
Energy and Work

What is energy?

What is work?

What is power?

What is efficiency?
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Energy and Work

Work How we change energy  from  

one form to another

= Force X Distance (F*Dx)

= Newtons X meters
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Energy       The ability to do “work”

“D” means “change in….”



Example 2.1a – Little Toy Car

A little 0.5kg toy car is 
pushed along the floor for 
a distance of 2meters by a 
force of 8 Newtons.  

How much work was done 
on the car?

8N
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W = F*Dx



Energy
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Lots of forms of energy –

• thermal energy

• chemical energy

• nuclear energy 

Kinetic Energy = ½ mass*velocity2

KE= ½ m*v2



Work-Energy Theorem
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The total work done 

on an object equals 

its change in kinetic 

energy

Wtot = DKE



Example 2.1b – Still Little Toy Car
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A little toy 0.5kg car is 
pushed along the floor for 
a distance of 2 meters by a 
force of 8 Newtons.  

If the car starts from rest, 
what is its final velocity?

8N



Example 2.1c – Still Little Toy Car
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A little toy 0.5kg car is 
pushed along the floor for 
a distance of 2 meters by a 
force of 8 Newtons.  The 
car rolls 3meters before 
coming to a stop due to 
friction. 

How much work did friction 
do on the car?

8N



Energy is conserved
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(so is electric charge)

At Fermilab

-1 +1

anti-proton proton



Example 2.1d – Still Little Toy Car
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A little toy 0.5kg car is 
pushed along the floor for 
a distance of 2 meters by a 
force of 8 Newtons.  
During this same time, a 
second 2N force pushes 
straight down on the car. 

How much does this second 
force change the kinetic 
energy of the toy?

8N

2N



Ex 2.2a - QUESTION

You push to the right on a 4kg frictionless cart with a 
force of 2 Newtons as it rolls to the right for 16 meters.  
How much work do you do on the cart?

a) 2 J
b) 4 J
c) 8 J
d) 16 J
e) 32 J

2N



Ex 2.2b - QUESTION
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2N

a) 2 m/sec
b) 4 m/sec
c) 8 m/sec
d) 16 m/sec
e) 32 m/sec

You push to the right on a 4kg frictionless cart with a 
force of 2 newtons as it rolls to the right for 16 meters. 
What is the final velocity of the cart?



Ex 2.2c - QUESTION
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a) 20 J
b) 40 J
c) 20 N
d) 40 N

2N

You push to the right on a 4kg frictionless cart with a 
force of 2 Newtons as it rolls to the right for 16 meters. 
What is the weight of the cart?



Ex 2.2d - QUESTION

You push a 6kg block with a force of 5 newtons for 2 
meters.  It slides another 3 meters before coming to 
rest.   What was doing work on this block from the 
beginning to end of this process?

a) You
b) Gravity
c) Friction
d) You and gravity
e) You and friction



Ex 2.2e - QUESTION
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a) 0 J
b) 20 J
c) 40 J
d) 3200 J
e) 6400 J

2N

You push to the right on a 4kg frictionless cart with a 
force of 2 newtons as it rolls to the right for 16 meters. 
How much work did gravity do on the cart?



Ex 2.3a - QUESTION
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You push to the right on a 6kg block with a force of 5 
newtons for 2 meters.  It slides for 3 meters to the right 
before coming to rest.   How much total work is done 
on the block from the beginning of this process to the 
end?

a) 0 J
b) 2 J
c) 5 J 
d) 10 J

5N



Ex 2.3b - QUESTION
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You push a 6kg block with a force of 5 Newtons for 2 
meters.  It slides for 3 meters before coming to rest.   
How much work did friction do on the block from the 
beginning of this process to the end?

a) 0 J
b) 2 J
c) 5 J 
d) 10 J
e) -10 J

5N



Potential Energy
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Energy due to position

Have “potential” to gain KE

PE = m*g*h    (g=10m/sec2)
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Freddie starts from rest and 
slides down slide which has 
very little friction. Freddie 
has a mass of 55kg.

If the bottom of the slide is 
2.2meters below the top of 
the slide, how much 
potential energy does he 
have?

2.2m

Remember:

Ei = Ef

PEi + KEi = PEf + KEf



Mechanical Energy

Energy Unit 02, Slide 19

ME = KE + PE 

MEi = MEf

PEi + KEi = PEf + KEf
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Freddie starts from rest and 
slides down slide which has 
very little friction. Freddie 
has a mass of 55kg.

If the bottom of the slide is 
2.2meters below the top of 
the slide, what is his speed 
at the bottom?

2.2m

Remember:

Ei = Ef

PEi + KEi = PEf + KEf



v

t1

0

y

PEKE

Energy of 

system at t1

The figure at left shows a 
particular instant t1 while the 
hand is pushing the cart up the 
ramp.  A pair of bar graphs 
represents the energy of the 
cart+Earth system at this 
instant.
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PEKE PEKE PEKE PEKE PEKE

A B C D E

Suppose the hand separated 
from the cart just after t1.  At a 
slightly later instant t2, the cart 
has not yet reached its highest 
point on the ramp. 

t2

0

y

PEKE

Energy of 

system at t1

t1

v t2

Which pair of bar graphs best represents the energy of the 
cart+Earth system at the instant t2?
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PEKE PEKE PEKE PEKE PEKE

A B C D E

Which pair of bar graphs best represents the energy of the cart+Earth
system at the instant t3?

t2

0

y

PEKE

Energy of 

system at t1

t1

t2
t3

At a still later instant t3,
the cart reaches its highest 
point on the ramp. 
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PEKE PEKE PEKE PEKE PEKE

A B C D E

Which pair of bar graphs best represents the energy of the 

cart+Earth system at the instant t4?

0

y

PEKE

Energy of 

system at t1

v

t1t4

At a still later instant t4, the 

cart, on its way back down, 

again passes the point where 

it first left the hand. 
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v

PEKE PEKE PEKE PEKE PEKE

A B C D E

Which pair of bar graphs best represents the energy of the 

cart+Earth system at the instant t5?

0

y

PEKE

Energy of 

system at t1

t1t5

Finally, at instant t5,

the cart reaches the 

bottom of the ramp. 

Energy Unit 02, Slide 25



Unit 02– Energy – Slide 26

Power – rate at which energy is 
produced or use

If energy is like “distance”

Power is like “speed” (miles per 
hour) d)



Question

Power tells you  
work done

and is measured in watts.  What is a good guess for 
what a watt equals?

A) 1 W = 1 Joule/1 second

B) 1 W = (1 Joule)/ 1 meter

C) 1 W = (1 Joule) * 1 second

D) 1 W = (1 Joule) * 1 meter

unit time
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Example 2.4: Power to load wood

Karen loads 50kg of 
firewood into the back 
of her pickup truck in 
two minutes.  If the bed 
of her pickup truck is 1m 
off the ground, what was 
her average power 
output in watts?

What is her power output in horse-power (HP)?
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Example 2.5: Lightbulb Energy

Let’s say you walk away and leave the 
kitchen lights on in your apartment for 12 
hours while you’re in class.    There are 
two 60W lightbulbs in that light. 

How many kilowatt-hours of energy did you 

use?

Unit 02 – Energy - Slide 29

How many Joules of energy did you use?



QUESTION
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Which of the below might 
be a correct statement?

a) The average coal fired power plant produces 3 giga-watts 
per year

b) The average coal fired power plant produces 3 giga-joules 
of power.

c) The average coal fired power plant produces 3 giga-watts 
of energy.

d) The average coal fired power plant produces 3 giga-watts.
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Colton  loads 50kg of bricks on to a platform 1.5 
meters off the ground in 100 seconds.   How much 
work did he do?

A. 7.5 joules

B. 50 joules

C. 75 joules

D. 500 joules

E. 750 joules

Remember:

Work = Force * Distance  

Example 2.6a: Loading Bricks
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Colton  loads 50kg of bricks on to a platform 1.5 
meters off the ground in 100 seconds. What was 
his average power output?

A. 7.5 watts

B. 50 watts

C. 75 watts

D. 500 watts

E. 750 watts

Remember:

Power = Energy/Time

Example 2.6b: Loading Bricks
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Colton is tired now. For the next 50kg of bricks he 
load them on to the platform 1.5 meters off the 
ground in 200 seconds.   How much work did he 
do during this second period?

A. 3.75 joules

B. 25 joules

C. 75 joules

D. 500 joules

E. 750 joules

Example 2.6c: Loading Bricks
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Colton is tired now. For the next 50kg of bricks he load 
them on to the platform 1.5 meters off the ground in 
200 seconds.   What was his average power output 
during this second period?

A. 3.75 watts

B. 25 watts

C. 75 watts

D. 500 watts

E. 750 watts

Example 2.6d: Loading Bricks
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We now know that 

Power  = 

Which these might be a unit of energy?

A. Kilowatts

B. Hours/Kilowatts

C. Kilowatts/hours

D. Kilowatts*hours

E. Kilowatts*(hours)2

Energy

Time



Ex 2.7a – Solar Panels
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A  1 square meter solar on the top of my house 
produces an average of 50 watts of power.   If the sun 
shines 10 hours, how many kilowatt-hours of energy
will I get every day?

A. 10 kWh

B. 50 kWh

C. 500 kWh

D. 0.5 kWh

E. 0.05 kWh
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My electric bill tells me I use about 25kWh of energy 
every day in the summer.  How many square meters 
of solar panels will I need on my house to provide all 
my electricity?  (This assumes I have batteries to store 
my energy for use at night.)

A. 25 m2

B. 50 m2

C. 100 m2

D. 0.1 m2

E. 0.25 m2

Ex 2.7b – Solar Panels



Efficiency
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What you got out

What you had to put in
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How might you calculate the efficiency of your home air 
conditioner?

A)            electrical energy consumed 

thermal energy removed from your house

B) thermal energy removed from your house 

electrical energy  consumed

C) thermal energy placed into the atmosphere

electrical energy consumed
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How might you calculate the efficiency of a coal fired 
power plant?

A)            electrical energy produced 

energy content of the coal burned

B)        energy content of the coal burned 

electrical energy produced

C)     thermal energy placed into the atmosphere

energy content of the coal burned    



Example 2.6(a): Coal Plant Efficiency

How much electrical energy does this power 
plant produce in a day?  (Assume it runs 
steadily at its average rate.)

A medium sized coal 
fired power plant 
produces about 1.6 
Gigawatts of electrical 
power.   
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Which of the following is the correct factor-label 
calculation for how much electrical energy the 1.6 
giga-watt power plant  produces in a day?.

1.6 X 109 Joule          min         60 min        24hour

sec                     60 sec           hr day

1.6 X 109 Joule         min             hr day

sec                    60sec          60min         24 hour

1.6 X 109 Joule        60 sec         60 min        24hour

sec                     min               hr day
a)

b)

c)



Example 2.6(b) : Coal Plant Efficiency

We just found that a 
1.6Gigawatt power plant 
produces 1.38 X 1014

Joules of energy each 
day.

Unit 02 – Energy - Slide 43

Although some newer ones are better, most coal 
fired power plants are only around 33% 
efficient.

With 33% efficiency, how much thermal energy 
does the power plant need to extract from coal 
each day?
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We just determined our plant produces 
1.38X1014 J of electrical energy. 

But the power plant is only 33% efficient.  
What is the formula for how much energy we 
need to put into the energy plant to get that 
much power out?

1.38X1014 Joule / 0.33a)

1.38X1014 Joule * 0.33b)



Example 2.6(C) : Coal Plant Efficiency

If a kilogram of coal contains 29X106 J of energy, 
how much coal does this plant consume every day?

We just found that our
33% efficient  1.6 
Gigawatts power plant
needs 4.15X1014 Joules 
of thermal energy from
coal each day.
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.



On our formula sheet
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Which of the following is the correct factor-label 
calculation for how much energy is in  a ton of coal? 
(you need your formula sheet)

26 X 106 BTU    1055 Joule
BTU

26 X 106 BTU         min             hr day

Joule                60sec          60min         24 hour

26 X 106 BTU    1055 Joule      60 min        24hour

sec                     BTU              hr day
a)

b)

c)



Energy Flow Diagrams
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Unit Conversion and our Formula Sheet
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A Chevy Tahoe weighs 5500 pounds.   Let’s 
assume its engine has an efficiency of 
20%.  

If a gallon of gas contains 1.3 X 108 Joules of 
chemical energy, how many gallons of gas 
does it take to bring it up to 70 mph if it 
starts from rest?

We’ll ignore any air drag and some other complex stuff.   
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