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We have studied motion in terms of force, now we consider
energy and momentum – CONSERVED quantities

This approach is helpful when dealing with many objects and considering
all forces involved become very difficult.

In this chapter we study  WORK and ENERGY,   both are SCALARS

Work and Energy

There are different kinds of energy.

Kinetic energy and potential energy are examples of mechanical energy. 

An object in motion has kinetic energy.

There are also thermal energy  (heat), nuclear energy, etc.

The sum of all types of energy is CONSERVED.

Energy is not destroyed, only transformed.
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Work 

The work done on an object by a force can be either positive
work or negative work, depending on the angle.

Units
1 N.m = 1 J (joule)
1 dyne.cm = 1 erg
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Net Work

Ex. 01   A person pulls a 50 kg crate 40m along a horizontal floor by a 
constant force Fp=100N, which acts at a 37 degree angle. Ffr=50 N.
a) What is the work done by each force acting on the crate?
b) What is the net force done on the crate?

WG=0,   WN = 0,   WP=3200 J,   Wfr=-2000J
Wnet=1200J

Ex. 02   A box is dragged across a floor by a force as in the figure. If the angle
is increased from 0 to 90 degree, what happens to the work done to the box?

o37
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Exercises

Ex. 03 (a) Determine the work  a hiker must do on a 15.0kg backpack to 
Carry it up a hill of height h=10.0m with constant speed.
Determine also (b) the work done by gravity on the backpack,
(c ) the net work done on the backpack

WH=1470J      WG=-1470J   Wnet=0

Ex.04  Does Earth do work on the Moon?
NO, because the radial force is perpendicular to tangential motion of the Moon
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Kinetic Energy

Units
1 N.m = 1 J (joule)
1 dyne.cm = 1 erg
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Work I

As the bead moves, the velocity changes

Using Fx in the equation above

The left side of the equation above tells us that
the kinetic energy has been changed by the force,
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Work II

The left side of the equation above tells us that the kinetic energy has been 
changed by the force. Therefore, the work W done on the bead by the force
(the energy transfer due to the force) is

The work done on an object by a force can be either positive
work or negative work, depending on the angle.
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Work-Kinetic Energy Principle

Work-kinetic energy principle:
The net work done on an object is equal to the change in the 

object’s kinetic energy

(net work)
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Exercises

Ex. 05   A 145-g baseball is thrown so that it acquires a speed of 25m/s
(a) What is its kinetic energy?
(b) What was the net work done on the ball to make it reach this speed, if it
started from rest?

K=45J  and Wnet=45J

Ex. 06   How much work is required to accelerate a 1000-kg car from 
20m/s to 30m/s

JWnet
5105.2 x=
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Exercise
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Work by Gravitational Force

WG = - mg(yf-yi)
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Lifting an Object
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Lifting an Object
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Hooke’s law
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Work BY Elastic/Spring Force
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Work ON the spring

If the kinetic energy CHANGES, 
we need to consider BOTH works. 
They are NOT equal. 
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Force and Work ON the spring

kxFP =

Work done BY the hand to compress or stretch the spring.
This force is NOT constant!

Force by the hand on the spring
(k – spring stiffness constant)

( ) 2
2
1

2
1

fff

i
el

f
el

kxxkxW

PPW

==

-=

If the kinetic energy does NOT change, the applied force is EQUAL to the 
force by the spring, as in a stationary case.
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Work done by a general variable force

In one dimension

In three dimensions
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Work-Kinetic Energy Theorem
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Power is the rate at which work is done 

Power



Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

26

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

26

Click to edit Master title style

• Click to edit Master text styles
– Second level

• Third level
– Fourth level

» Fifth level

Power is the rate at which work is done 

The difference between walking and running up these 
stairs is power – the change in gravitational potential 
energy is the same.

In the SI system, the units of power are watts:

Ex. 6-14 Compare the power of a 60-kg person to climb 
4.5 m in 2.0s and in 4.0 s

t
mgy

t
WP ==

in 4.0s: power=660W
in 2.0s: power=1320W 

Power
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Power is the rate at which work is done 

In the SI system, the units of power are watts:

Power
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Power is also needed for acceleration and for moving against the force of gravity.

The average power can be written in terms of the force and the average velocity:

Average Power

Ex. 6-15 Calculate the power required 
for a 1400-kg car to climb a10 degree 
hill at a steady 22m/s. Assume the 
retarding force on the car FR=700N.

WvFP
mgNF o

41080.6
10sin700

´==

+=
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Instantaneous Power


