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Equations introduced in Chapter 1:

�v =
d�r
dt

; �a =
d�v
dt

=
d2�r
dt2

; �r(t1) =�r0 +
∫ t1

0

�v dt ; �v(t1) = �v0 +
∫ t1

0

�adt .

For constant acceleration �a, if �r =�r0 and �v = �v0 at time t = 0, then

�v(t) = �v0 +�at

�r(t) =�r0 +�v0t+
1
2
�at2 .

For one-dimensional motion with constant acceleration a:

v2 = v20 + 2a(x− x0) .

For circular motion at constant speed v:

a =
v2

r
,

where r is the radius of the circle, and the acceleration is directed towards the center
of the circle.

If an object has position �r and velocity �v, its position and velocity relative to
an observer with position �r0 and velocity �v0 are given respectively by

�r′ =�r −�r0 , �v′ = �v−�v0 .

Average velocity and acceleration are given by

�vaverage =
∆�r
∆t
, �aaverage =

∆�v
∆t
.
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Equations introduced in Chapter 2:

�F = m�a (Newton’s second law);

�F = −GMm
r2

r̂ (the gravitational force between two particles);

�F =
1

4πε0
Qq

r2
r̂ (the electrostatic force between two particles);

�F = −k�x (Hooke’s law);

d2x

dt2
= −ω2x

(for a particle near a point of stable equilibrium;
equation leads to simple harmonic motion);

x = A sinωt (a solution to the above equation; any solution can be
written this way if we choose t = 0 when x = 0);

ω = 2πf (relation between angular frequency and frequency);

T =
1
f
=

2π
ω

(period of an oscillator).
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1. (Multiple Choice problems; 5 points each part, no partial credit.) If your answer is
“none of these”, please state which other answer is the closest to being correct. Also
explain why it is not correct.

a) A car of mass m is traveling on a horizontal road with constant velocity. The
magnitude of this velocity is a. Assuming the local acceleration of gravity is g, the
magnitude of the net force on the car is:

i) mg ii) ma iii) mg +ma iv) ma−mg v) mg −ma

vi)
ma+mg

2
vii) 0 viii) none of these

b) An astronaut of mass m is a member of the crew of a space shuttle orbiting the
earth at an altitude h. If the radius of the earth is R and g is the acceleration due
to gravity at the surface of the earth, the magnitude of the gravitational force on
the astronaut is:

i) mg ii) mg
R

R + h
iii) mg

(R+ h)
R

iv) mg
R2

(R + h)2
v) mg

(R + h)2

R2

vi) none of these

c) Two springs are connected as shown below:

Both obey Hooke’s Law. One has spring constant k1 and the other k2. The spring
constant of the combined system is:

i) k1 + k2 ii) k1 k2 iii)
k1 k2
k1 + k2

iv)
k1 + k2
k1 k2

v)
k1 + k2

2

vi) 2(k1 + k2) vii) none of these
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d) A block of mass m slides down a frictionless slope inclined at an angle θ to the
horizontal.

The magnitude of the acceleration of the block is observed to be a. From this
observation you can conclude that the magnitude of the local acceleration due to
gravity is:

i) ma sin θ ii) ma cos θ iii)
ma

sin θ
iv)

ma

cos θ
v) a sin θ

vi) a cos θ vii)
a

sin θ
viii)

a

cos θ
ix) none of these

e) A large mass m, at the end of a rope, is pulled on level ice. The mass of the rope
and the friction between the mass and the ice are negligible. The rope makes an
angle θ to the horizontal. If the mass has an acceleration �a and the acceleration
due to gravity is �g, the tension T in the rope is:

i)
ma

cos θ
ii)
ma

sin θ
iii) ma cos θ iv) ma sin θ v) mg sin θ

vi) mg cos θ vii)
ma

cos θ
+mg sin θ viii) none of these
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2. (25 points)

The figure below illustrates a stretch of a horizontal road. The markers ( ) indi-
cate distance along the road separated by 10 m. At A a car enters the stretch of road.
It accelerates uniformly up to point C , and then continues moving at constant speed.
The dots show the position of the car at one second intervals. Using the coordinate
system shown, write down expressions for the velocity and acceleration of the car at
points B, D, and E.

3. (25 points)

A mass m is stationary, supported from two identical massless springs as shown. Each
spring obeys Hooke’s Law and has unstretched length �0 and constant k. Suddenly
the left spring breaks. Immediately after the spring breaks, the mass accelerates with
acceleration �a.

a) On the diagram show the direction of �a. Explain in words, or by calculations, what
is the direction of �a and how you established it.

b) Write an expression for the magnitude of �a.
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4. (25 points)

A toy train moves due north at a constant speed V along a straight track which is
parallel to the wall of a room. The wall is to the east of the track at a distance d.
There is a toy dart gun on the train with its barrel fixed in a plane perpendicular to
the motion of the train. The gun points at an angle θ to the horizontal. There is a
vertical line drawn on the wall, stretching from floor to ceiling, and the dart gun is
fired at the instant when the line is due east of the gun. If the dart leaves the gun at
speed W relative to the gun, derive an expression for the distance by which the dart
misses the vertical line. That is, find how far north or south of the vertical line is the
point at which the dart hits the wall. Assume that the dart hits the wall without first
bouncing off the floor or ceiling.
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