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CONSTANTS AND CONVERSION FACTORS

Proton mass, 271.67 10  kgpm

Neutron mass, 271.67 10  kgnm

Electron mass, 319.11 10  kgem

Avogadro’s number, 23 1
0 6.02 10  molN

Universal gas constant, 8.31 J (mol K)R  

Boltzmann’s constant, 231.38 10 J KBk

Electron charge magnitude, 191.60 10  Ce

1 electron volt, 191 eV 1.60 10  J

Speed of light, 83.00 10  m sc

 Universal gravitational 
constant,

11 2 26.67 10  N m kgG

 Acceleration due to gravity

 

at Earth’s surface,
29.8 m sg

1 unified atomic mass unit, 27 21 u 1.66 10  kg 931 MeV c

 Planck’s constant, 34 156.63 10  J s 4.14 10  eV sh
25 31.99 10  J m 1.24 10  eV nmhc

Vacuum permittivity, 12 2 2
0 8.85 10 C N me

 Coulomb’s law constant, 9 2 2
01 4 9.0 10  N m Ck pe

Vacuum permeability, 7
0 4 10  (T m) Am p

Magnetic constant,  7
0 4 1 10  (T m) Ak m p

 1 atmosphere pressure, 5 2 51 atm 1.0 10  N m 1.0 10  Pa

UNIT 
SYMBOLS 

meter, m
kilogram, kg
second, s
ampere, A
kelvin, K

mole, mol
hertz, Hz

newton, N
pascal, Pa
joule, J

watt, W
coulomb, C

volt, V
ohm, W

henry, H

farad, F
tesla, T

degree Celsius, C
electron volt, eV 

PREFIXES 

Factor Prefix Symbol
910 giga G

610 mega M

310 kilo k

210 centi c
310 milli m
610 micro m
910 nano n
1210 pico p

VALUES OF TRIGONOMETRIC FUNCTIONS FOR COMMON ANGLES

q 0 30 37 45 53 60 90

sinq 0 1 2 3 5  2 2  4 5  3 2 1 

cosq 1 3 2 4 5  2 2  3 5  1 2  0 

tanq 0 3 3  3 4 1 4 3  3

The following assumptions are used in this exam. 
I. The frame of reference of any problem is inertial unless otherwise

stated.
II. The direction of current is the direction in which positive charges

would drift.
III. The electric potential is zero at an infinite distance from an isolated

point charge.
IV. All batteries and meters are ideal unless otherwise stated.
V. Edge effects for the electric field of a parallel plate capacitor are

negligible unless otherwise stated.
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ADVANCED PLACEMENT PHYSICS C EQUATIONS 

MECHANICS

a = acceleration 

E =   energy 

F = force 

f = frequency 

h = height 

I = rotational inertia 

J = impulse 

K = kinetic energy 
k = spring constant 

 = length

L = angular momentum 

m = mass 

P = power 

p = momentum 

r = radius or distance 

T = period 

t = time 

U = potential energy 

v = velocity or speed 

W = work done on a system 

x   =  position 
m  =  coefficient of friction 

q  =  angle 
t  =  torque 
w  =  angular speed 
a  =  angular acceleration 
f  =  phase angle 
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ELECTRICITY AND MAGNETISM
 

A = area 

B = magnetic field 

C = capacitance 

d  = distance 

E = electric field 

e  = emf

F = force 

I  = current 

J  = current density 

L = inductance 

 = length

n  = number of loops of wire  
     per unit length 

N = number of charge carriers
     per unit volume 

P = power 

Q = charge 

q  = point charge 

R = resistance 

r  = radius or distance 

t  = time 

U = potential or stored energy 

V = electric potential

v   =  velocity or speed 
r  =  resistivity 

F  =  flux 
k  =  dielectric constant 
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ADVANCED PLACEMENT PHYSICS C EQUATIONS 

GEOMETRY AND TRIGONOMETRY  

 A  = area 
 C = circumference 
 V  = volume 
 S  = surface area 
 b  = base 
 h  = height 
 = length
w = width 
r  = radius 
s  = arc length
q  = angle

Rectangle 

A bh  

Triangle 

1
2

A bh

Circle 
2A pr

 2C rp
    s rq   

Rectangular Solid 

V w h
Cylinder 

2V rp 

22 2S r rp p

Sphere 

 34
3

V rp

24S rp

Right Triangle 
2 2 2a b c

    sin a
cq

    cos b
c

q

    tan a
bq

s 
r 

q

c a

b
90°q

CALCULUS

d f d f du
dx du dx

1nd x nxdx
n

ax axd e aedx
d axdx x

1ln 

sin cosd ax a axdx

cos sind ax a axdx

11 , 1
1

n nx dx x nn  

1ax axe dx ea

lndx x ax a
1cos sinax dx axa

1sin cosax dx axa

VECTOR PRODUCTS 

cosA B AB q

 

sinA B AB q
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PHYSICS C:  ELECTRICITY AND MAGNETISM 
SECTION II 

Time—45 minutes 
3 Questions 

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. 

1. A very long, thin, nonconducting cylinder of length L is centered on the y-axis, as shown above. The cylinder
has a uniform linear charge density λ+ . Point P is located on the y-axis at y c= , where L >> c .

(a)

i. On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due
to the long cylinder. The arrow should start on and point away from the dot.

ii. Describe the shape and location of a Gaussian surface that can be used to determine the electric field at
point P due to the long cylinder.

iii. Use your Gaussian surface to derive an expression for the magnitude of the electric field at point P.
Express your answer in terms of λ , c, L, and physical constants, as appropriate.

© 2019 The College Board. 
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(b) A proton is released from rest at point P. On the axes below, sketch the velocity v as a function of  
position y and the acceleration a as a function of position y for the proton. 

 

  The original cylinder is now replaced with a much shorter thin, nonconducting cylinder with the same uniform 
linear charge density λ+ , as shown in the figure below. The length of the cylinder to the right of the y-axis is a, 
and the length of the cylinder to the left of the y-axis is b, where a < b .  

 

(c) On the figure shown below, draw an arrow to indicate the direction of the electric field at point P due to the 
shorter cylinder. The arrow should start on and point away from the dot. 

 

 

(d)  

 i. Is there a single Gaussian surface that can be used with Gauss’s law to derive an expression for the 
electric field at point P? 

  ____ Yes ____ No 

 ii. If your answer to part (d)(i) is yes, explain how you can use Gauss’s law to derive an expression for the 
field at point P. If your answer to part (d)(i) is no, explain why Gauss’s law cannot be applied to derive 
an expression for the electric field in this case. 
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  A student in class argues that using the integral shown below might be a useful approach for determining the 
electric field at point P. 

2
0

1 1
4

E dq
rpe

= Ú  

  The student uses this approach and writes the following two integrals for the magnitude of the horizontal and 
vertical components of the electric field at point P. 

Horizontal component: 
( )3 22 204

a

x
b

xE dx
c x

l
pe

-

=
+

Ú  

Vertical component: ( )2 2
04

a

y
b

y
E dy

c x

l
pe

-

=
+Ú  

(e)  

 i. One of the two expressions above is not correct. Which expression is not correct? 

  ____ Horizontal component ____ Vertical component 

 ii. Identify two mistakes in the incorrect expression, and explain how to correct the mistakes. 

© 2019 The College Board. 
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 2. The circuit shown above is constructed with two 6.0 V batteries and three resistors with the values shown.  
The currents 1I , 2I , and 3I  in each branch of the circuit are indicated. 

(a)  

 i. Using Kirchhoff’s rules, write, but DO NOT SOLVE, equations that can be used to solve for the 
current in each resistor. 

 ii. Calculate the current in the Ω200  resistor. 

 iii. Calculate the power dissipated by the Ω200  resistor. 

 

 

  The two 6.0 V batteries are replaced with a battery with voltage ε  and a resistor of resistance Ω50 , as shown 
above. The voltmeter V shows that the voltage across the Ω200  resistor is 4.4 V. 

(b) Calculate the current through the 50 Ω  resistor. 

(c) Calculate the voltage e  of the battery. 

© 2019 The College Board. 
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(d)  

 i. The Ω200  resistor in the circuit in Figure 2 is replaced with a 
200 Fμ  capacitor, as shown on the right, and the circuit is 
allowed to reach steady state. Calculate the current through the 
50 Ω  resistor. 

 

 

 

 

 ii. The 200 W  resistor in the circuit in Figure 2 is replaced with  
an ideal 50 mH inductor, as shown on the right, and the circuit  
is allowed to reach steady state. Is the current in the 50 W  
resistor greater than, less than, or equal to the current calculated 
in part (b) ? 

  ____ Greater than        ____ Less than        ____ Equal to 

  Justify your answer. 

© 2019 The College Board. 
Visit the College Board on the web: collegeboard.org.



2019 AP® PHYSICS C: ELECTRICITY AND MAGNETISM FREE-RESPONSE QUESTIONS 

GO ON TO THE NEXT PAGE. 
-10-

3. A solenoid is used to generate a magnetic field. The solenoid has an inner radius a, length  , and N total turns
of wire. A power supply, not shown, is connected to the solenoid and generates current I, as shown in the figure
on the left above. The x-axis runs along the axis of the solenoid. Point P is in the middle of the solenoid at the
origin of the xyz-coordinate system, as shown in the cutaway view on the right above. Assume a>> .

(a) Select the correct direction of the magnetic field at point P.

 ____ +x-direction        ____ +y-direction     ____ +z-direction 

 ____ –x-direction        ____ –y-direction       ____ –z-direction 

Justify your selection. 

(b)  

i. On the cutaway view below, clearly draw an Amperian loop that can be used to determine the magnetic
field at point P at the center of the solenoid.

ii. Use Ampere’s law to derive an expression for the magnetic field strength at point P. Express your
answer in terms of I, ,  N, a, and physical constants, as appropriate.
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Some physics students conduct an experiment to determine the resistance SR  of a solenoid with radius 

a = 0.015 m, total turns N = 100, and total length 0.40 m= .  The students connect the solenoid to  
a variable power supply. A magnetic field sensor is used to measure the magnetic field strength along the central 
axis at the center of the solenoid. The plot of the magnetic field strength B as a function of the emf e  of the 
power supply is shown below.  

(c)  

i. On the graph above, draw a best-fit line for the data.

ii. Use the straight line to determine the resistance SR  of the solenoid used in the experiment.

(d) One of the students notes that the horizontal component of the magnetic field of Earth is 52.5 10  T-¥ .

i. Is there evidence from the graph that the horizontal orientation of the solenoid affects the measured
values for B ?

____ Yes        ____ No

Justify your answer.

ii. Would the horizontal orientation of the solenoid affect the calculated value for SR  ?

____ Yes        ____ No

Justify your answer.

GO ON TO THE NEXT PAGE. 
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A thin conducting loop of radius b and resistance LR  is placed concentric with the solenoid, as shown above. 
The current in the solenoid is decreased from I to zero over time tD .   

(e) 

i. Is the direction of the induced current in the loop clockwise or counterclockwise during the time period
that the current in the solenoid is decreasing?

____ Clockwise        ____ Counterclockwise

Justify your answer.

ii. Derive an equation for the average induced current INDi  in the loop during the time period that the

current in the solenoid is decreasing. Express your answer in terms of I, ,  N, a, b, LR ,  SR ,  tD ,  and

physical constants, as appropriate.

STOP 

END OF EXAM 
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