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TABLE OF INFORMATION FOR 2002

CONSTANTS AND CONVERSION FACTORS

1 unified atomic mass unit, lu = 1.66 x 107 kg
= 931 MeVic®

Proton mass, m, =167 x 107" kg

Neutron mass, m, = 167 x 107" kg

Electron mass, m, = 9.11 x 10~ kg

Magnitude of the electron charge, e =160 x107°C
Avogadro’s number, N, = 6.02 x 10*mol™
Universal gas constant, R = 831 J/(mol - K)
Boltzmann’s constant, ky = 138 x 1021/K
Speed of light, ¢ =300 x 10* m/s

Planck’s constant, h=663x10%]-s

= 414 x 10eV s
he =199 x 107Jm
=124 x10°eV-nm
Vacuum permittivity, € =885 %1072 C*/N-m?
Coulomb’s law constant, k = 1/4ze, = 9.0 x 10° N-m?/C?
Vacuum permeability, My = 4 x 107 (T m) /A

Magnetic constant, k'= uy/dr =107 (T m) /A

Universal gravitational constant, G =667 x 10" m’/kg-s
Acceleration due to gravity
at the Earth’s surface, g =98m/s’
1 atmosphere pressure, latm = 1.0 x 10° N/m’
=10 x 10° Pa
1 electron volt, leV =160 x 107°7J

UNITS

Name Symbol
meter m
kilogram kg
second s
ampere
kelvin
mole mol
hertz Hz
newton N
pascal Pa
joule J
watt w
coulomb C
volt v
ohm Q
henry H
farad F
tesla T
degree

Celsius °c
electron-

volt eV

Factor

10712

PREFIXES
Prefix Symbol
giga G
mega M
kilo k
centi c
milli m
micro n
nano n
pico P

VALUES OF TRIGONOMETRIC FUNCTIONS

FOR COMMON ANGLES

0 sin 0 cos 0 tan 0

0° 0 1 0
30° 12 32| BB
37° 3/5 4/5 3/4
45° 2n V212 1
53° 4/5 3/5 4an
60° NEY) 12 BB
90° 1 0 oo

The following conventions are used in this examination.

I. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.
II. The direction of any electric current is the direction of flow of positive charge (conventional current).
II1. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the

charge.




ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2002

MECHANICS
v =1y, +at a = acceleration
1 F = force
X = Xxg + Vgt + Eat j;l = }flre.qlll_:n(:y
2 _ 02 _ = heig
vi=vg +2a(x=%) | - rotational inertia
XF=F,, =ma J = impulse
dp K = Kkinetic energy
F= ar k = spring constant
_ _ ¢ = length
J=IFd =ap L = angular momentum
p = mv m = mass
Fic < uN N = normal force
W=lF-dr prower
p = momentum
K = 1 mv? r = radius or distance
2 r = position vector
P = aw T = period
dt t = time
P=F-v U = potential energy
AU, = mgh v = velocity or speed
g
) W = work done on a system
a, = Vo_ Wi X = position
r u = coefficient of friction
t=rxF 0 = angle
Yt=1,, = la 7 = torque
I =1rdm =3 mr? o = angular speed
o = angular acceleration
Tem = 2 mF/Z m
vV =re

L=rxp-=Ilo
K:%Iwz
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ELECTRICITY AND MAGNETISM

Fe 1 g4, A = area
- 4re, 1 B = magnetic field
C = capacitance
E= F d = distance
q E = electric field
0 € = emf
$E-dA=— F = force
€ I = current
E=_ dav L = inductance
dr ¢ = length
v 1 a; n = number .otilooplf of wire per
= - unit lengt]
4me, li P = power ¢
1 q9q Q = charge
Uy =qV= Ane Ir : g = point charge
0 R = resistance
C= 2 r = distance
1% t = time
KeyA U = potential or stored energy
C= d V = electric potential
v = velocity or speed
Cp= 214 G p = resistivity
1 1 ¢,,= magnetic flux
F = 2 F x = dielectric constant
s i G
_do
dt
U. = 1 Qv = 1 cv?
2
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F=]I1d¢xB
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dt
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GEOMETRY AND TRIGONOMETRY

Rectangle
A = bh
Triangle

_1
A—fbh

Circle

A=’

C = 2nr
Parallelepiped

V = (wh
Cylinder

V =ar

S = 2arl + 27r?
Sphere

_4 s
V—§7H‘

S = 4nr?
Right Triangle
a* +b* =¢?

sin @ =

cos @ =

sl ol

tan 0 =

S

A = area

C = circumference
V = volume

S = surface area
b = base

h = height

¢ = length

w = width

r = radius

CALCULUS

d4f _df du
dc ~ du dx

(X") — nxn—l

(Inx) = 1

(sin x) = cos x

|n & B8 B B

dx(cmx):—sinx

[ cos x dx = sin x

[ sin x dx = — cos x




2002 AP® PHYSICS C: ELECTRICITY AND MAGNETISM
FREE-RESPONSE QUESTIONS

PHYSICS C

Section II, ELECTRICITY AND MAGNETISM
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 the
pink booklet in the spaces provided after each part, NOT in this green insert.

E&M 1.

A rod of uniform linear charge density 4 = +1.5 X 107 C/m is bent into an arc of radius R = 0.10 m. The arc
is placed with its center at the origin of the axes shown above.

(a) Determine the total charge on the rod.

(b) Determine the magnitude and direction of the electric field at the center O of the arc.

(c) Determine the electric potential at point O.

A proton is now placed at point O and held in place. Ignore the effects of gravity in the rest of this problem.
(d) Determine the magnitude and direction of the force that must be applied in order to keep the proton at rest.

(e) The proton is now released. Describe in words its motion for a long time after its release.
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s R=50kQ
ANV

E&M 2.

Your engineering firm has built the RC circuit shown above. The current is measured for the time ¢ after the

switch is closed at ¢ = 0 and the best-fit curve is represented by the equation I(r) = 5.20 ¢ '/1°, where I is in
milliamperes and ¢ is in seconds.

(a) Determine the value of the charging voltage V, predicted by the equation.
(b) Determine the value of the capacitance C predicted by the equation.

(c) The charging voltage is measured in the laboratory and found to be greater than predicted in part (a).

i. Give one possible explanation for this finding.
ii. Explain the implications that your answer to part i has for the predicted value of the capacitance.

(d) Your laboratory supervisor tells you that the charging time must be decreased. You may add resistors or
capacitors to the original components and reconnect the RC circuit. In parts i and ii below, show how
to reconnect the circuit, using either an additional resistor or a capacitor to decrease the charging time.

i. Indicate how a resistor may be added to decrease the charging time. Add the necessary resistor and
connections to the following diagram.

—— —AA—
L L
T T

ii. Instead of a resistor, use a capacitor. Indicate how the capacitor may be added to decrease the charging
time. Add the necessary capacitor and connections to the following diagram.

—r — —AA—

1 .
T T
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Vertical (c) Determine the magnitude of the induced emf in the loop.

| (d) i. Determine the magnitude of the induced current in the loop.

ii. Show the direction of the induced current on the following diagram.

Vertical

—ﬂ
0.101

=

E&M 3.

A circular wire loop with radius 0.10 m and resistance 50 Q is suspended horizontally in a magnetic field of
magnitude B directed upward at an angle of 60° with the vertical, as shown above. The magnitude of the field
in teslas is given as a function of time ¢ in seconds by the equation B = 4(1 - 0.2¢).

(a) Determine the magnetic flux ¢,, through the loop as a function of time. (e) Determine the energy dissipated in the loop from ¢t =0to t =4s.

(b) Graph the magnetic flux ¢,, as a function of time on the axes below.
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END OF SECTION II, ELECTRICITY AND MAGNETISM
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