Chapter 7
Work and Kinetic Energy

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

22.

False. Any force acting on an object can do work. The work done by different forces
may add to produce a greater net work, or they may cancel to some extent. It follows that
the net work done on an object can be thought of in the following two equivalent ways: (i)
The sum of the works done by each individual force; or (ii) the work done by the net
force.

The tension in the string does no work on the bob, because it always acts at right angles to
the motion of the bob. Gravity, on the other hand, does negative work on the bob as it
rises, and positive work as it descends.

If the net work done on an object is zero, it follows that its change in kinetic energy is also
zero. Therefore, its speed remains the same.

Frictional forces do negative work whenever they act in a direction that opposes the
motion. For example, friction does negative work when you push a box across the floor,
or when you stop your car.

A car with a speed of v/2 has a kinetic energy that is 1/4 the kinetic energy it has when its
speed is v. Therefore, the work required to accelerate this car from rest to v/2 is Wy/4.

Kinetic energy depends on the speed squared; therefore, increasing the speed by a factor
of 3 increases the kinetic energy by a factor of 9.

The fact that the ski boat’s velocity is constant means that its kinetic energy is also
constant. Therefore, the net work done on the boat is zero. It follows that the net force
acting on the boat does no work. (In fact, the net force acting on the boat is zero, since its
velocity is constant.)

(a) Certainly. Kinetic energy depends on both mass and speed; therefore, what the
elephant lacks in speed it can more than make up for in mass. (b) Yes. Again, both
speed and mass contribute to the kinetic energy. For example, if the elephant were at rest,
its kinetic energy would be zero — no matter how massive it is. A moving gazelle will
always have a nonzero kinetic energy.

No. What we can conclude is that the net force acting on the object is zero.

(a) The work required to stretch a spring depends on the square of the amount of stretch.
Therefore, to stretch a spring by the amount x requires only 1/4 the work required to
stretch it by the amount 2x. In this case, the work required is Wy/4. (b) To stretch this
spring by 3 cm requires 3° = 9 times the work to stretch it 1 cm. Therefore, stretching to 3
cm requires the work 9W/4. Subtracting from this the work W, required to stretch to 2
cm, we find that an addition work of 5W/4 is required to stretch from 2 cm to 3 cm.

No. Power depends both on the amount of work done by the engine, and the amount of

time during which the work is performed. If engine 2 does its work in less than half the
time of engine 1, it can produce more power.
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Solutions to Problems

1.

2.

W = Fd = (80.0 N)(3.0 m) =

W=Fd=mgd
w
m=—
gd
20117

(9.81 sz)(4.7o m)

=436 kg
m
(a) W=Fd=mgd=(32 kg)(9.81 S—zj(l.z m) =

(b) W=Fd=(0)(50.0 m) =[]

Y F.=F—f =0
ZFy:N—mgzo
N =mg
F = fi =N = pyemg
a-r
F
W
Hymg
640 ]

"~ (0.26)(70.0 kg)(9.81 sz)

SEam

. @) W=Fd=mgd=(36 kg)(9.81 S%J(z.lm)=

(b) W=Fd=mgd=mg(0) =)

(€) W =Fd=mgd =336 kg)(9.81 522}(_2'1 m) =

Chapter 7: Work and Kinetic Energy

(a) The tension vector points from the skier to the boat in the direction of motion. Both the force (tension) acting
on the skier and the displacement are positive, so the work done on the skier is .

() W =Fd =Td = (120 N)(65 m)=[ 7.8 kI |

(a) The tension vector is directed opposite the direction of motion, so the work done on the boat by the rope is

[negativel
(b) W =Fd =Td = (120 N)(65 m) :
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8. ZFX = Fcosd
W =(Fcos@)d = (16 N)(cos25°)(10.0 m)=| 150 ]

9. W =Fd =(Tcos8)d = (125 N)(cos40.0°)(5.0 m) =| 480 J

10. (a) W =(FcosO)d =(50.0 N)(cos55°)(0.50 m) =

(b) If the force along the handle remains the same, the increased angle means a smaller force component in the
direction of motion. The work done by the janitor .

11. W= (T cos 6)d

cos¢9:Z
Td

W 1 2.00x10° J
& =cos 1—:cos —————=|574°
Td (2560 N)(145 m)

12. W= (T cos 6)d

cosf = 1
T
0 =cos™! K
Td
= 350017
(75 N)(50.0 m)

-
13. (a) W=F-d=F,d,+F,d, (SeeAppendix A)
W = (2.2 N)(0.25 m)+(1.1 N)(0)=| 0.55 J

(b) W= (2.2 N)(0)+ (1.1 N)(0.25 m) =
(©) W=(22N)=0.50 m) + (1.1 N)(=0.25 m) =

14. [F|= JE2 NP +(LIN)? =246 N =F

cosé?:l
d

0 =cos™! (ZJ =cos™! L =46.9°
Fd (2.46 N)(1.25 m)

Direction of F = tan”! (ﬂ =26.6°
22N

Direction of d = 26.6°+46.9° = 73.5° or —20.3°
For 73.5°: d, =d cos73.5°=(1.25 m)(cos 73.5°) = 0.36 m
dy, =dsin73.5°=(1.25 m)(sin73.5°) =1.2 m

| d=(036 mx+(1.2 m)y |
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For —20.3°: d, = (1.25 m)[cos(-20.3°)]=1.2 m
d, =(1.25 m)[sin(-20.3°)] = -0.43 m

[d=(12m)R+(-043 m) |

2
1 2 2 1 m
15. W=AK =—m(v¢"~ —v;")=—=(65 k 100 —| -0 (=|3.3kJ
2 Or i) 2( g)|:( Sj :|

2

1 2 1 m
16. K=—mv" =—(1770kg)| 120 — | =13 MJ
g =570k 120 | <[

S
2
17. (a) Klzémv12=%(0.0095 kg)(l.30><103 EJ =[8.03kJ
S

M) K= Lo =

2
W 1(1 1
a) == =—(8.03kJ)=[2.01kJ |
[ ) 4[2’"“) R
(©) K=%mv2:%m(2vl)2=4( mvlj 4(8.03 kJ)=| 32.1kJ |

18. (a) The work done by gravity on the pine cone is W = mgh, which in the absence of air resistance would result in
a kinetic energy.
AK =K; -K; = K¢

K¢ =lme2 =W

W |2mgh
Ve = / e _ g \/2(9.81 ﬂzj(m m) =
s
(b) The force of air resistance is opposite the direction of displacement, so the work done by it on the pine cone
is [negative

19. () Wy = Wgravity +Wajr = AK
Wair = AK — Wgravity

= %m(vf2 - viz )—mgh

= m|:%Vf2 - gh}
2
=(0.21 kg)ll(n EJ —(9.81 E)(14 m)}
2 S sz

SEI
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(b) W=Fd

20. (a)

(b)

(c)

21. (a)

(b)

22. (a)

(b)

23. (a)

(b)

=
d

SIRE

14 m
=-0.793 N

F =| 0.79 N upward

1o, 1 m)?
K =—mv2 =—(040kg)| 6.0 2| =[727
=g =040k 60 2

1
K, = —mv22

2
2K,  [2(25))
vy = 222 = 2220 s
27\ m " \o040ke
W=AK=K)-K =251-727=187]
1 2 2 1 m 2
Wiotal = Whiction :AK:Em(Vf ! )25(62-0 kg) 0(4-35 ?J =| -587J

Whiction = —/fxd = —t4Nd = —1y:mgd

Weicti 58717
e = — friction _ =|0.284

mgd (620 kg)(9.81 %)(3.40 m)
S

The speed of the car decreases, so AK < 0. Since W = AK, the net work done on the car is .

W=Fd=AK

« ., (1300 kg)[(ls n)* (18 f;)z}
FoAK_mOe” —v7) — 2100 N
d 2d 2(30.0 m)

The magnitude of the average force acting on the car is 2.1 kN|.

From Problem 20,
_me %))
2d
2 2|F|

VE =3V —Td

Since vy varies approximately with the square root of d (the width of the sandy portion), dividing d by two

reduces v¢ than 1.5 m/s.

Assume that the average force is the same as that found in Problem 20.

2
Av:\/(lgﬁj _2CIBN) 150 my 18 ™ [ T4 s
S

F

s 1300 kg
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2
24 ) W = AK = (g + it )2 i) =2 (75 kg)[o [12 ?) ] — 54001

The brakes must do of work on the bicycle and rider system to bring it to rest.

. 12M 40
(b) vavzu:s_:ﬁoﬂ
2 2 S
m
X = vyt = (6.0 :j (4.05) =
() W=Fd
-
d
5400 N
24 m
=-230N

The magnitude of the braking force is 230 N|.
25. (a) W=k =l(3 5x10% Ej(o 050 m)? =
2 2\ m)

(b) Since W x?, the work required to compress the spring is the same as that required to stretch it, .

26. W =—kx? =AK=%mv2

1.2 kg

(]

27. The kinetic energy is stored in the spring.

lkx2 = lmv2
2 2

m 2
m?  (18kg)(22 1)
x° (0.31m)?

SELT

28. W= Fidl +F2d2 +F'3d3
— (0.6 N)(0.25 m) + (0.4 N)(0.25 m) + (0.8 N)(0.25 m)
= (0.6 N+0.4 N+0.8 N)(0.25 m)

[0}
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29. (a) The work required to move the object from x = 0.50 m to x = 0.75 m is W= (0.40 n)(0.25) = 0.10 J. So, for
the final position, we have
W =F(x¢ —x;)

_ W+ in

F
~(0.127-0.10 J)+(0.20 N)(0.75 m)

020N
[0

(b) The work required to move the object from x = 0.50 m to x = 0.25 m is W = (0.80 N)(—0.25 m) =—-0.20 J. So,
for the final position, we have

W+ Fx, [-0.29 J—(~0.20 J)]+(0.60 N)(0.25 m)
= = = -0.10 m
i F 0.60 N -

Xf

30. VV] :%kle

k :2_1/1;1: 2(150 J)2 75 kN
X (0.20 m) m

y =%= 2(210 J)2 47 kN
Xy (0.30 m) m

ky > ko is stiffer.
1,2
31. (a) W:Ekx

oW 2(1300)
k== =20 km

(0.10 m)?

(b) Since x o< VW, it will take a total of four times the work to double the compression of the spring. The net
increase in the work is

4W —-w =3W = | three times more work | =3(1301J))=

32. (a) W=FAx=AK = %m(vf2 -v?)

2 2FAx
Ve =,V +

m

_ \/( 0.44 3)2 L 21(0.8N)(0.23 m)+ (0.4 N)(0.25 m) + (0.2 N)(0.24 m)]
s 1.7 kg

(b) Determine the final speed at x = 0.25 m.

2
vp = ((0.44 Ej L203NE002m) 41606
s 1.7 kg s

Find x¢.
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FAx :%m(vf2 —viz)

1.7 kg)[(o.m g)z ~(0.41806 ?)2}

2 2
mve” —v")
Xp=x;+———=025m+ =|0.04 m
f 1 2F 2(0.6 N)

20x10° Ny, 0<x<021m
33. F= m

4200 N, x>021m

(a) Fromx =0 tox=0.21 m, the force varies linearly. The area under a graph of F vs. x gives the work. This
area is a triangle.

1 .
W= E(base)(helght)"’_ I/Vconstant F

= %(0.21 m)[2.0 x10* Ej (0.21 m)+(4200 N)(0.30 m-0.21 m)
m

-1

(b) To determine the work from x = 0.10 m to x = 0.40 m, calculate it from x = 0 to x = 0.40 m and then subtract
the work from x = 0 to x = 0.10.

1 2 4 N N 1 2 4 N
W=—(021m)"| 2.0x10" — [+| 4200 — [(0.40 m—0.21 m)-—(0.10 m)“| 2.0x10" — |=|1.1kJ
y021m?( (4200 X 5 0a0m?|

m m m

[ )
—kx“ =W
34. >

35. W=AK =%m(vf2 %) =%mvf2

\2
1 2 mi 2 2
wo Lmv® ] (950 kg)(65 h) m Ih
p="_ - 1609 = | | —— | =[67kwW
) 13003

t t 2(6.0 s) mi
36. h=(1600 steps)[o'zo mj =320 m
step
W = mgh
70.0 kg)(9.81 ™ |(320 m)
W mgh ( ( 2 1 hp
p= T8 ~[G30w =[045h
= 5555 COW || 7w
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3
37. (1 kwhy| LW (36008 T3 6106
KW h

38. Pz?zFTh:Mzmgw(l.sxlo—3 kg)(9.81 %)(2&10‘2 Ej: 32x1074 W
S S
39. p=
t
W 32,200]
t=—=""—"=306.7s=|5.11 min
FRRTYET
40. P=Fv
P
y=—
F
_r
mg

18 W
(5.00 kg)(9.81 sz)

=220 m/s
W Fh [(12016)2.00m)]( 1IN 1 hp
. P=2=""< =[0.143 h
4 t ¢ [ Is 0.2248 b )\ 746 W

42. (a) P=Fv
.t

\4
500 W
150 m

SEE

(b) Doubling the power will [increase the speed by a factor of 2|,

746 W
43. (a) W =Pt =(0.30 hp)(10,140 s)] —— |=| 2.3 M]
(a) (0.30 hp)( )( - )

(b) (2.26x10° J)( 1 keal j(l Snickers

4186 J )\ 280 keal j N

(4.00 kg)(9.81 %)(0.750 m)
44, (@) p=_meh_ s Lday ) [ ax104w
t ¢ 3.00 days 86,400 s

(b) Since Poc ¢!, the power will be increased if the time is .
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45. For example:

W mgh | 6 kg)(9.81 sz)(hn) [ L hp j
P 3s 746 W

P

~[09h

At=t2 _tl

=Sl -7

_ 3mv2

2P

[

2PT
(b) v? ="+
m

2PT
vr = }—
m
2P22T)
Vor = m

_ 2. |2PT
m
]

47. P=Fv=(bv)v=h"

S

2 2

1 2 2y 1 m m
48. W =AK =— —v:)==(60.0 kg+7.00 k. 6.00 —| —| 7.50 — =|—-678]
L ) =100 ke g{[ 2 j]

49. W =Fd = (7.5 pN)(8.0 nm) = (7.5x10712 N)(8.0x10™ m)=60x10"2' J=| 6.0x1072° J

wo19)
50. (a) F=—= ~[500N
@ F==oom
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W 191]
) P===g75-[100W]

|
51. K=—mv
2

2K
y= 222
m

|| 2(210 kcal) (4186 J)
0.045 kg keal

SGIT

53. (1) Y F, =F-f =0
F = fx = uemg

P =Fv= . mgv = (0.55)(67 kg)(9.81 %)(0.50 EJ
S S

w p="
t

W =Pt
= (181 W)(35 s)

-[e5w]

54. W =Fd=AK :%m(vf2 )

|-2(65 N)(=2.6x10 % m)
0.60x10~ kg
=| 75 m/s

55. (a) W=Fd=AK
F=—fx=-uN=—pmg
—mgd = AK

1 2 2
_Em(vf -V ) _ Vi2 —Vf2 _

He= mgd 2gd

Physics: An Introduction
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56.

57.

58.

59.

60.

2
m m m m
(b) vp =2 —2u.8d =\/(44 ?j —2(0.181)(9.81 s—zj(zs m) =42.98 —| <43 =

S

The change in kinetic energy is the same, but since the initial speed is smaller than it was for the first 25 m, the
change in speed is larger than it was in the first 25 m.

(@ Y F.=F—fi=ma, =0
F=fx = mmg

m
W = Fd = 1 mgd = (0.240)(50.0 kg)(9.81 5—2] (2.60 m) =[ 306 J

(b) To cause the suitcase to speed up as you push it, a force greater than the force of kinetic friction is required to
create the acceleration. This greater force results in the work done being that in (a).

The work done on the glove by gravity is W =-mgh=AK = K; - K =-K.
h | K

K = mgh, so kinetic energy at 5 is K —ng = 5|

(@ Fy=0,F=064N,F,=0

Mooz =Wotoa—Waioa = %(4.0m)(0.8 N)—%(2.0m)(0.64 N) =
(b) F =0.533N

Mios=Woi0a=Woio1 = %(4.0m)(0.8 N)—%(l.Om)(0.533 N) =

(©) F=032N

W03 = %(0.64N +0.32N)(1.0m) =| 0.48J

(a) W=F-d= Fid, =F,d, (SeeAppendix A)
W= (2.89 N)(4.55 m) + (0.131 N)(0) =

(b) W= (2.89 N)(4.55 m) + (0.231 N)(0) =

(c) [If the pulling force remains the same, then the work done remains the same. If the increased mass results in a |
larger friction force and an increase in the required pulling force, then the work done increases.|

(a) P=Fv After falling for 0.100 s the speed of the apple is v=0+(9.81 m/s’ )(0.100 s) =0.981 m/s

P =mgv =(0.175 kg)(9.81 m/s2)(0.981 m/s) =| 1.68 W

(b) because the speed of the apple increases.

(c) After falling for 0.200 s the speed of the apple is
y=0+(9.81 m/s2)(0.200 s) = 1.96 m/s

P =mgv=(0.175 kg)(9.81 m/s’ )1.96 m/s)=| 3.37 W
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61. (a) W=FAy= —mg(hyax —h) =| mg(h—hy,y)

(d) Wiptar = Wup +Waown = mg(h— gy ) + mghyay =| mgh

1
(C) Kﬁnal = Ki +W = Emvg +mgh

62. — Fd = = o m -
(@) W =Fd = (T cosO)vt = (90.0 N)cos(35 )[14 Sj(m.o s)

(b) The skier moves with constant velocity, so the resistive force is equal and opposite to T cos 6.

W =(-Tcos0)d =

63. (1) D F,=F—f,=0
F=—kx= fg = usmg

L THmg
k

2
2 .422.1<2(.1m)
1o 1 (umg) ulmig? (042765 k(981 G
W==lx>==k = =
2 2 \ & 2k 2(1200 X)

-[5507]

(b) The force of kinetic friction is generally smaller than the force of static friction. Therefore, a smaller
force would be required to keep the block moving.

\2
2 mi .
WAk _mwg (600 ) :(1800 —mlzjﬂ:P

64. A= =
= t 2t 2t h? ¢
AK
p=—2
t
_ 2mv2f
2t
m(so 0 m)z
T h)

t
2
:[2500 ﬂjﬂ
h? )t
2
:{{2500 %Jﬂ}%
b= )t ] 1800 %)ﬂ
h™ /¢t
-[1397]
_ _ - -3 m m o
65. P=(Fcos@)v=mgvcosd=(1.8x10 kg)(9.81 szj(0.0B sjcos 25°=10.37 mW

138



Physics: An Introduction Chapter 7: Work and Kinetic Energy

66. P =Fv=236,600W
P'=(F+T)v=37,800 W
P —P=Tv=1200 W

7o 1200 W

1%
1200 W
140 m

SE
m
67. (a) P=Fv=(23 N)(O.24 ?J =

b) W =Pt=(5.52 W)(90s)=500J=|5.0x10 J
(b)

2
1 2 2 1 m
68. W=AK=— -v7)=—(0.14 k 425 — | -0(=[1301J
@ L v =1 g>[( ) }

w1261
b)) P=—= = 2.1kW
= 0,060
(¢) More than|, because the same work is done in less time.

69. (a) W =AK = %m(vf2 -v?)

W 27.6x107 J)
2 27 2 -
Ve Y (72 %) -0

2.9x10% kg

m=

AW 7.6x107 T
by p="2 27 T _[38MI/s
T 0

70. (a) P=—
t

W (280 Cal)<418a6lj

C

W ) e
=" s ~53x10 s-

(b) If lifting the container at constant speed, the force required is mg = (3.6 kg)(9.81 m/s? )=353N.

P=Fv
P 221]/s
=—= =10.62 m/s
Ve p Ty T 062 ms]
(¢) d=wt
v 0.62 m/s
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F

71. (@) a=—
m

P=Fv

(52 hp)(746W)
F=£=16—m/hp=2.42><103 N
v S

3
L 242x10° N
1600 kg

(b) For the same power, the force will be smaller at a higher speed. So the acceleration will .

(52 hp) (46
(©) F:32—m/p:1.21><103N
S
3
:%: 0.76 m/s>
g
72. W=AK =Fd
lmvz:Fd
2
_mvz
2d
271b)(4.448 N
m:%:( ;glm 1b)=12.24kg

SZ

(12.24 kg)(550

2
) _[sawm]

2(22x107 m)

73. P=

fjm
b

74. (a) The work done on the block by the spring is W = —%kx2 = AK where the negative sign comes from the fact

that the force of the spring on the mass is directed opposite to the displacement of the mass.

2
k:—iAKz—i lmvf2 —lmvi2 :—i 0—lmvo2 =| %
2 2 2

x2 x? X

140



Physics: An Introduction

(b) From (a),

2
_ myg

x2

k

mv02

k
with v; =2y,

de \/m(ZvO)Z _
k

1

75. Wigtal =Wy + Wy =—kyx* +%k2x2 = %(kl +hy)x?

2

76. x=x +x,
F=k1x1 =k2.X'2
x:£+£=F L+

ki ky ky

X

F= =kx

=

1
+ L
1 k2

-1
So, k= i+i
ki ky

>

\/mVOZ
k

1

q

Wzllcxzz 1 1+
2 2

1

bk

-1

77. (a) W = F(cos@)d
cos @ =1
Fd

0 =cos™! 1

Fd

-1

[

50.0J
(45.0 N)(1.50 m)

1 2 2,19
(b) W=AK=Em(vf -V )ZEme

27 2(50.0 J)
m= —2 == =
Ve (2.60 %)

2

~[iev%e]
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