CHAPTER 7: Linear Momentum

Answersto Questions

1.

(]

For momentum to be conserved, the system under analysis must be “closed” — not have any forces
on it from outside the system. A coasting car has air friction and road friction on it, for example,
which are “outside” forces and thus reduce the momentum of the car. If the ground and the air were
considered part of the system, and their velocities analyzed, then the momentum of the entire system
would be conserved, but not necessarily the momentum of any single component, like the car.

Consider this problem as a very light object hitting and sticking to a very heavy object. Thelarge
object — small object combination (Earth + jumper) would have some momentum after the collision,
but due to the very large mass of the Earth, the velocity of the combination is so small that it is not
measurable. Thus the jumper lands on the Earth, and nothing more happens.

When you release an inflated but untied balloon at rest, the gas inside the balloon (at high pressure)
rushes out the open end of the balloon. That escaping gas and the balloon form a closed system, and
so the momentum of the system is conserved. The balloon and remaining gas acquires a momentum
egual and opposite to the momentum of the escaping gas, and so move in the opposite direction to
the escaping gas.

If the rich man would have faced away from the shore and thrown the bag of coins directly away
from the shore, he would have acquired avelocity towards the shore by conservation of momentum.
Sincetheiceisfrictionless, he would slide al the way to the shore.

When arocket expels gasin agiven direction, it puts aforce on that gas. The momentum of the gas-
rocket system stays constant, and so if the gasis pushed to the left, the rocket will be pushed to the
right due to Newton’s 3 law. So the rocket must carry some kind of material to be ejected (usually
exhaust from some kind of engine) to change direction.

The air bag greatly increases the amount of time over which the stopping force acts on the driver. If
ahard object like a steering wheel or windshield is what stops the driver, then alarge force is exerted
over avery short time. If asoft object like an air bag stops the driver, then amuch smaller forceis
exerted over amuch longer time. For instance, if the air bag is able to increase the time of stopping
by afactor of 10, then the average force on the person will be decreased by afactor of 10. This
greatly reduces the possibility of seriousinjury or death.

“Crumple zones” are similar to air bagsin that they increase the time of interaction during a
collision, and therefore lower the average force required for the change in momentum that the car
undergoesin the collision.

From Eq. 7-7 for a1-D elastic callision, v, —v, =V, —V,. Let “A” represent the bat, and let “B”

represent the ball. The positive direction will be the (assumed horizontal) direction that the bat is
moving when the ball is hit. We assume the batter can swing the bat with equal strength in either

case, so that v, isthe same in both pitching situations. Because the bat is so much heavier than the
ball, we assume that V, =~ v, — the speed of the bat doesn’t change significantly during the collision.
Then the velocity of the baseball after being hitis v, =V, +Vv, -V, = 2v, -V, . If v, =0, the ball

tossed up into the air by the batter, then v, ~ 2v, — the ball moves away with twice the speed of the

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

164



Giancoli Physics: Principles with Applications, 6 Edition

11.

12.

13.

14.

15.

16.

bat. Butif v, <0, the pitched ball situation, we see that the magnitude of \/B > 2v, , and so the ball
moves away with greater speed. If, for example, the pitching speed of the ball was about twice the
speed at which the batter could swing the bat, then we would have V, ~ 4v,. Thusthe ball has

greater speed after being struck, and thusit is easier to hit ahomerun. Thisissimilar to the
“gravitational slingshot” effect discussed in problem 85.

The impulse is the product of the force and the time duration that the force is applied. So the
impulse from asmall force applied over along time can be larger than the impulse applied by alarge
force over asmall time.

The momentum of an object can be expressed in terms of its kinetic energy, as follows.
p=rmv=/mv = \/m(mvz) = \/Zm(gmvz) = V2mKE .

Thus if two objects have the same kinetic energy, then the one with more mass has the greater
momentum.

Consider two objects, each with the same magnitude of momentum, moving in opposite directions.
They have atotal momentum of 0. If they collide and have atotaly inelastic collision, in which they
stick together, then their final common speed must be 0 so that momentum is conserved. But since
they are not moving after the collision, they have no kinetic energy, and so all of their kinetic energy
has been lost.

The turbine blades should be designed so that the water rebounds. If the water rebounds, that means
that alarger momentum change for the water has occurred than if it just cameto astop. And if there
isalarger momentum change for the water, there will also be alarger momentum change for the
blades, making them spin faster.

(&) The downward component of the momentum is unchanged. The horizontal component of
momentum changes from rightward to leftward. Thus the change in momentum isto theleft in
the picture.

(b) Sincetheforce onthewall is opposite that on the ball, the force on the wall isto the right.

(@ The momentum of the ball is not conserved during any part of the process, because thereis an
external force acting on the ball at all times— the force of gravity. And thereis an upward force
on the ball during the collision. So considering the ball as the system, there are always externa
forceson it, and so its momentum is not conserved.

(b) With this definition of the system, all of the forces are internal, and so the momentum of the
Earth-ball system is conserved during the entire process.

(c) Theanswer hereisthe same asfor part (b).

In order to maintain balance, your CM must be located directly above your feet. If you have a heavy
load in your arms, your CM will be out in front of your body and not above your feet. So you lean
backwards to get your CM directly above your feet. Otherwise, you would fall over forwards.

The 1-m length of pipeisuniform — it has the same density throughout, and so its CM is at its
geometric center, which isits midpoint. The arm and leg are not uniform — they are more dense
where there is muscle, primarily in the parts that are closest to the body. Thusthe CM of the arm or
leg is closer the body than the geometric center. The CM islocated closer to the more massive part
of thearm or leg.
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17. When you are lying flat on the floor, your CM isinside of the volume of your body. When you sit
up on the floor with your legs extended, your CM is outside of the volume of your body.

CM CM

®

18. The engine does not directly accelerate the car. The engine puts aforce on the driving wheels,
making them rotate. The wheels then push backwards on the roadway as they spin. The Newton’s
3 |aw reaction to this force is the forward-pushing of the roadway on the wheels, which accelerates
the car. Soitisthe (external) road surface that accelerates the car.

19. The motion of the center of mass of the rocket will follow the original parabolic path, both before
and after explosion. Each individual piece of the rocket will follow a separate path after the
explosion, but since the explosion was internal to the system (consisting of the rocket), the center of
mass of all the exploded pieces will follow the original path.

Solutionsto Problems

1. p=mv=(0.028kg)(8.4m/s)=|0.24kg-m/s

2. From Newton’s second law, Ap = FAt . For aconstant mass object, AP = mAV . Equate the two
expressionsfor Ap .
. ~ _ FaAt
FAt=mAV —» AV=——r0o.
m
If the skier movesto the right, then the speed will decrease, because the friction force isto the left.

Ay AL _(25N)(205) 7y
m 65 kg

The skier loses 7.7m/s of speed.

3. Choose the direction from the batter to the pitcher to be the positive direction. Calculate the average
force from the change in momentum of the ball.
Ap=FAt=mAv —

4.40x10°N, towards the pitcher

o m%: (0.145 kg)(SZ.Om/s——39.0m/sj _

3.00x10°s

The throwing of the package is a momentum-conserving action, if the water resistance isignored.
Let “A” represent the boat and child together, and let “B” represent the package. Choose the
direction that the package is thrown as the positive direction. Apply conservation of momentum,
with the initial velocity of both objects being 0.

Piitia = Prina (mA + mB)V = mAV,A + rnBVIIB -
,  myv, (6.40kg)(10.0m/s)

V, =— =— =|-0.901m/s
: m (26.0 kg +45.0 kg) /

A
The boat and child move in the opposite direction as the thrown package.
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5. Theforce on the gas can be found from its change in momentum.
Ap vAm Am

At At At
The force on the rocket is the Newton’s 3" law pair (equal and opposite) to the force on the gas, and

=(4.0x10" m/s)(1500kg/s) = 6.0x10" N downward

s0is [6.0x10" N upward|.

6. Thetacklewill be analyzed as a one-dimensional momentum conserving situation. Let “A”
represent the halfback, and “B” represent the tackling cornerback.
Piiia = Prina > MV T MRV = (mA + mB)V' -
FEUN/S N (95kg)(4-1m/s) +(85 kg)(5.5m/s) _ pETVA
m, +m, (95 kg)+(85kg)

7. Consider the horizontal motion of the objects. The momentum in the horizontal direction will be
conserved. Let “A” represent the car, and “B” represent the load. The positive direction isthe
direction of the original motion of the car.

Piita = Prina > MVa + MgV = (mA +My )V, -
LN (12,600 kg)(18.0m/s) +0
m, +m, (12,600 kg) + (5350 kg)

=12.6m/s

8. Consider the motion in one dimension, with the positive direction being the direction of motion of
thefirst car. Let “A” represent the first car, and “B” represent the second car. Momentum will be

conserved in the collision. Notethat v, =0.
Biita = Prina > MV, + MV = (mA + mB)V, -
~m,(v,-V) (9300kg)(15.0m/s-6.0m/s)
v - 6.0m/s

=[1.4x10%kg

9. Theforce stopping the wind is exerted by the person, so the force on the person would be equal in
magnitude and opposite in direction to the force stopping the wind. Calculate the force from Eq. 7-2,
in magnitude only.

m

AP,
an — Fon _ pwmd mlvlnd wind rrlNlnd AVW.nd

person wind - At At

=833N ~|8x10°N

The typical maximum frictional forceis F, = x,mg =(1.0)(70 kg)(9.8 m/sz) =690 N, and so we

—100km/h( llm/ > j: 27.8m/s

3.6km/h

(30kg/s)(27.8m/s)

seethat |F,, > F, | —thewindisliterally strong enough to blow a person off his feet.

on
person

10. Momentum will be conserved in the horizontal direction. Let “A” represent the car, and “B”
represent the snow. For the horizontal motion, v, =0 and v, =V,. Momentum conservation gives
the following.
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!
Piita = Prina =™ MV = (mA +my )VA

V, = MV _ (38005952)(5.60m/s) = 7.94m/5z 7.9 m/s
M.+ M, 3800kg+( = gj(Q0.0min)
min

11. Consider the motion in one dimension, with the positive direction being the direction of motion of
the original nucleus. Let “A” represent the apha particle, with amass of 4 u, and “B” represent the
new nucleus, with amass of 218 u. Momentum conservation gives the following.

Biita = Pria = (mA+rnB)V= mV, +myv, —
(m,+m, )v-myv, (222u)(420m/s)-(218u)(350m/s)
m, 40u

Note that the masses do not have to be converted to kg, since al masses are in the same units, and a
ratio of massesiswhat is significant.

!
V, =

=|4.2x10°m/s

Consider the motion in one dimension with the positive direction being the direction of motion of the
bullet. Let “A” represent the bullet, and “B” represent the block. Since there is no net force outside
of the block-bullet system (like frictions with the table), the momentum of the block and bullet

combination is conserved. Notethat v, =0.
Britia = Pia ™ MWy MV = mAV,,A + msvlla -
m,(v,-V,) (0.023kg)(230m/s—170m/s)
m, - 2.0kg

!

Vg =

=10.69m/s

13. (a) Consider the motion in one dimension with the positive direction being the direction of mation
before the separation. Let “A” represent the upper stage (that moves away faster) and “B”

represent the lower stage. Itisgiventhat m, =m,, v, =v, =v, and v, =V, —v,. Momentum
conservation gives the following.
Biita = Pia ™ (mA + mB)V =MV, + MV, =MV, +m, (V,A ~Vie ) -
, (my+my)vemyv, (975 kg)(5800m/s)+1(975 kg)(2200m/s)

Va = (m,+m,) B (975kg)

=16.9x10° m/s , away from Earth

V, =V, -V, =6.9x10° m/s-2.20x10° m/s=(4.7x10° m/s , away from Earth
(b) The changein KE had to be supplied by the explosion.
AKE = KE, —-KE = (%mAv;\2 +%va’Bz)—%(mA +m, )Vv?

= 4(487.5kg)| (6900mys)” +(4700mys)” |-4(975 kg) (5800 my’s)’

=[5.9x10°J
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14. To dter the course by 35.0°, avelocity perpendicular to the original velocity
must be added. Call the direction of the added velocity, v_,,, the positive

direction. From the diagram, we seethat v,,, =V, tan&. The momentum in

the perpendicular direction will be conserved, considering that the gases are
given perpendicular momentum in the opposite direction of v_,. Thegasis

add ’

<

orig

expelled in the opposite directionto v__,, and so a negative value is used for

add ?

\

lgas*

pg_d = p; - O:mgasvj_gas—i_(n]rocket_mgas)vadd -
ore ter

MogeaVoss  _ (3180 kg)(115m/s) tan 35.0° _[La0x10°kg
Vo —Vige) | (115m/s)tan35° ——1750m/s ]|

1 gas

Rl

(@) Theimpulseisthe change in momentum. The direction of travel of the struck ball isthe
positive direction.

Ap = mAV = (4.5x10 *kg) (45m/s-0) =2.0 kg-m/s
(b) Theaverageforceisthe impulse divided by the interaction time.

FoAp_20kem/s (oo

16. (a) Theimpulse given to the nail is the opposite of the impulse given to the hammer. Thisisthe
change in momentum. Call the direction of the initial velocity of the hammer the positive
direction.

APy = —APrme = MV, — MV, = (12 kg)(8.5m/s) -0 =[1.0x10° kgem/s
(b) The average forceisthe impulse divided by the time of contact.

2
. _Ap _10x10°kg-m/s :

At 8.0x10°s

nail

17. Theimpulse given the ball isthe change in the ball’s momentum. From the symmetry of the
problem, the vertical momentum of the ball does not change, and so there is no vertical impulse.
Cadll the direction AWAY from the wall the positive direction for momentum perpendicular to the
wall.

Ap

=MV, —-mv

1 1
final initial

=2(6.0x10*km)(25m/s)sin45° = [2.1kg-m/s , to the left

=m(vsin45’ ——vsin45°) = 2mvsin45°

18. (a) Theaverageforce on the car isthe impulse (change in momentum) divided by the time of
interaction. The positive direction is the direction of the car’sinitial velocity.

1m/s

3-6”"/“) _ _1.389x10°N ~[[1ax10°N]

At At 0.15s

0-50km/h[
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(b) Thedeceleration is found from Newton’s 2™ law.
_ F (-1.389x10°N)

m 1500kg

19. Call east the positive direction.
(@) Poigra = MWoigra = (95 kg)(4.0m/s) =|3.8x10° kgem/s

fullback fullback
(b) Theimpulse on the fullback is the change in the fullback’s momentum.

APy = m(vfinal ~ Vina j = (95 kg)(o_ 4.0 m/s) =[-3.8x10” kg°m/s

fullback fullback

(c) Theimpulse on the tackler is the opposite of the impulse on the fullback, so |3.8x10° kg-m/s

(d) Theaverage force on the tackler isthe impulse on the tackler divided by the time of interaction.

2
=_Ap_38x10 kgem/s :

At 0.75s

20. (a) Theimpulse given the ball isthe area under the F vs. t graph. Approximate the areaas a
triangle of “height” 250 N, and “width” 0.01 sec.

Ap = %(250 N)(0.0l s) =11.25N.s
(b) The velocity can be found from the change in momentum. Call the positive direction the
direction of the ball’s travel after being served.
A 1.25N.
Ap=mAv=m(v,-V) — v, =V, +—p:0+;zs= 21mfs
6.0x10"kg

21. Find the velocity upon reaching the ground from energy conservation. Assume that all of the initial
potential energy at the maximum height h__ is converted into kinetic energy. Take down to be the

positive direction, so the velocity at the ground is positive.

_ 1 2 _
nghmax - Ernvground - Vground - 2ghmax

When contacting the ground, the impulse on the person causes a change in momentum. That
relationship is used to find the time of the stopping interaction. The force of the ground acting on the
person is negative since it actsin the upward direction.

FAt=m(0-v,

ground

) > At= oo
F

We assume that the stopping force is so large that we call it the total force on the person — we ignore
gravity for the stopping motion. The average acceleration of the person during stopping (5 = I?/ m)

is used with Eq. 2-11b to find the displacement during stopping, h,,, .

- 2
mv = mv
_ 1 2 _ _ ground 1 _ ground
y_yo_vot"'za‘t ) hsop_vground( E j"‘z(mJ( E j )

2 2 2 1
_ rnVground 1 rnvground _ 1 Irnvground _ ghmaxm _ Fhslop
hsop__ = +E = -2 = = - hmax___
F F F F
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22

24,

We assume that the person lands with both feet striking the ground simultaneously, so the stopping
force is divided between both legs. Thus the critical average stopping forceis twice the breaking
strength of asingle leg.

Fh,, 2F.h, 2(170x10°N/m?)(25x10*m?)(0.60 m)

_ Stop break * stop _ 69 m

Y g mg (75kg)(9.8m/s?)

Let A represent the 0.440-kg ball, and B represent the 0.220-kg ball. We have v, =3.30 m/s and
v, =0. UseEq. 7-7 to obtain arelationship between the velocities.
V=V =—(Va—V,) — VL=V, +V,
Substitute this relationship into the momentum conservation equation for the collision.
myV, + MV, =myVv, +myv, — myv, =myv, +m, (v, +v,) —
, (m,-m)  0220kg

vV, = vV, =
* (m,+m,) " 0660kg

(3.30mys) =[1.10m/s( east)

V, =V, +V, =3.30m/s+1.10m/s=|4.40m/s(east )

Let A represent the 0.450-kg puck, and let B represent the 0.900-kg puck. Theinitial direction of
puck A isthe positive direction. We have v, =3.00 m/s and v, =0. UseEq. 7-7 to obtain a
relationship between the velocities.
Vi Ve =—(Vi =) = V=V, 4+,
Substitute this relationship into the momentum conservation equation for the collision.
mV, + MV, =m\V, +myv, — my, =m,V, +m, (v, +v,) —
, (my-m,) -0.450 kg
Vo = Vo =
(m,+m,) 1.350 kg

(3.00m/s) = —1.00m/s = [1.00m/s( west)

V, =V, +V, =3.00m/s—1.00m/s=|2.00m/s(east)

Let A represent the ball moving at 2.00 m/s, and call that direction the positive direction. Let B
represent the ball moving at 3.00 m/s in the opposite direction. So v, = 2.00 m/ s and

v, =-3.00 m/s. Use Eq. 7-7 to obtain arelationship between the velocities.

V=V, =—(V,—V,) — Vv, =5.00m/s+V,
Substitute this relationship into the momentum conservation equation for the collision, noting that
m,=m,.

mV, +myv, =m\V, +myV, — V,+V, =V, +V, —

-1.00m/s=V, +(v, +5.00m/s) — 2v, =-6.00m/s — V, =|-3.00m/s

v, =5.00m/s+V, =|2.00m/s

The two balls have exchanged velocities. Thiswill aways be true for 1-D elastic collisions of
objects of equal mass.
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25. Let A represent the 0.060-kg tennis ball, and let B represent the 0.090-kg ball. Theinitia direction
of the ballsis the positive direction. We have v, = 2.50m/s and v, =1.15m/s. UseEq. 7-7 to
obtain arelationship between the velocities.

V, =V, =—(Va—V,) — v, =135m/s+v,
Substitute this relationship into the momentum conservation equation for the collision.

MV, + MV, =MV, + MV, — myV, +my, =mv, +m, (L35m/s+v,) —
v - m,v, +m, (v, ~1.35m/s) _(0.060 kg)(2.50 m/s) +(0.090 kg)(1.15m/s—-1.35m/s)
m, +m, 0.150 kg
=10.88m/s

Vv, =1.35m/s+V, =|2.23m/s
Both balls move in the direction of the tennis ball’sinitial motion.

26. Let A represent the moving softball, and let B represent the ball initially at rest. Theinitial direction
of the softball is the positive direction. We have v, =8.5m/s, v, =0, and v, =-3.7m/s,
(@) UseEq. 7-7 to obtain a relationship between the velocities.
v, ~(v, -V,) = V=V, -V, +V, =85m/s-0-3.7m/s=(4.8m/s
(b) Use momentum conservation to solve for the mass of the target ball.
m\v, + MV, =m\V, +myv, —

_VB:

(85m/s—-3.7m/s)
4.8m/s

m, = ((VA_ A)) (0.220 kg)

27. Lettheoriginal direction of the cars be the positive direction. We have v, = 4.50 m/ s and
v, =3.70m/s
(@) UseEq. 7-7 to obtain a relationship between the velocities.
V=V =—(V, =V,) — V=V, -V, +V, =0.80m/s+V,
Substitute this relationship into the momentum conservation equation for the collision.
MV, + MV, =MV, + MV, — mV, +myV, =mV, +m, (0.80m/s+v,) —
, myv, +m, (v, —0.80m/s) (450 kg)(4.50m/s)+ (550 kg)(2.90m/s)
VA = =
m, +m, 1000 kg
v, =0.80m/s+v, =[4.42m/s
(b) Calculate Ap= p'— p for each car.
Ap, =m,V, —m,v, =(450 kg)(3.62m/s-4.50m/s) = -3.96x 10" kg-m/s

=[0.56 kg

=|3.62m/s

~|-4.0x10% kg-m/s

Ap, = mV, —myv, = (550 kg)(4.42m/s-3.70m/s) = 3.96x10° kg-m/s

B

~|4.0x10° kg-m/s
The two changes are equal and opposite because momentum was conserved.
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28. (a) Momentum will be conserved in one dimension. Call the direction of the first ball the
positive direction. Let A represent the first ball, and B represent the second ball. We have

v, =0 and v =+v,. UseEq. 7-7 to obtain arelationship between the velocities.
Va =V :_(V,:\ _V,B) - V/'x :_%VA

Substitute this relationship into the momentum conservation equation for the collision.
Piita = Pina ™ MV MgV = mAV;A + mBVé —> MV, = __m Vot My 2VA -
m, = 3m, =3(0.280 kg) =|0.840 kg

(b) Thefraction of the kinetic energy given to the second ball is as follows.
KE, <imyv} 3m
B — 2 Ian 82 — ( ) 075

KE, 5myVv, m,Vv;

29. Let A represent the cube of mass M, and B represent the cube of mass m. Find the speed of A
immediately before the collision, v, , by using energy conservation.

Mgh=2Mv — v, =./2gh=,/2(9.8m/s*)(0.30 m) = 2.42m/s
Use Eq. 7-7 for elastic collisions to obtain arelationship between the velocities in the collision. We
have v, =0 and M =2m.

! ! ! !
VA_VB=_(VA_VB) > Vg =V TtV
Substitute this relationship into the momentum conservation equation for the collision.
! ! ! !
myV, + My, =mVv, +myv, — myv, =mV, +m, (v, +v,) —

/ 2(9.8m/s*)(0.30 m
2nmv, =2mv, +m(v, +V,) — Vv, Y _y20h :\/ ( /s )( )=O.808m/s

YA
3 3 3

V, =V, +V, =4v, =3.23m/s
Each mass is moving horizontally initially after the collision, and so each has a vertical velocity of 0
asthey start to fall. Use constant acceleration Eq. 2-11b with down as positive and the table top as
the vertical origin to find the time of fall.

y=y,+vt+iat? - H=0+0+igt> —» t=,/2H/g
Each cube then travels a horiztonal distance found by Ax =V At.

AX, =V,At =Y 29 28 _2A =2,/(030m)(0.90 m) =0.3464m ~

AX, =V,At = 4V§gh ﬂ —2hH =£,/(0.30m)(0.90 m) =1.386m ~[L4 m]|
g

30. (@) UseEq. 7-7, dong with v, =0, to obtain arelationship between the velocities.
V=V =—(Vy —Vy) — VL=V, +V,
Substitute this relationship into the momentum conservation equation for the collision.
mAVA + rT]BVB = mAV»,A + rT]B\/ll_% = mAV;\ + I’nB (VA +V;\ ) = mAV,A + r‘nBVA + r‘nBV,A -

(m,-m)

mVA_rT]BVAzmAV,/A+rT]BV,,A - (mA_rnB)VA:(mA—i_rnB)V; - V;\_
(m,+m,) "

Substitute this result into the result of Eq. 7-7.
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A~ Va Vi =Va
(m, +m,) (m,+m)  (m,+m) (m, +m,)
(b) If m, < m,, then approximate m, =0

V;=(mA_mB)VA=(_mB)VA=—VA Vé= 2mAVA =0
(my+my) = (+my) (m, +m)

Theresultis |V, =-v, ; v, =0|. Anexample of thisisaball bouncing off of the floor. The

: oy o mmm), | (mrm) | (m,-m) 2m,

massive floor has no speed after the collision, and the velocity of the ball isreversed (if
dissipative forces are not present).

(c) If m, > m,, then approximate m, =0.
' (mA_rnB) (mA) r_ 2mAVA _ 2mAVA

v, = v, = vV, =V s = = =2v
(m,+m)  (m,)

A

AT AT A A
(m+mg) = (m,)
Theresultis |V, =v, ; Vv, =2v,|. Anexample of thiswould be agolf club hitting agolf ball.

A’ B

The speed of the club immediately after the collision is essentially the same asits speed before
the collision, and the golf ball takes off with twice the speed of the club.
(d) If m,=m,, thenset m, =m, =m.,
, (m-m)

Vv, = v, =0
(m+m) *

2nv

2mv A

U A

B:(m+m)= 2m

= VA

Theresultis |V, =0; v, =v,|. Anexample of thisisone billiard ball making a head-on

collision with another. Thefirst ball stops, and the second ball takes off with the same speed
that the first one had.

31. From the analysisin Example 7-10, theinitial projectile speed is given by v = —— M J29n.
m

Compare the two speeds with the same masses.

m+M

——/20h,
%zﬁm—hz%:\/%:\/%}ﬁ > |n=v2y
1 - Zgh1 ’

32. From the analysisin the Example 7-10, we know that

A

V= m+M J2gh — E
m 1

L-h !

~ 1( mv jz_ 1 (0.028 kg)(230m/s) \’ !
“2g\m+M ) 2(9.8m/s°)\  0.028 kg+3.6kg v
h

—0.1607m ~

From the diagram we see that
L =(L-h)" +x°

[]

x=\/L2—(L—h)2 =\/(2.8 m)’ —(2.8m-0.1607 m)° =[0.94 m
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33. (@) Inexample7-10, KE =<mv* and KE, =<(m+ M )v'2. The speeds are related by
m

/

V =
m+ M

V.

2
2
AKE KE, -KE i(m+M)VvZ-imv? (m+M)(m+M V) -nmv

KE KE 1mv? mv?
m’v’ 2
mv? m+M m+M
-M _ -380g

(b) For the given values, =-0.96. Thus 96% of the energy islost.

m+M  39%g

34. Use conservation of momentum in one dimension, since the particles will separate and travel in
opposite directions. Call the direction of the heavier particle’s motion the positive direction. Let A

represent the heavier particle, and B represent the lighter particle. We have m, =1.5m, , and

v, =V, =0.

!
MY,

! ! !
Piita = Pina ™ 0= MV, +MV, — V, = m Vi

3B
A
The negative sign indicates direction.

Since there was no mechanical energy before the explosion, the kinetic energy of the particles after
the explosion must equal the energy added.

! ! ! ! ! 2 ! ! !
Eadded = KEA + KEB :%mAVAZ +%rnBVBZ = %(1.5“18)(£VB) +%rnBVBZ :%(% rnBVBZ) = % KEB

3

KE, =2E,,, =2(7500J)=4500) KE, = E,,,, — KE, = 7500 J— 4500 J = 3000 J

‘added

Thus |KE, = 3.0x10°J KE, = 45x10°J

35 Use conservation of momentum in one dimension. Call the direction of the sports car’s velocity the
positive x direction. Let A represent the sports car, and B represent the SUV. We have v, =0 and

! !
vV, =V;. Solvefor v,.

m, +m, v,
mA

The kinetic energy that the cars have immediately after the collision islost due to negative work
done by friction. The work done by friction can also be calculated using the definition of work. We

assume the cars are on alevel surface, so that the normal forceis equal to the weight. The distance
the cars slide forward is Ax. Equate the two expressions for the work done by friction, solve for V, ,

!
Prita = Prina = MWV, +O:(mA +rnB)VA > V=

and use that to find v, .
W, = ( KE;y — KE iua )a“ef = 0_%(mA + mB)V/:\2

collision

W, = F, Axcos180” = —, (m, +m, ) gAX
—1(m, +m, V¥ =g, (M, + M, ) gAX — V, = /24, gAX
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Va =

m, +mB v <M mB 920kg+2300kg >
- J2n e \/2(0.80)(9.8m/s*) (2.8 m)

A

=23.191m/s~ 23m/s

36. Consider conservation of energy during the rising and falling of the ball, between contacts with the
floor. The gravitational potential energy at the top of a path will be equal to the kinetic energy at the

start and the end of each rising-falling cycle. Thus mgh = %rn\/2 for any particular bounce cycle.

Thus for an interaction with the floor, the ratio of the energies before and after the bounceis
KE, . mgh ~120m

KE . Mgh 150 m

80% of its pre-bounce amount. The number of bounces to lose 90% of the energy can be expressed
asfollows.

(08)'=01 - n=

=0.80. We assume that each bounce will further reduce the energy to

log0.1
log0.8
Thus after [11 bounces, more than 90% of the energy islost.

As an alternate method, after each bounce, 80% of the available energy isleft. So after 1 bounce,
80% of the original energy isleft. After the second bounce, only 80% of 80%, or 64% of the
available energy isleft. After the third bounce, 51 %. After the fourth bounce, 41%. After the fifth
bounce, 33 %. After the sixth bounce, 26%. After the seventh bounce, 21%. After the eight bounce,
17%. After the ninth bounce, 13%. After the tenth bounce, 11%. After the eleventh bounce, 9% is
left. So again, it takes 11 bounces.

=103

37. (a) For aperfectly elastic collision, Eq. 7-7 says v, -V, = —(V, -V, ). Substitute that into the
coefficient of restitution definition.
_ V,,A _Vé — _(VA_VB) =1.
Ve —Va Ve = Vi

For acompletely inelastic collision, v, =v,. Substitute that into the coefficient of restitution
definition.

Vv, -V
=B _0,

Ve =Va
(b) Let A represent the falling object, and B represent the heavy steel plate. The speeds of the steel
plateare v, =0 and V, =0. Thus e=-V, /v, . Consider energy conservation during the
falling or rising path. The potentia energy of body A at height h is transformed into kinetic

energy just beforeit collides with the plate. Choose down to be the positive direction.

mgh=4mvi — v, =/2gh
The kinetic energy of body A immediately after the collision is transformed into potential
energy asit rises. Also, sinceit is moving upwards, it has a negative velocity.

mgh' =4mv? — v, =—/2gh’
Substitute the expressions for the velocities into the definition of the coefficient of restitution.

—\/2gh’
e:—v;/vAz—\/% - |e=4/h/h

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rightsreserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

176



Giancoli Physics: Principles with Applications, 6 Edition

38.

39.

Let A represent the more massive piece, and B the less massive piece. Thus m, =3m,. Inthe
explosion, momentum is conserved. Wehave v, =v, =0.

_ _ ’ ' ’ ’ I 1y
Piita = Pia 0= MV, + MV = 3mBVA TV, — Vy =—3V%

For each block, the kinetic energy gained during the explosion is lost to negative work done by
friction on the block.

W, = KE, —KE, =—-+mv*
But work is also calculated in terms of the force doing the work and the distance traveled.
W, = F, Axcos180° = —p, F AX = —u, mgAX
Equate the two work expressions, solve for the distance traveled, and find the ratio of distances.

VA
2 2 1., \2
v AX v -iv 1
—imv? = - mgAX — Ax= ( )Az g’f;k =%=—( D
gL, (M),  va v, VA 9
924,

Andso (&), J(8),,. =19

In each case, use momentum conservation. Let A represent the 15.0-kg object, and let B represent
the 10.0-kg object. We have v, =5.5m/s and v, = -4.0m/s.

(@ Inthiscase, v, =V;.
MV, + MY =(m, +m v, -
m,v, +myv, (15.0 kg)(5.5m/s)+(10.0 kg)(-4.0m/s)

V, =V, = = =(1.7m/s
o mo+m, 25.0 kg /
(b) Inthiscase, use Eq. 7-7 to find arelationship between the velocities.
VA_VB:_(V;-\_Vé) - VJB:VA_VB+V,JA

MV, + MV, =mV, +mVv, =mV, +m, (v, +v, +V,) —
(m, —m,)v, +2mv, (5.0kg)(5.5m/s)+2(10.0 kg)(-4.0m/s)
m, +m, 25.0kg

V, =V, -V, +V, =55m/s—(-4.0m/s)-2.1m/s=|7.4m/s
(c) Inthiscase, v, =0.

MLV, + MV = MV, —

oo MV MYy (15.0 kg)(5.5m/s) +(10.0 kg) (-4.0m/s)

° m, 10.0 kg

To check for “reasonableness”, first note the final directions of motion. A has stopped, and B
has gonein the opposite direction. Thisisreasonable. Secondly, calculate the changein kinetic
energy.

AKE =2myvg’ —($m,v; +2my; )

!
V, =

=4.3m/s

=4(10.0kg)-| 4(15.0 kg)(5.5ms)” +4(10.0 kg) (-4.0m/s)’ | =-220J

Since the system has lost kinetic energy and the directions are possible, thisinteraction is

“reasonable”].
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(d) Inthiscase, V, =0.

myv, +myv, =m\v, —
UL (15.0 kg)(5.5m/s) +(10.0 kg) (—4.0m/s)
8 m 15.0 kg

A
This answer is|not reasonabld because it has A moving in its original direction while B has
stopped. Thus A has somehow passed through B. If B has stopped, A should have rebounded
in the negative direction.

(¢) Inthiscase, v, =-4.0m/s.

=|2.8m/s

m\v, + MV, =m\V, +myv, —
(15.0 kg)(5.5m/s—-4.0m/s) +(10.0 kg) (-4.0m/s)

V. = =110.3m/s
¢ 10.0 kg /

The directions are reasonable, in that each object rebounds. However, the speed of both objects
islarger than its speed in the perfectly elastic case (b). Thus the system has gained kinetic

energy, and unless there is some other source adding energy, thisis|not reasonabld.

40. Usethisdiagram for the momenta after the decay. Since there was no
momentum before the decay, the three momenta shown must add to 0 in both
the x and y directions.

( pnucleus ) X = pneutrino ( pnuclws)y = peiectron
pnuclws = \/( pnucleus)i +( pnucleus )j = \/( pneutrino )2 +( pdectron )2

= \/(5.40><10'23 kgem/s) +(9.30x10 7 kg:m/s)  =[1.08x10 Z kgm/s

- ( pnucleus)y _ tan_l ( pdecmm) _ a1 (9-30><10_23 kg-m/S)

( pnucle.Js)x B ( pneutrino) B (540X 10_23 kg'm/S)
The second nucleus’ momentum is[150° from the momentum of the electron.

p nucleus

p neutrino

p electron

6 =tan =59.9°

41. Consider the diagram for the momenta of the eagles. Momentum will p'=(m, +my)V’
be conserved in both the x and y directions.
p),<=(mA+rnB)V>,<:mAVA - V)'(: MY Pa =MV, /
m, +m, —>I ---------
’ ' , V. r) = msv
pyz(mA+rnB)Vy=mBVB %Vyzh ° °
m, +my
my, ) (Cmy ) 3(mv) ()
V=V = AL | 4 8| =
m, +1 m, +m m, +
J(43kg) (7.8m/s)’ + (56 kg)’ (102m/s)’ T
= =(6.7m/s
4.3kg+5.6 kg
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M,Ve
6= tan’lv—f —tant T oy MY g (56 kg)(10.2m/s) =160° rel. to eagle A
vV, _myv, m,V, (4.3kg)(7.8m/s)
m, +m,

42. (@) p,: mV, =m,V, Cosd, +m,V, cosd,
p,: 0=myv,sing, —-m,v,sing;
(b) Solvethex equation for cosé, and they equation for sing}, , and then @i
find the angle from the tangent function.

%1
' N
R

1

m,V, sind, g
tangé:sineg _ mB\,/'; __ Vv, sing,
cosg, m,(v,-Vvycos6;) (v, -V, cosd,)
MV,
4 = tan v, Sn6, oo (1.10m/s)sin30.0° _
v, —V, cost, 1.80m/s—(1.10m/s) cos30.0°

With the value of the angle, solve the y equation for the velocity.

'singd.  (0.400 kg)(1.10m/s)sin30.0°
V, — mAVA'SnHA :( g)( / ) — 0808m/S
m, sing; (0.500 kg)sin33.0°
43. Call thefinal direction of the joined objects the positive x axis. A diagram of M

the collision is shown. Momentum will be conserved in both thex and y
directions. Notethat v, =v, =v and V' =V/3.

p,: —mvsing +mvsingd,=0 — sing =sind, —» 6, =0,

p,: mvcosd, +mvcosd, =(2m)(v/3) — cosé, +cose, =2

cosd, +cosh, = 2cosf, =% — O, =cos 1=705" =0,
6,+06, =

44. Write momentum conservation in the x and y directions, and KE conservation. Note that both
masses are the same. Weallow v, to have both x and y components.
px : rT"VB = rnv’Ax d VB = V,,Ax
p,i MV, =NV, +MV, — V, =V, +V,
. 2 2 12 12 2 2 12 12
KE: 2mv, +3mv, =2nmv, +3mv, — V, +V, =V, +V;
Substitute the results from the momentum equations into the KE equation.

! 120

! ! 2 2 12 12 12 12 12 12 12
(Vi +Vo ) +(V) =V2 4V > V22V vV =V v

2 12 12 121 ! !
+Vg =V vy o> 2V Vv, =0 - v, =00rv; =0

12 2.0
A +2vAyvB Ve

Sincewe are given that v, # 0, we must have v,, = 0. This meansthat the final direction of A is

the x direction. Put this result into the momentum equations to find the final speeds.
V.=V, =V, =[3.7m/s| V. =v, =|20m/s
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45.

46.

47.

49,

Let A represent the incoming neon atom, and B represent the target
atom. A momentum diagram of the collision looks like the first figure. B
The figure can be re-drawn as atriangle, the second figure, since Va

!

m, v, =m,V) +m\V;. Writethelaw of sinesfor thistriangle, relating Q@@'
each final momentum magnitude to the initial momentum magnitude.

i 1 >
D
Ll
()]
o
03

! H .
m\v, _Sing IRV sing 3 B N
myv, sina * Pdna MhVa M:Vs
myv, sind Ly oy M SnG g ¢
— = 8 =Va T v
myv, Ssina m, sina M\Va

The collision is elastic, so write the KE conservation equation, and substitute
the results from above. Also notethat o =180.0-55.6° —50.0° = 74.4°

2
sng m, siné
1 2 1 2 1 2 2 _ N
SMV, =2m\V,"+2myVv,; — myV, =m, |V, — +m,| v, ———
Sna m, Sna

m, = m,sin’9  (20.0u)sin®55.6°

" -2 — =139.9u
sn“a-sin“¢ sin®74.4—sin"50.0°

Use Eqg. 7-9a, extended to three particles.
m, X, + M X, +m.x. (100 kg)(0)+(1.50 kg)(0.50 m)+(1.10 kg)(0.75 m)
m, +m, +m, 1.00 kg+1.50 kg+1.10 kg

Xem =
=10.44 m

Choose the carbon atom as the origin of coordinates.

12 u)(0)+(16 u)(1.13x10°m
XCM:”%Xc+”BXo=( )(0)+(16u)(113~ )zfromtheCanm.

m. +m, 12u+16u

Find the CM relative to the front of the car.
— mcar Xcar + I’nfrom Xfront + rnoack Xback
M
mcar + rnfront + rn)ack

_ (1050 kg)(2.50 m) +2(70.0 kg)(2.80 M) +3(70.0 kg)(3.90 m) _

1050 kg + 2(70.0 kg) + 3(70.0 kg)

Consider this diagram of the cars on theraft. Notice that the origin of y
coordinatesis located at the CM of the raft. Reference al distancesto that
location. |
~ (1200 kg)(9 m) +(1200 kg)(9 m) +(1200 kg)(-9m) Toim | X
" 3(1200 kg) +6800 kg = 1
_ (1200 kg)(9 m) +(1200 kg) (-9 m) +(1200 kg)(-9 m) o
You = 3(1200 kg) + 6800 kg L=
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50.

51.

52.

53.

By the symmetry of the problem, since the centers of the cubes are along a straight line, the vertical
CM coordinate will be 0, and the depth CM coordinate will be 0. The only CM coordinate to
calculate is the one along the straight line joining the centers. The mass of each cube will be the

volume times the density, andso m = p(1,)° . m, = p(2l,)* ,m, = p(3,)’. Measuring from the
left edge of the smallest block, the locations of the CM’s of the individual cubes are
x =%l,,% =2, ,% =45l,. UseEq. 7-9ato calculate the CM of the system.

_mx+mx +mx _ plg(31,)+8pl5(2,) + 27015 (45,)
m+m, +m, pld+8pld+27p1]
=(3.8l, from the |eft edge of the smallest cube

Xem

Let each crate have amass M. A top view of the pallet is shown, with the total — > X
mass of each stack listed. Take the origin to be the back |eft corner of the pallet. l

_ (5M)(1/2)+(3M)(3l/2)+(2M )(51/2) [
10M - y M M
:(7|v|)(|/2)+(2|v|)(3|/2)+(1|v|)(5|/2): M

10M

3M([2M |2M

M

CM

Consider the following. We start with afull circle of radius 2R, with its CM at the
origin. Then we draw acircle of radius R, with its CM at the coordinates (0.80R,0).

Thefull circle can now be labeled as a“gray” part and a “white” part. They
coordinate of the CM of the entire circle, the CM of the gray part, and the CM of the
white part are all a y =0 by the symmetry of the system. The x coordinate of the

X, A MK
entirecircleisat x,, =0, and can be calculated by x.,, = Mg TheXows Rearrange this

rT-lotal

equation.
_ Moy Xoray + Mhatite Xwrice
Mya
_ Moa Xom ~ Murite Xunite — Mota Xom = MutiteXwhite _ _~Munite Xunite

Xy
Y mgray Mg — Mynite Mg = Mynice
Thisisfunctionally the same as treating the white part of the figure as a hole of negative mass. The
mass of each part can be found by multiplying the area of the part times the uniform density of the
plate.

Xem

MK _ —prR*(0.80R) _—0.80R _ e

M — Mt Pﬂ(ZR)Z — pﬂR2 3

gray

Take the upper leg, lower leg, and foot all together. Note that Table 7-1 gives the relative mass of
BOTH legs and feet, so afactor of 1/2 is needed. Assume a person of mass 70 kg.

215+9.6+34) 1
(70 kg)( )2=.

100
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54.

55.

56.

With the shoulder as the origin of coordinates for measuring the center of mass, we have the
following relative locations from Table 7-1 for the arm components, as percentages of the height.
Down is positive.

X =8L2-7.7=95 %, =812-553=259 x_, =812-431=381
To find the CM, we can also use relative mass percentages. Since the expression includes the total
mass in the denominator, there is no need to divide all masses by 2 to find single component masses.
Simply use the relative mass percentages given in the table.

oMo oMo TRt (9 5)(6,6) + (25.9) (4.2) +(38.1)(17)
XCM ) rrljpper + I‘nower + rrlnand - 6.6+4.2+1.7

=119% of the person's height along the line from the shoulder to the hand

Take the shoulder to be the origin of coordinates. We assume that the arm is held

with the upper arm parallel to the floor and the lower arm and hand extended '
upward. Measure x horizontally from the shoulder, and y vertically. Sincethe 0 0
expression includes the total massin the denominator, there is no need to divide all i o i

masses by 2 to find single component masses. Simply use the relative mass
percentages given in the table.

Xupper anper + Xiower mower + X‘nand rTlnand

XCM — arm arm arm arm |
mupper + mower + r-nnand
_(812-717)(6:6)+(812-622)(42+17)
- 6.6+4.2+17 T
yupper rerper + ylower rnower + yhand rnnand
yCM — arm arm am arm
rrljpper + mower + n%and

i (0)(6.6)+(62.2—-55.3)(4.2) +(62.2-43.1)(1.7) 49
- 6.6+4.2+1.7 o

Convert the distance percentages to actual distance using the person’s height.

X =(14.0%)(155 cm) =[20.7 ] y,,, = (4.92%) (155 cm) =[7.6 o]

See the diagram of the person. The head, trunk, and neck are trunk and neck
al lined up so that their CM’s are on the torso’s median line.
Cadll down the positive y direction. They distances of the CM
of each body part from the median line, in terms of percentage  UPper legs
of full height, are shown below, followed by the percentage

each body part is of the full body mass. lower legs
feet
On median line: head (h): 0 7 6.9% body mass
Trunk & neck (t n): 0 ;. 46.1% body mass

From shoulder hinge point: upper aams(ua): 81.2-717= 95 ;  6.6% body mass
lowerams(l a): 81.2-55.3=25.9; 4.2% body mass
hands (ha): 81.2-431=38.1; 1.7% body mass

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rightsreserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

182



Giancoli Physics: Principles with Applications, 6 Edition

From hip hinge point: upperlegs(ul):  521-425=96 ;  21.5% body mass
lowerlegs(I1): 521-182=339 ; 9.6% body mass
feet (f): 521-18=50.3 ;  3.4% body mass

Using this data, calculate the vertical location of the CM.
— yhrnn + ytnrn(n + yuanLa + ylama + yhan%a + yuIrTLI + yllml + yfrnf
rr-'full

body

_0+0+(95)(6.6)+(25.9)(4.2) +(38.1)(1.7) +(96)(215) +(33.9)(9.6) +(50.3) (34)
100

Yeu

=94
Thus the center of massis|9.4% of the full body height below the torso’s median lind. For a person
of height 1.7 m, thisis about 16 cm. That is most likely slightly | outside the bodly | .

57. (a) Findthe CM relative to the center of the Earth.

mx +m,x, (598x10”kg)(0)+(7.35x10%kg)(3.84x10°m)

T m, 5.98x 10" kg+ 7.35x10%kg

— [4.66x 10° m from the center of the Earth|

Thisis actually inside the volume of the Earth, since R. = 6.38x 10°m

(b) ItisthisEarth—Moon CM location that actually traces out the orbit as discussed in chapter 5.
The Earth and Moon will orbit about thislocation in (approximately) circular orbits. The
motion of the Moon, for example, around the Sun would then be a sum of two mations: i) the
motion of the Moon about the Earth — Moon CM; and ii) the motion of the Earth— Moon CM
about the Sun. To an external observer, the Moon’s motion would appear to be a small radius,
higher frequency circular motion (motion about the Earth — Moon CM) combined with alarge
radius, lower frequency circular motion (motion about the Sun).

58. (a) Measure al distances from the original position of the woman.

LR AL T YRS (55k9)(0) +(80kg)(10.0 m) = (5.9 m from the woman|
m, +m, 135kg

(b) Sincethereis no force external to the man-woman system, the CM will not move, relative to the
original position of the woman. The woman’s distance will no longer be 0, and the man’s
distance has changed to 7.5 m.

_MyXy +myX, (55 kg) X, +(80kg)(7.5m)

m, +m, 135kg
5.9 135kg)—(80kg)(7.5
(59 m)(135 ko)~ (80kg)(75m) .

55 kg

Xy =Xy = 1.5 m—3.6m=m
(c) When the man collides with the woman, he will be at the original location of the center of mass.
X, —X, =59m-100m=-41m

final initial

Xem

Xewm =59m —

He has moved from his original position.
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59.

60.

61.

62.

The point that will follow a parabolic trajectory isthe center of mass. Find the CM relative to the
bottom of the mallet. Each part of the hammer (handle and head) can be treated as a point mass
located at the CM of the respective piece. So the CM of the handleis 12.0 cm from the bottom of
the handle, and the CM of the head is 28.0 cm from the bottom of the handle.

M Xowe Moo Ko _ (0.500 kg)(24.0 cm)+(2.00 kg)(28.0 cm) _

XCM nllandle + rnneed 250 kg
Note that thisisinside the head of the mallet.

The CM of the system will follow the same path regardless of the way the mass splits, and so will
still be 2d from the launch point when the partsland. Assume that the explosion is designed so that

m still is stopped in midair and falls straight down.

@ x, =MEEMNG oy mdr3mx _di3¢ g
m +m, 4m 4
r’nlxl—i—rnllxll 3m“d+m”X” 3d—"_XII

) o == = %

Call the origin of coordinatesthe CM of the balloon, gondola, and person at rest. Sincethe CM isat
rest, the total momentum of the system relative to the ground is 0. The man climbing the rope cannot
change the total momentum of the system, and so the CM must stay at rest. Call the upward
direction positive. Then the velocity of the man with respect to the balloon is —v. Call the velocity

of the balloon with respect to the ground v, . Then the velocity of the man with respect to the
ground is v,,; = —V+V,,. Apply Eq. 7-10.

0=MV,g + MV =M(—V+Vyo )+ MV, — [Vpe =V

oG , upward

m+ M
the balloon also stops, and the CM of the system remains at rest.

If the passenger stops,

To find the average force, divide the change in momentum by the time over

which the momentum changes. Choose the x direction to be the opposite of

the baseball sincoming direction. The velocity with which the ball ismoving @ v

after hitting the bat can be found from conservation of energy, and knowing y

the height the ball rises. X <_T
(KEinmal = PE;, )aﬂef - %mv'Z =mgAy —

collision

v =[2g2y = |[2(9.80m/s*)(55.6 m) = 33.0m/s

The average force can be calculated from the change in momentum and the time of contact.
= Ap, m(V,-v,) (0.145kg)(0--35.0m/s)

<

FoAn _ _ =3.6x10°N
At At 1.4x10"s

_ A m(v, —v, 145k : -

o (v,-%) _(0145 9)(33c3’m/5 9 340N
At At 1.4x107s

F=|F+F =[50x10°N|] 0=t =[43]

|

x
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63. Momentum will be conserved in two dimensions. The fuel was gected in the y direction as seen
from the ground, and so the fuel had no x-component of velocity.

. ! _ 2 ! ! _ 3
px ' rnrocket 0 (rnrocket rnfue! )Vx + rnfue! 0= 3 rTlrot:k<=,t\/x - V>< B EVO

. r_ 1 2 ! = —
py - O mud fuel + ( rn@cka - mud )Vy — 3 rnrocket (ZVO) + 3 I’nrot:ketvy - Vy - VO

64. Inan eladtic collision between two objects of equal mass, with the target
object initially stationary, the angle between the final velocities of the ~
objectsis 90°. Hereisaproof of that fact. Momentum conservation as a @L

vector relationship says mv = v, + v, — V=V, +V,. Kinetic energy @

conservation says +mv? =1 mv? +imv; — v =V +V.. Thevector
equation resulting from momentum conservation can be illustrated by the
second diagram. Apply the law of cosinesto that triangle of vectors, and then
equate the two expressions for V°.

2 12 12 ry,
Vo=V, 4V —2V,V, cosd

Equating the two expressions for V* gives

VE+VE —2v,vicosf =V +V) — cosf=0 — 6=90°
For this specific circumstance, see the third diagram. We assume that the
target ball is hit “correctly” so that it goesin the pocket. Find &, from

the geometry of the “left’ triangle: 6, = tan™ T =30°. Find 6, from

L, 30

V30

balls will separate at a 90° angle, if the target ball goes in the pocket, this does appear to be a
|good possibility of ascratch shot|.

the geometry of the “right” triangle: 6, = tan =60°. Sincethe

65. (a) Themomentum of the astronaut — space capsule combination will be conserved since the only
forces are “internal” to that system. Let A represent the astronaut and B represent the space
capsule, and let the direction the astronaut moves be the positive direction. Due to the choice of

reference frame, v, =v, =0. Weaso have v, = 2.50m/s.
Pota = Pia = MV, +Mv, =0=m WVa + MV, —

p M 140 kg
Vg =—Va m, ( / )1800kg

The negative sign indicates that the space capsule is moving in the opposite direction to the

-0.194m/s

astronaut.
(b) The average force on the astronaut is the astronaut’s change in momentum, divided by the time
of interaction.
— m(v, — 140 kg)(2.50m/s-0
F_dp_m(viov) (140kg)(250m/s-0) [o5i5y
At At 0.40s
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66. Since the only forces on the astronauts are internal to the 2-astronaut system, their CM will not
change. Call the CM location the origin of coordinates. That is also the original location of the two
astronauts.

zmAxA+meB R 0=(60kg)(12m)+(80kg)xB L x=—-9m

m, +m, 140 kg

M

Their distance apart is x, — X, =12 m—(-9m) =[21m|.

67. Let A represent theincoming ball, and B represent the target ball. Wehave v, =0 and v, = —2v, .
Use EqQ. 7-7 to obtain arelationship between the velocities.
Vo= Vg = _(V/L _Vé) - Vé =V, +V/; :%VA
Substitute this relationship into the momentum conservation equation for the collision.

_ _ ' ' 1 3 _5
Puita = Prina ™ MV, =MV, + MV, =M, (_TVA)"' m, (TVA) - My =5m,

68. We assume that all motion isalong asingle direction. The distance of sliding can be related to the
change in the kinetic energy of acar, asfollows.

W, = AKE = %m(vf —viz) W, = F, Axcos180°6 = —y, F AX = —1, MgAX —>

4 9 =%(V] =)
For post-collision diding, v, =0 and v, isthe speed immediately after the collision, V'. Usethis
relationship to find the speed of each car immediately after the collision.

CarA:  —ugAX, =—2v? - v,;=,/2ykgAx;:\/2(0.60)(9.8m/sz)(18m)=14.55m/s

CarB: —ugAX, =—1v? — V, =./24,9AX, = \/2(0.60)(9.8m/sz)(30 m) =18.78m/s
During the collision, momentum is conserved in one dimension. Notethat v, =0.
Prita = Prira ™ MVy = mAV/'A + mBVI;
_ mV, +my, (1900 kg)(14.55m/s) +(1100 kg)(18.78m/s)
) m, 1900 kg
For pre-collision dliding, again apply the friction — energy relationship, with v, =v, and v, isthe
speed when the brakes were first applied.

~, 9%, =3(V2 V) > v, =V} + 20,04, =\/(25.42m/s)2 +2(0.60)(9.8m/s’) (15 m)
= 28.68m/s(mj =|64mi/h

0.447m/s

=25.42mfs

69. Because all of the collisions are perfectly elastic, no energy islost in the collisions. With each
collision, the horizontal velocity is constant, and the vertical velocity reverses direction. So, after
each collision, the ball rises again to the same height from which it dropped. Thus, after five
bounces, the bounce height will be[4.00 m, the same as the starting height.

70. Thisisaballistic “pendulum” of sorts, similar to Example 7-10 in the textbook. Thereisno
differencein the fact that the block and bullet are moving vertically instead of horizontally. The
collision is still totally inelastic and conserves momentum, and the energy is still conserved in the
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rising of the block and embedded bullet after the collision. So we simply quote the equation from
that example.

v=m:nM\/2T;h N
. 1( v jzzz( 1 [(o.ozgokg)(slom/s)jzz

" 29 m+M 9.80m/s?) | 0.0290kg +1.40 kg

71. Thisisabalistic “pendulum” of sorts, similar to Example 7-10 in the textbook. Momentum is
conserved in the totally inelastic collision, and so mv=(m+M )v’ . The kinetic energy present
immediately after the collision islost due to negative work being done by friction.

W, = AKE =2m(v} =V} ) W, = F, Axc0s180°0 = — 1, F,AX = — 1, gAX —>

i
collision

— 1, 9AX = %(Vf _Viz) = _%V,z - V= \ 244, 9AX

Use this expression for V' in the momentum equation in order to solve for v.

= (M M)V =(m M)20,08% >
v=(m+'\/| j\/M{O'O% kg +135 kgj\/Z(O.ZS)(Q.Sm/SZ)(Q.S m) =[3.8x10% m/s

m 0.025 kg
72. Caculate the CM relative to the 60-kg person’s seat, at one end of 560 kg 80kg 75 kg
the boat. Seethefirst diagram. Don’t forget to include the boat’s R R Q)
mass. |
X _ M X, A M X +MeXe '
omiemem
60 k : .
:( 9)(0)+(80kg)(1.6 m)+(75kg)(3.2m) C172m
215kg

Now, when the passengers exchange positions, the boat will ' 75kg  80kg 60 kg
move some distance “d” as shown, but the CM will not move. We 4 ® ® S
measure the location of the CM from the same place as before, but !

now the boat has moved relative to that origin. |

_ M T X X
" m, + Mg + M,
1712 m (75kg)(d)+(80kg)(16 m+d)+(60kg)(32m+d) _215d kg-m+320 kgem
215 kg 215 kg
d=0.224m

Thus the boat will move |0.22 m towards the initial position of the 75 kg person| .

73. (a) Themeteor striking and coming to rest in the Earth isatotally inelastic collision. Let A
represent the Earth and B represent the meteor. Use the frame of reference in which the Earthis

at rest before the collision, and so v, = 0. Write momentum conservation for the collision.

m,v, =(mA+mB)v’ -
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25x10" m/s

1.0x10°k
V =V, — & = (15x10" nys) ——4 ____
m, +m, 6.0x10" kg +1.0x10°kg

(b) Thefraction of the meteor’s KE transferred to the Earth isthe final KE of the Earth divided by
theinitial KE of the meteor.

KE,, 21 2 -13 2
tind :%mA":z 1(6.0x10kg)(2.5x10 m/sz) a0
KEia  3MVs  1(1.0x10°kg)(1.5x10" mys)

meteor

(c) TheEarth’s changein KE can be calculated directly.
AKE,,, =KE,, —KE,_ ., =imVv?-0=1(6.0x10"kg)(25x10™ m/s) =

Earth Eath

74. Momentum will be conserved in one dimension in the explosion. Let A represent the fragment with

5.

76.

the larger KE.
! ! ! m V,
Prita = Ping = 0=MV, +MVy — Vg =— =
m,
) .
m, V., m 1
KE,=2KE, — <im\V/= 2(§va;2) =m, (—MJ - &=
m m, |2

The fragment with the larger KE energy has half the mass of the other fragment.

(@) Theforceislinear, with a maximum force of
580 N at 0 seconds, and a minimum force of 40 600
N at 3 milliseconds.

(b) Theimpulse given the bullet isthe “area”
under the F vs. t graph. The areais trapezoidal. 0

(580N+40Nj( o o5 1 15 2 25 3

400

200 A

Newtons

Impulse = 3.0><10‘3s) milliseconds

-[0.9an.

(c) Theimpulse given the bullet is the change in momentum of the bullet. The starting speed of the
bulletisO.

M= Impulse  0.93N.s
v 220m/s

Impulse = Ap = m(v-V,) 4.2x10°kg

For the swinging balls, their velocity at the bottom of the swing and the height to which they rise are
related by conservation of energy. If the zero of gravitational potential energy is taken to be the
lowest point of the swing, then the kinetic energy at the low point is equal to the potential energy at

the highest point of the swing, where the speed is zero. Thuswe have < mv> _=mgh for any

bottom
swinging ball, and so the relationship between speed and height is vjmom =2gh.
(a) Cdculate the speed of the lighter ball at the bottom of its swing.

v, =+/2gh, = \/2(9.8m/52)(0.30 m-0.30 mcos60° ) =1.715m/s ~[L.7m/s

(b) Assumethat the collision is elastic, and use the results of problem 30. Take the direction that
ball A is moving just before the collision as the positive direction.
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v, = (m, -m,) v, = (0040 kg~ 0.060 kg) (1.715m/s) = -0.343m/s ~ |-0.34m/s
(m,+m,) " (0.040 kg+0.060 kg)
v, 2(0.040kg) (1.715m/s) =1.372m/s~ |L4m/s

(m,+m,) * (0.040 kg+0.060 kg)

Notice that ball A has rebounded backwards.
(c) After each collision, use the conservation of energy relationship again.

v2  (-0.343m/s)’ v2  (1.372m/s)’
== - [e0x107m] =2 =t - [0.6x107m]

29 2(08m/s’) 2g  2(98m/s)

77. Use conservation of momentum in one dimension, since the particles will separate and travel in
opposite directions. Let A represent the apha particle, and B represent the smaller nucleus. Call the

direction of the alpha particle’s motion the positive direction. Wehave m, =57/m, , v, =v, =0,
and v, =3.8x10°m/s.
Poiia = Pia > 0= mAV;x + mBVé -
m,V, ! 3.8x10°
v, = MY Yy 38x10°m)s_ -6.7x10°m/s , |v|=[6.7x10°m/s
m, 57 57

The negative sign indicates that the nucleus is moving in the opposite direction of the alpha particle.

78. The origina horizontal distance can be found from the range formula from Example 3-8.
R=\?sin26,/g = (25m/s)’ (sin60°)/(9.8m/sz) =55.2m
The height at which the objects collide can be found from Eq. 2-11c for the vertical motion, with
v, =0 at the top of the path. Take up to be positive.

2, 0-[(25m/s)sin30° |
2 2(-98m/s)

Let mrepresent the bullet and M the skeet. When the objects collide, the skeet is moving
horizontally at v, cos@ = (25m/s)cos30° = 21.65m/s = v, and the bullet is moving vertically at

v, = 200m/s. Write momentum conservation in both directions to find the velocities after the

=7.97m

V
V5:V50+2a(y_yo) - (y_yo)= -

totally inelastic collision.
0.25 kg)(21.65
p: My =(M+m)V, - V. = My, _( 9)( m/S)=20.42m/s
M+m  (0.25+0.015)kg

p,: mv,=(M+m)v, - V = s’ =(0'015 kg)(200m/s)=11.32m/s
g g g * M+m  (0.25+0.015)kg

(@) The speed v’y can be used as the starting vertical speed in Eq. 2-11c to find the height that the
skeet-bullet combination rises above the point of collision.
v, ~Vio _0-(1132 m/s)’ _
2a 2(—9.8 m/sz)

(b) From Eq. 2-11b applied to the vertical motion after the collision, we can find the time for the
skeet-bullet combination to reach the ground.

6.5m

G 28 > (Y-
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y=y,+Vt+iat® — O=7.97m+(11.32m/s)t+§(—9.8m/sz)t2 -

49t -11.32t-797=0 — t=2.88s, -0565s

The positive time root is used to find the horizontal distance traveled by the combination after
the collision.

Xy = Vit =(20.42m/s)(2.885)=58.7m
If the collision would not have happened, the skeet would have gone £ R horizontally.

AX=X,, —~+R=587m-1(552m)=311m=~

79. (a) Useconservation of energy to find the speed of mass m before the collision. The potential
energy at the starting point is all transformed into kinetic energy just before the collision.

mgh, =2mv; v, =/2gh, =,/2(9.80m/s")(3.60 m) =8.40m/s
Use Eq. 7-7 to obtain arelationship between the velocities, noting that v, =0.

V, -V, =V, -V, — V,=V, +V,
Apply momentum conservation for the collision, and substitute the result from Eq. 7-7.

mv, =mv, + Mv, =nv, +M (v, +v,) —
,_m—MV _ [ 220 kg-7.00 kg
" meMm P 9.20 kg

V, =V, +V, =—4.4m/s+8.4m/s=[4.0m/s

(b) Again use energy conservation to find the height to which mass mrises after the collision. The
kinetic energy of mimmediately after the collision isall transformed into potential energy. Use
the angle of the plane to change the final height into a distance along the incline.

12
imvZ=mgh, — h, =—=%
2 A rrg A A Zg

’ 12 _ 2
g (-4.38m/s) _196m~[z0m]

" sn30 2gsin30 2(9.8m/sz)gsin30

j(8.4 m/s) = -4.38m/s~|-4.4m/s

80. Let A represent mass m, and B represent mass M. Use Eq. 7-7 to obtain arelationship between the
velocities, noting that v, =0.
V, =V =V =V, — V, =V, —V,.
After the collision, V, will be negative since mis moving in the negative direction. For thereto bea

second collision, then after m moves up the ramp and comes back down, with a positive velocity at
the bottom of the incline of -V, , the speed of m must be greater than the speed of M so that m can

catch M. Thus -V, >V, or V, <-V,. Substitute the result from Eq. 7-7 into the inequality.
V-V, <V, — Vp<32V,.
Now write momentum conservation for the original collision, and substitute the result from Eq. 7-7.
2m

! ! ! ! !
mv, =mv, + Mv, =m(v, -v, )+ Mv, — Vv, = A

m+ M
Finally, combine the above result with the inequality from above.
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2m

vV, <2V, = dm<m+M — [m<iM =2.33kg

m+ M

81. Theinteraction between the planet and the spacecraft is elastic, because the force of gravity is
conservative. Thus kinetic energy is conserved in the interaction. Consider the problem a 1-
dimensional collision, with A representing the spacecraft and B representing Saturn. Because the
mass of Saturn is so much bigger than the mass of the spacecraft, Saturn’s speed is not changed

appreciably during the interaction. Use Eq. 7-7, with v, =10.4km/s and v, =V, =-9.6 km/s.
V, =V =-V, +V, = V, =2V, -V, =2(-9.6km/s)-10.4km/s =(-29.6km/s
Thus there is almost athreefold increase in the spacecraft’s speed.
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