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TABLE OF INFORMATION FOR 2002
CONSTANTS AND CONVERSION FACTORS UNITS PREFIXES
- Name Symbol Factor Prefix Symbol
1 unified atomic mass unit, lu = 166 x 10 = kg
meter m 10° i
= 931 MeVic? 0 siea G
kilogram k 6
Proton mass, m, = 167 x 107 kg & . 10 mega M
Neutron mass, m, = 167 x 107" kg second 5 10° kilo k
Electron mass, m, = 9.11 x 107" kg ampere A 1072 centi c
Magnitude of the electron charge, e = 160 x 107°C kelvin K 1073 milli m
Avogadro’s number, Ny = 6.02 x 10® mol™ :
.V ) ° < me mole mol 107 micro H
Universal gas constant, R = 831 J/(mol - K)
. . 3 hertz Hz 107 nano n
Boltzmann's constant, kg = 138 x 1077 J/K
=12 .
Speed of light, c = 3.00 x 10° m/s newton N 10 pico P
, _ P pascal Pa
Planck’s constant, h= 663107 VALUES OF TRIGONOMETRIC FUNCTIONS
= 414 x 107%eV s joule ] FOR COMMON ANGLES
he = 199 x 10%]-m watt w 0 sin 0 cos | tan 6
=124 x 10°eV-nm coulomb C 0° 0 1 0
Vacuum permittivity, € = 885 x 1072 C*/N-m? voit v
ohm Q 30° 12 NEY I INEY:
Coulomb’s law constant, & = 1/47e, = 9.0 x 10° N-m?/C?
Vacuum permeability, o = 47 x 107 (T m)/A henry H 37° 3/5 4/5 3/4
Magnetic constant, k' = /47 = 107 (T m) /A farad 3
, o o | tesia T 45° 2n 2n 1
Universal gravitational constant, G =667 x10 m/kgs
Acceleration due to gravity degree o
- Acceleration due (o gravi Celsius °C 53 4/5 3/5 4/3
at the Earth’s surface, - g =98m/s’
. 5 2 electron-
1 atmosphere pressure, latm = 1.0 x 10° N/m voit eV 60° J?T 2] 12 . ‘/§
=10 x 10° Pa
1 electron volt, lev = 160 x 1077 90° 1 0 oo

The following conventions are used in this examination.
L. 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).
III. 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 FORM
preparation in the classroom. Teachers may reproduce them, in whole or in part, for 3YBP
limited use with their students, but may not mass distribute the materials, electronically
or otherwise. These materials and any copies made of them may not be resold, and the 8 O
copyright notices must be retained as they appear here. This permission does not apply
to any third-party copyrights contained in the materials.
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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2002

MECHANICS
v = vy +at a = acceleration
1 F = force
X = Xy +vot+5at f = frequency
v} = vy +2a(x - xg) h = helght o
_F = [ = rotational inertia
LF net = M4 J = impulse
_ dap K = kinetic energy
dr k = spring constant
J=1Fdt = Ap ¢ = length
p=mv L = angular momentum
m = mass
Fpric = AN N = normal force
W=]F-dr P = power
1 2 p = momentum
K= 7 mv r = radius or distance
_dW r = position vector
T odr T = period
P=F-v r = time
AU, = mgh U = potential energy
& X v = velocity or speed
a, = — = o’r W = work done on a system
r X = position
t=rxF u = coefficient of friction
2T=T,y = la 6 = angle
=[rldm =3 mr’ T = torqulc ;
® = angular spee
Tom = L mr/Zm a= angular agzeleration
V=T

=%Iw2
6=80+m0r+%at2
F, = —kx
1
Uy =Ekx2
2w 1
T = —=—
o f
m
y4
T, =2r |—
P g
Gmlmz ~
F-. =
G r2
UG _ Gmlm2

ELECTRICITY AND MAGNETISM

Fe 1 q4, A = area
dre, r? B = magnetic field
F C = capacitance
E=— d = distance
q E = electric field
_ £ = emf
$E-dA = € F = force
I = current
=__d_K L = inductance
dr ¢ = length
V= 1 E 4q; n = number of loops of wire per
dme, < T, unit length
1 P = power
Uz =qV= ik Q = charge
dmey 1 g = point charge
o R = resistance
C==% ;
1% r = distance
K€, A t = time
C= 4 U = potential or stored energy
V = electric potential
Cp=2C v = velocity or speed
. ' | p = resistivity
= #,= magnetic flux
G TG x = dielectric constant
=92
dt
1 | R
U ==—QV==CV
€2 V=2
ot
A
V=IR
R,=YR,
1 1
® 2,
P 1
P=1V
F,=qvxB
$B-d€ = pu,l
F=[1d€xB
By = pgnl
6 =IB-dA
__dg,
dt
e=-14
dt
U, == L1
)




ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2002

GEOMETRY AND TRIGONOMETRY

Rectangle
A = bh
Triangle
1

A =§bh
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A=ar’

C = 2ar
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V = ¢fwh
Cylinder

V =nar¥e

S = 2zrl + 2nr’®
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A = area

C = circumference
V = volume

S = surface area
b = base

h = height

¢ = length

w = width

r = radius
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[ = 1n|x]
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| cos x dx = sin x

Jsinxdx=—cosx
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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.

Mech 1.

A crash test car of mass 1,000 kg moving at constant speed of 12 m/s collides completely inelastically with an
object of mass M at time ¢ = 0. The object was initially at rest. The speed v in m/s of the car-object system
after the collision is given as a function of time ¢ in seconds by the expression

8
1+5¢°

v =

(a) Calculate the mass M of the object.

(b) Assuming an initial position of x = 0, determine an expression for the position of the car-object system after !
the collision as a function of time t. [

(c) Determine an expression for the resisting force on the car-object system after the collision as a function of
time ¢.

(d) Determine the impulse delivered to the car-object system from ¢t =0 to ¢ =2.0s.
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The cart shown above is made of a block of mass m and four solid rubber tires each of mass m/4 and radius r.

&~

Mech 2.

Each tire may be considered to be a disk. (A disk has rotational inertia % MI? , where M is the mass and L is

the radius of the disk.) The cart is released from rest and rolls without slipping from the top of an inclined plane

of height h. Express all algebraic answers in terms of the given quantities and fundamental constants.
(a) Determine the total rotational inertia of all four tires.
(b) Determine the speed of the cart when it reaches the bottom of the incline.

(c) After rolling down the incline and across the horizontal surface, the cart collides with a bumper of negligible

mass attached to an ideal spring, which has a spring constant k. Determine the distance x,, the spring is
compressed before the cart and bumper come to rest.

(d) Now assume that the bumper has a non-neglible mass. After the collision with the bumper, the spring
is compressed to a maximum distance of about 90% of the value of x,, in part (c). Give a reasonable
explanation for this decrease.
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Mech 3.

An object of mass 0.5 kg experiences a force that is associated with the potential energy function

Ux) = 40 , where U is in joules and x is in meters.
20+ x

(a) On the axes below, sketch the graph of U(x) versus x.
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(b) Determine the force associated with the potential energy function given above.

(c) Suppose that the object is released from rest at the origin. Determine the speed of the particle at x = 2 m.

In the laboratory, you are given a glider of mass 0.5 kg on an air track. The glider is acted on by the force
determined in part (b). Your goal is to determine experimentally the validity of your theoretical calculation in
part (c). '

(d) From the list below, select the additional equipment you will need from the laboratory to do your experiment
by checking the line next to each item. If you need more than one of an item, place the number you need on

the line.
__ Meterstick ___ Stopwatch —Photogate timer  ___ String ___ Spring
___Balance ___ Woodblock ___ Setof objects of different masses

(e) Briefly outline the procedure you will use, being explicit about what measurements you need to make
in order to determine the speed. You may include a labeled diagram of your setup if it will clarify your
procedure.




MMMMMMMMMMMMM

THIS PAGE MAY BE USED FOR SCRATCHWORK.

STOP

END OF SECTION IlI, MECHANICS

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON SECTION II,
MECHANICS, ONLY. DO NOT TURN TO ANY OTHER TEST MATERIALS.
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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 A = +1.5 x 10 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.

(¢) 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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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(z) = 5.20 ¢ */1°, where [ 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).
1. 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 that you 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.

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

—e — —AAA—

L 1
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.

— — —AAA—

L 1
-
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Vertical

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 - 0.21).

(a) Determine the magnetic flux ¢,, through the loop as a function of time.

(b) Graph the magnetic flux ¢,, as a function of time on the axes below.
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(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.

(e) Determine the energy dissipated in the loop from ¢ =0to t =4s.

STOP

END OF SECTION Il, 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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