
Lecture 12
(Kinetic Energy)

Physics 160-02 Spring 2017

Douglas Fields



Your Toolbox so far:

• Vectors

– Components, vector addition, etc.

• Position, velocity, acceleration

– Constant acceleration equations

• Newton’s laws



Tricks of the trade…

• Newton’s Laws are ALWAYS true (that’s why 
their called laws).  So, why do we need 
anything else to describe how nature works?

• Example: Block sliding down an incline…
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Definition of Energy

• Energy is the capacity to do work
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Definition of Work

• Work is something done to change the energy 
of a system.
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Types of Energy

Energy

Kinetic (Motion) Potential (Stored) Thermal (Heat) Mass

Gravitational

Electrical

Chemical

Nuclear

Elastic
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Kinetic Energy

• Energy of Motion

– KE = ½ x mass x speed2 [units = kg x m2/s2]

– KE = ½mv2 [units = Joule = J]

• Unit analysis:

– [J = kg x m2/s2 = kg x m/s2 x m = N x m]



One joule in everyday life represents approximately:

•The energy required to lift a medium-size tomato (100 g) 1 m vertically 

from the surface of the Earth.[6]

•The energy released when that same tomato falls back down to the 

ground.

•The energy required to accelerate a 1 kg mass at 1 m·s−2 through a 1 m 

distance in space.

•The heat required to raise the temperature of 1 g of water by 0.24 °C.[7]

•The typical energy released as heat by a person at rest every 1/60 s 

(approximately 17 ms).[8]

•The kinetic energy of a 50 kg human moving very slowly (0.2 m/s or 

0.72 km/h).

•The kinetic energy of a 56 g tennis ball moving at 6 m/s (22 km/h).[9]

•The kinetic energy of an object with mass 1 kg moving at √2 ≈ 1.4 m/s.

•The amount of electricity required to light a 1 W LED for 1 s.

•From Wikipedia - Joule

https://en.wikipedia.org/wiki/Joule#cite_note-6
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Joule#cite_note-7
https://en.wikipedia.org/wiki/Joule#cite_note-8
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Joule#cite_note-9
https://en.wikipedia.org/wiki/Light-emitting_diode
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Kinetic Energy

• Example 1: Car weighing 2000lbs moving at 
60miles/hour. KE = ? 
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Kinetic Energy

• Example 1: Car weighing 2000lbs moving at 
60miles/hour. KE = ? 
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Kinetic Energy

• Example 2: Car weighing 4000lbs moving at 
60miles/hour. KE = ? 
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Kinetic Energy

• Example 3: Car weighing 2000lbs moving at 
120miles/hour. KE = ? 
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Kinetic Energy

• Note: Doubling the mass doubles the kinetic 
energy, but doubling the speed, quadruples 
the kinetic energy! 
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Force and Work

• In order to get the car moving (and therefore giving it 
kinetic energy), we must apply a force over some 
distance.  If we assume that the force that we apply 
is constant, then the work done by a force is just 
equal to the force applied times the distance over 
which it is applied:

• Work = Force x distance (W=Fd) [units = N x m = J]

• This work is then a transfer of energy from the body 
doing work, to the body that is experiencing the 
work done on it.



Work-Energy Theorem

• The total work done on an object equals the 
change in kinetic energy of that object.

tot f iW KE KE KE   



CPS Question 14-1
• If it takes work W1 to move a mass m from zero velocity up 

to a velocity v, how much work would it take to move the 
same mass from zero velocity up to velocity 2v?

A) 2W1.

B) 3W1.

C) W1.

D) 4W1.

E) Not enough information to solve.



But Force is a VECTOR!!!

• Consider me putting a force on a ball in 
circular motion: 

Fv=ds/dt



Mathematically Correct Definition 
of Work

• A little bit of work done by a force on an object 
moving over a small displacement is:

• To find the work on an object must sum over all the 
incremental works:

• If the force is constant over the path, AND the angle 
doesn’t change with respect to the displacement, 
then:

dW F ds 

f
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W dW F ds    Path integral…
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Problem 6.3



Problem 6.4



CPS Question 15-2
• Three forces act on a body of mass m = 1kg to move it from 

rest up to a velocity of 2m/s (direction unknown).  Two of 
the forces are known – the force of gravity, and a constant 
upward force of 1N – and the third force is unknown.  What 
is the net work done on the mass?

A) 2J

B) 8.8J

C) 4J

D) Not enough information to solve.

m=1kg

Fg

Fup



Problem 6.27



Work-Energy Theorem

• For instance, in raising a book from the ground 
up to a height h, you must consider both the 
work that I do, plus the work that gravity 
does!  

!!TOTALW KE 



Problem 6.60



CPS Question 16-1
• Two masses experience the same net force, F, over the same 

distance, x.  Describe the difference in the kinetic energy 
between the two masses at the end of the path.

A) The heavier mass has more kinetic energy.

B) The lighter mass has more kinetic energy.

C) They have the same kinetic energy.

D) Not enough information to solve.

m=1kg

F

F

m=2kg
x



Problem 6.62


