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CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
1 unified atomic mass unit, = 166 x 107 kg Name Symbol Factor  Prefix Symbol
= 931 MeV/c? meter m 10° giga G
_ 27
Proton mass, m, =167 x 107" kg kilogram kg 10° mega M
Neutron mass, m, = 1.67 x 1077 kg
= » second s 10° kilo k
Electron mass, m, =911 x 10" kg
) .
Magnitude of the electron charge, e = 160 x 107°C ampere 10 centi ¢
Avogadro’s number, N, = 6.02 x 102 mol™ kelvin 107 milli m
Universal gas constant, R = 8311/ (mol - K) mole mol 1078 micro M
* _ =23
Boltzmann’s cons.tant, ky = 138 x 107" J/K hertz Hz 107 nano n
Speed of light, c = 3.00 x 10* m/s 2
10™ i
Planck’s constant, h=663x10]s newton N pico P
= 414 x 10eV-s pascal P2 | VALUES OF TRIGONOMETRIC FUNCTIONS
. FOR COMMON ANGLES
he = 199 x 10%*J-m joule J 0
sin O cos 6
= 124 x 10°eV-nm watt w fan ©
Vacuum permittivity, & = 885 x 1072 C*/N'm? coulomb c 0 0 1 0
It v
Coulomb’s law constant, & = 1/4xe, = 9.0 x 10° N-m?/C? e 30° 1/2 ‘/'3'/2 ‘J3-/3
Vacuum permeability, Ho = 4 x 107(T-m) /A ohm «Q
Magnetic constant,  K'= p /47 = 107(T m) /A henry H 37 3/5 4/5 3/4
Universal gravitational constant, G = 667 x 107" m*/kg-s* farad F . J_
Acceleration due to gravity tesla T 45 2/2 JZ—/Z 1
at the Earth’s surface, g =98m/s? de
gree °
1 atmosphere pressure, latm = 10 x 10° N/m? Celsius °C 53 4/5 3/5 43
=10 x 10° Pa electron- °
60 32 172 3
1 electron volt, leV = 160 x 107 J volt i ‘/_ J_
90° 1 0 o0
The following conventions are used in this examination.
[. Unless otherwise stated, the frame of reference of any problem is assumed to be inertial.
I1. The direction of any electric current is the direction of flow of positive charge (conventional current).
[II. For any isolated electric charge, the electric potential is defined as zero at an infinite distance from the charge.
These test materials are intended for use by AP teachers for course and exam
preparation in the classroom. Teachers may reproduce them, in whole or in part, for FORM
limited use with their students, but may not mass distribute the materials, electronically 3XBP

or otherwise. These materials and any copies made of them may not be resold, and the
copyright notices must be retained as they appear here. This permission does not apply

to any third-party copyrights contained in the materials.
Copyright 2001 by College Entrance Examination Board. All rights reserved.
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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2001

MECHANICS
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a = acceleration

F = force

f = frequency

h = height

I = rotational inertia
J = impulse

K = kinetic energy

k = spring constant

£ = length

L = angular momentum
m = mass

N = normal force

P = power

p = momentum

r = radius or distance
s = displacement

T = period

t = time

U = potential energy
v = velocity or speed
W= work

X = position

1t = coefficient of friction
6 = angle

T = torque

o = angular speed
a = angular acceleration

ELECTRICITY AND MAGNETISM

__1 a9
47!:60 r2
E=F
q
ﬁE-dA:g
€
av
E=- .
1 4i
4”50 r[
_ _ 1 q9,
U‘E—qv—4n€0 r
_ 9
C_V
_K'EoA
C= d
Cp=ZCz
1
1 1
_=Z_
5 i 3
_ 4o
I'=3r
_1 _1 2
U, = 5QV =5CV
_ ot
R—A
V = IR

R, :
P=1v

Fy =gqvxB
$B-dl = uyl
F=[1d9xB
B, = ponl
b =B - dA
e=-14
U, = L1

2

A = area

B = magnetic field
C = capacitance

d = distance

E = electric field

E=emf

F = force

I = current

L = inductance
¢ = length

n = number of loops of wire
per unit length

P = power

Q = charge

q = point charge

R = resistance

r = distance

t = time

U = potential or stored energy

V = electric potential

v = velocity or speed

p = resistivity

@, = magnetic flux

k = dielectric constant




ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2001

GEOMETRY AND TRIGONOMETRY

Rectangle A = area
A = bh C = circumference
Triangle V = volume
1 S = surface area
A=7bh b = base
Circle h = height
A=aqr’ ¢ = length
C =2nr w = width
Parallelepiped r = radius
V = fwh
Cylinder
V =ar¥e
S = 2xrl + 2nr?
Sphere

_4
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S = 4nr? ’
Right Triangle
a*® + b?

sin@ =

C?' a

cos @ =
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tan @ =
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(Inx) = i-

| cos xdx = sinx

|sin xdx = —cos x
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PHYSICS C
Section II, MECHANICS
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.

Motion Force
Sensor Sensor

] — (|

Mech 1.

A motion sensor and a force sensor record the motion of a cart along a track, as shown above. The cart is given a
push so that it moves toward the force sensor and then collides with it. The two sensors record the values shown
in the following graphs.
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(a) Determine the cart’s average acceleration between r=0.33s and r=0.37 s.
(b) Determine the magnitude of the change in the cart’s momentum during the collision.
(c) Determine the mass of the cart.

(d) Determine the energy lost in the collision between the force sensor and the cart.
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Mech 2.

An explorer plans a mission to place a satellite into a circular orbit around the planet Jupiter, which has mass
M, =190 x 10”7 kg and radius R, = 7.14 x 107 m.

(a) If the radius of the planned orbit is R, use Newton’s laws to show each of the following.

GM,
=

i. The orbital speed of the planned satellite is given by v =

. . L _ f47r2R3
1. The period of the orbit is given by T = o

(b) The explorer wants the satellite’s orbit to be synchronized with Jupiter’s rotation. This requires an equatorial

orbit whose period equals Jupiter’s rotation period of 9 hr 51 min = 3.55 x 10* s. Determine the required
orbital radius in meters.

(c) Suppose that the injection of the satellite into orbit is less than perfect. For an injection velocity that differs
from the desired value in each of the following ways, sketch the resulting orbit on the figure. (J is the center
of Jupiter, the dashed circle is the desired orbit, and P is the injection point.) Also, describe the resulting
orbit qualitatively but specifically.

1. When the satellite is at the desired altitude over the equator, its velocity vector has the correct
direction, but the speed is slightly faster than the correct speed for a circular orbit of that radius.
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ii. When the satellite is at the desired altitude over the equator, its velocity vector has the correct
direction, but the speed is slightly slower than the correct speed for a circular orbit of that radius.
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Experiment A

Mech 3.

A light string that is attached to a large block of mass 4m passes over a pulley with negligible rotational inertia
and is wrapped around a vertical pole of radius r, as shown in Experiment A above. The system is released from
rest, and as the block descends the string unwinds and the vertical pole with its attached apparatus rotates. The
apparatus consists of a horizontal rod of length 2L, with a small block of mass m attached at each end. The
rotational inertia of the pole and the rod are negligible.
(a) Determine the rotational inertia of the rod-and-block apparatus attached to the top of the pole.
(b) Determine the downward acceleration of the large block.
(c) When the large block has descended a distance D, how does the instantaneous total kinetic energy of the

three blocks compare with the value 4mgD ? Check the appropriate space below.

Greater than 4mgD Equal to 4mgD Less than 4mgD

Justify your answer.
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Experiment B

The system is now reset. The string is rewound around the pole to bring the large block back to its original
location. The small blocks are detached from the rod and then suspended from each end of the rod, using strings

of length ¢. The system is again released from rest so that as the large block descends and the apparatus rotates,
the small blocks swing outward, as shown in Experiment B above. This time the downward acceleration of the
block decreases with time after the system is released.

(d) When the large block has descended a distance D, how does the instantaneous total kinetic energy of the
three blocks compare to that in part (c) ? Check the appropriate space below.

Greater Equal Less

Justify your answer.

STOP

END OF SECTION II, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION I,
MECHANICS, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.



EEEEEEEEEEEEEEEEE

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.
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E&M 1.

A thundercloud has the charge distribution illustrated above left. Treat this distribution as two point charges, a
negative charge of —30 C at a height of 2 km above ground and a positive charge of +30 C at a height of 3 km.
The presence of these charges induces charges on the ground. Assuming the ground is a conductor, it can be
shown that the induced charges can be treated as a charge of +30 C at a depth of 2 km below ground and a

charge of —30 C at a depth of 3 km, as shown above right. Consider point P;, which is just above the ground
directly below the thundercloud, and point P,, which is 1 km horizontally away from P,.

(a) Determine the direction and magnitude of the electric field at point P,.
(b) 1. On the diagram on the previous page, clearly indicate the direction of the electric field at point P,.
ii. How does the magnitude of the field at this point compare with the magnitude at point P,?

__ Greater ___Equal Less

Justify your answer
(c) Letting the zero of potential be at infinity, determine the potential at these points.
i. Point P,

ii. Point P,
(d) Determine the electric potential at an altitude of 1 km directly above point P,.

(e) Determine the total electric potential energy of this arrangement of charges.

GO ON TO THE NEXT PAGE.
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E&M?2.

You have been hired to determine the internal resistance of 8.0 pF capacitors for an electronic component
manufacturer. (Ideal capacitors have an infinite internal resistance—that is, the material between their plates

is a perfect insulator. In practice, however, the material has a very small, but nonzero, conductivity.) You cannot
simply connect the capacitors to an chmmeter, because their resistance is too large for an ohmmeter to measure.
Therefore you charge the capacitor to a potential difference of 10 V with a battery, disconnect it from the battery

and measure the potential difference across the capacitor every 20 minutes with an ideal voltmeter, obtaining the
graph shown above.

(a) Determine the internal resistance of the capacitor.

The capacitor can be approximated as a parallel-plate capacitor separated by a 0.10 mm thick dielectric
with x =5.6.

(b) Determine the approximate surface area of one of the capacitor “plates.”

(c) Determine the resistivity of the dielectric.

(d) Determine the magnitude of the charge leaving the positive plate of the capacitor in the first 100 min.
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y__—Cable
E&M 3.

The circuit shown above consists of a battery of emf £ in series with a rod of length ¢, mass m, and

resistance R. The rod is suspended by vertical connecting wires of length d, and the horizontal wires that
connect to the battery are fixed. All these wires have negligible mass and resistance. The rod is a distance »
above a conducting cable. The cable is very long and is located directly below and parallel to the rod. Earth’s

gravitational pull is toward the bottom of the page. Express all algebraic answers in terms of the given quantities
and fundamental constants.

(a) What is the magnitude and direction of the current / in the rod?

(b) In which direction must there be a current in the cable to exert an upward force on the rod? J ustify your
answer.

(c) With the proper current in the cable, the rod can be lifted up such that there is no tension in the connecting
wires. Determine the minimum current [ in the cable that satisfies this situation.

(d) Determine the magnitude of the magnetic flux through the circuit due to the minimum current [, determined
in part (c).

STOP

END OF SECTION II, ELECTRICITY AND MAGNETISM

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION Il
ELECTRICITY AND MAGNETISM, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.
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