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Last time

• isolated and nonisolated systems

• mechanical energy

• conservation of mechanical energy

• general conservation of energy

• how to solve energy problems



Overview

• go over quiz 4

• another energy example

• center of mass



Another Energy Example

Ch 8, #80

A 1400 kg block of granite is pulled up an incline at a constant
speed of 1.34 m/s by a cable and winch. The indicated distances
are d1 = 40 m and d2 = 30 m. The coefficient of kinetic friction
between the block and the incline is 0.40. What is the power due
to the force applied to the block by the cable?

197PROB LE M S
PART 1

78 At a certain factory, 300 kg crates are dropped vertically from
a packing machine onto a conveyor belt moving at 1.20 m/s (Fig.
8-62). (A motor maintains the belt’s constant speed.) The coeffi-
cient of kinetic friction between the belt and each crate is 0.400.
After a short time, slipping between the belt and the crate ceases,
and the crate then moves along with the belt. For the period of
time during which the crate is being brought to rest relative to the
belt, calculate, for a coordinate system at rest in the factory, (a) the
kinetic energy supplied to the crate, (b) the magnitude of the ki-
netic frictional force acting on the crate, and (c) the energy sup-
plied by the motor. (d) Explain why answers (a) and (c) differ.
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Fig. 8-63 Problem 80.
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Fig. 8-62 Problem 78.

0 2 4 6 8 10 12

F1 F2 F3 F4

x (m)

Fig. 8-64 Problems 81 and 82.

Next, the particle is released from rest at x 0. What are (l) its
kinetic energy at x 5.0 m and (m) the maximum positive position
xmax it reaches? (n) What does the particle do after it reaches xmax?

!
!

79 A 1500 kg car begins sliding down a 5.0° inclined road
with a speed of 30 km/h. The engine is turned off, and the only
forces acting on the car are a net frictional force from the road and
the gravitational force. After the car has traveled 50 m along the
road, its speed is 40 km/h. (a) How much is the mechanical energy
of the car reduced because of the net frictional force? (b) What is
the magnitude of that net frictional force?

80 In Fig. 8-63, a 1400 kg block of granite is pulled up an incline
at a constant speed of 1.34 m/s by a cable and winch. The indicated
distances are d1 40 m and d2 30 m. The coefficient of kinetic
friction between the block and the incline is 0.40. What is the
power due to the force applied to the block by the cable?

!!

SSM

81 A particle can move along only an x axis, where conservative
forces act on it (Fig. 8-64 and the following table). The particle is
released at x 5.00 m with a kinetic energy of K 14.0 J and a
potential energy of U 0. If its motion is in the negative direction
of the x axis, what are its (a) K and (b) U at x 2.00 m and its (c)
K and (d) U at x 0? If its motion is in the positive direction of
the x axis, what are its (e) K and (f) U at x 11.0 m, its (g) K and
(h) U at x 12.0 m, and its (i) K and ( j) U at x 13.0 m? (k) Plot
U(x) versus x for the range x 0 to x 13.0 m.!!
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!

!
!

!
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Range Force

0 to 2.00 m
2.00 m to 3.00 m
3.00 m to 8.00 m F 0
8.00 m to 11.0 m
11.0 m to 12.0 m
12.0 m to 15.0 m F ! 0

F
:

4 ! "(1.00 N)î
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Fig. 8-65 Problem 86.

82 For the arrangement of forces in Problem 81, a 2.00 kg parti-
cle is released at x 5.00 m with an initial velocity of 3.45 m/s in
the negative direction of the x axis. (a) If the particle can reach
x 0 m, what is its speed there, and if it cannot, what is its turning
point? Suppose, instead, the particle is headed in the positive x di-
rection when it is released at x 5.00 m at speed 3.45 m/s. (b) If
the particle can reach x 13.0 m, what is its speed there, and if it
cannot, what is its turning point?

83 A 15 kg block is accelerated at 2.0 m/s2 along a horizon-
tal frictionless surface, with the speed increasing from 10 m/s to 30
m/s. What are (a) the change in the block’s mechanical energy and
(b) the average rate at which energy is transferred to the block?
What is the instantaneous rate of that transfer when the block’s
speed is (c) 10 m/s and (d) 30 m/s?

84 A certain spring is found not to conform to Hooke’s law. The
force (in newtons) it exerts when stretched a distance x (in meters)
is found to have magnitude 52.8x # 38.4x2 in the direction oppos-
ing the stretch. (a) Compute the work required to stretch the
spring from x 0.500 m to x 1.00 m. (b) With one end of the
spring fixed, a particle of mass 2.17 kg is attached to the other end
of the spring when it is stretched by an amount x 1.00 m. If the
particle is then released from rest, what is its speed at the instant
the stretch in the spring is x 0.500 m? (c) Is the force exerted by
the spring conservative or nonconservative? Explain.

85 Each second, 1200 m3 of water passes over a waterfall 100
m high. Three-fourths of the kinetic energy gained by the water in
falling is transferred to electrical energy by a hydroelectric genera-
tor.At what rate does the generator produce electrical energy? (The
mass of 1 m3 of water is 1000 kg.)

86 In Fig. 8-65, a small block is sent through point A with a
speed of 7.0 m/s. Its path is without friction until it reaches the sec-
tion of length L 12 m, where the coefficient of kinetic friction is
0.70. The indicated heights are h1 6.0 m and h2 2.0 m. What
are the speeds of the block at (a) point B and (b) point C? (c) Does
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Possible strategies:

1. Newton’s 2nd law

2. Work-KE theorem,
system is block only

3. Energy conservation
with potential energy,
system is block, earth,
internal degrees of
freedom in surfaces
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internal degrees of
freedom in surfaces
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82 For the arrangement of forces in Problem 81, a 2.00 kg parti-
cle is released at x 5.00 m with an initial velocity of 3.45 m/s in
the negative direction of the x axis. (a) If the particle can reach
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85 Each second, 1200 m3 of water passes over a waterfall 100
m high. Three-fourths of the kinetic energy gained by the water in
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Ans:

P = 1.7 × 104 W



Center of Mass
For a solid, rigid object:

center of mass

the point on an object where we can model all the mass as being,
in order to find the object’s trajectory; a freely moving object
rotates about this point

also, the point at which if all the forces the object are modeled to
act, the motion of that point is correctly predicted

The center of mass of the wrench follows a straight line as the
wrench rotates about that point.
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Center of Mass

1Figure from
http://www4.uwsp.edu/physastr/kmenning/Phys203/Lect18.html



Center of Mass

For a system of two particles, 1 dimension:

xCM =
m1x1 +m2x2
m1 +m2

268 Chapter 9 Linear Momentum and Collisions

is applied at the center of mass, the system moves in the direction of the force with-
out rotating (see Fig. 9.13c). The center of mass of an object can be located with 
this procedure.
 The center of mass of the pair of particles described in Figure 9.14 is located on 
the x axis and lies somewhere between the particles. Its x coordinate is given by

 xCM ;
m1x1 1 m2x2

m1 1 m2
 (9.28)

For example, if x1 5 0, x2 5 d, and m2 5 2m1, we find that xCM 5 2
3d. That is, the 

center of mass lies closer to the more massive particle. If the two masses are equal, 
the center of mass lies midway between the particles.
 We can extend this concept to a system of many particles with masses mi in three 
dimensions. The x coordinate of the center of mass of n particles is defined to be

 xCM ;
m1x1 1 m2x2 1 m3x3 1 c1 mnxn

m1 1 m2 1 m3 1 c1 mn
5

a
i

mixi

a
i

mi

5
a

i
mixi

M
5

1
M a

i
mixi 

  (9.29)

where xi is the x coordinate of the ith particle and the total mass is M ; oi mi where 
the sum runs over all n particles. The y and z coordinates of the center of mass are 
similarly defined by the equations

 yCM ;
1
M a

i
miyi and zCM ;

1
M a

i
mizi (9.30)

 The center of mass can be located in three dimensions by its position vector rSCM. 
The components of this vector are xCM, yCM, and zCM, defined in Equations 9.29 and 
9.30. Therefore,

 rSCM 5 xCM î 1 yCM  ĵ 1 zCM k̂ 5
1
M a

i
mixi î 1

1
M a

i
miyi  ĵ 1

1
M a

i
mizi k̂

 rSCM ;
1
M a

i
mi r

S
i (9.31)

where rSi is the position vector of the ith particle, defined by

rSi ; xi î 1 yi  ĵ 1 zi k̂

 Although locating the center of mass for an extended, continuous object is some-
what more cumbersome than locating the center of mass of a small number of par-
ticles, the basic ideas we have discussed still apply. Think of an extended object as a 
system containing a large number of small mass elements such as the cube in Figure 
9.15. Because the separation between elements is very small, the object can be con-
sidered to have a continuous mass distribution. By dividing the object into elements 
of mass Dmi with coordinates xi, yi, zi, we see that the x coordinate of the center of 
mass is approximately

xCM <
1
M

 a
i

xi Dmi

with similar expressions for yCM and zCM. If we let the number of elements n 
approach infinity, the size of each element approaches zero and xCM is given pre-
cisely. In this limit, we replace the sum by an integral and Dmi by the differential 
element dm:

 xCM 5 lim
Dmi S 0

 
1
M

 a
i

xi Dmi 5
1
M

 3  x dm (9.32)

Likewise, for yCM and zCM we obtain

 yCM 5
1
M

 3  y dm and zCM 5
1
M

 3  z dm (9.33)

CM

CM

CM

a

b

c

The system rotates clockwise 
when a force is applied 
above the center of mass. 

The system rotates counter-
clockwise when a force is applied 
below the center of mass. 

The system moves in the 
direction of the force without 
rotating when a force is applied 
at the center of mass.

Figure 9.13 A force is applied 
to a system of two particles of 
unequal mass connected by a 
light, rigid rod.

Figure 9.14 The center of mass 
of two particles of unequal mass 
on the x axis is located at xCM, a 
point between the particles, closer 
to the one having the larger mass.
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x1

x 2

CM

m 2

x

x CM



Center of Mass

For a system of two particles, 1 dimension:

xCM =
m1x1 +m2x2
m1 +m2

For more particles in 1 dimension:

xCM =

∑
i mixi∑
i mi

or

xCM =
1

M

∑
i

mixi

where M is the total mass of all the particles in the system.



Center of Mass

This expression also gives us the x coordinate of the center of
mass when we have more dimensions.

xCM =
1

M

∑
i

mixi

Likewise for y :

yCM =
1

M

∑
i

miyi

and z :

zCM =
1

M

∑
i

mizi

where M is the total mass of all the particles in the system.



Center of Mass

Therefore, we can condense all three expressions into a single
vector expression.

rCM =
1

M

∑
i

mi ri

where ri = xi i+ yi j+ zik is the displacement of particle i from the
origin.



Summary

• went over quiz 4

• another energy example

• center of mass

Test 2 either Wed Nov 14 or Thurs, Nov 15 - give feedback
asap.

Homework
• finish energy HW questions

• (Ch 9 Ques: 1; Probs: 1, 3, 5 - can wait to do)


