
FINAL for 2006!!!
1. Shown in the figure below is 0.100 kg mass hanging from a string whose

length is 1 meter. When this mass is hanging straight down (as shown in
by position A in the figure) it is pressing against a spring. The spring has
a constant, k=100 N/m, and is compressed by 0.01 meters when the mass
is in position A.

When released, the mass swings upward until it reaches point B, where it
briefly stops before swinging down again.

A

B

θ

(a) (6 pts) Calculate the height that the mass reaches at position B.

(b) (7 pts) Calculate the angle θ shown in the figure.
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2. Shown in the figure below is a mass pressed against a spring (position A).
The spring is compressed by 0.100 meters. When released, the mass will
be shot across the surface.

2 kg

k=100 N/m

A

B

C

0.020 m

(a) Calculate the velocity of the block at position B.

(b) Calculate the velocity of the block at position C.
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3. A bullet of mass m1 = 10 g is fired with velocity ~v1 = 300x̂m

s
toward a

stationary block of wood of mass M2 = 3 kg, and is very rapidly brought
to rest inside the block. The block is initially hanging from the ceiling by
virtue of two massless strings as shown.
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M 2

m1

v1

x

(a) What is the speed of the bullet and block just after the bullet is
stopped (but before the combined mass has time to move an appre-
ciable distance)?

(b) How high do the bullet and block rise relative to their initial height?
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4. A cart of mass m1 = 0.200kg moves on a horizontal air track with
~v1 = 0.500x̂ m

s
. It collides elastically with a second cart (m2 = 0.300 kg)

initially at rest.

(a) Compute the initial kinetic energy of the system.

(b) Find the final velocities of m1 and m2.

(c) If the collision occurs in 0.1 s, what is the average force exerted by
car 1 on car 2?

NOTE: As shown in class (and the textbook) for elastic collisions in one
dimension we can replace the kinetic energy formula with:

v1 − v2 = − (v′1 − v′2) (1)
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5. A rocket of mass M = 30.0 kg is travelling with velocity ~V = 1500x̂ m

s

(horizontally) when it explodes into two chunks of mass m1 = 20.0 kg

and m2 = 10.0 kg. The mass m1 is observed to be movingf at an angle
θ1 = 30.0o above the horizontal with a speed

∣

∣~v1 = 1000 m

s

∣

∣ just after
the explosion.

(a) Find the magnitude and direction of the velocity of m2, |v2|, and θ2.
[HINT: You may need to know that tan θ = sin θ

cos θ
and sin2 θ+cos2 θ =

1.]

(b) Do a calculation that allows you to determine whether this explosion
was an elastic or inelastic process.
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6. The Space Shuttle flies with a typical altitude of 300 km above the surface
of the earth. The radius of earth is 6328 km and the mass of earth is
6 × 1024 kg.

Not to Scale :)

24

6328 km

300 km

6 x 10    kg

(a) What is the velocity of the shuttle?

(b) What is the period of the shuttle’s orbit?
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7. Shown in the figure below is a four blade propeller. Each blade has a
mass of 5 kg and a length of 3 meters. The propeller starts from rest and
reaches 200 RPM after 20 seconds.

4−Blade Propeller

1 Blade:
   Mass = 5 kg
   Length = 3 m

(a) What is the angular acceleration of the propeller in rad

sec
?

(b) How many turns has the propeller undergone in these 20 seconds?

(c) The speed of sound in air is 345 m

s
. At what ω does the tip of the

propeller exceed the speed of sound?

(d) Assuming the angular acceleration is constant at what time does the
tip of the propeller exceed the speed of sound?

(e) Approximate the propeller as four rods rotating about their ends.
What is the moment if inertia, I, of the propeller?

(f) What torque is required to make the propeller move as detailed in
this problem?

7



8. A uniform bar of mass M = 2.5 kg and length L = 2m is supported in
static equilibrium in a horizontal position by a pin at its left end attached
to the wall, and a string attached at the right end which makes and angle
relative to the bar of θ = 35o.

pin
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(a) Find the tension in the string.

(b) The string breaks and the bar pivots around the pin with no friction.
What is its initial angular acceleration, α, just after the string breaks?
(The moment of inertia of a uniform bar about an axis through its
center is I = 1

12
ML2 and about an axis through one end is I =

1

3
ML2).
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9. Shown in the figure below is a grindstone (mass = 80 kg, radius = 0.7 m)
that is used to sharpen an axe. The axe is pressed against the spinning
grindstone with a normal force of 20 N. When this is done the grindstone
slows from an initial motion of 100 rpm and comes to a stop in 2 minutes.

Stone Wheel

Axe

N=20 N

(a) What is the angular acceleration of the grindstone?

(b) How many turns does the grindstone make before coming to rest?

(c) What is the moment of inertia of the grindstone?

(d) What is the coefficient of kinetic friction between the axe and the
grindstone?
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10. Shown in the figure below is a simple yoyo. The string is wrapped around
the outside of the yoyo and the yoyo accelerates downward.

M = 0.20 kg
R = 0.01 m

(a) What is the acceleration of the yoyo?

(b) What is the tension in the string?
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11. Shown in the figure below is a system of masses and pulleys. NOTE: The
pulley has mass and so the tensions on the two sides of the pulley are not
the same! Please approximate the pulley as a solid cylinder.

θ=30

8 kg

4 kg

3 kg

T1

T2

(a) What is the linear acceleration of the system?

(b) What is the tension T1?

(c) What is the tension T2?
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12. You are standing at the end of a diving board as shown in the figure below.

5 m

m = 20 kg

M = 80 kg

1 m

(a) What is the force from the “center” support?

(b) What is the force from the left-most support?
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13. Now that you have your medical degree, you decide to “hang a shingle”
in front of your home and begin your practice.

M = 12 kg

m = 6 kg

0.8 L

θ

0.2 m

(a) What is the tension in the wire?

(b) What is the normal force from the wall?

(c) What is the upward force from the wall?
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14. A race between two cylinders is performed. Both cylinders begine at the
top of the 1.5 m tall ramp and roll without slipping to the bottom.

b) Solid Cylinder

1.5 m

a) Hollow Cylinder

v=?
1.5 m

v=?

(a) What is the speed of the hollow cylinder when it reaches the flat?

(b) What is the speed of the solid cylinder when it reaches the flat?

(c) Which one would win the race?
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15. You are lowering a bucket into a well. When the bucket is 4 m above
the water, your hand slips and the bucket falls toward the water while
unwinding the spindle.

2 kg
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4 m

0.8 kg

(a) What is the speed of the bucket when it reaches the water?
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16. You are in lab and see in front of you a hollow cylinder spinning with ω

= 20 rpm. You decide to drop the solid cylinder on top of it.

Hollow Cylinder
M = 1.5 kg

Solid Cylinder
M = 2 kg

(a) What is the final ω after you drop the solid disk?
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