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If you live in the country, you may have used a .22 caliber rifle for
target practice or for shooting small game; if you're city bred, you have
probably tried your marksmanship it a shooting gallery at an amusement
park. Do you know that the same cartridge used in a .22 caliber rifle may
also be used in a short-barreled pistol having a chamber designed for it'
But a hunter never uses a pistol even though it is easier to carry and
certainly more convenient in other ways. Why?

The first thing you'll say is that the rifle is more accurate This is
quite true, of course. But excellent accuracy with a pistol can be developed
too. Is there another answer?

Sure, there is; you probably would answer at once that the rifle has
a greater range. Again, you would be quite right. In this case, however,
we wonder if you have ever given any thought to the reasons underlying the
longer carrying-distance of a bullet fired from a rifle as compared with the
same bullet impelled by the same powder charge when fired from a pistol.

Think this out along with us. The acceleration of the bullet or "slug"
is determined by. the force applied to it and the mass of the bullet according
to Newton's Second Law of Motion:

a =
F

m

Please.go on to page 2.
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The magnitude of the force applied to the bullet is governed by the
kind and quantity of the explosive propellant used. If the same cartridge
is used in rifle and pistol, then the same force is applied to the slug in
each case. By the same reasonitlg, the mass of the slug is also'a constant
factor. So, if both F and m are identical, the acceleration imparted to the
bullet by the pisgbl must be identital to the acceleration imparted to it by
the rifle. Why, then, does the rifle have a much greater firing range?

As you think a while, you will probably conclude that it is not the
acceleration of the bullet which determines the range but rather its speed
as .it leaves the gun. This is a valid conclusion; a slug with a high muzzle
velocity will go farther than one with a low muzzle velocity, all other factors
being equal. Returning to the rifle and pistol contrast, you must then be
prepared to answer this question: If the force, mass, and acceleration of
the slug are the same for bOth weapons, Ela does the rifle bullet have a
i2/221112Lmuzzle velocity than the pisLol bullet?

The answer is almost self-evident at this point. The longer barrel
of the rifle allows the force of the exploding charge to act upon the bullet
for a longer period, of time So an apparently new consideration enters here:
The speed of an object. being accelerated by a force is dependent upon both
the. magnitude of the force and.time during which the force acts. As you
will 'see shortly, we can combine force and time to form an important quantity
tailed i'Lrip13,se

Please go on to page 3.
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Let us lock at another aspect of a similar situation. When you catch
a thrown ball, you cause a very. sudden decrease in its speed. An outfielder
in.a baseball game wears a fielder's mitt to avoid hurting his hands as he
suddenly brings the ball to restU But if a tennis bail had come the same
distance at the same speed, the mitt would not be necessary, The tennis
ball, of course, has a smaller "quantity of motion" than a baseball because
it has a smaller mass On the other hand, you wouldn't want. to catch a
tennis bail with your bare hands if it were delivered to you by a big league.
pitcher from the pitcher's box to catcher's position in the :to_m of a
fast baiL it's the same tennis ball, so its mass is not different; but t
does have a much greater "quantity of motion" than before because it is
traveling at a vastly greater velocqx.

The q'uan'tity of motion possessed by a 'moving object, then, depends
upon two factors: the mass of the body and the velocia with which
dust as we are able to combine force and time to form a single quantity
called impulse, we can combine mass and velocla to foam another impoltan
quantity called momentum.

These quantities- -their definitions and interrelationships -tom the
core of this lesson. As these basic understandings gradually take.shape in
your mind, your appreciation and comprehension of. motion will be greatly
enhanced. impulse and momentum considerations have extremely important
roles in all phases of physics from the macrouniverse' of galaxies, stars,
and planets right: down to the microuniverse of electrons, protons, and
neutrons.

Before continuing, please turn to page 1.56 in the blue appendix_
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Walk over to the door of the room in which you are now working,
open it half way, and exerting a small force on the edge of the door in the
right direction, push the door gently with the tip of your forefinger until
it swings with sufficient velocity to just barely latch closed without
slamming.

Open the door again to its former position. This time, ball your
fist and punch the door at the same spot as before (not too hard, now!)
so that it again latches closed without slamming.

Here are two different approaches to the same problem, the results
being identical in each case. You want to close the door without slamming
it; you may do it with a long, gentle push using the tip of a finger, or you
may do it by means of a sharp punch at the same point. (The latter may
take some practice, but it can be done.)

How do these approaches differ? Comparing the "punch" action to the
gentle pushing action, you might say that the punching action involves which
of the following?

(1)

A A smaller force for a longer time.

B A larger force for a shorter time.

C A larger force for a longer t!me.
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YOUR ANSWER --- B

m
You are correct. Momentum = p = my = kg x

-s-JE

kg-m
sec'

NOTEBOOK ENTRY
Lesson 11

(Item 1)

(c) The unit for impulse in the.MKS system is the nt-sec.

2, Momentum

(a) Momentum is defined as the product of the mass of a body in moticl.n
and the velocity of the body. If the body moves with uniform velocity, ',Then
its momentum is constant; if the velocity changes, then its momentum changes

(b) Momentum is a vector quantity since it is the produCt of a vectot
(velocity) and a scalar (mass). The defining equation is:

p = my

where p = momentum.
(c) The unit for momentum in the MKS system is the

kg-m
sec°

Our princird concern in this lesson thus far has been the definition
of our terms and the physical nature of the quantities we call imal.ise and
momentum. We have seen that the impulse of a force depends not only .:r!
the magnitude of the force but also upon the time in which it acts; we have
also seen that'the momentum imparted to a body is measured not only by
the velocity the body acquires but also by the mass of the body. We now
propose to show the connection between impulse and.momentum. Their asscaian
is .a close one indeed.

This association is easily shown by referring to our statement of
Newtons Second Law. Write the equation for the Second Law on a fresh pee
of scrap paper and then turn to page 6.
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CORRECT ANSWER: You may haveyritten either F = ma at this time7
or a,

As you look at the relation:

you will observe it has something in common with both impulse and momentum.
Force F is an importipt part of impulse (FAO, while mass m has much to do
with the momentum (my) of a moving body.

In order to proceed further, we will want to express acceleration in
terms of velocity and time.

Which of the statements below is the general definition of acceleration
in terms of velocity and time?

(11)

AV
A a = At

B =

C a =

change"of speed
D a = time required
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YOU ANSWER*--- C

You are correct. If doubling either m or v causes the quantity ct
motion to double, then quantity of motion must be proportional to both these
quantities.

To help you develop your understanding and to crystallize your concapy
of quantity of motion, let us consider an example. A heavy-duty lo::.omotiT

having a very large mass is allowed to roll very slowly down a gentle ThrJ1lrik

As shown' in Figure 1, the locomotive carries a pointed sr,.:t:1 pobe
the front. After rolling a few feet, the probe meets a largp wood stop-
Natuaily, the probe will penetrate the wood stop to a de'T.I.nite depth beioye
the retarding action can bring the locomotive to a ha:

Figure

Let us call quantity of motion by its accepted name: momentum. Let
us also agree that the depth to which this particular probe penetrates this
particular wood stop can serve as a measure of the momentum of the
motive. Obviously, if the momentum of the locomotive is increased somehow,
the depth of penetration will be which of the following?

(7)

A Increased.

B Decreased.

C Remain the same.
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YOUR ANSWER --- A

We've asked you to adhere to our convention relating to the sign of
velocity. If the velocity is to the right, it is (+). What is the direction
of v

I
--to the right or the left?

Please return to page 56. Select the right answer.
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YOUR ANSWER --- A

Check back on your notes. The symbolic definition of momentum
involves mass and velocity, not force and time.

Please return to page 122; then choose the answer that fits our
definitions.

4,0
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YOUR ANSWER --- A

You will have to be careful with units of time. Very frequently the
time is given in minutes or fractions of minutes. .Ordinarily, you have a
choice of two courses: (1) If you multiply newtons by minutes, the final
unit of impulse will then be nt-min which is perfectly good in itself; (2)
You may want to change the minutes to seconds and thereby obtain the impulse
in newton-seconds.

In this case, following the first alternative:

impulse = AtIt = 80 at x 0.005 min
= 0.40 nt-min

However, this answer does not appear in the list given.

Please change the minutes to seconds, work out the impulse in newton-
seconds, and-then return to page 116 so that you may choose the right answer,



YOUR ANSWER C

Very possibly it does. However, the type of firing mechanism- -

whether the rifle is bolt-action, pump-action, or lever-action--has nothing
whatever to do with the relationship of momenta.

Regardless of the mechanism, no force is released until the firing
pin hits the cartridge, and then the same amount of force is released no
matter what mechanism is used to fire the bullet.

Please return to page 100 and choose a better answer.
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YOUR ANSWER --- C

No.

You didn't watch your decimal point. You do have the right units
for momentum, however

Please return to page 147 and choose the right answer
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YOUR ANSWER --- C

Correct. The velocity of m2 is v2 which is given as zero just before
impact in Figure 5 on page 50. Hence, m2 is at rest with respect to the
table on which it rests.

As you watch the collision take place, you see that m1 is suddenly
brought to rest, while m2 takes off in the same direction as the initial
motion of m

1.
We indicate this by labeling ml inthe right diagram (After

Impact) with the symbol v3 = 0 to show what has happened. In addition, m2
is now rolling to 'the right with a velocity of v4.

Now refer to notebook entry 4(b). In this statement of the conservation
principle, we say that in an isolated system of interacting masses, the
total momentum remains unchanged, i.e., the momentum is conserved. .Before
impact, the momentum of the system is derived entirely from ml, having the
magnitude mlvl. The momentum of m2 before impact was zero since it was at
rest; hence m2v2 = 0. After impact, the momentum of ml is m/v3 = 0 since
this ball has come to rest, while the momentum of the system now is derived
wholly from m2, its value being m2v4. Which of the following would you
select as the best statement of notebook entry 4(b) as applied to this
situation?

(31)

A mlvl + m2v2 = m/v3 + m2v4

B mg/ + m2v2 = m2v3 + miv4

C mlvl = m/v4

D mlvl = m2v4
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YOUR ANSWER --- C

Well, we can try this and see:

at Result

6 0.1 60

3 0.2 15.5

1 t 0.6 1.66
0.5 1.2 0.41

Not so good. The results are all different. Yet each force acting
for the time shown in the same row produced exactly the same effect as the
other pairs of force and time. That is, the impulse of each force was the
same. It seems evident, then, that we cannot find the impulse of a force by
dividing the force by the time. If we try this operation in reverse, that is
time interval divided by force,.we will find that this doesn't work any better.

Please return to page 33. You can find the right answer.
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YOUR ANSWER --- C

It is quite possible that you did not notice the constancy of momentum
in the last example involving the carts. The carts had different masses
and, when they interacted as the spring expanded, they separated at differ-
ent velocities. Yet the change of momentum of cart ml (Np = 0.2 kg-misec) was
numerically the same as the change of momentum of m2 in the opposite di-
rection. This suggests that when bodies interact in this manner, they will-
always separate with equal changes of momentum in opposite directions.
But a single experiment never proves anything; and to establish a physical
principle, we must have many, many experimental proofs of its validity.

So, in the boy-pushes-man experiment, you might detect this same
constancy of momentum if you compute the Ap for the boy and for the man and
then compare them. Suppose you do just that.

Then return to page 151, please. The right answer should now be
easy to choose.
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YOUR ANSWER --- D

We have repeatedly emphasized the vector nature of acceleration.
From your study ofAewton's laws and the concepts in circular motion, you
are fully aware of the fact that acceleration cannot be described completely
unless both magnitude and direction are included in the description.

In defining a vector quantity, the elements which make up the definition
must reflect the vector nature of the defined term. You have seen that a
vector multiplied or diUided by a scalar always yields a vector result. But

you have never witnessed a case where a scalar divided by a scalar will
yield a vector.

This choice of answer is incorrect because it does just this. Speed
is a scalar quantity and so is time. Dividing one by the other cannot possibly
give you a vector quantity like acceleration.

Please return to page 6., Choose an answer which truly defines
acceleration in the most seneral way.
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YOUR ANSWER --- A

This answer contains two errors in assignment of units. You probably

were careless.

Please return to page 31. Be more careful this time,
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YOUR ANSWER --- A

You are correct. The momentum can be increased by increasing the
mass of the locomotive, its velocity, or both< Any means used to do this
will give the engine a greater quantity of motion and hence will increase its
ability to drive the probe more deeply into the wood.

Refer to Figure 1 on page 7, Notice how we have indicated the mass and
velocity of the locomotive:

M = mass v = velocity

Obviously, the momentum has been derived chiefly trom the very large mass
rather than from the very small velocity.

Next let's imagine that the probe is removed from the front of the
engine and that the probe is fired into the same wood stop by means of a
specially designed spring gun, The spring will be compressed just enough to
cause the probe to penetrate into the stop to the same depth as it did when
mounted on the engine.

Figure 2

If the depth is the same, then the of the probe in this
situation must be exactly the same as it was when it was mounted on the loco-

motive. What's the missing word?

Write the word; then turn to page 141 to check your answer.
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YOUR ANSWER --- D

When the cars couple together, in effect they form a single mcving
body. For consistency, we have assigned v3 as the velocity of the empty
freight car after impact and v4 as the velocity of the loaded freight ca:
after impact. But if the two cars form a single body, can v3 be less than.
v
4'

It did not bounce away from the loaded car.

Please return to page 88 and select the right answer..



20

YOUR ANSWER C

The object was decelerated to rest and then accelerated in the opposite

direc,:ion, Thus, its change of velocity must be assigned a negative sign
This means that its change of momentum was negative as well, since m is a
scalar and is always taken as positive

What does this tell you about the impulse that produced this change
of momentum?

Please retAlrn to page 39 and select a better answer,
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YOUR ANSWER --- D

You appear to be on the right track. Your error lies in having used
the wrong unit for mass.

Please return to page 153; then locate your error and.correct your
choice.
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YOUR ANSWER --- A

You can't be sure.

The hole is to the left of the golfer. Suppose he swings at the ball
in such a way as to drive it to the right or straight ahead. Would the ball
go into the hole then? Of course not.

Please return to page 134. Be careful in your answer choice.
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YOUR ANSWER --- A

You are correct. Careful experiments verify this prediction. The
two masses retreat from each other at the same speed in opposite directions.
(Their velocities are not the same because of this difference in direction,
of course.)

Continuing with the experiment in Figure 3 on page 154, we increase
mass m2 to twice its former value, while ml is unchanged. So we have a
relatively large mass on the right and a smaller one on the lett. We
compress the spring, then burn the cord, and observe the relative speeds of
the two carts as the spring suddenly expands.

Making use of your past learnings in physics, what do you think, would
be true of the speeds of the two carts now?

(25)

A The speed of m2 would be greater than that of m1.

B The speed of ml would be greater than that of m2.

C The speeds of m1 and m2 would be the same.
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YOUR ANSWER --- C

This answer is not right.

It is probable that you went astray in adding mi. + m2 in the denominator
of the right side of the equation. You may have forgotten that when you
add two numbers having different powers-of-ten, you must change one or the
other of the numbers so that the exponents of 10 are the same.

add:

In our case, you are trying to add:

6.0 x 104 + 1.2 x 105

If you wish, you can change the first term to 0.60 x 10
5

and then

0.60 x 10 5 + 1.2 x 105

which is perfectly all right because both powers-of-ten have the same expo-
nent. Or, it is just as correct to change the second term to 12 x 104
and then add:

6.0 x 104 + 12 x 104

Once you get this sum right, the rest of the problem should be easy
for you.

Please return to page 51. Work the problem through again and then
choose the correct answer.
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YOUR ANSWER --- A

This answer is incorrect.

You should by now begin to realize the difference between the natures
of impulse and momentum. Remember that momentum is a property of the
moving body and has units which refer to the mass and velocity of the body.
But impulse, which is what we are asking for here, is a property of the
force which induces motion and has units of force and the time duration of
the force.

Please return to page 130. You should be able to work this out now.
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YOUR ANSWER --- C

You are correct, The (-) sign shows that there is a retarding force
of 30 nt acting on the moving body. Retardation can occur only if the
direction of the force is opposite that of the motion.

Here is your last question. What is the momentum of the object
before and after the force acts?

Momentum is given by p = mv. Before the force acts, the momentum
of the object is:

p = 10 kg x 10 m/sec
= 100 kg-m/sec

The momentum after the force acts is given by the same relation,
but the new velocity must be used for v. Remembering that momentum is
a vector quantity and that the new velocity is opposite in direction compared
to the initial velocity, what would you say the momentum is after the fot:.e
acts?

(23)

A -120 kg-m/sec

B -20 kg-m/sec

C 20 kg-m/sec
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YOUR ANSWER --- A

Something went wrong here:

If the mass of the ball is 0.50 kg, then the weight can't be 0 50 nt,

On the Earth if the mass m of an object is known, then its urighr
is given by Newton's Second Law as:

w = mg

Go back to the original question by turning to page 67, please The

answer should now be evident.
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YOUR ANSWER --- B

Not true.

There are two terms that drop out, not just one.

Please return to page 54. Read the question carefully. Don't he
impulsive, You can easily choose the right answer,
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YOUR ANSWER --- A

This answer indicates that you should review your notes on vectors
and scalars in general.

One or both of the quantities in your answer choice are mislabeled
as vectors or scalars.

Think about this again or look up the definitions of scalars and vectors,,

Please return to page 84. Don't guess. Be sure you know which
quantity is vector or scalar before making your next choice.
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YOUR ANSWER --- A

You are correct. Before impact, the total momentum of the system
was mivl + m2v2. After impact, the total momentum of the system was miv3 +
m2v4. By setting these sums equal to each other, we explicitly say that the
momentum was conserved in the interaction between the balls. That is, the
momentum before impact was equal to the momentum after impact, considering'
the isolated system as a whole.

We can go further with this particular example. Refer to Figure 5
on page 50. Two of the four velocities with which we are dealing are zero.
That is, v2 = 0 and v3 = 0 because initially m2 is at rest, and after impact,
ml comes to rest.

With this in mind, we can simplify the equation in the above answer
by dropping two of the terms. When you do this, what is the result? Write
the.resulting equation before you turn to page 93 to check your work.
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CORRECT ANSWER: The impulse that gives an 8.00 kg mass a change of velocity
of 4.00 m/sec is 32.0 nt-sec.

The solution:

(1) We, start with: Eat = may
(2) Substituting: Fat = 8.00 kg x 4.00 m/sec
(3) Solving: FAt = 32.0 kg-m/sec
(4) We want to express impulse in nt-sec, however. Since a

newton is a kg-m/sec2, we see that if we multiply newtons
by seconds, we come out with:

kg -m x kg -mset =
sec sec

Thus, the 32.0 kg-m/sec is the same thing as 32-0 nt-sec,

From this point on, we need not worry about units just as long as we
remain consistently in the MKS system. That is,

Impulse is measured in newton-seconds.
Momentum is measured in kilogram-meters per second.
Since impulse = the change in momentum, then the newton-second

is always the equivalent of the kilogram-mete per second.
Finally, to remain consistent, we'must measure force in Ow)

time in (x) , mass in (y) , and velocity in (z)

To complete the sentence above, select the correct group of unics
from those below.

(14)

A (w) kilograms, (x) seconds, (y) newtons, (z) meters /sec,

B (w) newtons, (x) seconds, (y) kilometers, (z) meters/sec.

C (w) newtons, (x) seconds, (y) kilograms, (z) meters/sec.
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YOUR ANSWER --- D

Have you forgotten what you started out to find? The listing of data
that we asked you to copy should tell you what you are required to determine,
We must conclude that you didn't follow instructions.

Please return to- page 88 to review and copy the listing.
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YOUR ANSWER --- B

You are correct A punch is a sharp, quick blow. It is the source
of a large force acting for a relatively short time

Continuing with the analysis, we see that a large force acting for a
short time can produce the same effect as a small force acting for a. long.
time. There is a.certain equivalence in the two sets of circumstances.
When force and time are both involved in a certain action, we shall speak
of the impulse of the force; we shall say that one force impulse is equal to
another if both cause the same effect on a mass insofar as its final velocity
is concerned. In'our example, the same mass (the door) was acted upon in
the two situations, and in each one the door achieved the same final velocity
(just latching closed). We say that the impulse was the same in both cases,

Taking some figures from a typical experiment, we might find some-
thing like this: A door can be made to close gently by exerting the following
forces for the time intervals shown below.

Case I.
Case 2,
Case 3,

Case 4,

Force (F)

6 nt
3 nt
1 nt

0,5 nt

Interval of Time
of Force A,-tion `45Vc)

sec
0,2 sec
0.6 sec
1.2 sec

Since these two factors produce an identical effect in each case, tae
should like to perform an operation on each pair so that we obtain an
identical answer in each case,

Which of these will do this?

(2)

A Adding the F value to the corresponding at value.

B Multiplying the F value by the corresponding At value,

C Dividing the F value by the corresponding At value.
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YOUR ANSWER --- D

Almost, but not quite.

You seem to have remembered that impulse = change of momentum because
you have shown the impulse to have the same numerical value as the change
of momentum of the ball and have used the correct units for impulse.

But in your thinking, you did not take the vector nature of these quanti-
ties into account. The momentum is decreasing as the ball rises, is it not?
We must distinguish between increasing and decreasing vector quantities by
using positive and negative signs. Normally, a positive sign is given to an
increasing momentum, while a negative sign precedes the numerical value
of a decreasing momentum.

Thus, Ap = -1.5 kg-m/sec. Hence, what is the impulse that stopped
the ball?

Please return to page 130 and select the right answer,
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YOUR ANSWER --- B

You have ignored notebook entry 3(d)2. How much would you have to
add to 15 m/sec to get a result of 8 m/sec?

Please check this before returning to page 144 and selecting the
other answer.
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YOUR ANSWER --- B

Although we said that we would not emphasize units too heavily for
the remainder of this lesson, we do insist that you associate the right units
with the answer. Your error here is that you have assigned units of
impulse to the momentum of the ball.

Please return to page 147. Be careful with your choice of units.
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YOUR ANSWER --- C

We believe that you are being bothered by the fact that the collision
of freight cars is an inelastic one where the bodies couple together after
impact and move off together. You are probably wondering it the Principle
of Conservation of Momentum applies equally well to inelastic collisions
as it does to the elastic type exemplified by the. billiard balls.

Read through notebook entry 4(b) again. Note that it does not specify
any particular type of interaction. The principal requirement is that the
system be isolated with no unbalanced, external forces acting on it. Thus,
the conservation principle applies just as well to the freight-car collision
type of interaction as it does to the type represented by the colliding
billiard balls.

Please return to page 103 and pick the right answer.
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YOUR ANSWER --- C

Possibly you were being a little too cautious in choosing this answer.
It would be contrary to our reason and experience to expect the speeds of
the two masses to be different under controlled conditions such as those
shown in Figure 3 on page 154. We would first assume that the frictional
force acting on both carts are the same; then, if the spring exerts the same
force on each cart (in the opposite directions), it would be reasonable even
without going any further in our thinking to expect the speeds of the carts
to be the same at the instant that the spring drops away.

Please return to page 154 and choose a better answer.
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YOUR ANSWER --- D

You are correct. The total change_of velocity, taking into account
the fact that the new motion is opposite in direction to the old, is the sum:

-15 misec + (-6 m/sec) = -21 m/sec

Before continuing, please turn to page 158 in the blue appendix.

A certain bit of common sense must be applied to the solution ci
problems involving vectors like impulse and momentum. You simply cannot
blindly substitute in tOriulas or manipulate numbers willy-nilly without
reasoning about what you are doing, Formulas alone are only tools to help
you

NOTEBOOK ENTRY
Lesson 11

Item 3)

(e) When an impulse is large enough to stop a moving body and then
reverse its direction, the total change of velocity is the negative sum of

the initial velocity and the final velocity.
Example: An object has an initial velocity of 10 m/sec to the

north. If it is acted on by a constant force for a long enough time to cause
its velocity to change to 8 m/sec to the south, then its change of velocity
AV = -18 m/sec.

This idea is further expanded in the following problem: An object with
a mass of 10 kg moves at a constant velocity of 10 m/sec. A constant force
then acts on the object for 400 sec, giving it a velocity of 2,0 miset.in
the opposite direction. Now you are going to be asked three questions on
this problem. Here is the first.one: What is the impulse acting on the
object? (Copy this problem in your Notebook.)

(21)

A -120 nt-sec

B -80 nt-sec

C 120 nt-sec
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YOUR ANSWER --- C

You are correct. As a matter of fact, it might not go into either!
It would depend on the direction in which the impulse is applied to the ball,

Now, on the basis of the information you have been given, would you
say that impulse is a scalar or a vector quantity?

Write your answer; then turn to page 115 to check it.
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YOUR ANSWER --- D

Getting back to fundamentals, we might start by saying that there is
one and only one velocity before the collision--that of the empty freight
car v1; similarly, after impact there is only one velocity, lig(Lt L9
the velocity of the coupled cars v3. The mass of the empty freight car is
comparatively small, so let's designate it as just plain little m; its veloc-
ity is v1; hence its momentum is mvi. O.K.? Hold this for a moment now.

After the collision, the mass is much greater since the empty and
loaded cars have coupled together. Let's call this M. The velocity of this
combination has been designated as v3, so the momentum after the collision
may be written as Mv3.

Now, according to the Principle of Conservation of Momentum, what
must be true of the two momenta?

(36)

A They are not equal to each other.

They are equal to each other.
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YOUR ANSWER -=- C

Why d?

Consistency of symbolization is extremely important in any discussion
or study, particularly in physics. The symbol d has represented distance
or displacement all along in our work. So the definition you chose defines
acceleration as the rate of change of distance with respect to time. This
defines speed, not acceleration.

Please return to page 6 and select an answer that really defines
acceleration in the most general terms.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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This page has been inserted to maintain continuity of text. It isnot intended to convey lesson. information.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER --- B

You are correct. By definition, impulse = ?At.

So we have:

Or, if you like:

Qt = rAbv

impulse = mAv

(Note: This is an identity, not a defining equation. Impulse is
always defined as ?At.)

Now observe the right side of the equation. Here we have a product
of mass and change of velocity. Think carefully. What does mitv represent?

(13)

A Momentum in a slightly different form.

B A change of momentum.

C A change of mass and velocity.

D I don't know.
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YOUR ANSWER --- C

This is incorrect. One of the other answers is the right one.

To determine the units for a derived quantity such as impulse, it is
always a good idea to substitute the fundamental units in the equation that
defines the derived unit.

That is:

impulse = Pat

So impulse units = nt x sec

The unit for impulse appears to be, therefore, the product of newtons
and seconds. Which of the answers given expresses this product?

Please return to page 72 and choose the correct answer.
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YOUR ANSWER --- A

You formed the product my properly, but one of the basic units you
used does not belong in the MKS system. Remember that MKS stands for
meter-kilogram-seconds. You should be able to spot it easily.

Please return to page 153. You should be able to choose the right
answer without difficulty.



49

YOUR ANSWER --- D

We think we know where your difficulty lies; very likely you are
puzzled by the presence of the "A" between two variables.

If a force is applied tola given mass, the mass must accelerate. Of

course, the force must be unbalanced. When a mass is accelerated, its
velocity changes, but its mass does not. However; since the momentum of
a body is given by mv, a change of velocity must result in a change of mo-
mentum. If we symbolized such a change of momentum as:

Amy

by placing the delta before the product rather than the velocity, this would
imply that either or both m and v might change with an unbalanced force.
But this is not what happens. The mass remains the same, and only the
velocity changes. Thus, we are saying what we really mean by inserting the
"4" between the m and the v.

Please return to page 46 and select the right answer.
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YOUR ANSWER --- A

You are correct. The conservation equation can be solved to show
that the recoil velocity of the rifle is inversely proportional to its mass
as you clearly realized in choosing the above answer.

An understanding of the application of the Principle of Conservation of
momentum to elastic collisions has been instrumental in leading to several
important discoveries in atomic and nuclear physics. The subject of colli-
sions and momentum interchange has many complex aspects, but we shall
confine our discussion to the simplest considerations.

When two steel balls or billiard balls collide, we have a close
approach to the type of collision which occurs on the sub-atomic level. You
may have seen the conditions shown in Figure 5 actually occur on a billiard
table. Cue ball m1, moving with a certain velocity vi, collides head-on
(not glancing) with ball m2. The situation is shown in the left. diagram
of Figure 5, labeled "Before Impact."

BEFORE IMPACT

VI = 0
4

AFTER IMPACT

V3 = 0
.3 4

Figure 5

According to the notations on the diagram, what can you say about m2?

(30)

A Ball m2 is moving toward mi. at the time of impact.

B Ball m2 is moving away from ml at the time of impact.

C Ball m2 is at rest with respect to the table at the time of impact,



51

YOUR ANSWER --- A

You are quite correct After the collision, the new mass is the sum
of the two original ones, since the cars couple to form a single mass.
Hence the velocity after impa:_t must be smaller if the momenta are to be
the same>

Thus, in the equation:

= MIV1

ml m2

v
3
must be smaller than vl, If it comes out equal to vi or larger than v, ,

you will know immediately that you have erred somewhere.

Referring to the thta you copied, you may now substitute the known
values in the equation and determine the magnitude of the velocity after
impact, v3. Look over the answers given below; which one do you select as
the correct one?

(37)

A 1,0 m/sec

B 1.5 miser

C 2.5 m/sec

D None of these answers is correct
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YOUR ANSWER --- A

No, you've missed the point.

If the moving object had merely been brought to rest by the retarding
impulse, its change of velocity would have been numerically equal to 15 misec,
Here, it has not only been brought to rest but also accelerated to a new
velocity of 6 m/sec in the opposite direction. This means that, numerically,
its velocity must have changed by an amount greater than 15 m/sec. You must
remember that velocity is a vector quantity and must not be thought of as
merely a certain number of meters per second.

If the initial velocity is taken as 15 m/sec, the impulse required
to stop it would be -15 m/sec. If the body is then given an impulse which
gives it a new velocity opposite to the original direction, what will be the
total change in velocity?

Please return to page. 77. Choose an answer that takes into account
the directions of the initial and final velocities.



53

YOUR ANSWER --- C

This doesn't follow from our reasoning.

Momentum means quantity of motion. We have agreed that the quantity
of motion possessed by a given body in motion is dependent upon its mass
and its velocity, Thus, to cause an increase in momentum, you must increase
either the mass or the velocity or both.

If, then, we have somehow increased the momentum of the locomotive,
we must have increased either its mass, its velocity, or both. If the mass
has been increased, then the engine will have more inertia. It will be more
difficult for the wood stop to bring it to rest. Therefore, it seems reasonable
that the probe will have to penetrate more deeply into the wood stop before
enough retarding force can be'brought to bear on the locomotive to stop its
motion.

On the other hand, if the momentum has been increased by raising the
rolling speed, then a given force will need more time to decelerate the
locomotive to rest. Again, this implies that the probe will have to penetrate
more deeply in order to do the job of stopping the engine.

Please return to page 7 and read the question again. You should be
able to select the right answer now.



54

CORRECT ANSWER: in its most general terms, the equation should look some-

thing like this:

in which:

ml
vl =

m2 =
v2

v3

vit =

mIvI 4 m2v2 = m1v3 m2v4

mass of bullet
velocity of bullet before impact
mass of block
velocity of block before impact
velocity of bullet after impact
velocity of block after impact

Well,-let's see. Since the bullet becomes embedded in the block and
brings it to rest, then both v3 and v4 must be zero. In the equation above,

then, which terms become zero and drop out.

(38)

A mg' and mIv3.

B miv3 only.

C m2v4 and miv3.

D miv3 and m2v2.
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YOUR ANSWER C

This statement is quite true, but it doesn't answer the question At

the instant the powder explodes, the rifle begins'to move toward the south.
When the bullet leaves the muzzle, the rifle is moving at a speed of 1.4 m/sec,
The marksman's shoulder may prevent it from going very far, thus retarding
the recoil action, but this does not explain why the rifle would have had
a speed of only 1.4 m/sec even if the shoulder were not there.

Please return to page 127 and choose a better answer.
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YOUR ANSWER --- B

Good. You're going along with the accepted convention that a velocity
to the right is (+) and a velocity to the left is (-).

All right, let's substitute the known values from Figure 7 on page 113
in the equation:

= Plv2.
ml

and solve for v
1,

Select one of the answers below to verify your results.

(40)

A -1,000 m/sec

B 100 m/sec

C 1,000 m/sec

D None of these answers.
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YOUR ANSWER --- C

This is not the right equation.

The symbol for momentum is p. If you solve the equation v = mp for
you get:

P

But we decided that momentum is a product, not a quotient; hence this
equation is incorrect.

Please return to page 141 and select the right answer.
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YOUR ANSWER --- B

If doubling either m or v alone causes the quantity of motion to double,
then the quantity of motion must be directly proportional to both these
quantities:

quantity of motion = kmv

Although this proportionality statement was arrived at in a more or
less intuitive fashion, it can be handled just like any other proportion.
(Of course, it must be subjected to mathematical and experimental tests
before it is accepted fully.) If you substitute 2m for m and 2v for v,
indicating that both quantities have been, doubled, what then happens to the
quantity of motion?

Please return to page 83 and pick the answer that meets the terms
of the problem.
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YOUR ANSWER --- A

The decimal point in this answer is misplaced.

You should train yourself to inspect the numerical form of the equa-
tion after substitution in every problem you do so as to establish the
anticipated order of magnitude of the answer. In this case:

0.50 x (-3.0)
at it sec

-0.50 x 9.8

Merely inspecting this visually should tell you that the 0.50 factor
in the numerator will be canceled by the 0.50 factor in the denominator,
leaving you with:

-
At

-93.
= sec

.8

0

Since this is approximately 1/3 sec, you know at once that an answer
of 3.1 sec is not possible.

Please return to page 125 and select another answer.
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YOUR ANSWER ---

You are correct. The 'straightforward solution goes like this:

m1v1
ml + m2

(6.0 x 104) x 3.0
V3

(6.0 x 104) + (1.2 x 1051

In order to add the terms in the denominator, we must equalize the ex-
ponents of the powers-of-ten. Let's change 1.2 x 105 to 12,0 x 104. Then:

(6.0 x 104) x 3.0
(6.0 x 104) + (12.0 x 104)

18 x 104
v3 1.0 m/sec

18 x 104

If you were very alert, you might have been able to predict this
answer without going through the straightforward solution, Since the. loaded
freight car has twice the mass of the empty one, when they are coupled, the
total mass is exactly 3 times as large as the mass of the empty freight car°
Thus, the velocity after impact would have to be 1/3 of the original velocity.
Since the original velocity vl = 3.0 m/sec, then v3 would have to be 1.0
m/sec.

Now, here's a similar problem for you to work out alone.

A boy having a mass of 60 kg steps vertically into a 75 kg canoe that
is moving at a speed of 1.0 m/sec. What is the speed of the canoe after he
steps aboard? (Copy all the data before starting your solution.) Write
your answer, please, before you turn to page 113 to check your work.
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YOUR ANSWER --- C

You are correct. This expression states two important details dis-
tinctly: (1) The change of momentum of one interacting body is the same
as the change of momentum of the other interactingbody; and (2) the direc-
tion.of the momentum change for one body is opposite that of the other.

This leads directly to one of the most important principles in all of
physics. It is called the Principle of Conservation of Momentum. Let'.s

state it as a notebook entry.

NOTEBOOK ENTRY
Lesson 11

4.. The Principle of Conservation of Momentum
(a) Statement 1: Whenever the momentum of one body is changed, the

momentum of some other object must change also by exactly the same amount
and in the opposite direction.

(b) Statement 2: In an isolated system of masses (no unbalanced
external force acting on the system) the total momentum of the system is
conserved (remains unchanged) regardless of the number of interactions that
may occur.

(c) Symbolic statement: miAvi = -m2Av2

An excellent example of an isolated system is provided by the fiting
of a bullet from a rifle. Before thepowder explodes, both bullet and rifle
are at rest; there are no external forces acting on either of the two except
for gravity which, in this case, is balanced out by the arm holding the rifle.
Suppose the bullet is fired horizontally due north; according to Statement
above, the bullet will have a specific momentum toward the north while
the will have exactly the same momentum toward the south. What
is the missing word.

Please turn to page 127.
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YOUR ANSWER --- B

Refer to Figure 3 on page 154.

You will agree that when the cord is burned, mass ml will move off
to the left and mass m2 will be driven to the right. If two velocities he
different directions, can they possibly be exactly the same? You must
constantly think in terms of vectors. The magnitudes'of the velocities might
very well be equal, but if their directions are different, then the velocities
are very definitely not the same.

Please return to page 154 and select a better answer.
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YOUR ANSWER --- A

Are you saying that a punch delivers a smaller force than a gentle
push with the finger? A punch is a hard, sharp blow; a considerable force is
exerted on the body that receives it.

How about the time of action of a punch compared to a push? When you
push something, does your hand remain in contact with the object being
pushed for a longer or shorter time than when you punch it?

Please return to page 4 and find a better answer.
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YOUR ?,NSWER B

To determine the units for a derived quantity such as impulse, it is
always a good idea to substitute the fundamental units in the equation that
cettnes the derived unit.

That. is:

impulse = FAt

So impulse units = nt x sec.

The unit for impulse appears to be, therefore, the product of newtons
and seconds. Would this be newtons per second?

Please return to page 72 The answer should be easy for you now



YOUR ANSWER --- C

You are correct.

65

m2v2 2.0 kg x (-3.0 misec)
1 ml 0.006 kg

v1 = 1,000 m/sec

Please turn to page 160 in the blue appendix.
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YOUR ANSWER 7-- A

It is true that v
1

is larger than v2, but not because the cars couple
together at impact

The problem states that VI (the velocity of the empty freight car before
-impact) is 3 misec and that vl (the velocity of the loaded freight car before
impact) is zero So.it is quite true that vl is larger than v2, but this is
simply one of the stated conditions of the problem.

Please return to page 880. Look over the other answer carefully before
making another selection



CORRECT SOLUTION:
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MAW
At =

F

The mass of the ball is 0.50 kg. The velocity of the ball is decreas-
ing; hence Ay is a negative quantity, i.e., -3.0 m/sec.

Now, what is F? Since the ball is being stopped by gravitational
attraction, the F is the force of gravity acting on the ball, or, in other
words, the weight of the ball.

We know the mass of the ball is 0.50 kg. Now how much does the
ball weigh?

(17)

A 0.50 nt

B 0.50 x 9.8 nt

0.50
C nt
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YOUR ANSWER --- B

There are some improper associations ,in this equation. You can see
by referring to Figure 5 on page 50 that mass m2 is not associated with
velocity .173 at any time during the interaction; similarly ml is not associatedwith v4, either.

It is always important in momentum problems to carefully make surethat the velocity associated with a given mass is the correct one.

Please return to page 13 and choose a better answer.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER ---

You are correct, The freight cars form an isolated system; there are
no horizontal external forces acting on either car from the outside; hence
the system must follow the Principle. of Conservation of Momentum,

Then, if the two momenta are equal to each other, we may write
symbolically:

mvl = Mv3

where m is a small mass and M is a large mass, and where we are to predict
the relative magnitudes of the Velocities'vl and v3.

Here we have two products that are equal as a result of the workings.
of the conservation principle. Taking some simple numbers to illustrate
our point, suppose m, the small mass, is 2 kg and M, the large mass, is
10 kg. Suppose further that vi is 20 m/sec, and you want to find the relative
magnitude of v3. Substituting:

in m.x vi = M x v3, we obtain

2x 20= 10 x ?

What value would v, have to have in this simple example? Write your
answer; then please turn to page 126.
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YOUR ANSWER --- A

Precisely what does that mean?

When one speaks of the "negativeness" or the "positiveness" of a
physical quantity, he always does so on a comparative basis. Something is
negative with respect to something else; the word negative has no meaning
if applied in isolation to the description of a force, a velocity, an impulse,
or any other quantity.

So, in itself, the notion of a negative or a positive force doesn't
tell us anything. Please select the answer that tells us to what this "nega-
tiveness" is related.

Please return to page 143 and try to select it.
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YOUR ANSWER --- B

You are correct, Here it is:

At Result

6 x 0.1 0.6
3 x 0.2 0.6
1 x 0.6 = 0.6

0.5 x 1.2 = 0,6

So, impulse may be defined as the product of a force times the inter-
val of time over which it acts. That is:

impulse = F4t

In the MKS system, force is measured in newtons and time is. meas-
ured in seconds. Since impulse = Fitt, what is the proper unit in-the NM'
system for the impulse of a force?

(3)

A Newton-seconds (nt-sec).

B Newtons per second (nt( sec).

C Neither of the above answers.
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YOUR ANSWER - -- A

Have you forgotten what you started out to find? Your listing of
data for this problem should tell you what you are required to determine. We
must conclude that you didn't copy it as you were requested.

Please return to page 88 to review and copy the listing.
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YOUR ANSWER --- C

No, they would not be the same. If m2 is made larger than mi, its
inertia would be greater. This means that if the same force is applied to
both ml and m2, the larger mass would accelerate 11.,re slowly than the smallerone. Since the force acts on both masses for the same time, and if the ac-
cleration of one mass is greater than the other, can their speeds be the sameafter the spring has fallen away?

Please return to page 23.and select a better answer.
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YOUR ANSWER C

You are correct. Since both v
3

(velocity of bullet after impact)
v
4

(velocity of block after impact) are both zero, then any product in which
either appears must be zero.

In that case, Llhe equation becomes:

m1v1 + m2v2 0

Now, since we want the velocity of the bullet before impact, we sho.:.id
solve this equation for vi. That is:

mlvl -m2v2

vl T2-12
ml

We have this data:

ml = 0.0060 kg m2 = 2,0 kg

What is the velocity of the wood block before the collision occurs'

(39)

A 3.0 m/sec

13 -3.0 m/sec
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YOUR ANSWER ---

What happened? This is not correct.

We have just defined acceleration as the change of velocity with
respect to time. How, then, can you define the same quantity as the product
of force and time? You can't, of course.

Please return to page 122. If you must, check your notes before
selecting the answer again.
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YOUR ANSWER --- A

You are correct. The velocity decreases; hence the numerical value
for Av is a minus quantity.

Let's go a little farther with this. Again take the initial uniform
velocity of the body as 15 m/sec to the right. If the impulse acting on it is
great enough, the body will be brought to rest: Clearly, the change of
velocitl,.- in this case is Qv = 715 m/sec, the minus sign being required to
show that the velocity has decreased.

As our last step, consider the condition where:the impulse is so
large that it not only brings the body to rest but also causes it to reverse
direction and pick up some speed to the left. For example, suppose that
the initial velocity is 15 m/sec to the right and that the impulse acts
toward the left, causing the body to stop and then begin moving toward the
left with a velocity of 6 m/sec. Now note that the moving object has first
decelerated to a stop and then has accelerated to a final velocity in the
opposite direction.

What value would you assign to ttv in this situation?

H2O)

A av = 9 m/sec

B Av = -9 m/sec

C Av = 21 m/sec

D av = -21 m/sec
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YOUR 'ANSWER C

This answer is incorrect on several counts. (Refer to Figure 5 on
page 50.) First of all, it ignores the fact that velocities v2 and v3
must be taken in lo account in any calculation of total momentum.

Secondly, this equation associates m1 with v4. This mass and velocitydo not belong together; they are not associated with each other.

. Improper association of symbols is a common source of error in mo-
mentum discussions and calculations. It pays to be Careful.

Please return to page 13 and choose a better answer.
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You have now completed the study portion of Lesson 11 and your Study
Guide Computer Card and A V Computer Card should be properly punched in
accordance with your performance in this Lesson.

You should now proceed to complete your homework reading and p.Loblem
assignment. The problem solutions must be clearly written out on 81/2" x II"
ruled, white paper, al.! then submitted with your name, date, and identi-
fication number. Your instructor will grade your problem work in terms ot
an objective preselected scale on a Problem Evaluation Computer Catd and
add this result to your computet profile.

You are eligible for the Post Test for this Lesson only after your
homework problem solutions have been submitted. You may then request the
Post Test which is to be answered on a Post Test: Computer Card,

Upon completion of the Post Test, you may prepare for the next Lesscn
by requesting the appropriate .

1. study guide
2. program control matrix
3. set of computer.cards for the lesson
4. audio tape

If films or other visual aids are needed for this lesson, you will he
so informed when you reach the point where they are requited, Requisition
these aids as you reach them.

Good Luck:
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YOUR ANSWER --- A

You are correct. Informal terms:

Po = mvo

(The zero subscript indicates, as usual, initial conditions.)

yo = 0.50 kg x 3.0 misec = 1,5 kg-m/sec

And since the velocity- is a vector quantity directed upward, then themomentum is directed upward as well.

Another question about the same ball: What is the momentum of theball at the highest point in its upward flight? This is an easy questic,n, sowe'll omit the choices, Write your answer; then turn to page 130,
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YOUR ANSWER --- A

You are correct, Both the boy and the man start from rest. Their
individual changes of momentum are the same as their indiviuual final mo-
menta. We'll calculate the change of momentum for each and compare Lhem:.
Let us designate a velocity to the right as ( +) and a velocity to the left
as f-). This is a purely arbitrary choice of vector directions and could .

just as well have been the other way around without making any difference
in the analysis.

Man: ppm = mmAvm = 80 kg x 0.25 m/sec = 20 kg-misec

Boy: Apb = mbAvb = 50 kg x (-0.40 m/sec) = -20 kg -rn /sec

Despite the differences in mass and velocity, the changes of momen-
tum have the same magnitude. Any experiment we do under these same
conditions works out the same way: The interacting bodies, provided that
no external forces are applied, separate with the same momenta in opposite
directions.

This relationship-may be conveniently expressed in symbolic form,
Which of the following iS the best expression of the ideas we have
discussed?

(27)

A m1Av1 = m2Av2

B. Amivi 7 -Am2v2

C m1Av1 = -m2Av2
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YOUR ANSWER ----B

We have seen that there an inverse relationship between velocity
and mass in an explosion-type oi action. That is:

r = -Av b x

mr

mb

In the case of the second rifle, we are using the same bullet; hence
vb and mb remain the same. Since these quantities do not change, why not
think of them as comprising a constant k which may be substituted in theft
place so that we can write:

Ayr = mr

This expression, then, is easy to interpret. The change of velociy
of the rifle is inversely proportional to its mass. Thus, the new rifle took
on a speed that was 4 times as great as that of the original rifle. Can its
mass be 4 times that of the original rifle?

Please return to page 100. You should have no difficulty now.
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YOUR ANSWER --- B

You are correct You changed 0.005 min to 0,30 sec and then ic.nn
the impulse as the product of 80 nt x 0.30 sec = 24 nt-sec,

Just for a while, we shall leave the subject of impulse and investigae
the characteristic of a moving mass that Newton called its quantity of motion
This idea was briefly discussed in the introduction to this lesson, It a
mass m moves with a velocity v, we sense that there is a certain quantity ct
motion; whenT::4s double the mass (2m) while it has the same ,velcity as bete e.;
we feel intuitively that the quantity of motion has also doubled, Now going
back to Me single mass m, suppose we double the velocity; again we sense
that this, too, should double the quantity of motion, So, it elIne: the incest

or the velocity is doubled, the quantity of motion doubles,

What do you think happens to the quantity of motion if we double both
the mass (2m) and the velocity (2v)?

(6)

A Doubling both causes a cancellation which makes the quantity of
_motion the same as it was for mass m and velocity

B Doubling both m and v causes the quantity of motion to double,

C Doubling both m and v causes the quantity of motion to he 4. t

as great as it was,
me6
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YOUR ANSWER B

You are correct. Momentum is the product of mass and velocity.

Before going further, we must decide whether or not momentum is a
scalar or vector quantity. In discussing impulse, you noted that when a
vector quantity is multiplied (or divided) by a scalar quantity, then the prod-
uct (or quotient) is a vector quantity.

Therefore without further ado, we can say the momentum p is a vec-
tor quantity. The reason for this statement stems from the fact that p is
the product of which quantities?

(9)

A Mass (vector) x velocity (scalar).

B Mass (vector) x velocity (vector).

C Mass (scalar) x velocity (vector).
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YOUR ANSWER --- C

You are correct. We are to find the velocity of the coupled cars
after impact,

After simpl.ying, we.came out with this equation:

mlvl v3(m1 m9)

Solving for v3, we have:

v3
m

I
+ m

2

Now, before substituting in this expression, to avoid getting lose in
a morass of numbers, let's look ahead to the physics of the problem. Would
you expect the common velocity of the coupled car to turn c9t to be larger,
smaller, or the, same as the velocity of the empty freight car before impact?.
In short, by anticipating in this fashion you can tell whether the answer you
get for v3 contains a possible blunder.

(35)

A v
3

should be smaller than vl.

B v3 should be larger than vi.

C v3. should be equal to vl.

D I don't know how to predict this
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YOUR ANSWER - - A

Not true. It is true that v3 is zero, making the second term zero,but v1, the velocity of the bulle7:
,3
is a finite qUantity, not zero. Hencethe product mivi cannot be zero.

Read the question again after returning to page 54; then please pick
another answer with care.
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YOUR ANSWER --- B

In the set of conventions we are following, a (-) sign before the nu-
merical value of the force is presumed to indicate that the force is one zbaz
retards the motion or causes deceleration. When a force is applied in zhe
same direction as the initial motion of the body, would this retard or
accelerate the body positively?

Please return to page 143. There is a much better answer you can
choose.
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YOUR ANSWER A

You ate The Principle ct Conservation cf Momentum applies to
any type of .interaction or collision, So, although the freight car collision
is inelastic, momentum must be c.onserved

Let us wr'-e the general equation first, using the same notation as
for the billiard balls:

'r 11. =2 2 i z 4

Next, we'll list the quantities we know

rc mass r empty treight cat (6,0 x 104 kg) -

= veloc.Ity of empty freight car before impact 0 al/sec)
m = mass of loaded freight car (L2 x 104 kg)
y2 yelocity of loaded freight car before impact (0 miser,)
ul velocity of empty- freight car after impact (?)
v. = velocity of loaded freight car after impact: (?'e

4-,13 .3opy the above listing,;

Since the tars uoupl. together at impact, this means that which of
the following must be ti:ueq

A D., must be lager than v2,

B v must be laA f;er than v
4°

C IF-. must be equal. to if4

D v must be less than v ,
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YOUR ANSWER --- C

You made a creditable stab at it, but you lost your wayl

From Newton's Second Law, we know that:

w = mg

You want the weight w of the ball. You know_the mass m and the valueof g close to the Earth. Apparently, you inverted the equation Somehow inselecting this answer.

Return to the original question, please, by turning to page 67.Choose the right answer this time.
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This page has been inserted to maintain continuity of text. It isnot intened to 'convey lesson information
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YOUR ANSWER --- B

This answer is incorrect.

We think we know how you reasoned to arrive at this answer. You
probably noticed that the mass of the loaded freight car is exactly twice
that of the empty one since the masses are, respectively:

Thus:

loaded car

empty car

1.2 x 10
5

kg

6.0 x 10 4
kg

1.2 x 10
5

4 = 0.20 x 101 = 2.0
6.0 x 10

So you then reasoned that if the loaded car is twice as massive as the
empty one, the velocity after impact must be half the velocity before impact.
The velocity before impact, vl, is 3.0 m/sec, and half of that is 1,5 m/sec.

Where is che error in your reasoning? It's easy! The mass aftex
impact is not tWi.ce that before impact. Study the terms of the problem ag_in;
you will see why we say this. What happened to the cars at the moment of
impact?

Please return to page 51. Choose the correct answer.
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YOUR ANSWER --- C

You evidently formed a product to obtain the derived units, but youhave used the wrong unit for velocity.

Once you determine why we say that you've used the wrong velocityunit, you should have no trouble in selecting the proper answer. Pleasereturn to page 153.



93

CORRECT ANSWER: Since v2 and v3 are both zero, then m2v2 and miv3 drop
oui, leaving the simplified expression:

m1v1 = m2v4

Note that we have been omitting vector arrows for simplicity Also,
since vi and v4 have the same direction both are considered (+) quantities
in this example.

We can assume without the danger of significant error that the billiazd
balls of our example in Figure 5 on page 50 are of equal mass. Basing your
thinking on this assumptirn, you can then answcL the following question: it

the fir-it billiard ball strikes the second at 1.8 m/sec, with what speed will
the second billiard ball move after impact?

Write your answer to this question and then turn to page 103 for
confirmation.
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YOUR. ANSWER B

You a-f-e correc_t: Good chinking! When an unbalanced fofce is applied
to a mass, the velocity ci the mass must change either in magnitude or di-
rection. This change of velocity is symbolized by ay. But when the velocity
of a mass changes, then its momentum must also change, Thus, may tells
yo..,t that the momentum has changed. Obviously,.we don't write it this way:
Lmv, because this might give the false impression that mass was changing,
For a given body, the mass is constant.

Before continuing, please zutn to page 157 in the blue appendix

We have progressed to this point: Pik = may

We can now interpret it correctly.

NOTEBOOK ENTRY
Lesson 11

3., Relationship of impulse and momentum
(a) Newton's Second Law may be used to show that: Vdt = may
(b) This equation states that the impulse of a force applied. to a

mass is equal to the change or momentum which the mass undergoes as a result
of the rmpulse,

(c) Sinceboth force and velocity .are vector quantities, it must be
remembered that the c_omplete form of the equation is:

= may

As long as you remember the vector nature of these quantities, it. is
permissible to omit the vectot arrows.

Let's consider a simple example. How great is the impulse that gives
an 8.00-kg mass a change of velocity of 4000 misec? (Copy this problem into
your notebook as an illustrative example.) Work out the answer; then check
it by turning to page 31.
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YOUR ANSWER --- B

There are actually two errors in this answer.

First, the units given are those of momentum. We want impulse units
here.

Second, you have failed to recognize that both impulse and momentum
are vector quantities. As the ball rises and finally comes to rest at the
top of its flight, its momentum gradually decreases to zero. It is conven-
tional to refer to increasing momentum as a positive quantity and decreas-
ing momentum as a negative quantity.

With these hints, you should have no difficulty in selecting the right
answer. Please return to page 130 and do so.
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YOUR ANSWER --- A

Look at Figure 5 on page 50 again. Note that the symbol v2 evidentlyapplies to m2 just before impact occurs. Since v2 = 0, then m2 cannot bemoving, toward m1, can it? If it were moving at all, it would have a definitevelocity one way-or the other.

Please return to page 50 and select the right answer.
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YOUR ANSWER A

Truly, this is not really an error at all. It is merely a matter of
talking a common language. .Refer to Figure 7 on page 113. If you used

m/sec instead of-3.0 m/secin the calculations for this problem,
the velocity of the bullet before impact would simply turn out to be a (-)
quantity. This would indicate a reversal of the usual convention but would
not cause the answer to be in error.

We might understand your choice of this answer if we hadn't also
offered -3.0 m/sec. As a matter of consistency, we agreed a long time ago
that we would indicate velocities to the right as (+).quantities and velocities
to the left as (-) quantities. In this way, we adhere to the conventional
axis notation in Cartesian coordinates where the X-axis is (+) to the tight
anC (-) to the left of the origin.

So, let's use the accepted conventions about signs from now on.

Please return to page 75 and choose the alternative answer.
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YOUR ANSWER - -- B

There is a blunder in the placement of the decimal point in this
answer.

One of the things you must train yourself to do is to inspect the
numerical combination after substitution to determine the order of mag-
nitude to be expected In this case:

At 0,50 x (-3001
=

-0.50 x 9.8
sec

It-should be perfectly evident to you that the 0,50 in the numea:ot-
will_cancel the same factor in the denominator and leave you with:

A-1s sec
-9.8

Since.this is approximately 1/3, how could your answer possibly turn
out to be 31 sec?

Please return to page 12.5 and select a better answer.
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YOUR ANSWER C

We agree that a punch represents a larger force than a gentle push
with a forefinger. But we wonder if you have thought with sufficient care
about the time involved in each of these actions. Do you really think that
a sharp blow lasts for a longer time than a gentle push used to close a door?
You must remember that a sharp blow causes sudden acceleration of the
object; the object then moves away from the source of the blow so that the
force cannot continue to act on it any longer.

Please return to page 4. The right answer choice should now be quite
obvious.
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YOUR ANSWER --- B

You are correct. This is easily seen if we solve the conservation
equation for the ratio of the velocities by cross-multiplying;

mrav -Mbe'Vb

Av.
AV

b mr

This shows that the ratio of the velocity of the rifle to that of the
bullet is the same as the ratio of the mass of the bullet to the mass o the
rifle. Since the bullet's mass is very smoll compared to the rifle's mass,
the ratio on the right is a very small number, too, and the value of
is very small compared to the value of Gvb.

Suppose the same bullet were fired from a different rifle which re-
coiled with a speed of 5.6 m/sec. Since 5.6 is 4 times as large as 1.4,
what would you immediately know about the new rifle?

(29)

A It has 4 the mass of the original one

B It has 4 times the mass of the original one,

C It uses a different firing mechanism.
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YOUR ANSWER --- B

The definition you selected is often used in calculations under certain
very s ecific conditions. If it is understood that the accelerating body
starts from rest, then v may be taken to be the velocity that the body has
gained; if the. timing process began with t = 0, then t may be taken as the
interval elapsed while the velocity was increasing from zero to its final
value v. Thus, 1:=1;it is not a good general definition of acceleration,
since it is useful only for a situation involving the specific conditions
described.

In general, acceleration is defined as the rate of Change of velocity
per unit time. A mathematical statement of this definition which is to be
applicable to any conditions of initial velocity and any timing range should
contain the idea of change. In -a' = "7/t, there is no indication of anything
changing.

Please return to page 6. You should be able to pick the best answer
at this point.
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YOUR ANSWER --- B

We hoped that we had cleared this point up before.

When the delta precedes the product, there is an implication that themomentum may change as a result of a change in either the mass of thevelocity of the body, or both, Howeve, since our problem'involves onespecific body for ml and one body for m2, the mass is not a variable. Hene,the mathematical expression should not permit this to be considered as apossibility.

Please return to page 81. You should be able to pick the right answernow
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CORRECT ANSWER: The second billiard ball will move off at a .speed of 1,8
m/sec, too. Clearly, if mivi-= m2v4, and in addition if ml = m2, then we
can see at once that vl = v4. Thus, the velocity of the moving ball before
impact must equal the velocity of the moving ball after impact.

In the collision of the billiard balls, the momentum of the first ball
is completely transferred to the second ball. There is an entirely different
type of collision, as exemplified in the problem to follow, which also can
be solved through the use of the conservation principle.

However, before continuing, please turn to page 159 in the blue.appendix,

4
Standing on the same track is an empty freight car of mass 6.0 0 kg

and a loaded car, of mass 1,2 x 105 kg (Figure 6). The empty freight ca is

on an incline with its brakes locked, while the loaded cat is on level' track
with its brakes off. Somehow, the brakes of the freight car 1 are released,
and it rolls down the incline, colliding with. freight car 2. At the instant
of impact, car 1 is moving at a speed of 3 m/sec. At impact, the cars coupl,.=
together and move off as a unit. What is their common speed after the collision'!

FREIGHT CAR 1

EMPTY
FREIGHT CAR 2

4111ftworaillibiellik..000116e..

FULL

c-

Figure 6

This is called an inelastic collision. It represents an isolated
system because no unbalanced external forces act on the cars. Will the
total momentum of the system be the same after the collision as it was before?

(32)

A Yes.

B No.

C I don't know.
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YOUR ANSWER --- B

If velocity were a scalar quantity, then /Ci:" could be found by subtract-ing the final from the initial velocity without regard for the physical
conditions implied by the problem. But it is not a scalar and cannot be sohandled.

You subtracted 10 m/sec from 2.0 m/sec and obtained a value of -8,0m/sec for ay. This is where your error lies. Refer to notebook entry 3(e)to review the reasons that explain why this operation is not satisfactory

Please return to page 39 and choose a better response.
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YOUR ANSWER --- B

It might go into the water hazard if the golfer swings in such a way
as to drive the ball to his right, But he could just as well apply the to:c.e
to his left or straight ahead. What then?

Please return to page 134. Your answer should be thoughtfully chcsen.
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YOUR ANSWER --- A

This cannot be true it the Principle of Conservation of Momentum is
to apply to all interaction situations.

The principle states that in an isolated system of masses (no unbal-
anced forces acting on the system) the total momentum of the system re-
mains unchanged regardless of the number of interactions that may occur.

Our freight car system .s an isolated one. No unbalanced external
forces act on the cars during the interaction. (Gravity does act on both
but the reaction force upward is opposite and equal to the weight of each
car. Thus, the cars are in equilibrium vertically during and after impact,
so gravitational force may be ignored.)

So since the system i. isolated, and there is an interaction that fits
the conservation principle in all its details, the momentum before impact
must be exactly the same as the momentum after the collision.

Please return to page 4] and choose the alternative answer.
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YOUR ANSWER --- D

This is not correct. The list of answers does contain the correct cne.

Please repeat your calculations. Be sure your substitutions ate
correct, and, then watch that decimal point:

Correct your error; then turn to page 56 and choose the tight answer..
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YOUR ANSWER --- B

You are correct, Mass m2 has a larger inertia than mi, With the -.

same force applied by the spring to both masses, the smaller mass would
experience the greater acceleration acceleration varies inversely with
mass), Since the force acts for the same time on both masses, then the mass
with the greater acceleration would acquire the greater speed,

When two bodies interact as in the previous example, the same. 3K

different velocities may be imparted to them by a common force, depending
upon their respective masses. It might occur to you to ask whether thee
is some simple relationship between the momenta (plural for momenrun0 of
the two bodies.

There is, indeed! For example, as shown in Figure 4, the two carr.s
start from test and, when the cord is burned, m1 acquires a speed of 2,0
m/sec, while m2 acquires a speed of 0,20 m/sec. You will observe that m,
0.10 kg and m2 = 1.0 kg.

2.0 m; sec 0.20
2

0.10 kg
m1

Figure 4

1,0 kg

The change of momentum of mil as a result of burning the cord is
easily explained. Since the mass was initially at rest, its change'of
momentum is the same as the final momentum acquired, or Api = miAvi
0,10 kg x 2,0 m/sec = 0.20 kg7misec toward the left, The change of
momentum of m2 is similarly easy to determine.

The change of momentum of m2 is . Write the full
answer; then turn to page 151 to check your answer,
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YOUR ANSWER --- B

This answer indicates that you need a review of your notes on vectors
and scalars in general.

One or both of the quantities in your answer choice are mislabeled
with respect to their vector or scalar nature.

Think about this again, or look up definitions of scalars and vectors

Please return to page 84. Don't guess. Be certain you know which
quantity is vector or scalar before choosing another answer.
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YOUR ANSWER --- A

Your mind is still back on a previous step of this problem.

You have chosen the change of momentum (mIlv) as the answer K:oquestion: "What is the momentum after the force acts?" The change ofmomentum is the difference between the initial momentum and the finalmomentum and is numerically equal to the impulse. We are looking tofinal momentum of the body, not the change it experiences..

Please return to page 26. Select a better answer.
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You didn't read the question with enough care. There is one glaring
error in the set of units presented above. 1cf41)

Please return to page 31 and select a better answer.
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YOUR ANSWER C

You are correct, When the cars couple together, they Lonsat,
single moving body with a single speed. Thus, v3 = v4.

So, if v3 = v4, we can simplify the original equation like

m1v1 + m2v2 = miv3 + m2v4

becomes m1v1 + m2v2 = miv3 + m2v3, and then

m1v1 + m2v2 = v3(mi + m2)

Now look at the list of data. You will see that v2, the vely
the loaded freight car before impact, is zero. Hence, the term m2v2
out, and the equation is further simplified to:

m1v1 = v3(m1 m2)

Of the various factors present in this simplified form, will:ill one
the unknown in this problem?

(34)

A mi

B vi

C v3

D m2
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CORRECT ANSWER: The speed of the canoe after the boy steps aboard is 0.56
m/sec.

The solution:

m
1

= mass of canoe = 75 kg
m
2

= mass of boy = 60 kg
vl = initial velocity of canoe = 1.0 m/sec
v
3
= velocity of boy and canoe after boy steps vertically into

canoe

The equation:

Substitution:

v = T121-1

3 m1 m2

" _ 75 kg x 1.0 m/secv3 -
75 kg + 60 kg

75 k-m/sec
v
3

-
135 1g

0.56 m/sec

In this problem and in the preceding one, the conditions were set up so that
a moving object collided with an object at rest, the result being that the two
objects moved off together at the same velocity.

Just for the fun of it, let us work out a problem together in which
both objects are in motion when an inelastic collision between them occurs.
Refer to Figure 7. A.6-gram bullet (0.0060 kg) is fired toward the right into
a 2.0-kg wood block that is moving toward the left along a frictionIss
table at 3.0 m/sec. The bullet penetrates part-way into the block, bringing
it to a complete stop. We want to find the velocity of the bullet. Write
a conservation equation in very general terms that fits this situation

3 m/sec

v = ?

BULLET
0.0060 kg

Figure 7

After you have written the equation, please turn to page 54.



YOUR ANSWER --- A

What does the expression you selected teli you?

It states that the change of momentum of mass is equal to thechange of momentum or mass m2 after intetaction> Since we afe deanngwith vector quantities and since both si,des of the equation above are positivethete is no negat:xe sign), i further states that the two masses undezgoa Change of momentum in the same direction..

Is this a physica-, tact?

Please. return to page 81.. Sele:t an answer that tells the whole stonycorrectiy
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CORRECT ANSWER: Impulse is .a vector quantity.

To describe an impulse fully, you must give its direction as well as
its magnitude. You will recall that force is a vector quantiy and, to he
strictly correct, the symbol for it should always be written F. In many
situations, though, we omit the vector arrow and write simply F; but if we
do this, we must bear in mind that force is a vector quantity.

You will find that a vector quantity multiplied by a scalar quantity
always yields a derived quantity that is a vector. There are no exceptions
to this rule. In this case we have force (a vector) multiplied by time (a
scalar) to yield impulse (a vector). Properly written:

impulse = F
->
4t

NOTEBOOK ENTRY
Lesson 11

1. Impulse
(a) The impulse of a force is the product of the force (F) and the

interval of time (at) over which it acts.
(b) A vector quantity multiplied (or divided) by a scalar quantity

always yields a vector product (or quotient).

Fat = impulse

Hence, impulse is a vector quantity, since force is a vector and
time is scalar.

Incidentally, few authorities use a symbol for impulse, so we shall
follow suit. For our pugoses, when we want to symbolize impulse in an
equation we shall write Alt, with or without the vector arrow, depending
on the circumstances.

Please go on to page 116.
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impb.ise is applied to a baseball by at that exerts a torce ot80 117: on ..11e bail for 0,005 min?
AV

(5)

A 0,40 nri-sec

B 24 nt-sec
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YOUR ANSWER --- C

This is too vague a statement, and it doesn't give a definition of a
term. It only repeats in wards what the terms state in symbols..

The "Au does represent "a change of," but it is not placed before the
product like this:

ATM/

for a very good reason. By inserting the 1,1" between the m and the A,
fa-ots, we ale explicitly saying that the-imass does not change while the
E..1.ozity. does. What change could we mean by mdv?

Return to page 46 and select another answer, please.
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YOUR ANSWER --- A

This is not (oaect You ale probably being contused by the symbolfor momentum. It is not m; it is p,.

If you solve the equation m p jot p, you get p wily, which is aratio, not a ptoduct.

Since momentum is the product of mass and veiity, then in 'Dv isnot corect.

Please tetuln to page i4 and select anothet answer.
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YOUR ANSWER --- C

To obtain this answer, you merely added the initial and final velocities
without regard to their directions. In doing this, you forgot the vector
nature of velocity and committed a serious error.

Since the body slowed down from 15 misec to 0 m/sec just before revers-
ing direction, this segment of its itv is -15 m/sec. Now, if it reverses
direction, the impulse causing this must still be applied in the direction
that caused the original deceleration. Therefore, if we call the effect
of the firSt part of the impulse (that which brought the body co rest) a
negative quantity, then the new, oppositely directed velocity must have the
same "negativeness" because it is being caused by the same negative impulse

Thus, ir bringing the body to rest, the impulse caused av to be
-15 m/sec. Then, in accelerating to 6 m/sec in the opposite direction, these
was an additional AV of -6 m/sec. Now, what is the total av?

Please return to page 77 and choose the best answer.
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YOUR ANSWER --- B

It may well be that you did not recognize the kind of constancy we had
in mind. Think of the previous cart experiment for a moment. The carts
had different masses; they interacted as a result of the expansion of the
spring; one cart went off tc the left with a change of momentum of 0.2
kg-m/sec while the other cart went off to the right with exactly the same.
change of momentum.

So, in the boy-pushes-man experiment, you might detect, this same
constancy of momentum if you computed the ,gyp for the boy and for the man and
then compared .them.. Try it

Now return to page 151, please. 'You should have the answer now.
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YOUR ANSWER --- A

You didn't try this operation, did you?

This is what happens if we add the members of the pairs:

4t Result

6 + 0.1 6.1

3 + 0,2 3.2

1 + 0.6 1,6

0.5 + 1:2 1.7

The results are all different. Yet each of the forces acting for the
time shown in the same row produced exactly the same effect as the other
pairs of force and time. That is, the impulse of each force was the same.
Apparently, then, we cannot find the impulse of a force by adding the force
to the time interval over which it acts. Such an operation would also involve
inconsistency of units, adding newtons to seconds.

Please return to page 33. Then choose another answer.
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YOUR ANSWER --- A

You are correct,, Acceleration is the tate of ic,,hange of velocity with

respect to time, The "A" means rate. of change. Thus,Av is rate cf change
of velocity, white At expresses. the time interval or the change of the reading
of the clock from t to t2,

A --*

Returning to the
v

Second Law, suppose we substitute iT in place of a,
We then have:

-4.
te - ma

F = m--
Lt.

Now, multiplying both sides by At will move this factor to the left
side, giving us:

= mrSv

But what is At? Of course! It's the symbolic definition of which or
the:following?

(12)

A Momentum,

B impulse.

C Acceleration°
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YOUR ANSWER --- D

This answer is incorrect in that it ignores the fact that velocities
v2 and v3 must be taken into account in any calculation of total momentum,

It is perfectly true that if v2 and v3 are zero, this is the result
that we will get. But we are not looking for the final answer, yet.

Turn to page 30 and find out the correct answer.
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YOUR ANSWER --- A

This answer is not y.:.stifiable, First, from the Third Law we know thaz
the forc:e acting on m has the same magnitude as the tor-re on m9. (It

Body A exerts a forte on Body B, then Body B exerts a force of equal
magnitude on Body A in the opposite dizection,)

Then, writing the Second Law for m: and m2, we have:

F' m,a, and F m2a2

where and a2 are tre accelerations or mr and m2, respectively. Now,

since the-fo::e F is the same on both masses,-we can equate:

m/al = m2a2

Then if we solve for' a3, the relationship we want is clearly shown:

a2112
mi

We said that we were going to double m2. Thus, m2 is larger than m,
and the fraction m2:11 above is larger than unity.

If al equals a2 multiplied by some number greater than 1, what does
that tell you about the comparative size of al?

Were you coniused as to which mass was increased?

Please return to page 23 and try again,
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YOUR ANSWER --- B

You are correct, You used the expression w = mg, and since
m = 0.50 kg and g = 9.8 m/sec2, then w = 0,50 kg x 9.8 m/sec2 = 0.50 x 9,8 nt

All right, Let's collect our facts. The equation for determining
the time of application of the impulse is:

mAv
At -

We have the following data:

m = 0.50 kg tor = -3.0 m/sec F = -(0.50 x 9.8 nt)

Note the (-) signs before the Av and the F factors.

We're ready to substitute:

At
0.50 kg x (-3.0 m/sec)

-0.50 x 9.8 nt

The rest is up to you. Determine the time of application of the im-
pulse. Be certain that you handle the (-) signs properly because time
must come out as a positive quantity.

What do you get for At?

(18)

A 3.1 sec

B 31 sec

C Neither of these.
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CORRECT ANSWER: in the expression 2 x 20 = 10 x v3,
.5
would have to be 4.

Thus, we have:

2 x 20 = 10 x 4

I t
v, M v

3

So that 40 = 40.

Now observe what has occurred. The small mass t is 1/5 as large as
the large mass M. The equality of the products forces us o assign a value
to v3 which is 1/5 thaZ of vl so that equality may be maintained,

In short, then, in an interaction involAking the coupling together of
the masses after the collision, where the new mass is the sum ci the original
masses, what must be true of the new velocity after impact compared to the
original velocity before impact?

Pleau IS ant try' aeetOrt
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CORRECT ANSWER: The rifle will have the same momentum toward the south as
the bullet has toward the north.

To see how this works out in practice, we'll run through a numerical
example involving the firing of a bullet. A rifle having a mass of 2.0 kg
fires a 0.0030 kg bullet north at a muzzle velocity of 900 m/sec. What is
the recoil velocity of the rifle against the marksman's shoulder?

Symbolizing the quantities:

mb = 0.0080 kg mr = 2.0 kg
v
b

= 900 m/sec v
r

= ?

The Principle of Conservation of Momentum:

mrAvr = -mbAvb

Solving for the change of velocity of the rifle, we have:

Substituting:

:albarv
mr

vr =
2.0 kg

0.0030 kg x 900 m/sec

vr = -1.4 m/sec

Thus, the recoil velocity of the fifle is 1.4 m/sec to the south
as indicated by the minus sign. The recoil velocity of the rifle is relatively
small compared to the velocity of the bullet. Why?

(28)

A The explosion has more effect on the bullet than on the rifle.

B The mass of the rifle is much greater than the mass of the bullet.

C The marksman's shoulder retards the recoil action.
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YOUR ANSWER --- B

That fact. that you introduced the (-) sign into the answer is an
indication that some of your thinking is following the right lines. But you
haven't gone far enough.

Look at it this way: we know that when the moving object is brought
to rest from a velocity of 15 m /sec, the change of velocity is -15 misec.
The minus sign indicates that there has been a decrease of velocity. Now,

when it is accelerated in the opposite direction to a new speed of 6 misec,
the total cllari6e of velocity is greater than it was when the body was just
brought to rest. Remember that velocity is a vector quantity and that the
direction of motion must be considered as well as the speed. An oppositely
directed velocity is a "minus" velocity compared to the velocity in the
original direction.

Please return to page 77 and select another answer choice.
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YOUR ANSWER --- B

Hold on! I'm afraid you've missed the pointy

We are using the word momentum to describe the quantity of motion,
We have agreed that increasing either the mass or the velocity (or both) of
the moving body will increase its momentum.

If, then, we have somehow increased the momentum of the locomotive,
we must have increased either its mass, its velocity, or both, it the mass
has been increased, then the engine will have more inertia, will be more
difficult for the wood stop to bring it to rest. Therefore, it seems reason-,
able that the probe will have.to penetrate more deeply into the wood before
enough retarding force can be brought to bear on the locomotive to stop its
motion.

On the other hand, if the momentum has been increased by raising the
rolling speed, then a given force will need more time to decelerate the loco-
motive to rest. Again, this implies that the probe will have to penetrate
more deeply in order to do the job of stopping the engine.

Please return to page 7 and read the question again. Yol should be
able to select the right answer now.
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CORRECT ANSWER: At the highest point in its flight, the momentum of the ballis zero.

The bail must stop moving at the highest point, preparatory toreversing its direction for the return downward. Thus, if it stops moving,its velocity is zero, and the product my is also zero.

A third question about the ball: What impulse stops the motion ofthe ball?

(16)

A -1.5 kg -m/ sec

B 1.5 kg-misec

C -1.5 nt..-sec

D 1.5 nt-sec
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YOUR ANSWER --- B

You know that the momentum of the system after the collision must be
equal to the momentum before the collision. Before the collision, only the

empty freight car is in motion (relatively small mass), while after the
collision both the empty and loaded freight cars (relatively large mass) are
moving together. Since momentum is a product of mass and velocity, if the
large mass after the collision is to have the same momentum as the smaller
mass before the collision, what must be true of the new velocity?

Please return to page 85. Then choose a more suitable answer.
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This page has been inserted co maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER --- C

This answer is numerically correct, but we'd like to talk about the
algebraic sign for a moment.

We found the momentum before the force acts to be:

p = 10 kg x 10 m/sec = 100 kg -m /sec.

Although we said nGthing about it explicitly, we are tacitly taking
this to be a positive momentum, to be later compared with the momenm attet
the force acts. Suppose the object had been moving eastward initially; then
we are arbitrarily calling an eastward direction positive, thereby assigning
a (f) sign to the eastward momentum.

You already know, however, that after the force acts, the body will
be moving westward. To be consistent, we must therefore refer to westward
motion as negative compared to the positive eastward motion.

Please return to page 26, You should be able to select the -light
answer now.
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YOUR ANSWER - -- A

You are corecr. The impulse of a force is a derived quantity
(derived or obtained from F and At), so its units must be derived in the
same way. Since impulse is a product, that is, F x At, then its unit is a
pros u: nt x sec. Cr nt-sec.

Our next concern lies with this question Is 11291st a scalar or
vector quantity? Well, let! s go back to our demonstration door and see
howlurther thought about it will help.

Suppose we have a docPr that, will close firmly and surely if a force
of. 2 nt is applied to it for 2 sec in the right direction. The impulse in
this case would be 2 nt x 2 sec 4 nt-sec. We then ask this straight-
forward question: Since an impulse of 4 nt-sec will close this door, will
an impulse of 5 nt-sec just as surely close it? Your tendency is to answer
in the affirmative, but this is a hasty answer because an impulse of 5 nt-sec
applied to the door in the 1,r; direction will cause it to open wider
rather than to close.

You can think of similar examples involving other things besides
doors. To the left of a golfer is the last hole; to his right is a water
hazard. An impulse of 1.6 nt -sec is enough to move the ball into either of
these. All right. Suppose the golfer gives the ball an impulse of 1.6
nt-sec. Into which - -the hole or the water hazard--will the golf ball go?-

(4)

A Into the hole..

B Into the water hazard.

C The data are insufficient to answer the question.
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YOUR ANSWER --- B

The Principle of Conservation of Momentum as stated in notebook entry.
4(b) is a universal principle. It applies not only to perfectly elastic
collisions but also to inelastic and partially elastic collisions, too,

You were probably confused by the introduction of the word "inelastic."
The type of collision does not affect_the validity of the conservation prin-ciple.

Please return to page 103 and select the right answer.
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YOUR ANSWER --- B

Your arithmetic contains an error. Be careful of that decimal point!

Repeat the calculations, making sure that your substitutions arecorrect; then please return to page 56 and choose the right answers
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YOUR ANSWER --- A

This answer is a bit vague and therefore incorrect. Remember,
science is an exact discipline..

one:

Momentum has only one form; there can be no "slightly different"

--)

p = my

This is the only defining equation for momentum, and is considered
as absolute. The moment you insert a new term like "a," you change the
equation so that it no longer represents the same thing that it did previously

If you read out nnalu orally, you might say it is mass times a change
of velocity. Since for a given body the mass is constant, we don't want to
Place the in front of the product like this:

dmv

If we did, you might think that the mass was changing or that both the mass
and velocity were being altered.

You can reason this out. There is another choice which defines the
term accurately.

Please return to page 46 and try again.
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YOUR ANSWER --- B

Have you forgotten what you started out to find? Your listing of datafor this problem shOuld tell you what you are -required to determine, Wemust conclude that: you didn't copy, it as you were requested.

Please return to page 88 to review and copy the listing.
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This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.
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YOUR ANSWER --- B

In the lett. diagram of Figure 5 on page 50, the symbol v2 evidently
applies tc m2 lust before impact cc;:u1s, Since v2 is given as zero at
impact., then t n m2 be mo;ing in any direction? It it were moving at all,
it wouid have a detinite velocity one way or the other,

Please return to page 50 and select the right answer,
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CORRECT ANSWER: If the depth is the same, then the momentum of the probe
in this situation must be exactly the same as it was when it: was mounted on
the locomotive.

Remember, we are measuring momentum or quantity of motion by the
depth of penetration of the probe. If the depth of the fired probe is the
same as the depth of the probe carried by the engine, then the. momentum must
be the same in each case.

To keep the conditions straight, we are using rather unusual symbolism..
For the locomotive probe, M is mass and v is velocity to help you keep in
mind that the mass is very large. For the fired probe, the mass m is smal,
but the velocity is large, so we have taken the liberty of symbolizing it
with V. Clearly, in this example, a given amount of momentum .can be attained
by using either a large mass and a small velocity or 'a small mass and a laz.ge
velocity.

From these considerations alone, we have a clue as to the definition
of momentum. The only way the M and v can be put together to give the same
result as m and V, is by means of a product. If we-write My = mV, and, if
the masses and velocities are chosen correctly, it is possible to establish
an equality.

So, the momentum of a body moving with uniform velocity is defined
as the product of mass of the body and its velocity. If momentum is sym-
bolized by p, then the defining equation is which of the following?

(8)

A m = pv

B p = my

C v = 'mp
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YOUR ANSWER --- D

This is incorrect.

After impact, v.k is zero, making miv3 drop out.
But-m2v2 cannot bezero if m2, the mass of the block, and v2, the initial velocity of the block,are perfectly good finite quantities.

Please return to page 54;' then read the answers over carefully inconnection with-the text above before selecting another answer.
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YOUR ANSWER --- A

You are correct, A change of velocity from 10 misec :o 2,0 miser in
the opposite direction is a Av of -i2 misec:

impulse = FAt = mAir
10 kg x (-12 misec:::

= -120 kg -m; sec = -120 nt-se

Here is the second question, What is the magnitude and difec:icn :-
the force?

We can determine the magnitude of the force by solving the t
equation for F:

Hence:

Fdt = mAv

F- may

F

At

-120 4-misec
4,0 sec

F = -30 kg-m/sec2 = -30 nt

We find, then, that: the force acting on the body to cause it t'o

velocity as described has a mangitude of 30 nt. What: does the sign in
the answer signify?

(22)

A The force is a negative one.

B The force acts in the same direction as the body was initially
moving.

C The direction of the force is opposite that of the initial motion
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YOUR .ANSWER C

You are correct. The 'tight answer is 0.31 sec. Both of the answers
given were incorrect because of misplacement of decimal points.

NOTEBOOK ENTRY
Lesson 11

(Item 3)

(d1 Calculations which relate impulse to momentum must take into
account the vec/or, nature of these quantities. A simple convention used
fot this purpose Is:

When a numerical value is substituted for a retarding
force (,F), the number should be. preceded by a (-) sign. If the force F
produces increasing veloclty,,the number is a positive quantity.

(2) When a numerical value is substituted for a decreasing.
velocity. (4v), the number should be preceded by a (-) sign. If4v. is an
increase in velocity, then the number is positive;

This notebook is not quite complete. Another idea must be
incorporated into your thinking on this cubject. We shall point out what we
mean by a few examples.

Suppose an object is moving toward the right with a velocity of 15
misec. An impulse then. acts upon it, also toward the riaht, resulting in an
increase of speed. The change of velocity, or Av, is obviously the new speed
minus the initial speed. Say the new speed after the impulse has vanished
is 22 misec; then Av. must be 7 misec. We would make this a positive quantity
(i.e., Av = +2 mtsec) according to the rule above. So.far so good.
Considering the same object with a uniform velocity of 15 m/sec to the right,
what is the value of 4,vi if the impulse acts toward the left, causing the new
speed, to be 8 m; sec`?

(19)

A -7 m/sec

B > misec
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YOUR ANSWER --- C

You know that the momentum of the system after the collision must be
equal to the momentum before the collision, Before impact, only the empty
freight car (a relatively small mass) is in motion; after the collision,
however, the mass is substantially increased by the coupling that occurs
between the empty and loaded carts. Since momentum is a product of mass
and velocity, if the large mass after the collision is to have the same
momentum as the smaller mass before the collision, can the two velocities
possibly be the same?

Please return to page 85 and choose a better response,



YOUR ANSWER --- C

'Jou are ,;:ote!,, if wp keep the carrecr units for all out quantities
well in mind at all vimee,,we need not' emphasize them so strongly in the rest
of this.lesson,

Impulse and momentum, although related, tell us different things
Impulse and momentum has a cause-and-effect relationship in many real
situations. Impulse an be the cause at an increase in momentum, or a
decrease in momentum, but a change in momentum is seldom thought of as
being the cause of an impise, Im2u1se is a. properLE of a force; the force
can pxoduce an impuisa only ii it is allowed to act tot a finite time, It is
the effeo:ieness of a force in .pcducing motion. Consequently, we may.
think of impuJ.ae as the cause of a change of motion and the .;;hange of mo-
mentum as the effect of an impuise

Mmi.entum, however, as the "quantity of motion" possessed by a
moving mass, provides some indication of the damage this mass can do
when it collides with another' body Given a "piaster wall as a target, a
stee2. ball mo-4,tmg with reasonable speed can cause quite a dent, but a ping-
pong ball nie same speed wail have no such effect. But, if the
ping -pcng ball can be made to move tast enough, it will either dent the
plaster wall or desrfoy itself, Ewen a straw blown by a high-speed wind
has been known to penetrate the trunk of a tree. Thus, momentum is a
ptopety of a mass; the mass has momentum because it is moving. The
quantity of motion it has is a function of both mass and velocity.

Please go on to page 147
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As the basis for our next problem, we shall concern ourselves withthe answers to certain questions relating to a 0.50-kg ball that is thrown
straight upward with an initial velocity of 3.0 m/sec. (Copy these figuresfor use in answering the questions that follow.)

What is the initial momentum of the ball?

(15)

A 1.5 kg -m/sec, upward.

B 1.5 nt -sec, upward.

C 15 kg -m/sec, upward.



148

YOUR ANSWER --- C

. You are correotH You were careful of both the magnitude and direction
of the veetotquanrities in selecting this answer. A change of momentum may
be either an increasintor a decEetsingmomentum. We use '(+) and (-)
signs to distinguish between them, and ( +) sign indicating an increasing
momentum and the sign showing that the momentum is decreaSing. In
this problem, the momentum decreases as the ball rises; thus Ap J, -L5
kg-miser, Since impulse Ap,' then the impulse that stops the ball is -1,5
nt-sec.

A fourth questiOn: How long did this impulse act?

Before trying to ifolve this problem, we might do well to review an
important idea 'relating to iorre vectors. In the lesson on-Newton's Laws
of Motion, we had ,;,ccaeirn to solve problems in which a retarding force
played a-part. You should remember that:we identified the retarding action
by placing a (-) sign before the.force symbol. Now in the case of the
rising ball, gravity acts as a retarding force, so in:

Fat mAv

the numerical value used for F must be preceded by ,a (-) sign.

SinCe we want to find .the time interval during which the impulse
acts, we musts solve this equation first for At. Do this; then check your
literal solution by turning to page. 67.
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YOUR ANSWER ar-.1:0

This is too hasty a conclusion!

None of the answers may look right to you on first inspection, but
one of them is:

We hope you didn't lose your copy of the data, but here it is again,
just in case:

ml = mass of empty freight car (6.0 x 104 kg)

vi = velocity of empty freight car before. impact (3 m/sec)
m2 = mass of loaded freight car (1.2 x 105 kg)
v2 = velocity of loaded freight car before impact (0 misec)
v3 = velocity of empty freight car after impact (?)
v4 = velocity of loaded freight car after impact (?)

Work the problem out carefully, please. Then return to page 51 and
choose.the right answer.
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YOUR ANSWER --- A

This answer is not reasonable.

If doubling either m or 4 alone causes the quantity of motion to
double, then the quantity of motion must be directly_ proportional to both
these quantities:

quantity of motion = kmv

It helps.considerably to write the relation as a proportionality. From
this, you shbuld be able to see immediately that the kind of cancellation you
are talking about could not possibly occur.

Please-return to page 83 and select another answer.
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CORRECT ANSWER: The change of momentum of m2 is 0.20 kg-m/sec toward the
right.

right.
That is, 42 = m2Av2 = 1.0 kg x 0.20 m/sec - 0.20 kg-m/sec toward the

It appears from this example that experimental evidence points to a
kind of constancy of momentum in situations-where bodies interact without
the application of external forces.

Let's take another example. A boy and a man are standing on "fric-
tionless" ice. The boy reaches out and pushes the man away from him;
they both start to move away from each other. Now, if the boy hat a mass
of 50 kg and the man'a mass of 80 kg, the man moves Off at a speed of 0.25
m/sec -while the boy moves in the opposite direction at a speed of 0.40
m/Seci Assuming that this experiment was actually performed, would you say
that it points to the kind of constancy mentioned above?

(26)

A Yes.

B No.

C I don't know.
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YOUR ANSWER ---

When the cars couple together, in effect they then form a singlemoving body.- For consistency, we have assigned v3 as the velocity of theempty freight cat after impact and v4 as the velocity of the loaded freight*ar aftet impact. But if the two cars form a single body, can v3 possiblyexceed v4 in magnitude? The empty car would have to go through the loadedone for this to be true. 6.-----

Please return to page 88. The answer should now be obvious.
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YOUR ANSWER --- C

You are correct, Miss is a scalar quantity; velocity, a vector.

Consequently, to be rigorous we ought to write:

.
p = my

Note that the vector arrow on the right side is drawn above the v andnot above the m. It is velocity that is the vector in this expression.

Ready for units for momentum? We think that you now have enough
experience to work out the unit for yourself. Going back for a moment toimpulse, you will remember that we obtained the units this way:

impulse = at

impulse = nt x sec = nt-sec

Let's see you do the same trick for the units involved in momentum..Wbich.of the following is the unit used to, measure the. describeimomentum2
(In the MKS system, of course.)

(10)

A kg7c112,
sec

B kg'm
_sec'
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YOUR ANSWER -- E

We agree with this answer. The (-) sign is essential to tell you that
the body has a final romentum'in a direction opposite that of its initialmomentum

We shall direct our attention OPKt to momentum considerations involvedin the interaction of two bodies. As an example, we link two laboratory
carts together ae shaver: in Figure 3 by means of a cord and a compressed
spring To make sure that we don't bring external forces into play, we burn
the. cord, ailoWing the spring to fc2ce the carts. apart in a kind of "explosion."
The spring drops to the table as the carts move away from each other. Since
these are teal carta i.rt a real labotattly situation, they soon-come'to:rest.as a result of friction.

COMPRESSED SPRING

MMEMMIMMOW

CORD

TiOre 3.

Let us.asSume that we have very carefUlly equalized the masses miand mv. We shall.also assume that we have a,good/aboratOry- method of
.

determining the velocities of the two: Cart at the instant the spring drops
away from the system after the :cord is burneC

Basing your decision:On:previously learhed physical; principles,
P you think #e velocity'lteasureMentswould show in this case?

(20

A The speed of. mi Call this v1) would .be equal to the speed of m
(call this v2)?

.R .TheNelocity of m vauld be'exactly the same as the velotity of
m2.

The speed for the%twoliesses would:be diffetent.
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YOUR ANSWER A

To be sure, the explosion of the powder has more effect on the bullet
than on the rifle in the sense that the bulletvisibly travel's at a much
higher speed just after the explosion. But this is merely repeating the
question. We want to know why the explosion causes the bullet to travel
quickly toward the north, while the rifle moves comparatively slowly toward
the south.

So kindly return to page 127and think out the question more carefully
before selecting another answer.



AMP LESSON 156 Tape Segment

WORKSHEET
VItrl =va-r,

Please listen to Tape Segment for tnis lesson ..before
starting to answer the ,q...uesionst)elowO Answer sections
must be made on the .AV Compu ter Cardo

VESTTONS

1. 'Would the.first basemen. playing baseball on the Moon
need a mitt?

A No because tne impact of the ball depends on
the weight of, tne baLl and the ball weighs
less on. the Moon than on Earth°

B No, because the flat' trajectory would make
a mitt unnecessary

C Yes, because the-gravitational for-:,:e on the
Moon is :_ess so that the baLl would risa
'to a greater height before c',omilng'doWno

D Yes 9 because mcimentum depends on mass,and-vel-
ocity; the mass of the ball on the Mon
the same as it Is on the .Earth,

2. If the same baseball were dropped from the top of an
Empire State building on the Moon9'straight down, would
the person who tried to catch it require aAritt?

A -Aloo The weight of the bail ls.1/6 its weight
on EarthO

B No. The magnitude of gravitational accelera-
.

tion on the Moon is so. small plat the ball
would not acquire much veioci.t.y eve:ti in a
fall like this.,

C Yes. The momentum of the ball. on reachihg
the ground would be smaller than it would
be in an .equal Earth-fall<; but would Still'
be large enough to make almitt nec;essary.,

6 :Yes. The momentum of the ball would be 1,

exactly the same as it :would have been for
.an equal Earth-fall.

E No. The definition of momentum As'applied
to ,conditions.on the Earth does not apply
'k;p conditions -on the Moon.

Please return now to page L of the
STUDY GUIDE.



AMP LESSON-1. 57 Tae Se 2

WORKSHEET

Pease llsten Tape Segment. 2 forthlslesson before
staTting.tc, answer the questions below* Answer selec-

kust.be made ctrl the AV Computer Card0

Da '7..;a I em As Mass of the hammer 400 kg
Speed c.:f the hammer on impact = 5*0 m/sec
Contact time9 hammer on nail 'r= 000020. sec

suggioNs

What was the value c the average force applied. to
the spike by the hammer?

A' BetWeen 2 000 and 3000 lb
B Between 3000 and 4000: lb
C BeWeie,% .j.)00and 2000 lb
D Between .500 and 1000 lb
E' j-!zst beluw 500 lb

In the example above9 by how much would the.average
force..haVe changed If the mass of the hammer had been
6. kg instead' of 4*0 kg9 assuming -.other-quantities_
c&nstant?

A Twice as great
B :times as great
C Thl!ee times as great
D Six tikes as great
E None of these

50 In the exam pie as originally statedsuppose the ham-
.

mer had had a oontact time of 0.0010 .sec with the
'head c,f the spike. By now much would the average
ftrce have changed from its original value?

A 10 'tmes as great
B 1/10 as great
C it would not have changed'at all.
D 2 times as great
E 1:2 as great



AMP LESSON li 158

WORKSHEET

Please listen to Tape Segment 3 for this lesson before
starting to answer the questions below, Answer. selections
must be made On the AV Computer-Card°

Data Item A: Mass of ball = m = 100 g or 0.11,100_kE

Velocity of ball on impact = vo = 20 m/sec

Bounce7back veloc;ityof ball =,v = z10 miseo

Applicable equations Ft = mAv

Substitution:

SolutiOn.2

Ft = 00100 kg x.(-60
Misec)

FAt=-600G nt-sec° This is Lhe
impu'lse of the wall on the

QUESTIONS

60 The impulse of the ball on the wall is

A- -600 nt'sec
B +600 nt-sec
C '-l900 nt-sec
D +1200 nt-sec
E +600 nt-sec

7, The problem above is based on an idealized condition
in which the wall is considered unyielding° If the
wall actually yielded to the impact to some extent9
then

A the bounceback velocity of the ball, would
have been greater than -30 M/seco

B the bounce-baCk velocity of the ball would
have still been !;-, 30 m/sec0

C the bounce-back velocity of the ball- would
have been smaller than --30 m/sec0,

D the ball would halve, had a larger rebound
momentum. than 6000'kgmisecor

.E the ball, would have had a rebound momentum
between 6000 and 8000 kg/sec,.

return now .o. page 3 the STUDY GUIDE°



AMP :ESSON 59

WQli.KSHEET

TaRejegment21..

Tape .Segment 4..fr this lesson before
staag qtieshs below. Answer seiec-

n3 te made :.n1 AV comp,Ater

F...thLs tape segment y will need a &IngIe-concept pro-
an.d 'the fjL. eitledCONSERVATION OF MOM-

ENTTiM - EIASTN COLISIONS,

86 In :.'ne fllm, when a '.-.J1..gder in motion collided
gLider at rest9.

the momentum of the initially moving
gl:IdeT-became halt..its original size.'

B mmenti..m:f.:C the. :Initially resting
ac.quired a-moment'am equal to

na.4 rE.;menm .iy:.,ssessed. by the
.

The the system was
its initial

ti.mentuth of the System-, was
increased tb. twice dtsinitial.,.ValUeo

E the apmentum..of tneInitially-resting
glider became equal to the momentUm."
p...ssessed.t:;rigfLhaIly't* the initially

initially in motion)
rnt lwats.a, 1M, This collided

vtt;i1:. -After impaot-the:mag-.
) - 0

trie:
.

A to the magnitude of the
IM glider.

B JM_glLder was greater than the magnitude of
the m,...m.entum of the IM glider.

C iM glder'mas greater than the magnitude of
mcyme,ntam o4.' the :3M gliders:,

D , 14 gIlde,r bepame zero because it stepped moving:,
E. 3M g::.ide.-ittw;i:,s zer6 because Its velocity was

zeroo

A sec!.cndc1),.IlisaLin of the IM and 3M gliders occurred
'afterthe...cndati6ns specifedin'(9) above were

Att',";z sescnd co,iision the,3M.-
hd

A ZO.°0.: .

C Slightly negative
B SlghtlYPositive D Same as before,

-,'E .'none of these impaot

Please rra tp page. 103 Of ..the.STUBY



AAP LESSON 11 Tape Sent
WORKSHEET

Please listen-to. Tape Segment 3 for this ',lesson before
starting to-answer.the questions belowe Answer sele3--
tions must be made on r:he AV Computer Card.

Fox this tape segment you will need a sing. :ept pr1D-
jei.2.ter and t;.ne.brief ftim entitled CONSERVATION OF MOM-
ENTUM INELASTIC COLLISIONS°

Data Item A:

Expo No Mass of
Glider A

Mass of
Glider B

Coupled
MasS

Time (Time
Gilder A. coupled Mass

:. '1M 1M ?.11 2.25. seo 4062-se3

1M LA 2M 2039 sec: 4082'sec

2 . 1M 3M 701:1 se3 6,42 sec

IM 2M 3M Csec 6026 sec

3
2M 3M seo 3030 sec

GLIDER A9 initially in motion9 is the drj.vina.glider

GLIDER B9 inttlaaly at.rest9

DI -m expaned in the third paragraph of page
o0 of XegTUDY GUIDE9 the velocity of the coupled maSs
after collision Is obtained from the ratir.:,g

zs initiaai in ccupied
coupled mass velocity

In the experiment9 the time over equal distances is measuk-
, ea:4'; Since the-time.required to cover a given distance with
uniform velocity iS inversely' proportional to the veloolty9

0.S.-)Aelt4

. .

Combining equationS'i 'and 2

Glider A time
coupled time

mass of Glider A :G1.1qv
pThamas Efie

Now let us use the figures obtained tn the first trial of
Expelment 1. abcveo The mass of Glider A divided by the
coupled mass is 4 ditided bY 2D or 1/20 Conservazi'on con-

. siderations te11'us that -..!Glider A time divided by the

(next page9 please)



AMP LESSON .1 _60(a)
(-66:ritinued)

tme a:s. _urn cut to be 1/2 or 0.500.
Subst7tut.t,g.ne measured .mes shown in the Table in
tre rneiLb' EQ.3 g,-qes 48

4,b2
0

= Co4880 TrLs .s a % error of 7.6:012365. = 2-4%

Study the me:.h.As used in the above calculation. Then
repeat the same eal..cuIation using the figures for the
Temall,Lng 4 in ea.:41 case compute the % error of
the measurrd ratio as compared with the ratio predicted
fJr the Cffevent masses Select the % error for each

the trei:s fl An these choices:

..11. 4.

A iitosean i6% and 108%

B between '.L08% and 203%

C between 006% and 009%

D between 1,0% and i.6%

E greater than 2.3%

ExpemA.qit 1, Trial 2. Punch card in one of the
letters g:ven above,

Experlment YriaI . Similarly punch card.

13, Experime-n 20 Tr1a 2. Similarly punch card.

14, Experiment 30 punch card.

PLEASE RETURN TO PAGE 79 OF THE STUDY GUIDE.



AMP LESSON 11

HOMEWORK PROBLEMS

Lesson 11

1. An unbalanced force applied to a car of mass 1500 kg
causes the speed of the car to increase uniformly from
10 m/sec to 25 m /sec over an interval of 3 sec.
Calculate

(a) the initial momentum of the car;
(b) the final momentum of the car;
(c) the magnitude of the force that caused the

increase in speed.

2. A 1000-kg block is pushed by a constant force for 56 sec,
and as a resu t, its speed changes from 4 m/sec to 32 m /sec,

(a) What was the change of momentum of the block?
(b) What was the magnitude of the constant force?

3. Two toy cars of mass 6 kg and 2 kg are held together with
a siring. There is a compressed spring between them.
Whbn the string IS burned, the 6 kg car moves off with a
speed of 0.1 m/sec. What was the speed of the other car?

4. A 2-kg glider on an air track moving at a speed of 9 m/sec
collides head-on with a second glider of mass 1.5 kg. Both
gliders come to a stop upon impact.

(a) What kind of collision is this?
(b) What must have been the total momentum of the

system before the collision?
(c) What was the momentum of the second glider

before the collision?

5. A 1-kg glider on an air track collides with a second glid-
er on the same track. If the 1-kg glider was moving at
5 m/sec and the second glider was at rest, what was the
mass of the second.glider for the following post-collision
conditions: the 1-kg glider reverses direction and moves
at 1 m/sec; the second glider moves forward at 2 m /sec.

6. A rifle of mass 2.0 kg fires a 10-g bullet horizontally,
If the muzzle velocity of the bullet is 500 miseco.what is
the recoil velocity of thegun, assuming zero friction,

7. A 600.4g car traveling at 20 m/sec collides with a
stationary truck of mass 1400 kg. The two vehicles lock
together after the collision. What is the velocity of
the combined mass after the collision?


