Chapter 6

Applications of Newton’s Laws

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

Spinning the wheels is likely to decrease the force exerted by the Jeep. The reason is that
the force exerted by the spinning wheels is kinetic friction, and the coefficient of kinetic
friction is generally less than the coefficient of static friction. The spinning wheels look
better in the movie, however.

The maximum acceleration is determined by the normal force exerted on the drive wheels.
If the engine of the car is in the front, and the drive wheels are in the rear, the normal
force is less than it would be with front-wheel drive. During braking, however, all four
wheels participate — including the wheels that sit under the engine.

Friction is beneficial whenever you want to start, stop, or turn a car. It is also beneficial
when you tune a guitar or tie your shoes.

This is possible because if you spin the bucket rapidly enough, the force needed to
produce circular motion is greater than the force of gravity. In this case, a force in
addition to gravity must act at the top of the circle to keep the water moving in its circular
path. This force is provided by the bottom of the bucket. Therefore, the bottom of the
bucket pushes against the water, and the water pushes back against the bucket — this keeps
the water from falling out of the bucket.

At the equator, you are moving in a circular path. Therefore, part of the force of gravity
acting on you is providing your centripetal acceleration; the rest shows up as a reduced
weight on the scale. At the poles, the scale reads your full weight. (In addition, the Earth
bulges at the equator, due to the same effects just discussed. Therefore, you are farther
from the center of the Earth when you are at the equator, and this too diminishes your
weight, as we shall see in Chapter 12.)

Yes. Equilibrium simply means that the net force acting on an object is zero. Therefore,
an object moving with constant velocity can be considered to be in equilibrium. In a
frame of reference moving with the same velocity, the object would be at rest and would
have zero net force acting on it — which is the way we usually think of equilibrium.

In principle, the reading on the scale would be greater than 900 N if the Earth were to stop
rotating. See the discussion for Question 10 for further details.

Astronauts feel weightless because they are in constant free fall as they orbit, just as you
would feel weightless inside an elevator that drops downward in free fall.

A passenger on this ride feels pushed against the wall, which means that the wall, in turn,
exerts a normal force on the passenger. If the corresponding force of static friction is
greater than the passenger’s weight, the passenger stays put as the floor is lowered away.
(Why do all passengers stay put at the same rotational speed, regardless of their weight?)

If the parking brake is applied while the car is in motion, the rear wheels begin to skid
across the pavement. This means that the friction acting on the rear wheels is kinetic
friction, which is smaller in magnitude than the static friction experienced by the front
wheels. As a result, the rear wheels will overtake the front wheels, causing the car to spin
around and begin moving rear wheels first. This is standard procedure for stunt drivers
wishing to spin a car around in a chase scene.
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22. As the basket within a washing machine rotates, the clothes collect on the rim of the
basket. Here the basket exerts an inward force on the clothes causing them to follow a
circular path. The water contained in the clothes, however, is able to pass through the
holes of the basket where it can be drained from the machine.

24, (a) If the spring is cut in half, it stretches half as much for a given applied force as it
stretched before being cut. Therefore, the force constant of the half spring is twice what it
was for the full spring. (b) When two springs are connected end-to-end, they stretch
twice as much for a given applied force. It follows that the force constant in this case is
half what is was for a single spring.

26. People on the outer rim of a rotating space station must experience a force directed toward
the center of the station in order to follow a circular path. This force is applied by the
“floor” of the station, which is really its outermost wall. Because people feel an upward
force acting on them from the floor, just as they would on Earth, the sensation is like an
“artificial gravity.”

28. When a bicycle rider leans inward on a turn, the force applied to the wheels of the bicycle
by the ground is both upward and inward. It is this inward force that produces the
centripetal acceleration of the rider.

30. The physics of this scene is somewhere between “bad” and “ugly”. When the rope burns
through, Robin is moving horizontally. This horizontal motion should continue as Robin
falls, leading to a parabolic trajectory rather than the straight downward drop shown in the
movie.

Solutions to Problems

1. Determine the deceleration caused by friction. If the player’s initial velocity is in the positive direction, then the
force of kinetic friction is negative.

Jx =—# N = —pemg

S —ge g —0.41(9.81 Ezj =-4.02 =
m s s
Calculate how far the baseball player slid.
2
2 .2 _ m
v (7.90 m) .
2a 2(—4.02 mz)
S

The player slid .

2. Choose the x-axis along the direction of motion.
ZFX =Wsin0 - fi =ma

mgsin@ — . mg cos @ = ma

1.05 ™
a 2
Ly =tan @ — =tan35.0°— > = -0.570
geost (9.81 mz)cos35.0°
S

3. F:ma:lusmg:fs

= =|1.2

a
Hs =—
g
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4. F, = fg=usmg

F, 225N ):

b
mg (180 kg)(9.81 m
S

2

F = fx = mmg

_F 1.50 N ):

pyp=—=
mg (180 kg)(9.81 m
S

5. The frictional force is [0.75 N opposite the direction of the push|

6. (a) [When enough of the tie hangs over the edge, the force of gravity acting on the hanging mass of the tie |
overcomes the force of static friction acting on that portion of the tie lying on the table|

1 3
(b) ng:ﬂsN:ﬂs 278

1
Hs = g
7. Fy = pusN
Fcosf = u;(mg + Fsin @)
_ Hsmg
cos@ — y, sind
0.57(32kg)(9.81 mz)
— S
c0s21°—0.57sin21°

SE

8. Fy—uyN=ma
Fcos@— py (mg + Fsin@) = ma

azicosﬁ—,ukg—F’uk sinH:330N00521°—0.45 9.81 % —wsinﬂ": 3.5 m/s?
m m 32kg 2 32kg

9. Place the x-axis parallel to the ramp, pointing uphill.

(@) ZFx =fs=Wy=0
0= pusmgcosd—mgsinf

H :tan9:tan23°:

(b) 6=|23°|; s = f(0) only
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10. (a)

(b)

11. (a)

(b)

12. (a)

(b)

(c)
(d)

13. (a)

(b)

Determine the acceleration.

@rf0
A 200m) 0
Calculate y.

ZFX = fs =ma
s = Hsmg =ma
3.6 2

2

2_.2
G ¢

a

First, determine the runner’s acceleration from vf2 = viz + 2aAx. Next, equate the force associated with this

acceleration to the force of static friction between the runner’s shoes and the track. Solve for .

F=ma= puN = psmg

a= g = (0.24)(9.81 22] =2.3544 = =| 2.4 ms?
S S

ve =V tat

—y 15 y—0
Vr =V ( s
t= = :-6.4 S
a 2.3544
s

F_—wN -
a=1="HT _THMNE o= —0.11(9.81 m/s?) = —1.08 m/s?
m m m

Vv = vg +2aAx

2 2 2
vi—vy 0-(5.3m/s)
Ax = = =-13m
2a

2(-1.08 m/s?)

Doubling the mass doubles the normal force, causing the friction force to double. Therefore, the friction force
i-

[Stay the samé], since stopping distance is independent of mass.
Fd = (—y.mg)d = (~0.11)0.12 kg)(9.81 m/s>)(13 m) =

A(lmvz):%m 2 _%mvg :0—%(0.12 kg)(5.3 m/s)? =| -1.7 kg-m? /s>

2
F -uN -

a="=HD _THTE e =—(0.260)(9.81 m/s?) =| —2.55 m/s?
m m m

v =18 +2aAx = (4.33 m/s)? +2(=2.55 m/s?)(0.125 m) =18.11 m? /s>
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(¢©) —Fd =—pmgd =—(0.260)(1.95 kg)(9.81 m/s>)(0.125 m) =

%mvz —%mvg = %(1.95 kg)(18.11 m? /sz)—%(l.% kg)(4.33 m/s)? =| —0.622 kg-m?/s”

14. The force of friction will cause the car to decelerate from v to 0.

\/2—\/'2 —v2

@ a=-—=——

2Ax  2Ax

Jk = uN = umg

S =—ma
m _mv2
pmg == —
Ax = v
2ug

(b) [The stopping distance quadruples]

V2

2ug

(c) Ax= ; Ax does not depend on m.

15. Place the y-axis along the direction of acceleration.
D F,=T-W=ma

m m
T=ma+W =ma+mg=m(a+g)=(4.25 kg)(l.SO s—2+9.81 s—zj =493 N
16. Place the y-axis along the axis of the spring with y = 0 at the top of the uncompressed spring.
ZFy =—ky—-mg=0
(9.00 kg)(9.81 m

] 3
y (—=0.0450 m) _

17. Place the y-axis perpendicular to the road with y = 0 at the bumper before the box is loaded.

ZFy =—ky-mg=0

k=-"8

(110 kg)(9.81 m

—V. m

y

18. Y F,=2T,-mg=0
2T sin@ = mg
__mg
2sin @
(50.0 kg)(9.81 sz)

25in15.0°

-[s5n]
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19. (a) Determine the magnitude of the force required to stretch the spring 2.00 cm.
F=—kx= —(150 Ej(—0.0200 m)=3.0N
m

Calculate the magnitude of the force of static friction.
F—f.=ma=0

f-r-
(b) @, the force was determined using only the spring constant and the extension of the spring.

20. Determine the magnitude of the force required to stretch the spring 2.50 cm.
F=—kx= —[150 Ej(—0.0250 m)=375N
m

F—f,=0
F—uN=F—-uWw=0

F 375N
T

21. (a) F =T, and lifting at constant speed,
2T, =W =mg. So,

1 1 m
F=T, :Emgzz(52kg)(9.81 S—ZJ: 260 N

(b) For each chain,
T, =2T, =2(255.06N)=| 510 N

22. F =T,, and with acceleration, 27, =W +ma =m(g +a). So,

1 1 m m
F=T =5m(g+a)=5(52kg)(9.81 S—2+0.23 S—2j=261.04N= 260 N

T, =21, =2(261.04N) =| 520 N

23. (a) ) F, =0
Js—mg=0
UsFs —mg =0
Us(—kx)—mg =0
__mg
sk
027 kg)(9.81 sz)

(0.46)(120 g)

(b) [Yes; the spring displacement is proportional to the block’s mass|

24. (a) When the car accelerates from the stop light, the point at which the tassel is attached to the car moves |
forward. The tassel only appears to move backward because as the car moves forward the bottom of the |
tassel remains for a moment where it originally was before it too must move with the car|
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(b)

ZFy =Tcosf—mg=0
ZFX =Tsinf—-ma=0

mg ma

cos@ sind

a=gtand= (9.81 Ezjtans.om = 0.858 m/s2
S

25. ZFy =Tcos@—mg=0

T =

g (00100 kg)(9.81 m

3
cosh c0s5.00° B

26. (a) T=mg+ma=755N

27.

28.

(b)

q=ION_ TSN [ge) M _(976 D
m 70.0 kg §2 s?
x:lal‘2
2
2x
t=,—
a
~ [2(3.40 m)
0.976 m

SZ

=|2.64s

For Jones to be pulled from the pit in less time would require a greater acceleration. This greater acceleration |

would cause the tension in the rope to exceed the 750 N limit and the rope would break |

xp=0.18 m

(@)

F =—k(x—xy) = —k(2x, — xy) = —kx, :—(250 E)(0.18 m)=-45 N
m

The force required to stretch the spring to twice its equilibrium length is .

(b) @, the force required to compress the spring by (1/2)x, is only half the force found in (a). The force

depends linearly on displacement.

(a) ; horizontal components of the two string tensions must be equal, and cosé, > cos .

(b)

©

T, cos6, =T, cos b,

=T cos 6,

cos 6,

—(17N) cos 65
cos32°

S

W=T,+T,, =Tisin6 +T,sin6, = (1.7 N)sin 65°+(0.85 N)sin 32° =
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29. Place the coordinate system such that the y-axis points up and the x-axis is in the direction opposite of the force
applied by the archer.

D F,=0
Y F, =Tcos72.5°+T cos(~72.5°)~ F =0
2T cos 72.5°=F

25.01b
T=————=4161b
2co0s72.5°

30. (a) Set the x-axis parallel to and pointing up the incline.

> F=0

T —mgsin31°=0

in31° = m ) in3te—
T =mgsin31 _(1.0kg)[9.81 Szjsm31 =[5.1N |

(b) Y F=0
T —-Mgsin31°=0

. °_ m | . °_
T = Mgsin31°= (1.0 kg+2.0 kg)(9.81 S—2jsm31 =

31. The rope tension equals the force needed to support the weight.

T, =T, = mg = (2.50 kg)(9.81 32) =24.525N
S

F =T,c0s30°+T, cos30°=2(24.525N)cos30°=| 42.5 N

32. M=6.7kg
m = hanging mass
ZF =mg—Mgsind =0

m=Msin@ = (6.7 kg)sin42°=| 4.5 kg
33. Place the y-axis such that W = mg = —mgy.
D F, = —mg+Fsin(§ +Fsinf180°-2 | =0
2 2
q=120°
(0.15 kg)(9.81 m

o 3
F_sin(%)+sin(l80°—%)_ Sin60°+sin12(;° _
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34. The direction of the y-axis is up and that of the x-axis is away from the wall.

(@ Y. F,=N-F=0

D F,=f-W=0
fs_W:/usN_mg
N8

Hs

m
g (13 kg)(9.81

2

F=N=2¢ —S) =|15N
0.56 [15N]
(b) The force of friction (mg).

35. Fi =F +E; +F
|F1| = |F2| = |F3| =T = tension
Fiotalx =T cosa+T cos160° + T cos(—160°)
=T (cosa+2co0s160°)
Fiotaly = T'sina+T'sin160°+7'sin(-160°)

=Tsina
a was chosen such that 180°—-6 = a.

(a) For F, to be aligned with the fractured femur, Fiotal, y / Fiotal,x = (tan160°)(180° —20°).
Tsinx B sina
T(cosa+2cos160°) cosa +2cosl160°

Solve for a using a graphing calculator. Graph each side of the above equation and find their intersection.

a =120°, so 9:180°—a=.

(b) The tension is equal to the weight of the 4.25 kg mass, T = mg.
r 2 2
|F| = \/Ftotal,x + Ftotal,y

:\/Tz(cosaz+2005160°)2 +T%sin’ &
= mg\/(cosa + 2cosl60°)2 +sin’ &

- (425 kg)(9.81 Ezj\/(coslzo%r 2¢05160°)2 +sin? 120°
S
=106 N

36. Taking x as positive in the direction of each mass’s motion,
a=a,=ay=a
ma =T,
mya=T,-T
mya =myg =T,
ma+mya+mya=T+1, -1))+(myg-T1,)
(my +my +my)a =myg

tan160° =
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37.

38.

39.

40.

So the masses move like a single mass (my +m, +m3) under acceleration msg.

(3.0kg)(9.81 m)
a= 8 = ) 4.9 m/s?
m +my+m; 1.0kg+2.0kg+3.0kg

The positive axis is along the line of the string and points in the downward direction from the hanging mass.
M = large mass
m = small mass

>.F =(T'-Mgsin0)+(mg—T)=(m+M)a

(m+ M)a=mg— Mg singq

e Msn0) (9.81 sz)[z».z ke — (5.7 ke)sin 35°]
m+M 32 kg+5.7kg

= -0.076 m/s>

The magnitude is | 0.076 m/s? |; the direction is .

The x-axis is along the line of the string and points in the downward direction from the hanging mass.
M = large mass
m = small mass

D> F, =(T—Mgsin6)+(mg—T)=(m+M)a
(m+ M)a=mg— Mg sin g
g g(m—Msinf)
m+M
(9.81 sz)[4.2 ke—(5.7 kg)sin 30°]

42 kgt5.7 kg

i=|1.3m/s®> downward

Using the results from Problem 36,

a=—m8 1o 4905 ™ o,
52

my +m, +ny

m
T, =m a:(l.Okg)(4.9os _J: 49N

and

m
Ty =mya+T, = (2.0kg)[4.905 s—2j+4.905N =

For the mass on the table:

The x-axis is along the string.

The y-axis is perpendicular to the tabletop.

For the mass on the string:

The x-axis is along the string and points downward.
The y-axis points away from the table.

my = mass on the table

m, = mass on the string
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ZEx:T:mla
+ZF2x:m2g—T=m2a
=T+myg—T =(m +m,)a

a=| 2 |g=| 280ke 081 2 |_436 2
my+my 3.50 kg+280 kg 52 52

(@) T =ma=(3.50 kg)(4.36 Ezj =153N
S

S
The tension in the string is the weight of the hanging mass.

153 N < m,g = (2.80 kg)[9.81 32} =275N

) a=|436m/s> |, T=[153N

41. The x-axis is in the direction of the force.
m; =1.5kg
my =0.93 kg
Zle =F-T=ma
+ ZF]x = T =mya
F=(m +my)a

F 6.4N 3
m;+my 1.5kgt+0.93 kg

m 0.93 kg
b) T =ma= z_|F= 64N)=|24N
®) 2 ( j (1.5kg+0.93 kgj( )=[24N

my +m,

2.6 m/s>

(@ a=

(c) If the mass of block 1 is increased, the acceleration of the system, and hence of block 2, will decrease.

Therefore, the tension will [decreasd].

42. (a) To keep the smaller bucket from moving, you must add 47 N of downward force to it. There is no
acceleration. The tension in the rope is equal to the weight of the |1 10 N| bucket of sand.

(b) The y-axis points downward relative to the heavier bucket’s position.
my = mass of heavier bucket

my =mass of lighter bucket

mlzﬁz 0N =112 kg
g 981 %
S

mz:&: 63N =6.42 kg
g 981 %
S

Y R =-T+W, =ma
> Fy=T-W,=ma
Wy =W, =(m +my)a
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43.

44,

45.

46.

C_Wi-W, __1ON-@N . m
m +m, 11.2kg+6.42kg 2

m
T =mya+W, =(6.42 kg)(2.67 S—2]+63 N=

(¢) The heavier bucket is at rest on the ground. The lighter bucket is hanging in the air. The tension is equal to
the weight of the hanging bucket, |63 N|.

The centripetal acceleration is a., = V2.

cp
The magnitude of the force of static friction is equal to the magnitude of the centripetal force.

m? (1200 kg)(1s %)2

fS:FCP:man: r 57 m :

2
gy =52,000g = VT

v=Jrag, =+/52,000gr = \/52,000(9.81 Sﬂzj (0.075 m) =

v2

aep =9 =—

r
V= frag, = \J9gr = \]9(9.81 22)(15 m) =
s

The y-axis points upward and the x-axis points toward the center of the curve.
ZFy =Ncos@-mg=0

N="=~&
cosd
ZFX = Nsinf = mag,

; _Nsinﬁ_( mg j(sin@j
P m cos @ m

2
14
acp =gtant9:7

2 (24.0 m)2

S

-[102m]

gtand (9.81 mz)tan30.0°
S
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47. ZF)’ :T—W:}'nacp
T =W +mag,
=mg +mag,
=m(g +dgp)

( 2]
\J
=m| g+—
B

= (61kg)| 9.81 .+
S

SE

48. Y F,=T-W =ma,

24 2)

6.5m

2
T :m(g+acp)=m[g+v—J

r

If Jill’s speed is doubled, the tension will

will [doublé]

49. (a) At the top of the Ferris wheel:
2

ZFy =N-mg=ma, =—m

-
V2
N=m|g—-——
B

increase by m(3v2 /r)=160 N.

Physics: An Introduction

If Jill’s mass is doubled, the tension

The normal force exerted on a rider is less than that rider’s weight, which results in an apparent weight less

than the rider’s actual weight.

At the bottom of the Ferris wheel:
2

v
ZFy =N-mg=ma, :mT

2
N:m(g+v—j
B

The normal force exerted on a rider is greater than that rider’s weight, which results in an apparent weight
greater than the rider’s actual weight.

(b) yo G 2mr _22(02m) o m
t t 28 s s
2 (1616 m)
A4 m
W, =m| g—— |=(55kg)|9.81 ——
top m(g I‘J ( g) $2 Tom
2 1.616
Wy :m[g+v—J:(55 kg)| 9.81 22+( )
r S 72m

112

SEIN
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50.

51.

52.

53.

54.

5S.

ZFy =N-mg=-mag,

ZFy =N-mg =—mag,

V2
N=m|g——|=0
r

2
\4

1]
oQ
~
%)

v

- (9.81 Ezj@s m)

S
=119 m/s

(a) ZF =mag, —mg =0

VZ
depp =~ =8

r
v=Jgr= (9.81 Sﬂzja.l m) =[ 33 ms |

(b) [The answer is independent of mass|

From Problem 29,
F =2Tcos@ and T =mg, so
F =2mgcos@

F 32N

m= =
2gcosd 2(9.81 mz)cos30°
S

-[i9%]

2 ()

acp

=[1.4x10° m/s?

r 0.042 m

Chapter 6: Applications of Newton’s Laws

2
12
T) = = Wapparent

2
N:m[g—v—J:(W kg)| 9.81 32—(
r S

The block is being pulled at constant speed. This implies that the acceleration is zero. The x-axis points opposite

the direction of motion.
D =h-F=0

Jx =N = pyemg
Fy=he= fx

I (85.0 %)(0.0620 m)

My =—=

mg (385 kg)(9.81 smz)

~[oi0]
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56. The x-axis is along the direction of motion of the child.
ZFy =N-mgcosf =0
N =mgcosd
ZFX =mgsinf — fi =ma
a= gsinH—l(ykN)
m

=gsinf -y gcosb
= g(sin@ — g4 cosb)

- (9.81 32] [sin 27.5° - 0.415c0s 27.5°]
S

=10.919 m/s?

57. The x-axis points up and x = 0 is at the spring’s equilibrium point.

D F,=F-W=0

0=—kx—mg
—kx
m=—-
g
) ~(1800 %)(—0.0375 m)
9.81 m
SZ

-[ete]

58. The x-axis is along the direction of the applied force.
(a m =1.1kg
my =1.92kg
SR, =N -W =0
Ny =mg
D Fyy =N, =W, =0
Ny =myg
DR, =F-T—f =ma
+ ZFZX =T—-f, =ma
F—fi—fy = (m +my)a

0= F—mg(m +my)

94N —0.24(9.81 smz)(l.l kg+1.92 kg)

my +m, 1.1 kg+1.92 kg

(b) T=mya+ fr =mya+mmyg=my(a+pg)=(1.92 kg){

114

S

0.76 m/s>

0.76 22+0.24[9.81 n

) |- o]

S

Physics: An Introduction
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59. The y-axis points up.
(a) ZFy =mag, =mg+T

2
m

2 (3.2 )
% S m
T=m —-g)=m|—-g |=3.25kg)| —————-9.81 — |=3.81N
(acp g) (l" gj ( g) 0.950 52

The magnitude of the tension at the top of the circle is 3.81 N|.

(b) ZFy =mag, =T —mg

2
2 . m (691 )

T =m(g+ag)=m| g+— |=(3.25kg)| 9.81 = +~——31|=195N
(g+agp)=m| g+— |=( g 2" 0050m

The magnitude of the tension at the bottom of the circle is [195 N|.
60. The x-axis points up the incline, parallel to it.

(a) ZFy =N-mgcosf=0
N =mgcosf

m o
Sk =N = pgemg cos 8 =0.23(0.012 kg)(9.81 s—2j00515 =|0.026 N
The force of kinetic friction is directed [down the incling].

(b)) > F = f,—mgsind=0

m
fs =mgsind =(0.012 kg)[9.81 —J sin15°={ 0.030 N
s = [0.030N]
The force of static friction is directed jup the incline].

61. (a) The x-axis points up the incline, parallel to it.
ZFy =N-mgcosf =0
N =mgcosf

m
Jx = 4N =0.23(0.012 kg)(9.81 —jcos 25°=|0.025 N
SZ
The force of kinetic friction is directed [down the incline|.

(b) The force of kinetic friction has the same magnitude [(0.025 N)| and opposite direction from
(a).

62. ZFX:F—f:ma
a="(F )
m

fomax = HsN = (0.60)(22N) =13.2 N
fi =N =(0.40)(22 N) =8.8 N
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applied force friction force motion

0 0 at rest

SN SN at rest

10N 10N at rest
I5SN 8.8 N accelerating
10N 8.8N accelerating
8N 8.8 N/& N decel./at rest

5N 5N at rest

63. Place the x-axis up and to the right, parallel to the right wall of the wedge, and the y-axis up and to the left,
parallel to the left wall of the wedge.

> F,=F —mgsin20°=0
ZFy =F, —-mgcos20°=0

F =mgsin20°
Fy =mgcos20°

64. The x-axis points upward, parallel to the plank, and the y-axis points up and to the left. x = 0 when the spring is
unstretched. At maximum stretch with the box at rest,

Y Fo=—F+ f; —mgsin65°=0
=hkx+ N —mgsin65°=0

ZFy =N —-mgcos65°=0

N =mgcos65°

kx + pgmg cos 65° —mg sin 65° =0

L mg sin 65° — pmg cos 65°

k
_ mg(sin65° — 1, c0s 65°)

k
(2.0 kg)(9.81 sz) (sin65°—-0.22cos 65°)

18 %
-[059m]

65. (a) Let T be the tension in the slanting stretch of rope. Then T'sin45° is the tension in the rope supporting mass
B, and T cos45° is the tension in the rope pulling on mass A. But sin45° = cos45°, and so

. co m
Jsona =T cos45°=Tsin45 :mBg:(2.25kg)(9.81 S—zj: 22.1N

which is below

o max = Hsmag =0.320(8.50 kg)[9.81 32) =26.7N.
S

(b) So long as mass A is heavy enough for fq . =22.1N, f; is not affected by changes in mass A; f;

the] [same].
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66. From the previous Problem, f;,, o =mpg and

fs,max 26.7N

My oy = = 981 I =|2.72 kg
. 2
s

g

67. (a) ; horizontal components of the two string tensions must be equal, and cosé&, > cos 8.
(b) Ticosf =T, cos6,

cosé c0s32°
Ti:Tz 02 =(17N) 650=

cos 6, cos

(¢) Tysinb, +T,sin6, =mg

1 si T; si . i ° . i °
. isind +Tsinf, (3.4 N)sin65°+(1.7 N)sin32° _ 041 kg

g 9.81 m/s?

68. (a) At the top of the Ferris wheel

2
ZFy =N-mg= —m—
r
V2
You feel “weightless” if N=0; then — = g.
r

C 2nr
yV=—=—
t ot
2
(%) _47z2r_
r 2 &
2 2
t=\/47z rz\/47r (7.21121)=
g 9.81 m/s

(b) [The period is independent of the mass|

2

(© a:VT:g: 9.81 m/s> |. Direction is .

2
69. ZFX =Tsinf = mag, =mv7

ZF), =Tcosf—mg=0

mg _ m?
cos@ rsiné
2
tan @ -
gr
2
2 121
0=tan' Y- = tan! ( s) =
gr (9.81 %)(0.44 m)
S

m
_ 0075 kg)(9.81 n

] 1)
cos@ cos18.74° B
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70.

71.

72.

73.

With constant speed, the cable tension is the same at both ends. So, for the cable,
D F, =2Tsin22°~ mg=0

(14,000kg)(9.81 m

me s ):1.83x105N

T = =
2sin 22° 2sin 22°
Then, the force on the barge is

F =Tcos22°=(1.83x10° N)cos22° =[ 170 kN

(a) For the top block to almost slip:

ma:fs,max
ZFy =N-mg=0

a= fs,max _Kmg :ﬂsg:0-47[9'81 %J:4,6 m/52
S

To give the system an acceleration a, F' = (m + M)a. The acceleration that will cause the top block to slip is
a=Hsg, SO

m m

F =(m+M)ug = (2.0 kg+5.0 kg)(0.47)(9.81 Ezj -[32N
S

(b) Since F =(m+M)u,g, an increase in m will result in an inF.

Let the x-axis point in the direction of motion and the origin be at the end of the unstretched spring.
D Fy=N+Fsing -W =0
ZFX =Fcosd - fi, =0
N=W—-Fsinf

=W —(—kx)sind

=mg + kxsin @
FcosO=fi =N
_ Fcos0
N
_ —kxcosd
- mg + kxsin @

—(85 %)(—0.021 m)cos13°

Hk

Hx

@5 kg)(9.81 sz)+(85 N)(-0.021 m)sin13°
-]

D F,=T-W=Ma

@ T=Ma+W =Ma+Mg=M(a+g)>W =Mg
The tension is than the combined weight of the men.

m m
(b) T=M(a+g):(l72kg)(1.10 S—2+9.81 S—J: 1.88 kN
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74. Place the x-axis along the direction of motion.
D F,=N+Tsing-W =0
ZFX =Tcosf—f, =0
TcosO=f =N =puW-Tsinb)= W -Tpy sin@
T(cosO+ y sin@) = W = g mg

smg 0.38(18 kg)(9.81 %)
T= = > =| 69N
cos@+ 1y sin@  cos45°+(0.38)sin 45°
. . m . eo
N=W-Tsinf =mg—-Tsin6 =(18 kg)(9.81 S—zj—(69 N)sin45°=| 130 N

75. (a) The coefficient of friction can be determined from the information given. The force required to stretch
the spring is equal in magnitude to the force of static friction between the wheel and the ground. If the wheel
is not slipping, it is not moving relative to the point of contact between it and the ground.

(b) Place the x-axis along the direction of motion of the toy bulldozer.

D F,=N-W=0

N=W=mg

> F,=—kx+f; =0

f‘s = ,LlSN = kx

13 N)(2.0 m)
:%:ﬁ: (13 5) ~[0.88
mg (30 kg)(9.81 sz)

S

76. (a) Y F,=2Tsin6-mg=0
4
g (1010 kg)(9.81m2

) 3
= 2sinf 2sin5.2° _

(b) The tension would be than that found in part (a) because the vertical component of the tension is less,
thus requiring a larger total tension to compensate.

77. For the cereal box to just barely stay in place,

D F, = fi-W=0
HsN —mg =0
Also, ZFX = N =ma, so that
Hgma—mg =0
9.81 %
a=5 = -] 26 ms®
us 038

78. (@) D F, =2Tsin6—-F =0
F =2Tsin@=2(2.7 N)sin4.1°=| 0.39 N

(b) The required force would be that in (a) because the vertical component of the tension decreases
with decreasing angle.
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79. Convert mi/h to m/s.

25 mi [1609mj( 1h j—1122
h mi 3600 s s

ZFy =Tcos@-W =0

T W mg
cosf cosl
Fop =Tsind
=( e jsinﬁ
cosd
=mgtan @
Fcp =mag,
2

1
mgtan6’=m7

Solve for q.
2
tan@ =
gr

8ar

2
0 =tan™! {ﬁ] =tan~! (<112—I§) =

9.81 sz)(% m)

[The mass of the dice drops out of the equations|

80. 7; =tension of the 15° rope
T, = tension of the 30° rope
D F, =Tisin6 +Tysin6, - =0
ZFx =T cosf —T,cos6, =0
L=T, cost,
cos 6

Iy sinb, + T, sin6, = mg

0, | . .
T 05% sing + 15 sin6, =mg
cos 6

T5(cos 6, tan @) +sinb,) = mg

e (50.0 kg)(9.81 sz)

T = =
2 cosb tan g +sinf,  cos 35° tan15°+sin35°

0 o
=T, (COS 0? J = (670 N)(COs ?:J =[570N

CcoS Ccos
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8l. D F, =Fipcosf—W =0
ZFX :Fiift sinﬁzmacp

o= P
it ing
ma ma
0= Fjp cosd—mg =| — P cosf—-mg = P —mg
sin @ tan &
ma
tan@ = —2
mg

lh

[ ac [ v? | (380X103 %)2(3600 5)2
0 =tan" (?p] =tan {—J =tan~ =

gr (9.81 %)(2100 m)
S

82. (a) |Fy, is the smallest value of F' that prevents the block from sliding down the incline. F,,, is the largest

value of F that can act on the block without causing it to slide up the incline|

(b) Let the x-axis be parallel to and up the incline.
ZF), =N-mgcosf =0, so N=mgcosb.
D Fy = Fyin + fs —mgsind =0
Frin =mgsin@ — f, =mgsin@ — u, N = mgsin @ — y,mg cos
=(3.1kg)(9.81 m/s’ )[0.707 —(0.50)(0.707)]

-[1N

(¢) On the verge of sliding up the incline
D Fy =Fpax — fs —mgsin@ =0
Fiax = fs +mgsin@ = u,N + mg sin@ = y;mg cos@ + mgsin @
=(3.1kg)(9.81 m/sz)[(O.SO)(O.707) +(0.707)]

-
83. Y F,=T-Wsin6=0
With € =0°, the climber is lying on a level surface and does not hang from the rope at all. Therefore,

T =mgsin0°=0.
With 6 =90°, the climber is against a vertical wall and all the climber’s weight is hanging from the rope.

Therefore, T = mgsin90° = mg.
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84.

85.

86.

87.

D F,=N-W=0

ZFX =1 = mag,
N=W =mg
Js = usN
Hsmg = Mdcy,
a
Hs ==
g
7
rg
2
i (19 m)
(2.1m)(9.81 mz)
S
[0
Top block:
D Fy =N, -W, =0
Ny =Wy =mg
ZFx =fm =ma
Jm = 4Ny, = ptsmg
Bottom block:

D Fy =Ny —Wy =W, =0
NM :WM +Wm =(M+m)g
ZFx:F_fm_fM =0

F=fu+fu=umg+uM+m)g=|pugm+M)

From Problem 37,
a= mg

my +my + my
and so

my; +m,)m
T, =T +mya = T mIME

my +my + my

am = the mass of the rope on the table
bm = the mass of the rope hanging
am+bm=m

at+b=1

The force pulling the hanging section of the rope is its weight, W = Smg.

Physics: An Introduction

The force of static friction acting on the section of rope on the table must be at least as great as Wy to prevent the

rope from slipping.
Js = usN

= Hamg
psomg = fmg
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B = y,a = the hanging fraction of rope
B =us(1-p)

=Hs — /usﬂ
B+ pg) =

I
B= s
1+ 415

Chapter 6: Applications of Newton’s Laws

88. At one end of the string, T'= Mg; at the other end, T = F,,. And if M remains at rest, the motion of m is circular

and F,, = Fg,.
Mg = F,
=mag,

2
\%
=m—
r

2
my

M=
rg

89. D F,=N-W-Fsin0=0
ZFX:FCOSH—fS:ma
Js = HsN = ps(mg + F sin0)
(@) 0=Fcosf- f,

=Fcos@— usmg— yFsin@
= F(cos0 — p, sin @) — pmg

Hsmg

F=| —————
cos@ — u sin @

(b) Set cos@— ugsinf >0 to determine the limit of .

cos@ — p;sind >0
Mg sinf < cosd
cosd 1

S “sind tand

1
If u, = , F=w
Hs an 0
If ug > ! , F<0.
. 2
25mi | {1609 m ( lh )
v? [( h )( mi )36005} 2
90. (a) acp=7= b m =|10 m/s
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(b) Taking T as the chain tension,
T'sinf = may,

T cos@ =mg
a
tan@ = —2
g
a
0 =tan™! {ﬂJ
g
104 2
=tan”! S
9.81 &
S

-]

Physics: An Introduction

(¢) [The angle corresponds to a ratio of vertical to horizontal force. Both of those forces are proportional to m, so

that m drops out of the ratio|

91. The x-axis is along the motion of the conveyor belt.

D F,=N-W=0

N=mg
ZFx = fx =ma
N
m m 82

@@ v=ar=1252

S
y l2sm G
=—= =|0.163 s
a 76513
S
(b) yeta2 =L 765 @ (0.163 5)> =0.102 m
2 2 §2

The box has moved |0.102 m|.

92. The x-axis is along the direction of motion.

D F,=N-W=0

N=mg
ZFX:F—fk:ma
F—ymg=ma
F=75N
F, =81N

m
a; =0.50 —

SZ
a, =075 =

S

There are two equations and two unknowns.

Subtract I from II.
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F,—-F =m(ay —ay)

L B-F __ BINSN 7]

a-a 075 12-050 1

tymg = Fy —may
K & 75N

K =———

mg g (24kg)(9.81 mz) 9.81
S

B

0.50

()

w
Il
<
)
2

mN‘E
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