SCIENCE/ENGINEERING PHYSICS TEST CHAPTER 8 - 100 PTS - 1993-94
MOMENTUM AND ITS CONSERVATION

OF THE FOLLOWING PROBLEMS YOU MUST DO FOUR [4] - PLEASE SHOW ALL WORK CAREFULLY!

1. A 6.5 kg mass is moving toward the right with a velocity of 9.4 m/s while at the same time a 3.2 kg mass is

moving toward the left with a velocity of 4.4 m/s. These two mass then undergo a head on collision.

a. What will be the velocity of the center of mass of this system before they collide? [5 pts]

b. Suppose these two masses stick together after colliding, what will be the velocity of these two masses after the
collision? [5 pts]

c. Suppose, instead, that this collision is totally elastic, what will be the velocity of each mass after these two
masses collide?[5 pts]

d. Next, assuming that the coefficient of restitution between these two masses is .77, what will be the velocity of
each mass after the collision? [5 pts]

e. Finally, assuming that these two ball collide at a 90° angle relative to one another [draw your own diagram!]

and then stick together, what will be the final velocity [direction and magnitude!] of these two masses after the
collision? [5 pts]

2. A bullet, which has a mass of my, = 25.0 grams, is fired from

a rifle, which has a mass of m, = 6.25 kg, with a velocity of

v = 320 m/s. After being fired the bullet strikes a block of

wood, which has a mass of M =22.0 kg., and the bullet

lodges in the block. This block of wood is attached to two

vertical strings which are L = 1.25 m long.

a. What will be the velocity of the rifle immediately after
the bullet has been fired? [3 pts]

b. Assuming that this rifle comes into contact with the m;,
shoulder of the marksman firing the rifle and comes to [
rest in 0.14 seconds, what average force was applied to
this rifle by the shoulder in bringing this rifle to rest?

[5 pts]

c. What will be the velocity of the bullet-block combination immediately the bullet lodges in the block? [5 pts]

d. How much energy was lost as the bullet lodged in the block of wood? [5 pts]

e. To what angle ® will the mass M swing just as it comes to a halt? [5 pts]

3. Consider the mass distribution to the right. m1=35.5 kg, m2 = o
3.2 kg and m3 = 6.1 kg and m4 has a mass given by a mass
density of 0 = (4.6 + 3.8y) kg/m2. 1.2 ul
a. What will be the center of mass of a system consisting of 1
8

<

masses mi, m2 and m3? [5 pts]

b. What will be the total mass of m4? [S pts]

c. Where is the center of mass of m4? [5 pts]

d. What will be the center of mass of this entire system?
[Spts] 4 -

e. Where could a fifth mass ms = 11.0 kg be placed in this
system so that the center of mass of this entire system was m
located at the origin? [5 pts]

4 .8 1.2 1.6
meters



4. A bowling ball, which has a mass of 7.0 kg and a radius of 15.0 cm, is rolling down a bowling alley at 12.0 m/s
when it collides directly with a bowling pin that has a mass of 1.20 kg. After the collision the bowling ball
continues straight ahead with a new velocity of 8.8 m/s.

a. What will be the velocity of the bowling pin immediately after

the collision? [5 pts] BEFOREowlin
b. How much energy was lost in this collision? [5 pts] Ball Vi
c. What is the coefficient of restitution between the bowling ball .

and the bowling pin? [5 pts]
Suppose that instead of hitting the bowling pin head on, the AFTER

bowling ball hits the pin at an angle such that the bowling ball is

deflected off to the left of the original path of motion with a speed

of V3 =10.1 m/s at an angle of o = 6.06° as shown in the diagram

at the right.

d. What will be the direction P} and the speed V4 of the bowling pin
after the collision? [5 pts]

e. Is this collision elastic or inelastic? Support your answer with
appropriate quantitative evidence! |5 pts]

5. A car, which has a mass of 1830 kg., is moving down the highway with a velocity of 28.0 m/s [63 mph] when it
goes out of control and collides with a concrete bridge abutment. During the resulting accident the front end of
the car crushes a distance of 1.15 meters as the car comes to a halt.

a. How long will it take for this car to stop? [5 pts]

b. What average force is applied to the car by the abutment during the collision? [5 pts]

During the collision the driver [m = 48.3 kg] is belted into place by a seatbelt which is 6.0 centimeters wide and
and contacts the body of the driver over a length of 73.0 centimeters.

c. What will be the average force applied to the driver during this collision? [5 pts]

d. What will be the average force per unit area [in N/m2!] acting on the driver during the collision? [5 pts}
Suppose that during the collision a driver’s side airbag inflates and deflates over a time period of 0.85 seconds
and contacts the driver with a surface area of 1550 cm?2.

e. What will be the resulting average force per unit [in N/m2!] area applied to the driver? [5 pts]
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