Physics 44
Chapter 8 HW Solutions

Chapter 8
Conceptual Questions: 2, 3, 9
Exercises & Problems: 1, 12, 18, 25, 30, 35, 46, 57

CQ 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.
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CQ 8.9. When the gravitational force on the ball is greater than the required centripetal force m_v’ the ball is no longer
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in circular motion. As the figure shows, at the top of the circle the net force on the ball is (F,.), = Fg +T =—— When
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the string goes slack, T'=0, leaving Fg = MV Ifthe velocity is not high enough to make this equality true, the equation
r

2
. . my
above becomes an inequality, Fg >

, and the ball begins to fall downward since the net force downward is greater

than the centripetal force required for circular motion.

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

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

(Fnet)y = Fr —mg =mag

[15 N —(0.8 kg)(9.8 m/s?)]=8.95 m/s>

1
= :—F - =
R m( R ~mg) 0.8 kg

Using the kinematic equation yjr = yor +(VOR)y(I1R —tOR)+%aR (tir —IOR)z,
30m=0m+0m+1(8.95m/s*)(tg —05)” =1 =2.589 s
For the target (noting ¢t =),

You should launch when the target is 39 m away.
Assess: The rocket is to be fired when the target is at xyr. For a net acceleration of approximately 9 m/ s 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.

8.12. 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

b4
Known
20:500 gto - "4
r=15cm A
ne=0.80 wy =0.50 —
®; =60 rpm
Find Fo 'y
wmax
P 4

Solve: The force of static friction is f; = usn = pmg. This force is equivalent to the maximum centripetal force that can

be applied without sliding. That is,
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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.

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

Pictorial representation

Known

-
n

r r=50m

Find

v 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



mv? 2 n
>vi=rlg——
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Maximum speed is reached when n =0 and the car is beginning to lose contact with the road.

Viax = /7€ =/(50 m)(9.8 m/s?) =22 m/s

Assess: A speed of 22 m/s is equivalent to 49 mph, which seems like a reasonable value.
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8.25. Model: Model the ball as a particle that is moving in a vertical circle.

Visualize:
Pictorial representation
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Solve: (a) The ball’s gravitational force F; =mg =(0.500 kg)(9.8 m/sz) =49 N.

(b) Newton’s second law at the top is
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-
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=T =m —-g|=(0.500kg) ————-9.8m/s” | =2.9N
r 1.02 m
(¢) Newton’s second law at the bottom is
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-
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Ty =m| g+2= | =(0.500 kg)| 9.8 m/s? + L2 |35
r 1.02 m

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

Pictorial representation
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Solve: We will apply Newton’s second law to all three cars.
Car A:
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SF, =n,+(fi), +(Fg), =n+0 N=mg =0 N



The y-component equation means n=mg. Since f = s4n, we have f, = g mg. From the x-component equation,

a, _The _ZHme — 148 =—9.8 m/s*
m
Car B: Car B is in circular motion with the center of the circle above the car.

mv2
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XF =n+(fi) +(F5), =0 N= fi +0 N =+ma,

From the r-equation
mv? v
n=mg+72>fk = M = pyem g+7

Substituting back into the f-equation,

2 2
g =—Je A Vg ms? + COS | g g2
m m r 200 m

Car C: Car C is in circular motion with the center of the circle below the car.
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LF=n+(fi) +(F5) =0 N- fi +0 N=ma,
From the r-equation n=m(g — V2 /r). Substituting this into the 7-equation yields

a = Zfe TR (v =—6.7 mis?
m m

8.35. 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
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Solve: The motorcycle’s acceleration on the ramp is given by Newton’s second law:
(Fet)s =—fr —mgsin20° = —p.n —mgsin20° = —.mgcos20° — mgsin20° = may
ag = —g(14,0520° +5in20°) = —(9.8 m/s>)((0.02)c0s20° + sin20°) = —3.536 m/s>

The length of the ramp is s; = (2.0 m)/sin 20°=5.85 m. We can use kinematics to find its speed at the top of the ramp:

vi= vg +2ay(s;—sp) = vg +2ays

= = \/(1 1.0 m/s)? +2(—3.536 m/s>)(5.85m) =8.92 m/s

This is the motorcycle’s initial speed into the air, with velocity components v, =v,c0s20°=8.38m/s and

Vi, =;8in20°=3.05 m/s. We can use the y-equation of projectile motion to find the time in the air:
y2=0m=y +v, b +1a 15 =2.0 m+(3.05 m/s)t, - (4.90 m/s*)z;
This quadratic equation has roots #, =—0.399 s (unphysical) and #, —1.021 s. The x-equation of motion is thus
Xy =X + V5, =0 m+(8.38 m/s)t, =8.6 m

8.56 m<10.0 m, so it looks like crocodile food.

8.46. Model: Use the particle model for a sphere revolving in a horizontal circle.
Visualize:

Pictorial representation
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Solve: Newton’s second law in the 7- and z-directions is
2
S(F), =T;c0s30°+ T, cos30° = L S(F). =T;sin30°—T,8in30°— F =0 N
r
Using r=(1.0 m)cos30°= 0.886 m, these equations become
2 2
L+T, = mv; (0.300 kg)(7.5 m/s) 295N
rcos30° (0.866 m)(0.866)
300 kg)(9.8 m/s?
LT, - mg :(O 300 kg)(9.8 m/s ):5.88N

27 §in30° (0.5)
Solving for 7} and 7, yields 7; =14.2 N~14 N and 7, =8.3 N.



8.57. Model: Use the particle model for a ball in motion in a vertical circle and then as a projectile.
Visualize:

Pictorial representation
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Solve: For the circular motion, Newton’s second law along the r-direction is

2
SF =T+F; ="
"

Since the string goes slack as the particle makes it over the top, 7 =0 N. That is,

2
Fy zmg:%zvt = Jer =/(9.8 m/s?)(0.5 m) =2.21 m/s

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:
¥1=Yo+ o, —tp)+3a, (4 —19)> =0m = 2.0 m+0 m+1(-9.8 m/s*)(4, -0 5)* =4 =0.639 s
The place where the ball hits the ground is
X1 =X+ v, () —1) =0 m+(+2.21 m/s)(0.639 s—0s)=+1.41 m

The ball hits the ground 1.4 m to the right of the point beneath the center of the circle.



