DYNAMICS II: MOTION IN A PLANE

Conceptual Questions

8.1. For an object in uniform circular motion the speed is constant (that’s what uniform means), the angular velocity
is constant, and the magnitude of the net force is constant. The velocity and centripetal acceleration are both vectors
whose magnitude is constant but whose direction changes.

8.2. The free-body diagram (a) is correct. The forces acting on the car at the bottom of the hill are the downward
gravitational force and an upward normal force. The car can be considered to be in circular motion about a point
above the bottom center of the valley, which requires a net force toward the center of the circle. In this case, the
circle center is above the car, so the normal force is greater than the gravitational force.

83. T>T=T,>T, Use T-"™ Fora), T.= ™ For (b), Tb=_”’°=lr_ For (c), . TC=(_2”’)"2=27;,.
¢ e r a r 2r 238 r
2m)\2
For (d), 7&:%=7;.

8.4. The tension in the vine at the lowest part of Tarzan’s swing is greater than the gravitational force on Tarzan. If
Tarzan is at rest on the vine, just hanging, the tension in the vine is equal to the gravitational force on Tarzan. But
when Tarzan is swinging he is in circular motion, with the center of the circle at the top end of the vine, and the vine
must provide the additional centripetal force necessary to move him in a circle.

8.5. (a) The difference in the tension between A and B is due to the centripetal force (F, ) =ﬁ, Since the
r

velocity v is the same for both, the greater radius for B means that the tension in case A is greater than for case B.
(b) In this case, we use (F,),q = mw?r. The angular velocity wis the same for both A and B, so the larger radius for

B means that the tension is case A is less than the tension for case B.

8.6. Neither Sally nor Raymond is completely correct. Both have partially correct descriptions, but are missing key
points. In order to speed up, there must be a nonzero acceleration parallel to the track. In order to move in a circle,
there must be a nonzero centripetal acceleration. Since both of these are required, the net force points somewhere
between the forward direction (parallel to the track) and the center of the circle.

8.7. (a) The plane is in dynamic equilibrium, so the net force on the plane is zero.
(b) The vertical forces cancel, and so do the horizontal forces, so the net force is zero. The plane is traveling in the
positive x direction.
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A Lift

Drag Thrust
— P — X

¥y Gravity

(c) As seen from behind, with the velocity and positive x direction into the page.

Lift

y Gravity

(d) The net force must be toward the center of the circle during a turn at constant speed and altitude. Note that
the radial component of the lift force provides the centripetal force while the vertical component balances the
gravitational force. The velocity is into the page.

8.8. Yes, the bug is weightless because it, like the projectile it is riding in, is in free fall around the planet.
8.9. When the gravitational force on the ball is greater than the required centripetal force ——, the ball is no longer
r
in circular motion. As the figure shows, at the top of the circle the net force on the ball is (F, )= Fg + T=—-.
r
When the string goes slack, T=0, leaving F; =——. If the velocity is not high enough to make this equality true,
r

the equation above becomes an inequality, Fg >——, and the ball begins to fall downward since the net force
r

downward is greater than the centripetal force required for circular motion.

8.10.

The golfer is swinging the club in circular motion. The club is speeding up as it swings. This motion requires a linear
acceleration in the direction of motion of the club to speed it up and a centripetal acceleration to maintain circular motion.
The vector sum yields a total acceleration pointing approximately toward the golfer’s feet (c), as shown in the figure.
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Dynamics II: Motion in a Plane 8-3

Exercises and Problems

Section 8.1 Dynamics in Two Dimensions

8.1. Model: The model rocket and the target will be treated as particles. The kinematics equations in two
dimensions apply.
Visualize:

Pictorial representation

y

Known
Xors Yot for X Yirs hit Yor=YiT=30m
o o) G XiRs YiR: TR hr=tr lor=1r=0
0T/x 1T/x (VIR).\” (VIR),\‘ ToR =VoR = 0
1 N YIR=30m
aRr
Fr=150N m=0.8kg
% (or)x = (Vi) = 15 m/s
0 x ,
. Find
XoR> YoRs l0R
(Vor)» (VoR)y T
ar=0
VT @ L g @
Target
dg
Rocket
VR

Solve: For the rocket, Newton’s second law along the y-direction is

(Fna)y=FR_ny=nnR
1

15N - (0.8 kg)(9. 2\]= 2
O.8kg[5 (0.8kg)(9.8 ms°)]=895mk

1
=>aR=r_n(FR_nﬂg)=

Using the kinematic equation yp = yor + (Vr ),/ (bR - kR )+lZaR (tr - tr ¥,
30m=0m+0m+}(895m&”)(tg - 05)° = tg = 2589s
For the target (noting ty = tg ),
X1 = Xor + (o )x(&7 — o)+ S ar (47 - r)* = Om+ (15m&)(2.589s-05)+ Om=39m

You should launch when the target is 39 m away.
Assess: The rocket is to be fired when the target is at xy. For a net acceleration of approximately 9 m/&?Z in the

vertical direction and a time of 2.6 s to cover a vertical distance of 30 m, a horizontal distance of 39 m is reasonable.

8.2. Model: The model rocket will be treated as a particle. Kinematic equations in two dimensions apply.
Air resistance is neglected.
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Visualize:
Pictorial representation

X1V

Dy (vl)".

/ Known
: Xo=Yo=1=0
/ o)y = (v, =3.0m/s
& (FR)y=8.0N  (vp),=0m/s
% m=0.5kg
e Yo=0
5 y1=20m

% ‘ Find

X0 Yo: lo g
o)y (Vo)y & ____ - - X
X

The horizontal velocity of the rocket is equal to the speed of the car, which is 3.0 m/s.
Solve: For the rocket, Newton’s second law along the y-direction is:

1
(Fret)y = Fr - Mg =gz = a,= m[(aON)- (05kg)9.8mk?)] = 6.2 mk?

Thus using ¥ = o+ (), (8 - o)+ 33, (6 - b,
(20m)=0m+0m+}1(62m&%) (g - 05 = (20m)= BTME)E = § = 2545
Since ¢ is also the time for the rocket to move horizontally up to the hoop,
X = X0+ (0)x(ti -~ )+ 2 a6 - §)° =0m+ (30mA)2545-05)+0m=7.6m
Assess: In view of the rocket’s horizontal speed of 3.0 m/s and its vertical thrust of 8.0 N, the above-obtained value
for the horizontal distance is reasonable.

8.3. Model: The asteroid and the giant rocket will be treated as particles undergoing motion according to the

constant-acceleration equations of kinematics.

Visualize:
Pictorial representation
Known
y Rocket
Xp=0 yy=4.0x100km
h=0 vy, =0
Rocket F,r =50x 109N
3 Asteroid
Asteroid
X=0 yy=4.0x100km
p=0 o, =0
voy = 20 km/s
; m=4.0x1010kg
/ Radius of the earth = 6400 km
] « Find
H 0

Farth
Solve: (a) The time it will take the asteroid to reach the earth is
displacement  4.0x 10° km
et - 20x10°s=56h
velocity 20kms
(b) The angle of a line that just misses the earth is
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Dynamics II: Motion in a Plane 8-5

wno =R ot )[R ) [ HOKM ) _ 002
Y0 Yo 40x10P km
(c) When the rocket is fired, the horizontal acceleration of the asteroid is
501N _ 15 2

X~ 40x10° kg
(Note that the mass of the rocket is much smaller than the mass of the asteroid and can therefore be ignored
completely.) The velocity of the asteroid after the rocket has been fired for 300 s is

Vi = Vo + ay(t- 1) = OmA+ (0.125 m&?)(300s- 0's) = 37.5mk
After 300 s, the vertical velocity is vy = 2x 10% ms& and the horizontal velocity is v, = 37.5ms. The deflection due

to this horizontal velocity is

tand = X = 6 - tar? 1(M)=().107°
vy 2x10% mé

That is, the earth is saved.

Section 8.2 Uniform Circular Motion

8.4. Model: We are using the particle model for the car in uniform circular motion on a flat circular track. There
must be friction between the tires and the road for the car to move in a circle.
Visualize:

Pictorial representation

na Known
m = 1500 kg
F r =100 m
& v =25m/s
Find
= F,
Fg \ / f

Solve: The centripetal acceleration is

1% (25m/s)2 2
= =="" _62
ar - 1 6.25mk

The acceleration points to the center of the circle, so the net force is
F. = ma = (1500 kg)(6.25 m/?, toward center)
= (9380 N, toward center) = (9400 N, toward center)
This force is provided by static friction

f,= F, = 94kN
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8-6 Chapter 8

8.5. Model: We will use the particle model for the car which is in uniform circular motion.
Visualize:

Pictorial representation

Known 7
m = 1500 kg R
r=50m fs
v=15m/s — 1
Find .
f Fg

vV (15mék

oV _OSMAF s k2
r 50m

The acceleration is due to the force of static friction. The force of friction is f. = ma, = (1500 kg)(4.5 m/52)=

6750N = 68kN.
Assess: The model of static friction is ( £), = Nus = MYus =~ Mg~15000N since g ~1 for a dry road surface.

We see that £, < (), Which is reasonable.

8.6. Model: Treat the block as a particle attached to a massless string that is swinging in a circle on a frictionless
table.
Visualize:

Pictorial representation

Known

m = 0.20 kg
r=0.50m
® =75 rpm

=l

Find

Solve: (a) The angular velocity and speed are

0=75" 2™ _ 421 5 radfrin v = 1o = (0.50 m)(471. 2rad i) x M1 _ 393 ms
min ev &0s

The tangential velocity is 3.9 m/s.
(b) The radial component of Newton’s second law is

SF-T-T
r
Thus
2
(393 mk) _62N

T=(020k
C0ka=re
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Dynamics II: Motion in a Plane 8-7

8.7. Solve: Newton’s second law is F. = ma, = nro?. Substituting into this equation yields:
r r

F 82x10 8N

mr \(91x10 3 kg)(5.3x 10 "' m)

016%x ! re;’d _ 66105 revks

w =

= 437x10'° radk = 4.37x1

Assess: This is a very high number of revolutions per second.
8.8. Model: The vehicle is to be treated as a particle in uniform circular motion.
Visualize:

Pictorial representation

Known
r=500 m
v =90 km/h

Find

On a banked road, the normal force on a vehicle has a horizontal component that provides the necessary centripetal
acceleration. The vertical component of the normal force balances the gravitational force.
Solve: From the physical representation of the forces in the -z plane, Newton’s second law can be written

L mA
>F,=nsno == > F, = ncost — mg=0=> ncosH = ng
Dividing the two equations and making the conversion 90 kmh = 25 m yields:

Assess: Such a banking angle for a speed of approximately 55 mph is clearly reasonable and within our experience as well.

8.9. Model: The motion of the moon around the earth will be treated through the particle model. The circular
motion is uniform.
Visualize:
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Pictorial representation

Known

r=3.84X105m
Cable ;=736 X 10 kg

T, =27.3 days

moon

Find
T

Solve: The tension in the cable provides the centripetal acceleration. Newton’s second law is
2
2
SF=T=nmro?=nr| =
Tr'r‘oon
2

_ (7.36x 107 kg)(3:84x 10P m)| -2, 19 1h]=201x1020N

x x
27.3days 24h 3600s

Assess: This is a tremendous tension, but clearly understandable in view of the moon’s large mass and the large
radius of circular motion around the earth. This is the same answer we’ll get later with Newton’s law of universal
gravitation.

8.10. Model: Model the person as a particle in uniform circular motion.
Visualize:

Pictorial representation

]

Known
r=500 m
a, = 9.8 m/s?

Find
T

Solve: The only force acting on the passengers is the normal force of the wall. Newton’s second law along the
r-axis is:
SF, = n=nre?

To create “normal” gravity, the normal force by the inside surface of the space station equals mg. Therefore,

ng=rm02=>w=%= %=’T=2ﬂ é=27r ,%=455

Assess: This is a fast rotation. The tangential speed is

2rr 2w (500m)
S S =1
v T s 0 mAs =140 mph

Section 8.3 Circular Orbits

8.11. Model: The satellite is considered to be a particle in uniform circular motion around the moon.
Visualize:

© 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.



Dynamics II: Motion in a Plane 8-9

Known
Tsatellite = "moon

=1.738 X 10°m _
T =110 min — Satellite
Find
8moon

Solve: The radius of the moon is 1.738x 10° m and the satellite’s distance from the center of the moon is the same
quantity. The angular velocity of the satellite is

_2r_ 2rrad 1min_ g o5 104 rads
T 110min @&0s
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and the centripetal acceleration is
a, = ro® = (1.738x 10° m)(9.52x 10~* radk)? = 1.58 m&>
The acceleration of a body in orbit is the local “g” experienced by that body.

8.12. Model: The earth is considered to be a particle in uniform circular motion around the sun.

Solve: The earth orbits the sun in 365 days and is 1.5x 10'" m from the sun. The angular velocity and centripetal
acceleration are

,. 2trd 1day 1h
~ 365days 24h~ 3600s
a, = g=rw’=(1.5x10" m)(20x 1077 radk)? = 6.0x10°3 m&?

Assess: The smallness of this acceleration due to gravity is essentially due to the large earth-sun distance.

= 20x 107 radk

Section 8.4 Fictitious Forces

8.13. Model: Use the particle model for the car which is undergoing circular motion.
Visualize:

Pictorial representation

v 5>
Known
r r=50m L
Find .
v Fg

max

Solve: The car is in circular motion with the center of the circle below the car. Newton’s second law at the top of the
hill is
ITA/Z n
S>F=(Fg),-n=mg-n= My =—— =>v2=r(g—r—n)
Maximum speed is reached when n= 0 and the car is beginning to lose contact with the road.

Viex = /79 =/ (S0M)(9.8 mMA&?) = 22 ms

Assess: A speed of 22 m/s is equivalent to 49 mph, which seems like a reasonable value.

8.14. Model: The passengers are particles in circular motion.
Visualize:

Pictorial representation

Solve: The center of the circle of motion of the passengers is directly above them. There must be a net force pointing up
that provides the needed centripetal acceleration. The normal force on the passengers is their weight. Ordinarily their
weight is Fg,so if their weight increases by 50%, n=1.5Fg. Newton’s second law at the bottom of the dip is

SF=n-Fg=(1.5-1)F =0.5ny=#

= v=/05gr = /0.59.8m&2)(30 m) = 12mk
Assess: A speed of 12.1 m/s is 27 mph, which seems very reasonable.
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8.15. Model: Model the roller coaster car as a particle at the top of a circular loop-the-loop undergoing uniform
circular motion.
Visualize:

Pictorial representation

Known
v=2v,
1
Find o
n/Fg Fg

Forces on car at the top

Notice that the r-axis points downward, toward the center of the circle.

Solve: The critical speed occurs when n goes to zero and Fg provides all the centripetal force pulling the car in the

vertical circle. At the critical speed g = mvg/r, therefore v = /rg.Since the car’s speed is twice the critical speed,
V; = 2v.and the centripetal force is

EFr=n+ FG =¢=M+@=@=4rrg

Thus the normal force is n= 3 mg. Consequently, nfg = 3.

8.16. Model: Model the roller coaster car as a particle undergoing uniform circular motion along a loop.
Visualize:

Pictorial representation

Known
n=Fg=mg !
r=20m .
n F
Find G

Notice that the r-axis points downward, toward the center of the circle.
Solve: In this problem the normal force is equal to the gravitational force: n= Fg = ng. We have

SF =n+Fg =#= mg+ mg= v=/2rg = /220 m)(9.8 mA?) = 19.8 Mk~ 20 &
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8.17. Model: Model the bucket of water as a particle in uniform circular motion.
Visualize:

Known
r=1.0m

Find
Critical velocity ~ 1-0m
wC

Forces on water

Solve: Let us say the distance from the bucket handle to the top of the water in the bucket is 35 cm. This makes the
shoulder to water distance 65cm+ 35cm=1.00 m. The minimum angular velocity for swinging a bucket of water in
a vertical circle without spilling any water corresponds to the case when the speed of the bucket is critical. In this
case, n=0N when the bucket is in the top position of the circular motion. We get

S>F =n+F5 =0N+nmg=—5=nrwf

(9.8m/s,2 Trev  60s
=>(Uc=\/a'= m=313rw/s= 313mx&mxm=3om

2
mv 2
p

8.18. Model: Use the particle model for yourself while in uniform circular motion.
Visualize:
Pictorial representation

Top Bottom
Known "
r=15m .
T=25s 1"
Find "
v a, t ——1
_n_
F, - -
¢ Fg Yrg
Vertical circular motion of the r
Ferris wheel
Solve: (a) The speed and acceleration are
2nr 2x(15m vV (R77 mk)
v 2 _Z05M) a7 5 L BTTMA (95 me?
T 25s r 15m

So the speed is 3.8 m/s and the centripetal acceleration is (0,95 m/&®.
(b) The weight w=m the normal force. On the ground, your weight is the same as the gravitational force Fj.

Newton’s second law at the top is

m/

EFr=FG_n=nEr=T

2
—n- W=n{g—$)=”{9.8m2—(37175—r;/é) - m(8.85m&?)
2
:>_W=m=090
Fs  98mk
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(c) Newton’s second law at the bottom is

25:n—%=n@=77

2
== W=”{g+f)=”{9.8m,s~2+m — (1075m&2)m
r 15m
w  1075mA&°
_ W _10PmE
o 98mé

Section 8.5 Nonuniform Circular Motion

8.19. Model: Use the particle model for the car, which is undergoing nonuniform circular motion.
Visualize:

Known

d=200m
a,=1.5m/s?

;=0

Find

At when a,= 1.5 m/s’

Solve: The car is in circular motion with radius r= 321 =100 m We require

-012s™!

2 2
ar —0’r=1.5m’= o= \/LSII"NS B J11?I)mr‘/:

The definition of the angular velocity can be used to determine the time Atusing the angular acceleration

_ﬁ_1.5m/é2_ 2 2
o= = 00m =1.5x10“ s7=.

w =wj +alAt

- 0122s'-0s’

= At= >
a 0015s

=82s

8.20. Model: The train is a particle undergoing nonuniform circular motion.
Visualize:

Pictorial representation

Known
d=1.0m=r=0.50m
ur=0.10

;=30rpm

w¢=0rpm

Find
a, At

Solve: (a) Newton’s second law in the vertical direction is
(Fnet)y= n-F; =0
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from which n= ng. The rolling friction is f = ug N= ug Mg. This force provides the tangential acceleration

f
a,=-—=R

m - HR g
The angular acceleration is

2

g2l ~HRY_ -(0.10)(9.8 Mk )= _1.96 rad/&?
r r 050m

The magnitude is 2.0rad/?.

(b) The initial angular velocity is 30( %) ( gom;:C) ( Ztervad)
rolling friction is

= 3.14rad/ The time to come to a stop due to the

Apo L _ 0-3.14radb

= >=16s
a -1.9%radk
Assess: The original angular speed of & rad/ means the train goes around the track one time every 2 seconds, so a
stopping time of less than 2 s is reasonable.
Problems

8.21. Model: The object is treated as a particle in the model of kinetic friction with its motion governed by
constant-acceleration kinematics.
Visualize:

Pictorial representation
y

\7
X1, Y1, 0 Known /
Xovolo [— VLo Viy X=1=0 yy=y;=10m 7
Voxs VO'\' ¥ X = 20m VO)' = VI)' =0
w.=050  m=0.100 kg .
\ %=230m  y,=0 J .
\\ _ = —H
i Vox=Vix
y
‘: Find
‘70)( -
X Y F
0 X2, Y2, by G
20 Vay

Solve: The velocity ,as the object sails off the edge is related to the initial velocity v,by \42)( = "6)( +2a,(% - x)-
Using Newton’s second law to determine g,while sliding gives

SFy=-fk=may=3F,=n-mg=0N=n=nyg
Using this result and the model of kinetic friction (£ = wn), the x-component equation can be written as
- mg = ma,. This implies

a, = -1 g=—(050)(9.8 mk?) = ~49 mk®

Kinematic equations for the object’s free fall can be used to determine

Yo= K+ My(to- )+ 3(-9)t - q)2:>0m=1.0m+0m—%(t2— t)°= (- §)=04518s

X=X+ V,(6-)=230m=20m+y,(04518s)= 4, = 0.664mAk
Having determined y,and a,,we can go back to the velocity equation \42)( = "éx +2a,(4 - X )

(0664 m&)? = VB, + 2(-49mA%)(20m) = 1, = 45mb
Assess: \p, = 45ms is about 10 mph and is a reasonable speed.
Ox
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8.22. Model: Treat the motorcycle and rider as a particle.
Visualize: This is a two-part problem. Use an s-axis parallel to the slope for the first part, regular xy-coordinates for
the second. The motorcycle’s final velocity at the top of the ramp is its initial velocity as it becomes airborne.

Pictorial representation

y Known

so=0  vy=11.0m/s
0=20° u,=0.02

51 =2.0m/sin §=5.85m
x=0 y;=20m =0
»2=0 ay=—¢

N
X »n
\\ Voxs \72),

Find

X Xy

SosVos Lo

10 m

Solve: The motorcycle’s acceleration on the ramp is given by Newton’s second law:

(Fret)s = = fr = MIN20° = —u,n— mesin20® = —u, mgeos2Q° - mesin2Q° = mag

ap = - 9(u,00820° + SiN20P) = — (9.8 MA2)((0.02)c0s20 + Si20P) = —3.536 my&?
The length of the ramp is § = (20m)Ain 20° = 5.85m. We can use kinematics to find its speed at the top of the
ramp:

¥ =16+ 2a(5 - %)= 6 + 208
= 1 =/(11.0m&) + 2( - 3.536MA2)(5.85m) = 892 M

This is the motorcycle’s initial speed into the air, with velocity components \, = ycos20° = 8.38ms and

My = ¥sin20® = 3.05ms. We can use the y-equation of projectile motion to find the time in the air:

Yo=0m= i+ b+3a,6 =20m+ (305 mA)t, - (490 mk?)E
This quadratic equation has roots ¢, = -0.399 s (unphysical) and ¢, =1.021s. The x-equation of motion is thus
X=X+ Vb =0m+(838mA)t =856m
856 m<10.0m, so it looks like crocodile food.

8.23. Model: Treat Sam as a particle.
Visualize: This is a two-part problem. Use an s-axis parallel to the slope for the first part, regular xy-coordinates for
the second. Sam’s final velocity at the top of the slope is his initial velocity as he becomes airborne.
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Pictorial representation

V| /

Y e U g
X Yi AN
Vie Viy h X2,V
4 a

Known

m=75kg 6=10°
So=vp=0

51 =50 m/sin § =288 m
x=0 y;=50m =0

y,=0 F=200N
S0 Vo» o

Find
X
y
: ) .
r
/ o
Fg
Solve: Sam’s acceleration up the slope is given by Newton’s second law:
(Fret)s = F = mgsin1® = g
F . 200N 2 2
=—-9sn10° =——- (9.8 mA“)sin10’ = 0965 mAs
do="-9 75kg ( )

The length of the slope is 5 = (50 m)/sin10° = 288 m. His velocity at the top of the slope is

W = 8 + 23(5 - %) = 2205 = 4 = |/2(0.965 m4?)(288 m) = 236 més
This is Sam’s initial speed into the air, giving him velocity components ¥, =ycos10®=232msk and

My = ¥sin10° = 410 ms. This is not projectile motion because Sam experiences both the force of gravity and the

thrust of his skis. Newton’s second law for Sam’s acceleration is

(Fnet)x (2CDN)COS1OO 2
_ _ -2
Hx m 75kg oms
_ (Fe)y _ (200N)sin10° - (75kg)(OB0MA®) _ g2y 2
| Aa— 75kg

The y-equation of motion allows us to find out how long it takes Sam to reach the ground:
Yo=0m= Y+ vl + Say,t°= 50m+ (410 )L, - (467 m&”)5"
This quadratic equation has roots t=-286s (unphysical) and t=374s The x-equation of motion—this time

with an acceleration—is
Xo= X+ Viyh + 3 a5 = 0m+ (232mA)t - 1 (263mk)E5 = 105m
Sam lands 105 m from the base of the cliff.

8.24. Visualize:

Pictorial representation

vV y
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Dynamics II: Motion in a Plane 8-17

Solve: From Chapter 6 the drag on a projectile is D = (% AV, direction opposite to mOﬁon), where A is the cross-

sectional area. Using the free-body diagram above, apply Newton’s second law to each direction.
In the x-direction,

_(Fu)y _, Doost) _, 3 AV cos0

a
*om n m
o _Feady , Dsino-Fg _, 3AVsn0
Yy
m m m

Since v= ,/vzx + \/)2,, v, = veosh, and vy, = vsing, we can rewrite these as

AV, [V + V2
a,=2 A(voos())v=2 x\y Yx T Vy

4m 4m
a., =2 M_ = g_Avy—M
4 4m 4m

8.25. Model: Use the particle model and the constant-acceleration equations of kinematics for the rocket.
Solve: (a) The acceleration of the rocket in the launch direction is obtained from Newton’s second law F = ma:

140,700 N = (5000 kg)a=> a= 2814 mk&°
Therefore, a, = acos44.7° = 20.0 m/&2 and a, = asin44.7° = 19.8 m&2. The net acceleration in the y-direction is thus
(anet)y = a,— 9= (19.8-98) m&” =100 m&?
With this acceleration, we can write the equations for the x- and y-motions of the rocket.
Y= Yo+ Wy (t- 1)+ 1 (@) (t- 10)* = Om+ Om+ 1 (100 m&?) ¢ = (5,00 m&?) £
X=X+ Yor (= 1) + 3 (@ner)x(t- 5)° = Om+ Om+ (200 mA&) ¢ = (100 m&*)¢?
From these two equations,
x_ (100m&°)F
¥y (G0omE)E
The equation that describes the rocket’s trajectory is y= 12)(
(b) It is a straight line with a slope of %
(c) In general,
= Yoy + (@) (6 - ) = 0+ (10.0m&?)g
= Yo + (@nee)x(t ~ ) = O+ (00mA&?)g
v=(100m&)? + (00m&?)*E = (2236 m&?)S
The time required to reach the speed of sound is calculated as follows:
330mk= (2236 m&2)t = t = 1476
We can now obtain the elevation of the rocket. From the y-equation,

y=(500m&?)# = (500 m&2)(1476 5)° = 1090 m

Vy
VX

8.26. Model: The hockey puck will be treated as a particle whose motion is determined by constant-acceleration
kinematic equations. We break this problem in two parts, the first pertaining to motion on the table and the second to
free fall.
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8-18 Chapter 8

Visualize:

Pictorial representation

Known
X0, Yo: 1o Gy X4 m=10kg F,=2.0N
Vow Yoy Vie Viy Xo=Yyo=1to=0
______________ e Vox = Voy=0
—— 7 ~ a, yi=20m x =40m
Y ajy=-9.8 m/s?
a \‘\
‘\‘ Find
=
X
0 X2, ¥2. 1n
Vaxs V2y
Solve: Newton’s second law is:
F, 20N
Fo= ey, = ay=—% === _ 20m&?
m 1.0kg

The kinematic equation \,%( = \/8X +23a,(x - xp)yields:

V= 0m2A% + 220 ma&2)(40m) = v, = 40msk
Let us now find the time of free fall (¢, - ¢):

Yo= Y+ V(- t)+Sa, (- §)°

= 0m=20m+0m+5(-98mA&°)(& - §)* = (&, - §)= 0639s
Having obtained y,and (& - ¢), we can now find (x, - x;) as follows:

X = X+ Vix(b - )+ 3a,(t - §)°

= X - % = (40mA&)(0.6395) + 1 (20mA?)(0.6395)° =30m

Assess: For a modest horizontal thrust of 2.0 N, a landing distance of 3.0 m is reasonable.

8.27. Model: The model rocket is treated as a particle and its motion is determined by constant-acceleration
kinematic equations.

Visualize:

v Pictorial representation

X0 Vos &
(f . 07 0 Known
Voxs Yoy
LT X=0  yy=40m
1p=0
Vo= 0.5 m/s
Yoy = 0
F.=20N
ay= -8

Find

X, trajectory equation
XYl
Vi Vl,\'

0 Mr >

Solve: As the rocket is accidentally bumped v, = 0.5 m&and v, y = 0 ms. On the other hand, when the engine is fired

F, 20N

P M = G500kg

= 40 mk?
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Dynamics II: Motion in a Plane 8-19

(@) Using = y+ Vo, (6 - &) + 32, (§ - ©)°,
Om=40m+0m+1(-98m&%)f = = 2857
The distance from the base of the wall is

X = X0+ Vox (6 — o) + 3 a,(§ - 1))* = Om+ (05 mA)(2.8575) + (40 m&”)(2857 5)° = 165 m

(b) The x- and y-equations are
Y= Yo+ Wy (t- )+ 1a,(t- ©)* = 40- 49¢
X=X+ Wor (- o) + 3 a,(t- 15)* = 0.5t + 2062

Except for a brief interval near ¢=Q, 202 (O5tThus x~ ZOtZ, or 2 = x/20. Substituting this into the y-equation gives
y=40-0245x

This is the equation of a straight line, so the rocket follows a linear trajectory to the ground.

8.28. Model: Model the plane as a particle with constant ,and constant a,.
Visualize: The plane is taking off toward the northwest as we can see by plotting the x- ydata.
Position at various times

120 A
100 e
80

60 - *

North (m)

40 4 .

20 A

L]
0 T T T T k-

T
0 20 40 60 80 100
East (m)

But we analyze the data in each direction separately and then apply a= |a| = ,[a)z( + af,.

Solve: In each direction we apply the kinematic equation §(t)= g+ (v)st+ %astz, With v = O we can graph s vs.

t?and expect to get a straight line whose slope is 1 as and whose intercept is &,

2
xvs. 12 yvs. t?
y=—2.9017x + 89.43, R> = 0.9934 y=3.9961x + 0.868, R? = 0.9986

100 120 ~
90 4

80 - 100
70

80

g 604 B

= 50+ = 60 A
40

204 ¢ 40

20 20 -
10

O T T T T T T O T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time squared (s%) Time squared (s2)

From the xvs. £ graph we see that lgax --290m&° = a, = -5.8m&%.
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8-20 Chapter 8

From the yvs. t?graph we see that lzay - 400mA&° = a,=80 ms&2.

a=|a= a2+ a2 = /(-5.8m&?)% + BOMA?)? = 99mk?

Assess: The intercepts of the best-fit lines are close to what the data table has.

8.29. Model: Assume the particle model for the satellite in circular motion.
Visualize:

Pictorial representation

Known

r=3.58 X 10"m + 6.37 X 10°m
o =422 X 10'm

Satellite Find

T and g

Earth

To be in a geosynchronous orbit means rotating at the same rate as the earth, which is 24 hours for one complete rotation.
Because the altitude of the satellite is 3.58x 107 m, r = 3.58x 10" m, r, = 3.58x 10’ m+ 6.37x10° m=422x 10’ m
Solve: (a) The period (7) of the satellite is 24.0 hours.

(b) The acceleration due to gravity is

& b
240hr 3600s

(c) There is no normal force on a satellite, so the weight is zero. It is in free fall.

2 2
g- a,=rw2=r(%) =(4.22x107m)( ) _ 0223 mk?

8.30. Model: Treat the man as a particle. The man at the equator undergoes uniform circular motion as the earth
rotates.
Visualize:

Pictorial representation

y z

Tip
Known
m=75kg P r <
T=24hr = =

s ng

r=6.37 X 10°m = G

Fg
Find
np and g Pole Equator

Solve: The scale reads the man’s weight Fg = n, the force of the scale pushing up against his feet. At the north pole,
where the man is in static equilibrium,

=Fg =nmg=735N
At the equator, there must be a net force toward the center of the earth to keep the man moving in a circle. The r-axis

points toward the center, so

SF=F-n =n*w2r=>nE =n*g—nw2r=rb—mu2r
The equator scale reads less than the north pole scale by the amount mp2r, The man’s angular velocity is that of the
equator, or
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- =7.27x107
A hoursx 36005 Ty ~ 2 <107 rads

w

2 2r rad
-
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8-22 Chapter 8

Thus the north pole scale reads more than the equator scale by
Aw= (75kg)(7.27x 107 radk)?(6.37x10° m)= 25N
Assess: The man at the equator appears to have lost Am= Aw/g~ 0.25kg, or the equivalent of ~12 Ib.

8.31. Model: Model the ball as a particle which is in a vertical circular motion.
Visualize:

Pictorial representation

Known

m =0.500 kg
r=15m
T=15N

Ny

Find Fg
v

Solve: At the bottom of the circle,

mA 2, (Q500kgV*
SFp=T~Fo == (I5N)- (0500kg)(@8ma?) = = e H% = v=55ms

8.32. Model: We will use the particle model for the car, which is undergoing uniform circular motion on a banked
highway, and the model of static friction.
Visualize:

Pictorial representation

-
Z

Known
r=70m
0=15° 0
m = 1500 kg \
me=1.0 Fg

Forces on car in r-z plane

Find

v

Note that we need to use the coefficient of static friction yg, which is 1.0 for rubber on concrete.

Solve: Newton’s second law for the car is
. mA _
> F, = f;cos + nsin = > F,=ncosh - f;sinf - F; =0N

Maximum speed is when the static friction force reaches its maximum value ( £), = usn. Then

n(ugcos15° +sin15°) = # n(cos15° - ugsin15°) = ng
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Dynamics II: Motion in a Plane 8-23

Dividing these two equations and simplifying, we get
us + tan15° _ﬁ:v_ g_ys+tzn15°
1-usen1s  gr 1- ustan15°

) 2 (1.0+0.268)
- \/(9.80m,s X70m) =gy = 34me

Assess: The above value of 34 m&~ 70 mphis reasonable.

8.33. Model: Use the particle model for the rock, which is undergoing uniform circular motion.
Visualize: L is the hypotenuse of the right triangle. The radius of the circular motion is r= [cosé .

Pictorial representation

]

Known
m=500g =
r = (1.0 m) cos 10° T
0 =10°
0 r
Find
P Radius of circle
Fq
Solve:
(a) Apply Newton’s second law in the zand r-directions.
SF,=Tsng-nmg=0=T="9
sinf

S F,=TcosH = mw’r = mo?(Lcos®)= T = mw°L
Set the two expressions for T"equal to each other and solve for .

,ﬁ=muzL=>w= g
sing Lsing

(b) Insert [ =1.0mand 6 =10°.

g | 98m& ( 1rev \( 60s)
‘”'\)Lsinﬁ‘\f(1.0m)gn10°’7'51rad’sk2madJk1mn)‘72m

Assess: Notice that the mass canceled out of the equation so the 500 g was unnecessary information. In other words,
the answer, 72 rpm, would be the same regardless of the mass.
The dependencies of won g, L, and @ seem to be in the right directions.

8.34. Model: Use the particle model and static friction model for the coin, which is undergoing circular motion.

Visualize:
Pictorial representation

Top view of the turntable

L
Known h
wy=0 1=0
m=50g & .
r=15cm /s
e =0.80 py =050 L 4 > r
| =60 rpm
Find el 4
wmux
~
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Solve: The force of static friction is £, = usn= u mg. This force is equivalent to the maximum centripetal force that
can be applied without sliding. That is,

2 2
e - iy e - [0 [OEOBMED)
HT9 = r = MW ) = Opg = PR 015m =723

rad Trev &0s
=7.23?X2J_Eraj>(m=

69 om
So, the coin will stay still on the turntable.
Assess: A rotational speed of approximately 1 rev per second for the coin to stay stationary seems reasonable.

8.35. Model: Use the particle model for the car, which is in uniform circular motion.
Visualize:

Pictorial representation

~n

Known

o AT
S
r=2.50m + (6.0 m) sin 20° 1
=4.55m X
1
Fid = 000 e - ————— P
v
Fg

Solve: Newton’s second law is

ZFr=Tsin20°=n'a,=# S F,=Tcos20° - Fg =O N

These equations can be written as
. m/
Tsin20® =—— Tcos20 = ng
r

Dividing these two equations gives

N 20° = VV/rg= v=[rgn20° = /(455 m)(9.8 m&2)tan 20° = 403 Mk~ 4msk

8.36. Use the particle model for the ball, which is undergoing uniform circular motion.

Visualize: We are given L, r, and m, so our answers must be in terms of those variables. L is the hypotenuse of the
right triangle. The ball moves in a horizontal circle of radius r = [ cosf. The acceleration and net force point toward
the center of the circle, not along the string.

Pictorial representation

P Known
L=10m r=020m T
= i — ° 0
L O=sin"1(r/L)=11.54
m =0.500 kg
p
Find
T, w
m =0.500 kg ] ﬁG
ﬁr—'
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Solve:
(a) Apply Newton’s second law in the zdirection.

S F,=Toos - mg=0= T=%

From the right triangle cos = v L2 - r2/L.
7._M __ml
cosf LZ - rz
(b) Apply Newton’s second law in the r-direction.
S Fp = Tsing = mo?r = mp?(Lsing)= T = mv?L.
Set the two expressions for T"equal to each other, cancel m and one L, and solve for w.
_mi —mll=w-= 9
2_p2 2_p2
(c) Insert L =1.0m, r=020mand m=0.50kg.
mil  (0.50kg)(9.8m4&%)(1.0m)

T- - 50N
Jiz-r2 Ja.omp - (©020my

0= | =9 _ 98ME’ 3 1e3rans| 1T ) 80) _ g,

-2 T JoomP-eome \2rrad](Tmin) = 5P

Assess: Notice that the mass canceled out of the equation for «, but not for 7, so the 500 g was necessary information.

8.37. Model: Assume the particle model for a sphere in circular motion at constant speed.
Visualize:

Pictorial representation

- . 30°
Known 60 T‘I
m=2.0kg 7

2

Find
v, 1.0m r
T,=T, =T

ES ,}'G

Solve: (a) Newton’s second law along the r and z axes is:
SF, =Tsn30+ 7:25in60’=¢ S F, = T;c0830° + Toc0860° - Fg = ON

Since we want T, = T, = T, these two equations become

T(sin30°+sin60°)=¢ T(cos30° + cos60P) = ng
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Since sin30° +sin60° = cos30° + cos6’,

mj
nmg= Tt = W= \/r—g
The triangle with sides Ly, L,,and 1.0 m is isosceles, so L, =1.0m and r=L,c0s30°. Thus
JL00830° g = /(1.0m)cos 30° g = |/ (0.866 m)(A.8 m&?) = 29 més

(b) The tension is
- my _ (20kg)9.8m&?)

=143N=14N
00s30° + cos6® 0866+ 05 3

8.38. Model: Consider the passenger to be a particle and use the model of static friction.
Visualize:

Pictorial representation

min

| |
Af
Known : 1 r )
o | |
r=25m : ]
my=06t010 | [ r——
|
g ! ! n
o I ]
w, | | ad
| |
] 1
|
/,

Solve: The passengers stick to the wall if the static friction force is sufficient to support the gravitational force on
them: £ = F;.The minimum angular velocity occurs when static friction reaches its maximum possible value

(£)rax = ushn. Although clothing has a range of coefficients of friction, it is the clothing with the smallest coefficient
(us = 0.60) that will slip first, so this is the case we need to examine. Assuming that the person is stuck to the wall,
Newton’s second law is
EFr=n=mqu SF,= f-w=0= f,=nyg
The minimum frequency occurs when
= (e = ts11= Mooy
Using this expression for £in the z-equation gives

f = unrw’, = Mg

9.80mks lrev.  60s
i = |- = [ _ 5 56 racs - 2.56 racsx - 241pm
= Omin =\ T\ 06025 m) 2vrad Tmin

Assess: Note the velocity does not depend on the mass of the individual. Therefore, the minimum mass sign is not
necessary.

8.39. Model: Use the particle model for the marble in uniform circular motion.
Visualize:
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Pictorial representation

/\ v4
TSE——————- = m=0.010 kg I %4
o =150 rpm R
r=0.060 m n
———
s =0.80 "
2 © el -—-_ Find Vi
\’\ r fs G

Solve: The marble will roll in a horizontal circle if the static friction force is sufficient to support the gravitational on
it: f,=Fg. If mg> ( fs)max then static friction is not sufficient and the marble will slip down the side as it rolls
around the circumference. The r-equation of Newton’s second law is

2z rad y Tmin
lrev.  60s
Thus the maximum possible static friction is (£ ) = usn=(0.80)(0.148N) = 0. 118 N. The friction force needed to

support a 10 g marble is £, = mg= 0098 N. We see that £, < (), therefore friction is sufficient and the marble

2
SF.—n- mw2=(oo10kg)(0.060m)(1sorpmx ) _0148N

spins in a horizontal circle.
Assess: In reality, rolling friction will cause the marble to gradually slow down until ( £),,, < mg. At that point, it

will begin to slip down the inside wall.

8.40. Model: Assume uniform circular motion.

Visualize: We expect the centripetal acceleration to be very large because w is large. This will produce a significant
force even though the mass difference of 10 mg is so small.

A preliminary calculation will convert the mass difference to kg: 10mg= 1.0x 107 kg. If the two samples are
equally balanced then the shaft doesn’t feel a net force in the horizontal plane. However, the mass difference of

10 mg is what causes the force.
We’ll do another preliminary calculation to convert o = 70,000 rpminto rads.

Oocrev(errad\Hmin\
@ = 70,000rpm - 70, rrink 1rev JKEJ
Solve: The centripetal acceleration is given by Equation 6.9 and the net force by Newton’s second law.
Fre = (Am)(@) = (Am)(w?r) = (1.0x 107° kg)(7330 rad4)?(0.12 m) = 64N
Assess: As we expected, the centripetal acceleration is large. The force is not huge (because of the small mass
difference) but still enough to worry about. The net force scales with this mass difference, so if the mistake were
bigger it could be enough to shear off the shaft.

= 7330radk

8.41. Model: Use the particle model for the car and the model of kinetic friction.
Visualize:

Pictorial representation

Known
r=200m
v=25m/s
ug =10
Find

a,
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Solve: We will apply Newton’s second law to all three cars.
Car A:

SFe=n+ (f )+ (Fg)x=0ON- £, + ON = mm,
EFy=ny+(fk)y+ ¥y=n+0ON-mg=0N

The y-component equation means n=ny. Since f; = w n, we have f =y mg. From the x-component equation,

- f _—wmg 2
Zhe MY G- —98mk
aX m m 9

Car B: Car B is in circular motion with the center of the circle above the car.
m/
S Fr =1+ (), + (Fo), = n+ ON - mg = ma, =7

SF=n+(fi)e+(Fg);=ON- f, +ON =+,
From the r-equation

m2 VA
n=mg+——= fi = wn=wm g+—
r r
Substituting back into the z-equation,
o wm 2 (25mk) 2
=——T=-—"_ — =y | 98 ML+ -————— |=-129mk
T T m (g+ 3 T 200m

Car C: Car C is in circular motion with the center of the circle below the car.

m#
EFr=nr+(ﬁ<)r+(FG)r=_n+ON+ny=mr=T

SFi=n+(fi )+ (Fg)e=ON- £, +ON = g,

From the r-equation n=m(g- \/Z/r), Substituting this into the #-equation yields

at=‘—fk=%’= -1 (g- V) = -6.7 mk?

8.42. Model: Model the ball as a particle that is moving in a vertical circle.
Visualize:

Pictorial representation

Ve Ball T

Known

m=500¢g
r=102cm

v(Top) = 4.0 m/s
v(Bottom) = 7.5 m/s

r

o String
b

Find

F G T] T2

Top Bottom

Solve: (a) The ball’s gravitational force Fg = mg=(0.500kg)(9.8 m,gz) =49N.
(b) Newton’s second law at the top is

\/2

2F,=T1+FG=n*a,=mT

y: (40mk) 2]
~ T1=rr{7—g]=(0.500kg) o~ 98mA’( =20N
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(c) Newton’s second law at the bottom is

mZ
2F,=T2—FG=T

v > (7.5mk)

8.43. Model: Model a passenger as a particle rotating in a vertical circle.
Visualize:

Pictorial representation

Top Bottom
Known r
r=8.0m N
m=55kg L XL
T=45s
Find ¢ ‘ ;
ny ng Ty ﬁT
Fg Y Fg
Circular motion of the ring
in a vertical circle r

Solve: (a) Newton’s second law at the top is
SF=n+F; =rrrarr=T =>nr+r‘r’g=T

The speed is
v 2 _2rB0m) 1117 ms
T 45s
VA (11.17 mk)? >
=m—-g|=(5kg)|————"2_9 = 319N
=nr n{r g) (55 g)[ Som 98m/3} 319

That is, the ring pushes on the passenger with a force of 3.2x 107 N at the top of the ride. Newton’s second law at
the bottom:

EFr=rB_FG=mr=#:rh=#+ng=”{$+g)

(11.17 mk)?
80m

Thus the force with which the ring pushes on the rider when she is at the bottom of the ring is 1.4 kN.
(b) To just stay on at the top, np = ON in the r-equation at the top in part (a). Thus,

mA . (2 [r ., [&0m
- _ =nrl =/ T. = —_— —— =57
mg=—"-= o (T)=m271’g271'9.8255

8.44. Model: Model the chair and the rider as a particle in uniform circular motion.
Visualize:

= (55kg)

+9.8m/52} 1397 N

© 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.



8-30 Chapter 8

Pictorial representation

]

Known
m =150 kg 0 T
L=90m
Tml = 40 S
TIIHIX = 3000 N
Find r
r Chair

and rider \\

B £y

Solve: Newton’s second law along the r-axis is
S F, =T, +(Fg), = ma, = Tsin0 + ON = nro?
Since r= L sing, this equation becomes

2
T= mo? = (150kg)9.0 m)[%%] _ 330N

Thus, the 3000 N chain is not strong enough for the ride.

8.45. Model: Model the ball as a particle in motion in a vertical circle.
Visualize:

Pictorial representation

Known ¢
L=10m

~y

Find Fg

@min

Solve: (a) If the ball moves in a complete circle, then there is a tension force T when the ball is at the top of the
circle. The tension force adds to the gravitational force to cause the centripetal acceleration. The forces are along the
r-axis, and the center of the circle is below the ball. Newton’s second law at the top is

m#
(Fnet)r=T+FG =T+ng=T

The tension T can’t become negative, so T=0N gives the minimum speed v;,, at which the ball moves in a circle.

If the speed is less than v ;  then the string will go slack and the ball will fall out of the circle before it reaches the

Vi L
Vnin=\/L_g:“”rn‘n= mn=g=\/%

L

top. Thus,
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(b) Insert L=1.0 m.

_[g_ |©8m&) ,
‘Umn—\/:‘ aom =3.13radks=30rpm

Assess: Notice that the mass doesn’t appear in the answer, so w,;;,is independent of the mass.

8.46. Model: The ball is a particle on a massless rope in circular motion about the point where the rope is attached
to the ceiling.
Visualize:

Pictorial representation

R Known
T r=45m
m=10.2 kg
v=55m/s
—— 1
Find
Fg 4

Bottom of swing

Solve: Newton’s second law in the radial direction is

(SF)=T-Fs =T—ny=#

Solving for the tension in the rope and evaluating,

(5.5ms)

T="‘{g+$)=(10.2kg) 98 mA&° + ~168N

Assess: The tension in the rope is greater than the gravitational force on the ball in order to keep the ball moving
in a circle.

8.47. Model: Model the ball as a particle in uniform circular motion. Rolling friction is ignored.
Visualize:

Pictorial representation

ny

-

Fg

Solve: The track exerts both an upward normal force and an inward normal force. From Newton’s second law,

m = mg = (0030 kg)(9.8 m&%) = 0. 294N, up

60revx frd radx1m'n 2
mn  Trev  &0s

Foe =\ + 8 =\/(0294N)? + (02369N)? = 038N

Ny = NTew? =(0.030kg)(0.20m)[ _02369N, in

8.48. Model: Masses mand mpare considered particles. The string is assumed to be massless.
Visualize:
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Pictorial representation

Known
my my r

m
Find

my

Block m;

Block m,

Solve: The tension in the string causes the centripetal acceleration of the circular motion. If the hole is smooth, it
acts like a pulley. Thus tension forces T,and T, act as if they were an action/reaction pair. Mass mj is in circular

motion of radius 7, so Newton’s second law for m is

SF-T- ”‘—f
Mass mp is at rest, so the y-equation of Newton’s second law is
>F,=T,-mg=0N=T,=mg
Newton’s third law tells us that T, = T,. Equating the two expressions for these quantities:

r nkgr,,v m

8.49. Model: Model yourself as a particle in circular motion atop a leg of length L.
Visualize: Set up the coordinate system so that the r-directionis down, toward the center of the circle.
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Solve:
(a) Apply Newton’s second law in the downward vertical direction, which is the +r-direction.

EFr=rrg_n=ﬁ

L
Notice that n< ng. Your body tries to “lift off” as it pivots over your foot, decreasing the normal force exerted on
you by the ground. The normal force becomes smaller as you walk faster, but ncannot be less than zero. Thus the
maximum possible walking speed v, occurs when n= Q. Setting n=Q,

n‘g=nv2—£m:’vnnx=\/i

(b) Insert L =0.70m.

Voe = /0L =/(9.8m&2)(0.70m) = 26mé = 59mph

Assess: The answer of 5.9 mph is faster than the “normal” walking speed of 3 mph, but we expect y, to be greater
than the normal speed. This seems reasonable. The units check out.
The maximum walking speed depends on L, so taller people can walk faster than shorter people.

8.50. Model: Model the ball as a particle swinging in a vertical circle, then as a projectile.
Visualize:

Pictorial representation

y r y
A
Known
X=0 yy=14m =0 7
60 cm voy = vofcircle vy, =0
a,=—g m=0.100kg 4 t L X
r=060m T=50N
g Voy "0 Find 'EG ] I?G
= Trajectory after X
Q stri t
8 ““g;’“ At bottom of circle As projectile

Solve: Initially, the ball is moving in a circle. Once the string is cut, it becomes a projectile. The final circular-
motion velocity is the initial velocity for the projectile. The free-body diagram for circular motion is shown at the
bottom of the circle. Since T > Fg, there is a net force toward the center of the circle that causes the centripetal

acceleration. The r-equation of Newton’s second law is

m2
(Fnet)r=T_FG =T—ng=—

P
r 060m 2
= = |—(T- = [—————[5.0N - (0.10kg)(9. =491
Viottom \/ (T-nyg) \/01mkg[50 (0.10kg)(9.8 mA&“)] = 491 mk

As a projectile the ball starts at ¥=14m with Vo= 491/ ms. The equation for the y-motion is

¥=0m=yy+ voyAt—lzg(At)2= Yo-3 94
This is easily solved to find that the ball hits the ground at time

5= |20 . 05355
g

During this time interval it travels a horizontal distance
X =X+ Voxti = (491 mA)(0.535s)= 263 m
So the ball hits the floor 2.6 m to the right of the point where the string was cut.
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8.51. Model: Use the particle model for a ball in motion in a vertical circle and then as a projectile.
Visualize:
Pictorial representation

*0> Yo
Known
m=60g
r=50cm
Xo=lp=0 yp=2.0m
Voy = 0
¥ =0
Find

X1

At top of circle

X1, Y1

T
0

Solve: For the circular motion, Newton’s second law along the r-direction is
SF=T+F;=—L%
r

Since the string goes slack as the particle makes it over the top, T=0N.That s,

Fo = rrg=¢=> V=g =(98m&*)(Q5m) = 221 mk
The ball begins projectile motion as the string is released. The time it takes for the ball to hit the floor can be found as follows:
Yi= Yo+ Vo, (- )+ 28, (- )*=0m = 20m+0m+5(-98m&”)( - 0s)*= = 0639
The place where the ball hits the ground is
X =X+ Vox( - ) =0m+ (+221mk)0.639s-0s) = +1.41m
The ball hits the ground 1.4 m to the right of the point beneath the center of the circle.

8.52. Model: Model yourself as a particle in circular motion.
Visualize: Apply Newton’s second law for circular motion in the vertical direction. The upward normal force is the
scale reading. We are given mg= 588 N.This means m= 60 kg. We seek r.

Solve:
SF=n-ng= ﬁ
r
We can easily get the spreadsheet to subtract g =588 N from each of the scale readings on the left side of the
equation. Then if we graph n— mgvs. vAwe should get a straight line whose slope is m.
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n — mg vs. speed squared
y=0.3999x — 0.3205, R?> = 0.9978

] Scale - Speed squared

Speed (m/s) reading (N) (n = mg) (N) (m/s)? 250

0 588 0 0 = 200

5 599 11 25 = 150 -

10 625 37 100 g

15 674 86 225 ! 100 4

20 756 168 400 = 50 4

25 834 246 625

0 T T T
0 200 400 600

Speed squared (m/s)?
We see from the spreadsheet that the fit is very good and that the slope is m/ = 0.3999 kg/m.
With m=60kg,
m
- =0399kgm=r
Assess: This radius of curvature does not seem extreme.

60kg

. kg,
039%kgm O™

8.53. Model: Model the ball as a particle undergoing circular motion in a vertical circle.
Visualize:

Pictorial representation

N YV
’ o, ,
-
! 1
! 1
i 1
: 1
1
Known o , - .
STOWE: . < g
m=100g : T - .
r=60cm 1 Fg Fg
Yo=1,=0 0 1 Yo Vor lo
y;=40m 60 cm '
v =0m/s 1
: String parallel to As projectile
Find || 1 ground
T |
1
|
1
200 cm 1
1
1
:
1
O—

Solve: Initially, the ball is moving in circular motion. Once the string breaks, it becomes a projectile. The final

circular-motion velocity is the initial velocity for the projectile, which we can find by using the kinematic equation
V=16 + 2, (1 - yo)= OMPA? = () + 2(-9.8 mA&?)(40m-0m)= 1, = 885 mk

This is the speed of the ball as the string broke. The tension in the string at that instant can be found by using the

r-component of the net force on the ball:

(8.85mk)?

——— =-13N
060m

2
SF = T-= % = T=(0100kg)
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8.54. Model: Model the car as a particle on a circular track.

Visualize:
Pictorial representation
Known
m = 1500 kg
r=25m
F, = 1000 N
th=0 vy,=0
t;=10s
me=1.0
Find

a, t,forslide
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Solve: (a) Newton’s second law along the #-axis is
S Fy= F = ma, = 1000N = (1500 kg)a, = a, = 2/3 m&?
With this tangential acceleration, the car’s tangential velocity after 10 s will be
e = Wor + a(§ — o) = O+ (23mA%)(10s- 0s) = 203 Mk
The radial acceleration at this instant is
Vi (20Bms)* 16

2
r 25m 9 ms

a, =

The car’s acceleration at 10 s has magnitude

a=\Ja2+ 22 =\(2BMED) + (1A MA?)? = 1.90 m&? 0=t 2 ta,ﬂ(%) _ope
5

where the angle is measured from the r-axis.
(b) The car will begin to slide out of the circle when the static friction reaches its maximum possible value
(£)mex = ush. That is,

mé
SFp=(£)ax = tsh= ysny=TZt = Vop = \[rg =/ (25m)(9.8 m&?) =157 mk

In the above equation, n= ng follows from Newton’s second law along the z-axis. The time when the car begins to
slide can now be obtained as follows:

Vor = Vor + @t — o) = 15.7mA =0 mb+ (2BmE%)(t, - 0)= t, = 24s

8.55. Model: Model the steel block as a particle and use the model of kinetic friction.
Visualize:

Pictorial representation

Known

m=500g

r=2.0m

F=35N

0=20° m =0.60
1p=0 vy=0 6,=0

™~

0,=10rev
Find =
\ oS
o T
Top view Edge view

Solve: (a) The components of thrust (F)along the -, #-, and z-directions are
F,. = Fsin20® = (3.5N)sin20° = 1.20N F; = Foos2(P = (3.5N)cos20* = 3.29N F,=0N
Newton’s second law is
(Foe)r = T+ Fp = mro? (Fog); = Fe- fi = ma;
(Fret)z=n-mg=0N
The z-component equation means n= ng. The force of friction is
fi = = mg = (0.60)(0.500kg) (98 M&”) = 2MN
Substituting into the -component of Newton’s second law

(329N)- (294N) = (0.500kg)a, = a; = 0.70 m&?
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Having found a;, we can now find the tangential velocity after 10 revolutions = 20r rad as follows:

1/ a (Zr()
0=t S bl
Z(r)qzzraﬁ % 1895s

u},=(uo+(%)ﬁ=663radlé

The block’s angular velocity after 10 rev is 6.6 rad/s.
(b) Substituting e into the r-component of Newton’s second law yields:

T+ F, = mro? = T, + (1.20N) = (0.500 kg)(20 m)(6.63 radk)’ = T, = 44N

8.56. Model: Assume the particle model for a ball in vertical circular motion.
Visualize:

Pictorial representation

Known

m=2.0kg r=0.80m
T=20N 6=30°

Find

v, a

Solve: (a) Newton’s second law in the - and #-directions is
mv

(Fret)r = T+ mgoosh = ma, = p

(Fret)t = —rmgsing = ma,

Substituting into the r-component,

(20N)+ (20kg)(2.8 m/sz)c0530° =(20 kg)(OTvgm) =y =38mk
The tangential velocity is 3.8 m/s.
(b) Substituting into the ~component,

-(98m&%)sin30 = a, = a, = 49 mA&°
The radial acceleration is
vV (385mk)
P 08om
Thus, the magnitude of the acceleration is
a=\a%+af = (185 mE2) + (49 mA2)? =191 mA? ~ 19 m&?

The angle of the acceleration vector from the r-axis is

0 =tar’ 1@=tan2 149 14815
a, 185

-185m&?

The angle is below the r-axis.

8.57. Solve: (a) You are spinning a lead fishing weight in a horizontal 1.0 m diameter circle on the ice of a pond
when the string breaks. You know that the test weight (breaking force) of the line is 60 N and that the lead weight has

a mass of 0.30 kg. What was the weight’s angular velocity in rad/s and in rpm?
60N rev. 60s

b 2P =20radk ——=191rpm

®) @ T 03kg)05m) 27 rad min P
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8.58. Solve: (a) At what speed does a 1500 kg car going over a hill with a radius of 200 m have a weight of 11,760 N?

(b) The weight is the normal force.

1500kg V*

—_ = =
200m

8.59. Model: Assume the particle model and apply the constant-acceleration kinematic equations.
Visualize:

290N = v=19.8msk

Pictorial representation

Known
5 Vo Fo.
0 ,
) Fyina wind
_<_‘— X "
Find
Xo» Yor to 0 \% . 0 for maximum
Vo Voy S X Fg range
0 XLy

Solve: (a) Newton’s second law for the projectile is

where F;.qis shortened to F'. For the y-motion:
2vpsing

Yi= Yo+ Vo, (& - )+ 3ay(6 - )° = 0m=0m+ (sing) - 1 gff = = Osand = ;

Using the above expression for and defining the range as R we get from the x motion:

X = X0+ Vox(t ~ ) + 3a,(t - )’
. . 2
= X=X = R= b +%(-£)t12 = (Vocose)( Z%Zne)_i Zvosme)

Zm( g
2Vgcos@sme 2VZ—Fsm 2p

n,g2

We will now maximize R as a function of @ by setting the derivative equal to 0:

£=sz 00526 —sin%6) - nl:;z/ngnecose 0
— 00526 — SN0 = cos29 = {ZFVZ}[i]stB —tn2n-"9
2V F

Thus the angle for maximum range is 0 = %tan‘1(n’g/F )
(b) We have
mg  (0.50kg)(9.8 m&?

my _ A . )_ _l -1 _ )
=" 060N =8167 =6 =5 tan” ' (8.167) = 41.51

The maximum range without air resistance is

R _2fsndsasds v
g

9

Therefore, we can write the equation for the range R as

R =2R sin41.51°cos41.51° - nyR’sn241 .51° = R'(0.9926- 0.1076) = 0.885R

=§=o.8850 RT=1 0.8850=0.115
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Thus R is reduced from R’ by 11.5%.
Assess: The condition for maximum range (tan29 = ng/F) means 290 — 90°as F — Q. That is, 6 = 45°when

F =0, as is to be expected.

8.60. Model: Use the particle model for the (cart + child) system which is in uniform circular motion.
Visualize:

Pictorial representation

Rope Father Known
Child + cart ¥ m =25 kg
\ K. r =(2.0) cos 20°=1.88 m
o =13.5 rpm
= . Find
Y T

Radius of circle

Forces in the r-z plane

Solve: Newton’s second law along r and z directions can be written:
> F.=Tcos20 - nsin20° =ma, Y F,=Tsin20° - ncos20° - mg=0
The cart’s centripetal acceleration is

. 2
2, = rw? = (20c0s20 )14 L, Lmin, 2 rad
mn ©60s Trev

- 404 mk2

The above force equations can be rewritten as
0.94T - 0.342n= (25kg)(4.04m&%) = 101N

0.342T7 + 0.94n = (25kg)(2.8 m&?) = 245N
Solving these two equations yields 7=179N ~180N for the tension in the rope.
Assess: In view of the (child + cart) weight of 245 N, a tension of 179 N is reasonable.

8.61. Model: Use the particle model for the ball, which is in uniform circular motion.
Visualize:
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Pictorial representation

Known
a h vy

Find

S
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Solve: From Newton’s second law along r and z directions,

n'A/2
2F,=ncosa=7 > F,=nsing - ng= 0= nsing = ng
Dividing the two force equations gives

agr
g ==
\/2

From the geometry of the cone, tanf = r/y. Thus
r_go
—_—== = V=
YR Al (1

8.62. Model: Model the block as a particle and use the model of kinetic friction.
Visualize:
Pictorial representation
Top view Edge view
Known Vi 4
m=500g Steel

r=12m .~ block
F,=40N T,.,=50N Tube Q

IO = rOI = 90 = 0 \ \ X
= 0.6 Pivot d Alr

Find
0, atT,

max

~

Solve: The only radial force is tension, so we can use Newton’s second law to find the angular velocity @, at
which the tube breaks:

I SON
F-T-= )2 =\/ max_ _ -9
SF, MOT => Wy = |2 \/—( ka)(12m) 9.12radk

The compressed air and friction exert tangential forces, and the second law along the tangential direction is
> Fe=Fi— fi = Fe—wyn= F— wemg = ma,

F, 40N
af:ﬁf“kg: 350k~ (0.60)(9.80 mA?) = 2.12 m&?

The time needed to accelerate to 9.12 rad/s is given by

IOy _ (1.2)(9.12 radk)

a,
- —0+(%t) ¢ = =516s
1= Omax +(r)1:>ti a 2.12ms?
During this interval, the block turns through angle
2
A6 = 6, — 0y = ot + %(%} t2- 0+ %{%) (5165 = 23,52 radx 5 "o = 37 rev

8.63. Model: Use the particle model for a sphere revolving in a horizontal circle.
Visualize:
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Pictorial representation

<

I3}

Known

m=300g 0.5m
v,=7.5mls

r=1.0 cos 30° = 0.866 m

Find 0.5m
I T,

Solve: Newton’s second law in the r- and z-directions is

E(F>r=ﬁcos30°+7'zoos30°=¢ 3(F),=hsin30° - T,sin30° - F; =ON

Using r = (1.0m)cos30* = 0.886 m, these equations become
mg _ (0300kg)(7.5 mk)?
cos30®  (0.866 m)(0.866)

my _ (0.300kg)(9.8 ms?)
sin30 Q.5
Solving for Tand Tyields 7, =142N ~14Nand T, =83N.

=225N

T+T=
1+2r

=588N

Fi-Tp-

8.64. Model: Use the particle model for the ball.
Visualize:

Pictorial representation

Solve: (a) Newton’s second law along the - and z-directions is
}‘,F,=ncos€=nnu2 >F,=nsin6 - F; =0ON
Using Fg = mg and dividing these equations yields:

@ng = % = ﬂ
rw r
where you can see from the figure that tand = (R- y)/. Thus o = /Ri
-y

(b) @ will be minimum when (R - y) is maximum or when y=Qm.Then Opin = JOR.
(c) Substituting into the above expression,

g 98ms° . rad_ 60s  Trev
©=\R-y Voom-aiom s Tmn Zrrad” 2OPT

8.65. Model: Use the particle model for the airplane.
Visualize:

© 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.



8-44 Chapter 8

Pictorial representation

L
0 Known
6=10°
\/ v =400 mph
r
\ 9 Find
2r

WI?G
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Solve: In level flight, the lift force [ balances the gravitational force. When turning, the plane banks so that the
radial component of the lift force can create a centripetal acceleration. Newton’s second law along the - and
z-directions is

mg

YF =Lsn - Y F,=LcosH -mg=0N
These can be written:
sSinf = —— cosO = rrTg
Dividing the two equations gives:
. 2
oV [400?5‘* 3&? 116;?{:} _185km
o gteno 98 m/Sz] n10°

The diameter of the airplane’s path around the airport is 2x 18.5 km= 37 km.

8.66. Model: Use the particle model for a small volume of water on the surface.
Visualize:

Pictorial representation

<o

. Rotatlon_axns

r Slope of
curve
= J/ e

\
FsY

Water

Solve: Consider a particle of water of mass m at point C on the surface. Newton’s second law along the r- and
z-directions is
2

nro
2:>COSt9=
n

(Fret)z=nsing - mg=0N =>sin6=%

(Fret)r = NCOSO = nrw

Dividing both equations gives tang = g/rwz_ For a parabola z= ar®. This means

adz 1 1
= _ 2ar =slope of the curve at C=tano = tan(90 -0)=—— = tanf = —
ar ar P ¢ ( ) tano 2ar

Equating the two equations for tang, we get

2
L = % = a = w_
2ar ro g
Thus the surface is described by the equation
w? 2
Z=—1r
29

which is the equation of a parabola.
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8.67. Model: Model the block as a particle in circular motion.
Visualize: Apply Newton’s second law in the 7- and ¢-directions. We seek \(t)where vis the tangential speed.

Top view Known
t m
= r
r “ Mk
Yo
Find
fi v
Solve:
}jFr=n=rrar=T SFi=-f.=m

Use n=m#/rin f = en.

Cancel mand use a,= L4 .
M p_ v
r at
Separate variables and integrate.
M ot (v A
r fO _fvo A
u -1
i[t](g: -
r v %
e 11
roow v

Solve for vwhich is a function of t.
1 1
L P L
vV v r W or
Assess: The dependencies seem to go in the right direction: as tincreases \((t)decreases; as y increases W(t)

A
r+ wpuyt

decreases. The mcanceled out, so the result does not depend on the mass.
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