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Last time

• concept of potential energy

• conservative and nonconservative forces

• potential energy definition

• some kinds of potential energy

• potential energy diagrams



Overview

• isolated and nonisolated systems

• mechanical energy

• conservation of mechanical energy

• general conservation of energy

• how to solve energy problems



Conservation of Energy

When a quantity maintains a fixed value in physics, we say that
quantity is conserved.

In many systems, the total amount of energy is fixed, so we can
use this principle, the conservation of energy, to solve problems.



Isolated and Nonisolated Systems

Isolated systems do not exchange energy with the environment.

Nonisolated systems do. Non-isolated systems can lose energy to
the environment or gain energy from it.

Note: in these energy lectures, I mean the system is isolated or not
with respect to energy specifically.



Nonisolated Systems
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are familiar with work, we can simplify the appearance of equations by letting the 
simple symbol W represent the external work Wext on a system. For internal work, we 
will always use Wint to differentiate it from W.) The other four members of our list 
do not have established symbols, so we will call them TMW (mechanical waves), TMT 
(matter transfer), TET (electrical transmission), and TER (electromagnetic radiation).
 The full expansion of Equation 8.1 is

 DK 1 DU 1 DEint 5 W 1 Q 1 TMW 1 TMT 1 TET 1 TER (8.2)

which is the primary mathematical representation of the energy version of the anal-
ysis model of the nonisolated system. (We will see other versions of the nonisolated 
system model, involving linear momentum and angular momentum, in later chap-
ters.) In most cases, Equation 8.2 reduces to a much simpler one because some of 
the terms are zero for the specific situation. If, for a given system, all terms on the 
right side of the conservation of energy equation are zero, the system is an isolated 
system, which we study in the next section.
 The conservation of energy equation is no more complicated in theory than the 
process of balancing your checking account statement. If your account is the sys-
tem, the change in the account balance for a given month is the sum of all the 
transfers: deposits, withdrawals, fees, interest, and checks written. You may find it 
useful to think of energy as the currency of nature!
 Suppose a force is applied to a nonisolated system and the point of application 
of the force moves through a displacement. Then suppose the only effect on the 
system is to change its speed. In this case, the only transfer mechanism is work (so 
that the right side of Eq. 8.2 reduces to just W) and the only kind of energy in the 
system that changes is the kinetic energy (so that the left side of Eq. 8.2 reduces to 
just DK). Equation 8.2 then becomes

DK 5 W

which is the work–kinetic energy theorem. This theorem is a special case of the 
more general principle of conservation of energy. We shall see several more special 
cases in future chapters.

Q uick Quiz 8.1  By what transfer mechanisms does energy enter and leave (a) your 
television set? (b) Your gasoline-powered lawn mower? (c) Your hand-cranked 
pencil sharpener?

Q uick Quiz 8.2  Consider a block sliding over a horizontal surface with friction. 
Ignore any sound the sliding might make. (i) If the system is the block, this sys-
tem is (a) isolated (b) nonisolated (c) impossible to determine (ii) If the system 
is the surface, describe the system from the same set of choices. (iii) If the system 
is the block and the surface, describe the system from the same set of choices.

Analysis Model   Nonisolated System (Energy)
Imagine you have identified a system to be analyzed 
and have defined a system boundary.  Energy can 
exist in the system in three forms: kinetic, potential, 
and internal. The total of that energy can be changed 
when energy crosses the system boundary by any of six 
transfer methods shown in the diagram here. The total 
change in the energy in the system is equal to the total 
amount of energy that has crossed the system bound-
ary. The mathematical statement of that concept is 
expressed in the conservation of energy equation:

 DEsystem 5 o T (8.1)

Work Heat Mechanical
waves

Matter
transfer

Electrical
transmission

Electromagnetic
radiation

Kinetic energy
Potential energy
Internal energy

System
boundary

The change in the total 
amount of energy in 
the system is equal to 
the total amount of 
energy that crosses the 
boundary of the system.

1Figures from Serway & Jewett.



Mechanical Energy

The mechanical energy of a system is the energy that can be used
to do work.

It is defined as the sum of the system’s kinetic and potential
energy:

Emech = K + U

The mechanical energy of a system can change under two
circumstances:

• nonconservative forces act on the system decreasing the
mechanical energy

• other external forces act that may add energy to the system or
reduce it (applied forces)
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Conservation of Mechanical Energy

If the system is isolated: no friction, no air resistance, no external
applied work, then the mechanical energy is conserved:

∆Emech = ∆K + ∆U = 0

Energy can change from kinetic to potential or vice versa, but the
total mechanical energy is constant.



Isolated System: Mechanical Energy Conservation

A rock is dropped from rest a height h.

By considering energy, find an expression for how fast it is moving
just before it hits the ground.

System: rock + Earth

Let point i be the moment it is dropped; f be just before it strikes
the ground. Let y = 0 be the ground level.

∆K + ∆U = 0

(Kf −���
0

Ki ) + (��>
0

Uf − Ui ) = 0

Kf = Ui

1

2
mv2 = mgh

v =
√

2gh
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Energy Conservation
Over the whole of the universe, we believe energy is conserved.

That means energy is neither created nor destroyed, but may
change form.

However, the energy of our system, which is only a tiny part of the
universe, may gain or lose energy if it is nonisolated.

This can be expressed as:

Wext = ∆K + ∆U

or Wext = ∆K + ∆U + ∆Eth

The work done by external forces can include work done by
nonconservative forces and applied forces.
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How to Solve Energy Conservation Problems

1 Draw (a) diagram(s). Free body diagrams or full pictures, as
needed.

2 Identify the system. State what it is. Is it isolated?

3 Identify the initial point / configuration of the system.

4 Identify the final point / configuration of the system.

5 Write the energy conservation equation.

6 Fill in the expressions as needed.

7 Solve.

8 (Analyze answer: reasonable value?, check units, etc.)
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and, (ii) whenever possible, describe a natural pro-
cess in which the energy transfer or transformation 
occurs. Give details to defend your choices, such as 
identifying the system and identifying other output 
energy if the device or natural process has limited 
efficiency. (a) Chemical potential energy transforms 
into internal energy. (b) Energy transferred by elec-
trical transmission becomes gravitational potential 
energy. (c) Elastic potential energy transfers out of 
a system by heat. (d) Energy transferred by mechani-
cal waves does work on a system. (e) Energy carried 
by electromagnetic waves becomes kinetic energy in a 
system.

 9. A block is connected to a spring that is suspended 
from the ceiling. Assuming air resistance is ignored, 
describe the energy transformations that occur within 
the system consisting of the block, the Earth, and the 
spring when the block is set into vertical motion.

 10. In Chapter 7, the work–kinetic energy theorem, W 5 DK,  
was introduced. This equation states that work done on 
a system appears as a change in kinetic energy. It is a 
special-case equation, valid if there are no changes in 
any other type of energy such as potential or internal. 
Give two or three examples in which work is done on a 
system but the change in energy of the system is not a 
change in kinetic energy.

tip of the demonstrator’s nose as 
shown in Figure CQ8.5. The dem-
onstrator remains stationary. (a) Ex- 
plain why the ball does not strike 
her on its return swing. (b) Would 
this demonstrator be safe if the ball 
were given a push from its starting 
position at her nose?

 6. Can a force of static friction do 
work? If not, why not? If so, give an 
example.

 7. In the general conservation of 
energy equation, state which terms 
predominate in describing each of the following 
devices and processes. For a process going on continu-
ously, you may consider what happens in a 10-s time 
interval. State which terms in the equation represent 
original and final forms of energy, which would be 
inputs, and which outputs. (a) a slingshot firing a peb-
ble (b) a fire burning (c) a portable radio operating 
(d) a car braking to a stop (e) the surface of the Sun 
shining visibly (f) a person jumping up onto a chair

 8. Consider the energy transfers and transformations 
listed below in parts (a) through (e). For each part, 
(i) describe human-made devices designed to pro-
duce each of the energy transfers or transformations 

Section 8.1 Analysis Model: Nonisolated System (Energy)
 1. For each of the following systems and time intervals, 

write the appropriate version of Equation 8.2, the 
conservation of energy equation. (a) the heating coils 
in your toaster during the first five seconds after you 
turn the toaster on (b) your automobile from just 
before you fill it with gasoline until you pull away 
from the gas station at speed v (c) your body while 
you sit quietly and eat a peanut butter and jelly sand-
wich for lunch (d) your home during five minutes of 
a sunny afternoon while the temperature in the home 
remains fixed

 2. A ball of mass m falls from a height h to the floor. 
(a) Write the appropriate version of Equation 8.2 for 
the system of the ball and the Earth and use it to cal-
culate the speed of the ball just before it strikes the 
Earth. (b) Write the appropriate version of Equation 
8.2 for the system of the ball and use it to calculate the 
speed of the ball just before it strikes the Earth.

S

S

Section 8.2 Analysis Model: Isolated System (Energy)
 3. A block of mass 0.250 kg is placed on top of a light, ver-

tical spring of force constant 5 000 N/m and pushed 
downward so that the spring is compressed by 0.100 m. 
After the block is released from rest, it travels upward 
and then leaves the spring. To what maximum height 
above the point of release does it rise?

 4. A 20.0-kg cannonball is fired from a cannon with muz-
zle speed of 1 000 m/s at an angle of 37.08 with the hor-
izontal. A second ball is fired at an angle of 90.08. Use 
the isolated system model to find (a) the maximum 
height reached by each ball and (b) the total mechani-
cal energy of the ball–Earth sys-
tem at the maximum height for 
each ball. Let y 5 0 at the cannon.

 5. Review. A bead slides without fric-
tion around a loop-the-loop (Fig. 
P8.5). The bead is released from 
rest at a height h 5 3.50R. (a) What 
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M

Figure CQ8.5

Problems

 
The problems found in this  

 chapter may be assigned 
online in Enhanced WebAssign

1.  straightforward; 2. intermediate;  
3. challenging

1.   full solution available in the Student 
Solutions Manual/Study Guide

AMT   Analysis Model tutorial available in 
Enhanced WebAssign

 GP  Guided Problem

 M   Master It tutorial available in Enhanced 
WebAssign

 W   Watch It video solution available in 
Enhanced WebAssign

BIO

Q/C

S

h
R

!

Figure P8.5

Wapp → Us =
1

2
kx2 → K.E. & Grav P.E.→ Ug = mgh

System: block + spring + Earth.

Initial point, i©: release point (max compression of spring),
choose y = 0, U = 0 at this point

Final point, f©: point of max height of block

System is isolated.
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the system consisting of the block, the Earth, and the 
spring when the block is set into vertical motion.

 10. In Chapter 7, the work–kinetic energy theorem, W 5 DK,  
was introduced. This equation states that work done on 
a system appears as a change in kinetic energy. It is a 
special-case equation, valid if there are no changes in 
any other type of energy such as potential or internal. 
Give two or three examples in which work is done on a 
system but the change in energy of the system is not a 
change in kinetic energy.

tip of the demonstrator’s nose as 
shown in Figure CQ8.5. The dem-
onstrator remains stationary. (a) Ex- 
plain why the ball does not strike 
her on its return swing. (b) Would 
this demonstrator be safe if the ball 
were given a push from its starting 
position at her nose?

 6. Can a force of static friction do 
work? If not, why not? If so, give an 
example.

 7. In the general conservation of 
energy equation, state which terms 
predominate in describing each of the following 
devices and processes. For a process going on continu-
ously, you may consider what happens in a 10-s time 
interval. State which terms in the equation represent 
original and final forms of energy, which would be 
inputs, and which outputs. (a) a slingshot firing a peb-
ble (b) a fire burning (c) a portable radio operating 
(d) a car braking to a stop (e) the surface of the Sun 
shining visibly (f) a person jumping up onto a chair

 8. Consider the energy transfers and transformations 
listed below in parts (a) through (e). For each part, 
(i) describe human-made devices designed to pro-
duce each of the energy transfers or transformations 

Section 8.1 Analysis Model: Nonisolated System (Energy)
 1. For each of the following systems and time intervals, 

write the appropriate version of Equation 8.2, the 
conservation of energy equation. (a) the heating coils 
in your toaster during the first five seconds after you 
turn the toaster on (b) your automobile from just 
before you fill it with gasoline until you pull away 
from the gas station at speed v (c) your body while 
you sit quietly and eat a peanut butter and jelly sand-
wich for lunch (d) your home during five minutes of 
a sunny afternoon while the temperature in the home 
remains fixed

 2. A ball of mass m falls from a height h to the floor. 
(a) Write the appropriate version of Equation 8.2 for 
the system of the ball and the Earth and use it to cal-
culate the speed of the ball just before it strikes the 
Earth. (b) Write the appropriate version of Equation 
8.2 for the system of the ball and use it to calculate the 
speed of the ball just before it strikes the Earth.

S

S

Section 8.2 Analysis Model: Isolated System (Energy)
 3. A block of mass 0.250 kg is placed on top of a light, ver-

tical spring of force constant 5 000 N/m and pushed 
downward so that the spring is compressed by 0.100 m. 
After the block is released from rest, it travels upward 
and then leaves the spring. To what maximum height 
above the point of release does it rise?

 4. A 20.0-kg cannonball is fired from a cannon with muz-
zle speed of 1 000 m/s at an angle of 37.08 with the hor-
izontal. A second ball is fired at an angle of 90.08. Use 
the isolated system model to find (a) the maximum 
height reached by each ball and (b) the total mechani-
cal energy of the ball–Earth sys-
tem at the maximum height for 
each ball. Let y 5 0 at the cannon.

 5. Review. A bead slides without fric-
tion around a loop-the-loop (Fig. 
P8.5). The bead is released from 
rest at a height h 5 3.50R. (a) What 
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Problems

 
The problems found in this  

 chapter may be assigned 
online in Enhanced WebAssign

1.  straightforward; 2. intermediate;  
3. challenging

1.   full solution available in the Student 
Solutions Manual/Study Guide

AMT   Analysis Model tutorial available in 
Enhanced WebAssign

 GP  Guided Problem

 M   Master It tutorial available in Enhanced 
WebAssign

 W   Watch It video solution available in 
Enhanced WebAssign
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1Problem from Serway & Jewett, 9th ed, page 236.
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Thermal Energy / Internal Energy
Whether you include the change in internal energy ∆Eth in the
expression of energy conservation depends on what you choose to
include in your system.

If you include in the system only the mass of the object and NOT
the “internal degrees of freedom” of an object and a surface that it
interacts with, then use the expression:

Wext = ∆K + ∆U

In this case, the external forces include any nonconservative forces,
for example kinetic friction:

Wext = Wapp +Wfric

where for a straight line path of length d :

Wfric = −fkd

The work done by kinetic friction is always negative.



Thermal Energy / Internal Energy

Whether you include the change in internal energy ∆Eth in the
expression of energy conservation depends on what you choose to
include in your system.

If you include in the system the “internal degrees of freedom” of an
object and a surface that it interacts with, then use the expression:

Wext = ∆K + ∆U + ∆Eth

This says that the system can store energy as heat. When a kinetic
friction force acts over a straight line path of length d :

∆Eth = fkd

Eth will never decrease, so ∆Eth > 0.



Energy Conservation: Example 8-10
A block of mass m1 = 2.40 kg is connected to a second block of
mass m2 = 1.80 kg. When the blocks are released from rest, they
move through a distance d = 0.500 m, at which point m2 hits the
floor. Given that the coefficient of kinetic friction between m1 and
the horizontal surface is µk = 0.450, find the speed of the blocks
just before m2 lands.

EXAMPLE 8–10 Landing with a Thud
A block of mass is connected to a second block of mass as shown here. When the blocks are released
from rest, they move through a distance at which point hits the floor. Given that the coefficient of kinetic fric-
tion between and the horizontal surface is find the speed of the blocks just before lands.

Picture the Problem
We choose to be at floor level; therefore, the gravita-
tional potential energy of is zero when it lands. The poten-
tial energy of doesn’t change during this process; it is
always Thus, it isn’t necessary to know the value of h.
Note that we label the beginning and ending points with i and
f, respectively.

Strategy
Since a nonconservative force (friction) is doing work in this
system, we use Thus, we must calculate
not only the mechanical energies, and but also the non-
conservative work, Note that can be written in terms of
the unknown speed of the blocks just before lands. There-
fore, we can set equal to and solve for the final speed.

Solution

1. Evaluate and Be sure to include contributions 
from both masses:

2. Next, evaluate and Note that depends 
on the unknown speed, v:

3. Calculate the nonconservative work, Recall that the 
force of friction is and that it points 
opposite to the displacement of distance d:

4. Set equal to Notice that cancels 
because it occurs in both and 

5. Solve for v:

6. Substitute numerical values:

Insight
Note that step 4 can be rearranged as follows: Translating this to words, we can say that the
final kinetic energy of the blocks is equal to the initial gravitational potential energy of minus the energy dissipated by friction.

Practice Problem
Find the coefficient of kinetic friction if the final speed of the blocks is 0.950 m/s. [Answer: ] 

Some related homework problems: Problem 35, Problem 36

mk = 0.589

m2,

1
2 m1v2 + 1

2 m2v2 = m2gd - mkm1gd.

 = 1.30 m/s

 v = A2[1.80 kg - 10.450212.40 kg2]19.81 m/s2210.500 m2
1.80 kg + 2.40 kg

v = A21m2 - mkm12gd

m1 + m2

-mkm1gd = 1
2 m1v2 + 1

2 m2v2 - m2gdEf.Ei

Wnc = Ef - Eim1gh¢E = Ef - Ei.Wnc

fk = mkN = mkm1g,
Wnc = -fkd = -mkm1gdWnc.

 Ef = Uf + Kf = m1gh + 1
2 m1v2 + 1

2 m2v2

 Kf = 1
2 m1v2 + 1

2 m2v2

 Uf = m1gh + 0EfEf.Uf, Kf,

 Ei = Ui + Ki = m1gh + m2gd

 Ki = 1
2 m1 # 02 + 1

2 m2 # 02 = 0

 Ui = m1gh + m2gdEi.Ui, Ki,

¢EWnc

m2

EfWnc.
Ef,Ei

Wnc = ¢E = Ef - Ei.

m1gh.
m1

m2

y = 0

m2mk = 0.450,m1

m2d = 0.500 m,
m2 = 1.80 kg,m1 = 2.40 kg
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Finally, we present an Active Example for the common situation of a system in
which two different nonconservative forces do work.
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Finally, we present an Active Example for the common situation of a system in
which two different nonconservative forces do work.
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System: Masses m1 and m2, modeled as point particles, and the
Earth.

Wext = ∆K + ∆U + ∆Eth

Here:
Wext = 0 and ∆Eth = fkd
∆K is the change in K.E. of both masses
∆U is the change in Grav. P.E. of the masses (only m2’s changes)



Example 8-10

Points i© and f© are as labelled in the diagram.

��
�*0

Wext = ∆K + ∆U + ∆Eth

0 = (K1,f + K2,f −��
�*0

K1,i −��
�*0

K2,i ) + (��>
0

Uf − Ui ) + fkd

0 = (
1

2
(m1 +m2)v

2 − 0) + (0 −m2gd) + µkm1gd

v =

√
2(m2 − µkm1)gd

m1 +m2

= 1.30 m/s



Conservation Laws

When a quantity maintains a fixed value in physics, we say that
quantity is conserved.

A number of important conservation laws come up in this course
(specifically, energy and linear and angular momentum).

Where do they come from? Why do they hold?

Noether’s Theorem: conservation laws correspond to symmetries
in the equations of motion of a system.

Energy conservation comes from a time symmetry.
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Summary

• isolated and nonisolated systems

• mechanical energy

• conservation of energy

• how to solve energy problems

2nd Test Thursday Nov 15 ??

Homework
• Ch 8 Probs: 11, 15, 19, 21, 29, 43, 53, 57, 69

• Take home quiz, due Monday.


