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7.2 What is Energy?
• Question: What is energy?
• Answer: Energy is a scalar quantity associated with the state (or 

condition) of one or more objects. 
• Energy is required for any sort of motion.  Some characteristics:

1)Energy can be transformed from one type to another and transferred 
from one object to another.
2)The total amount of energy is always the same (energy is conserved).

h

Potential 
Energy

Kinetic Energy
ν

Thermal Energy Nuclear Energy

Radiant Energy
In this chapter we will focus on only one type of energy (kinetic 
energy) and on only one way in which energy can be transfered (work).

Forms of energy : 

position, velocity
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7.3 Kinetic Energy
• Kinetic energy K is energy associated with the state of motion of an 

object. 
• For an object of mass m whose speed v is well below the speed of 

light,

• The faster the object moves, the greater is its kinetic energy. 

• The SI unit of kinetic energy (and every other type of energy) is the 
Joule (J),   1 joule = 1 J = 1Nm = 1 kgm2/s2

Newtonian mechanics
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Sample Problem: Kinetic Energy, train crash

Energy released by 2 colliding trains 
with given weight and acceleration from 
rest. Find the final velocity of each 
locomotive:

o Convert weight to mass:

o Find the kinetic energy:

7.3 Kinetic Energy
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7.4. Work
• Work is energy transferred to or from an object by means of a force 

acting on the object. 
• Energy transferred

• to the object is positive work, 
• from the object is negative work.

• “ Work”, then, is transferred energy;
• “doing work” is the act of transferring the energy.
• Work has the same units as energy (1 joule = 1 J = 1Nm = 1 kgm2/s2.)

•Work is a scalar quantity and represented  by “W”.

F

ν
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i
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Positive Work

The car decelerates,  Kinetic energy 
decreases (v

f 
< v

i
)

Negative Work

ν

F

NOT a vector
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7.5 Work and Kinetic Energy

 Start from force equation and
1-dimensional velocity:

 Rearrange into kinetic energies:
• Kf  is the  kinetic energy of the bead at the 

end of the displacement d
•  Ki is the kinetic energy of the bead at the 

start of the displacement dK
f

K
i

• To calculate the work a force  F does on an object as the object moves 
through some displacement d, we use only the force component along 
the object’s displacement. 

• The force component perpendicular to the displacement direction does 
zero work.

f
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• The only component of force taken into 
account here is the x-component.

• A constant force directed at angle φ to the 
displacement  (in the x-direction) of a bead 
does work on the bead.

• For a constant force F, the work done W is:

 Notes on these equations:

• Force is constant

• Object is particle-like (rigid)

• Work can be positive or negative

7.5 Work and Kinetic Energy

COM

Transfer of energy to/from the system
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• A force 
• does positive work when it has 

a vector component in the same 
direction as the displacement,

• does negative work when it has 
a vector component in the 
opposite direction, 

• does zero work when it has no 
such vector component.

7.5 Work and Kinetic Energy

 For two or more forces, the net work is the sum of the works done by 
all the individual forces.

 Two methods to calculate net work:
1.We can find all the works and sum the individual work terms.
2.We can take the vector sum of forces (F

net
) and calculate the net work 

once.
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7.5 Work and Kinetic Energy: Work-Kinetic Energy Theorem

• The theorem says that the change in kinetic energy of a particle is the 
net work done on the particle.

 The work-kinetic energy theorem holds for positive and negative work.

Example:  If the kinetic energy of a particle is initially 5 J,

 A net transfer of 2 J from the particle (negative work): Final KE = 3 J

 A net transfer of 2 J to the particle (positive work): Final KE = 7 J
inserted into the system

removed from the system
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Sample problem: Industrial spies

7.5 Work and Kinetic Energy

direction of motion →
F

net
→

(+) positive work

(+) positive work
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Sample problem: Constant force in unit vector notation

7.5 Work and Kinetic Energy

(-) negative work:
removal of energy
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7.6 Work Done by the Gravitational Force

Rising Falling

(a) An applied force lifts an 
object. 

Fg and displacement are in 
the opposite direction

(b) An applied force        
lowers an object.

Fg  and displacement are in 
the same direction

Fg Fg

F
a/g

.d=

same 
direction

opposite

same

opposite

v
f
=v

i  
!
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Example:   You are a passenger:

o Being lowered down in an 
elevator
• Tension does negative work,

• gravity does positive work.

7.6 Work Done by the Gravitational Force

o Being pulled up

• Tension does positive work,

• gravity does negative work.

state is changed

h ↑

h ↓
h

2 
: higher potential energy
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Sample 
problem: 
Accelerating 
elevator cab

7.6 Work Done by the Gravitational Force

(+) positive work

(-) negative work

(+)

↑
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7. 7 Work Done by Spring Force

In one dimension (along x axis):

•Hooke’s Law: To a good approximation for 
many springs, the force from a spring is 
proportional to the displacement of the free 
end from its position when the spring is in 
the relaxed state. 

•The spring force is the variable force from a 
spring and is given by

•The minus sign indicates that the direction of 
the spring force is always opposite the 
direction of the displacement of the spring’s 
free end.

• The constant k is called the spring constant 
(or force constant) and is a measure of the 
stiffness of the spring.

relaxed state: no change

F → F(x)
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 If we stretch or extend 
the spring it resists, and 
exerts a restoring force 
that attempts to return 
the spring to its relaxed 
state.

7. 7 Work Done by Spring Force

now F → F(x)

Δx: getting smaller

x
i
=0 & x

f
=x :generally

used in solutions
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7.7 Work Done by Spring Force: Work Done by an Applied Force

If  0  thenK 

Sample problem: Work done by spring

v
f
=v

i  
(=0)

v
f
=0

ΔK=W
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7. 8 Work Done by a General Variable Force
A. One-dimensional force, graphical analysis:
• We can divide the area under the curve of 

F(x) (Fig. a) into a number of narrow 
strips of width x (Fig. b). 

• We choose x small enough to permit us 
to take the force F(x) as being reasonably 
constant over that interval. 

• We let Fj,avg be the average value of F(x) 
within the jth interval. 

• The work done by the force in the jth 
interval is approximately Wj=Fj,avgx.

• Wj is then equal to the area of the jth 
rectangular, shaded strip. 

• We can make the approximation better by 
reducing the strip width x and using 
more strips (Fig. c).

• In the limit, the strip width approaches 
zero, the number of strips then becomes 
infinitely large and we have, as an exact 
result (Fig. d). constant F variable F
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If

where Fx is the x-components of F and so on,

and

where dx is the x-component of the displacement vector dr and so on,

then 

Finally,  

B. Three dimensional force:

 The work-kinetic energy theorem still applies!

7. 8 Work Done by a General Variable Force
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• A particle of mass m is moving along an x axis and acted on by a net 
force F(x) that is directed along that axis. 

• The work done on the particle by this force as the particle moves from 
position xi to position xf is :

Work – Kinetic Energy Theorem with a Variable Force

7. 8 Work Done by a General Variable Force

The work-kinetic energy 
theorem still applies!

Newton 2nd law

a(v(x))=

also replace integral limits

for both variable or not variable forces FYI
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Sample problem: Work from 2-D integration:

7. 8 Work Done by a General Variable Force

(+) positive work
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7. 9 Power
• The time rate at which work is done by a force is said to be the power 

due to the force. 
– The SI unit of power is the joule per second, or Watt.

• The instantaneous power P is the 
instantaneous time rate of doing work, 
which we can write as

•  If a force does an amount of work W in an 
amount of time t, the average power due to 
the force during that time interval is

 Solve for the instantaneous power using the definition of work:

How fast for transfer?  Δt,dt

P ~ v
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Sample problem: Power, force, 
velocity

This positive result tells us that force is transferring 
energy to the box at the rate of 6.0 J/s. The net power is 
the sum of the individual powers:

Pnet = P1 + P2=-6.0 W +6.0 W=  0, 

which means that the net rate of transfer of energy to
or from the box is zero. Thus, the kinetic energy of the 
box is not changing, and so the speed of the box will 
remain at 3.0 m/s. Therefore both P1 and P2 are constant 
and thus so is Pnet.

7. 9 Power
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7 Solved Problems
1. Figure shows three forces applied to a trunk that moves 

leftward by 3.00 m over a frictionless floor. The force 
magnitudes are , F1=5.00 N, F2=9.00 N, and F3=3.00 N, 

and the indicated angle is θ=60.0°,. During the 
displacement, (a) what is the net work done on the trunk 
by the three forces and (b) does the kinetic energy of the 
trunk increase or decrease? 

(+)

(+)
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7 Solved Problems
2. A helicopter lifts a 72 kg astronaut 15 m vertically from the ocean by means of a 

cable. The acceleration of the astronaut is g/10. How much work is done on the 
astronaut by (a) the force from the helicopter and (b) the gravitational force on 
her? Just before she reaches the helicopter, what are her (c) kinetic energy and (d) 
speed? 
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7 Solved Problems

3.The only force acting on a 2.0 kg body as it moves along a positive axis has an  x 
component Fx= -6x N, with x in meters. The velocity at x=3.0 m is 8.0 m/s. (a) What 
is the velocity of the body at x=4.0 m? (b) At what positive value of x will the body 
have a velocity of 5.0 m/s? 
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7 Solved Problems

4. A 10 kg brick moves along an x axis. Its acceleration as a 
function of its position is shown in Figure. The scale of the 
figure's vertical axis is set by as=20.0 m/s2. What is the net 

work performed on the brick by the force causing the 
acceleration as the brick moves from x=0 to x=8.0 m?

a(x)

x
f

x
i
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7 Solved Problems

5. A 0.30 kg ladle sliding on a horizontal frictionless surface is attached to one end of 
a horizontal spring (k=500 N/m) whose other end is fixed. The ladle has a kinetic 
energy of 10 J as it passes through its equilibrium position (the point at which the 
spring force is zero). 

(a) At what rate is the spring doing work on the ladle as the ladle passes through its 
equilibrium position? 

(b) At what rate is the spring doing work on the ladle when the spring is compressed 
0.10 m and the ladle is moving away from the equilibrium position? 

relaxed state → x=0 position

rate of doing work → power
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7 Solved Problems

500

50

50
353.6

-

-
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Kinetic Energy
 The energy associated with 

motion

 

Work
 Energy transferred to or from an 

object via a force

 Can be positive or negative

7     Summary

Eq. (7-1)

Eq. (7-7)

Eq. (7-10)

Work Done by a Constant Force

 The net work is the sum of 
individual works

Work and Kinetic Energy

Eq. (7-11)

Eq. (7-8)

Work Done by the Gravitational 
Force

Eq. (7-12)

Spring Force
 Relaxed state: applies no 

force

 Spring constant k measures 
stiffness

 
Eq. (7-20)
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7     Summary
Work Done in Lifting and 

Lowering an Object

Eq. (7-16)

Eq. (7-26)

Spring Force
 For an initial position x = 0:

 

Work Done by a Variable 
Force

 Found by integrating the 
constant-force work equation

 Eq. (7-32)

Power
 The rate at which a force does 

work on an object

 Average power:

 Instantaneous power:

 For a force acting on a moving 
object:

Eq. (7-43)

Eq. (7-47)

Eq. (7-42)

Eq. (7-48)
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