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Work and Kinetic Energy – Chapter 7

1. Energy

• Energy can take many forms. We can use the fact that it can neither be 
created nor destroyed (energy is conserved) in solving complex problems 
of Newtonian mechanics. So, energy may change it’s form in a 
interaction but the total energy before and after any interaction between 
bodies is the same.  

• Kinetic Energy, K is associate with the state of motion of the object.
For a mass m, moving at a speed v, 

• Energy is a scalar and the SI unit of kinetic energy (and every other type 
of energy) is the Joule (J); it is defined directly from the definition of K:

21
2K mv=

2 21 Joule 1 1 . /kg m s= =J
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Work and Kinetic Energy – Chapter 7

2. Work

• How do we give an object kinetic energy? By doing work! How do we 
do work? By means of a force acting on the object!!  

• Work W is energy transferred to or from an object by means of a force 
acting on the object.

Energy transferred to an object is defined as positive work
Energy extracted from an object is defined as negative work

• ‘Work ’        ‘transferred energy’
• ‘Doing work’         ‘the act of transferring energy’ 

• Example: You accelerate (decelerate) an object by applying a force. The kinetic energy of the object is 
increased (decreased); that force did a positive (negative) work; the kinetic energy is transferred to 
(extracted from) the object.

• Non-example: pushing against a wall!

=
=
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Work and Kinetic Energy – Chapter 7

3. Work and Kinetic Energy

• An expression for work

• From Newton’s second law               , we know that the acceleration is constant 
because the force is constant! So:

• But the change in the kinetic energy (transferred energy) is the work done by the 
F. Therefore: 

xF max =

A bead sliding along a frictionless 
wire. A constant force F acts on the 
bead as shown
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work done = displacement ×W F dx 


=
component of force
in the

cos
direction of displacement

W F d
W F d

φ




=
= ⋅

%%

Caution: the force here must be constant and the object particle-like (rigid)
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• Net Work done by several forces

• Work-Kinetic Energy Theorem

1 2 ...net netW W F d F d F d F d= = ⋅ + ⋅ + = ⋅ = ⋅∑ ∑
% % % %% % % %

netifK K K W∆ = − =

=change in net work donekinetic energy
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4. Work done by a Gravitational Force

• Let’s say the work done by ¢g is Wg

• ¢g and     are in opposite direction when the tomato is moving up; the 
work done is negative, energy is extracted from the object by the force.

• When the tomato goes down its displacement is in the same direction as 
¢g  (φ = 0) , resulting in a positive work done; and the kinetic energy then 
increases as expected. In general one can write:

A particle like tomato of mass m thrown upward 
slows from velocity ²o to velocity ² during 
displacement d because of the gravitational force 
¢g acting on it.

cos cos180
( 1)

W F d
m d m d
m d
m d

φ
= ⋅

= = °
= −
= −

%%
g g

g g
g
g

d
%

cosW F d m d φ= ⋅ =
%%

gg g
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• Work done in Lifting and Lowering an Object

• An object is lifted (lowered) by applying a vertical force F to it (note 
the direction of F is up in both lowering and lifting). If the object is 
stationary before and after the lift (lowering), the kinetic energy 
before and after is zero.

&

00 f i

the work kinetic energy theorem

K K

K Wnet

K W Wa

W Wa = =

∆ =

↓
∆ +
↓

= +

!"#"$

∵

g

g

=

cos i fwork in lifting and lowering : K = K

W Wa
W mgda φ

=

=

⇒ −

−
g

φ = 180° for lifting (a)
= 0° for lowering (b)
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5. Work done by a Spring Force

s

s

Hooke's Law

the block moves along

F k d

F  thek x - isx ax

= −

= −

%%

A block attached to a spring 
on a horizontal table is shown 
being pulled to the right and 
compressed to the left, and 
then released. 

• Hooke’s Law

Spring force is a restoring 
force that always try to bring 
back the spring to its relaxed 
state, thus the spring force   
is always in the opposite 
direction to displacement d

%
sF
%

• Work done by the spring force, Ws

Note that spring force is a variable force, Fs
can be symbolized as Fs(x). Therefore we 
cannot use the equation W=Fs d to calculate the 
work, rather we should use the integration:

2 21( ) ( )2
f f

i i

x x
s s ifx x

W F dx kx dx k x x= = − = − −∫ ∫
2 21 ( )2s i fW k x x−⇒ =

• Work done by the applied force Fa that 
moves the spring from xi to xf, Wa

If the block is stationary at the start and the 
end of the displacement, then 0K∆ =

Applying work-kinetic energy theorem:
0 a sW W= +

a sW W⇒ = −
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6. Work done by a General Variable Force

• Consider the force                                , in which the Fx, Fy and Fz depend on the 
position of the particle.

7. Power

• Power is the time rate at which work is done; as we did for velocity and 
acceleration we shall define the average and instantaneous rate:

ˆˆ ˆ
x y zF F i F j F k= + +

%

f f f

i i i

x y z
zx yx y z

W F dx F dy F dz= + +∫ ∫ ∫

d

(average power)

(instantaneous powerW= dt )

avg
WP t

P

= ∆ The SI unit for power is :
1 watt = 1 W = 1J/s 

• The instantaneous power can also be expressed in terms of ¢ and ² for a particle 
(or particle-like object) as: P F v= ⋅

% %

cos cos

cos

dW F dx dxP Fdt dt dt
Fv F v

φ φ

φ

 
 
 

= = =

= = ⋅
% %

Proof: considering a particle moving 
along a straight line (x-axis) and is acted 
on by a constant force F directed at an 
angle φ


