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WORK DONE BY A CONSTANT FORCE: 

W = FS 

W = F S cos Ɵ 

The above equation can be written in the 
directional form as dot product 

The unit of the work is N.m which is called Joule (J). 

It is clearly seen that if Ɵ < 90, the work is positive, in which case, the force 

contributes the effect of speeding up the object; if  Ɵ > 90, the work is negative, 

and the force contributes the effect of slowing down the object; the work is zero 

when   Ɵ=90. 





WORK DONE BY A VARYING FORCE: 

 By dividing the work curve into 
very small parts and by 
calculating the work done through 
each part we can express it in the 
following terms: 



WORK DONE BY A SPRING 

The minus sign here implies that the 

direction of the force is always the 

opposite to the displacement x. 

 





WORK AND ENERGY RELATION 
 The kinetic energy K of a non-rotating body of mass m 

moving with speed v is defined to be the positive scalar 
quantity 



We know the Newton second law that defines the acceleration of a body: 

 

This is the one-dimensional acceleration of a body. If the object moves 

with a constant acceleration from xi to xf with the velocities vi to vf, then we 

can write  

 



W = ΔK 

This is the work-energy 

theorem: The work done by the 

net force on an object is equal the 

change of its kinetic energy. 

 

Note: the kinetic energy always is 

positive but the change of kinetic 

energy may be positive, negative 

or zero.  

 



Example: Change in Kinetic Energy of a Car 

(a) Suppose car A increases its speed from 10 to 20 mph and car B increases 

its speed from 50 to 60 mph. Both cars have the same mass m. What is the 

ratio of the change of kinetic energy of car B to the change of kinetic energy of 

car A? Which car has a greater change in kinetic energy?   

Solution:  The ratio of the change in kinetic energy of car B to car A is 

(b) What is the ratio of the change in kinetic energy of car B to car A as seen 

by an observer moving with the initial velocity of car A?  

Solution: Car A now increases its speed from rest to 10 mph and car B 

increases its speed from 40 to 50 mph. The ratio is now 



POWER 
Power is defined as the time rate of 

energy transfer : 

The instantaneous power is given by 



The unit of power is the joule per second which is more 

commonly called a “Watt” (Watt is the surname of James 

Watt (1735-1819) who has spent his life for studying on the 

steam machines). Another unit commonly used to measure 

power, especially in everyday situations, is “the 

horsepower”, which is equivalent to about 746 Watts. 



Example: 

A fighter-jet of mass 5×104kg is travelling at a speed of vi=1.1×104m/s as 

showing in the Figure. The engine exerts a constant force of 4×105N for a 

displacement of 2.5×106m. Determine the final speed of the jet. 

Solution: 

According to equation of work, the work done on the engine is 

W = (FcosƟ ) s = 4×105 cos 0o × 2.5×106 = 1×1012J 

The work is positive, because the force and displacement are in the same 

direction as shown in the Figure. Since W = Kf - Ki the final kinetic energy of 

the fighter jet is 

Kf = W + Ki 

= (1×1012J) + ½ (5×104kg) (1×104m/s)2 = 4.031×1012J 
The final kinetic energy is Kf = ½ mvf

2, so the final speed is 

 



Example:  

A 65-kg athlete runs a distance of 600 m up a mountain inclined at 20o to the 

horizontal. He performs this feat in 80s. Assuming that air resistance is 

negligible, (a) how much work does he perform and (b) what is his power 

output during the run? 

Solution: 

Assuming the athlete runs at constant 

speed, we have 

WA + Wg = 0 

Where WA is the work done by the athlete and Wg is the work done by gravity. In this case, 
Wg = - m g s (sinƟ) 
So 

WA = -Wg = + m g s (sinƟ) 
= (65kg)(9.80m/s2)(600m) sin20o 

 

(b) His power output is given by 

 



Question: Suppose you are initially standing and you start walking by 

pushing against the ground with your feet and your feet do not slip. How 

much work is done on you by the static friction force? 

Answer: When you apply a contact force against the ground, the ground 

applies an equal and opposite contact force on you. The tangential component 

of this constant force is the force of static friction acting on you. Since your 

foot is at rest while you are pushing against the ground, there is no 

displacement of the point of application of this static friction force. Therefore 

static friction does zero work on you while you are accelerating. You may be 

surprised by this result but if you think about energy transformation, 

chemical energy stored in your muscle cells is being transformed into kinetic 

energy of motion and thermal energy. 



Example: 

 



Example: 

 

Solution:  



H.W:  





PROBLEM SOLUTION METHOD: 
Five Steps: 

1) Focus the Problem 

-  draw a picture – what are we asking for? 

2) Describe the physics 
- what physics ideas are applicable 

- what are the relevant variables known and unknown 

3) Plan the solution 
- what are the relevant physics equations 

4) Execute the plan 

- solve in terms of numbers 

5) Evaluate the answer 

- are the dimensions and units correct? 

- do the numbers make sense? 


