CHAPTER 7 KINETIC ENERBY

If an informal poll were taken among scientists to discover what they
consider to bz the most fundamental of physical guantities, the answer in
=11 probability wouid be that energy is the most fundamental. You might

en ask why we waited until this point in the course to introduce the
concept of energy. This is because that which is most fundamental is often
very subtle, and it is often best to first introduce quantities which appeal
more to the intuition: such quantities being mass, velocity, acceleration,
force, etc.

Specifically. this chapter introduces KINETIC ENERGY — a property of bodies
in motion — and a related concept called WORK. Just how these guantities
interrelate will be clarified in the readings. We will then examine how
energy figures into the "interaction" of material bodies. The interaction
of two vbjects "bumping into" one another is of rather narrow and limited
usefulness in physics, and the law of conservation of kinetic energy is
limited by the fact that it hardly ever is valid in real physical
situations. Of greater importance in physics are the general concepts of
"interaction"” and the conservation of TOTAL ENERBY {(which is wvalid in many
more cazes than conservation of kinetic energy). Why then, are we studying
these seemingly limited concepts? This is because we’re sticking to the
appreach of taking one step at a time, starting with the simple and specific
and later tackling the maore difficult and fundamental. 1In chapter 8 we will
study the concept of potential energy which will aid us in learning about
the more general law of conservation of TOTAL energy.

CHAPTER 7 PERFORMANCE OBJECTIVES
on completion of this chapter, vou should:
i. be able to deduce work as a measure of energy transfer.
2. be able to define the joule as the unit of work.
3. be able to calculate the work done on an object.
4. be able to recognize a situation in which the cnmpnnént of a force is
gszz?ndicular to the displacement and recognize that no work is being

5. be able to define kinetic energy as enerqgy due to the motion of an
object.

6. be able to state the relation between work and kinetic energy.

7. be able to recognize that kinetic energy is conserved in an elastic
collision but not conserved in an inelastic collision.

8. be able to calculate the kinetic energy, mass, or velocity given all but
one of the variables.

?. be able to use the principles of conservation of momentum and kinetic
energy in a esne dimensional elastic collision to determine the velocities
of the two masses after the collision, given their masses and velocities
before the collision.

10. be able to recognize that analvzing kinetic energy from a center of mass
point of view can simplify the analysis.
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Read: Section 7-1 Work and Kinetic Energy page 133
Section 7-2 Work: A BGeneralization page 134

a. Define work (purely from a physicists point of view).

b. The equation for finding work is: W= ________. Work has the units
of which is called a

c. Is work a vector or a scalar quantity? How can we find out?
d. Upon what does the amount of work accomplished depend?

e. How can we calculate the work done when the force applied is not
constant?

Vector algebra says that when a vector guantity is multiplied by another
vector qgquantity, and the product is a scalar quantity, the product of the
two vector quantities is called a DOT product. Since work (a scalar) is
the product of force (a vector) and displacement (a vector), one would
express the DOT product equation as: W = FrAx . The magnitude of this
equation can be found using the equation: W = F Ax cos & , where @
represents the angle between F and AXx.

a. When would the quantity (cos ©) not be needed to find the work done?

b. Calculate the work done by a boy who pulls a sled a distance of 20
meters while exerting a 100 Newton force on a rope that makes an
angle of 45 degrees relative to the horizontal.

c. How much work do you do when you hold a 60 kg mass above your head
for 15 seconds.? :

d. How much work is required to carry a 15 kg suitcase a horizontal -
distance of S50 meters?

e. How much werk do you deo if you swing an object (tangential speed of
14 m/s) in a circle exerting a centripetal force of 12 Newtons for
10 seconds?

f. How much work do you do when you take a 7.5 kg bowling ball and bag
from a shelf 2 meters high and lower it to the floor? (::::::>

Note...See Study Notes I: MORE ON KINETIC ENERGY AND WORK.
Knowing that W = FAx , we can say that W = m-a.d.

a. Using two kinematic equations solved for ’a” and *d’, show that
W= 1/2 ave"2 = 1/2 mv."2 .

b. 1/2 mv™2 is known as with units of and
is represented by symbol

P ——

c. Does the amount of work done to an object ever equal the kinetic
energy that an object possesses? Why or why not?

d. Is kinetic energy a vector or scalar quantitv? How do we know?
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4. Problems: page 134: #1 #2 #3 4
page 135: #5 #é #7 #8
page 148: #23 #24 #25

S. The following activities are to be conducted using a two page work sheet
titled MOMENTUM AND KINETIC ENERGY which is included in this packet.

a. Complete the first column of item #1. When you have completed this
column, check your answers_uith the ones given an the answer sheet.
Any questions? If so, see your instructor.

b. Next complete the second column following the directions given below
question *f°.

Ce Write a brief summary as to why the change in kinetic energy is the
same for both intervals while the change in momentum is not the same
for both intervals.

d. Complete item #2. Why do two objects with the same speed possess
the same momentum but not the same kinetic energy?

e. Complete item #3. Why is the change in momentum the same from both
points of view while the change in kinetic energy is not the same?2..—_

6. Read: Sec 7-3 Transfer of Kinetic Energy From One Mass to Ancther p 136
Sec 7-4 Another Look at A Simple Collision page 138

a. Note...Read Study Notes I1: THE TRANSFER OF KINETIC ENERGY FROM ONE
MASS TO ANDTHER which further explains the material in these
sections.

b. A distance °d” is used. What distance does this *d’ represent?
c. When are the speeds of both objects equal?

d. What information do we need, and what method(s) will we use to
calculate this speed?

e. Ask instructor for a demonstration of two carts colliding.
"7« Read: Section 7-5 Elastic Collisions page 140 (::::::)
8. Problems: page 142: #12 #14
9. Read: Section 7-6 Conservation of Kinetic Energy and Momentum page 142
10. Optional...0On page 144, two formulae are introduced which give the
velocities of two masses after a totally elastic collisicon. You need
not memorize these formulae, but you should be familiar with the
conservation laws from which they are derived. An alternative
derivation is included in this packet. Answering the following
questions correctly should provide you with the necessary restricted

conditions under which the formulae can be used and the information they
will give.

a. What type of collision must take place?

b. What must be conserved?
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c. Complete the table at the bottom of the sheet.

d. Demonstration apparatus is available to check your answers.
Problems: page 145: #15 #146

Complete enclosed quiz and then have it evaluated.

Film: MOVING WITH THE CENTER QF MASE (25 min)

Read: Sec 7-7 Kinetic Energy and the Center of Mass page 145
Sec 7-B Loss of Kinetic Energy in a Frictional Interaction p 146

Problems: page 146: #18 #19 #20
page 148: #27 #30 #32

Following is a conclusion taken from the Znd Edition text.
What are the main things that we have found out in this chapter?

In the first place, when a force is applied to a moving body, the
transfer of energy to the body is given by the work donej that is, by

"the distance the body moves times the component of the force in the

direction of the motion. If the force is opposite to the motion,
energy is taken from the body. If the force is in the direction of
moticn, energy is fed into the bedy. When more than one force acts on
& body the net force changes the motion of the body: and
carrespondingly the total work measures the change in its kinetic
energy.

When two bodies interact and the force of interaction depends only
on the distance between the bodies, the total kinetic energy after a
completed interaction is the samg as the total kinetic energy before
the interaction. The collision of the two bodies is elastic.

We can make the same kind of statement when many bodies interact.
If they all start so far apart that the forces of interaction are zero
and all end up far apart again, the kinetic energy at the beginning
and at the end is the same. Some bodies may have gained kinetic
energy, others may have lost it, but the total comes back to what it
was. This statement about the equality of the total kinetic energy at
the beginning and at the end of a completed interaction will be proved
in general in the next chapter. Here we should emphasize that the
statement is correct only if the interaction forces are functions of
the separation of the beodies alone. In other words, the forces must
be the same whether the bodies are approaching each other or moving
apart.

Forces of interaction are not always functions of separation
alone. Recall the examples of the mass rubbing on the table and the
putty ball bouncing on the floor. They show that when the forces
depend on other things the kinetic energy of bulk motion seems to
change permanently. But when this kinetic energy disappears a
temperature rise is usually cobserved. Later we shall find how this
temperature increase indicates that the kinetic energy has been
transferred to another form.
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Even in the course of an elastic collision, the total kinetic
energy of the bodies may appear to be lost temporarily. We have found
that this lost kinetic energy can be eventually regained. As long as
the forces of interaction depend only on the relative positions of the
bodies, the ’lost” kinetic energy is actually stored in the system.

This stored energy is called potential energy. It is the subject of
the next chapter.

A two page test is enclosed. Complete and then have it evaluated.

Thought for the chapter:
Many a woman who can get a 17.8 centimeter foot into a 15.2
centimeter shoe cannot get a 1.83 meter car into a 2.44 meter
garage.
Can you see through this?
Since d = 1/2 at*~2 , then a = 2d/t~2 .
But we know that a = v/t , so0 v/t = 2d/t*2, or v = 2d/t .

Therefore v=2v or 1 =21
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ANSWERS Chapter 7

1. (b) F x, Newton—-meter, Joule
(c) scalar (only experimental evidence will provide the answer)
(d) force applied and distance object (to which force is applied) moves
(e) find area under the force vs displacement graph

2. (2) When both F and x are in the same direction (0 = O degrees)
(b) 1414 Joules (c) O (d) O <(e) O (f) — 147 Joules

3. (b) kinetic energy, kg—mzisacz = Newton-meter = Joule, E
(c) be careful here, it equals the change in Ej, however it will equal the
final kinetic energy if the initial kinetic energy is zero.
(d) scalar (only by experimental evidence)

4. (1) (a) 37.5 Joules (b) 2500 Newton
(2) times 4
(3) (a) 4 times (b) equal (c) equal (d) equal
(4) equal
(5) 5.A.B.

(6) (a) 20 Joules {b) 20 Joules {c) 2B Joules
(7) 120 Joules (b 11 m/sec

(8) (a) 20 Joules (b) 3 meters {c) 5.A.B.
(23) (a) S50 kg-m/sec (b) 250 Joules (c) S.A.B.
(24) S.A.B.

(25) (a) 39 Joules (b) 160 Newton (c) zero

S. (1)¢a) 3.0 x 102 Joules (b) 20 m/s (c)(d) 3 x 10% kg-m/s

(e) (f) 3 x 107 Joules
(a) 3.0 x 10° Joules (b) 28.3 m/s _(c) 4.24 x 104 kg—-m/s
(d) 1.24 x 10% kg-m/s (e) 6.0 x 10° Joules (f) 3 x 10° Joules

(2) (a) (b) 30 kg-m/sec {(c) 4500 Joules (d) 0.30 Joules

(3) (a) O (b) S0 Joules (c) SO0 Joules (d) S0 Joules (e) 200 Joules
(f) 150 Joules (g) O (h) 10 kg—-m/s (i) 10 kg-m/s (3j) 10 kg—m/s
(k) 20 kg-m/s (1) 10 kg—-m/s

&. (b) the max. distance petween carts when there is a mutual repelling
force
(c) when the distance between the carts is a minimum
(d) mass of both carts and the velocity of the cart that is moving

8. (12) yes
(14) S.A.B.

10. (a) elastic, head on, with one mass at rest
(b) both momentum and kinetic energy

YL UES) my is less than m
(16) (a) 0.10 m/s and -0.10 m/s (b) 5.A.B.

15. (18) S.A.B.
(19) zero
(20) (a) 0.4 m/s (b) 0.48 Joules (c) 0.48 Joules
(27) both with 1 x 10% kg—-m/s, shell with 5 x 10® Joules, car with

9000 Joules
(30) (32) S.A.B.



» Chapter 7  STUDY NOTES

I. More on Kinetic Energy and Work

You should remember that quantities like force, velocity, momentum, and acceleration
are vector quantities because they have both a magnitude and a direction. On the
other hand, quantities such as mass or speed are said to be scalar because they have
only a magnitude and not a direction. In this chapter the new quantities introduced,
work and kinetic energy, are both scalars. :

In general, scalar quantities can have both positive and negative values, although
most of the scalar quantities we have studied have only positive values. For example,
mass and volume are quantities which are’scalar and always positive in magnitude.
Kinetic energy is such a quantity as well — its value is always positive too. To

see this, look at the formula for kinetic energy:

kinetic energy = Bt

The quantity 2 is certainly positive, mass is always positive, and the square of
speed is always positive. Thus, the kinetic energy of any object is always positive.

Work, however, is a scalar which can be positive or negative. One simple way of
seeing this is to examine the formula relating work to the change in an object's
kinetic energy:

work = change in kinetic energy (or work) = %mvginal - %mvinitial

If an object's kinetic energy increases, then the work done on the object is positive;
if an object's kinetic energy decreases, then the work done on the object is negative.
A force acting in a manner such that it speeds an object up does positive work; a
force acting to slow an object down does negative worke Thus, work is positive when
the force acts along the displacement; the work is negative when the force acts
against the displacement.

Physicists call kinetic energy a "state" quantity because it describes the condition
of a physical system at cny particular time. On the other hand, work is known as a
"{ransfer" quantity since it describes a way of chang;ng the state of an object.

Suppose an object has <. Joules of kinetic energy. That is a description of its
state. If +20 Joules of work are done on the object, its state changes such that
it now has 4O Joules of kinetic energy. It is meaningless to say that an object
has 20 Joules of work, just as it is meaningless to say that 20 Joules of kinetic

energy is performed on a body.

In the previous chapter, we saw another example of a state quantity and its
associated transfer quantity. Momentum describes the state (a body has so much
momentum) while impulse is the means of transferring momentum. Note the analogy:

State Quantities Transper Quantities ormlae
Momentum (p) Impulse Impulse = Ap

Kinetic Energy (B) Work Work = AE






Chapter 7 Momentum vs Kinetic Energy Worksheet e o

1. Let a force of 1500 Newtons act through a distance of 200 meters on a 15C0 kg car
which starts from reste.

a. What is the work done?

be. What is the final velocity?

ce What is the car's momentum?

de What is the car's change in momentum?

es What is the car's kinetic energy?

f. What is the car's change in kinetic energy?

Now let the 1500 Newton force continue to act on the car, in the same direction,
through an additional 200 meters. Calculate the quantities asked for after the car
had gone 200 meters and place the answers in the second set of blanks.

What do you note about the change in kinetic energy and change in momentum when
comparing the results of the first half vs the second half intervals. What reason -
can you give for the results?

2. A 100 gram bullet and a 1500 kg car, each strike a block of wood. The bullet has
an initial speed of 300 m/sec; the car, 0.02 m/sec. Find:

a. the initial momentum of the bullet

be the initial momentum of the car

ce the kinetic energy of the bullet

ds the kinetic energy of the car

What does the difference in kinetic energy represent or suggest what might happen
to the block?



Chapter 7 Momentum vs Kinetic Inergy Worksheet -2
3. A man is riding on a flatcar of a freight train moving at 10 m/sec. He throws a
baseball in the direction of the train's motion, exerting a 50 lewton force throughout
a 1 meter motion of his hand. The ball attains a speed of 10 m/sec relative to the
flatcar., Calculate:
Relative to the flatcar;

a. Kinetic Energy of the ball before the throw

b. Kinetic Energy of the ball after the throw

¢. change in Kinetic Energy

Relative to the observer on the ground;

d. Kinetic Energy of the ball before the throw

e. Kinetic Energy of the ball after the throw

f. change in Kinetic Energy

Is the additional work done fictitious or not? Explain.

Relative to the flatcar;

g. DMNomentum of ball before the throw

he Momentum of ball after the throw

i. change in Momentum

Relative to the observer on the ground;

Je Momentum of ball before the throw

ke Momentum of ball after the throw

l. change in Momentum

How do you account for the two changes in momentum?
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Chapter 7 Derivation

Determination and Derivation of Froblem of One Mass Moving
Hitting (head on) Another Mass at Rest

m1 = mass of cart 1 ul = velocity of cart 1 before collision
m, = mass of cart 2 u, = velocity of cart 2 before collision
v = velocity of cart 1 after collision
v, = velocity of cart 2 after collision
T U o B, + E E' + E'
b p = Pp P =
1 2 1 2 1 > 1 K2
(1) mu, + mu, = mv, + mv, - 2 2 2 2
;10 SR 3 80 2 2 (2) ﬁmlul + %mauz = %mlvl + %mzvz
2 2 2 2
(3) mu,” 4 mu,” = mvet o+ my,
2 2 2 2
A7) mgy =~ By¥p = W¥, = B0, S Ol T
2 2 2 2
(5) ml( uto- vy ) = m2( v, -, )
(8) m(u -v; )= n(v,=-u, ) (6) mCuy + v )y, = vyd= m (v, + u)(v, - u,)
Divide (6) by (8) m, (ul + vl) (ul - vl) = m, (v2 + u2) (v2 - u2)
my (ul - vl) = m, (v2 - uz)
(9) UtV o=V, R, or (10) W eu, = v, -y
If cart 2 is at rest initially, the u, = 0 thus (11) U =V, - vy
Remove u, from equation (10) and then mutiplying (11) by ml-gives:
(11) mu, = mv, - mv,
Simplify (1) as u, = 0 and add to (11) Solve (11) for v,
(11) MU = mv, - mv, (14) vy = Uy 4 vy
(1) b s O 4 A Substitute (14) into (13)
(12) 2m1u1 = mv, +mn,v, A
Solve for v, = A5) oy wwy = 2 __ W
2 m, +m
> 5 i 2
e | m, - m
(13) Ny & =ty (16) ¥ = L 2 o
1 e my + my 1

Fill in the following table:

m, = bm m, = 4 m, m, = 3m m =3 m,
v
1 2/5 up g
Y2 | - 3/5u7
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Chapter 7 Quiz

How much work is required to carry a 15-kg suitcase a horizontal distance of
50 meters?

A man pulls a 20 kg mass up a frictionless inclined plane which makes an angle
of 30 with the ground. He moves the mass to a point 5.0 meters in height above
the floor.

a. How much work has he done?

b. How far was the mass moved along the plane?

c. How large a force was required to pull the mass up the inclined plane?
as '

be

Ce

A 10-kg mass is moving with a constant speed of 10 m/sec.

a. How much work must be done to double the speed to 20 m/sec?
b. How much work must be done to halve its speed to 5 m/sec?
ae

b.

)

A 10 kg body has a kinetic energy of 500 Joules. Its momentum is

A 10 kg body at rest on a frictionless table receives an impulse of 30 newton-secs
What is its final kinetic energy?

A 200 gram ball, moving at 6.0 m/sec approaches a second ball head one The
second ball has a mass of 100 grams and is initially at rest. While the balls
are within 5.0 cm of each other, they repel each other with a constant force of
LO Newtons. The second ball leaves the collision with a speed of 8 m/sec.

a. How much kinetic energy does the second ball gain in the collision?
b. What is the kinetic energy of the first ball after the collision?

¢. How far did each ball move during the collision, i.e., while they remained
5.0 cm of each other?

de
b.
Ceo
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Chapter 7 Test
A LO kg mass moving at a speed of 12 m/sec collides head on with a stationary
20 kg mass. The two masses stick together and move off at the same speed.
a. What is the final speed of the two masses?
b. How much kinetic energy is lost in the collision?
Qe
b.

A steel ball has a mass of 4.0 kg and rolls along a smooth, level surface at

60 m/sec.

ae Find the kinetic energy of the ball.

be At first, the ball was at rest on the surface. A force acted on it through
a distance of 20 meters to give it the speed of 40 m/sec. What was the
magnitude of the force?

de

b

A 10 kg mass moving with a speed of 10 m/sec collides head-on with a
stationary 10 kg mass. The collision is elastic.

a. What is the final velocity of mass one?
b. What is the final velocity of mass two?
ae
b.

A 10 kg mass moving with a speed of 10 m/sec collides elastically with a
5.0 kg mass which is initially at reste What is the final kinetic energy
of the system.
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Chapter 7 . TEST -2

A 2.0 kg mass moving at a speed of LO m/sec has the same momentum as a 10 kg mass.
a. What is the speed of the 10 kg mass?

b. What is the kinetic energy of mass one?

¢e What is the ldnetic energy of mass two?

ae

be

Ce

A force which increases from O to 100 Newtons at a rate of 10 Newtons per
second acts on a body for 10 seconds. 12,500 Joules of work are done by this
force in accelerating the body from rest to a final speed of 50 m/sec.

a. What is the mass of the body?

be How large a constant force would have been required to give the body the same
final speed if the force acted during one meter of travel?

e

be

A package weighs 35 Newtons. A person carries the package from the ground floor {o
to the fifth floor of an office building or 15 meters upward.

a. How much work does the person do on the package?

be. The person has a mass of 80 kilograms., How much total work is done?

ae
b.

A 5 kg mass moving at 4 m/sec strikes a glancing blow on a stationary 5 kg mass.
The collision is elastic. After the collision one mass leaves at 459 to the
incident direction.

a. What is the final velocity of the mass that was initially moving?
be What is the final velocity of the mass that initially was at rest?
Qe
b.
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Chapter 7 Test -'&)fcu‘..t

A 4O kg mass moving at a speed of 12 m/sec collides head on with a stationary
20 kg mass. The two masses stick together and move off at the same speed.

a. What is the final speed of the two masses?

b. How much kinetic energy is lost in the collision?
3e & Yocn |

be P4 0 oTautdid

A steel ball has a mass of 4.0 kg and rolls along a smooth, level surface at

60 m/:oc.
a. Find the kinetic energy of the ball,
bs At first, the ball was at rest on the surfice., )\ force acted on it through

a distance of 20 meters to give it the speed of 60 m/sec. What was the
megnitude of the force?

- TR00 Lulec Fu= 2wo> = £ #x,x(éo_é:z) s Jrvo s
b. B340 Newrlous
m = ey dx=R0M Fox =W = b6
¥ - bou =P a0l o TRofsTadiey N o
St OHX 20 #H

A 10 kg mass moving with a speed of 10 m/sec collides head—-on with a
stationary 10 kg mass. The collision is elastic.

a, What is the final velocity of mass one?
b. What is the final velocity of mass two?
a. o

b. /0'1/é¢; asws oliarsbn, aws Jijmb

A 10 kg mass moving with a speed of 10 m/sec collides elastically with a
540 kg mass which is initially at rest. VWhat is the final kinetic energy
of the system.

JO0 ~Tasiher e o™ £ BEE (’°§€)L' = 500 Z.4d)
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Chapter 7

A 2.0 kg mass moving at a speed of 4O m/sec has the same momentum as a 10 kg masse

as
be
Ce
ae
be

Ce

What is the speed of the 10 kg mass?

What is the kinetic energy of mass one?

What is the kinetic energy of mass two? &L
5%
léoor
~r20 J

A force which increases from O to 100 Newtons at a rate of 10 Newtons per
second acts on a body for 10 seconds. 12,500 Joules of work are done by this
force in accelerating the body from rest to a final speed of 50 m/sec.

a. What is the mass of the body?

b. How large a constant force would have been required to give the body the same
final speed if the force acted during one meter of travel? .

a. /2 Kp 7

b. /2, o8 N

A package weighs 35 Newtons. A person carries the package from the ground floor to

to the fifth floor of an office building or 15 meters upward.

ades
b.

e
b.

How much work does the person do on the package?
The person has a mass of 80 kilograms. How much total work is done?

S 2L Towdin W= Foxr = 35~ X 2L~ = I 25 Jeuwlay

L

J‘-

A 5 kg mass moving at 4 m/sec strikes a glancing blow on a stationary 5 kg masse.
The collision is elastice After the collision one mass leaves at 459 to the
incident direction.

ae
b.
ae
be

What is the final velocity of the mass that was initially moving? e
What is the final velocity of the mass that initially was at rest?
2.53 Yoee ~av

2. 53 s Sy




Range — 1 Mile
Be Careful!

Remington..

HIGH VELOCITY
22 Short

Remington "High Velog-
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velocity 22 5. Exclusiva
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priming helps keep your
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clean, These 22 s should
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firearms in condition
and originally designed
for this cartridge
Technical Information
Buliet Weight: 29 grains
Buliet Style: Solid Point
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1. A rocket engine is fired for 100 seconds (and then turned off) accelerating a
spacecraft of mass 2000 kg. Before the engine was fired, the spacecraft was

"Test Chapter 15

e observed from earth to be moving at a velocity of 9,000 m/sec. The engine can
exert a force of 40,000 N and is fired in the same direction as the spacecraft's
initial velocity. .
as« What is the velocity of the spacecraft after the engine is turned off?
b. What is the kinetic energy of the spacecraft after the engine is turned off?
c. How much work is done by the engine in accelerating the spacecraft?
2+ A 20 kg mass is pulled along a frictionless surface by a force of 8.0 N.
a. If the mass is accelerated from a speed of 3 m/sec, what is the work
done on it after it has moved a distance of 15 m?
be. What is the kinetic energy of the mass after it has moved that distance
of 15 m?
ces What is the kinetic energy of the mass after it has moved 30 m?
" 3. A locomotive and a truck both moving in the same direction have egual momentum.
The locomotive has a mass of 16,000 kg while the truck has a mass of 4,000 Kg
and is moving at 28 m/sec.
a. What is the speed of the locomotive? z
b. How much work would have to be done on the truck to make its speed the
same as that of the locomotive?
1LM‘ ce Asgsuming that you apply the same force to stop both the truck and locomotive
(both with the same momentum), what factors would you have to take into

account to get the job done?

Two masses collide is shown below.

Before Collision  _ 6 kg > <:::.10 k;
20 m/sec 12 m/sec—

After Collision <6 k- -poxg
10 m/se ZFil 3 m/sec

a. Show that momentum is conserved in this collision;
b. Is this collision:

i, totally elastic?
ii. totally inelastic?
iii. partially elastic?

s 1

Perform necessary calculations which justifies your answer.

i}
#  Notesso!!l17 All work is to be done on a separate sheet of paper in as neat and
: )" organized manner. If cone otherwise, it will not be evaluated.
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OBJECTIVES: CH, 23 PSSC Physics
"Work and Kinetic Energy"

You must be able to:

\is5) L
(YL
(A =y
(<) .
() S
(4 Y RE,
e ke
(N 8.
) 9.
(5) 5303

n
n

#

Define the general term "energy"
Offer 5 examples of this concept (i.e., chemical, etc.)

Define "work" correctly--you may use your own words

State, in a simple equation, how work may be computed (Sec. 3)
Offer a word, or story example, using numbers, to lllustrate
your correct answer to part b.

Problem of the specific type like # 3 or # S

Define "kinetic energy"--correctly in your own words

State the equation that may compute this,

Given an object, its mass, traveling at a certaln veloclty,
be able to compute its K.E.

As in part C, except that the object 1s rotating at a certain
frequency around a certain radius.

Starting from Newton's law, F = ma, derive (showilng all steps)
the Kinetic Energy eguation. ;

Problem of the specific type like #11

Mat e gy
" 1428
A g
sl Lot

( ) 11. Essay: What haprens to the kinetic energy of a car when you brake
t

() 12,

(0323,

———————— T AT T — ot Smat e ST ————rrrer T ——————— - —— e a——

to a stop? (Be complete in your answer)

What 1s an elastic cblliaion?
Offer a word or story example explaining this conzept.

What 1s an inelastic collision?

Offer a word or story example explaining this concept.

OBJECTIVES of 13 for % Each item counts approx 8%




OBJECTIVE TEST: Ch, 23 P55C Fhysics

"Work snd Kinetic Lnergy" Name

1. 8) Define the general tarm "energy":

b) List 5 examples of Lhe above concept:

2., a) Define "work":

b) State, in s simple equstion, how "work" may be computed:

c) Offer a word or story examyle, using numbers, to illustre‘»s
your snswer to part b:

3, A barbell, symmetricsl and weighing 100 pounds, is lying on the
flooxr,

a) How much work would be done in lifting the entire barbell =
height of I feet 6 inches? Ans:

b) How much work would be done in lifting just one and a heirnt
2 feet from the floor?

Ans:

c) How much work woild be done in justim holding (not 1liftin. o:
lowering) the barbell )i foet 6 inches from the Tloor?
Ans:
d) How much work woild be done in moving the barbell sidewsys [
a position 2 fect sbove the floor? (It is moved 3 fiet sideways)

Ans;

. a) Define "kinetic energy":

b) State the eaustion that. may compute t s:

c) Comgute the icinetic energy of 2 7 kilogram bowling ball m vir
along a floor 2t a velocity of 1,5 meters/ssc.
Ans:

d) Compute the kinetic enerpy of a 2.0 kg stone whirling src nd
on the encd of a 0,5 m string with a f requency of 2,0 revo. it!
per second: /

Ans:

5. Starting from Newton's law, F = MA, derive (showing ALL steps) th
Kinetic Energy eauation:




TN N T

6. A force of 50 newtons accelerates a 2.0 kg object from rest for a

distance of 3,0 meters along a level, frictionless surface; t

3

[l

. force then changes to 25 newtons and scts for an s:dditional 2.°

meters.
&) What is the final kinetic energy of the object?

Ans:
b) How fast is it movine?
Ans:

7. A "dud" projectile from an antitank gun has a mass of about
2,0 x 101 k¢ and a speed of 1000 meters/ssc, A freight car being
a

round a switchysrd has a mass of about 10,000 kg and a speed of =

a) What i= the momsntum of each?

b) What is the <instic energy of eacn?

¢) Why does the projsctile do much mors damage than the frelirht

car when it hits something?

8. A d}ivorlnss, uncontrolled car of mass 200C kg coasts along =

NOe

m /S

flat roud st a sp-ed of 2,0 m/sec and slams into a parked car of wnass
IR&ARXxKke 1000 kg, After the collision, the cars lock bumpers and Lot

move as & unit.

a) What is the initial momentum of the heavy car?

kX What is the initial momentum of the lipht car?

b) ¥hat is t he speed of the 2 combined cars aftert he

collision? Ans:
e) Vihat is the totzl kinetic energy sefore and aftert he imps

Aris:

d) Why is this, or is not, an example of an slastic collisliown

9. A hockey ruck has a mass of 2 kg, It is subjected to a c ons:
force F of /j0 nawtons st an angle of )j5° above the horizontzl for
seconds.,

a) If the puck starts from rest, what is its chenges in moment i

the f irst 2 seconds the force is applied?

Ans: "

b) How much work was done in these 2 seconds?
Ans:

¢) VWhat would happen to the chan-e in momentum and kinetic
energy if' the f orce were doubled?

el
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10, A person jumps out of a perfectly good airplane and opens his
parachute. After falling 2 height of 100U meters, he attains =
terminal velocity of 5§ m/sec, How much energy has been trsansferr-4 t
the air and inte the silk of his parachute?

Ans:

1l, Essay: What happens to the kinetic energy of a car when you brik
it te & =stop? [(Bs complete in your answer)

12, a) YVihat i3 an "elastic collision”?

b) Offer s word or story example explaining this concept:

13+ &) What is an inelastic collision?

b) Offer a word cr story example axplsining this concept:



1SSC PHYSICS QUIZ # Name

CONSERVATION OF ENERGY Date

1. A 2 Xilogram ball is released from the top of a frictionless plane as shown in the
diegrem below. What is the speed of the ball when it hits the floor? (3 pts.)

- - -

2 METERS

FLO_(_)R LEVEL_ V_ ot Lre o d

2. A ball with a mass of 1.0 kilogrem has a speed of 10 meters per second along a
frictionless horizontal floor. The ball runs into a spring bumper with a spring
constant of 400 Newton/meter. How far is the spring compressed? (3 pts.)

10 METERS/SECOND



fage 2
PSSC PHEYSICS QUIZ # Rene
CONSERVATION OF ENERGY " Date

:
¥
2

3. A spring (k = 40O Newton/metér) is compressed 50 centimeters; t'hnn

on top of the spring (see diegram below). What is the mess of the ball, if it
obtains a height of one (1) meter above h = O when the ball is shot into the air

by releasing the spring. (3 pts.)

e

k. Ape:ﬂululbdlhuamlorzm__.ﬂmumlhdmwlnmﬂeof&o
as ghown.

60¢

|
|
|
i
|
|
|
|
|
|
!
|

If the length of the pendulum is 160 centimeters, what ia the speed of the ball
as it passes directly below the pivot point? (1 pt.)

B.P.: Make up the next question for this quiz following the pattern in ths above
‘ problems. The pattern is contained in the underlined words.



