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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2004 and 2005

MECHANICS
v =1, +at a = acceleration
I F = force
x=Xxy +yyt+ itztz f = frequency
h = height
V' =y +2a(x - xp) I = rotational inertia
2F = Fnet =ma J = ir_npu_lse
K = Kkinetic energy
F = dap k = spring constant
dt ( = length
J=IFdt = np L = angular momentum
_ m = mass
p=my N = normal force
Fpie < UN P = power
_ p = momentum
W =IF-dr r = radius or distance
K = 1 mv* r = position vector
2 T = period
_aw t = time
T dr U = potential energy
P=F-v v = velocity or speed
W = work done on a system
AUy = mgh X = position
2 ) u = coefficient of friction
e =" -=0w7r 6 = angle
t=rxF 7 = torque
® = angular speed
YT =1, =la a = angular acceleration

1 =[rdm= 3 mr?
Iy, = Xmr/Ym
v=ro
L=rxp=Jlo
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K =§Im2

0=, +at

6=26, +woz+%a12

F.r:_kx

1,5

Uy =5k
_2m_ 1
T = ° —f

ELECTRICITY AND MAGNETISM

1 q4q, A = area
- 4re, B = magnetic field
F C = capacitance
E=— d = distance
q E = electric field
0 £ = emf
SﬁE'dA=? F = force
0 I = current
g=_4v L = inductance
dr ¢ = length
1 q; n = number of loops of wire
V= " - per unit length
€ T N P = power
syl 9% Q = charge
E=4V= dne, r q = point charge
R = resistance
ng r = distance
\4 t = time
K€ A U = potential or stored energy
C= d V = electric potential
v = velocity or speed
Cp= zl: G p = resistivity

@,,= magnetic flux
x = dielectric constant

R SR
P 1
P=1V
F,=qvxB
$B-d€ =yl
F=[1d¢xB
B, = pynl
¢, =IB-dA
_ 49
dt
dl
E=-L—
dt
[
U, =—LI
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ADVANCED PLACEMENT PHYSICS C EQUATIONS FOR 2004 and 2005

GEOMETRY AND TRIGONOMETRY

Rectangle

A = bh
Triangle

1

A= jbh
Circle

A=’

C =2nr
Parallelepiped

V = (wh
Cylinder

V = nmrit

S = 2xrl + 27r®
Sphere

V = %7[}’3

S = dnr’
Right Triangle

a’ +b* =¢?

sin @ =

cos 0 =

als olR

tan 6 =

SRS

A = area

C = circumference
V = volume

S = surface area

b = base

h = height

¢ = length

w = width

r = radius

CALCULUS

Jeosxdx = sinx

Jsinxdx = —cosx

3




2005 AP° PHYSICS C: MECHANICS FREE-RESPONSE QUESTIONS

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 ball of mass M is thrown vertically upward with an initial speed of v, . It experiences a force of air resistance
given by F = —kv, where k is a positive constant. The positive direction for all vector quantities is upward.
Express all algebraic answers in terms of M, k, v, and fundamental constants.

(a) Does the magnitude of the acceleration of the ball increase, decrease, or remain the same as the ball moves
upward?

increases decreases remains the same
Justify your answer.

(b) Write, but do NOT solve, a differential equation for the instantaneous speed v of the ball in terms of time ¢
as the ball moves upward.

(c) Determine the terminal speed of the ball as it moves downward.

(d) Does it take longer for the ball to rise to its maximum height or to fall from its maximum height back to the
height from which it was thrown?

longer to rise longer to fall
Justify your answer.
(e) On the axes below, sketch a graph of velocity versus time for the upward and downward parts of the ball’s

flight, where 7, is the time at which the ball returns to the height from which it was thrown.

Velocity

Time
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Mech. 2.

A student is given the set of orbital data for some of the moons of Saturn shown below and is asked to use the
data to determine the mass M of Saturn. Assume the orbits of these moons are circular.

Orbital Period, T | Orbital Radius, R
(seconds) (meters)
8.14 x10* 1.85 x 10°
1.18 x10° 2.38 x 10
1.63 x 10° 2.95 x 10
2.37 % 10° 3.77 x 10
(a) Write an algebraic expression for the gravitational force between Saturn and one of its moons.

(b) Use your expression from part (a) and the assumption of circular orbits to derive an equation for the orbital
period T of a moon as a function of its orbital radius R.

(c

~

Which quantities should be graphed to yield a straight line whose slope could be used to determine Saturn’s
mass?

(

=

Complete the data table by calculating the two quantities to be graphed. Label the top of each column,
including units.

(e

N2

Plot the graph on the axes below. Label the axes with the variables used and appropriate numbers to indicate
the scale.
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(f) Using the graph, calculate a value for the mass of Saturn.
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TOP VIEWS

Mech. 3.

A system consists of a ball of mass M, and a uniform rod of mass M, and length d. The rod is attached to a
horizontal frictionless table by a pivot at point P and initially rotates at an angular speed @ , as shown above

left. The rotational inertia of the rod about point P is %Mld2 . The rod strikes the ball, which is initially at rest.
As a result of this collision, the rod is stopped and the ball moves in the direction shown above right. Express all
answers in terms of M,, M,, @, d, and fundamental constants.

(a) Derive an expression for the angular momentum of the rod about point P before the collision.

(b) Derive an expression for the speed v of the ball after the collision.

(c) Assuming that this collision is elastic, calculate the numerical value of the ratio M, /M, .

1
p

=

________g_.___

Before Collision

(d) A new ball with the same mass M, as the rod is now placed a distance x from the pivot, as shown above.
Again assuming the collision is elastic, for what value of x will the rod stop moving after hitting the ball?

END OF SECTION II, MECHANICS
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