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Chapter 7 is divided into six Chapter 7 develops the idea of

sections: momentum, impulse, and their re-

7 lomentum lationship. Conservation of mo-

7.2 Impulse Equals Change in mentum-and systems, both one-
Momentum dimensional and two-dimensional,

7.3 Bouncing are studied.

7.4 Conservation of Momentum

7.5 Collisions

7.6 Momentum Vectors

Have you ever wondered how a karate expert can sever a stack
of cement bricks with the blow of her bare hand? Or why a fall
on a wooden floor is not nearly as damaging as a fall on a cement
floor? Or why “follow through” is important in golf, baseball,
and boxing? To understand these things, you first need to recall
the concept of inertia, introduced in Chapter 3 in Newton'’s first
law of motion, and developed further in Chapters 4 and 5 in
Newton's second and third laws of motion. Inertia was discussed
in terms of objects both at rest and in motion. Now we concern
ourselves only with the inertia of moving objects. The idea of in-
ertia in motion is momentum, which refers to moving things.

To introduce this chapter, you
could show a Road Runner
film. This film can be ob-
tained from Audio-Braden.
The reason this type of film is
funny is that many laws of
physics, especially conserva-
tion of momentum laws, are
broken.

.:Momentum

We all know that a massive truck is harder to stop than a small
€ar moving at the same speed. We say the truck has more mo-
Mentum than the car. By momentum we mean inertia in mo-

tion, or more specifically, the mass of an object multiplied by its
velocity. That is:

momentum = mass X velocity
Or, in shorthand notation,
momentum = mv
When direction is not an important factor, we can say:

momentum = mass X speed,
Which we still abbreviate mw.

e " ) .
. g:an see from the definition that a moving object can have
Momentum if either its mass is large, or its speed is large,

Important Term

momentum

Again the “real world” is
against us physics teachers in
the way it misuses the word
momentum. The student has
certainly heard of momentum
(BIG MO, “his momentum
carried him through,” etc.),
but that, like the term work,
does not mean he/she under-
stands it.




Fig.7-1 A truck rolling

down a hill has more mo-
mentum than a roller skate
moving at the same speed, be-
cause the truck has more
mass. But if the truck is at
rest and the roller skate
moves, then the skate has
more momentum because
only it has speed.

or if both its mass and speed a
mentum than a car mo
larger. An enormt
large momentuim,
can also have a

moving at a
steep hill with no brakes,

same truck at rest

7 Momentum

re large. A truck has a larger mo-
ving at the same speed because its mass is
ous ship moving at 2 small speed can have a
whereas a small bullet moving at a high speed
large momenturm. And, of course, @ huge object
high speed, such as a massive truck rolling down 2
has a huge momentum, whereas the

has no momentumn at all.

quals Change in Momentum

Important Term

impulse

If the mome ges, either the mass or the
velocity or both changes. If the mass remains unchanged, as is
e, then the velocity changes. Acceleration 0C-

most often the cas
d what produces an acceleration? The answer is a force.
force that acts on an object, the greater will be

and hence, the change in momentum.

But something else is important also: time—how long the
force acts. Apply @ force briefly to a stalled automobile, and you
produce a small change in its momentum. Apply the same force
over an extended period of time, and a greater change in mo-
mentum results. A long sustained force produces more change in
momentum than the same force applied briefly. So for changing
the momentum of an object, both force and time are important.

Interestingly enough, Newton's second law (a = F/m) can be
re-expressed to make the time factor more evident when the term
for acceleration is replaced by its definition, change in velocity
per time.” Then the equation becomes “force X time interval 18

- —

> Answer
The roller skate and truck can have the same momentum if the speed of thi
e truck. How much greater?

roller skate is very much greater than the speed of th
As many times as the mass of the truck is greater than the mass of the roller

skate! Get it?

ntum of an object chan

curs. An
The greater the
the change in velocity,

(change in velocity)
e algebraic &
Amv.

We can state Newton's second law as F = ma. Since @ =
= m % [(change in v)/t]. Simpl

=+ (time interval), we can say F
arrangement gives Ft = change in mv, ot in delta notation, FAt=

7.2 .
Impulse Equals Change in Momentum

equal to the change in

: ge in “mass x ;

velocity” has velocity.” The o

e ond law o al{)eady been defined as mome quantity “mass X
an be re-expressed in the form ntum. So Newton's

Ft = Change 1n —

which reads, “fi
, 'force multiplie .
equals change in momentimc'i' by the time-during-which-it-acts

I][e (l”all' I]y I()I ce X |]||le lllte] Val 18 Called lmpulse. Illus
’

The impuls
. e-momentum relati
variety of circ relationship hel
B cider familljg?smnces where mOmenIt)um iPS)Sc}l:; to analyze a
examples of impulse for the case n%?f) We will
SO increas-

ing momentum, (2 .
() decreasing 1 (2) decreasing momentum over a | :
g momentum over a short ti ralong time, and
ime.

I(ll[ase 11<: Increasing Momentum
makes good sense that i
. t in ord ;
an ObJect, we a rder to increase t
L eriond St}}ll(;utl‘d apply the greatest force }‘femOmentum of
R Easchall pla I(Iine of contact as much as po (fin' iz, we
and “follow th yer do both when they swin possible. A golfer
e .rouglh when hitting a ball g as hard as possible
involved in i i
vary from inst . impulses are usual
aball exerts z :rr;tfto instant. For example, a goll}f’crllolt) steady, but
the force increase OLEs on the ball until it comes i i+
ure 7-2); the forCeStiaplil,y as the club and ball ariandc'otn ok Hhon
B coen iminishes as the b istorted (Fig-
- fOrcesSi rtlot }llt's original shape. So when a::/lecomes up to speed
is chapter, we mean the averagzpfiak Offs ueh I
Irce O impact.

Case 2: D "

If you We::ri‘:lzmg Momentum over a Long Ti

choice of hittin car that was out of control al:;

to call on your i z concrete wall or a haystack' o you hafi your
Buing some ph os\yle;ilge of physics to make’zpu :)N OUId.n t have

thing soft is entiryellcs 1elps you to understand W}Z’ };{r mind. But
€ Case of hitting e'};}? ifferent from hitting some}tlh'lttlng some-

B -C o er the wall or the haystack ing hard. In

Means the same S;d by the same impulse. Th nd CL% SCIREN:

€ same time é’c’;ﬁ }thct of force and time, e ;essame impulse

tirenzd of the wall, you eave a choice. By hitting the igﬂe force'or

" d.uring Y ohich vo xtend the time of impact— ystack in-

0] B s compensat};dungWentum is brought to ook

y a lesser force. If you :}f::r-lghtilonger
e time

f im
Pact 100 ti
enever mes, you reduce th
ti you wi e force of i
. ish the force of impact to bel:nni):lclt e
, extend the

€ of impact,

fllg£,7-2 . The force of a golf
thu against a golf ball varies
. roughout the duration of
impact.

itsnsllgn an “Egg Drop” prob-
or experiment. Students
must design and construct
case to hold an egg that (:ana
and will be dropped from a
three or four-story buildin
and protect this e'gg so it wgill
remain unbroken. To do this
'the student should work wltsll'l
impulse, as m and v shouldl
be' about the same for all con
tainers. The force, of course -
s.hould be minimized so the ’
tlmle).should be maximized
iscuss :
e o s the sport of Bonjy
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Fig.7-3 Ifthe change in momentum oceurs over a long time, the force of
impact is small.

Everyone knows that a padded dashboard in a car is safer
than a bare metal one, and that airbags save lives. Most people
also know that if you're going to catch a fast baseball with your
bare hand, you extend your hand forward so you'll have plenty
of room to let your hand move backward after you make contact
with the ball. You wouldn't intentionally hold your hand sta-
tionary, as in catching a ball with your bare hand against a hard
wall! In these cases you extend the time of impact and thereby
reduce the force of impact.

When you jump off something to the ground below, you don't
keep your legs straight and stiff (ouch!). Instead, you bend your
knees upon making contact. By doing this, you extend the time
during which your momentum is decreasing by 10 to 20 times
that of a stiff-legged abrupt landing. The forces your bones expe-
rience are thus reduced 10 to 20 times by such knee bending.

A wrestler thrown to the floor tries to extend his time of ar-
rival on the mat by relaxing his muscles and spreading the im-
pact into a series of smaller impacts, as his foot, knee, hip, ribs,
and shoulder fold onto the mat in turn. Of course, falling on a
mat is preferable to falling on a solid floor, for this also increases
the time of impact.

Everyone knows that it is less harmful to fall on a wooden
floor than on a concrete floor. And most people know that this is
because the wooden floor has more give” than the concrete floor:
Ask most people why 2 floor with more give makes for an easier
fall, and you'll get a puzzled response. They may say, Because it
has more give.” But your question s, “Why does a floor with more
give produce a safer fall?” The answer is, we know, because ab
impulse is required to bring your momentum to a halt, and the
impulse is composed of two variables, impact force and impact

time. By extending the impact time as the floor gives, the impact
force is correspondingly reduced. The safety net used by acro-
bats provides an obvious example of small impact force over &
long time to provide the required impulse to reduce the mome
tum of fall.

A boxer confronted with a high-momentum punch wishes 10
minimize the force of impact. If he cannot avoid being hit, at

7.2
Impulse Equals Change in Momentu
m

least he can ¢
ontrol the 1 :
absorb the i i ength of time it i
Incoming momentum of his Oi)?ok(: fo; hilis body to
ent’s fist. So he

wisely extends the impact time b

punch.” This lessens the force of impact

i ——

) ?3°§

£ =CHANGE IN MOMENTUM

Fig. 7-4 1Inboth c
ases the impul i
g oo pulse provided by the b 'sj
ol e rf)gurr;fj}: (Left). When the boxer move(;xjr oy o the
o e ient of impulse is time. (Right) inllay o with the
s reduced and the chief ingredientenf t'he G
of impulse is force

Ride a bic i
ycle into
e a concrete wall, and you're in trouble. Wh
€. en

ball in gh-speed baseball
stead of a all, move your
When boxing m‘g’jy upon contact, and ygur h:;élfj toward the
fl?nem . i)etterecll'?to a punch instead of away 1: rgessed up.
¢ principal | ance of scoring a k , and your op-
ingredie . nockout. In th
mentum are ; nts of impul . ese cases
e im ses requir
pact forces because the tin?es o?ciimto reduce mo-
pact are brief

nge in momentum occurs over a Sholt time the 1mpact
n
S
\ |

— OrCe of impacy will be

FIg. 75 1f the chy

€ is large.

54
times less than if he didn’t pull back ‘

y “riding or rolling with the

ll)3re:aking boards with your
dare hand is neither hard nor
angerous if done correctl

and it is a lot of fun. Makey’
surf& you go with the wood
grain, hit it with the side of
your hand (that is, the flesh
Earl on the side of your han{i
Delow your smallest fingers)

0 not use your knuckles. D;)

not have your fingers touch
the board in any way




Fig.7-6 A large impulse t0
the bricks in 2 short time
produces a considerable

force.

7 Momentum

of contact explains how a karate expert
ks with the blow of her bare hand (Fig-

ure 7-6). She brings her arm and hand swiftly against the bricks
with considerable momentum. This momentum is quickly re-
duced when she delivers an impulse to the bricks. The impulse is
the force of her hand against the bricks multiplied by the time
her hand makes contact with the bricks. By swift execution she
makes the time of contact very brief, and correspondingly makes
the force of impact huge. If her hand is made to bounce upon

impact, the force is even greater.

| |

The idea of short time
can sever a stack of bric

If a flower pot falls from a shelf onto your head,

trouble. If it bounces from your head, you're certa
Impulses are greater when bouncing takes place.

ults for each are quit
d by maxim
delivered in mi

» Answer
There is no ¢
The best result
and the bestre
time.

the best res
d force, accomplishe
t is increased force

ontradiction because
for the boxer is reduce
sult for the karate exper

you may b€ in
inly in trouble:
This is becaus®

e different:
izing time
pimum

7.4 Conservation of Momentum

the impulse requi :
effect, “throw i?ﬁ;rcelf to bI‘lII’lg something to a stop and :
merely to bring SOme?}gl‘am is greater than the im;I))UI;le rthen’ 13
ing to a st equire
you catch the fallin stop. Suppose, f
: g pot with , for example, that
impulse to catch it a your hands. Th .
nd reduce i en you provid
to then throw th ce 1ts momentum :
. ; e pot upward to zero. If you w
tional impulse. So i rd, you would ha ’ ere
. . So it would tak : ve to provide addi-
throw it back u take more impul L
) p than merel pulse to catch it and
pulse is suppli y to catch it. i
The factptlillal\:(:ilnl:y your head if the pot bgilr?czar;le gréater o
was employed witEUIseS are greater when bOunf:irfom it.
rush days. The Waterg;ﬁatlSuccess in California durgir:?gktehs p ack
i efficient. A man eels used in gold-mini  the gold
: named L ngoperations
Lad to do with thei ester A. Pelton sa were
o dowith (I}::elr flat paddles. He designedwc;}rlatghe preblem
i “bouiuse' the incident water to makeve [}Shape pad-
ce.” In this . a U-turn upo
water wheel . way the im pon
s was greatly increased. Peltcl))rlll lls)ztzxir?i on the
nted his idea

and made more
money from his i .
than any of the gold miners his invention, the Pelton wheel

i

a\%%\

\

IMPULSE

Fig.7-7 Th
e Pelton wh
a U-turn, whi wheel. The curved b '
, which lades
produces a greater impulse to (t:i;l:il;” ate}: to bounce and make
7 e wheel.

:hell’elton wheel is a good
pplication of bounci

ng; thi
should be pointed out.g N

Conservation of Momentum

NeWt )
on's second 1
. a
object, B o Wltells you that if you wish to accel
€ same thing pply a force to it. This chapter is SCCe. eraie an
; aying much

but in di
o in different 1
iy . anguage. If you wi
i CaLseotfhamfobject, exert an impulsi ol;v'vtlSh Fo sl
the . it.
Jectby Something out:‘ fice aripprilse st be exerted
ide the object. Internal forces d on the ob-
onot count.

conserved
law of conservation of
momentum
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For example, the
offect upon the MO
against the dashboar
fect in changin
forces
To change the mo
push or pu
change in MO
Consider ari
when it is inside
the rifle recoil (Ne
forces, interestingly enou
comprises the
tum of the rifl
is at rest and t
total, momentum i

1k
q

\7
Fig. 7-9 The machine gunt

e bullets it fires

and climbs upward.

recoils from th

Stress the 1
conservation ar
is to physics.

no net Mo

aw of momentum
1d how basic it

7 Momentum

hin a basketball have no

molecular forces wit
he basketball, just as your push
11 have no ef-

mentum of t
d of a car you're sitting in wi
he car. This is because these

g the momentum of t
hey act and react within the object.
the basketball or car, an outside

outside force is present, then no

are internal forces. T
mentum of

11 is required. 1f no

rce that pushes on the bullet
1 is equal to the force that makes
action and reaction). These
ternal to the “gystem” that
't change the momen-
the firing, the system
firing, the net, or
ained and

the rifle barre
wton’s third law,
gh, are in
llet. So they don
. Before
ro. After the
t momentum isg
at this carefully.

rifle and bu
e-and-bullet system
he momentum is ze
s still zero. No n€

mentum is lost. Let’s look

QW
|

e net momentum

of the

A
-
Fig. 7-8 The momentum befor

o. After firing, thi

e firing is zer
e cancels the momentum

tum of the rifl

s still zero because the momen
bullet.
Momentum, like the quantities velocity and force, has a direc-
e—it is a vector quantity. Hence, like velocity

though the bullet in the pre:

tion as well as a siz
as it accelerates

and force, it can be cancelled. So al
ceding example has considerable momentum
within the rifle barrel and then continues at high speed outside

the barrel, and the recoiling rifle has momentum in and of itself,
the system of both bullet and rifle has none- The momenta (plu- =
ral form of momentum) of the bullet and the rifle are equal In 8
size but opposite in direction. They cancel each other for the sys®
tem as a whole. No external force acted on the system before OF
during firing. When there is N0 net force, there can be no net ac
celeration. Or, when there is no net force, there is no net impulse
and therefore no net change in momentum. You cail see that i
no net force acts ot a system, then the momentum of that systent

cannot change.
If you extend

bullet it fires, you can u

machine gun recoiling

the idea of a rifle recoiling or “kicking from the
nderstand rocket propulsion. Considerd
each time 2 bullet is fired. The mome

7.4 Conservation of Momentum

» Questions
1. Newton's
. se :
cond law says that if there is no net forc
e ex-

ertedonas
Tas i o acceleration is possibl
is , possible. -
that no change in momentum cl:?a(r)les i
occur?

2. Newton's third 1 :
balletit e : aw says that the force a ri ; ;
on the rif?g.ugcl):sn'(fi: ? pposite to the force :ﬁe&fﬁl;s v
on the bullet is eqlua(l)lsltz‘g that t}.le impulse the rifle f;:ﬁz
R e it e the bul-

tum of recoil inc
reases by a
each bullet fired y an amount equal to th
. . e
slide on a Verticall\ilitrhee(lr:r'la(:hme gun is fastened ;r(l)oirtn ?nEum B
bullets are fi igure 7-9), it will is free to
red downw ’ ill accelerate u
by the sam ard. A rocket a . PWard as
e means. Itisc . ccomplishes accelerati
exhaust gases. E ontinually “recoiling” ration
. . Each molecul ing” from the ejected
as a tiny bullet sh e of exhaust gas can jecte
ing to note that tﬁ; frl;?om the rocket (Figure 7-10) k}: itshf)utght of
i mentum of : interest-
posite to the mom of the rocket i
entum of th 1S eqUal and
the total s the exhaust . op-
ystem of rock gases. So if w .
bullet, th : cket and exhau . e consider
, there is no net ch . st gases, like the rifl
ter we are u ange in momentu ifle and
] su m. As ;
rocket-exha ally not concerned with th a practical mat-
The momust, but of the rocket itself e net momentum of
entum Of as t -
external forces. T ystem cannot change u
. n
some internal int::aé?‘omentlum posseSSedgby aleSS}S;SIirOdieCE by
i em
possessed b ion will be the s efore
y the system af ame as the m
tum (or an after the interacti omentum
y quantity i . ction. Wh
conserved. Tl'(lle ; d;t);hln physics) does not Changeen the momen-
ternal forc ) at momentum i , we say it is
e acts is conser
the law of ¢ is elevated to a central law of ved when no ex-
onservation of momentum: of mechanics, called

In the ab
sence of an ext
a . ernal fo
system remains unchanged rce, the momentum of

Ifa Sys‘e 1 U [ oes Chan es whnere orces are nternal
l'ld T

> Answers
1. YeS, it fO
Velocity,
other [j
Which

llow
s becaus
3 e the ab
which in turn rnearlssence of acceleration means there i
n . is .
o change in momentum (mass X n(i change in
velocity). An-

ne of r i
easoning : «
is sim
means no cha ; ply that no net forc
nge in momentum e means no net impu15e
N ’

2. Yes b
» Decause th ;
acts on the e time during whi .
e rifle i ich the rifle

a ] is th . . acts on th
2? Opposite for bot ;1“- Sta;lme. Since e §s equal far b ;Euﬂet and the bullet
‘Impulse, like force T: force x time (impulse) is equ’a?nd 501‘68 is equal

,is a vector quantit and opposite f

y and can be canc or
elled.

|

|

m

i

(‘r\]!{{ )l"\
G
d’\‘;il»v:l‘h

glf' 7-10 . The rocket recoils
. ﬁm the “molecular bullets”
it fires and climbs upward




7 Momentum

ei undergoing radioactive decay,

as for example, in atomic nucl e ereurn -

cars colliding, or stars explodinii,the Jen
tem before and after the even

entum 1is neatly seen 11 colli-

rvation 0 B the absence of external forces,

g bjects collide in

tihe to' tWa or net momentum never changes:
1

Important Terms
Impot e

elastic collision

. = mentur gger cottision)
inelastic collision _ etmo

net momentum (efore collision)

Fig. 7-11 Conservation of
momentum is neatly dem‘on-.r
strated with the use of this al
track. Jets of air from the .
many tiny holes in t.he trac
provide an air cusl'pon upon1
which the glider slides nearly
friction-free.

° et . . th an-
i Conilr?;(:)lilllsliard ball makes a head-on collision w1
When a mov

i ].C mes for S )
illi Sst, th m 1ng 5 : |
We see t}la[ mo

e ——

i doesn't
der torecoil, 2 rocket S
s nce of air impedes
Justasa gun accelerate. The presle1y o o
. ush aga A s . o
et 1t'10 \:E)y offering air resista ely i
Cglera::)no air. A rocket is not pro
there ;
against its OWI exhaust.

inst in or
doesn’t need air to push againstin

i in order to
- nce, SO & rocket actu

pelled by pushing ag

7.5 Collisions

the other. When the colliding objects bound or rebound without
lasting deformation or the generation of heat, the collision is

said to be an elastic collision. Colliding objects bounce perfectly
in elastic collisions (Figure 7-12).
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Inelastic Collisions

Momentum conservation holds true even when the colliding
objects become distorted and generate heat during the collision.
Such collisions are called inelastic collisions. Whenever col-
liding objects become tangled or couple together, we have an
inelastic collision. The freight train cars shown in Figure 7-13
provide an illustrative example. Suppose the freight cars are of
equal mass m, and one moves at 4 m/s while the other is at rest.

Can we predict the velocity of the coupled cars after impact?
From the conservation of momentum,

net momentum before = net momentum after
(m x 4m/s) + (m X 0m/s) = 2m X ? m/s)

Since twice as much mass is moving after the collision, can you
see that the velocity must be half as much as the 4 m/s value be-
fore the collision? This is 2 m/s, in the same direction as before.

Fig. 7-12 Elastic collisions.
(a) The dark ball strikes a
ball at rest. (b) A head-on col-
lision between two moving
balls. (c) A collision of two
balls moving in the same di-
rection. In all cases, momen-
tum is simply transferred or
redistributed without loss or
gain.

Fig. 7-13 Inelastic collision.
The momentum of the freight
car on the left is shared with
the freight car on the right.
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7.6 Momentum Vectors

In most collisions there are usually some external forces that
act on a system. Billiard balls do not continue indefinitely with
the momentum imparted to them. The balls encounter some
friction with the table and the air they move through. These ex-
ternal forces are usually negligible during the collision itself, so
the net momentum does not change during the collision. The net
momentum of a couple of trucks that collide is the same before
and just after collision. As the combined wreck slides along the
pavement, friction provides an impulse to decrease momentum.
For a pair of space vehicles docking in outer space, however, the
net momentum before and after contact is exactly the same, and
persists until the vehicles encounter external forces.

Another thing: perfectly elastic collisions are not common in
the everyday world. We find in practice that some heat is gener-
ated in collisions. Drop a ball, and after it bounces from the floor,
both the ball and the floor are a bit warmer. So even a dropped
superball will not bounce to its initial height. At the microscopic
level, however, perfectly elastic collisions are commonplace. For
example, electrically charged particles bounce off one another
without generating heat; they don’t even touch in the classic
sense of the word. (As later chapters will show, the notion of
touching at the atomic level is different from at the everyday
level.)

.Momenmm Vectors

Momentum is conserved even when colliding objects move at an
angle to each other. To analyze momentum for angular direc-
tions, we use the vector techniques discussed in Chapter 6. It
will be enough in this chapter if you merely become acquainted
with momentum conservation for cases that involve angles, so
three examples that convey the idea will be considered briefly
without going into depth.

In Figure 7-15 you can see that car A has momentum directed
due east, and that car B has momentum directed due north. If
their individual momenta are equal in magnitude, then after
colli‘sion their combined momentum will be in a northeast di-
rect¥on. Just as the diagonal of a square is not simply the arith-
Metic sum of two of its sides, the momentum of the wreck will

N0t be twice the arithmetic sum of the individual momenta be-
fore collision *

It will b
the dj e V2

*
) times the momentum of either vehicle before collision, just as
agonal of a square is \/2 the length of a side.

Since momentum behaves
like a vector, extra time spent
on Chapter 6 will be
beneficial.

Experiment: PSSC Collision
in 2-D.
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7 Chapter Review

[Chapter Review

The answers under the Review Questions and Think and Explain exercises are very
brief. For fuller explanations, see the teacher notes for Chapter 7 in the front of

this book.

Concept Summary

Momentum of an object is the product of mass
times velocity.

* The change in momentum depends on the
force that acts and on the length of time it
acts.

» Impulse is force multiplied by the time dur-
ing which it acts.

¢ The change in momentum equals the
impulse.

According to the law of conservation of momen-
tum, momentum is conserved when there is no
net external force.

« When objects collide in the absence of ex-
ternal forces, momentum is conserved no
matter whether the collision is elastic or
inelastic.

Momentum is a vector quantity.
* Momenta combine by vector rules.

Important Terms

conserved (7.4)

elastic collision (7.5)
impulse (7.2)

inelastic collision (7.5)

law of conservation of momentum (7.4)
momentum (7.1)

Review Questions

l. a. Which has the greater mass—a heavy
truck at rest or a rolling skateboard?
b. Which has greater momentum? (7.1)
¢ () truck; (b) skateboard which moves.
2. When the average force of impact on an ob-
Ject is extended in time, does this increase
or decrease the impulse? (7.2)
F3‘ Same f<.)rce for longer time = greater impulse.
- What is the relationship between impulse
and momentum? (7.2)
Impulse = change in momentum.

'4.a. For a constant force, if the duration of
impact upon an object is doubled, by
how much is the impulse increased?

b. By how much is the resulting change in
momentum increased? (7.2)

.. (a) Doubled; (b) doubled.

. a. If both the force that acts on an object
and the time of impact are doubled, by
how much is the impulse increased?

b. By how much is the resulting change in
momentum increased? (7.2)
(a) Four; (b) four.

., In a car crash, why is it advantageous for an

occupant to extend the time during which
the collision is taking place? (7.2)
Longer time, less force.

. Ifthe time of impact in a collision is extended
by four times, by how much is the force of
impact altered? (7.2)

Reduced to one fourth.
. a. Why is it advantageous for a boxer to
ride with the punch?
b. Why is it disadvantageous to move into
an oncoming punch? (7.2)
(a) Long ¢, small F; (b) small ¢, big F.

. When you throw a ball, do you experience an
impulse? Do you experience an impulse if
you instead catch a ball of the same speed? If
you catch it, then throw it out again? Which
impulse is greatest? (Visualize yourself on a
skateboard.) (7.3)

Yes; yes; yes; most when catching + throwing.

. Why is the force of impact greater in a colli-
sion that involves bouncing? (7.3)
Momentum change greater, so impulse greater.

. Why is the Pelton wheel design a better one
than paddle wheels with flat blades? (7.3)
More change in fluid momentum, more impulse.

. What does it mean to say that momentum is
a vector quantity? (7.4)

-Momentum has magnitude and direction.

. In terms of momentum conservation, why
does a gun kick when fired? (7.4)

Gun’s momentum equal and opp to bullet’s.
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14. The text states that if no net force acts on

a system, then the momentum of that sys-
tem cannot change. 1t also states there is nO
change in momentum when a rifle is fired.
Doesn’t the fact that a bullet undergoes a
considerable change in momentum as it ac-
celerates along the barrel contradict this?
Explain. (7.4)

No. Mmt of B + R is 0; not mmt of only B.

~ What does it mean to say that momenturm is

conserved? (7 4)

Is transferred in interaction without loss.

. How can a rocket be propelled above the

atmosphere where there is no air to “push
against”? (7.4)

Pushes against exhaust, not the atmosphere.

_ Distinguish between an elastic and inelastic

collision. (7.5)

Elastic, bouncy; inelastic, sticky-

~ What effect does friction have on the mo-

mentum of an object? (7.5)

Momentum tends to be reduced by friction.

_ Imagine that you are hovering next to a

20.

space shuttle in earth orbit and your buddy
of equal mass who is moving at 4 km/h with
respect to the ship bumps into you. If he
holds onto you, how fast do you both move
with respect to the ship? (7.5)

Twice the mass moves at half speed, 2 km/h.

1s momentum conserved for colliding ob-
jects that are moving at angles to one an-
other? Explain. (7.6)

Yes. Resulting motions follow vector rules.

Think and Explain

RE

When you ride 2 bicycle at full speed, which
has the greater momentum—you ©or the
bike? (Does this help explain why you g0
over the handlebars if the bike is brought to
an abrupt halt?)

You, if you have more mass than the bike.

_ For the least harm to your hand, should you

catch a fast-moving baseball while your
hand is at rest, while it moves toward the
ball, or while it is pulling back away from
the ball? Explain.

pull back, extend time, reduce force.

_ Youcan't throw araw egg againsta wall with-

out breaking it, but you can throw it with the
same speed into 2 sagging sheet without
breaking it. Explain.

Longer contact time, less force.

7 Momentum

. 4. Everybody knows that you will be harmed

less if you fall on 2 floor with “give” than a
rigid floor. In terms of impulse and momen-
tum, why is this so?

Longer stopping time, less force.

___ 5. If you throw 2 heavy rock from your hands

while standing on 2 skateboard, you roll
backwards. Would you roll backwards if
you didn't actually throw a rock but went
through the motions of throwing the rock?
Defend your answer.

No momentum to rock, no momentum to you.

6. A bug and the windshield of a fast-moving

car collide. Tell whether the following state-

ments are true or false.

a. The forces of impact on the bug and on
the car are the same size.

b. The impulses on the bug and on the car
are the same size.

c. The changes in speed of the bug and of
the car are the same.

d. The changes in momentum of the bug
and of the car are the same size.

(a) True; (b) true; (c) false; (d) true.

7. When a space shuttle dips back into the at-

mosphere from orbit, it turns to the left and
right in giant S-curves. How does this ma-
neuver increase the impulse delivered to the
shuttle so that it will slow before landing?

Air drag is increased, SO impulse increased.

8. Who is in greater trouble—a person who

comes to an abrupt halt when he falls to the
pavement below or a person who bounces
upon impact? Explain.

More harm if one bounces upon impact.

9. A railroad diesel engine weighs 4 times a8

much as a flatcar. If a diesel coasts at 5 km/h
into a flatcar that is initially at rest, how fast
do the two coast after they couple together?
4 km/h.

10. An alpha particle is a puclear particle of

known mass. SUppose one is accelerated 0
a high speed in an atomic accelerator an
directed into an observation chamber. There
it collides and sticks to a target particle that
is initially at rest. As a result of the impact,
the combined target particle and alpha par
ticle is observed to move at initl
speed of the alpha particle. Wh

ers conclude that the target particle is i

an alpha particle?

Half speed means double mass; tWO alphas:
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