WORK

Conceptual Questions

11.1. There is not enough information to tell. The lost potential energy and the work done by the environment could
increase the kinetic energy or it is possible that all the work and energy are converted to thermal energy.

11.2. There is not enough information to tell. The work done could cause some or all of the potential energy change
or some of the work could be converted to thermal energy. Without more information, it is impossible to say whether
a kinetic energy change is present.

11.3. The system is doing work on the environment. The total mechanical energy of the system is lower.

11.4. The ball’s kinetic energy is equal to the work done on it by gravity. Since work is force x distance, the kinetic
energy of the ball increases by equal amounts in equal distance intervals.

11.5. No work was done by gravity. W, =—m,Ay. Here, Ay=0. Any work done during a downward part of the

motion was undone during the upward parts.

11.6. The kinetic energies are equal. Equal forces are applied over equal displacements so that the same work is done
on each. Thus, the change in kinetic energy is the same. Because K; =0, AK =K;. (The plastic will be moving 10

times faster, however.)

11.7. The work is the same in both cases, since the work done against gravity is —mgAy, and Ay, the change in

height, is the same in both cases.

11.8. (a) No, the rate of change of potential energy with respect to position will be zero at that point, but the value
of the potential energy is not known without specifying it at some reference point.

(b) No, the zero point for the potential energy is arbitrary. There will be a force present if the rate of change of the
potential energy with position is nonzero.

11.9. The kinetic energy was dissipated as thermal energy by friction between the tires and the road and in the
brakes.

11.10. Gravitational potential energy is transformed into thermal energy. There is no change in the kinetic energy.
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11-2 Chapter 11

11.11. (a) Push a puck with force F across a frictionless level surface. With the puck as the system,
Wi =FAx=AK. The gravitational potential energy does not change because Ay =0. Since the surface is

€
frictionless, AEy, =0.
(b) Push a box across a rough level surface at constant speed. The system is the box. Again, Ay =0, but now

AK =0, and friction dissipates the external work done by the push as thermal energy.

11.12. Power is energy per time. The energy required to lift a beam a height Ay is the same as the change in

_ . A . . .
gravitational potential energy of the beam. Power P=%=w. So doubling Ay and halving At requires a

At
2A A .
mg(24y) _ 4782 _4p. The power must be increased by a factor of 4.

different power P’ =
(A/2) At

Exercises and Problems

Section 11.2 Work and Kinetic Energy
Section 11.3 Calculating and Using Work

11.1. Solve: (a) A-B=AB, + 4,8, =(3)(2) +(4)(-6) =—18.
(b) A-B=AB +A4,B,=(3)(6)+(-2)(4)=10.

11.2. Solve: (a) A-B=A,B, +A,B, =(4)(-2)+(-2)(-3)=-2.
(b) A-B=AB +A4,B, =(-4)(2)+(2)(4)=0.

11.3. Solve: (a) The length of 4 is| 4= A=A A=) +(4)* =v25 =5. The length of B is B=+/(2)* +(-6)* =
V40 =24/10. Using the answer A-B=-18 from Ex 11.1(a),
A-B=ABcosx
—18=(5)(2v/10)cos &
a = cos | (~18/1/40) =125°
(b) The length of 4 is |Z1| = A=A 4 =(3)* +(=2)? =13. The length of B is B=q/(6)> +(4)> =/52 = 24/13.
Using the answer A-B=10 from Ex 11.1(b),
A-B=ABcosa
10 = (\/13)(2v/13)cos &
o =cos 1(10/26) = 67°

11.4. Solve: (a) The length of A4 is‘;l‘:A:\/;L;I =/(4)? +(=2)> =4/20. The length of B is B=+/(-2)* +(=3)> =

J13. Using the answer A-B=-2 from EX11.2(a),
A-B=ABcosa
2= (\/2_0)(\/E) coso
o =cos™ (=2/4/260)=97°

(b) From EX11.2(b), 4-B=0. Thus
cosa=0

a=90°
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11.5. Visualize: Please refer to Figure EX11.5.
Solve: (a) A-B=ABcosa = (5)(3)cos40°=11.

(b) C-D=CDcosa =(2)(3)cos140° =—4.6.
(¢) E-F =EFcoso =(3)(4)cos90° =0.

11.6. Visualize: Please refer to Figure EX11.6.
Solve: (a) A-B=ABcosa=(2)(4)cos110°=-2.7.
(b) C-D=CDcosa =(5)(4)cos180° =—20.

(¢) E-F =EFcosa =(4)(3)cos30°=10.

=0
—

11.7. Solve: (a) W =F-AF =(-3.0i +6.0)-(2.0/)) Nm=| 6.0/ -i +12j-i | J=—6.0 J.

=0
- n o ~ 3 A A
(b) W =F-AF=(=3.0{ +6.0))-(2.0)) Nm=| —6.0{ - j+12]- ] | I=12 1.

=0
—

11.8. Solve: (a) W =F -AF =(—4.0i —6.0))-(=3.0/)) Nm=|12{ -i +18.0j-i | J=12 .
(b) W =F-AF =(-4.0i =6.0})-(3.0/ —2.0 /) Nm=(-12+12) J =0 J.

11.9. Model: Use the work-kinetic energy theorem to find the net work done on the particle.

Visualize:
F
ve =30 m/s - v; =30 m/s
o> - m=20g
After Before

Solve: From the work-kinetic energy theorem,
1 1 1 1 2
W=AK = Emvf —Emvg - Em(vl2 )= 50020 kg)[(30 m/s)? — (=30 m/s)J -0J
Assess: Negative work is done in slowing down the particle to rest, and an equal amount of positive work is done in

bringing the particle to the original speed but in the opposite direction.

11.10. Model: Work done by a force F on a particle is defined as W = F-AF, where AF is the particle’s
displacement.

Visualize:
hand on book

|
AF ‘—‘ y F, G= F, earth on book 1
| ] )
= |— ;
S == ;
. g
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Solve: (a) The work done by gravity is
W, = Fg - AF = (-mgj)-(2.25-0.75) ] Nm =—(2.0 kg)(9.8 m/s*)(1.50 m) T =-29 J
(b) The work done by hand is Wy = Fyund on book - A7~ As long as the book does not accelerate,
Fhand on book = ~Fearth on book = ~(~1gJ) =mgj
Wy =(mg))-(2.25-0.75)] Nm = (2.0 kg)(9.8 m/s*)(1.50 m) =29 J
11.11. Model: Model the piano as a particle and use W = F - A7, where W is the work done by the force F
through the displacement A7.

Visualize:

Before

Vi

A7 = =5.00]

After

Ground

M
0 y=0m
Solve: For the force Fy :
W=F- AF=Fg AF = (Fy)-(Ar)cos(0°) = (255 kg)(9.81 m/s)(5.00 m)(1.00) =1.25x10* J

For the tension 7 :

W =T, AF = (T;)(Ar)cos (150°) = (1830 N)(5.00 m)(~0.8660) = ~7.92x10° J
For the tension 7, :

W =T, - AF = (T, )(Ar)cos (135°) = (1295 N)(5.00 m)(=0.7071) = —4.58x10° J

Assess: Note that the displacement A7 in all the above cases is directed downwards along — /.

11.12. Model: Model the crate as a particle and use W = F - A7, where W is the work done by a force F on a
particle and A7 is the particle’s displacement.

Visualize:
T, 600N
S ’—réﬁo' AF=30im :I
660 N ‘:‘ _éb°
T, 410N
Before After
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Solve: For the force f; :
W = fi - AF = f; (Ar)cos(180°) = (660 N)(3.0 m)(~1.0) = 2.0 kJ
For the tension 7; :
W =T, - AF = (T;)(Ar)cos(20°) = (600 N)(3.0 m)(0.9397)=1.7 kJ
For the tension T 5t
W =T, - AF = (T,)(Ar)cos (30°) = (410 N)(3.0 m)(0.866) =1.1kJ
Assess: Negative work done by the force of kinetic friction fk means that 1.95 kJ of energy has been transferred out

of the crate.

11.13. Model: Model the 2.0 kg object as a particle, and use the work—kinetic-energy theorem.

Visualize: Please refer to Figure EX11.13. For each of the five intervals the velocity-versus-time graph gives the
initial and final velocities. The mass of the object is 2.0 kg.

Solve: According to the work—kinetic-energy theorem:

— _1 2 _ 1 2 _ 1 2 2
W—AK—Emvf =5 my; —Em(vf -v)

Interval AB: v, =2m/s, i =—2m/s = W =120 kg)[(—z m/s)? — (2 m/s)z] =0J

2
Interval BC: v, =2 m/s, vy =2 m/s = ¥ =1(2.0 kg)[(—z m/s)? — (=2 m/s)} -01J
Interval CD: v, =2 m/s, vy =0m/s = W =1(2.0 kg)[(o m/s)? — (=2 m/s)z} =47

Interval DE: v, =0m/s, vp =2m/s = W =120 kg)[(z m/s)2 — (0 m/s)z} =+4]
Assess: The work done is zero in intervals AB and BC. In the interval CD + DE the total work done is zero. It is not

whether v is positive or negative that counts because K o< v2. What is important is the magnitude of v and how v
changes.

Section 11.4 The Work Done by a Variable Force

11.14. Model: Use the definition of work.
Visualize: Please refer to Figure EX11.14.
Solve: Work is defined as the area under the force-versus-position graph:
St
W= J.Fsds = area under the force curve
Si
Interval 0—1m: W =4 N)(Im—-0m)=41]
Interval 1-2 m: W =(4 N)(0.5 m)+ (-4 N)(0.5m)=01J

Interval 2—3m: W = %(—4.0 N)(Im)=-217

11.15. Model: Use the work—kinetic-energy theorem to find velocities.
Visualize: Please refer to Figure EX11.15.
Solve: The work—kinetic-energy theorem is
X¢
AK =Lmy? - lmvi2 =W= J. F.dx = area under the force curve from x; to x¢

2 2

X

X¢
Imvf ~1(0.500 k)20 m/s)’ =Lmvi ~1.0 1= [ Fudx =3x Nm

Om

2
vp = Sv Nm +4.0m?/s?
0.500 kg
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Atx=lm: = v =3.7m/s
Atx=2m: = v =6.6m/s
Atx=3m: = v=97m/s

11.16. Model: Use the work—kinetic-energy theorem.
Visualize: Please refer to Figure EX11.16.
Solve: The work—kinetc-energy theorem is

Xg
=12 1,2 - 5,2
AK =Zmvy —5mv; = _[ F,dx=10x-Jx

0m
20 2
vp = |22 40 s
f 2.0ke

Atx=2m: = v;=5m/s
Atx=4m: = v;=4m/s

11.17. Model: Use the work—kinetic-energy theorem.
Visualize: Please refer to Figure EX11.17.
Solve: The work—kinetic-energy theorem is

X
AK =W = jF . dx = area of the F.-versus-x graph between x; and x;

xl

%mvfz —%mviz =%(Fmax )(2 m)
Using m =0.500 kg, vy =6.0 m/s, and v; =2.0 m/s, the above equation yields F,,, =8 N.

Assess: Problems in which the force is not a constant cannot be solved using constant-acceleration kinematic
equations.

Section 11.5 Work and Potential Energy

Section 11.6 Finding Force from Potential Energy

11.18. Model: Use the definition F, =—-dU/ds.

Visualize: Please refer to Figure EX11.18.
Solve: F, is the negative of the slope of the potential energy graph at position x. Between x=0 cm and x=10 cm

the slope is
slope = (Uy —U;)/(x —x;) =(0J =10 J)/(0.10 m—0.0 m) =—100 N
Thus, F, =100 N at x=5cm. The slope between x=10cm and x=20cm is zero, so F, =0N at x=15cm.

Between 20 cm and 40 cm,
slope=(10J-017)/(0.40 m—-0.20 m)=50 N

At x=25cm and x =35 cm, therefore, F,, =—50 N.

11.19. Model: Use the definition F, =—dU/ds.

Visualize: Please refer to Figure EX11.19.
Solve: F, isthe negative of the slope of the potential energy graph at position x.

h{2)
dx
Between y=0m and x=1m, the slope is
slope =(Uy —U;)/(xp —x;)=(60J-0J)/(1m-0m)=60N
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Thus, F, =—60 N at x=1m. Between x=1mand x =5 m, the slope is
slope =(Us —=U;)/(x; —x) =(0J =60 J)/(5m—-1m)=—-15N
Thus, F, =15Natx=4m.

11.20. Model: Use the negative derivative of the potential energy to determine the force acting on a particle.
Solve: The y-component of the force is
d . 3 2
F,=—=—-——4y"])=-12y" N
) & dy( v y
At y=0m, F, =0N; at y=1Im, F, =-12N; andat y =2m, F, = -48N.

11.21. Model: Use the negative derivative of the potential energy to determine the force acting on a particle.
Solve: The x-component of the force is

PR THTI N
: dx dx\ x X2

N =25N, F(x=5m)=% N = 040N, F(x=8m)=% N =0.16N

x=2m X lx=5m X lx=8m

F(x=2m)=%
X

Section 11.7 Thermal Energy

11.22. Model: Assume the carbon-carbon bond acts like an ideal spring that obeys Hooke’s law.
Visualize:

The quantity (x—x,) is the stretching relative to the spring’s equilibrium length. In the present case, bond stretching

is analogous to spring stretching.
Solve: (a) The kinetic energy of the carbon atom is

K= %mvz = %(2.0><10‘26 kg)(500 m/s)? =2.5x1072' J
(b) The energy of the spring is given by
U = %k(x—xe)Z =K

2K 2(2.5%x1072'))
(x—x.)*  (0.050x107° m)?

=2.0 N/m

11.23. Visualize: One mole of helium atoms in the gas phase contains N, = 6.02x10* atoms.
Solve: If each atom moves with the same speed v, the microscopic total kinetic energy will be

Koo =NA(lmv2j=37OOJ — o [ _ f2(73700 D _ —1360 ms
2 mN,  \(6.68x1027 kg)(6.02x10%)
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11.24. Visualize:

Yo=3.0m
V0=OII]/S T

T
0 y=0m, v;=2.0ms

Solve: (a) K;=Ky=1mvj=017,U;=Ug =mgy, =(20 kg)(9.8 m/s*)(3.0 m) =5.9x10" J

We =01, K¢ = Ky =2 =1(20 kg)(2.0 m/s)* =40 J, U =U, = mgy, =01

At the top of the slide, the child has gravitational potential energy of 5.9 x 10% J. This energy is transformed into the

thermal energy of the child’s pants and the slide and the kinetic energy of the child. This energy transfer and
transformation is shown on the energy bar chart.

(b)
Energy (J)
K + U + W, = K + U + AE,
+
600
0 + + - +

The change in the thermal energy of the slide and of the child’s pants is 5.9 x10? J—40 J =5.5x 10> J.
Section 11.8 Conservation of Energy

11.25. Visualize: The system loses 400 J of potential energy. In the process of losing this energy, it does 400 J of
work on the environment, which means W, =-400]. Since the thermal energy increases 100 J, we have

AEy, =100 J, which must have been 100 J of kinetic energy originally. This is shown in the energy bar chart.

Energy (J)

+I(i+U1+Wem=Kf+ Us + AE,
400

o L +I - .\ ,
—400
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11.26. Visualize:

Energy (J)

+ Ki

+ U

1

+ W,

ext —

K + Uy + AEy

600
400
200

-200|—— —
-400 |—— —
-600 [—— —

Note that the conservation of energy equation
K, +U;+W,

ext

= Kf + Uf + AEth
requires that W, be equal to —400 J.

11.27. Solve: Please refer to Figure EX11.27. The energy conservation equation yields
Ki+U +W  =K; +Up +AE;, = 4J+1J+W =1J+2J+1] = W,

ext ext ext =17
Thus, the work done to the environment is —1 J. In other words, 1 J of energy is transferred from the system into the

environment. This is shown in the energy bar chart.

Energy (J)
K + U + Wy, = K + U + AE,
4,
3
2, = - — —
1 7 - 7 l ]
’ | |
g [—— —— =
-2

11.28. Visualize: The tension of 20.0 N in the cable is an external force that does work on the block W, =
(20.0 N)(2.00 m)=40.0 J, increasing the gravitational potential energy of the block. We placed the origin of our
coordinate system on the initial resting position of the block, so we have U;=0J and U;=mgy, =
(1.02 kg)(9.8 m/sz)(Z.OO m)=20.0J. Also, K;=01J, and AE; =0J. The energy bar chart shows the energy

transfers and transformations.
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Energy (J)
K + U + Wy = K + U + AE,
40
’ l l l
0 + + = + +

Solve: The conservation of energy equation is
Ki+Ui+We =Kp +Up +AEy, = 0J+0J+40.0 J=Lmf +2007+07

ext

ve =+/(20.0 )(2)/(1.02 kg) = 6.26 m/s

Section 11.9 Power

11.29. Model: Model the elevator as a particle, and apply the conservation of energy.
Solve: The tension in the cable does work on the elevator to lift it. Because the cable is pulled by the motor, we say
that the motor does the work of lifting the elevator.

(a) The energy conservation equation is K; +U; + W,

=K;+U; +AEy,. Using K;=0J,K; =01, and AE; =01
gives

Wee =(Us —U;) =mg(ye — ;) =(1000 kg)(9.8 m/s?)(100 m) =9.80x10° J
(b) The power required to give the elevator this much energy in a time of 50 s is

5
pe Wext _ 9-80x10° J
At 50s
Assess: Since 1 horsepower (hp) is 746 W, the power of the motor is 26 hp. This is a reasonable amount of power to

lift a mass of 1000 kg to a height of 100 m in 50 s.

=1.96x10* W

11.30. Model: Model the steel block as a particle subject to the force of kinetic friction and use energy conservation.
Visualize:

Known A7
Vix = Vo= 1.0m/s
X =Yo=0m g
t() =0s 1
y1=0s #=30s fi .
Find ¥ Fo oy "
xp—xg=Ax X0, Yor fo
Vox
Before After

Solve: (a) The work done on the block is W, =F,, -A7 where A7 is the displacement. We will find the

displacement using kinematic equations and the force using Newton’s second law of motion. The displacement in the
x-direction is

Ax =x1 =xg +vy, (4 —t0)+%ax(tl —to)2 =0m+ (1.0 m/s)(3.0s-0s)+0m=3.0m

Thus A7 =3.0{ m.

© Copyright 2013 Pearson Education, Inc. 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.



Work 11-11

The equations for Newton’s second law along the x and y components are
(Fpet)y=n—Fg=0N = n=F;=mg=(10kg)9.8 m/s?)=98.0 N
(Fret)s = F—fk =0N = F=f=14n=(0.6)(98.0N)=588N
Woet = Fnet -AF = FAxcos(0°) = (58.8 N)(3.0 m)(1) =176 J

(b) The power required to do this much work in 3.0 s is

P=K=176J
t 30s

=59 W

11.31. Solve: The power of the solar collector is the solar energy collected divided by time. The intensity of the
solar energy striking the earth is the power divided by area. We have

6
_AE _TS0A0TT _ 4 667 W and intensity = 1000 W/m?
At 3600 s
Area of solar collector = M =42 m?
1000 W/m

11.32. Solve: The night light consumes more energy than the hair dryer. The calculations are
1.2 kW x10 min =1.2x10* x10x 60 J =7.2x10° J

10 W x 24 hours =10x24x60x 60 ] =8.6x10° J

11.33. Solve: Using the conversion 746 W=1hp, we have a power of 1492 J/s. This means
W =Pt =(1492 J/s)(1 h)=5.3712 x10° J is the total work done by the electric motor in one hour. Furthermore,
Winotor =Wy =Ugp —Ugi =mg(y; — y;) =mg(10 m)
W, 5.3712x10° J 1 liter

= _—fmotor__ 3 =5.481x10% kg =5.481x10* kgx——— =5.5x10* liters
g(1l0m) (9.8 m/s”)(10 m) 1 kg

11.34. Model: Model the sprinter as a particle, and use the constant-acceleration kinematic equations and the
definition of power in terms of velocity.
Visualize:

Xos Lo
Vox= 0

Solve: (a) We can find the acceleration from the kinematic equations and the horizontal force from Newton’s second
law. We have

x=xp+vo,(t—tp)+1a,(-1)> = 0m=0m+0m+1a (7.05-05)° = a,=2.04m/s
F, =ma, = (50 kg)(2.04 m/s*) =10x10' N
(b) We obtain the sprinter’s power output by using P=F-¥, where v is the sprinter’s velocity. At 1=2.0's the
power is
P=(F)[vy, +a,(t—1t,)]=(102 N)[0 m/s +(2.04 m/s?)(2.0 s—0s)] = 0.42 kW
The power at 1 =4.0s is 0.83 kW, and at t=6.0 s the power is 1.3 kW.
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11.35. Visualize: We place the origin of the coordinate system at the base of the stairs on the first floor.

y
Y3 Third floor
Y2 Second floor
Y1 0 First floor

Solve: (a) We might estimate y, — y; =4.0 m=12 ft = y; — y,, thus, y;—y; =8.0 m.

(b) We might estimate the time to run up these two flights of stairs to be 20 s.
(c) Estimate your mass as m =70 kg =150 Ib. Your power output while running up the stairs is

work done by you  change in potential energy  mg(y; — ;)

time time time
(70 kg)(9.8 m/s*)(8.0 m)
- 20s
Assess: Your estimate may vary, depending on your mass and how fast you run.

z270W=(270W)( I hp j:oss hp
746 W

11.36. Visualize: Sce figure below.

vo=0m/s ve=20m/s
ty=0s t;=3.0s
m=30kg

Solve: Average power output is the change in energy of the system divided by the time interval. For the runner, the
change in energy is just the change AK in the kinetic energy because the potential energy remains unchanged. Thus,
AE=AK=K;-K, = %mv]g —%mvg = %(70 kg)(10 m/s)2 =3500J. For the greyhound, the change in energy
is AE=AK =%(30 kg)(20 In/s)2 =6000J. Thus, the average power output of the runner is P=AE/At=
(3500 1)/(3.0s)=1.2 kW and the average power output of the greyhound is P = (6000 J)/(3.0s) = 2.0 kW.

11.37. Model: Use the definition of work for a constant force F, W =F-AS, where AS is the displacement.
Visualize: Please refer to Figure P11.37. The force F =(6{ +8/) N on the particle is constant.
Solve: (a) Wapp =Wap +Wpp = F - (A5)zp + F - (A5)gp

=(6/ +8/) N-(3)) m+(6i +8/) N-(4/) m=18J+32J=50J
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(b) Wacn =Wac +Wep =F - (A5)pc + F - (A9)cp
=(6i+8/)N-(4)) m+(6i +8)) N-(3/) m=32T+18J=501]
(©) Wap=F -(AS) op = (6 +8/) N- (3 +4/) m=18 J+321=50]

The force is conservative because the work done is independent of the path.

11.38. Model: The force is conservative, so it has a potential energy.
Visualize: Please refer to Figure P11.38 for the graph of the force.
Solve: (a) The definition of potential energy is AU =-W(i— f). In addition, work is the area under the force-

versus-displacement graph. Thus AU =U; —U, = —(area under the force curve). Since U;=0 at x=0m, the
potential energy at position x is U(x) =—(area under the force curve from 0 to x). From 0 m to 3 m, the area increases
linearly from 0 Nm to —60 Nm, so U increases from 0J to 60 J. At x=4 m, the area is =70 J. Thus U=7017J at
x=4m, and U doesn’t change after that since the force is then zero. Between 3 m and 4 m, where F changes

linearly, U must have a quadratic dependence on x (i.e., the potential energy curve is a parabola). This information is
shown on the potential energy graph below.

4Q))

80
601-------~--~ 7

51 TE

40

20 1

0 T T T x (m)
0 1 2 3 4 5

(b) Mechanical energy is £ =K +U. From the graph, U =20J at x=1.0 m.

The kinetic energy is K = %mvz = %(0.100 kg)(25 m/s)*> =31.25 J. Thus E=511.

(c) The total energy line at 51 J is shown on the graph above.

(d) The turning point occurs where the total energy line crosses the potential energy curve. We can see from the
graph that this is at approximately 2.5 m. For a more accurate value, the potential energy function is U = 20x J. The
TE line crosses at the point where 20x =51.25, whichis x=2.6 m.

11.39. Model: Use the relationship between force and potential energy and the work—kinetic-energy theorem.
Visualize: Please refer to Figure P11.39. We will find the slope in the following x regions: 0 cm<x<1cm,

I<x<3cm, 3<x<5cm, 5<x<7cm, and 7<x<8 cm.

Solve: (a) F, is the negative slope of the U-versus-x graph, for example, for 0 m<x <2 m

U _ ) _ 40N = F,=+400N
dx  0.0lm
Calculating the values of F, in this way, we can draw the force-versus-position graph as shown below.
F(N)
400
200
0 T T T T x (cm)
3 A I
—200
—400
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(b) Since W=.|.§f F_dx= area of the F -versus-x graph between x;and x;, the work done by the force as the

particle moves from x; =2 cm to x; =6 cm is -2 J.
(¢) The conservation of energy equation is Ky +U; =K;+U;. We can see from the graph that U;=01J and

Ur =21 inmoving from x=2 cm to x=6 cm. The final speed is v; =10 m/s, so

27+1(0.010 kg)(10.0m/s)> =07 + 1(0.010kgn? = v =22ms

11.40. Model: Use the relationship between a conservative force and potential energy.

Visualize: Please refer to Figure P11.40. We will obtain U as a function of x and F as a function of x by using the
calculus techniques of integration and differentiation.

Solve: (a) For the interval 0 m <x < 0.5 m, F, =(4x) N, where x is in meters. This means

d—Uz—Fx =—4x = U=-2x"+C =-2x"
dx
where we have used U=0J at x=0 m to obtain C;=0. For the interval 0.5 m<x<lm, F,=(-4x+4) N.
Likewise,
WU _pgy-4 = U=2x*-4x+C,
dx

Since U should be continuous at the junction, we have the continuity condition
(2505 m =% —4x+Cy) g5 m = -05=05-2+C, = C,=1
U remains constant for x >1 m.
(b) For the interval 0 m<x<0.5m, U =+4x, and for the interval 0.5 m<x<1.0 m, U =—4x+4, where x is in
meters. The derivatives give F, =—4 N and F, =+4 N, respectively. The slope is zero for x >1 m.

v F.(N)
0 T T X (m) 4
0.5 1
-0.5 0 x (m)
0.5 1
-1 -4
(a) (b)

11.41. Model: Use a, =dv /dt, xzjvx dt, K=1mv}, and F=ma,.
Visualize: Please refer to Figure P11.41. We know a, =slope of the v,-versus- graph and x =area under the

v, -versus-x graph between 0 and x.
Solve: Using the above definitions and methodology, we can generate the following table:

1(s) a, (m/s2) x(m) K(J) FN)
0 10 0 0 5
0.5 10 1.25 6.25 5

1.0 10 5 25 5

1.5 10 11.25 56.25 5
2.0 +10 or —10 20 100 -5 or +5
2.5 10 28.75 56.25 5
3.0 —10 or 0 35 25 -5 or0
3.5 0 40 25 0
4.0 0 45 25 0
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a, (m/s?) x (m)
10 40
0 T T £(s) 20
—10 ! 2 4 } 4 0 T T T T t(s)
1 2 3 4
(@) (b)
K{J) FN)
100
o A 2
0 t(s) 0 £(s)

T T T T T T
1 2 3 4 _s4 1 2 3| 4

(© @

(e) Let J; be the impulse from t=0s to t=2s and J, be the impulse from =25 to t=4s. We have

2s 4s
Ji=[Fodt=(5N)(25)=10N"s and J, = [F,dt =(~=S N)(15)=—5 N's
0Os 0Os

® J=Ap=mvy—mv; = vy=v,+J/m

At t=2s,v,=0m/s+ (10 N-5)/(0.5 kg) =0 m/s + 20 m/s =20 m/s

At t=4s,v, =20 m/s+ (=5 N-s5)/(0.5 kg) =20 m/s —10 m/s =10 m/s
The v, -versus-¢ graph also gives v, =20m/s at t=2s and v, =10m/s at t=4s.
®

F,(N)

0 . . T . x (m)
10 20 30 40 50

(h) From¢f=0stor=2s, W=J.dex=(5 N)(20 m)=1001J
Fromt=2stot=4s, W =[F dc=(-5 N)15 m)=—75
(i) At t=0s, v, =0 m/s so the work—kinetic-energy theorem for calculating v, at t=2s is
1 5 1 5 1 2 1 2
W =AK ZEmvf —Emvi = 100 JZE(O.S kg)vy —5(0.5 kg)0m/s)” = v, =20m/s
To calculate v, at t=4s, weuse v, at t=2s as the initial velocity:
1 1
-7517 =5(0.5 kg)v? —5(0.5 kg)(20 m/s)> = v =10 m/s

Both of these values agree with the values on the velocity graph.
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11.42. Model: Model the elevator as a particle.
Visualize:

Known
Y=V I:j After Yo = Om

= y1=10m
a=1.0 m/s2

a=1.0n/s? I = 1000ke

Find
Yo=0m, vy=0m/s - Before

V= Vg
Solve: (a) The work done by gravity on the elevator is
W, =—AU, =mgy, — mgy, =—-mg(y; — y) =—(1000 kg)(9.8 m/s*)(10 m) =—9.8x10* J
(b) The work done by the tension in the cable on the elevator is
Wr =T(Ay)cos(0°)=T(y; = yo) =T(10 m)
To find 7 we write Newton’s second law for the elevator:
> F,=T-F;=ma, = T=Fs+ma,=m(g+a,)=(1000kg)(9.8 m/s”+1.0 m/s*)

y
=1.08x10* N = W, =(1.08x10* N)(10 m)=1.1x10° J
(¢) The work—kinetic-energy theorem is
2 2
Whet =Wy + Wy = AK = K¢ — K; = K¢ =2 mvg = K¢ =Wy + Wy +Lmvp

n
Kp =(-9.8x10* I)+(1.08x10° J)+1.(1000 kg)(0 m/s)* =1.0x10" J
(@) K; =Lmf =1.0x10* 1=1(1000 kg)vf = vy =4.5 mvs

11.43. Model: Model the rock as a particle, and apply the work—kinetic-energy theorem.
Visualize:

X=0m x=10m
vo=0m/s v;=30m/s

Solve: (a) The work done by Bob on the rock is

Waop =AK =Lmvi —Lmvg =2 =1(0.500 kg)(30 m/s)” =225 1 =2.3x10%

(b) For a constant force, Wy, = FgopAx = Fpop = Wpop/AX = 2.3x10 N.
(c) Bob’s power output is By, = FpopViock and will be a maximum when the rock has maximum speed. This is just
as he releases the rock with v, =v; =30 m/s. Thus, P, = Fgopv; = (225 1)(30 m/s) = 6750 W = 6.8 kW.
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11.44. Model: Model the crate as a particle, and use the work—kinetic-energy theorem.

Visualize:
X0, Vo
Xo=vy=0 x;=h/sinf
=0
Solve: (a) The work—kinetic-energy theorem is AK = %mvlz - %mvg = %mvlz = Wiya- Three forces act on the box,
$0 Wistal = Weray + Wy + Wyyen- The normal force is perpendicular to the motion, so W, = 0J. The other two forces

do the following amount of work:

_ h
Woush = F - AF = Fxjcos6 = F(chosﬁ = Fhcotf

grav

Wynw = 1:"G - A¥ = —mgxsinf = —mg(sm

jsin@ = —mgh

Thus, the speed at the top of the ramp is

b= \/2VVt0tal _ \/2(Fh cot@ —mgh)
! m m
(b) Insert the given quantities into the expression for the speed to find
- \/2[(25 N)(2.0 m)cot (20°) — (5.0 kg)(9.8 m/s*)(2.0 m)]
=
5.0kg

Assess: Note that Fcos@ > mgsin@ for the radical to remain positive. This means that the component of the

=4.0m/s

pushing force up the slope must be greater that then component of gravity down the slope for the crate to move
upwards, which is the assumption with which we started. Furthermore, if we take the limit 2 — 0, we get

2[Fh(%)—mgh}

m

2F
m

131 =
lim/2—0
h=0

which is the expected result for pushing the crate along a horizontal frictionless surface.

11.45. Model: Model Sam strapped with skis as a particle, and apply the law of conservation of energy.
Visualize:

Axis for energy analysis

Y
~..20°
‘\\‘“ AF
Fwind 160°
W= Fying- A7
= Fing A7 cos 160°
0 x;=146m,y; =0, v, X
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Solve: (a) The conservation of energy equation is

The snow is frictionless, so AEy =0 J. However, the wind is an external force doing work on Sam as he moves

down the hill. Thus,
Wext =Waing = (K +Ugl) — (Ko + UgO)

€.

=(%mv12 +mgyl)—(%mv§ +mgyo) =(%mv12 +0 J)—(O T +mgy,) =%mv12 —mgy,

We compute the work done by the wind as follows:
Weind = Faying - AF = FyingArcos (160°) = (200 N)(146 m)cos (160°) = 27,400 J

win
where we have used Ar =A/sin(20°) =146 m. Now we can compute

2(=27,400 T)
75

v = \/2(9.8 m/s?)(50 m) + =16 m/s

Assess: We used a vertical y-axis for energy analysis, rather than a tilted coordinate system, because U, is determined

by its vertical position.

11.46. Model: Model Paul and the mat as a particle, assume the mat to be massless, use the model of kinetic friction,
and apply the work—kinetic-energy theorem.
Visualize:

Known
i m=10kg
T T=30N
S 30° *%=0m, x=30m
Y oy =0m/s

Find
- Ve

We define the x-axis along the floor and the y-axis perpendicular to the floor.
Solve: We first need to determine f; . Newton’s second law in the y-direction gives

n+Tsin(30°)=Fg5 =mg = n=mg—Tsin(30°)=(10kg)(9.8 m/s?)— (30 N)sin(30°) =83.0 N.
Using n and the model of kinetic friction gives f, = tn=(0.2)(83.0 N)=16.60 N. The net force on Paul and the
=Tco0s(30°) - f, =(30 N)cos(30°)—16.6 N =9.4 N . Thus,
W = FoAr=(9.4 N)(3.0 m)=2817J

net = f'net

mat is therefore F

The other forces 7 and FG make an angle of 90° with A¥ and do zero work. We can now use the work—kinetic-

energy theorem to find the final velocity as follows:

w=K;—K;=K;-01J= %mvg = vp =2W/m =J2(28 1)/(10kg) =2.4 /s

w,

n

Assess: A speed of 2.4 m/s or 5.4 mph is reasonable for the present problem.

11.47. Model: Assume an ideal spring that obeys Hooke’s law. Model the box as a particle and use the model of
kinetic friction.
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Visualize:
y
k=100 N/m |
W_| m=25kg
X
20 cm A7
—
WY —‘ ﬂ w=0.15 ’—|
T T T X
Xo x.=0 X1 Vix X9, V9, =0

Solve: When the horizontal surface is frictionless, conservation of energy means
Lk —x)? =Lmvi, =K, = K =100 N/m)(0.20 m-0m)*=2.0J
That is, the box is launched with 2.0 J of kinetic energy. It will lose 2.0 J of kinetic energy on the rough surface. The
ot = —fk = —,ukmgf . The work—kinetic-energy theorem is
W =Foo AF =K, —K;=0J] —=2.0J=-2.017
(—pymg)(xy —x)=-2.0J
2.017 2017
(0 —x) = = =05
Hmg - (0.15)(2.5 kg)(9.8 m/s”)

Assess: Because the force of friction transforms kinetic energy into thermal energy, energy is transferred out of the
box into the environment. In response, the box slows down and comes to rest.

net force on the box is Fn

4m

11.48. Model: Model the suitcase as a particle, use the model of kinetic friction, and use the work—kinetic-energy
theorem.

Visualize:
y
A7
- >
n
m
= Yo
fi vy =0m/s
-— x
0 I
Fg x1=d
Xo=0m
Before After

The net force on the suitcase is F,, = T
Solve: (a) The work—kinetic-energy theorem gives
Woe =AK =Lmvl —Imf = F AF = fi -AF=0T-Lmyg

2 2
2
(fi)d cos(180°) = —%mvé — mgd = —%mv& = iy =—2
2gd
(b) Inserting the given quantities into the expression for the coefficient of kinetic friction gives

s = v (2mis)?
k e - .

2gd  2(9.8m/s%)(2.0 m)
Assess: Friction transforms kinetic energy of the suitcase into thermal energy. In response, the suitcase slows down and
comes to rest. Notice that the coefficient of friction does not depend on the mass of the object, which is reasonable.

11.49. Model: Identify the truck and the loose gravel as the system. We need the gravel inside the system because
friction increases the temperature of the truck and the gravel. We will also use the model of kinetic friction and the
conservation of energy equation.
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Visualize:

Known

m = 15,000 kg
= 0.40

Vox = 35 m/s

Vi, =0m/s
Xp=0m
Yo=0m

y1 = x; 8in(6.0°)

XYV Vix

X0 Y0 Vox

Find
X1

We place the origin of our coordinate system at the base of the ramp in such a way that the x-axis is along the ramp
and the y-axis is vertical so that we can calculate potential energy. The free-body diagram of forces on the truck is
shown.

Solve: The conservation of energy equation is K +Uy +AEy, =Ky +U,yg+Wey. In the present case, W,

ext
vy =0mss, U,

=01,
0 =017, vy, =35 m/s. The thermal energy created by friction is
AEy = fi(q —xo) = (asn)(x) — Xo) = tymg c0s (6.0°)(x; — Xo)
= (0.40)(15,000 kg)(9.8 m/s>)cos (6.0°)(x; — xg) = (58,478 J/m)(x; — x;)
Thus, the energy conservation equation simplifies to
0 J+mgy, +(58,478 J/m)(x; — x) =%mv§x +0J+01J
(15,000 kg)(9.8 m/s*)(x; — x0)sin (6.0°) + (58,478 J/m)(x; — xp) =1(15,000 kg)(35 m/s)”
(X —x9)=124 m=0.12 km
Assess: A length of 124 m at a slope of 6° seems reasonable.

11.50. Model: We will use the spring, the package, and the ramp as the system. We will model the package as a

particle.
Visualize:
Known
x0=y0=0m m=20kg
y Xe—%=30cm y;=10m
e vo=0m/s k=500 N/m
i Find

EIERATRS] oo "
1
_/_: © .
T T 1

0 k——{ 50cm
X0-Yo» Vo sticky spot

We place the origin of our coordinate system on the end of the spring when it is compressed and is in contact with the
package to be shot.
Model: (a) The energy conservation equation is

ext

1,2 1 2 — 1,2 1 2
MV +mgy1+3k(xe—xe) +AEth—5mv0 +mgy, +5k(Ax) + Wyt

Using y; =1.0 m, AEy, =0 J (the frictionless ramp), vy =0 m/s, y, =0 m, Ax =30 cm, and W,

ext

Lmf +mg(1.0m)+0T+07=07+0T+1k(0.30m)*+01J

1(2.0 kg)f +(2.0 kg)(9.8 m/s*)(1.0 m) = 1(500 N/m)(0.30 m)”

=0J, we get

v =1.7m/s
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(b) How high can the package go after crossing the sticky spot? If the package can reach y; 21.0 m before stopping
(v; =0), then it makes it. But if y; <1.0 m when v, =0, the package does not make it. The friction of the sticky spot
generates thermal energy

AEy, = (iymg)Ax = (0.30)(2.0 kg)(9.8 m/s>)(0.50 m)=2.94 ]
The energy conservation equation is now

Lmvf +mgy, + AEy, = Lk(Ax)?

If we set v; =0 m/s to find the highest point the package can reach, we get
Y = (%ksz —AE, ) / (mg) =[1(500 N/m)(0.30 m)” —2.94 J)/[(2.0 kg)(9.8 m/s*)] = 0.998 m

The package does not make it. It just barely misses.

11.51. Model: Model the two blocks as particles. The two blocks make our system.

Visualize:
vy =0m/s vou
M M ﬁ
x=0 X¢

Dm = 0 =g i ] ¢V =0ms
Xp— X = Ax

Ye— Y =-h

Yr A m & (vom

We place the origin of our coordinate system at the location of the 3.0 kg block.
Solve: (a) The conservation of energy equation gives Ky +U,ys +AEy, =K +U,; +Wey. The thermal energy is

AEy, = i MgAx and the external work done is W, =0. The initial potential energy is Uy =my;, and the final

potential energy is U, =myy, where we have ignored the gravitational potential energy of block M because its

height does not change. The initial and final kinetic energy are K; =0, and K; :%(M +m)v§, respectively. The
energy conservation equation thus takes the form

L(my+ My)VE + M3 Viable + MgVt + Ly MAGAX = M3y + MY
Note that Ax =—Ay =h because the blocks are constrained by the cable to move the same distance. Solving for v;

gives

2gh
M+m

2g \/
= —mAy — i MAY) = — i M
Ve \/M+m( mAy — i M Ax) (m— M)

(b) If the table is frictionless, this expression takes the form
2gmh
= | 2Emh
M+m
Assess: It is reasonable that the speed is reduced when friction is present compared with when there is no friction.

11.52. Model: Use the particle model, the definition of work W = F - AS, and the model of kinetic friction.
Visualize: We place the coordinate frame on the incline so that its x-axis is along the incline.
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Known
m=28.0kg
T=120N
p =025
xXp=0m
x=50m

Solve: (a) W = T - AF = TAxcos(18°) = (120 N)(5.0 m)cos(18°) = 0.57 kJ
Wy = Fg - AF = mgAxcos (120°) = (8.0 kg)(9.8 m/s?)(5.0 m)cos(120°) = —-0.20 kJ
W, =ii-AF =nAxcos(90°)=0.0 J
(b) The amount of energy transformed into thermal energy is AEy, = f Ax = g nAx.
To find n, we write Newton’s second law as follows:
D F,=n—Fgcos(30°)+Tsin(18°)=0N = n=Fgcos(30°)—Tsin(18°)
n=mg cos(30°) — T'sin (18°) = (8.0 kg)(9.8 m/s)cos(30°) — (120 N)sin (18°) =30.814 N
Thus, AE,, =(0.25)(30.814 N)(5.0 m)=39 J.
Assess: Any force that acts perpendicular to the displacement does no work.

11.53. Model: Model the water skier as a particle, apply the law of conservation of mechanical energy, and use the
constant-acceleration kinematic equations.
Visualize:

X1 Y1 b

V1
Known y v
o — -0 1
Xo=Yyo=1o=0 —_—

y1=20m Before After ‘\\\
X—=x=50m

R xaty
Find V2

Vo X0, Yo fo >
0 &4

We placed the origin of the coordinate system at the base of the frictionless ramp.
Solve: We’ll start by finding the smallest speed v; at the top of the ramp that allows her to clear the shark tank. From

the vertical motion for jumping the shark tank,
ya=y+ vlyAt + %ayAtz
0m=20m+0m+198m/s*)A> = Ar=0.639s
From the horizontal motion,
Xy = X1 + Vi, At +%axA12
50m

9s
Having found the v; that will take the skier to the other side of the tank, we now use the energy equation to find the

(xl +5.0 m) =X +V1At+0 m = V= =7.825 m/s

minimum speed v,. We have

10,2 1,2
Ko+Uy = Smvy +mgyy =5mvy +mgy,

K +U, 3

gl =

Vo = VP +28(0 — yo) =/ (7.825 m/s)? +2(9.8 m/s>)(2.0 m) =10 m/s
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11.54. Model: Use the particle model for the ice skater, the friction model, and the work—kinetic-energy theorem.
Visualize:

After @ 4 ¥1=100m,v;

/ m=50kg A
. T o/, Wind  Fuy=40N "
.

i 45°
é / My = 0
Fy;
Before ® 1 Yo= 0Om, Vo= 4 m/s wind
Solve: (a) The work—kinetic-energy theorem gives
1 2 1 2 _
AK = MV —5 My = Whet =Weind

There is no kinetic friction along her direction of motion. Static friction acts to prevent her skates from slipping
sideways on the ice, but this force is perpendicular to the motion and does not contribute to a change in thermal

energy. The angle between Fwind and A7 is 8=135° so

w,

Wi

ind = Fwind AP = F ;A cos(135°) = (4.0 N)(100 m)cos(135°) =—282.8 ]
Thus, her final speed is

v = v§+2Wﬂ=2.2 m/s
m

(b) If the skates don’t slip, she has no acceleration in the x-direction and so (F), =0 N. That is:
Js = Faing€0s(45°)=0N = fi=F;,qc0s(45°)=2.83 N
Now there is an upper limit to the static friction: f; <(f;)max = 4mg. To not slip requires

oS 283N

>ts o S22 00058
mg (50 kg)(9.8 m/s?)

S

Thus, the minimum value of g is 0.0058.

Assess: The work done by the wind on the ice skater is negative, because the wind slows the skater down.

11.55. Model: Model the ice cube as a particle, the spring as an ideal that obeys Hooke’s law, and the law of
conservation of energy.
Visualize:

y
Original end
of spring
k=25 N/m \
m=0.050 kg
\ So=y0=0
¥ = 515in30° =—-0.05 m
51=—0.10m
30° vi=

Solve: (a) The normal force does no work and the slope is frictionless, so mechanical energy is conserved. We’ve
drawn two separate axes: a vertical y-axis to measure potential energy and a tilted s-axis to measure distance along
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the slope. Both have the same origin which is at the point where the spring is not compressed. Thus, the two axes are
related by y =ssiné. Also, this choice of origin makes the elastic potential energy simply U = %k(s -5 )2 = %ks2.
Because energy is conserved, we can relate the initial point—with the spring compressed—to the final point where
the ice cube is at maximum height. We do not need to find the speed with which it leaves the spring. We have

1,2 172 _1, 2 1.2
MV +mgy, +5ksy =Smvi +mgy; + 5 ks

It is important to note that at the final point, when the ice cube is at y,, the end of the spring is only ats,. The spring

does not stretch to s,, so Ug, is not %ksg Three of the terms are zero, leaving

2

mgy, =+mgy, + %ksf = ¥, —»; =Ay =height gained = Zki =0.255m=25.5 cm

mg
The distance traveled is As = Ay/sin(30°) =0.51 m.
(b) Using the energy equation and the expression for thermal energy:
Ky +Ugy +Ugy +AEy =Ky + Uy +Ug +Woys AEy, = fiAs = thnAs
From the free-body diagram,
(Fmt)y =0N=n-mgcos(30°) = n=mgcos(30°)
Now, having found AE,, = sy mgcos(30°)As, the energy equation can be written
0 J+mgy, +0 T+ 1mg cos(30°)As =0 J +mgy, +Lksf +0

mg(vy = ) —%kst + pmg cos(30°)As =0
Using Ay = Assin(30°), the above equation simplifies to

2
As=— i =038 m
2mg[sin (30°) + 1 cos(30°)]

mgAssin(30°) + tmg cos(30°)As =L kst =

11.56. Model: Assume an ideal spring, so Hooke’s law is obeyed. Treat the box as a particle and apply the energy
conservation law. Box, spring, and the ground make our system, and we also use the model of kinetic friction.
Visualize: We place the origin of the coordinate system on the ground directly below the box’s starting position.

y
X0> Yo
Yo

Known
X=0m vy=0m/s

e X—x=20m gy =025

i Yo=50m

! Yi=Y=y3=0m v3=0m/s

i k=500N/m m=50kg

X1, )1 X3, Y2 X3,Y3 ViV X3T X
Y1 V2 V3

Solve: (a) The energy conservation equation gives

ext

%mv12+mgyl+0 J+0J=%mv§+mgyo+0 JI+0J = %mv12+0J=0 T +mgy,

vy =225 =+/2(9.8 m/s2)(5.0 m) =9.9 m/s
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(b) The friction creates thermal energy. The energy conservation equation for this part of the problem is

ext»

Lmvi +0T+0 T+ mmg(xy —x)=2mi +01+07+017

1,2 1,2 1,2 1,2
FMVy + hn(Xy —xp)) =gmvi = Fmvy + thmg(x, —xp) =3 myj

vy = VR = 2,8(xs = x1) =+/(9.9 m/s)> —2(0.25)(9.8 m/s>)(2.0 m) = 9.4 m/s

(¢) To find how much the spring is compressed, we apply the energy conservation once again:
1 1
K +Uys +Usy + A8y = Ky +Upy + Uy + Wy, 0T+ 0T+~ k(x3 —x)2+0 J=Emv§ +0J+0J+07

Using v, =9.4 m/s, k =500 N/m, and m =5.0 kg, the above equation yields (x; —x,)=Ax=0.94 m.
(d) The initial energy = mgy, = (5.0 kg)(9.8 m/s? )(5.0 m) =254 J. The energy transformed to thermal energy during

each passage is
tymg(xy —x;) =(0.25)(5.0 kg)(9.8 m/s>)(2.0 m)=24.5]
The number of passages is equal to 245 J/24.5 ] or 10.

11.57. Model: Assume an ideal spring, so Hooke’s law is obeyed. Treat the physics student as a particle and apply
the law of conservation of energy. Our system is comprised of the spring, the student, and the ground. We also use
the model of kinetic friction.

Visualize: We place the origin of the coordinate system on the ground directly below the end of the compressed
spring that is in contact with the student.

Known
x=0m vy=0m/s
X1 —%=050m & =2380,000 N/m

As %% yy=y=10m m=100kg
v2 =015 v, =0ms
30° Find

Vi As=y,/sin 30°

Solve: (a) The energy conservation equation gives
K +Ugl +Ug +AEy, =K, +Ugo +Ugg + Wyt
1
2
Since y; =y, =10m, x; =x,, vy =0 m/s, £k =80,000 N/m, m =100 kg, and (x; —x,)=0.5 m,

k 80,000 N/m

1 2 1 2 >

1 =1r _ - | _ = |——— (0.50m)=14 m/s
smvi =5k(x—x)" = w f (x5 —xp) / 100 ke ( )

(b) Friction creates thermal energy. Applying the conservation of energy equation once again:

mv12 +mgy, +%k(xl —xe)2 +0 Jz%mvg +mgy, +%k(x1 —xo)2 +017J

Xt
Lmvy +mgy, +0 T+ fiAs =0T +mgyy +Lk(x —x0)* +0]
With v, =0 m/s and y, = Assin(30°), the above equation is simplified to
mgAssin (30°) + y nAs = mgy, + %k(xl - xo)2
From the free-body diagram for the physics student, we see that n = F cos(30°) = mg cos(30°). Thus, the conservation

of energy equation gives
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As[mgsin (30°) + tmg cos (30°)] = mgyy + L k(x; = x0)
Using m =100 kg, k£ =80,000 N/m, (x; —x,)=0.50 m, y, =10 m,and g4 =0.15, we get
o omgyy+ik(n—x)®
mg[sin(30°) + 14 cos(30°)]
Assess: y, =Assin(30°) =16 m, which is greater than y;, =10 m. The higher value is due to the transformation of

2m

the spring energy into gravitational potential energy.

11.58. Model: Treat the block as a particle, use the model of kinetic friction, and apply the energy conservation
law. The block and the incline comprise our system.

Visualize: We place the origin of the coordinate system directly below the block’s starting position at the same
level as the horizontal surface. On the horizontal surface the model of kinetic friction applies.

y
Known
x=0m x,—x;=L X0, Yo
Yo=h Yy =y,=0m Vo
vg=v3=()l m/s2 x3v,3y3
My

Sy

Find
v -+
1 )3 fi

0 X1, Y1 X2, Y2
V1 V2

-

Fg

Solve: (a) For the first incline, the conservation of energy equation gives
Ky +Ug +AEy, =Ko+ Ugg + Weys %mv12+0 J+0J=0J+mgy,+0J = w =\/@=\/@
(b) The friction creates thermal energy. Applying once again the conservation of energy equation, we have
K3 +Ugs +AEy, =K+ Uy + Wy, %mv32 +mgys + (ymg(x, —x)) = %mvlz +mgy, + Wy
Using v;=0m/s, yy=0m, W, =01J, v :@, and (x, —x) =L, we get
mgyy + pmgL =1m(2gh) = yy=h—-lL

Assess: For . =0, y; =h which is predicted by the law of the conservation of energy.

11.59. Model: Assume an ideal spring, so Hooke’s law is obeyed.

Visualize:
nmmmr i
XA

ooy |
T X

XB

6 6060606060G6UOLOO U |

X

T
Xc
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Solve: For a conservative force the work done on a particle as it moves from an initial to a final position is
independent of the path. We will show that W, _,~_,g =W, _,g for the spring force. Work done by a spring force

F =—kx is given by

X
W =dex=—jlocdx
X

This means

.XB k XC k XB k
Wayp =~ [lovdx =—5(x§ —x3), Wayc == [lovdx = —E(x% ~x3), and We_p = [lovdx = _E(xg -x2)
X Xa X
Adding the last two:
k.2 2 2 2
WascsB=WasctWep = _E(XC —Xp +xg—x0)=Wa_,p

Assess: Because the paths are arbitrary, we have shown that the work done on a particle is independent of the path,
so the spring force is conservative.

11.60. Model: A “sprong” obeys the force law F, =—q(x—xe)3 , where ¢ is the sprong constant and x, is the
equilibrium position.
Visualize: We place the origin of the coordinate system on the free end of the sprong, that is, x, =x; =0 m.

’ Known
0 6 6 0 6 O \O x=-010m v;=0m/s
xle xp=x,=0m
m=20g g=40,000 N/m3

2212520 ) [ ——- I:md

| t

I 0 ”

Xi At

Solve: (a) The units of ¢ are N/m’.
(b) Since F, =—dU/dx, we have U(x) = —J.dex = —J.(:(—qx3 )dx = qx4/ 4.

(¢) Applying the energy conservation equation to the ball and sprong system gives

%mv%+0]=0]+%qxi4

=10 m/s

Vr =

2m 2(0.020 kg)

ot \/(40,000 N/m3)(=0.10 m)*
11.61. Solve: (a) Because sin (cx) is dimensionless, F, must have units of force in newtons.
(b) The product cx is an angle because we are taking the sine of it. An angle is dimensionless. If x has units of m and

the product cx is dimensionless, then ¢ has to have units of m.
(¢) The force is a maximum when sin(cx) =1. This occurs when cx =7/2, or for x.,, =7/(2c).

(d) The graph is the first quarter of a sine curve.
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0 T X
=/2c

0 xmax

(e) We can find the velocity vy at x; = x,,,, from the work—kinetic-energy theorem:

, 2w
AKz%mvfz—%mvizz%mvg—%mvng = = vg+—
m

This is a variable force. As the particle moves from x; =0 m to x; = x,,,,, = 7/(2c) the work done on it is

7/(2c)

b ' F F R
W= J.F(x)dx =F, J. sin(ex)dx = ——Lcos(cx) =——"[cos(7/2) - cos(0)]| =
c c c

xl

X; 0

Thus, the particle’s speed at xp = x,,,, =7/(2c) is vy = \[vé +2F,/(mc).

11.62. Solve: The average power output during the push-off period is equal to the work done by the cat divided by the
time the cat applied the force. Since the force on the floor by the cat is equal in magnitude to the force on the cat by the
floor, work done by the cat can be found using the work—kinetic-energy theorem during the push-off period;
Woet =Whoor = AK. We do not need to explicitly calculate IV, since we know that the cat’s kinetic energy is transformed
into its potential energy during the leap. That is,

AU, =mg(y, =) =(5.0 kg)(9.8 m/s%)(0.95 m) = 46.55 J

Thus, the average power output during the push-off period is

P:h _46.357 0.23 kW
t 0.20s

11.63. Model: The heart provides the pressure to move blood through the body and therefore does work on the
blood. We assume all the work goes into pushing the blood through the body.

Solve: (a) Using the hint, W = P4d = PV =(1.3x10* N/m?)(6.0x10™ m*)=78J (in this equation, P represents
pressure, not power).

(b) Using P to represent power now, we can calculate the average power output of the heart as follows:

At 60s

Assess: This power is much less than that of an ordinary lightbulb (=75 W).

1.3W

11.64. Model: We will ignore rolling friction because it is much less than the drag force (and becaue we are not
given the mass of the bicyclist + bicycle). Therefore, model the system as a particle with the given cross-sectional
area and that is moving through the air at the given speed.

Solve: (a) From Eq. 6.16, we know that the drag force D has the magnitude

_1 2
D= ECpAV
where C=0.90, 4=0.45m>, and p=12 kg/m3 (the density of air). To overcome this force, the cyclist must

generate the force £ =-D, ora power P =F -V =Dy, where the last equality follows because the drag force acts in
parallel to the velocity. Thus, the power isi
P=1Cpav’ =1(0.90)(1.2 kg/m*)(0.45 m*)(7.3 m/s)* =95 W

(b) The metabolic power output B, is A =P/0.25= 3.8x10° W.
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(¢) The number of food calories ¢ burned riding for one hour is

=378 W)| LeaL_|[ 3600 (1h)=3.2x10? cal
41907 | 1h

Assess: The 320 cal in part (c) is about what you would get from drinking two 8-0z glasses of whole milk.

11.65. Solve: (a) The change in the potential energy of 1.0 kg of water in falling 25 m is
AU, =-mgh=—(1.0 kg)(9.8 m/s>)(25 m) =245 J = ~0.25 kJ

(b) The power required of the dam is

P=?= =50x10° Watts = W =50x10°1J

- |

That is, 50x10° J of energy is required per second for the dam. Out of the 245 J of lost potential energy,
(245 1)(0.80)=196 ] is converted to electrical energy. Thus, the amount of water needed per second is

(50%10° J)(1.0 kg/196 J) = 255,000 kg =~ 2.6x10° kg.

11.66. Solve: The force required to tow a water skier at a speed v is F,,, = Av. Since power P = Fv,the power

required to tow the water skier is B, = Fiy,V = Av?. We can find the constant 4 by noting that a speed of v=2.5 mph
requires a power of 2 hp. Thus,
hp

mph 2

2hp=4(2.5mph)’> = 4=032

Now, the power required to tow a water skier at 7.5 mph is
hp
mph2

Py, = Av* =032 (7.5 mph)? =18 hp

Assess: Since P o< v2, athree-fold increase in velocity leads to a nine-fold increase in power.

11.67. Model: Use the model of static friction, kinematic equations, and the definition of power.

Solve: (a) The rated power of the Porsche is 217 hp=161,882 W and the gravitational force on the car is
(1480 kg)(9.8 m/s2) =14,504 N. The amount of that force on the drive wheels is (14,504)(2/3) =9670 N. Because
the static friction of the tires on road pushes the car forward,

Fnax = Js.max = Hsn = thsmg = (1.00)(9670 N) = may,,,
. = 9670 N
1480 kg
(b) Only 70% of the power generated by the motor is applied at the wheels.
P (0.70)(161,882 W)

=6.53 m/s’

P=Fvy = =—=—-"/2" > =~ ~-11.7m/s
e R 9670 N
(c) Using the kinematic equation, v,,,, =Vy + dyax (tmin —0) With vy =0m/s and 7, =0 s, we obtain
11.
foin _ Vmax LTS oo

Qs 6.53 m/s?
Assess: An acceleration time of 1.79 s for the Porsche to reach a speed of =26 mph from rest is reasonable.

11.68. Solve: (a) A student uses a string to pull her 2.0 kg physics book, starting from rest, across a 2.0-m-long lab
bench. The coefficient of kinetic friction between the book and the lab bench is 0.15. If the book’s final speed is 4.0 m/s,
what is the tension in the string?

(b)
Before - After
Ar
m=2.0kg .
— ==
x=0m My =0.15 x=2m
vo=0m/s vi=4m/s
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(c) The tension does external work W,,,. This work increases the book’s kinetic energy and also causes an increase

AEy, in the thermal energy of the book and the lab bench. Solving the equation gives 7'=11 N.

11.69. (a) A 20 kg chicken crate slides down a 2.5-m-high, 40° ramp from the back of a truck to the ground. The
coefficient of kinetic friction between the crate and the ramp bench is 0.15. How fast are the chickens going at the
bottom of the ramp?

(b)

PR Known

0, Yo Y0 —

Before i 0~ (2)Isnjnsl
0=

y1=0m

m=20kg

e =0.15

Find
Vi

40° After
0 XY V1

(¢) v =63 m/s.

11.70. (a) If you expend 75 W of power to push a 30 kg sled on a surface where the coefficient of kinetic friction
between the sled and the surface is £ = 0.20, what speed will you be able to maintain?

(b)
y
5 5 Vi
= — — - -
Fpush 5= 0 m/s? fk Fpush
— L
m=30kg =020 .
A FG
) 75 W
(©) Fpyn =(020)30 kg)(9.8 m/s*) =588 N = 75 W=(588N)y = v= TN m/s

11.71. (a) A 1500 kg object is being accelerated upward at 1.0 m/s’ by a rope. How much power must the motor
supply at the instant when the velocity is 2.0 m/s?
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(b)

Motor

At a later
time () w
F,

a:l.Om/st

At some
earlier time
(r=0)
Fg
(¢) T =(1500 kg)(9.8 m/s?)+1500 kg(1.0 m/s?) =16,200 N =16.2 kN
P=T(2m/s)=(16,200 N)(2.0 m/s) =32,400 W =32 kW

11.72. Model: Assume the spring is ideal so that Hooke’s law is obeyed, and model the weather rocket as a particle.
Visualize:

Known
,,,,,, 4 Y2, Vo m=10.2 kg
k=500 N/m
T songem 1y=0 Find
[& ”

The origin of the coordinate system is placed on the free end of the spring. Note that the bottom of the spring is
anchored to the ground.
Solve: (a) The rocket is initially at rest. The free-body diagram on the rocket helps us write Newton’s second law as

(XF)=0N = F,=Fo=mg = kiy=mg

Ay =g _ (102 kg)(9.81 m/s?)

k (500 N/m)
(b) The thrust does work. Using the energy conservation equation when y, —y, =40 cm = 0.40 m:
Ky +Ug +Ugyy =Ky + Uy +Ugyy +,

ext

=20.0 cm

pl
Wew = 2mv3 +mgy; +Lk(yy = ye)* =2mvf +mgy +Lk(y, = y.)* +(200 N)(0.60 m)
(5.10 kg)v% +40.0J+40.0J=0-20.0J+10.0J+120) = v,=243m/s
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If the rocket were not attached to the spring, the energy conservation equation would not involve the spring energy
term UspZ' That is,
K, +Ugz =K +Ugl +Uspl + W
1(10.2 kg)v; +(10.2 kg)(9.81 m/s°)(0.40 m) =0 T - (10.2 kg)(9.81 m/s>)(0.20 m)
+%(500 N/m)(0.20 m)?* + (200 N)(0.60 m)

(5.10kg3 =70.0] = v, =3.70 m/s
Assess: (a) The rocket has greater speed at y, when it is not attached to the spring because, as the spring extends, it

contributes a downward force to the rocket.

11.73. Model: Assume the spring to be ideal that obeys Hooke’s law, and model the block as a particle.

Visualize: We place the origin of the coordinate system on the free end of the compressed spring which is in contact
with the block. Because the horizontal surface at the bottom of the ramp is frictionless, the spring energy appears as
kinetic energy of the block until the block begins to climb up the incline.

X1 Y1 V1

X0, Yo, Vo x,
Solve: Although we could find the speed v; of the block as it leaves the spring, we don’t need to. We can use energy

conservation to relate the initial potential energy of the spring to the energy of the block as it begins projectile motion
at point 2. However, friction requires us to calculate the increase in thermal energy. The energy equation is
Ky +Ugy +AEy =Ky + Uy + 77, Lmvs +mgy; + fils = Lk(xy - x,)?

ext 2

The distance along the slope is As = y,/sin(45°). The friction force is f, = 1 n, and we can see from the free-body

=

diagram that n =mg cos(45°). Thus

k
vy = \/z(xo —x.)* =28, — 21, gy, cot(45°)

1/2
{—1 2020011/ T(0.15 m)> - 2(9.8 m/s?)(2.0 m) - 2(0.20)(9.8 m/s?)(2.0 m)cot(45°) | =8.091 m/s
20 kg

Having found the velocity v,, we can now find (x; —x,)=d using the kinematic equations of projectile motion:
1
V3=yy+va,(3—1) +§“2y(l3 ~1))°
2.0 m=2.0 m+v,sin(45°)(t5 — ) + (9.8 m/s*)(1 - 1,)

t3—t,=0sand 1.168 s
Finally,

1 2
X3 =2 + vy (8 —t2)+502x(t3 —1)

d =(x3—x)=v,c08(45°)(1.168 s)+ 0 m=6.7 m

© Copyright 2013 Pearson Education, Inc. 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.



Work 11-33

11.74. Solve: (a)

U

The graph is a hyperbola.
(b) The separation for zero potential energy is » =oo, since

_ Gmym,

U= —>0Jasr >

r
This makes sense because two masses don’t interact at all if they are infinitely far apart.
(¢) Due to the absence of nonconservative forces in our system of two particles, the mechanical energy is conserved.

v;=0

V=0
Before O .

r;=1.0x 104 m

m; =8.0x1030 kg my=2.0x 1030 kg
R =11.0x 108 m R,=7.0%x108m
Vit
After Vog
b

rp=R,+ R,=18.0x 108 m
The equations of energy and momentum conservation are

2

Gmym,
2

_ 2,1
=MV t5myVai | —
Uy i

_ 12 1 2 Gmym, | _ 4 2
Kf +Ugf_Ki+Ugi > mvie +5m2V2f +[—

L2 1 2 11

FMVip 5 myvyp = Gmymy| ———

T Ah
m
Pr=pi = myptmy=0kgm/s = vy = o
)

Substituting this expression for v, into the energy equation, we get

2
1 1 2Gi 1 1
%mlvlzf+%m2 ﬂvlf =Gmm,| ——— 3v12f=¢ ———
my toh A+ my/m)\rp 1

With G =6.67x10""" N-m(kg) 2, ;= R+ R,=18x10°m, =1.0x10"* m, m;=8.0x10*"kg, and m,=2.0x10*" kg,
the above equation can be simplified to yield

8.0x10% kg
2.0x10°° kg

v =1.72x10° m/s, and vy, = —%vlf =[

J(1.72><105 m/s) = 6.89x10° m/s
2
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The speed of the heavier star is 1.7 x10° m/s. That of the lighter star is 6.9x10°m/s.

11.75. Model: Model the lawnmower as a particle and use the model of kinetic friction.
Visualize:

We placed the origin of our coordinate system on the lawnmower and drew the free-body diagram of forces.
Solve: The normal force 7, which is related to the frictional force, is not equal to I:"G. This is due to the presence of F.
The rolling friction is f. = u.n, orn= f./u.. The lawnmower moves at constant velocity, so F'net =0. The two
components of Newton’s second law are
(XF,))=n—Fg-Fsin(37°)=ma, =0N= f/u,—mg—Fsin(37°)=0N = f, =y mg+ 1 Fsin37°
(XF,)=Fcos(37°)- f,=0N = Fcos(37°)— umg— . Fsin(37°)=0N
Fe umg _ (0.15)(12 kg)(9.8 m/s®) _ ”
cos(37°) — u,sin(37°)  0.7986—(0.15)(0.6018)
Thus, the power supplied by the gardener in pushing the lawnmower at a constant speed of 1.2 m/s is P=F -V =
Fvcos@=(24.9 N)(1.2 m/s)cos(37°) =24 W.

9N
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