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ARTICULATER MULTIMEDIA PHYSICS

Lesson Number 1i

IMPULSE AND MOMENTUM



IMPORTANT: Your attention is again called to the fact that
this 1s not an ordinary booke. It's pages are scrambled in
such a way that i1t cannot be read or studied by turning the
pages 1n the ordinary sequence. To serve properly as the
gulding element in the Articulated Multimedia Physics Course,
thls Study Guide must be used in conjunction with a érogram
Control equipped with the appropriate matrix transparency
for this Lesson, In addition, every Lesson requires the a-
vallablility of a magnetic tape playback and the appropriate
cartridge of instructional tape to be used,as signaled by

the Study Guide, in conjunction with the Worksheets that ap-
pear in the blue appendix section at the end of the book.
Many of the lesson Study Guides also call for viewing a single
concept film at an indicated place in the work. These films
are lndividually viewed by the student Using a special pro-
jector and screen; arrangements are made and instructions

are glven for synchronizing the tape playback and the film
in each case,
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If you live in the country, ycu may have used a .22 caliber riflie fovx
target practice or for shooting small game; if you're city bred, you havs
probably tried your marksmanship in 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 1is
quite true, of course. But excellent accuracy with a pistol can be deveingﬁ
too. Is there another answer?

Sure, there is; you probably would answer at once thar the rifle has
a greater range. Again, you would be quite right. 1In this case, however,
we wonder if you have ever given any thought to the reasoms 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 & pistol.

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

as=

3 s

Please go on to page 2.



The magnitude of the force applied te the bullet is governed by the
kind' and quantity of the explosive prcpellant used. If the same cartridge
‘is used in rifle and pistol, then the same force is applied t¢ the slug in
each case. By the same reasoniug, the mass of the slug is aisc a constant
factor. So, if both F and m are identical, the acceleration imparted to the
bullet by the pisobl must be identical to the acceleration imparted to it by
the rifle. Why, then, doces the rifle have a much greater firing range?

As you think a while, you will probably cemcliude that it is not the
~acceleration of the builet which determines the range but rather its speed
as it leaves the gun. This is a valid conclusicn; a slug with a high muzzie
velocity will go farther than one with a low muzzle velocity, all other factors
being egqual. Re#urning to the rifle and pistol contrast, ycu must then be
prepared to answer this question: If the force, mass, and acceleration of
the slug are the same for both weapons, why does the rifle bullet have a
greater muzzle velocity than the pistol bullet?

The answer is almost self-evident &t 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 beth
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

talled impulse.

Flease go on to page 3.
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Aruitoxt provided by Eic:
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Let us lock at another aspect of a similar sipuation. Whan you catch
s rhrown ball, you cause a wery sudden decrease in itz speed. An ocutiielde:
in z baseball game wears a fielder's mitt to avoid huiting his hands zs he
suddeniy brings the ball te rest. But if a tennis bail had come the same
distance at the same speed, the mirt would not be necessary. The tennis
ball, of ccurse, has a smaller "quantiry of motion' than a baseball becarse
it has a smaller mass. On the other hand, you wouldn't want to catch «
rennis ball with your bavre hands if it were delivered %o you by & big i
pitcher from the pitcher's box to watcher's position in the fomm o & rea!
fFast ball. It's the same tennis ball, sc irs mass is not different; but iv
dues have a much greater 'quantity of motion" than before becausze it is
traveling &t a vastly greater velocity.

The quzozity of moetion possessed by s moving object, then, dzpends
vpon two factors: the mass of the body and the velociry witrh which 1t moves.
Just as we are able to combine force and time to form & singie Juanoity
called impulse, we can combine mass and welocity to form another imporians
guantivy called momentum.

These quantities--their definitions and interrelatiouships--fowe the
core of this lesson. As these basic understandings gradualiy take shaps in
your mind, your appreciation and comprehension of moticn will be greaztly
enhanced. Impulse and momentum considerations have extremely importaunt
roles in 21l phases of physics from the macrouniverse of galaxies, stars,
and planets right down to the microuniverse of electrons, protons, and
neutrons.

Befsre seniinuing, please turn To page 156 im the blue appendin.
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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 direetiocn, push the door gently with the tip of your forefinger until
it swings with sufficient veleccity 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!j
so that it again latches closed without slamming.

Here are twoc different approaches to the same problem, the results
being identical in each case. You want to close the dcor without slamming
it; you may do 1t with a long, gentle push using the tip of a finger, or you
may do 1t by means of a sharp punch a2t 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 acticn 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 time.




YOQUR ANSWER --- B
% o ram = 2 = .3 - % m _ kg-m
\ ou are correct. Momentum = p=mv =kg X 550 = “eec
NOTEBOOK ENTRY
Lesson 11 :
{Item 1) . ;

(¢} The unit for impulse in the MKS system is rhe nt-sec.

2. Momentum . . :

{a) Momentum is defined as the product of the mass of a bedy in motisn
and the velocity of the bedy. If the body moves with uniform velswity, then
its momentum is constant; if the velccity changes, then its momentum changes .

" (b} Momentum is a vector quantity since it is the product of a vecrec:
(velocity) and a scalar (mass). The defining equation is:

> -»
P =mv
L
where p = momentum., kg o
{¢) The unit for momentum in the MKS system is the ge;e : I

Our princlpal concern in this lesson thus far has been the definivion
cf our terms and the physical nature of the quantities we call impulse and
momentum, We have seen that the impulse of a force depends not only on
the magnitude of the force but also upon the time in which it acts; we have
alsc 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 asscoiavicn

is a close one indeed. : 2

This association is easlily shown by referring to ocur statement of
Newtons Second Law. Write the equation for the Second Law on a fresh piece
of scrap paper and then turn to page 6. . ’



CORRECT ANSWER: You may have written either ¥ = ma at this time.
- F
oV a-..__“
m

As you look at the relation:
T =ma

you wi%} observe it has something in common with both impulse and momentum.
Force ¥ is an important part of impulse (Fét), while mass m has much to do
with the momentum (mv) 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 acceleraticn
in terms of velocity and time?

(11)

AV

A as= At

v

B 2=—t-

_ ad

C a—-B—t-
D a change ‘of speed

time required




YOUR ANSWER '———~ C

Ynu are correct. If doubling either m or v causes the quantity cf
motion to double, then quantity of motion must be proporcional to botli these
quantities.

“Teo help you develop your understanding and to crystallize your concepy
of quantity of motion, let us consider an example. A heavy-duty loiomcrive
having a very large mass is allowed to roll vq_z_slowly down a gentle “neliine

.As shown in Figure 1, the locomotive carries a pointed sruei p:iobe av
the front. After rolling a few feet, the probe meets a larce wood stop..
Naturaliy, the probe will penetrate the wood stop to a de Amite depth baLJLe-
the retarding action can bring the locomotive to a hal

Figure 1

. 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 cf the iccuo~
motive. Obviously, if the momentum of the locomotive is increased somehow,
the depth of penetration will be which of the following?

N
A 1Increased.
B Decreased.

'C Remain the same.



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 vi-—to the right or the left? :

Please return to page 56. Select the right answer.



YOUR ANSWER --- A

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

i

Please return to page 122; then choose the answer that fits our
definitions. '
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YOUR ANSWER --- A

You wili 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 cbtain the impulse
in newton-seconds. ' '

In this case, following the first alternitive:

’ impulse = Fat = §0 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.
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YOUR ANSWER --- C

Very possibly it does. However, the type of firing mechanism--
whether the rifle is bolt-action, pump-action, or lever—a;tion——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 my is v, which is given as zero just before
impact in Figure 5 on page 50. Hence, my is at rest with respect to the

table on which it rests.

. As you watch the collision take place, you see that m; is suddenly
brought to rest, while m, takes off in the same direction as the initial
motion of m;. We indicate this by labeling m; in the right diagram (Afrer
Impact) with the symbol v3 = 0 to show what has happened. In addition, My
is now relling to ‘the right with a velocity of v,.

Now refer to notebook entry 4(b). 1In this statement of the comservation

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 mj, having the
magnitude m;v;. The momentum of m? before impact was zero since it was at
rest; hence movy = 0. After impact, the momentum of mj is myvy = 0 since
this ball has come to rest, while the momentum of the system now is derived
wholly from m,, its value being mpv,. Which of the following would you
select as the best statement of notebook entry 4(b) as appiied toc this
.situation? '

(3L
A myvy + mpvy = myvy + mpv,
3 myvy + m2§2 = myvgy +4m1va
C mlvi‘= myvy

D myvy = myvy
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%
YOUR ANSWER =--- C
Well, we can try this and see:
F At Result
6 + 0.1 60
3 % 0.2 i5.5
1 + 0.6 1.66
0.5 = 1.2 0.41

Not so good. The results are all different. Yet each forece 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. 1If 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

o

It is quite possible that you did not notice the constancy of momentum
in the last example involving the carts. The carts had diiferent masses
"and, when they interacted as the spring expanded, they separated at differ-
ent velocities. Yet the change of momentum of cart m; (ap = 0.2 kg-m/sec) was
numerically the same as the change of momentum of m, 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 validicy.

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 rhe 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 of Newton'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 descriptiocn. '

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 divided 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 cther cannct possibly
give you a vecter quantity like acceleration.

Please return to page 6. Choose an answer which truiy defines
acceleration in the most general 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 3l. Be more careful this time.




YOUR ANSWER --- A

You are correct. The momentum can be increased by increasing the
mass of the leccomotive, its wvelocity, or both. Any means used to do this
will give the engine a greater quantity of motion and hence will increase 1ts
ability to drive the probe more deeply into the wood.

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

M = mass v = velocity

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

Next let's imagine that the prcbe is removed frum the front of the
engine and that the probe is fired into the same wood stcp by means of a
specially designed spring gun. The spring will be compressed just enocugh to
cause the probe tc penetzate into the stop to the same depth as it did when
mounted cn ihe engine.

V -
SPRING GUN FROBE ‘ e
/' WOOD
2 ' sTOP /(
m ) ' \\\'
‘ N
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 singie mcving
body. For consistency, we have assigned vy as the velccity of the empry
freight car after impact and v, as the velocity of the lcaded freight ca:
after impact., But if the two cars form a single body, can vy be less than,

vé? It did not bounce away from the lcaded car.

Please return to page 88 and select the right answer.
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YOUR ANSWER --- C

The cbject was decelerated tc rest and then accelerated in the opposite
direcrion. Thus, itz change of velocity must be assigned a negative sign
This means that its change of momentum was negative as weli, since m is a
scalar and is always taken as positive.

What does this tell you about the impulse that prcduced rhis change
cf momentum? -

Please return to page 39 and select a better answer.

ERIC

Aruitoxt provided by Eic:
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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 youf
choice. o e

"t
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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 mp to twice its former value, while m; is unchanged. So we have a
relatively large mass on the right and a smaller one on the left. We
compress the spring, then burn the cord, and observe the relative speeds of
the two carts as the spring suddenly expaunds.

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 my would be greater than that of mj.
B The speed of m) would be greater than that of my.

C The speeds of m; and my would be the same.

At ST
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YOUR ANSWER --- C
This answer is not right.

It is probable that you went astray in adding m; + my in the denominatpr
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. '

In our case, you are trying to add:
6.0 x 10% + 1.2 x 10°

If you wish, you can change the first term to 0.60 x lO5 and then
add: '

0.60.x 10° + 1.2 x 10°
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 10
and then add: '

6.0 x 10* + 12 x 10%

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 becdy.
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 cur now.



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 relarion,
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 c<ompaied
to the initial velocity, what would you say the momentum is after the for:e
acts?

(23)
A -120 kg-m/sec
B -20 kg-m/sec

C 20 kg-m/sec




YOUR ANSWER -~— A

Something went wrong here!

If the mass of the ball is 0.50 kg, then the weight zan’'t be 0.30 nt,
alse.

On the Earth if the mass m of 2n object is known, then ivs weight
is given by Newton's Second Law as:

w = mg

Go back to the original question by turning to page 67, please  The
answer shculd 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 be
impulsive. You can easily choose the right answer.




29
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 mislabelied -
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 myv; + mpvy. After impact, the total momentum of the system was m vy +
myv,. 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, considerlng
the isolated system as a whole.

We can go further with this particular example. Refer tc Figure 5
on page 50. Two of the four velocities with which we are dealing are zero.
That is, vo = 0 and vy = 0 because initially my; is at rest, and after impact,
m; comes to rest. '

With this in mind, we can simplify the equation in the abcve answe:r
by dropping twc.cf 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 changé of velocity
of 4.00 m/sec is 32.0 nt-sec.

The solution:

(1) We start with: FAt

(2) Substituting: TFat = 8.00 kg x 4.00 m/sec

(3) Solving: © F8t = 32.0 kg-m/sec -

(4) We want to express impulse in nt-sec, however. Since s
newton is a kg—m/secz, we see that if we multiply newtons
by seccnds, we come out with:

mav

Kg-M o coe = Kg-m

sec sec
Thus, the 32,0 kg-m/sec is the same thing as 37.0 nt-sec.

From this point on, we need not worfy 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-meter petr second.

Finally, to remain consistent, we must measure force in _ {w)
time in (x) , mass in _ (y} , and velocity in __ iz}

To complete the sentence above, select the correct group 2f units
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 éo-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 th
of a large force acting for a relatively short time.

m
wn
(4]
e
(%3
I
o

Continuing with the analysis, we see that a lazge 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 beth inveived in a certain action, we shall speak

of the impulse cof the force; we shall say that one force impulse is equzl to
another if both cause the same effect on a mass insofar as its final velocity
is concerned. 1In our example, the same mass (the door} was acted upon in

the two situations, and in each one the door achieved the same final welosicy
(just latching clcsed). We say that the impuise 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 fcilowing
forces for the time intervals shown below.

Force (F) Interval cf Time ,_ .

‘ of Force Actionm (@
Case 1. 6 nt 0.. se
Case 2. 3 nt 0.2 sec
Case 3. I nt 0.6 sec
Case 4., 0.5 nt 1.2 sex

Since these two factors produce an identiczal effect in each case, we
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 valué to the corresponding at vaiue.

B vMultiplying the F value by the corrésponding 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 wvalue
of a decreasing momentum.

: Thus, &p = -1.5 kg-m/sec. Heace, 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. .

1
!
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YOUR ANSWER ---~ B

Although we said that we would not emphasize units too heavily fox
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 feturn 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 ceclilision
of freight cars is an inelastic one where the bodies couple together after
impact and move off together. You are probably wondering it the Principie
of Conservation of Momentum applies equally well tc inelastic collisions
as 1t does to the elastic type exemplified by the billiiard balls.

Read through notebook entry 4(b) again. Note that it dces noz specity
any particular type of interaction. The principal requirement is that the
system be isclated with no unbalanced, external forces acting on it. Thus,
the conservation principle applies just as well tvo the freight-ca: c¢ollisicn
type of interaction as it does to the type represented by the coiliding
billiard balls.

Please return to page 103 and piék 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 fricticnal
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 z better answer.



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

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

1

A certain bit of common sense must be applied to the solution sof
problems invclving vectors iike impulse and momentum. You simply cannct
blindly substitute in formuias or manipulare numbers willy-nilly withcut
reascning about what you are doing. Formulas alone are cnly toels tc heip
you.,

NOTEBQOK ENTRY
Lesson li

- {Item 3}

(e) When an impulse is large encugh to stop a moving body znd then
reverse its direction, the total change of velocity is the negative sum o¢f
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 & long enough time x¢ czuse
its velocity to change to 8 m/sec to the south, then its change of velocity
av = -18 m/sec. L

a
|

This idea is further expanded in the following problem: An cbject with
a mass of 10 kg moves at a constant velocity of 10 m/sec. A constant force
then acts on the object for 4.0 sec, giving it a velocity of 2.0 m/sec in
the opposite direction. Now you are going to be asked three questions cn
this problem. Here is the first one: What is the impulse acting on the
object? {(Copy this problem in your Notebock.)

(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 ccllision--that of the empty freight
car v;; similarly, after impact there is only one velocity, that Lo
the velocity of the coupled cars v,. The mass of the empty freight car is
comparatively small, so let's designate it as just plain little m; its veloc-
ity is v;; hence its momentum is mv;. O0.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 vy, SO the momentum after the colliszion
may be writtem as Mvj.

' 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.

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

4

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 is
not 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 = Fat.

" So we have: : Tae = mav
Or, if you like: impulse = mav

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

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

(13)
A Momentum in a slightly different form.
B A change of momentum.
C A éhange'of mass and velocity,

D 1 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 = Fat

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 ﬁ? 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.
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.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.

I1f a force is applied to:a 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:

—’
Amv

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 happerns. The mass remains the same, and only the
velocity changes. Thus, we are saying what we really mean by inserting the
"a" between the m and the v.

Please return tc page 46 and select the right answer.



50

YOUR ANSWER --- A

You are correct. The conservation equation can be solved toc 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 Conservaticn 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 consideratiocns.

When two steel bails or billiard balls collide, we have a close
approach to the rype of collision which cccurs on the sub-aztomic level. Voo
may have seen the conditions shown in Figure 5 actually occur on a billiard
table. Cue ball my, moving with a certain velocity Vis collides EEE?:E“

(not glancing) with ball mp. The situation is shown in the left- diggrzb
of Figure 5, labeled 'Before Impact." :

BEFORE IMPACT AFTER IMPACT

0 v, =0 =%
3

Ly e N R
ShE—0 @ <E— ae

Figure 5
According to the notations on the diagram, whét can you say.abcut my?
(30) |
A Ball mp is moving toward m; at the time of impact.
B Béll my is moving away from mj at the time of impact.

C Ball my is at rest with respect to the table at the time of impact.
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ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- A

N

You are quite correct. After the collisjon, the new mass is the sum
cf 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 tc be
the same,

Thus, 1in the equation:

vo = IV
Toomptm
v, must be smaller than vy;. If it comes out equal to v; ci larger than v,
you wili know immediately that you have erred somewhere.

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

(37)

A 1.0 m/sec

B 1.5 m/isec

[@]

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 mfsec.
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 i5 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.

It 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 airectlons of the initial and finsl velocities.
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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 bedy 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 cf the locomotive,
we must have increased either its mass, its veloecity, oxr 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 befare
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
locomctive to rest. Again, this implies that the probe will have tc 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.
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CORRECT ANSWER: 1Ir its most general terms, the equation should look some-
thing like this: :

mlvl + mzvz = m1V3 + mzv[’

in which:

m; = mass of bullet

vy = velocity of bullet before impact
my = mass of block

vy = velocity of block before impact
vy = velocity of bullet after impact
v, = velocity of block after impact

Well, let's see. Since the bullet becomes embedded in the block and
brings it to rest, then both v, and v, must be zero. In the equation above,
then, which terms become zero and drop out.

(38)

A mpvy and mpvye.

B mjvy only.

C MoV, and myVye

D myva and MyVye
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YOUR ANSWER --- C

This statement is quite true, but it dcesn'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.



56
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:

MayVv
T

and solve for Ve Select one bf 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.

~ TN
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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
Ps YOu get:

v

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.

e




58
YOUR ANSWER =-- B

If doubling either m oxr 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.
(0f 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 quantitiés 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:

st = 0:50 x (=3.0)

-0.50 x 9.8 oo

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:

=3.0

At = 938

sec

_ 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 --- A

You are correct. The Straightforward solution goes like this:

n = (6.0 x 10%) x 3,0
37 76.0x 10%) + (1.2 x 10°)

In order to add the terms in the denominator, we must eqdalize the ex-
ponents of the powers-of-ten. Let's change 1.2 x 10”7 to 12.0 x 104, Then:

) (6.0 x 10%) x 3.0
V3 7 (6.0 x 10%) + (12.0 x 10%)

4
8 x 10
V3 = -——18 : 104 = 1,0 m/sec
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 cf the empty freight car,
Thus, the velocity after impact would have to be 1/3 of the original velccity.
S}nce the original velocity v = 3.0 m/sec, then Vi would have to be 1.0
m/sec. q

Now, here’s a similar problem for you to work ocut aleone.

A boy having a mass of 60 kg steps vertically intc a 75 kg canoe that
is moving at a speed of 1.0 m/sec. What is the speed of the canoe afrer 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 interactingody, and (2) the direc-
tion of the momentum change for one body is opposite that of the o;her

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 ome 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: 1In 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.

(¢) Symbolic statement: mjAv) = -m,Av,

An excellent example of an isolated system is provided by the firing

- of a bullet from a rifle. Before the powder explodes, both bullet and rifle
are at rest; there are no external forces acting on either of the two ewcept
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 1

- 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 mj wili move off

" to the left and mass my will be driven to the rlght. If two velccities have
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 »he velocities
are very definitely not the same. :

Please return to page 154 and select a better answer.



63
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 tc 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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ERIC

Aruitoxt provided by Eic:

YOUR ANSWER —-—- B

Tc determine the units for a derived quantity such as impulse, it is
alwzys a good idea to substiture the fundamental units in the equation that
defines the derived unit.
hat 1s:

impulse = Fac

So impulse units = nt x sec

The unit for impulse appears ro 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.
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YOUR ANSWER --- C

You are correct.

. - / 3
v, = Mv2 o 2.0 kg x (-3.0 m/sec)
1 my 0.006 kg

]

vy 1,000 m/sec

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

It is true that vy is larger than Vo, but not because the cars couple
rogether at impact.

The problem states that vy (the velocity of the empty freight car before
impact) is 3 m/sec and that v. (the velocity of the loaded freight car before
impazt) is zero. So.it is qu%te true that v; is larger than vy, but this is
simply cne of the stared conditions of the problem.

Piease return to page 88. Look over the other answer carefully before
making another selection. '
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"CORRECT SOLUTION: " mav
at ==

The mass of the ball is 0.50 kg. The velocity of the ball is decieas: :
ing; hence Av 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
9.8 "t
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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 m) is not associated with
velocity vy at any time during the interaction; similarly m; is not associated
with v4s either.

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

Please return to page 13 and chocse a better answer.

P
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’ This page has been inserted to maintain continuity of text. It is
not intended to convey lesson information.

o

ERIC

Aruntoxt provided by Eric:



YOUR ANSWER --- B

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

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

mv; = Mv3

where m is a smzll mass and M is a icrge mass, and whewe we are to preai T
the relarive magn1tudes ‘of the velocities vy and LT

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

in m.x v} Mx vy, we obtain

2 x 20 10 x 7

What value would K have to have in this simple example? Write your
answer; then please turn to page 126.

ERIC

Aruitoxt provided by Eic:
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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 "negz-
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:

|
>
Yy
=
1)
0
[=4
fn

fre

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

Sv, impulse may be defined as the product of a force times the intei—
val of time over which it acts. That is:

impulse = Fat —

In the MKS system, force is measured in newtons and time is meas- -
ured in seconds. Since impulse = Fat, what is the proper unit in.the MKS
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 my is made larger than m,, its
inertia would be greater. This means that if the same force is applied to
both m; and my, the larger mass would accelerate wyre slowly than the smaller
one. 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 same
after 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, (velocity of bullet after impact} ana
v, (velocity of block after impact) are both zerc, then any product in which
either appears must be zero.

In that case, cthe equation becomes:

mivy + mpvy = 0

Now, since we want the velocity of the bullet before impact, we shouid

solve this equation for vi. That is:
mlvl = -m2V2
Vl = - T—ZXZ
m
1
We have this data:
my = 0.0060 kg my = 2.0 kg

What is the velocity of the wood block before the collision occurs"
(39)
A 3.0 m/sec

B -3.0 m/sec
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YOUR ANSWER -—- C_
. \
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 quantlty as the product
of force and time? You can't, of course.

Please return to page 122. If you must, check your notes before
selec'lng the answer again.

P




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
velocit, in this case is 4v = -15 m/sec, the minus sign being required to
show that the valocity 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 ther has accelerated to a final velocity in the
opposite direction.

What value would you assign to 4v in this situation?

(20)

A aAv = 9 m/sec

B 4v = -9 m/sec

C av 21 m/sec

D av = -21 m/sec



 YOUR 'ANSWER —-- C

This answer is incorrect on several counts. (Refer to Figure 5 on
page 30.) First of all, it ignores the fact that velocities vy and vy
must be taken inio account in any calculation of total momentum.

Secondly, this equation associates m; with v,. This mass and velocity
do not belong together; they are not associated with each other.

Improper association of symbols is a common source of errcr 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 complered the study portion or Lesson ll and your Study
Guide Computer Card and A V Computer Card should be pxopezLy punched in
accordance with your performance in this Lesson.

You should now proceed to complete your homework reading and p:icbiem
~assignment. The problem solutions must be clearly written out on 8%'" x 11"
ruled, white paper, ar ' then submitted with your name, date, and idenci-
fication number. VYour instructor will grade your pro blem work in terms of
an objective preselected scale on a Problem Evaluation Computer Card and
add this result to your computer protfile.

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 znswered on a Post Test Compuier Card.

Upon completion of the Post Test, you may prepaze for the next Lesscn
by requesting the app*OpL¢ate
. Study guide
« Pprogram control matrix
. set of computer .cards for the lesscn
. audio tape

B "SI R

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

Good Luck!

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- A

You are correct. 1In formal terms:
Po = Mv,
(The zero subscript indicates, as usual, initigl conditions, )

Po = 0.50 kg x 3.0 m/sec = 1.5 kg-m/sec

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

Another question about the same ball: What is the momentum of the
ball at rhe highest point in its upward flight? This is an €asy question, so
we'll omit the choices. Write your answer; then turn to page 130.
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ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- A

You are correct. Both the boy and the man start from rest. Theirx
individual changes of momentum are the same as their indivicual final mo-
menta. We'll calculate the change of momentum for each and compare vhzm.
Let us designate a velocity to the right as (+) and a velocity to the left
as {-). 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: 4Dy = myAv 80 kg x 0.25 m/sec = 20 kg-mjsec

m

#

Boy: APy = mpyavy = 50 kg x (-0.40 m/sec) = -20 kg-m/sec

Despite rthe diiferences 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 bedies, 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 junst
discussed?
(27)
A mlAvl = mzsz
B. Amlvl = -Amz'"z

C mjAvy = -moAvy
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YOUR ANSWER ---. B

We have seen that there .= an inverse ralationship between velozity
and mass in an explosion-type of action. - That is:

Avr = —A‘!jb X .I.n_b
m
r
In the case of the second rifle, we are using the same bullet; hence
v and my remain the same. Since these quantities do not change, why not
think of them as comprising a constant k which may be substituted in theit
place so that we can writce: ' '

"This expression, then, is easy to interpret. The change of velscioy
of the rifle is inversely proportional tc its mass. Thus, the new rifie 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 i00. " You should have no difficulty now.

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- B

You ave correct. You changed 0.005 min to 0.30 sec and then icund
the impulse as the product of 80 nt x 0.30 sez = 24 nt-sec.

Just for a while, we shall leave the subject of impulise znd invastigare
the characteristic of a moving mass that Newten called its quantity of mcricon
" This idea was briefly discussed in the introduction to this lesson. It
mass m moves with a velocity v, we sense that there is a certain quantity <
mocion; when we double the mass {2m) while it has the same weliocity as beic:
we feel intuitively that the quantity of wotion has also doubled. Now going

back toc "he single mass m, suppose we double the velocity; zgain we sense
that this, too, should double the quantity of motion. So, if 2ilhe: the wass
or the velocity is doubled, the quantity of motion doubies.

£

<

_{h -

-t

4

3

{

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

(63
A Doubling both causes a cancellation which makes rhe quantity of
.motion the same as it was for mass m and velecity v.

B Doubring both m and v causes the quzntity of motion to double,

C Doubling both m and v causes the guantity of moticn to be & vimes
as great as it was.,

O

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- B

You are correct. Momentum is the product of mass and velccity.
y

\\

Before going furthér, we must decide whether or not momentum is a
‘'scalar or vector quantity. In discussing impulse, ycu 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 velécity (scalar).

B Mass (vector) x velocity (vector).

. € 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:
mlv" = V3(m1 + m'))
Selving for v,, we have:

vy
ml + mny

[

YJ‘3

Now, before substituting in this expression, to aveoid getting lost in
a morass of numbers, let's lcok ahead to the physics of the problem. Would
you expect the common velocity of the coupled car to turn c'it to be larger,
smaller, or the, same as the velocity of the empty freight car before impacrc?-
In short, by anticipating in this fashion you can tell whether the answer you
get for Vs contains a possible blunder.

(35)
A vy should be smaller than vy
B vy, ghould be larger than vj.

C vy should be equal to V-

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

Not true. It is true that v is zero, making rhe second term zero,
 but v,, the velocity of the bullez, is a finite quantity, not zero. Hence
the product mjvi 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~ ’ ' 2

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

A

Please return to page 143. There is 2 much berrer answer you can
chocse. ‘ o

>




O
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YOUR ANSWER —--- &
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You are cesvect. The Pripecaple of Conservation of Momentum applies o
any :type of intersciiom or collision. So, although the freight car collisicn
is inelasric, momenivm must be conserved. -

Let us wr?i~= the general equation firsy, using the same nctaricn as

for the billizrd bails:

J TR VT Tﬂz’\’z = m,.t T Moy,

DR Z°4
Next, we 11 list the quoﬂVlVl 5 we know
m = mase oI empry treight car (6.0 x 104 kgt .

=

¢
(PRI R R
. .

= mass of loaded freighr car (1.2 x 10” kg)

=

» yeiority oi empry freight car after impact (7
- yelowity of loaded freight car after impacr {7}
@y Copy the above listing.)

=
o
it

velucity of empty freight car beforezimpact {3 m

1/ S€L )

= velccity of loaded freight car before impact {0 m/secz)

Since the tsrs uteouply vogether at impact, cthis means that which of

the icllowing musi be rpust
{335
A v, WuET DE larger than v,
B v, MUSK be larger than v
C v, must be equal to V-

D v, must be lass then v
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YOUR ANSWER --- C

You made a creditable stab at it, byt you lost your wayr

From Newton's Second Law, we know that:

W = mg

You want the wéight w of the bail.

of g close to the Earth. Apparently, you i
selecting this answer.

You know_the mass m and the value
nverted the equation somehow in

Return to the original question, please,

by turning to page 67,
Choose the right answer this time. :



This page has been inserted to maintain continuity of text,

It is
not inten'ed to convey lesson information.

o

ERIC

Aruitex: provided by Eric



YOUR ANSWER —-- B
This answer is inccrrect.

. 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:

loaded car 1.2 x 10° kg
empty car - 6.0 x 10% kg

Thus: 5
1.2 x 10,2 9,20 x 10} = 2.0
6.0 x 10 E—

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 befcore impact.
The velocity before impact, v, 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 after
impact 1s not twjice that before impact. Study the terms of the problem =z2g.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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Ntz
YOUR ANSWER --- C

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

Once. you determine why we say that you've used the wrong velocity
unit, you should have no trouble in selecting the proper answer. Please
return to page 153. :




QO

ERIC
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CORRECT ANSWER: Since vy and v, are both zero, then mpv, and m;%3 drop
oui, leaving the simplified expression:

mlvl = m2V4

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

We can assume without the danger of significant error that the biliiaid
balls of our example in Figure 5 on page 50 are of equal mass. Basing your
thinking on this assumptisen, you can then answer the following question: 1t
the first 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 tor
confirmation.
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YOUR ANSWER --- B : _

You are correct. Good thinking! When an unbalanced force is applied

tc a masg, *he velcciry ¢i the mass must change either in magnitude or di-~
recticn. This change of veloczity is symbolized by av. But when the velociry
of a mass changes, then irs momentum must also change. Thus, mav tells

you that the momentum has changed. Obviously, we don't write it this way:
amv, because this might give the false impression that mass was changing.

For a given bedy, the mass is constant.

e

Beiore contimnuing, piease tu*n to page i57 in the blue appenaix

We have progressed to this point: ?Bt = mav

We can now incerprer it correctly.

NOTEBOOK ENTRY
Lesscen 11

3. Relstionship of impulse and momentum

{a) Newton's Second Law may be used o show that: Fat = mav

(b} This equation states that the impulse of a force applied to a
mass 1s equal to the change or momentum which the mass undergoes as a result
of the impulse.

{¢} Since both force and velocity.are vector quantities, it must be
remembesed thait the compiete form of the equation 1is: <

?Lt = miv

As long as you :emember the vector natute of these quantities, it is
permissible t3 omit *he wve«icr &1rCWS. |

-
1

Let's czonsider a simple example. How great is the impulse that gives
an 8.00-kg mass a change of velocity of 4.00 m/sec? (Copy this problem into
your notebock as an illustrative example.) Work out the answer; then check
it by turning to page 3i. ‘
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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 vy evidently
applies to m, just before impact occurs. Since vy = 0, then My cannot be
moving.towars mi, can it? If it were moving at all, it would have a definite
velocity 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 -
3.0 m/sec instead of -3.0 m/sec in 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 comvention but would
not cause the answer to be in error. '

We might understand your choice of this answer if we hadw'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 velccities
to the left as (-) quantities. In this way, we -adhere to the conventionai
axis notation in Cartesian coordinates where the X-axis is {+) to the right
an¢ (-) to the left of the origin. o

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 zo inspect the
numertcal combinacion after substitution to determine the order of mag~

nitude to be expected. In this case:
0.50 x

0,50 % (-3.0)
4 = 7050 x 9.8

<

sec

Ir -should be perfectly evident to you that the 0.50 in the nume:ator
will cancel the same factor in the denominator and leave you with:

-390

At = 5.3 sec

Since. this is approximately if3, how could your answer possibly turn

cut to be 31 sec?

Please return to page 125 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 acczleration 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 conservaticn
equation for the ratio of the velocities by cross-multiplying:

mrdvr = —mbe.vb
A__Vr = - m—b
Avb mr

This shows that the ratio of the velocity of the rifle to that of cthe
bullet is the same as the ratio of the mass of the bullet ro the mass ot the
rifle. Since the bullet's mass is very small compared to the rifle's mass,
the ratio on the right is a very small number, tco, and the value of Ay,
is very small compared to the value of &vy. ' -

Suppose the same bullet were fired from a different rifie 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 % the mass of the origiﬁal 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 specific 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,‘2:='3/t 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 c¢hange 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 = v/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.

/
LY



YOUR ANSWER --- B

We hoped that we had cleared this point up before.

4

When the delta precedes the product, there is an implication that the
‘momentum may change as a result of a change in either the mass or the
velocity of the body, or both. - However, since our problem involves one
‘specific body for my; and one body for my, the mass is not a variable. Hense,
the mathematical expression should not permit this to be considered as «
poessibility.

Please return to page 8!. You should be able to pick the right answe:
now. '
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CORRECT ANSWER: The second billiard ball will move off at a speed of 1.8
m/sec, too. Clearly, if mjvy = myvy,, and in addition if my = my, then we
can see at once that vy = v,. 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 foliow, which alssc can
be solved through the use of the conservation principle.

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

~

Standing on the same track is an empty freight car of mass 6.0 x EOq kg
and a loaded car of mass 1.2 x 10 kg (Figure 6). The empty freight car 1s
on an incline with its brakes locked, while the loaded cai 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 | is moving at a speed of 3 m/sec. At impact, the cars coupls
together and move off as a unit. What is their common speed dfter the collision?

)

FREIGHT CAR 2

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.

€ I don't know.
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YOUR ANSWER -—-— B

If velocity weve a scalar quantity, then AV could be found by subtracr-
ing the final from che initial velocity without- regard for the physical
conditions implied by the problem. But it is not a scalar and cannor be so
handled.

You subtzacted;lO m/sec from 2.0 m/sec and obtained a value of -8.0

m/sec for av. This is where your error lies. Refer to notebook entry 3{e}
to review the reasons thar explain why this operation is nor satisfactory.

Please return tc page 39 and choose a better respcnse,
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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 force
to his left or straight ahead. What then?

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

This cannot be true if the Principle of Conservation of Vomencum 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 te-
mains unchanged regardless of the number of interactions that may occur.

Our freight car system .s an isolared 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 vertlcally during and sfter impact,
so gravitatlonal force may be ignored.)

So since the system is isolated, and there is an interaction that fits
the conservaticn principle in all its details, the mcmentum 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 are
correct, and, then watch that decimal point!

Correct your error; then turn to page 56 and choose the right answer.

o

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER --- B

You are correct. Mass mp has a larger inertia than my. With the
same force applied by the spring tc both masses, the smaller mass would
experience the greater acrveleratlon iascceleration varies inversely with
mass). Since the force acts for the same time on both masses, then the mass
with the greater aczteleration would acquire the greater speed.

"When two bodies inreract as in the previcus example, 1he same o
differeni velocities may be imparted to rthem by a common force, depending
upon their respective messes. It might otcur te you to ask whether rhere
is some simple relaticnship berween the momenta {plural fo: momentum! ot
the two bodies. '

There is, indeed! For example, as shown in Figure 4, the two carrs
start from rest and, when the cord is burmed, m; acquires a speed of 2.0
m/sec, while m, acquires a speed of 0.20 m/sec.” You will observe that m, =
0.10 kg and my = 1.0 kg. !

Vl ) T
ém_,_mu;m,ZJ)m/sec ' 0.20 m/seg— S, ¥
@) - O 2/0
”’ N
0.10 kg 1.0 kg
m]_ m2

Figure 4

The change of momentum of my as a result of burning the cord is
easily explained. Since the mass was initially at resr, its change of
momentum is the same as the final momencum acquired, or 4pj = mAv, =
0.10 kg x 2.0 m/sec = 0,20 kg-m/sec toward the left. The change of
momentum of my, is similarly easy tc determine. ‘

The change of momentum of my is : . Wricte the fvil
answer; then tuyn to page 15! 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 vecicrs

Please return to page 84. Don't guess. Be certain you kuow which
quantity is vector or scalar before choosing another answer.

ERIC

Aruitoxt provided by Eic:



YOUR ANSWER --~ A
Your mind is still back on a previous step of this problem

You have chosen the change of momentum (mav) as the answer to the
question: '"What is the momentum after the force acts?" The change or
momentum is the difference between the initial momentum and the finzi
momentum and is numerically equal to the impulse. We are locking foy vne
final momentum of the body, not the change it experiences.

Please return to page 26. Select a betrer answer,




YOUR ANSWER --- B

You didn't read the question with enough care. There is one glaring

error in the set of units presented above. @ﬁ&

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 constit.iz &
single moving body with a single speed. Thus, Vg =V,

So, if v, = v,, we can simplify the original equation like thiz:

3
myvy + MyVy = myvy + myv,

becomes myvy + myvy = myvy + myv3, and then
myvy + movy = v3(ml + m2)

Now look at the list of data. You will see that Vo, the verviiny o
the loaded freight car before impact, is zero. Hence, the term myv; d:ups
out, and the equation is further simplified to:

o
)

myvy = V3(m1 + mz)

0f the various factors present in this simplified form, which one o
the unknown in this problem?

(34)
A my
B v
C vj3
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CORRECT ANSWER: The speed of the canoce after the boy steps aboard is 0.56
m/sec.

The solution:

m, = mass of cance = 75 kg
= mass of boy = 60 kg
v] = initial velocity of canoe = 1.0 m/sec
velocity of boy and cance after boy steps verti€ally into
canoe

<
u .
]

The equation:

— ‘ o mvy
X V3 ml + m2

Substitution:

v 75 kg x 1.0 m/sec
37 75 kg + 60 kg

_ 75 kg-m/sec _
Vq 135 kg 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 alonmg a fricticnluss
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
—
(-
iz
v =1 [%méb
P , " BLO
\\ BULLET VRN,
0.0060 kg k”\;\;
\‘ \_\ \

{__ FRICTIONLESS SURFACE

Figure 7

After you have written the equation, please turn to page 54.
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YOUR ANEWER =w-- 4

Whzt dces rhe eéxpression you selected rell you?

it srates that the change of momentum of ma

55
change of momentum o mass my efter inreraction, Si
Wwith vector quantiries and situce both syd
ithere iz no
& vhan

my 15 equal tc the
nee we are deaiing

negative signi, 1. further sra
g2 of momenium in the ssme direction

Is this & physteal faer?

Please return ro page 8i. Sel

1€t an answer that tells the whole sro:
cerrectliy.

S

les of the equation above are pcs
-&tes that the tws masses under

ive

y
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CORRECT ANSWER: Impulse is-a vector gquantity.

To describe an impulse fully, you must give its direction as well as
its magnitude. You will recall that force is a vector quantity and, to be
strictly correct, the symbol for it should always be written F. In many
situations, though, we omit the vector arrow and wrire 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:

_ s >
impulse = Fat

NOTEBOOK ENTRY
Lesson ll

1, ImEdlse
(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 ig scalar.

Incidentally, few authorities use a symbol for impulse, so we shall
follow suit. For our purposes, when we want to symbolize impulse in au
equation we shall write ?ﬁt, with or without the vector arrow, depending
on the gircumstances.

Please go on to page 116.
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YOUR ANSWER ---~ C

This 1s too vague a statement, and it doesn't give a definition of a
term. It only repeats in words what the terms state in symbols.

The "4" does represent "a change of," but it is not placed before the
product like this:

J

-
ANV

iet a very gocd reason. By inserting the '4" between the m and the <
tacrors, we are explicicly saying thacr thé mass dces not change while *he
xelority dces. What change could we mean by mav?

Rgturn to page 46 and select another answer, please.
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YOUR ANSWER —-~ A . /

This is not coyzect. You a:e probably being contused by rhe symbol
for momentum. It is not m; it is p. .

1f you sclve the equation m = pv for p, you get p = myv, which 1s a
ratio, not a product.

Since mementum is the product of mass and velcezty, then m = pv is
net corvect. ’

Flease retuin tg page 14} and select another answer .

O

ERIC

Aruitoxt provided by Eic:
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YOUR ANSWER —--- C

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

Since the body slowed down from 15 m/sec to 0 m/sec just before revers-
ing direction, this segment of its 4v is -15 m/sec. Neow, if it reverses
direction, the impulse causing this must still be applied in the direction
that caused the original deceleration. Therefore, if we call rthe effect
of the first part of the impulse (that which brought the body tc rest) a
negative quantity, then the new, oppositely directed velocity must have the
same ''megativeness'' 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, there
was an additional aAv of -6 m/sec. Now, what is the total av?

Please return to page 77 and choose the best answer.




YOUR ANSWER --- B

It may well be that you did not recognize the kind of constancy we had
in mind. Think of the previocus cart experiment for a moment. The carts
had different masses; they interacted as a result of the expansion of the
spring; one cart went cff tec the left wirh a change of momentum of G.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 ¢f momentum if you computed the Ap for the boy znd for the man and
then compared .them. Try it. )

Now return to page 151, please. %You should have the answer now.

ERIC

Aruitoxt provided by Eic:
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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:

e ]
I
(2]

Result

— D O

6
3.
1
1

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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Aruitoxt provided by Eic:
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YOUR ANSWER --- A

You are corzect. Acceleration is the rate of change of veloci
respect. to time, The "&" means rate cf change. Thus, &v 1s rare 2f change
of velocity, whiie At expresses the time interval or the change ot the readang
cf the cloek from ¢ to Ty, .

. oy &V -
Returning to the Second Law, suppose we substitute Ao in place of =z.
We then have: t

T
¥ o= ma
-~ AV
Fo= o
At

Now, multiplying both sides by &t will move this factor to the lefr
side, giving us:

FAL = mAv

But what is Far? Of course! It's the symbolic definition cf which ox
the following?

{12} -
A  Momentum.
B  iImpulse.

C Acceleration.
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YOUR ANSWER =-- D

This answer 1s incorrect in that it ignores the fact that velocities
v, and v3 must be taken into account in any calculation of total momentum.

It is perfectly true that if vy and v, 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 1is mct justifisble. First, from the Third Law we know tha:
the for<e acting on m, has the same magnitude as the force on my. (If
Bedy A exexts a forve on Body B, chen Body B exerts a torce of equal
magnitude on Body A in the opposite direction.)

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

¥

i
=

2

;a

and F = m-2a2

[
v

where &z, and &; are rthe acceleraticoms of my and my, tespectively. Now,
sinre the to:rze F 1¢ the same on both mssses, -we can eguare:

:d thar we were going to doubie my. Thus, my 1s larger than m ,
10m above is larger than unity.

If aj equals ap multiplied by some numbex greater than 1, what doeg
rhat :ell you abour the comparative size of a;?

Were you coniused as to which mass was increased?

Please return to page 23 and try again.

ERIC

Aruitoxt provided by Eic:
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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/secz, then w = 0.50 kg x 9.8 m/sec? = 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:

We have the following data:
m = 0.50 kg av = -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:

ot = 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 deo 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 Vg, Vg

3 would have to be 4.

Thus, we have:

2 x %S = 1% X &
E vi M IB

So that 40 = 40.

Now cbserve what has cczurred. The small mass m is i/% as large as
the large mass M. The equality of the products torces us o assign a vaiue
to vy which is 175 rhat of vy sc that equality may be maintained.

n sherti, then, in an interaction i1nvelving the coupling together cf
the masses after the celiiision, where the new mass is the sum ci the originai
masses, what must be true of the new veloccity afcer impact compared to the
original velocity before impact?

-
d.

Pleace retapn to pape 85 and try againt



127

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:

0.0030 kg m

900 m/ r
b m/sec Vr

The Principle of Conservation of Momentum:

M

2.0 kg
v 9

nn
nou

mrAvr = -mbAvb

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

v. = “WpAVh
r m
r
Substituting:
v. = - 0.0030 kg x 900 m/sec
r 2.0 kg
v, = -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 rhat you introcduced the {~) sign into the answer is an
indication that some of your thinking is following the right lines. But you
haven'rt gone far enough. -

Look at it this way: we know rthat when the moving object is brought
tc rest from a velocity of 15 m/sec, the change of velocity is -15 m/sec.
The minus sign indiczates that there has been a decrease of velocity. Now,
when it is accelerszted in the opposire direcvion to a new speed of 6 m/sec,
the total change of velority is greater than it was when the body was just
brought to rest. Remember that velocity is z vector quantity and that the
direction of motion must be comsidered as well as the speed. An oppositely
directed velocity is & "minus" velccity compared to the velccity in the
original direction. ' ’

Please return tc page /7 and select another answer choice,
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YOUR ANSWER --- B

“Hold on! I'm afraid you've missed the point!

We are using the word momentum to describe the quantity of metion.
We have agreed that increasing either the mass or the velocity f{cr both) of
the moving body will increase its momentum.

1f, 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 reason-
able that the probe will have toc penstrate more deeply into the wood before
enough retarding force can be brought to bear on the locomotive to stop its
motion.

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

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



CORRECT ANSWER: 4t the highest pecint in its flight, the momentum of the ball
is zero. -

The bzll must stop moving at the highest point, preparatory to
reversing its direction for the rerurn downward. Thus, if it stops moving,
1ts velocity is zero, and the product mv is also zero.

A third question about the ball: ‘What impulse stops the motion of
the ball? ‘ . ,

(16}
A -=1.5 kg—m/seg
B 1.5 kg-m/fsec
C -1.5 nt-sec

D 1.5 nr-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 (reiatively 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 a3 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 to maintain continuity of text. It is
not intended to convey lesson informatiom,

o

ERIC

Aruitex: provided by Eric
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YOUR ANSWER --- C

This answer is numerically correct, but we'd iike 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 ncthing about it expiicitly, we are tacitly taking
this to be a positive momentum, to be later compared with the memenium after
the force acts. Suppose the object had been moving eastward initiaily; ther
we are arbitrarily caliing an eastward direction positive, thereby assigning
a {+) sign to the eastward momentum.

You already know, however, that after the force acts, the body wiil
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 z1ght
answer now.
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YOUR ANSWER ----a

You are corzect. The impulse of a force is a derived quanticy
{derived cr obtained friom F and at}, so irts units must be derived in rhe
same way. Since impulse is a preduct, that is, F x at, then its unit is a
pro%uct: nt x sez cr ni-sec,

Our next concern lies with this questidn: Is impulse a scalar or
vecyor quantity? Well, ler's go back to our demonstration door and see

how 'turther thought about it will help,

Suppose we have a door 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 ng-séc. We then ask this straighc-
forward question: Since an impulse of 4 nt-sec will close this door, will
an impulse of 5 nt-se: 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 wrong direction will cause it to open wider
rather than to close.

You can think of similar examples involving other things besides
dgors. To the left of a golfer iz 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 hele 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 notebcck enrtry
4(b} is a universal Principle. It applies not only to perfectly elastic
ccllisions but also to inelastic and partially elastic collisions, tos,

You were probably confused by the introduction of the word "inelastic."
The type cf collisicn does not affect the validity of the censervation prin-

ciple.

Please return to page 103 and select the right answer,
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YOUR ANSWER -—-- & '

Your arithmeric contains an error. 3Be careful of that decimal point!

Repeat the calculanicns, making sure that your substitutions are
correct; then please return tg Page 56 and choose the right answer.
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'YOUR ANSWER --- A

This answer is a bit vague and therefore incorrect, Remember,
sc1ence is an exact discipline..

Momentum has only one form; there can be no ''slightly different”
one:
-» -
P =mv

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

. If you read out "mJ?" orally, you might say it is mass times a chénge
-of velocity. Since for a given body the mass is constant, we don't want to
place the "A" in front of the product like this:
- .

-
amvy

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 forgoteen what
for this probiem sho
must conclude thar y

you starcted out to find? Your listing of dacra
uld tell you what you are required to determine. We
ou didn't copy it as you were requested.

Piease return rto 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.

o
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YCULK ANSWER ~~--~ b

In the lett diagram of Figcre 5 cn page 50, the symbol v) evidently
applies ¢ Ty Just beiore i1mpact cciuzs. Since v, 1is given as zero at
lmpacr, thes ¢&n my be mewing in any direction? If 1t were moving at all,
1t woulid have a derinite velccity ¢ne way or the other.

Please rerurn to page 50 and select the right answer.
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CORRECT ANSWER: 1If 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 cf motion by the
depth of penetration of the probe. 1f 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 EdCh case.

To keep the conditions straight, we are using rather unusual symboliswm.’
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 smzil,
but the velocity is large, so we have taken the liberty of symbeiizing it
with V. Clearly, in this example, a given amount of moémentum can be attained
by using either a large mass and a small velocity or a small mase and & large
velocity.

From these considerations alone, we have a clue as to the definirion
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 Mv = mV, and, if
‘the masses and velocities are chosen correctly, it is possiblie to estazblish
an equality.

Sc, 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 tollowing

(8)

N
]
i

pv
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YOUR ANSWER --- D

This is incerrect,

Afteyr impact, vy 1s zero, méking mjvy drop out. But Movy cannot be
zere if My, the mass c¢f the bleck, and Vo, the initial velocity of the bloek,
are perfecrly good finite quanticies, ‘

Please return to page 54;

then read the answers over carefully in
“cnnection with the text above be

fere selecting ancther answer.



Lh43

YOUR ANSWER —-—- A

You ate correct. A change of velccity trom 10 mssec zo 2.0 aysec in
the opposite direction is a &v of -12 m/sec. Thus:

impulse = FAt = mav
= 10 kg x (~iZ mysec’
= -120 kg-m/sec = -120 nr-se:

Here is the second question. What is the magnitude ana directicn o:
the force?

We can determine the magnitude of the force by soiving the foliowing
equation for F:

FAt = mgv
Hence:
- Tav
F ~ar

¢ = 120 kg-m/sec
4.0 sec

F

]

-30 kg-m/sec® = -30 nt
We find, then, that the force acting on the body to cavse it 1o change
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 c¢f the initial movion.
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YOUR ANSWER -—— C

fou ave ccrrect. The yight answer is 0.31 sec. Both of the answers
given were incorrect bécause of misplacement of decimal points.

NOTEBOCK ENTRY
Lesson ll

{Irem 3)

{(d? Calcularions which relare impulse to momentum must take into
acceunt the wvector nature ot these guantities. A simple convention used
for this purpose is: Ty

{1} . When & nume:ical vailue is subsrituted for a retarding
force {F), the number should be preceded by a (-) sign. If the force F
produces increasing velccity, the number is a positive quantity.

{2} When a numerical value is substituted for a decreasing
velocity {av), the number should be preceded by a (~) sign. If Av is an
increase in veloccity, then the numbexr is positive.

This notebock entiy is nov quite complete. Another idea must be
incorporated int¢ your thinking on this tubject. We shall point out what we
mean by a few exazmples.

Suppose an cbject is moving toward the right with a velocity of 15

. m/sec.. An impulse then acrs upon it, zlso toward the right, resulting in an
increase of speed. The change cf velocity, or av, is obviously the new speed
minus the inirial speed. Say the new speed after the impulse has vanished
is 22 m/sec; rhen &v must be 7 m/sec., We would make this a positive quantity
(i.e.,, 8v = +] mfgec} according to the rule above. So far so good.
Considering the same sbject with a uniform velocity of 15 m/sec to the right,
what is the value of 4v if the impulse acts toward the left, causing the new
speed to be 8 misec?

{19,
A -7 mfsec

B 7 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; aiter the ccllisien,
however, the mass ic 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
pessibly be the same?

Please return tc page 85 and choose a better respcnse.

ERIC

Aruitoxt provided by Eic:
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T0UR sNSWER ——- C

Tou are coiresn. If we keep the correci units tor all cur quantities
well in ﬂ;nd an il rvimes, we meed not emphasize them so strongly i1n the rest
cf this lesac ' '

Impulse and momentum, aithough relared, tell us different things.
Impulse and momentum hss a cause-zand-effect relaticnship in many real
situsricns. Impulze zac be the cause of an increase in momentum, cor a
dectease in momentum, but a change in momentum 1s seldom thought of as
being rthe & I an impulse. ngulbe is a property of a force; che force
Can proauvs wise only 1f it is aliowed to act tor a tinite time. It is
the effectiv 2 ot a force in producing motion, Conseguently, we may -
think ¢f im 2% vhe ctduse oi a thange of motion and the <hange of mo-
mentum as ‘ecy of an impuise.

Momentum, however, as the 'quantity of motion" possessed by a
moving mass, provides some Indicaticn of the damage this mass can do
when it coliides with anovher body. Given a plaster wall as a target, a
steel ball wuwing wath reasonable speed can cause quite a dent, but a ping-
pong ball mewing &b rhe ssme speed will have mo such effect. But, if the
ping-pong ball can be made o move tast encugh, 1t will either dent the
plasver wall or destroy i:self. Even a straw blown by a high-speed wind
has been known to penervate the trumk of a tree, Thus, momentum is a
property of a ma ~s; the mass has momentum because it is moving. The
quantity of m '
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_ As the basis for our next problem, we shall concern curselves with
the 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 figures
for use in answering the questions that follow.) » : :

~What is the initial momeﬁtum'of the'ba1l?
(15) -

A 1.5 kg-m/sec, ﬁpﬁar&,.

B I.S.nt}séc,'upﬁard°

C 15 kg-m/sec, upward.
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YOUR ANSWER —=- C

Tou are correct. You were careful of both the magnitude and direction
of the velror quantizies in selecting this answer. A change ‘of momentum may
be either an increasing or a decreasing momentum. We use (+) and (-)
signs to distinguish beiween them, and (+) sign indicating an increasing
‘momentum and the (-} sign showing tha:t the momentum is decreasing. In -
this problem, thes momentum decreases as the ball rises; thus 4p = -1.5
kg-m/sec. Since impulse = Ap, then the impulse that stops the ball is -i.5
nt-sec. : - .

A fourth qdeetign; Hew laﬂg did this impulse act? - B

Before trying to &olve this problem, we might do well to review an
important ides relating t¢o force vectcrs. In the lesson cn Newton's Laws
of Motion, we had u:casion to soive 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
‘yising ball, gravity acts as a retarding force, so in: .

Faot = mav

the mumerical value used fcr F must be preceded by a (-) sign.
 Since we want t¢ find the time interval &uring which the impulse

acts, we must’ solve this equation first for 4t. Do this; then check your
‘1iteral solution by turning to page 67.- : - ’ '

-y

o
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YOUR ANSWER -—-D -~ ~ . | .
This is too hasty a conclusion!

y None of the answers may look right to you on first 1nspection, but
one of them is!- ' : '

, We hope you didn t lose your copy of the data, but here it 1s again,
just in case: ‘

mass of empty freight car (6.0 x 104 ke)

velocity of empty freight car before impact (3 m/sec)
mass of loaded freight car (1.2 x 105 kg)

velocity of loaded freight car before impact (0 m/sec)
velocity-of empty freight car after impact. (?)’
~velocity of loaded freight car after impact (?)

<
N .
I I T

‘Work the problem out carefully, please. Then return to»page‘51 and-
jchoose the right answer. S o '

Fas




YOUR ANSWER --- A
This answer is not reasonable.

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: ' : ‘ E . -

quantity of Potioﬁ'- kmv
- It helps.considetably to write the relation as a propoftionality} From .

‘this; you should be able to see immediately that the kind of cancellation you
are talking about could not pessibly occur. . '

I

Please return tc page 83 and select another ansver. -
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CORRECT ANSWER: The change of momentum of my is 0.20 kgom/sec toward the
right. , ' ' :

- That is, &p, = mzbvz'a 1.0 kg x 0.20 m/sec -_0.20,kg—m/sec toﬁard the
right. o ' , :

It appéars from this example thac experimental evidence points télé
kind of constancy of momentum in situations where bodies interact withoutr
the application of external forces. :

Let's take another example. A boy and a man are standing on zric—
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 has 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/sec. Assuming that this experiment was actually performed would you say
that it points to the kind of constancy mentioned above?

(26)
A Yes. ;

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

s When the cars couple together, in effect they then form a single
meving body.- Fer consistency, we have ‘assigned V3 as the velocity of the
. empty freight car after impact and v, as the velocity of the loaded freight
car afrer impact. But if the two cars form a single body, can v, possibly
exceed V4 in magnitude? The empty car would have to go through the loaded
one for this to be true. . o e :

s e

Please return ts pagé 88. The answertshould‘ﬁuw be obvious.
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YOUR ANSWER --- C
You are correct. Hdss is a scélar quantity; velocity, a vector.

Consequently, to be rigorous we ought to write:
‘ > : - . ' S
p=mv . -

_ Note that ﬁhe'ﬁector arrow on the right side is d:awn_ébove the v and
not 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 to -
impulse, you will remeémber that we obtained the units this way:

imiulse = Fkt

impulse = nt x sec = nt-sec.

_ pet's'see_you do the same trick_for £he.units,involved in momentum.
- . Which of the following is the unit used to measure the describedmomentum?
- (In the MKS system, of course.) - I L

a0
A kg-cm - SRR
Bec .- s
B

.kg-m
_8sec’
kg~m
q sec®

- ntem
b sec -




YOUR ANSWER ~-~ B . .

We agree with this answer. The (-} sign is essential to tell you that
the body has a fimzl momentum in & direction opposite that of its inicial
meMENTn . ’ -

We shall direct ouy attention next to momentum considerations involved
in' the interaction of twe bodies, As an example, we link two laboratory
sarts together as shown in Figure 3 by means of a cord and a compressed
spring. To make sure thar we don't bring external forces into play, we burn
‘the cord, allowing theé spring to force the carts apart in a kind of "explosion."
The spring drops toc the rabie as the carts move away from each other. Since
these are real cavts 4n a real labewatory situation, they soon-come' to rest
as a result of frictiom. R o o )

- COMPRESSED SPRING
nem——_d, p |

G

gn | o — B

CORD

.'f"Figure 3

‘Let us .assume ﬁhat'we have very carefully eﬁualizeq‘the masses m,
- and my. We shell alsc assume that we have a good laboratory method of s
determining the velccities of the two carts at the instant thg spring‘dtops

~away from the system after the cord is burned. . -

o fBésing'yqur éeéision,éﬁ,ﬁre@laﬁsiy ‘eathed-phyéiéal_pfinéiélés,‘what -
dc you think the velqcitylmeasutements;would,ghowiin_this case? . .|

f%.g l';“' {24yL i" ‘”

7 A.:The,speéd'of~mi'(cail'tﬁiél@;)fwouidlbe_équalftb';he'speédicf‘mzﬁ L
i;_ 'Qqallztbis Vz)é‘gi_;;:‘“,“r . 4 Lo ‘ﬁ- n“,..}:v v-_} v R

© B The.velocity of my would be exactly the same as the velocity of -




155 «
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 bullet. visibly travels 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 127-and think out the quescion more carefuily
before selecting another answer., - : \ -
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AMP LESSON i1 = 5% Tape Segmen’

_H9§E§§§§I
3 N . Lo L
Piease 1isten to Tape Sagme L Tor tnis ilesson before

starting to answer the cuss "&ns‘bel&wo ANswer se.ssTions

‘must be made on rhe AV Computer Carde

le " Would the fivst Dasemen Piaying oaseball on the Moon
need a mitt? ‘ : '

A Nu, because the Impact of the vall depends on
. the wsight of the ba:l and the OaL“ weighs
: less on. the Mocn than on Earth. .
B No, because the fiat tvaje*‘*ry woa¢d make
g mist unriecessary o

-C Yes, because the gravitational forse on cne
- Moon .g iess s¢ thai the [N waﬁba risge N
“to a greater nelght before coming down. *

D Yes, bescause mdménitum depsnds on mass - and-vel

ass8 .of tne ball on the Moon ;s*
it 1g on the Bar uho :

2e If the same basebalil were diopped erm the top of an
Empire State building on the Moon, straight down, would
the person who tried to cat n it regquire a mitt?

A - Noo. The weight of the bail 1

. on Barth, ‘ SR

B Noo Ths maguitude of gravita
11

"1 m~—-:n
[
e
O
[
F
R/
=
@
i
x
—
)

tion on the Mosn is so small Lneo h _;;
would 1ot acquire much veiood ﬁg evefy ir a
fall 1ike uhibo A B
| c Yese The momer Lum of tne oaL*.wn-reaahlﬁg
2 . the ground wou-d be smaller than it would
| be in an equal Earth-fail, but would still

) be - iargé enough to make & mith necessany.
D- Yeso. . The momentum of the ‘bail would be V.
exactly the same as it would have been for

.an equai Earth-fall, o

E - No. The deflnluion of momentum asg applied

: te conditions .on the Barth does nut appiy _
- to ‘conditions.-on the Moohe - = S

s

-PLG&QE reuurn now o page 4 oi Unp
STUDY GUIDEe



AMP LESSON ... L : | Tape Segment 2
' " WORKSHEET

Tape Segmernit 2 for this lesson before
b E swer the guestions belowe Answer selec-
sh.ong must . be made on the AV Computer Card.

Mass of the hammer = 4,0 kg «
Speed of the hammer on impact = 5.0 m/sec
Cenbtacst time, hammer on nail '= 0,0020 sec

'QUESTIONS

s
a

What was the va:ué uf ch average force applﬁed to
the spike by the hamme

and 3000 1b

A" Bstween 0
B BLWEEn ¢ and 4000 1b

B
Be 3
c Be*Wéen TG00 and 2000 b
D Betwsen 50C and 100G 1b
E° Jesy bslow ;CG i '

4o In the exampie’ abcveg by how much would the average
. force have changed if the mass of the hammer had been
beC kg instead ax 4,0 kgg assuming other quantities

‘wngtant°
A v
B great ,
c- great

D Six t$meb as’ great
E None oft these

5¢ In 7Tne example as originally s tatedgﬁupp0§e the ham=
mer had had a contact time of 040010 .sec with the .
“head of the spikeo. By how much would the average
foree have changed from 1ts original value?

10 times as great

17310 as great.

It wotld . not have changed ‘at all -
2 times as great

172 as great

o Q>

Please return ndw to page 94 of the STUDY GUIDE.



AMP LESSON 11 - 158 : Tape Segment 3

o ' wORKSHEEg
Picase 1llsten tec Tape Segment 3 for this iresson before
starting to ansWwer the questions belowe Answer selections
ust be made on the AV Computer Card. ' '
.Data Item A: Mass of oail = m = 100 g or 00100 ke
' Velocity of ball on impact = v, = 30 m/sec
Bounce-back velocity . of ball = v = -30 m/sec

Prty! el
Appliicabie equation: FAL = mAvV
Substituticns FAt

tH
o
o
[ o
-
)
=
0]
ot
1
o~
o

Sociution: FAC = ~6ouu 1t-3g
Co Pmpulse of tde

QUESTIONS
e The impuise Gf tne bai; on’ the wall is

A =60 ntmsec
B 46,0 nt=sec
C =120 nt=sec
D  +12,0 ntesec
E +600 ntesec

7o The probiem above is based on an ideaiized condition

' in which the wall is considered unyieiding. If the
wall actually yie;ded t the impact to some extent,
then o ‘ ' ‘

‘“the bounce-back velocity of the bali would
have been greater than ujO m/sSese

the bounce=back welocity of the baii wcaid
have still been = 30 m/zeco :

" the bounce~back velocity of the ball: would
have been smailer than =30 m/seco

“the ball would have had a iarger rebound
momentum than 6,00 kg=m/sec,"
the ball would have had a rebound momentum
between 6 00 and 8,00 kgcm/seco

H U o w »

Please return ﬁéw;ts~page{39‘df the STUDY GUIDE.

b



Tape Segment 4

fopr this _Lesson before
ks ' & beloWe Annwe¢ selec=
st e mades .u thnz AV anpuue” Car

a sﬁnglemc nsept pro-
ONSERVATLON OF MOM--

the inlclaLiy mOVLng

Brrale half 1ts original sizeo

rhe initially res sting

wiréd a mementum equal to

MLMER TUl PSS ss»d by the

N m;vﬁﬁQ‘gli Elo | -

B OB “of the §YS nem was

T n é! she intvial vaiuse

meensum of. the system was -

increased to tWL»e 3ts initial valueo .

’hc m=mcn*um of the initlaily resting
i became »qua* to the momentum ~

'“Fa_ur:g naLiy” by the inifiaily

Lide e

Oy

'txj’m

-

11¢Lah v in motion}
a 1Mo This collided
the *mpabtg the mag-

8 M ogiliasy was equal to the magnitude of the
mementum o the IM gilidere .. - A
B - 3M g;.q © was greater than the magnitude of
ul’x i 2 um Jl the 1M S.Lid.e.[' . T .
g iM g¢¢dv¢ grﬁatar than the maghitude of
B v+ 1 »m»q am. ol the 3M gliders L
D LM gilidsr be"ame ZEro. because it st@pped movzngo‘

E M giltdet was zero because tq velocity was
S ReEnte ‘ S

*M and 3M gliders occurred
ified in (9) above were
cnd ool 1isian9 the 3M

'C SligntLy negabive

. o »ﬁA‘ -aer 'Z}f el
T S B SJLSLUA} psaitive S Z;D Same ‘as": before
< SRR Ll » : o

E none of thebe“

ERIC .~

A FuiText provided by Eric o

lmpact
% .-L:.page 103 of the. S‘I‘UDY GUIDE,




B0 : Taps St &ger
WOBKSHEET

b
t

AMP LESSON

o

Piecase lister to Taps Segmnent 35 for thls Leassn pefore
starting te answsr- the &upqui~ns beicwe Answer sgilese
- tions must be made cn the AV Compater Card.

For this tape segment you will nesd a single-ccroept proe
‘Jecter and the brief fiim entiriled CONSERVATION OF MOM-
ENTUM - INELASTIC COLLISIONS, - -

Data Item A

Expo Noe Msss of Mass of  Coupied  Time ¢ Time
Glxder A Giider B Mass Gilder A Coupled Mess.

UM ' iMoo 2

1. 2025 ses 4,62  sec
aM - Mo 2M 2039 ses LoB2 - sec
2 . iM - - 2M 3M 2011 sss 642 sew
LM ZM . 3M Zol3 sew 6526 sec v
3 ' 2M - - -AM 3M- . 20%6 ses - 3030 sec
GLIDER A, initially in motion, is the driving gxldsr
GLIDER B, initlally a tvfestg is the ifarge Q‘giidel LA
Da*a Ttem Bs  AS explained in tae third paragraph of page
b0 0f the STUDV GU*“DEq the velcceiity of the coupled mass

after 0~1“ Gﬁ is ;mbuainéd fram the ratio

LBass dnitlaiiy in motlon  _ cotpied veloasit

ey oo 7 B et ey

coupied mass L -ﬂlt¢ai veiocity

i

EQe:

. - In the experiment, the time over equai distances 15 measui
Y _ - ede Since the- bima‘“°Qde°Q to cover a given dlstancs with

5

uniform velocity 1s inversel y propovtional to the VP*octt”§'

- "ooug;ed’veiocity, _ Giider A iime
EQ,Z.mm» : TR e R N g e e :
S Lﬂitidb velocity © o souplied time o —
; .Combtning eq ations 1 and 23
R : : : : mass of G*ide;vAfk Giider A time
_ AR . EQ 3 enir e = ok
T = ' v‘coup&ed mass oo coupied time
Now let us use the f1guﬂes obta*ned,hn the tirst Yrial of
. Experiment 1 abcves The mass of Grider A divided by. the -
e j;coup¢ed mass is 1 divided by 2,. or 1/2. Consgervation: GO - .
O 'qiderations cwl; us chat Gildar A the div*ded by tne '
O

o el ,~§Pext;pas¢a'p1¢ase) .




AMP LESSON .. _6Cia) Tape Segment 5
coentinued

vouf.zd t.me sn...d &.3. turn cut to be 1,2 or 0,500,
Subst” Tut g wne measured | .mes shown in the Tabie in
tre r.ghnt member _f EQe3 £.v23 us :

~§f€2~ = (o488, Tn.s :s a % error of —%f%%%— = 2,4%

Study the msih.ds used in the above calcuiation. Then
repeat the same ca.cuiation using the figures for the
remalr’.ng & ‘ria.se In each case compute the % error of
the measured ratio> as compared with the ratio predicted
r.r the diffzrent masses » Select the £ error for each
+1 thé tr.a.s frum these choicess ‘

be ween so6% and i.8%

pe:ween io.8% and 2.3%

tetween (.68 and 0.9%
between 1,0% and 1.,6%

greater than 2.3%

M o Oty

iise Expe:riment i, Trial 2. Punch card in one of the
ietters given abouve, )

i2e EBxperiment 2, Triai .. Simiiarly punch card.

i3, Experiment 2, Trisi 2. Similarly punch card,.
14. Experiment }, Simiiariy punch card.

PLEASE RETUBN TO PAGE 79 OF THE STUDY GUIDE,
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HOMEWORK PROBLEMS
Lesson 11

-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:

(¢) the magnitude of the force that caused the
increase in qpeed.

A 1000-kg block is pushed by a constant force for 56 sec,
and as a result, 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?

Two toy cars of mass 6 kg and 2 kg are held together with
a string, There is a compressed spring between them,

When the string is burned, the § kg car moves off with a
speed of 0,1 m/sec. What was the speed of the other car?

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 1mpact.

(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?

A l-kg glider on an air track collides with a second glid-
er on the same tracke If the l-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

6o

7o

conditions: the l-kg glider reverses direction and moves
at 1 m/sec; the second glider moves forward at 2 m/sec.

A rifle of mass 2, O'kg fires a 10=g bullet horizontally.
If the muzzle velocity of the bullet is 500 m/sec, .what 1s
the recoil velocity of the’gun, assuming zero friction.

A 600=kg car traveling at 20 m/sec collldes with a
stationary truck of mass 1400 kg, The two vehicles lock
together after the collisjon. What is the velocity of
the combined mass after the collision?



