Freshman Physics Name: Per:
MS- Momentum Practice Problems Due Date:

Which is more difficult to stop: A tractor-trailer truck barreling down the highway at 35 meters
per second, or a small two-seater sports car traveling the same speed?

You probably guessed that it takes more force to stop a large truck than a small car. In
physics terms, we say that the truck has greater momentum.

We can find momentum using this equation:
momenfum = mass of object x velocity of object

Velocity is a term that refers to both speed and direction. For our purposes we will assume
that the vehicles are traveling in a straight line. In that case, velocity and speed are the same.

The equation for momentum is abbreviated like this: p=mxv

Momentum, symbolized with a p, is expressed in units of kg-m/sec; m is the mass of the
object, in kilograms; and v is the velocity of the object in m/sec,

Use your knowledge about solving equations to work out the following problems. Be
sure to show all your work with units:
1. If the truck has a mass of 2,000 kilograms, what is its momentum? (v = 35 m/s)
Express your answer in kg-m/sec.

2. Ifthe car has a mass of 1,000 kilograms, what is its momentum? (v = 35 m/s)

3. An B-kilogram bowling ball is rolling in a straight line toward you. If its momentum is 16
kg-m/sec, how fast is it traveling?

4. A beach ball is rolling in a siraight line toward you at a speed of 0.5 m/fsec. Its
momentum is 0.25 kg-m/sec. What is the mass of the beach ball?




5. A 4,000-kilogram truck travels in a straight line at 10.0 m/sec. What is its Tomenitum?

8. A 1,400-kilogram car is also traveling in a straight line. s momentum is equal to that
of the truck in the previous question. What is the velocity of the car?

7. Which would take more force to stop in 10 seconds: an 8.0-kilogram ball rolfling in a
straight line at a speed of 0.2 m/sec or a 4.0-kilogram ball rolling along the same path
at a speed of 1.0 m/sec?

8. The momentum of a car traveling in a straight line at 20 m/sec is 24,500 kg-m/sec.
What is the car's mass?

9. A 0.14-kilogram baseball is thrown in a straight line at a velocity of 30 m/sec. What is
the momentum of the baseball?

10. Another pitcher throws the same baseball in a straight line. Its momentum is 2.1
kg-m/sec. What is the velocity of the ball?

11.A 1-kilogram turtle crawis in a straight line at a speed of 0.01 m/sec. What is the
turtle’s momentum?




Force and Momentum Problems Worksheet

e Complete the Data Table

Measurement Unit Measurement Unit
Mass Time
Momentum Acceleration
Distance | Velocity
Force Weight

* For the problems; SHOW YOUR WORK and BOX YOUR ANSWERS.
* Formulas that you may need: F=m " a

p=m-v
1.) How much force is needed to accelerate a 100 kg mass at a rate of 2.5 m/s*?
2.) What is the force acting on a 0.5 kg object moving at a rate of 100 m/s>?

3.) What is the mass of an object that is accelerating at a rate of 25 m/s® and is using 15 N of
force?

4.) Timmy pushes off of the pool wall with a force of 2300 N and accelerates at 15 m/s’, what
is Timmy’s mass? (ignore water resistance)

5.) Tonya uses a 418 N force to move a 56 kg mass, at what rate does the object accelerate?
6.) How much momentum does a 25 kg mass moving at 25 m/s have?

7.) How much momentum does a stationary 5500 kg mass have?

8.) What is the velocity of a 5.5 kg object that has a momentum of 550 kg m/s?

9.) Compare the momentums of a 50 kg dolphin swimming at 16.4 m/s and a 4100 kg elephant
walking 0.20 m/s.

10.) An object has a mbmentum of 55 kg-m/s and hits a stationary object making the second
object starts to miove. If the first object ends with a momentum of 13 kg-m/s, what is the
momentum of the second object?



5-2

Vocabulary

Vocabulary

Conservation of Momentum

According to the law of conservation of momentum, the total momenturn in
a system remains the same if no external forces act on the system. Consider
the two types of collisions that can occur.

Elastic collision: A collision in which objects collide and bounce apart with no
energy loss.

In an elastic collision, because momentum is conserved, the mv before a

collision for each of the fwo objects must equal the mv afier the collision for
each of the two objects. This is written as

M Dy + Malpy = MO ¢ + Molng

The subscripts 1 and 2 refer to objects 1 and 2, respectively.

Inelastic collision: A collision in which objects collide and some mechanical
energy is transformed into heat energy.

A common kind of inelastic collision is one in which the colliding objects stick
together, or start out stuck together and then separate. However, in an inelastic
collision the objects need not remain stuck together but may instead deform in
50me way.

Because momentum is also conserved in an inelastic collision, the mv before
the collision for each of the two objects must equal the mv after the collision
for each of the two objects. When objects are stuck together after the collision
{assuming mass does not change), this equation becomes

M0y + My = (My + mp)o;

where v; is the combined final velocity of the two objects.
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Example 5:

Solved Examples

Tom and his twin brother Tim have a combined mass of 200.0 kg and are
zooming along in a 100.0-kg amusement park bumper car at 10.0 m/s.

They bump Melinda’s car, which is sitfing still. Melinda has a mass of 25.0 kg,
After the elastic collision, the twins continue ahead with a speed of 4.12 m/s.
How fast is Melinda’s car bumped across the floor?

Solution: Notice that you must add the mass of the bumper car to the mass of
the riders.

Given: m; = 300.0 kg Linknown: vy =7
my = 125.0 kg Original equation:
U, = 10.0m/s D1 + Myln, = MUy + Mgy
Ty, = 0mn/s
v =412 m/s

MU, t Moty — MyUsg
my

Solve: vy =

_ (300.0 kg)(10.0 m/s) + {125.0 kg)(0 m/s) — (300.0 kg)(4.12 m/s)
- 125.0kg

_ 3000 kg-m/s + Okg'm/s — 1236 kg-m/s 1764 kg-m/s
B 125.0 kg ~ 1250kg

= 14.1 m/z
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Example 6:

Example 7:

Sometimes the curiosity factor at the scene of a car accident is so great that it
actually produces secondary accidents as a resulf, while people watch to see
what is going on. If an 800.-kg sports car slows to 13.0 m/s to check out an
accident scene and the 1200.-kg pick-up truck behind him continues traveling
at 25.0 m/s, with what velocity will the two move if they lock bumpers after a
rear-end collision?

Solution: Since the two vehicles lock bumpers, both objects have the same
final velocity.

Given: my = 800, kg Unknown: vy =7
my = 1200. kg Original equation:
V3o = 13.0m/s MU T Moy = (my + Ma)vg
Uy = 25.0 1M/

My, + Mty (800. kg)(13.0 m/s) + (1200. kg)(25.0 m/s)
(my +my) (800. kg + 1200. kg)

Solve: v; =

10,400 kg-m/s + 30,000 kg-m/s
B 2000. kg

== 3,2 m/s forward

Charlotte, a 65.0-kg skin diver, shoots a 2.0-kg spear with a speed of 15 m/s at
a fish who darts quickly away without getting hit. How fast does Charlotte
move backwards when the spear is shot?

Solution: To start, Charlotte and the spear are together and both are at rest.

Given: mq = 65.0 kg Unknown: vy =7
iy = 2.0 kg Original equation:
Uy =0m/s (my + ma)vy = mqvys + MUy
vy = 15.0m/s

(g + mylo, — Mmavyy
ity

Solve: vy =

(65.0kg + 2.0kg)(0 m/s) — (2.0 kg)(15 my/s)
65.0 kg

_ —30kg-m/s 0.46 m/
T e50kg o

Remember, the minus sign here is indicating direction. Therefore, Charlotte
would travel with a speed of 0.46 m/s in a direction opposite to that of the
spear.
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Exercise 7:

Exercise B:

Exercise 9;

Practice Exercises

Jamal is at the state fair playing some of the games. At one booth, he throws a
0.50-kg ball forward with a velocity of 21.0 m/s in order to hit a 0.20-kg bottle
sitting on a shelf, and when he makes contact the bottle goes flying forward at
30.0 m/s. a) What is the velocity of the ball after it hits the botile? b) If the
bottle were more massive, how would. this affect the final velocity of the ball?

Answer: a.

Answer: b.

Jeanne rolls a 7.0-kg bowling ball down the alley for the league championship.
One pin is still standing, and Jeanne hits it head-on with a velocity of 9.0 m/s.
The 2.0-kg pin acquires a foxrward velocity of 14.0 m/s. What is the new
velocity of the bowling ball?

Answer:

Running at 2.0 m/s, Bruce, the 45.0-kg quarterback, collides with Biff, the
90.0-kg tackle, who is traveling at 7.0 m/s in the other direction. Upon
collision, Biff continues to travel forward at 1.0 m/s. How fast is Bruce

knocked backwards?

Answer:
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Exercise 10:

Exercise 11:

Anthony and Sissy are participating in the “Roll-a-Rama” rollerskating dance
championship. While 75.0-kg Anthony rollerskates backwards at 3.0 m/s,
60.0-kg Sissy jumps into his arms with a velocity of 5.0 m/s in the same
direction. a) How fast does the pair roll backwards together? b) I Anthony is
skating toward Sissy when she jumps, would their combined final velocity be
larger or smaller than your answer to part a? Why?

Answer: a.

Answer: b,

To test the strength of a retainment wall designed to protect a nuclear reactor,
a rocket-propelled F-4 Phantom jet aircraft was crashed head-on into &
concrete barrier at high speed in Sandia, New Mexico, on April 19, 1988, The
E-4 phantom had a mass of 19,100 kg, while the retainment wall’s mass was
469,000 kg. The wall sat on a cushion of air that allowed it to move during
impact. If the wall and F-4 moved together at 8.41 m/s during the collision,
what was the speed of the F-4 Phantom upon impact?

Answer:
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Exercise 12:  Valentina, the Russian Cosmonant, goes outside her ship for a spacewalk, but
when she is floating 15 m from the ship, her tether catches on a sharp piece of
metal and is severed. Valentina tosses her 2.0-kg camera away from the
spaceship with a speed of 12 m/s. a) How fast will Valentina, whose mass is
now 68 kg, travel toward the spaceship? b) Assuming the spaceship remains
at rest with respect to Valentina, how long will it take her to reach the ship?

Answer: a.

Answer: b.

Exercise 13: A 620.-kg moose stands in the middle of the railroad tracks, frozen by the
lights of an encoming 10,000.-kg locomotive that is traveling at 10.0 m/s. The
engineer sees the moose but is unable to stop the frain in time and the moose
rides down the track sitting on the cowcatcher. What is the new combined
velocity of the locomotive and the moose?

-

£ _ W

Answer:

Exercise 14:  Lee is rolling along on her 4.0-kg skatebeard with a constant speed of 3.0 m/s
when she jumps off the back and continues forward with a velocity of 2.0 m/s
relative to the ground. This causes the skateboard to go flying forward with a
speed of 15.5 m/s relative to the ground. What is Lee’s mass?

Answer:
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