Chapter 8

Potential Energy and Conservative Forces

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

As water vapor rises, there is an increase in the gravitational potential energy of the
system. Part of this potential energy is released as snow falls onto the mountain. If an
avalanche occurs, the snow on the mountain accelerates down slope, converting more
gravitational potential energy to kinetic energy.

As the ball falls, gravitational potential energy is converted to kinetic energy. When the
ball hits the floor, some of the kinetic energy is converted to sound energy and heat, some
to a compression of the ball — like compressing a spring. The ball now rebounds,
converting the potential energy of compression back to kinetic energy. Finally, the kinetic
energy of the ball is converted back to gravitational potential energy as the ball rises. The
final height of the ball is less than its initial height because some energy has left the
system in the form of sound and heat.

The work done in stretching the spring through a doubled distance is the force times the
distance. Both of these quantities increase by a factor of two, and therefore the potential
energy of the spring increases by a factor of four. We arrive at the same from the form of

the spring potential energy, U =< kx’, which depends on the square of the amount of
stretch.

The initial mechanical energy of the system is the gravitational potential energy of the
mass-Earth system. As the mass moves downward, the gravitational potential energy of
the system decreases. At the same time, the potential energy of the spring increases, as it
is compressed. Initially, the decrease in gravitational potential energy is greater than the
increase in spring potential energy, which means that the mass gains kinetic energy.
Eventually, the increase in spring energy equals the decrease in gravitational energy and
the mass comes to rest.

If a spring is permanently deformed, it will not return to its original length. As a result,
the work that was done to stretch the spring is not fully recovered — some of it goes into
the energy of deformation. For this reason, the spring force is not conservative during the
deformation. If the spring is now stretched or compressed by a small amount about its
new equilibrium position, its force is again conservative — though the force constant will
be different.

(a) The object’s kinetic energy is a maximum when it is released, and a minimum when it
reaches its greatest height. (b) The gravitational potential of the system is a minimum
when the object is released, and a maximum when the object reaches its greatest height.

When the term “energy conservation” is used in everyday language, it doesn’t refer to the
total amount of energy in the universe. Instead, it refers to using energy wisely, especially
when a particular source of energy — like oil or natural gas — is finite and nonrenewable.

The dive begins with the diver climbing the ladder to the diving board, which converts
chemical energy in his muscles into an increased gravitational potential energy. Next, by
jumping or pumping his legs on the diving board, the diver causes the board to flex and
store potential energy. As the board rebounds, the diver springs into the air, using the
kinetic energy derived from his leg muscles and the potential energy released by the
board. The diver’s kinetic energy is then converted into an increased gravitational
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potential energy until the highest point of the dive is reached. After that, gravitational
potential energy is converted back to kinetic energy as the diver moves downward.
Finally, the kinetic energy of the diver is converted to heat, sound, and flowing water as
he enters the pool.

18. (a) The potential energy of the system — which is gravitational potential energy —
decreases as you move down the hill. (b) Your kinetic energy remains the same, since
your speed is constant. (¢) Yes. In order for your speed and kinetic energy to remain
constant as you pedal down the hill, a nonconservative force must have done negative
work on you and your bicycle. For example, you may have applied the brakes to control
your speed, or the ground may be soft or muddy.

20. The distance covered by the ball is the same on the way down as it is on the way up, and
hence the amount of time will be determined by the average speed of the ball on the two
portions of its trip. Note that air resistance does negative, nonconservative work
continuously on the ball as it moves. Therefore, its total mechanical energy is less on the
way down than it is on the way up, which means that its speed at any given elevation is
less on the way down. It follows that more time is required for the downward portion of
the trip.

22. (a) The source of energy responsible for the heating is the gravitational potential energy
that is released as the shuttle loses altitude. (b) The mechanical energy of the shuttle
when it lands is considerably less than when it is in orbit. First, its speed on landing is
low compared to its speed in orbit. Second, the energy that goes into heating the tiles is
mechanical energy that has been converted to other forms.

24, Zero force implies a zero rate of change in the potential energy — but the value of the
potential can be anything at all. Similarly, if the potential energy is zero, it does not mean
that the force is zero. Again, what matters is the rate of change of the potential energy.

26. When the toy frog is pressed downward, work is done to compress the spring. This work
is stored in the spring as potential energy. Later, when the suction cup releases the spring,

the stored potential energy is converted into enough kinetic energy to lift the frog into the
air.

Solutions to Problems
1. W= mgy

W =—-(2.6 kg)(9.81 %J@.o m)+0+ (2.6 kg)(9.81 Ezj(l.o m)+0+ (2.6 kg)(9.81 22)(1.0 m)
S S S

SE)
Wy =0-(2.6 kg)[9.81 Sﬂzj(z.o m)+0=[-5117]

Wy = (2.6 kg)(9.81 Sﬂzj(l.o m)+0—(2.6 kg)[9.81 Sﬂzj (3.0 m)=
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2. W= mgd
m m m
W, =-0.23(2.6 kg)[9.81 —2j(4.0 m)— 0.23(2.6 kg)(9.81 —2j (4.0 m)— 0.23(2.6 kg)[9.81 —2j (1.0 m)
S S S

~0.23(2.6 kg)[9.81 32} (1.0 m)— 0.23(2.6 kg)[9.81 ﬂzj (1.0 m)
S S

SEGH

Wy =—0.23(2.6 kg)(9.81 22)(2.0 m)—0.23(2.6 kg)(9.81 22] (2.0 m)—0.23(2.6 kg)[9.81 Ezj (1.0 m)
S S S
[
Wy =—0.23(2.6 kg)(9.81 22) (1.0 m)—0.23(2.6 kg)(9.81 ﬂzj (3.0 m)— 0.23(2.6 kg)(9.81 32) (3.0 m)
S S S

-]

3. (@ W= —%(550 %)(0.040 m)? +B(550 %)(0.040 m)? —%[550 gj(o.ozo m)z} f=[-0117
W, = —1[550 Ej(—o 020 m)? —1[550 N (0.020 m)? +1[550 N (0.020 m)* =[ —0.117
2 2 m ’ 2 m ' 2 m ' .

(b) |The results have no dependence on the mass of the block.|

4. (a) W =0+(52 kg)[9.81 Ezj(l_o m)=[517]
S
m
Wy =(52 kg)[9.81 S—ZJ(I.O m)+0=

(b) [The results depend linearly on the mass)

1 2, 1 2 1 2 _
5. (@) Wiy =~ (480 Nim)(0.020 m)” + (480 N/m)(0.020 m)” (480 N/m)(0.020 m)” =[ ~0.096 1
Wy = Nd = - mgd = —(0.16)(2.7 kg)(9.81 m/s?)(0.020 m +0.040 m) =| —0.25 J

1
(b) Wy =—— (480 N/m)(0.020 m)? =[-0.096
Wp =—(0.16)(2.7 kg)(9.81 m/s>)(0.020 m) =| —0.085 J
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m
7. U =mgy=(80.0 kg)(9.81 S—zj (8848 m) =| 6.94 MJ

8. (a) A doubling of the mass will double the extension of the spring. A doubling of the extension of the spring will
lincrease the potential energy by a factor of 4.

(b) Y F,=F-mg=0
F=mg=—-k(-y)=hky

r="8
Y
1., 1({mg) o 1
U=— =—| — =—m
M Z[yjy 2"

LW 20962))
mg (3.0 kg)(9.81 sz)
g (30 kg)(9.81 sz)

="5 —450 N
y 0.06538 m m

Double the mass.

(6.0 kg)(9.81 m)
2mg _ ) 0.1308 m
k 450 %

1 N
U 25(450 Ej(o.nos m)? =
3857
09627

=0.06538 m

y:

1, 2
9. U=—

2ky
w

2
y
~2(0.0025 J)

(0.0050 m)?
—200 N

m
[2U _ [2(0.00847)
=,/—=|——=[092cm

10. (a) p=f__ 47N s N
X m
1

k

13x1072 m
U=—=k?
2

U [200020 1)
_ 2 RO020D 61 m=[T
TV V362 Nm m
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(b) Since U is proportional to X2 , the stretch must double to quadruple the potential energy.

x=2(0.0105 m) =0.021 m=.1 cm
1. W=U,-U,
1, 2 1. »
=— k) ——kx
272 !
1 2 .2
=—k(x —-x )
) 2 1
)/
k=—
Xy =X
~ 2(30.0 J)
(5.00x107%2 m)? — (4.00x1072 m)?

—6.67x10% N
m

| 2 2\ 1 4 N 2 2 2 2
W:Ek(x2 —x ):5(6.67x10 ﬂ[(é.oono m)% —(5.00x1072 m) J:
12. AU =mgAy = (0.33 kg)(9.81 S%J[l.z m-—(1.2 m) cos 35°] =

13. AK=-AU

%mvf2 —0=—(0—mgh)

ve = [2gh :\/2(9.81 Ezj(2.6l m) =[7.16 m/s
S

14. AK =-AU

1
Kf ZUi —Uf +Ki szvirz
2 1
vg :—(mgh—0+—mvi2j
m 2

—\[2gh+v2

2
\/2(9 81 — (2 61 m)+(0 840 —j
s
=]7.21 m/s

15. (a) AU=-AK

mgAy =—m

—

2 2)
Vi TVr

A i SRS S
) = 2g

) (830 g)z ~(7.10 %)2

1
2
Vi

2(9.81 S%)
-[05%n]

146



Physics: An Introduction Chapter 8: Potential Energy and Conservative Forces

(b) [Doubling the ball’s mass would cause no change to (a)]

16. (a) AU =-AK

1
mgAy = Em(viz - vf2 )

A_vlz_vfz

=

(e )2 )

- 2(9.818%) ~[57m]

(b) |The equation for Ay is independent of the mass.‘

17. U=mgy AU=-AK

K :lmv2

E=K+U

¥y (m) 4.0 3.0 2.0 1.0 0

U(Q) 8.2 6.2 4.1 2.1 0

K(J) 0 2.1 4.1 6.2 8.2

EQ) 8.2 8.2 8.2 8.2 8.2
18. (a) AK =-AU

1 NI 2 2

Em("f -V ):Ek(xi —xt7)
2 2

_m”—v")

2 2
X —Xf

Q2.7 kg)[O—(l.l ?)2}
B 0-(6.0x107% m)?

SEDD

k

2 k(2 2 (907'5 %) 2 \?
(b) vi=\/vf +;(xf —x, ): O+W[(l.5x10 m) —0}

g

19. (a) Ki+Ui=Kf+Uf

1
Emviz +mgh = —mvf2 +0

L

v, = Vf2 —2gh

2
- \/(29 Ej —2(9.81 Ezj@z m)
S S

=|15 m/s
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(b) Ki+Ui ZKf +Uf

0+mgh=%mv2+0

;o)

- ):

h=—=
2g 2(9.81 m
S

20. E:U+K=%kx2+%mv2

forx=0

L2 =
U =2 k0) =[0]
2
1 m
K =—(1.60kg)| 0.950 —| =|0.722]
k{0950 | -[07227]

forx=1.00 cm
1 N L \2
U=5(902 E)(1.00x10 2 m) =[0.04517]

K=E-U=0.722]-0.0451J=| 0.677]

forx=2.00 cm

1 N L2
U=E(902 E)(2.00x10 2 m) :
K =0.722 J—0.180J:
for x =3.00 cm

1 N L2
U=5(902 ;)(3.00“0 2 m) =[040617]

K =0.722 J—0.406 J :

for x =4.00 cm

1 N o \2
U=E(902 E)(4.00x10 2 m) :
K=0.72271-0.722]=
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21. (a) K, :%mviz :%m(O)z =[0]

22,

23.

24,

(b)

(C))

(b)

(c)

()

(b)

(©

(b)

2
AK =Ky —K;=98.1J-0J=|98.1J

K;={98.1]

1 5 1 1 m
Ky =— =—m(-2gAy) =—(5.00 kg)(-2)| 9.81 — |(-4.00 m—0)=[196.2 ]
p = = m(-2gAy) =2 (5.00 ke) )( Sz)( )

AK =K;—K;=196.271-98.11=[98.1]

1 1 1 m
K =—mv? =S m(-2g4y) = (500 kg)(—2)[9.81 S—ZJ(—z.oo m-0)=[98.17

AU = mgAy = (0.33 kg)(9.81 m/s>)[1.2 m—(1.2 m)cos35°] =] 0.70 J

AK =AU =-0.703 J
AK =K —Kp
Ky =Kg+AK = %(0.33 kg)(2.4 m/s)? +(=0.703 J) = 0.247 J

A:\/ZKA _ 20247 o
m 0.33 kg

[Change in gravitational potential energy is directly proportional to mass| But since both kinetic energy and
gravitational potential energy are directly proportional to mass, the mass cancels out of the conservation of
energy relation and speed is independent of mass|.

1 2 1 2
Kg=— =—(0.33kg)(2.4 m/s)” =| 0.951]
B =™ =5 (033 kpy24mh)

AU =-AK = —(Kp —Kg) =—(0—-0.95 1) =] 0.95

AU = mgAy = mgl(1—cos )

cos & :1—ﬂ
mgl

6 =cos™! [l—ﬂJ:cos_1 1- 0957 =
! (033 kg)(

mg 9.81 mz)(l.z m)
S

The kinetic energy of the two mass system is given by

1
AK :E(ml +m2)vf2 =mygh—mgh=-AU

. 2gh(uj

my +my

ve = [2[ 9.81 T2 my| H1ke=3Tke ) A
2 3.7kg+4.1kg
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25. AK=-AU

1
5(’"1 +my)vi® = mygh—mygh = gh(my —m)

2
2 (020 m)
vi© [ m +m 3.7kg+4.1kg
h=1| =2 = : =4.0cm
() e

2g\my—m 2(9.81 mz)
S

26. Wigta =AK =W + Wy
Woe =AK W,

:%m(vfz —viz)—(—AU)

1 2 2
:Em("f -V )+mg(yf—yi)

2 2
Len kg){(8.2 9) —(1.3 Ej ]+(72 kg)[9.81 3}(0—1.75 m)
2 S S 52

- [11]

27. Wi = AK =W, +Woo =—AU + W,

1 )
Em("f -V ):_mg(yf_yi)+Wnc

vp = \/Zg(yi —yf)+%WnC = \/2(9.81 Ezj(z.z m—0)+ 182kg (=3731) =
S

28. Wiotal = AK =W, +Wpet +Wieo
2
1 2 2 1 m
sz:Em(Vf v )—WC—WnCl:EUZ.Okg)(IQO ?J ~0-160J=]-1087

29. AK =W+ Wy,

1 2 2
Wae :Em(vf Vi )_VVC
1 m 2
=-(17,000 kg) (0)2—(82 —j -0
S

573
2 2
30. (a) AK=%m(vf2—vi2)=%(1100kg){(12 ?) —(17 ﬂ] ]:

S

(b) [The “missing” kinetic energy has been converted into heat energy via friction |
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31. AK =-AU +W,,
Wae =—fxd =—pemgd
AU =—-mygd

1 )
E(’"H’"z)("f -V )=m2gd—ﬂkm1gd

2
Ve :\/Vi2+(m e ](M2—ﬂkm1)gd
|+

m ) 2 m

32. () Uj+Ki+W =U;+K;

mgh+O+W:O+%mv2

2
v
W=m| - gh

440 m
= (42.0 kg) u—[9.81 EJ(1.75 m)
2 s2

=|-3141J
(b) Apply Newton’s 2" Jaw perpendicular to the ramp.
Y F=0
N—-mg cos =0
N =mg cos 0
W= fd
=(uN)d
= u(mgcosf)d
_ w
M ng(cos 0)d
a -3141]
oy —=1.75
(42.0 kg)(9.81 S%)(cos 35.09(5L5m)
=10.305
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33. W,
U=
K=
E=

=Fd
mgh

Wy —AU
U+K

ford=0
Wre =(—4.10N)(0) =] 0 |

U=

K =

(1.75 kg)(9.81 Sﬂzja.om -
0-0=[0]

E=172 J+0:

for d =0.500 m

WHC

U=

= (~4.10 N)(0.500 m) =| —2.05 J
m
(1.75 kg)[9.81 S—zJ(O.SOO) =[8.587

K=-205]-(8.581-17.171)=| 6541

E =

8.58J+6.54)=|15.1]

ford=1.00 m

Wpe = (=4.10 N)(1.00 m) =[ —4.10 J

U=

K=
E=

(1.75 kg)[9.81 Sﬂzj(o) =[0]

~4.10T-(0-172 J):
0+13.1J=

34. AK =AU +W,,

35. (a)

—mgh+ W,

~(1300 kg)(9.81 22)(17.0 m)-3.31x10° J+6.34x10° J
S

Physics: An Introduction

The skater has gone because the work done by the skater is larger than that done by friction and the

final speed of the skater is less than the initial speed.

152



Physics: An Introduction Chapter 8: Potential Energy and Conservative Forces

(b) AK =—-AU+W,,
%m(vf2 - viz) =-mgh+ W,

1 2 2
Em(vf N _Wnc)

h
g
1(81.0 k)| (1.60 ™) —(2.50 m)° |=(3500 1-710 7
3@1.0ke)| (160 ) ~(250 )" |-(35001-7101)
~81.0 kg)(9.81 mz)
S
[s70m]
36. (a) AK =-AU+W,,
AU =—-mygd
Wncz_,ukmlgd

AK =mygd — tnem gd
= (my — yemy ) gd
2
L m+my)ve? (2.40 kg +1.80 kg)(2.05 1)

g(my = pemy) 2(9.81 mz)[l.go kg —0.350(2.40 kg)]
S

(b) W, =—AU =-mygAy =—(1.80 kg)(9.81 m/s>)(=0.937 m) =
(©) W, =—umgd =—(0.350)(2.40 kg)(9.81 m/s?)(0.937 m)=|-7.72]

(d) AK = %(m1 +my) v —vi 1= %(2.40 kg +1.80 kg)[(2.05 m/s)> —0]=8.83 J

AE =AK +AU =883 J+(~16.51)=~7.7 T =W,
Wiotal =We +Wpe =165 T +(=7.721)=8.8 ] = AK

m
37. @) AU =mg(y; — ;) = (15,800 kg)[9.81 5—2] (1440 m —1630 m) =] —29.4 MJ

S

2 2
_1 22\ 1 m) _ m)
(b) AK—zm(vf v )—2(15,800 kg){(29.0 Sj (12.0 J ]_ 551MJ

(©) The total mechanical energy changes by AE =AK + AU =-23.9 MJ.

153



Chapter 8: Potential Energy and Conservative Forces

38. AK =—AU +W,,
AU =W, —AK

1,2 1 2
ot =— | ——mv
2 Ly mgx ( 2mv1 j

2
o= M2meEx+v)

x2

2
(1.80 kg)[(—2)(0.560)(9.81 ?)(0.110 m)+(2.00 ™) }

S

(0.110 m)?

Physics: An Introduction

39. [At point A, the object is at rest. As the object travels from point A to point B, some of its potential energy is |

converted into kinetic energy and the object’s speed increases. As the object travels from point B to point C, |

some of its kinetic energy is converted back into potential energy and its speed decreases. From point C to point]|

D, the speed increases again, and from point D to point E, the speed decreases.|

40. (a) AK=-AU

1
—mvB2 =-AU

2
/—2AU
VB =
m

_ [(=2)(2.07-10.0)) _ 38
1.1kg

-2)(5.0 J-10.
Vp = (22)5.07-10.0) =|3.0m/s
1.1kg
(b) Points are the turning points.

2
41. E:%mv2+U:%(l.3 kg)(1.65 3) +6.0J=787
S

Dust to the right of point A and just to the left of point E |

42. U@
451

-90 90
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43. U =mgl(1—-cos 6)
where / is the length of the chains (2 m)

1 . .
K = —mv* = E when the chains are vertical

Find & for U=E.
%mv2 =mgl(1—-cos 6)

2

1—cos sz—
2gl

2

%

cos @=1-—
2gl

2
(089 m) &7

0 =cos”! [I—V—J —cos ' 1—
2¢1 2(9.81 %)(2.0 m)
S

u@
451 -

| Il o
-90 -12 12 90 )

44. (a) total mechanical energy=U+K =5.0J+3.0J=

() [04m<x<4.7 m|

45. (a) U= %kﬁ = %(775 N/m)x? = (388 N/m)x?
uE

097+

! : X (cm)
-0.05 0.05

(b) At turning points U = K|,

lkx2 =lmv2
2 2
x= i\/zv -+ /m(la ms)
k 775 N/m
= +0.046 m

SETTn
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46. (a) U =mgy =(0.75 kg)(9.81 m/s>)y = (7.4 N)y
U@

37

L ym

(b) At turning point U = K|,

m _1mV2
&=

e Vv (89ms)’
2¢  2(9.81 m/s%)

SELTY

47. Separation = Lt x
=K

UmaX max
1., 1 2
E o = E (2m) Vmax

2m
X = Vmax

Separation =| L £ vy0 A [—

Physics: An Introduction

48. (a) The final speed is determined by the square root of the sum of the potential energy and the squared initial
speed. Therefore, the initial speed contributes less than its value to the final speed. The final speed is

han 10.0 m/s|.
(b) AK =-AU

1
Em(wz _Viz) =-mg(yr —y;) =mgh

2 2
ve = 2gh+v; =\/(8.50 ?j +[1.50 %J =

49. AK =-AU =mgh

2

mg  mg  2g 2(9.81m2
S
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50. Find the speed at point B.
AK =-AU

1 2 2\ _
Em ve© =V | =mgh
vf2 =2gh+ viz
Determine the centripetal acceleration.
ve©  2gh+ Vi2

a
C]
P r r

2(9.81 smz)ms m)+(8.0 %)2

2gh+vi2 m
N=m(g+ac,)=m| g+———— |=(61kg)|9.81 —+ =|1.1kN
r 52 12 m

51. x=0.40 cm =0.0040 m
u=0.0046J

LN
2

_2u

x2
%k(Zx)z =U+u
U+u 2U
2x2 _x_2

k

k_2(%)= 2(0.0046 J) :

x> 3(0.0040 m)?

52. T =mg+mag,

acp =

r

2
—my~ =mgr
5 g

v2:2gr
2gr m
T=m|g+—— |=m(g+2g)=3mg =3(60.0 kg)| 9.81 — [=|1.77 kN
(64220}t + 200 3mg - g>( j TN

53. (@) Uys =Ugg+AU =0+mgAy = (0.13 kg)(9.81 m/s*)[~(0.95 m)cos 45°] = —0.86 J
(b) [Greater, since the change in height is greater for the first 45° decrease than for the second 45° decrease.

(©) Uy =Ugy+AU =0+ mgAy = (0.13 kg)(9.81 m/s*>)(—0.95 m) =

54. (a) W =-AU =—-mgAy = —(0.25 kg)(9.81 m/s>)[~(1.2 m)(1-cos35°)] =

Wetoa = WatoB =
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(b) , since the force exerted by the string is perpendicular to the displacement of the bob.
55. (a) AE=AU+AK
1 22
=mg(yr _J’i)+5m("f Vi )
2
- (865 kg)(9.81 Ezj (2420 m)+%(865 kg)[90.0 Ej
S S

SENT

(b) AK=AU
|
—mv~ = mgh
5 8

v=./2gh

\/2(9.81 22] (2420 m)
S

=| 218 m/s

1
56. (a) mgh:—mv2

(b) If the child’s initial speed is halved, the result would be [reduced by a factor of four.

57. The landing site of a projectile launched horizontally is

’2
xX=v e
g

2
2_xg
2y
I 5
mgh =—my
& 2

2 2 2 2
po Yl o L Xg ) x_(@S0m)” s
2g  2g| 2y 4y 4(1.50 m)
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58. The landing site of a projectile launched horizontally is

2
x=v [
g

Determine v.
AK =-AU

1 2
EM(VZ -V )= —mg(yg — y;) = mgh

2
v =y2gh+v :\/2(9.81 22}(3.2 m)+(0.54 9) 794 1
S S S
m) [2(1.5 m)
x={794 —| |—=|44m
(798 2] R
S

59. (@) T, =355N
m(g + acp) < 2T hax
2
\%

7

acp =

Determine 2.

%mv2 =mgr(l—cos8)

V2= 2gr(1—cos9)

aep = M =2g(l-cos8)
mlg+2g(1-cos@)]=mg(3—2cosb) < 2T«

2T, 2(355N)
me < max _ = -634 N
& 3—-2cos@ 3—2cos20.0° -

(b) The maximum weight will because a., will increase.

60. (a) Ui+Ki=Uf+Kf

2 2

1 1
0+—mvy~ = mgh+—mv,
> 0 g > f

Substituting
v02 —2gh=gr

(b) [The car leaves the surface of the roadway |
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61. K, =Lm?
2
Ur =mgh
K, =Us;

v=./2gh
- \/2[9.81 %J(z.m m) =[7.20 m/s
S

62. Apply energy balance to find the velocity of the masses when m, hits the floor.
Ui + Ki = Uf + Kf

0+0:m1gh+m2g(—h)+%(ml +1112)v2

2 _ 2ghmy —my)
my +my
Now apply an energy balance between the time m, has landed and m reaches its maximum height.
U +K; =Us + K¢

1
mygh +Emlv2 =mghy +0

gh+%{2gh(mz _ml)} — ohy

m1+m2
hfzh[u—mz_mlJ
m1+m2

_(12m) 1, A 1kg—37kg
3.7kg+4.1kg

=126 m

A =126 m—l.2m=

63. Ui+Ki+W=Uf+Kf

0+%mvl-2 — fd =mgh+0

%mv2 —(umg cos 0)d = mgd sin

v2

d =
2g(sin@ + pcosB)
2
(1.66 ™)
S

2 (9.8 1 %) (sin27.4°+0.62c0s27.4°)
S

S
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64. Ui+Ki+W=Uf+Kf
mgh+%mvi2 - fd=0+0

mgd sin 6 +%mvi2 —(umgcosB)d =0

Vi 2

d =
2g(pcosf—sind)
2
(1.66 ™)
S

2(9.81 %)(O.62c0527.4°—sin27.4°)
S
-[16m]

65. U,+K; =U; +Kg
mgh+O:O—i-%mvf2
sz =2gh
2y =mag,
2

T—mg:mv—
-
2

T:mg+mv—
B

2gh
:mg+mi
r

T :mg{1+%}
r

= mg{1+3(r—rcos«9)}
r
=mg[l1+2(1-cos )]
=(73.0 kg)[9.81 22][1+ 2(1-c0s35.0°)]
s

SEay
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66. U, +K, =Us +K¢
mgh+0= O+%mv2
v =2gh
2 Fy =mag,
N-mg = mﬁ
,

N:mg+m@

.
42
=mg|l+—
.
- (57.0 kg)[9.81 %)[1
S
=[1.68kN

67. (a) Ui+Ki=Uf+Kf

, 2(4.00m)
4.00 m

0+lmvi2 =lkx2 +0
2 2

m m) (2.2 kg
x=tv. |—=%|17 — | ——==|40.11m
=217 2] 22K [50iTn]

m
/m /m
b) X =3V, |—, X =V, [—
(b) 1 Wk 2 Wk

B _| L

X \/5

68. Ui +Ki =Uf +Kf

mgh+0= O+%mv2

v=4/2gh

1 2
Y=» +v0yt+5ayt

1
0= yo+0(t) +ant2

) 22(0.
t:\/ Yo _ | 2(025:):0'22“
a, \/ -9.81 1

Physics: An Introduction

1 2 m
d =0 +voyt+—ayt® =0+ 2ghz+0=\/2(9.81 S—zj(l.Sm—O.ZS m)(0.226 s) =[ 1.1 m |
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69. Ui+Ki+Wnc IUf +Kf

1
mgh+0+ W, :0+Emv2

(1.9 kg)(9.81 m/s?)(1.25 m) +(=9.7 J) = %(1.9 kg)h?
y=3.78 m/s

|
Y= +v0yt+5ayt

0=y +0(t)+%a £

y
) 2200
(= =20 =\/ 2(025mz):0.226s
a, ~9.81 m/s

1 2
d = xg+ Vol +2axt” = 0+(3.78 m/s)(0.226 9)+0 =

70. Ui +Ki :Uf +Kf
2
0+lmv2 :lkx2 +l(2m) v
2 2 2 2

v (1—%) m?

k =
x? 252
(0.25 kg)(1.2 m/s)?
k = =[ 560 N/m
20015 P

71. U'+K'=Uf+Kf

1
+0 0+— mv

=131 2
s

(o 061 m)

1
Yy=JYo +v0yt+5ayt

|
0 =)o +(O)I+Edyt

t:\/_zyo _ 2065 m) o
ay \/ ~9.81 1

1 [
d:x0+voxt+—axt2:0+ ﬁxt+0=
2 m

50 N
M (0.061 m)(0.364 s) =| 48 cm
2000 my03649 [
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72. (a) Ui +Ki ZUf +Kf

1
mgh+0= 0+Eme2

vf2=2gh
D Fy =mag,
2
\
T-mg=m—
g L
2
v
T=mg+m—
g L
2gh
:mg+mi
=m 1+2h
€ L

:mg[1+%(L—Lcosé’)}

=| mg[1+2(1-cos 0)] |

Physics: An Introduction

(b) [The longer L is, the greater the change in PE but the smaller the centripetal acceleration, so the effect of L |

cancels out.

73. (a) Ui+Ki:Uf +Kf
mg€+0:O+%mv2
v =2g/l

ZFy = mdcp

2gl
=m + =
[g / }

=3mg

(b) [Tension depends upon a,, which is proportional to v? and inversely proportional to the radius r. Since

both v and r are proportional to /, / cancels out,
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74. (a) U;+K; =Us +K;
mgl+0=mgy+0
y=1
Lcos@=L-1

0 =cos™! (1 —L)
L

0 cos [1.0:325 mJ

0.652 m
57

(b) =1 The mass rises to the same height from which it started, because energy is conserved)]

s [ L
(¢) | @=cos (1 Lj

75. —N+mgcos«9:ﬂ
’

N

Determine v2.

AK =AU

1

Emvz =-mg(yr — i)
2
Ve =2g(y—r)

=2g(r—rcosb)
=2gr(l-cosb)

Set N =0 and solve for 6.

N =mgcos@—"[2gr(1-cos)] =0
r

0 =mg cos@—2mg(l—cosb)
=cosf@—2+2cosb
=3cosf -2

2
cosd =—

0 =cos™! (gj
3

(5]

76. (a) K, =%(m1 +my )V

U; =0

Kf =0

Uf :ngd:Ki

d K; _ (m1+m2)v2
mg 2myg
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(b)

©

77. (a)

(b)

(©

78. (a)

(b)

The force the rope exerts on the block is in the same direction as the block’s upward displacement. The work

is positive]

The work done by the rope is non-conservative.

Wae :AEzAK+AU:(O—%m2v2j+(m2gd—0)zngd—%mzvz = —m1v2

Ui +Ki -f-I/VnC =Uf +Kf

O+%(m1 +m2)v2 + (= gd) =mygd +0

2
b 2(my + pymy)gd _ [21.Tkg+(0.25)(2.4 kg)](9.81 m/s”)(0.065 m) _ 0.79 m/s
my + ny 24keg+1.1kg

The direction of the block’s displacement and of the force exerted by the rope on the block are the same. The

work is .

Ui+Ki+WnC =Uf +Kf

0+%m2v2 + Wy =mpgd+0
| 2 1 2
w.. = d—— =(1.1kg)(9.81 m/s*)(0.065 m)——(1.1 kg)(0.787 m/s)” =| 0.36 ]
o = magd ——myv® = (11 kg) X )= (11 ke) )

The lowest normal force will occur at the top of the loop, so we perform an energy balance between the start
of the track and this point.
Ui + Ki = Uf + Kf

1
mgh+0=mg(2r)+ Emv2
) g(h-2r)

Now we apply Newton’s 2" Jaw to the block at the top of the loop.
ZF =mag,

2
N+mg = m—
B
0+mg = m[2g(h—2r)]
r
h= Er
2

IBecause the speed of the block is independent of its mass and centripetal acceleration is independent of mass|
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79. Ui+Ki—W=Uf+Kf

mgh+0— fd =0+%mv2

=3 s/ 10.640(0.100 m)

80. Ui+Ki—W:Uf+Kf

NS}

lkxz+0—fs=0+lmv
2 2

1. 2 1 5
—kd* — umgs = —myv
T THIE =Y

d m(v2 +2ugs)

k

Chapter 8: Potential Energy and Conservative Forces

730 N
m

i
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