
Colliding Cars. 
Part A   
First, find the magnitude of v_vec, that is, the speed v of the two-car unit after the collision. 
Hint A.1   
Conservation of momentum 
Recall that conservation of linear momentum may be expressed as a vector equation, 
 
\vec{p}_{ \rm initial}=\vec{p}_{ \rm final}. 
Each vector component of linear momentum is conserved separately. 
Part A.2   
x and y components of momentum 
The momentum of the two-car system immediately after the collision may be written as 

\vec{p}=p_x\hat{x}+p_y\hat{y}, where the x and y directions are the eastward and northward 
directions, respectively. 

 
Find p_x and p_y 
Express the two components, separated by a comma, in terms of m_1, m_2, v_1 and v_2. 
ANSWER:   
  p_x, p_y  =   m_1*v_1   m_2*v_2  
   
Hint A.3   
A vector and its components 
 
Recall that the square of the magnitude of a vector is given by the Pythagorean formula: 
 
p^2=p_x^2+p_y^2. 
Part A.4   
Velocity and momentum 
Find v, the magnitude of the final velocity. 
Express v in terms of the magnitude of the final momentum p and the masses m_1 and m_2. 
ANSWER:   
   v  =   p/(m_1 + m_2)  
   
Express v in terms of m_1, m_2, and the cars' initial speeds v_1 and v_2. 
ANSWER:   
   v  =   sqrt((m_1*v_1)^2+ (m_2*v_2)^2)/(m_1+m_2)  
   
Part B   
Find the tangent of the angle theta. 
Express your answer in terms of the momenta of the two cars, p_1 and p_2. 
ANSWER:   
  \tan(\theta)  =   p_2/p_1  
 m_2*v_2/(m_1*v_1)  
   
Part C   
Suppose that after the collision, \tan \theta=1; in other words, theta is 45^\circ. This means that before the 

collision: 
ANSWER:   
  
The magnitudes of the momenta of the cars were equal. 
The masses of the cars were equal. 
The velocities of the cars were equal. 
  
Elastic Collision in 1-D 
 
Part A   
This collision is elastic. What quantities, if any, are conserved in this collision? 
Hint A.1   
What to think about 



If no net external force acts on a system of colliding objects, then the total momentum of the system is 
conserved. This holds for both elastic and inelastic collisions. In an elastic collision, both KE & 
Momentum are conserved. 

  
Part B   
What is the final speed u_f of block 1? 
Hint B.1   
How to approach the problem 
The first step in solving most collision problems is to apply conservation of momentum. This is done by writing 

a vector equation that captures the fact that the initial and the final momenta of the system are equal. In 
this problem, because the collision is elastic, kinetic energy is also conserved. This yields a second 
equation, this one capturing the fact that the initial and the final kinetic energies of the system are equal. 
The result is two equations (conservation of momentum and conservation of energy) and two unknowns 
( u_f and v_f). Use algebra to solve the equations and find the unknowns. 

Part B.2   
Apply conservation of momentum 
Conservation of momentum states that the total momentum before the collision is equal to the total momentum 

after the collision: \vec{p_f}=\vec{p_i}. Use this equation to find an expression for m_2v_f. 
Part B.2.a   
Find the final momentum of the system 
The magnitude of the initial momentum of this system (consisting of the two blocks), p_i, is equal to m_1u_i. 

Find an expression for the magnitude of the final momentum, p_f, of this system. Note that since 
m_1>m_2, both objects will move in the positive direction after the collision. 

Express p_f in terms of m_1, m_2, u_f, and v_f. 
ANSWER:   
  p_f  =   m_1*u_f+m_2*v_f  
   
Express m_2v_f in terms of m_1, u_i, and u_f. 
ANSWER:   
  m_2v_f  =   m_1*(u_i-u_f)  
   
Part B.3   
Apply conservation of energy 
Conservation of energy states that the total kinetic energy before the collision is equal to the total kinetic energy 

after the collision: K_f=K_i. Use this equation to find an expression for m_2v_f^2. 
Part B.3.a   
Find the final kinetic energy of the system 
The initial kinetic energy K_i of the system is \frac{1}{2}m_1u_i^2. Find an expression for the system's final 

kinetic energy K_f. 
Express K_f in terms of m_1, m_2, u_f, and v_f. 
ANSWER:   
  K_f  =   (1/2)*m_1*u_f^2+(1/2)*m_2*v_f^2  
   
Express m_2v_f^2 in terms of m_1, u_i, and u_f. 
ANSWER:   
  m_2v_f^2  =   m_1*(u_i^2-u_f^2)  
   
Note that this equation can be written in the following form, which will be useful for doing the algebra later on: 
 
m_2v_f^2 = m_1(u_i - u_f)(u_i + u_f). 
Part B.4   
Putting it together 
Now that you have obtained an equation from each of the two conservation laws (conservation of energy and 

conservation of momentum), it becomes a matter of algebra to solve for u_f in terms of u_i, m_1, and 
m_2. If you find the algebra tricky, start by manipulating the two equations to find an expression for 
v_f in terms of u_i and u_f. 

Hint B.4.a   
Detailed help with the math 



In the equations derived from both conservation laws, the term m_1(u_i-u_f) appears (you will need to factor the 
difference of squares to see this term in the equation derived from conservation of energy). Use the 
conservation of momentum equation to find an expression for m_1(u_i-u_f), and then substitute this 
expression into the conservation of energy equation. Finally, solve for v_f. 

Your answer should depend only on u_i and u_f. 
ANSWER:   
  v_f  =   u_i+u_f  
   
Substitute the expression you just found for v_f into the conservation of momentum equation and solve for u_f. 
Express u_f in terms of m_1, m_2, and u_i. 
ANSWER:   
  u_f  =   u_i*(m_1-m_2)/(m_1+m_2)  
   
Part C   
What is the final speed v_f of block 2? 
Hint C.1   
Using the result from the previous part 
If you solved the previous part, you already have an expression for u_f in terms of m_1, m_2, and u_i. If you 

subsitute this expression into the conservation of momentum equation, you can solve for v_f. 
Express v_f in terms of m_1, m_2, and u_i. 
ANSWER:   
  v_f  =   u_i*(2*m_1)/(m_1+m_2)  
   
Center of mass for Earth-Moon-Sun system: 
 
Part A   
Calculate the location x_cm of the center of mass of the Earth-Moon system. Use a coordinate system in which 

the center of the Earth is at x=0 and the Moon is located in the positive x direction. 
Hint A.1   
Calculating the center of mass 
The general equation for the center of mass x_cm for a system of two particles of masses m_1 and m_2 is 
 
x_{\rm cm}=\frac{m_1x_1+m_2x_2}{m_1+m_2}, 
where x_1 and x_2 are the locations of the particles in the given coordinate system. 
 
While the Earth and Moon are very large bodies, treating them as particles is reasonable in this problem, because 

the distance between them is much greater than their radii.  
Part A.2   
Find the coordinates of the Earth and Moon 
Taking the center of the Earth as the origin of your coordinate system, what is the x coordinate of the Moon 

x_m? 
Express your answer in kilometers to three significant figures. 
ANSWER:   
  x_m  =   r_Orbit  
  \rm km   
Express your answer in kilometers to three significant figures. 
ANSWER:   
   m_Moon*r_Orbit/(m_Moon+m_Earth)  
   
Part B   
Where is the center of mass of the Earth-Moon system? 
 
The radius of the Earth is 6378 \rm km and the radius of the Moon is 1737 \rm km. Select one of the answers 

below: 
Choose the correct description of the location of the center of mass of the Earth-Moon system. 
  
As you can see, the center of mass for the Earth-Moon system actually lies within the radius of the Earth. For this 

reason, saying that the Moon orbits the Earth is often a good approximation, though in fact, both the 



Earth and the Moon orbit that point with a period of 28 days. The Moon makes large orbits around the 
center of mass of the Earth-Moon system, whereas the center of the Earth makes small orbits. 

 
Part C   
Calculate the location of the center of mass of the Earth-Moon-Sun system during a full Moon. A full Moon 

occurs when the Earth, Moon, and Sun are lined up as shown in the figure. Use a coordinate system in 
which the center of the sun is at x=0 and the Earth and Moon both lie along the positive x direction. 

Hint C.1   
Calculating the center of mass 
The general equation for the center of mass x_cm for a system of thee particles of masses m_1, m_2 , and m_3 is 
 
x_{\rm cm}=\frac{m_1x_1+m_2x_2+m_3x_3}{m_1+m_2+m_3}, 
where x_1, x_2, and x_3 refer to the distances to each of the three particles from the origin. 
Express your answer in kilometers to three significant figures. 
ANSWER:   
  x_cm  =   (m_Moon*(r_Orbit+r_OrbitSun)+m_Earth*r_OrbitSun)/(m_Moon+m_Earth+m_Sun)  
  \rm km   
The equatorial radius of the Sun is 695,000 \rm km. As you can see, the center of mass for the Sun-Earth-Moon 

system is well within the Sun. However, if you were to find the center of mass of the Jupiter-Sun 
system, you would find that it is slightly above the surface of the Sun at 780,000 \rm km from the 
center of the Sun. A distant alien civilization would not be able to see Jupiter directly, because it is far 
too faint, but they would be able to see the Sun move back and forth as it orbited the center of mass 
with Jupiter. Because the sun is "wobbling," alien scientists would be able to infer that there was a 
planet around the Sun. This is one of the methods that human scientists are using to identify planets 
around other stars. 

  
 
 
8.30.  IDENTIFY : There is no net external force on the system of the two otters and the momentum of the 

system is conserved. The mechanical energy equals the kinetic energy, which is 
  
K = 1

2 mv2  for each 

object. 
SET UP: Let A be the 7.50 kg otter and B be the 5.75 kg otter. After the collision their combined 
velocity is 

   
!
v2 . Let +x be to the right, so 

  
vA1x = ! 5.00 m/s and 

  
vB1x = +6.00 m/s. Solve for 

  
v2x . 

EXECUTE: (a)   P1x = P2x . 
  
mAvA1x + mBvB1x = (mA + mB )v2x . 

  
v2x =

mAvA1x + mBvB1x

mA + mB

=
(7.50 kg)(! 5.00 m/s) + (5.75)(+6.00 m/s)

7.50 kg+ 5.75 kg
= ! 0.226 m/s . 

(b) 
  
K1 =

1
2 mAvA1

2 + 1
2 mBvB1

2 = 1
2 (7.50 kg)(5.00 m/s)2 + 1

2 (5.75 kg)(6.00 m/s)2 = 197.2 J . 

  
K2 = 1

2 (mA + mB )v2
2 = 1

2 (13.25 kg)(0.226 m/s)2 = 0.338 J. 

  
! K = K2 " K1 = " 197 J. 197 J of mechanical energy is dissipated. 

  
 8.45. IDENTIFY : Eqs. 8.24 and 8.25 apply, with object A being the neutron. 

SET UP: Let +x be the direction of the initial momentum of the neutron. The mass of a neutron is 

  
mn = 1.0 u . 

EXECUTE: (a) 

  
vA2x =

mA ! mB

mA + mB

"

#$
%

&'
vA1x =

1.0 u ! 2.0 u
1.0 u + 2.0 u

vA1x = ! vA1x / 3.0 . The speed of the neutron 

after the collision is one-third its initial speed. 

(b) 
  
K2 = 1

2 mnvn
2 = 1

2 mn(vA1 / 3.0)2 =
1

9.0
K1

. 

(c) After n collisions, 
  
vA2 =

1
3.0

!

"#
$

%&

n

vA1 . 
  

1
3.0

!

"#
$

%&

n

=
1

59,000
, so   3.0n = 59,000.   n log3.0= log59,000 

and   n = 10. 



EVALUATE : Since the collision is elastic, in each collision the kinetic energy lost by the neutron 
equals the kinetic energy gained by the deuteron. 
 

8.102. IDENTIFY : Conservation of x and y components of momentum applies to the collision. At the highest 
point of the trajectory the vertical component of the velocity of the projectile is zero. 
SET UP: Let +y be upward and +x be horizontal and to the right. Let the two fragments be A and B, 
each with mass m. For the projectile before the explosion and the fragments after the explosion. 

  
ax = 0

, 
  
ay = ! 9.80 m/s2 . 

EXECUTE: (a) 
  
vy

2 = v0y
2 + 2ay( y ! y0)  with 

  
vy = 0  gives that the maximum height of the projectile is 

   

h = !
v0y

2

2ay

= !
([80.0 m/s]sin60.0¡)2

2(! 9.80 m/s2)
= 244.9 m . Just before the explosion the projectile is moving to 

the right with horizontal velocity 
   
vx = v0x = v0 cos60.0° = 40.0 m/s . After the explosion 

  
vAx = 0  since 

fragment A falls vertically. Conservation of momentum applied to the explosion gives 

  
(2m)(40.0 m/s) = mvBx  and 

  
vBx = 80.0 m/s . Fragment B has zero initial vertical velocity so 

  
y ! y0 = v0 yt + 1

2 ayt
2  gives a time of fall of 

  

t = − 2h
ay

= − 2(244.9 m)

−9.80 m/s2
= 7.07 s. During this time the 

fragment travels horizontally a distance  (80.0 m/s)(7.07 s) = 566 m . It also took the projectile 7.07 s to 

travel from launch to maximum height and during this time it travels a horizontal distance of 

  ([80.0 m/s]cos60.0¡)(7.07 s) = 283 m . The second fragment lands  283 m + 566 m = 849 m  from the 

firing point. 

(b) For the explosion, 
  K1 = 1

2 (20.0 kg)(40.0 m/s)2 = 1.60! 104  J . 

  
K2 = 1

2 (10.0 kg)(80.0 m/s)2 = 3.20! 104  J. The energy released in the explosion is  1.60×104  J . 

EVALUATE : The kinetic energy of the projectile just after it is launched is  6.40! 104  J . We can 
calculate the speed of each fragment just before it strikes the ground and verify that the total kinetic 

energy of the fragments just before they strike the ground is  6.40! 104  J+1.60! 104  J = 8.00! 104  J . 
Fragment A has speed 69.3 m/s just before it strikes the ground, and hence has kinetic energy 

 2.40! 104  J . Fragment B has speed  (80.0 m/s)2 + (69.3 m/s)2 = 105.8 m/s  just before it strikes the 

ground, and hence has kinetic energy  5.60 ! 104  J . Also, the center of mass of the system has the same 

horizontal range 
  
R =

v0
2

g
sin(2! 0 ) = 565 m  that the projectile would have had if no explosion had 

occurred. One fragment lands at   R / 2  so the other, equal mass fragment lands at a distance   3R / 2  
from the launch point. 
 

8.114. IDENTIFY : 
  
xcm = 1

M
xdm∫  and 

  
ycm =

1
M

ydm! .  At the upper surface of the plate,   y
2 + x2 = a2.  

SET UP: To find   xcm , divide the plate into thin strips parallel to the y-axis, as shown in Fig. 8.114a. To 

find 
  
ycm , divide the plate into thin strips parallel to the x-axis as shown in Fig. 8.114b. The plate has 

volume one-half that of a circular disk, so 
  
V = 1

2 ! a2t  and 
  M = 1

2 ! " a2t. 

EXECUTE: In Fig.114a each strip has length   y = a2 − x2 .  
  
xcm =

1
M

xdm! ,  where 

  dm= ! tydx = ! t a2 " x2 dx.  
  
xcm =

! t
M

x a2 " x2 dx = 0
" a

a

# ,  since the integrand is an odd function of 

x. 
  xcm = 0  because of symmetry. In Fig.114b each strip has length   2x = 2 a2 − y2 .  

  
ycm =

1
M

ydm! ,  



where   dm= 2! txdy = 2! t a2 " y2 dy.  
  
ycm =

2! t
M

y a2 " y2 dy
0

a

# . The integral can be evaluated using 

  u = a2 ! y2 ,   du= −2ydy . This substitution gives 

  
ycm =

2! t
M

"
1
2

#

$%
&

'(
u1/2

a2

0

) du =
2! ta3

3M
=

2! ta3

3

#

$%
&

'(
2

! * a2t

#

$%
&

'(
=

4a
3*

. 

EVALUATE : 
 

4
3π

= 0.424.    ycm  is less than   a/2,  as expected, since the plate becomes wider as y 

decreases. 

 
Figure 8.114 

 

Flywheel Kinematics. Part A   
Find the time t_1 it takes to accelerate the flywheel to omega_1 if the angular acceleration is alpha. 
Hint A.1   
A linear analogy 
The relationship between velocity and time for an object undergoing constant linear accleration is given by 
 
v(t) = v_0 + a(t-t_0), 
where v_0 is initial velocity at time t_0, t is time, and a is linear acceleration. An analogous formula for the 

angular velocity omega applies when the angular acceleration alpha is constant. 
Hint A.2   
Angular velocity as a function of time 
The relationship between angular velocity and time for an object undergoing constant angular accleration is 
 
\omega(t) = \omega_0 + (t-t_0)\alpha. 
This formula applies for initial angular velocity omega_0 at initial time t = t_0. 
Express your answer in terms of omega_1 and alpha. 
ANSWER:   
  t_1  =   omega_1/alpha  
   
Part B   
Find the angle theta_1 through which the flywheel will have turned during the time it takes for it to accelerate 

from rest up to angular velocity omega_1. 
Hint B.1   
A linear analogy 
The relationship between velocity v(t) and displacement x(t) for an object undergoing constant linear accleration 

a is given by 
 
v(t)^2 = v_0^2 + 2a(x(t)-x_0). 
An analogous formula for angular velocity omega(t) applies when the angular acceleration alpha is constant. 
Hint B.2   
Angular velocity as a function of displacement 
For an object undergoing constant angular acceleration alpha, the relationship between angular velocity omega(t) 

and angular displacement theta(t) is 
 
\omega(t)^2 = \omega_0^2 + 2\alpha(\theta(t)-\theta_0), 
where omega_0 is the angular velocity at the initial time t = 0, and theta_0 the initial angular displacement. 
Express your answer in terms of some or all of the following: omega_1, alpha, and t_1. 

dx

(a)

y

y

x

2x

x

dy

(b)

y

y

x



ANSWER:   
  theta_1  =   (omega_1^2)/(2*alpha)  
 0.5*alpha*(t_1^2)  
 0.5*t_1*omega_1  
   
Part C   
Assume that the motor has accelerated the wheel up to an angular velocity omega_1 with angular acceleration 

alpha in time t_1. At this point, the motor is turned off and a brake is applied that decelerates the wheel 
with a constant angular acceleration of -5\alpha. Find t_2, the time it will take the wheel to stop after 
the brake is applied (that is, the time for the wheel to reach zero angular velocity). 

Hint C.1   
How to approach the problem 
Solve this part using the same technique that you used for Part A. Just keep in mind that the initial conditions 

have changed (in this case, the wheel is initially spinning) and that the angular acceleration is different. 
Express your answer in terms of some or all of the following: omega_1, alpha, and t_1. 
ANSWER:   
  t_2  =   omega_1/(5*alpha)  
 t_1/5  
  s   
 9.31. IDENTIFY  and SET UP:! Use Eq.(9.15) to relate !  to 

  
arad  and 

   


F = m


a!  to relate 

  
arad  to 

  
Frad.  Use 

Eq.(9.13) to relate !  and v, where v is the tangential speed. 

EXECUTE:! (a) 
  arad = rω 2  and 

  
Frad = marad = mr! 2  

  

Frad,2

Frad,1

=
! 2

! 1

"

#$
%

&'

2

=
640 rev/min
423 rev/min

"

#$
%

&'

2

= 2.29 

(b)  v = r!  

  

v2

v1

=
ω2

ω1

= 640 rev/min
423 rev/min

= 1.51 

(c)  v = r!  

 
ω = (640 rev/min)

1 min
60 s

⎛
⎝⎜

⎞
⎠⎟

2π  rad
1 rev

⎛
⎝⎜

⎞
⎠⎟
= 67.0 rad/s  

Then   v = r! = (0.235 m)(67.0 rad/s) = 15.7 m/s.  

  
arad = r! 2 = (0.235 m)(67.0 rad/s)2 = 1060 m/s2  

  

arad

g
=

1060 m/s2

9.80 m/s2 = 108;    a = 108g  

EVALUATE :! In parts (a) and (b), since a ratio is used the units cancel and there is no need to convert 
ω  to rad/s. In part (c), v and   arad  are calculated from  ! ,  and !  must be in rad/s. 

 
 9.60. IDENTIFY :! Apply the parallel-axis theorem. 

SET UP:!
  
In Eq. 9.19( ),  I cm =

M
12

L2 and  d = L 2 ! h( ) . 

EXECUTE:!

  

I P = M
1

12
L2 + L

2
− h

⎛
⎝⎜

⎞
⎠⎟

2⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
= M

1
12

L2 + 1
4

L2 − Lh+ h2⎡

⎣
⎢

⎤

⎦
⎥ = M

1
3

L2 − Lh+ h2⎡

⎣
⎢

⎤

⎦
⎥ , 

which is the same as found in Example 9.11. 
EVALUATE :! Example 9.11 shows that this result gives the expected result for   h = 0 ,  h = L and 

  h = L / 2 . 
 
Rolling Hollow Sphere. 
 
Part A   
Find the magnitude of the acceleration a_cm of the center of mass of the spherical shell. 



Hint A.1   
How to approach the problem 
First, draw a diagram of the system, including all forces acting on the sphere. Assume that the positive 
x direction points downward along the slope and the positive y direction points upward normal to the 
slope, making the positive z direction out of the screen. The angular speed and angular acceleration of 
the spherical shell are negative (clockwise) around the z axis. Using this coordinate system, determine 
the components of all forces in the x and y directions, and set up the corresponding Newtonian 
equations for the translational and rotational motions of the shell. Since there is no slipping, use both 
equations to calculate the acceleration by solving the angular motion equation for the frictional force in 
terms of the translational acceleration and then substituting into the translational motion equation. 
Hint A.2   
Translational motion in the x direction 
In the x direction, the only forces that are acting on the spherical shell are the frictional force, pointing 
up the slope, and the component of the weight that points down the slope. Be careful to use the correct 
trigonometric function (sine or cosine) when finding the x component of the weight of the shell. 
Hint A.3   
Torque on the spherical shell 
Since the only force acting away from the center of the spherical shell is the friction, this will cause the 
angular acceleration of the sphere by creating a torque of \tau=fR, where R is the radius of the spherical 
shell. 
Hint A.4   
Moment of inertia 
The moment of inertia of a spherical shell is I=\frac{2}{3}mR^{2}, where R is the radius of the 
spherical shell. 
Hint A.5   
Relation between the translational and angular accelerations 
Since the spherical shell rolls down the slope without slipping, the translational and rotational speeds of 
the shell must cancel each other at the surface of the slope, giving v_{\rm cm}=R\omega, where R is 
the radius of the spherical shell. If the derivative is taken with respect to time, it becomes evident that 
a_{\rm cm}=R\alpha. 
Take the free-fall acceleration to be g = 9.80 m/s^2. 
ANSWER:   
   a_cm  =   3/5*g*sin(theta)  
   { \rm m/s^{2}}   
Part B   
Find the magnitude of the frictional force acting on the spherical shell. 
Hint B.1   
How to approach the problem 
As in Part A, you should first draw a diagram of the system, including all forces acting on the sphere. 
Assume that the positive x direction points downward along the slope and that the positive y direction 
points upward normal to the slope, making the positive z direction out of the screen. The angular speed 
and angular acceleration of the spherical shell are negative (clockwise) around the z axis. Using this 
coordinate system, determine the components of all forces in the x and y directions, and set up the 
corresponding Newtonian equations for the translational and rotational motions of the shell. Since there 
is no slipping, use both equations together to calculate the acceleration by solving the angular motion 
equation for the translational acceleration in terms of the frictional force, and then substituting into the 
translational motion equation. 
Take the free-fall acceleration to be g = 9.80 m/s^2. 
ANSWER:   
   f  =   2/5*m*g*sin(theta)  
   \rm{N}   
The frictional force keeps the spherical shell stuck to the surface of the slope, so that there is no 
slipping as it rolls down. If there were no friction, the shell would simply slide down the slope, as a 
rectangular box might do on an inclined (frictionless) surface. 
Part C   
Find the minimum coefficient of friction mu needed to prevent the spherical shell from slipping as it 
rolls down the slope. 
Hint C.1   
How to approach the problem 



Since the frictional force was calculated in the previous part, use the equation relating the frictional 
force to the normal force. Be careful about the trigonometric functions used to solve for the coefficient 
of friction. 
ANSWER:   
   mu  =   2/5*tan(theta)  
   
 

Merry -go-round. IDENTIFY  and SET UP:! Use Eqs.(9.3) and (9.5). As long as 
  ! z > 0,  

 
! z  increases. At the t 

when 
  
! z = 0,  

 
! z  is at its maximum positive value and then starts to decrease when 

 
! z  becomes 

negative. 

  ! (t) = " t # $t3;   ! = 0.400 rad/s2,   ! = 0.0120 rad/s3  

EXECUTE:! (a) 
  
! z(t) =

d"
dt

=
d(#t $ %t3)

dt
= # $ 3%t2  

(b) 
  
! z(t) =

d" z

dt
=

d(# $ 3%t2 )
dt

= 6%t  

(c) Just plug in & chug away!   

  
! z(t) = " # 3$t2 % ! 5s( ) = 0.4rad/s# 3(0.120rad/s3)(5s)2 = #0.5rad/s 

(d)  

  
!

av
=

! (t ) dt
0

5s

"
t

=
#t $ %t 3&

'
(
)0

5s

5s
= 0.7rad / s  

 
10.29. IDENTIFY :! Apply  ! z = I" z# and constant angular acceleration equations to the motion of the wheel. 

SET UP:!  1 rev = 2!  rad .  π  rad/s= 30 rev/min . 

EXECUTE:! (a) 
  
 ! z = I" z = I

# z $ # 0z

t
. 

  
! z =

1 2( ) 1.50 kg( ) 0.100 m( )2( ) 1200 rev min( ) "
30

rad s
rev min

#

$%
&

'(

2.5 s
= 0.377 N ) m  

(b) 
  
! av " t =

600 rev/min( ) 2.5 s( )
60 s/min

= 25.0 rev = 157 rad. 

(c)   W = ! " # = (0.377 N $ m)(157 rad) = 59.2 J . 

(d) 
  
 K =

1
2

I! 2 =
1
2

(1/ 2)(1.5 kg)(0.100 m)2( ) (1200 rev/min)
"
30

rad/s
rev/min

#

$%
&

'(
#

$%
&

'(

2

= 59.2 J. 

the same as in part (c). 
 

10.52. IDENTIFY :! Apply Eq.(10.33), where  ! = wr . 

SET UP:!  1 day = 86,400 s .  1 yr = 3.156 ! 107  s . The earth has mass   M = 5.97 ! 1024  kg and radius 

  R = 6.38 ! 106  m . For a uniform sphere and an axis through its center, 
  
I = 2

5 MR2 . 

EXECUTE:! (a)   τ = IωΩ = (2 / 5)MR2ωΩ.  Using 
 
! = 2"  rad

86,400 s
 and 

 
Ω = 2π  rad

(26,000 y)(3.156×107  s/y)
, 

and the mass and radius of the earth from Appendix F,  ! = 5.4 N " m . 

EVALUATE :! If the torque is applied by the sun,   r = 1.5! 1011 m and   F! = 3.6 " 1011  N . 

  



10.69. IDENTIFY :! Apply 
    

!
Fext = m

!
acm! to the motion of the center of mass and apply 

  
! z = Icm" z# to the 

rotation about the center of mass. 

SET UP:!
  
I = 2 1

2 MR2( ) = MR2 . The moment arm for T is b. 

EXECUTE:! The tension is related to the acceleration of the yo-yo by   (2m)g ! T = (2m)a,  and to the 

angular acceleration by 
  
Tb = I! = I a

b
.  Dividing the second equation by b and adding to the first to 

eliminate T yields 
  
a = g

2m

(2m+ I b2)
= g

2

2 + (R b)2
,   ! = g

2

2b+ R2 b
. The tension is found by 

substitution into either of the two equations: 

  
T = (2m)(g ! a) = (2mg) 1!

2

2 + (R b)2

"

#$
%

&'
= 2mg

(R b)2

2 + (R b)2
=

2mg

(2(b R)2 +1)
.  

EVALUATE :!   a ! 0 when   b ! 0 . As  b ! R,   a ! 2g / 3 . 
  

10.79. IDENTIFY :! Apply conservation of energy to the motion of the ball. Once the ball leaves the track the 
ball moves in projectile motion. 

SET UP:! The ball has 
  
I = 2

5 mR2 ; the silver dollar has 
  
I = 1

2 mR2 . For the projectile motion take  +y  

downward, so 
  
ax = 0 and 

 
ay = +g . 

EXECUTE:! (a) The kinetic energy of the ball when it leaves the track (when it is still rolling without 

slipping) is   (7 10)mv2 and this must be the work done by gravity,  W = mgh, so   v = 10gh 7. The ball 

is in the air for a time   t = 2y g,  so x = vt = 20hy 7.  

(b) The answer does not depend on g, so the result should be the same on the moon. 
(c) The presence of rolling friction would decrease the distance. 

(e) For the dollar coin, modeled as a uniform disc,   K = (3 4)mv2, and so x = 8hy 3.  

EVALUATE :! The sphere travels a little farther horizontally, because its moment of inertia is a smaller 

fraction of   MR2 than for the disk. The result is independent of the mass and radius of the object but it 
does depend on how that mass is distributed within the object. 
  

 


