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Chapter 8

8-12 Early critics of Robert Godd ard, a pioneer in the
use of rocket propulsion, cla imed th at rocket engines
could not be used in outer space where there is no air
for the rocket to push against. How would you answer
such criticism? Would the criticism be valid for a jet
engine in an ordinary airplane?

•
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Impulse and Momentum

8- 13 In a zero-gravity cnvir~nment, <an a ro(ketro elled spaceship ever attam a spn•d ~reater than tli
p 1auve
P. spee d wi'th which the burnt fuel 1s exhausted:>
re
·

Impulse and Momentum

8-1
a) What is the momentum
speed is 30.0 m·s - 1?

of a I 0,000-kg truck whose

b) What speed must a 5,0 00-kg truck attain in order
to have
i) the same momentum?
ii) the same kinetic energy ?

8-2 A block of ice with a mass of 2.50 kg is moving on
a frictionless, horizontal surface. At t = 0 th e block is
moving to the right with a velocity of magnitude
8.00 m·s- 1. Calculate the velocity of the block (magnitude and direction) after each of the following forces
has been applied for 5.00 s:
a) a force of 5.00 N, directed to the right;
b) a force of 7.00 N , directed to the left.
8-3 A bullet with a mass of 0.0050 kg and moving
with a speed of 400 m·s- 1 penetrates a distance of
0.0800 m into a wooden block firmly attached to the
earth. Assume that the force that stops it is constant.
Use a coordinate system for which the direction of the
initial velocity of the bullet is the positive x-direction.
Compute
a) the acceleration of the bullet,
b) the accelerating force,
c) the time of the acceleration,
d) the impulse of the force.
Compare the answer to part (d) with the initial momentum of the bullet.
8-4 A baseball has mass 0.200 kg.

a) If the velocity of a pitched ball has a magnitude of
35.0 m·s-i, and after the ball is batted the velocity
is 55.0 m·s- 1 in the opposite direction, find the
change in momentum of the ball and the impulse
applied to it by the bat.

b) If the ball remains in contact with the bat for
2.00 X I 0- 3 s, find the average force applied by
the bat.

Exercises
5-2 A box of bananas weighing 25.0 N rests on a horizontal surface· The coefficient of static friction between
the b?x ~n~ th: surface is 0.40, and the coefficient of
kineuc fncuon is 0.20.

a) If n~ horizontal force is applied to the box and the
box 1s at rest, how large is the friction force exerted on the box?

Exercises

Section 8-1

0

8-5 A baseball with a mass of 0.250 kg is struck by a
bat. Just before impact, the ball is traveli~g h_orizontally
at 40.0 m·s 1, and it leaves the bat travehng m the
opposite direction at an angle of 30.0° above horiz~ntal
with a speed of 55.0 m·s - 1• If the ball _and bat are m.
contact for 4.00 x I o- s s, find the honzontal and ven1cal components of the average force on the ball.
8-6 A golf ball with a mass of 0.080 kg initially at rest
is given a speed of 50 m·s - 1 when it is struck by a club.
If the club and ball are in contact for 1.5 X 10- 3 s,
what average force acts on the ball? Is the effect of the
ball 's weight during the time of contact significant?

Section 8-2

Conservation of Momentum

O

on a frictionless, horizont al surface, block A hav~ mass of 3.00 kg is mo ving to the right toward
block B having a mass of 5.00 kg, which is initially at
rest. After the collision, block A has a velocity of
1.20 m·s - 1 to the left, and block B has velocity
5.40 m·s - 1 to the right.
a) What was the speed of block A before the collision?
b) Calculate the change in the total kinetic energy of
the system that occurs in the collision.

8-8 An 80.0-kg man standing on ice throws a 0.400-kg
ball hori zontally with a speed of 30.0 m· s- 1. With what
~peed a~d in w~a~ direction will the man begin to move
e is no fncuon between his feet and the ice?
ou are standing on a sheet of ice that covers a
ng lot; there is negligible friction between your
feet ~nd the ice. A friend throws you a 0.400-kg ball
that is traveling horizontally at 15.0 m·s -1. Your mass is
80.0 kg.

P

a) If you catch the ball, with what speed do you and
the ball move afterward?
b) If the ball hits yo_u
and bounces off your chest, so
th
at afte~~rd It 1s moving horiz~>ntally at
5
t .om·s m the opposite direction, what is your
speed after the collision?
~-lO A railroad handcar is moving along straight, fric·
uonless tracks. In each of the following cases the car

b) How great is the friction force if a horizontal force
of 6.0 N is exerted on the box and the box is initially at rest?
c) What is the minimum horizontal force that will
start the box in motion?
d) What is the minimum horizontal force that will
keep the box in motion once it has been started?
e) If a horizontal force of 15.0 N is applied to the
box, how great is the friction force?
~
n a physics lab experim ent a 10.0-kg box is
~
ed across a flat table by a horizontal force F.
a) If the box is moving at a constant speed of
3.50 m·s -i and the coefficient of kinetic friction is
0.14, what is the magnitude of the force F?
b) What is the magnitude of F if the box is accelerating with a constant acceleration of 0.220 m-s- 2 ?
c) How would your answers to parts (a) and (b)
change if the experiments were performed on the
moon, where g = 1.67 m·s- 2 ?
~ hockey puck leaves a player's stick w~tha speed
~ m·s-i and slides 32.0 m before commg to rest.
Find the coefficient of friction between the puck and
the ice.
5-5
) If the coefficient of friction between tir:s and ~ry
a
. 0 80 what is the shortest distance m
:t~~:::t ~~to·m~bile can be st~PP:? b~ocking th e
brakes when traveling at 22.0 m·s (a ut
50 mi·hr-i)?
. ·
be
he coefficient of fncuon may
b) On wet pavement t h Id you drive on wet paveto stop in the same disonly 0_.25.How fabest
ment m order to
tance as in part (a)?
)
k . ot the safest way to stop.
(Note: Locking the bra es is n . distance of an auto5-6 Find the ratio of th:i:o~!tJheels
locked (µ.k ~
mobileon wet concrete.
ce of the same automobile

:b~;

long, straight road, and the distance each trave!s b~fore
its speed is reduced by half is measured. One ~re is
inflated to a pressure of 40 psi, and the other is at
105 psi. The low-pressure tire goes 45.6 m, and t.l_ie
hi h- ressure tire goes 213.2 m. What is the tr~cuve
re!istrnce JJ-rfor each? Assume that the net honzontal
force is due to tractive friction only.

Section 5-3

Equilibrium of a Particle

th
5_ 8 In each of the situations in Fig. 5- 16 e blocks
sus ended from the rope have weight w. The pulley~
ar/frictionless. Calculate in each case the tension T m
the rope in terms of the weight w.

(a)

(c)

FIGURE 5-16

ends of a rope that passes over a hght, fnct1onless pulley. The pulley is attached to a chain that goes to the
ceiling.
a) What is the tension in the rope?
b) What is the tension in the chain?
5-10 A picture frame hung against a wall is suspended
by two wires attached to its upper come~s. If the two
wires make the same angle with the ~er~cal, what must
this angle be if the tension in each wire 1s equal to the
weight of the frame? (Neglect any friction between the
d the picture frame.)
igure 5-17 illustrates a mountaineering techailed a Tyrolean traverse. A rope is stretched
tightly between two points, and. the climber slides across
the rope. The climber's weight is 700 N, an~ the breaking strength of the rope (typically 11-mm-diameter
nylon) is 22,000 N.

~e same initialspeed for

afficts the tractiveresistance
both cases.
5- 7 Air pressure greatly . e fleet two tires are set
15
st
of bicycletires. To u~~ ~ e ed ~f 6.00 m•s- 1 along a
rollingwith the same imtial spe

(b)

5 _ 9 Two 20.0-N weights are susp:nded ~t ~pposite

0.25)to the stopping_d•~tan1 (wherethe tractiverestopped by tractive fncuo:::
sistanceJJ.r= 0.0120). Ass
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of Newton's Laws
and ~he tabletop is µ,k, Calculate the weight WB of
the hangmg block re~uired if this block is to descend at
constant speed once It has been set into motion.
Ul,t)

/aj)lf th e angle
\Ji/

9 is l5.0°, find the tension in the rope.

w hat is the smallest value the angle 0 can have if
th e rope is not to break?

5-~2 Find the tension in each cord in Fig. 5- 18 if the
weight of th e suspended
30°

object is w.

45°

A

45°

B

B

are the tension in the rope and the force the pole exerts on the ball? Assume that there is so little friction
between the ball and the pole that friction can be neglected. (The string is attached to the ball such that a

Ifie
~o::
:l:::n:.:::~h
::::~
:::e:::
:::~

ction less incline as shown in Fig. 5-21. In terms
o wan d the angle 0 of the incline, calculate the tension in
a) th e rope connecting the blocks;

C

b) the rope that connects block A to the wall.
60°

w

A

C

w
A

(a)

the doctor ~ 1.ll order the patient placed in the Trendelberg p ositi on, which is to raise the foot of the bed to
get m~xim_u1? blood flow to the brain. If the coefficient
of staU~ fnction be~ween the typical patient and the bed
sheets is 1.8, what 1s th e ma ximum angle at which the
bed can be tilted with respect to the floor befo re the
patient begins to slide ?

5-20 ~ child pushes on a box resting on the floor. The
box we1gh_s260 N, and the child is pushing down on
the box with a force that makes an angle of 45.Q° with
the horizontal, as shown in Fig. 4-1 b. If the smallest
force the child can apply that gets the box moving is
150 N, what is the coefficient of static friction between
the bo x and the floor?

5-21 A safe weighing 2500 N is to be lowered at con-

(b)

stant speed down skids 4.80 m long, from a truck
2.40 m high.

FIGURE 5-18

5-13 In Fig. 5-19 the tension in the diagonal string is
30.0 N .
a) Find the magnitudes of the horizontal forces F 1
and F2 that must be applied to hold the system in
the position shown.
b) What is the weight of the suspended block?

FIGURE 5-21
5-16 A man is pushing a piano weighing 420 lb at
constant velocity up a ramp that is inclined at 34.0°
above the horizont al. Neglect friction. If the force applied by the man is para llel to the incline, calculate the
· de of this force.

o crates connected by a rope lie on a horizone as shown in Fig. 5- 22 . Cr ate A ha s weight
wA, and crate B has weight w 8 . The coefficien t of kinetic friction between the crates and the surface is /Lk·
The crates are pulled to the right at constant velocity
by a horizontal force P. In terms of wA, w 8 , and /Lk,
calculate

45°

FIGURE 5-19

a) the magnitude of the force P ;
b) the tension in the rope connecting the blocks.

5-14 A tether ball leans against the post to which it is
attached, as shown in Fig. 5-20. If the string to which
the ball is attached is 1.80 m long, the ball has a radius
of 0.200 m, and the ball has a mass of 0.500 kg, what

I-!.+

FIGURE 5-22

5-18 Consider the system shown in Fig. 5-23. The
coefficient of kinetic friction between block A (weight

B

5-19 In em~rgency situations with major blood loss,

a) If the coefficient of kinetic frictio n between safe
and skids is 0.30, will the safe need to be pulled
down or held back?
b) How great a force parallel to the skids is needed?

5-22
a) If a force with magnitude 95.0 N parallel to t?e
surface of a 20.0° ramp will push a 120-N mailbag
up the ramp at constant speed, what force parallel
to the ramp will push it down at constant speed?
b) What is the coefficient of kinetic friction?

5-23 A large crate with weight w rests on a horizontal
floor. The coefficients of friction between the crate and
the floor are JLsand JLk·A man pushes downw~rd at
an angle 0 below the horizontal on the crate with a
force P.
a) What magnitude of force p is _reiuired to keep the
crate moving at constant velocity.
b) If JLsis larger than some c~tical value, the man
cannot start the crate mov1~~ no matter how hard
he pushes . Calculate this cnucal value of JLs•

FIGURE 5-24

Section 5-4
~
~

In all cases, be sure you have the correct direction of
the forces and are completely clear on what object is
causing each force in your free-body diagram.

(a)

5-24 Two blocks, A and B, are placed as in Fig. 5-24
and connected by ~pes to block c .. Both A _an~B .
wei h 30.0 N each, ~nd the coeffic1ent
o~kineucfnc. gbe
h block and the
surface IS 0.50. Block
lion tween eac
.
C descends with constant velocity·
a) Draw two separate force diagrams showing the
forces acting on A and on B.
b) Find the tension in the rope connecting blocks A

FIGURE 5-23
FIGURE 5-20

B

Applications of Newton's Second Law

he first two steps in the solution of Newton's .
- law problems are to select an object for a~alysis
and then to draw free-body diagrams for that ob~ectDraw a free-body diagram for each of the followmg
situations:
a) a mass M sliding down a frictionless inclined plane
of angle 0;
b) a mass M sliding up a frictionless inclined plane of
angle 0;
c) a mass M sliding up an incli ned plane of angle 0
with kinetic friction pr ese nt ;
d) masses M and m sliding down an inclin~d p!ane of
an gle 0 with friction present, as shown m Fig.
5- 25a. Here draw free-body diagrams for bot h m
and M. Identify the forces that are action-reaction
pairs.
e) Draw free-body diagrams for masses m and M
shown in Fig. 5-25b. Identify all action-reaction
pairs. There are frictional forces between all surfaces in contact. The pulley is frictionless and
massless.

lock C?

(b)

nGUUS-25
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7-3 In Fig. 7-9 the p . .
netic energy in f'ach roJe~ 1e has th~ same initial kithe same maximum ~a~ch. . hy does It not then rise to
eig t m each case?
7-4 Are there any cases in wh' h ...
increasethe mechan • 1
ic a fm tlonal force can
examples.
ica energy of a system? If so, give

7-5 An automobile·. k.
by exerting a force ttc . is used to lift a heavy weight
than the weight D lat~~ much smaller in magnitude
than if the ~eight ~e~ tb is m~an th~t less work is done
ta
een hfted directly?
7-6 A compressed spring is clam d. .
position and · h d'
pe m its compressed
't
. is t en ISSolvedin acid. What becomes of
1 s potent1a 1 energy?
7-7 A child sta~ding on a playground swing can increa_sethe amplitude of his motion by "pumping up "
pu~lmg ba~k on the swing ropes at the appropriate '
pomts durmg the motion. Where does the added energy come from?
7-8_ In _a siphon, water is lifted above its original level
durm_g its flow from one container to another. Where
does 1t get the needed potential energy?
7~9 A w?man bounces on a trampoline, going a little
higher with each bounce. Explain how she increases her
total mechanical energy.

•

7-10 Is it possible for the second hill on a roller
coaster track to be higher than the first? What would
happen if it were higher?
7-11 Does the kinetic energy of a car change more
when it speeds up from 10 to 15 m·s- 1 or from 15 to
20 m·s 1?
7-1 2 A car accelerates from an initial speed to a
greater final speed while the engine develops constant
power. ls the acceleration greater at the beginning of
this process or at the end?
7-13 Time yourself while running up a flight of steps,
and compute your maximum power in horsepower. Are
you stronger than a horse?
7-14 When a constant force is applied to a body moving with constant acceleration, is the power of the force
constant? If not, how would the force have to vary with
speed for the power to be constant?
7-15 An advertisement for a power saw states: "This
power tool uses the energy of the motor to stop the
blade rotation within 5 seconds after the switch is
turned off." ls this an accurate statement? Please
explain.

Exercises

Section 7-2

Work

7-1 A fisherman reels in 20.0 m of line while pulling
in a fish that exerts a constant resisting force of 16.0 N.
If the fish is pulled in at constant speed, how much
work is done on it by the tension in the line?
7-2 A physics book is pushed 1.20 m along a horizontal tabletop by a horizontal force of 2.00 N. The opposing force of friction is 0.400 N.
a) How much work is done on the book by the
2.00-N force?
b) What is the work done on the book by the friction
force?
7-3 A water skier is pulled by a tow rope behind a
boat. He skies off to the side, and the rope makes an
angle of 20.0° with his direction of mo~on. The tension
in the rope is 120 N. How much work1sdone on the
of 250 m?
by the rope during a displacement
factory workerpushes a 50.0-kg crate a distance
Om along a level floor, at consta.ntspeed:by_
pushing horizontallyon it. The coe{!iaent of kinetic
frictionbetween the crate and floor 1s0.25.
a) What magnitudeof force mlllt tha workerapply?
b)
ch werk ·
ne ~ .--c ... ,... by this force?

Chapter 7
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c) How much work is done by friction?
d) How much work is done by the normal force? By
vity?
Exercise 7-4, suppose the worker pushes downt an angle of 30.0° below the horizontal.
a) What magnitude of force must the worker apply to
move the crate at constant speed?
b) How much work is done on the crate by this force
when the crate is pushed a distance of 8.00 m?
c) How much work is done on the crate by friction
during this displacement?

@

d) Ho~ much work is done by the normal force? By
gravity?
7-6 The old oaken bucket that hangs in a well has a
mass of 6.75 kg. We slowly pull it up a distance of
5.00 m by pulling horizontally on a rope passing over a
pulley at the top of the well.

magnitude of 18.0 lb and acting parallel to the plane. If
the suitcase travels 15.0 ft along the incline, calculate
a) the work done on the suitcase by the force P,
b) the work done by the gravity force,
c) the work done by the normal force,
d) the total work done on the suitcase.
7-8 An 8.00-kg package slides 2.00 m down a surface
that is inclined at 53.0° below the horizontal. The coefficient of kinetic friction between the package and the
surface is µk = 0.40. Calculate
a) the work done by friction on the package,
b) the work done by gravity,
c) the work done by the normal force,
d) the total work done on the package.

Section 7-J

Work Done by a Varying Force

7-9 The end of a spring with force constant k is at
= 0 when no force is applied to it.
a) In terms of x 1 and k, how much force must be applied to the end of the spring to stretch it to x = x,?
b) To stretch it to x = x2?
c) How much work is done by the force that stretches
the end of the spring from x1 to x2?
-10 A force of 80.0 N is observed to stretch a certain
pring a distance of 0.400 m beyond its unstretched
cngth.
a) What magnitude of force is required to stretch the
spring 0.100 m beyond its unstretched length? To
compress the spring 0.200 m?
b) How much work must be done to stretch the
spring 0.100 m beyond its unstretched length?
How much work to compress the spring 0.200 m
from its unstretched length?
-11 A force in the positive x-direction acts on a rerigerator with a mass of 90.0 kg. The magnitude of
e force varies with the x-coordinate of the refrigerator
ccording to the equation F = (45.0 N·m- 1).x. How
uch work does this force do when the refrigerator
ove from x 1 = 2.0 m to x 2 = 8.0 m?
F,N

A force F that is parallel to th~ x-axis ~cts ~n a
_
7 12
block of ice. The magnitude of the _torc_evanes with the
x-coordinate of the block as shown 1_nFig. 7- 13. Calculate the work done on the block of ice by the force F
when the block moves from x O to x 7 .O m.

Section 7 4

Work and Kinet 'c I~ i

7-13
a) Compute the kinetic cner~~ of a 1200-kg automobile traveling at 20 km· hr ·
b) By what factor does the kinetic energy increase if
the speed is doubled?
7-14 Compute the kinetic energy, in joules, of a 12.0-g
1
rifle bullet traveling at 250 m·s- •
7-15 A baseball pitcher is throwing a fast ball, which
has a speed (leavin g his hand) of 42.0 m ·s-•. The mass
of the baseball is 0.180 kg. How much work has the
pitcher done on the ball in throwing it?
7-16 A television set with a mass of 1.40 slug s is initially at rest on a frictionless horizontal surface.
is
then pulled 4.0 ft by a horizontal force of magmtude
25.0 lb. Use the work-energy relation (Eq. 7-8) to find
its
al speed.
7-17
little red wagon with a mass of 4.60 kg moves
i
traight line on a frictionless horizontal surface. It
has an initial speed of 10.0 m·s - 1 and then is pulled
4.0 m by a force with a magnitude of 18.0 N in the direction of the initial velocity.
a) Use the work-energy relation to calculate the wagon's final speed.
b) Calculate the acceleration produced by the force.
Use this acceleration in the kinematic relations of
Chapter 2 to calculate the wagon's final speed.
Compare this result to that obtained in part (a).

!t

7-18 A sled with a mass of 8.00 kg moves in a straight
line on a frictionless horizontal surface. At one point in
its path its speed is 4.00 m·s- 1 , and after it has traveled
9.00 m its speed is 7.00 m·s- 1 in the same direction.
Use the work-energy relation to find the magnitude of
the force acting on the sled, assuming that this force is
constant and that it acts in the direction of the motion
led.
force with magnitude 30.0 N acts on a 1.20-kg
ball moving initially in the direction of the force
with a speed of 4.00 m·s- 1. Over what distance must
1
the force act to change the ball's speed to 6.00 m·s- ?

a) How much work do we do in pulling the bucket

up?

7-20 A small block with a mass of 0.0500 kg is at-

b) H~w much work is done by the gravitational force
actmg on the bucket?
A 28.0-lb suitcase is pulled up a frictionless p

?-~

1nchnedat 90.0° to the llorimlGI
FIGURE 7-13

tached to a cord passing through a hole in a frictionless
horizontal surlace, as in Fig. 7-14. The block is originally revolving at a distance of 0.200 m from the hole
with a speed of 0.70 m·s- 1 • The cord is then pulled
from below, shortening the radius of the circle in which
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tal area to 0.366 m 2 • What then must her power
output be to maintain a speed of 14.0 m·s - 1?
c) For the situation in part (b), what power output is
required to maintain a speed of 7.0 m·s - 1? Note
the great drop in power requirement when the

•

speed is only halved. (See "T he Aerodynamics of
Human-Powered Land Vehicles, " ScientificA1IZeTicai
December 1983. The article discusses aerodynamic:
speed limitations for a wide variety of humanpowered vehicles.)

Problems

7-55 A projectile with mass mis fired from a gun with
a muzzle velocity of magnitude v0 at an angle of 0
above the horizontal. Neglecting air resistance and
using energy methods, find the maximum height aty the projectile.
e system of Fig. 7-19 is released from rest
12.0-kg block 3.00 m above the floor. Use the
principle of conservation of energy to find the speed
with which the block strikes the floor. Neglect friction
and the inertia of the pulley.

b) If h = 2. 75R and R = 25.0 m, compute the speed,
radial acceleration, and tangential acceleration of
the passengers when the car is at point C, which i
at the end of a horizontal diameter. Show these
acceleration components in a diagram, approximately to scale.
7-59 A man with a mass of 90.0 kg sits on a platform
suspended from a moveable pulley as shown in Fig.
7-21 and raises himself at constant speed by a rope
passing over a fixed pulley. The platform and the pulleys have negligible mass. Assuming no friction losses,
find
a) the force the man must exert;

FIGURE 7-19

7-57 A meter stick, pivoted about a horizontal axis
through its center, has a metal clamp with a mass of
S.00 kg attached to one end and a second clamp with a
mass of 1.00 kg attached to the other. The mass of the
meter stick can be neglected. The system is released
from rest with the stick horizontal. What is the speed
of e
damp as the stick swings through a vertical
pasiuon?
in an amusement park ride rolls without
d £he fi p-the-loop track shown in Fig.
.. .. .-,r.na11~0L
at point A at a height h above

FIGURE 7-21

b) the increase in his energy when he raises himself
2.00 m. Answer by calculating his increase in p<>tential energy and also by computing the product
of the force on the rope and the length of the rope
passing through his hands.
7-60 A skier starts at the top of a very large frictionless spherical snowball, with a very small initial velocity,
and skis straight down the side. At what point does she
lose contact with the snowball and fly off at a tangent?
That is, at the instant when she loses contact with the
snowball, what angle does a radial line from the center
of the snowball to the skier make with the vertical?
7-61 A small block of ice with a mass of 0.550 kg is
placed against a horizontal compressed spring mounted
on-a
.· n
bier.op that is 1.99 m above
~~~
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