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Consider two blocks held together at rest with a compressed spring between
them as shown in the top sketch. Assuming that my; = 2m;, find the ratio of
their speeds vo/vy once they are released. Choose one of the following
answers:

A B C D
v2/ Vi /2 1 2 4

Hint: There is no external force acting on the two-block system. The sum of
final momenta equals O because initially the system is at rest:
miV] + mpVy = P71 + P2 = 0.

Extra: Determine the ratio of the kinetic energies after the blocks are
released: Ko/Kj. Kinetic energy can be calculated as follows: K= mv?/2 =

p?/(2m).

Explanation: vo/vi = m;/my = 1/2. Answer = A.
Explanation—extra: Ky/K; = [p22/(2m2)][p12/(2m1)] = mi/my = 1/2.
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Consider the deflection of a ball by a 45° incline. The ball bounces off
horizontally, and we assume it does not lose any kinetic energy during the
deflection. Determine the impulse vector delivered by the incline to the ball.
The impulse vector imparted on the ball by the plane is defined by Ap =
pt — pi. Choose one of the following:

A B C D
Direction /! v /! v
Ap Pi Pi V2 Pi V2 Pi

Hint: Sketch the vector diagram first. For the collision, pf = p;.

Explanation: From the sketch we see that Answer = C.

Pf

Pi
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A steel ball strikes a wall with an initial momentum p; at an angle 6 with the
surface. It bounces off with the momentum ps at the same speed and angle.

Sketch a vector diagram to determine the direction of the impulse vector | =
pi — pi- Choose one of the following:

A B C D
Positive y ~ 2nd quadrant  Negative x  3rd quadrant

Explanation: From the sketch we see that Answer = C.

. J
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Consider the collision of two balls. Initially ball 1 is moving along the
positive x direction with a speed v = 3vo. Ball 2 is moving along the
positive y direction with speed vy = 4vq. After the collision the balls are stuck
together. If my = my = m, find the final speed v of the balls after the
collision:

vi  5Svo/2 S5vo  7vo

Hint: Because there is no external force, pf = pem = P1 + P2
Extra: Find Ki/K.

Explanation: M From the vector sum,

Pcn = P1 + P2 gives Pcm = mvoV 32 + 42 = S5mvopem =
mvo'V (32 + 42) = 5mvg. But pg = (m1 + my)vy, so vi = Svp/2.

Explanation—extra: K; = Ky + K; = m(3vo)?2/2 + m(4vo)?/2 = 25 mvp?/2
Ki = (2m)(5v0/2)2/2 = 25 mvo?/4 = K;/2.
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Consider a letter “C” that is obtained by cutting a large square plate 2a X

2a and removing a square a X a from the side, as shown in the sketch.
Determine the x coordinate of the center of mass, xcm:

A B C
Xcm < a Xcm = a Xcm = a

Extra: Calculate xcm.

Hint for extra: Eq. (10.16) can be extended to include a hole. For the
present problem, let mass #1 be the 2a X 2a square and mass #2 the a X a
hole. A hole contributes a negative term, which leads to the following
“combination rule”:

xcm = (mix1 = moaxo)/(my = my)

Explanation: Intuitively, the location of the center of mass may be
determined by balancing the plate with a fingertip. Due to symmetry, the

x coordinate of the center of mass must be along the x axis. When there is a
hole, the corresponding xcm must be less than a, where a is the location of
the center of mass when there is no hole.

Explanation—extra: xcm = [4 X a — 1 X (3a/2)]/[4 — 1] = 5a/6.
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Consider a boat that has a length L and mass M. Assume it is initially
touching the end of a pier and oriented perpendicularly to the shore, as
shown. A, B, and C are points on the boat. A boy having a mass m = M/3
carefully walks from the far end B and to the middle of the boat C, which is
also the center of mass of the boat. Assuming that the resistance between the
boat and the water is negligible, the boat will now have moved from the
edge of the pier. Determine the distance between the pier and the end of the
boat A when the boy reaches the midpoint C:

A B C D
/2 L/4 L/6 L/8

Explanation: Because there is no external horizontal force acting on the
combined system of the boat plus the boy, the location of the center of mass
of this combined system must remain fixed with respect to the pier. At the
beginning, the distance between the pier and the center of mass is xcm =

[L X M/3 + (L/2) X M]/[M/3 + M] = 5 L/8. At the end, the center of mass
of the combined system is at C on the boat, where AC = L/2. So the distance
from the pier to point A is x.m — AC = 51/8 — [/2 = L/8. Answer = D.
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A block of mass my is released from rest at the top of a curved, frictionless
wedge of mass my; = 3m as shown. The curved wedge sits on a frictionless
horizontal surface. As the block slides down the curved surface, x.m, the x
coordinate of the center of mass of the combined system of block plus
wedge, remains at rest. (Why2) What is the speed v, of the wedge with
respect to the center of mass of the combined system after m; leaves the

wedge?
A B C
gh gh gh
6 4 3

Explanation: Because there is no external force along the horizontal
direction and initially the center of mass of this system is at rest, the center of
mass will remain at rest throughout the process. The vector sum of the block
momentum p; and the wedge momentum p; in the center of mass must be
zero: p1 + p2 = 0, or the magnitudes p; = p2 = p. Conservation of energy
implies that the potential energy released by the block equals the sum of the
final kinetic energies: migh = p2/2m; + p2/6my. This leads to p2 = 3m?gh/2.

2
Because p = movo = 3myvy, then we have v, = 3—m2]gi/3m1 = géﬁ
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In the physics demonstration illustrated here, a sledgehammer (1) hits an
anvil (2) that is sitting on the daring professor lying down on the floor.
Compare the momentum and kinetic energy of sledgehammer before the
collision with those of the anvil after the collision.

p1i~ p2s Kii~Kag
p1i~ p2f Kii>> Ko

p1i >> pat Kii~ Ko
p1i >> pat, Kii >> Ky

Ol O|® >

Explanation: Answer = B.

92

Conservation of momentum says py; + p2,i = p1f+ p2. For the present
case, p2; =0 and p; = 0. So p1,;= p2+t. In other words, whatever
momentum the sledgehammer carried was transferred to the anvil.

2.
The initial kinetic energy of the hammer is K ; = JZOT]n"— The final kinetic
1

2
energy of the anvil is Kt = —%Zn';— Because the numerators of the right
sides for the two cases are comparable and the anvil is much more
massive than the hammer, the kinetic energy of the anvil (2) is much
smaller. The kinetic energy of the anvil is transferred to the professor as
work. This work is expressed as the product of the average force F times
the compression distance s: W = Fs. Because the energy transferred is
relatively small, not much pain is expected.
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