bulb with twice the resistance dissipates twice the 
power, and is twice as bright.
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21. E—The electron bends downward by the right-
hand rule for a charge in a B field—point to the 
right, curl fingers into the page, and the thumb 
points up the page. But the electron’s negative 
charge changes the force to down the page. The 
path is a circle because the direction of the force 
continually changes, always pointing perpendicu-
lar to the electron’s velocity. Thus, the force on 
the electron is a centripetal force.

22. A—This is one of the important consequences 
of Ampère’s law. The magnetic field inside the 
donut is always along the axis of the donut, so 
the symmetry demands of Ampère’s law are met. 
If we draw an “Amperian Loop” around point P 
but inside r1, this loop encloses no current; thus 
the magnetic field must be zero.

23. C—The magnetic field due to the wire at the 
position of the electron is into the page. Now use 
the other right-hand rule, the one for the force on  
a charged particle in a magnetic field. If the 
charge moves down the page, then the force on  
a positive charge would be to the right, but the 
force on a (negative) electron would be left, 
toward the wire.

24. C—A positive charge experiences a force in the 
direction of an electric field, and perpendicular 
to a magnetic field; but the direction of a force is 
not necessarily the direction of motion.

25. A—The electric field due to any finite-sized charge 
distribution drops off as 1/r2 a long distance away 
because if you go far enough away, the charge 
looks like a point charge. This is not true for infi-
nite charge distributions, though. The magnetic 
field due to an infinitely long wire is given by

µ
π

I
r2

o

 not proportional to 1/r 2; the magnetic field pro-
duced by a wire around a torus is zero outside the 
torus by Ampère’s law.

26. C—The magnetic field produced by a single loop 
of wire at the center of the loop is directly out of 
the loop. A solenoid is a conglomeration of many 
loops in a row, producing a magnetic field that 
is uniform and along the axis of the solenoid. So, 
the proton will be traveling parallel to the mag-
netic field. By F = qvB sinq, the angle between 
the field and the velocity is zero, producing no 
force on the proton. The proton continues its 
straight-line motion by Newton’s first law.

27. E—By the right-hand rule for the force on a charged 
particle in a magnetic field, particle C must be 
neutral, particle B must be positively charged, and 
particle A must be negatively charged. Charge B  
must be more massive than charge A because 
it resists the change in its motion more than A. 
A proton is positively charged and more massive 
than the electron; the neutron is not charged.

28. E—The force on the positive charge is upward; 
the force on the negative charge is downward. 
These forces will tend to rotate the dipole clock-
wise, so only A or E could be right. Because the 
charges and velocities are equal, the magnetic 
force on each = qvB and is the same. So, there 
is no net force on the dipole. (Yes, no net force, 
even though it continues to move to the left.)

29. D—The centripetal force keeping the electrons 
in a circle is provided by the magnetic force. 
So set qvB = mv 2/r. Solve to get r = (mv)/(qB).  
Just look at orders of magnitude now: r =  
(10−31 kg) (107m/s)/(10−19 C)(10−5 T). This gives 
r = 1024/1024 = 100 m ∼ 1 m.

30. E—An element of current produces a magnetic 
field that wraps around the current element, 
pointing out of the page above the current and 
into the page below. But right in front (or any-
where along the axis of the current), the current 
element produces no magnetic field at all.
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31. D—A long way from the hole, the magnet 
produces very little flux, and that flux doesn’t 
change much, so very little current is induced. As 
the north end approaches the hole, the magnetic 
field points down. The flux is increasing because 
the field through the wire gets stronger with the 
approach of the magnet; so, point your right 
thumb upward (in the direction of decreasing 
flux) and curl your fingers. You find the current 
flows counterclockwise, defined as positive. Only 
A or D could be correct. Now consider what hap-
pens when the magnet leaves the loop. The south 
end descends away from the loop. The magnetic 
field still points down, into the south end of 
the magnet, but now the flux is decreasing. So 
point your right thumb down (in the direction 
of decreasing flux) and curl your fingers. Current 
now flows clockwise, as indicated in choice D. 
(While the magnet is going through the loop, 
current goes to zero because the magnetic field 
of the bar magnet is reasonably constant near the 
center of the magnet.)

32. A—You remember the equation for the induced 
EMF in a moving rectangular loop, e = Blv. Here 
l represents the length of the wire that doesn’t 
change within the field; dimension a in the dia-
gram. So the answer is either A or C. To find the 
direction of induced current, use Lenz’s law: The 
field points out of the page, but the flux through 
the loop is increasing as more of the loop enters 
the field. So, point your right thumb into the 
page (in the direction of decreasing flux) and curl 
your fingers; you find the current is clockwise, or 
left to right across the resistor.

33. D—Start by finding the direction of the induced 
current in the wire using Lenz’s law: the mag-
netic field is out of the page. The flux increases 
because the field strength increases. So point 
your right thumb into the page, and curl your 
fingers to find the current flowing clockwise, or 
south in the wire. Now use the right-hand rule 
for the force on moving charges in a magnetic 
field (remembering that a current is the flow of  
positive charge). Point down the page, curl your 
fingers out of the page, and the force must be to 
the west.

34. C—There is clearly nonzero flux because the 
field does pass through the wire loop. The flux 
is not BA, though, because the field does not 
go straight through the loop—the field hits the 
loop at an angle. So is the answer BA cos 30°, 
using the angle of the plane; or BA cos 60°, 
using the angle from the vertical? To figure it 
out, consider the extreme case. If the incline were 
at zero degrees, there would be zero flux through 
the loop. Then the flux would be BA cos 90°, 
because cos 90° is zero, and cos 0° is one. So 
don’t use the angle of the plane, use the angle 
from the vertical, BA cos 60°.

35. C—The inductor resists changes in current. 
But after a long time, the current reaches steady 
state, meaning the current does not change; thus  
the inductor, after a long time, might as well be 
just a straight wire. The battery will still provide 
current I, of which half goes through each equal 
resistor.
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Physics C—Electricity and Magnetism Practice 
Exam 1—Free-Response Solutions

E&M 1

(a)
1 pt: Inside a conductor, the electric field must 

always be zero. E = 0.
1 pt: Because we have spherical symmetry, use 

Gauss’s law.
1 pt: The area of a Gaussian surface in this 

region is 4pr 2. The charge enclosed by this 
surface is Q.

1 pt: So, E = Qenclosed/eoA = Q/4p eor 2.
1 pt: Inside a conductor, the electric field must 

always be zero. E = 0.
2 pts: Just as in part 2, use Gauss’s law, but now 

the charge enclosed is 3Q. E = 3Q/4p eor2.
(b)
1 pt: −Q is on the inner surface.
1 pt: +3Q is on the outer surface.
1 pt: Because E = 0 inside the outer shell,  

a Gaussian surface inside this shell must 
enclose zero charge, so −Q must be on 
the inside surface to cancel the +Q on 
the small sphere. Then to keep the total 
charge of the shell equal to +2Q, +3Q 
must go to the outer surface.

(c)
1 pt: Because we have spherical symmetry, the 

potential due to both spheres is 3Q/4p eor, 
with potential equal to zero an infinite dis-
tance away.

1 pt: So at position R3, the potential is  
3Q/4p eoR3. (Since E = 0 inside the shell, V 
is the same value everywhere in the shell.)

(d)
1 pt: Integrate the electric field between R1 and 

R2 to get V = Q/4p eor + a constant of 
integration.

1 pt: To find that constant, we know that V(R2) 
was found in part (c), and is 3Q/4p eoR3. 
Thus, the constant is

 πε πε
−Q

R
Q

R
3

4 4
.

o 3 o 2

1 pt: Then, potential at R1 = Q/4p eoR1 + the 
constant of integration.

E&M 2

(a)
1 pt: The series capacitors add inversely,

1
4 F

1
12 F

1
,

eqCµ
+

µ
=

 so Ceq for the series capacitors is 3 µF.
1 pt: The parallel capacitor just adds in alge-

braically, so the equivalent capacitance for 
the whole system is 5 µF.

(b)
1 pt: After a long time, the resistor is irrelevant; 

no current flows because the fully charged 
capacitors block direct current.

1 pt: The voltage across C3 is 10 V (because 
there’s no voltage drop across the resistor 
without any current).

1 pt: By Q = CV the charge on C3 is 20 µC.
1 pt: Treating C1 and C2 in series; the equivalent 

capacitance is 3 µF, the voltage is 10 V  
(in parallel with C3).

1 pt: The charge on the equivalent capacitance 
of C1 and C2 is 30 µC; thus the charge on 
C1 = 30 µC, and the charge on C2 is also 
30 µC (charge on series capacitors is the 
same).

1 pt: Using Q = CV, the voltage across C1 is 
7.5 V.

1 pt: Using Q = CV, the voltage across C2 is 
2.5 V.

(c)
1 pt: For a graph that starts at Q = 0.
1 pt: For a graph that asymptotically approaches 

20 µC (or whatever charge was calculated 
for C3 in part b).

1 pt: For calculating the time constant of the 
circuit, RC = 5 s.

1 pt: For the graph reaching about 63% of its 
maximum charge after one time constant.
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(d)
1 pt: For recognizing that the voltage does not 

change.
1 pt: For explaining that if voltage changed, then 

Kirchoff’s voltage rule would not be valid 
around a loop including C3 and the bat-
tery (or explaining that voltage is the same 
across parallel components, so if one is dis-
connected the other’s voltage is unaffected).

E&M 3

(a)
1 pt: For placing the wire along a north–south 

line.
1 pt: The wire could be placed above the com-

pass, with the current traveling due north. 
(The wire also could be placed underneath 
the compass, with current traveling due 
south.) (Points can also be earned for an 
alternative correct solution: for example, 
the wire could be placed perpendicular to 
the face of the compass (just south of it), 
with the current running up.)

(b)
1 pt: The B field due to Earth plus the B field 

caused by the wire, when added together 
as vectors, must give a resultant direction 
of 48° west of north.

1 pt: Placing these vectors tail-to-tip, as shown 
below, tan 48° = Bwire/BEarth.

1 pt: So Bwire = BEarthtan 48° = 5.6 × 10−5 T.

(c)
1 pt: The magnetic field due to a long, straight, 

current-carrying wire is given by

µ
π

=B I
r2

,o

 where r is the distance from the wire to the 
field point, represented in this problem by d.

1 pt: So B is proportional to 1/d; this results in 
a hyperbolic graph.

1 pt: This graph should be asymptotic to both 
the vertical and horizontal axes.

(d)
1 pt: Place 1/d on the horizontal axis.
2 pts: The equation for the field due the wire can 

be written

µ
π

= 

 


 






B

I
d2
1 .o

 Everything in the first set of parentheses is 
constant. So, this equation is of the form  
y = mx, which is the equation of a line, 
if 1/d is put on the x-axis of the graph.  
(1 point can be earned for a partially com-
plete explanation. On this problem, no 
points can be earned for justification if the 
answer is incorrect.)

(e)
1 pt: The slope of the graph, from the equation 

above, is
µ

π
I

2
.o

1 pt: For plugging in values correctly, including 
0.5 A or 500 mA.

1 pt: For units on the slope equivalent to mag-
netic field times distance (i.e., T·m, T·cm, 
mT·m, etc.).

1 pt: For a correct answer, complete with correct 
units: 1.0 × 10−7 Tm, or 1.0 × 10−4 mT·m.
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AP Physics C—Electricity and Magnetism
Full Exam Scoring

Multiple-Choice: Number Correct______(35 max)

Free-Response: Question 1______(15 max)
  Question 2______(15 max)
  Question 3______(15 max)

Total Free-Response______(45 max)

1.286 × Multiple-Choice + Free-Response = Raw Score______(90 max)

 56–90 5
 44–55 4
 32–43 3
 23–34 2
 0–22 1
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