
Physics 2111

Unit 7

Today’s Concepts:
Work & Kinetic Energy
Power
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Where are we?
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Now we’re going to just 

“rephrase” them

Started off with motion and 

Newton’s Laws

http://www.smartphysics.com/Course/ViewItem?unitItemID=3871&enrollmentID=47
http://www.smartphysics.com/Course/ViewItem?unitItemID=3872&enrollmentID=47
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http://www.smartphysics.com/Course/ViewItem?unitItemID=3880&enrollmentID=47
http://www.whfreeman.com/catalog/
http://www.whfreeman.com/Catalog/content.aspx?Title=136
mailto:smartphysics@whfreeman.com?Subject=Message%20from%20smartPhysics%20contact%20us%20form.
http://www.smartphysics.com/Home/About


Stuff you asked about:
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• we got this, chief :)

• more examples to be done during class would be great

• More examples with numerical values for the components of it would be greatly 

appreciated

• Derivations of these equations using the differentials of time and force and such 

was quite confusing to wrap my head around. Will we need to know any of these 

proofs or have to derive any of the equations ourselves?

• The connection between work and Newton's second laws not so much the proofs 

but the concept

• the work and kinetic energy theorem.

• Dot Product. I can do the algebra, but I think I'd like a better explanation about what 

the outcome of Dot product. is it the scalar of work, force, distance. I ain't got this 

guy yet

• What is the positive vs negative direction of work.

• this lecture was not the easiest to conceptualize but im pretty sure I get it.

• I'll be honest this pre-lecture really confused me. I need it explained and I need to 

see several examples.

• I literally have no idea what's happening, can you please explain these concepts in 

laymen's terms? I had no idea what was happening with these practice questions.

• Practice using the dot product

• The dot product is confusing



Work-Kinetic Energy Theorem

The work done by force F as it acts on an object that 
moves between positions r1 and r2 is equal to the 
change in the object’s kinetic energy:
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Units for both are Joules: 1 Newton X 1 meter
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m2

A

C

B
A frictionless lab cart is 

free to move in the x 

direction. It can pushed in 

three different directions 

by a 5N force.  Which will 

change the velocity of the 

cart the most?

a) Direction A

b) Direction B

c) Direction C

d) All three forces will change the 

velocity of the cart by the same 

amount. 
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How much of the 
force is in the 
direction the 
object moves.

OR
How much of the 
distance the object 
moves is in the 
direction of the 
force.

 

b

a

ldFW




What is C? 

Example 7.0: (Dot Product)
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What does dot product mean?
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In engineering:
• relates how much of one vector is parallel 

to another vector 
• NOT just to find the cosine of an angle
• If you can figure this out another way, 

GREAT!
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Example 7.2: (Work on cart)

A 2kg frictionless lab cart 
starts from rest and  is 
pushed with a force of 5N 
for a distance of 1m.  The 
force is horizontal.

What is the kinetic energy of 
the cart after the push?

What is the cart’s velocity 
after the push?
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Example 7.3: (Work on cart)

A 2kg frictionless lab cart 
starts from rest and is 
pushed with a force of 5N 
for a distance of 1m.  The 
force has an angle of 30o

to the horizontal.

What is the kinetic energy of 
the cart after the push?

What is the cart’s velocity 
after the push?
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the whole pre-lecture was confusing. the apple has zero kinetic energy and thus 
0 work because it started and stopped at rest; however a ball that is dropped 
does have work, when it too starts and stops at rest??? makes no sense

The fact that work can be zero after something moves can be confusing. 
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(A) (B) (C)



When the apple was lifted to the 
top shelf, what kind of work did 
the student do on the apple?
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A. Positive
B. Negative
C. zero

When the apple was lifted to the 
top shelf , what kind of work 
did gravity do on the apple?

When the apple was lifted to the 
top shelf, what total work done 
on the apple?

(Note that the term “potential energy” was not used.)
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If you push a box across the floor in 

the positive x direction for 1 meter at a 

constant velocity with a force of 10N, 

what is the work done by friction?  

A. +10J

B. -10J

C. 0J

D. +20J

E. Can’t tell from the information provided
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If you push a box across the floor in 

the negative x direction for 1 meter at 

a constant velocity with a force of 10N, 

what is the work done by friction?  

A. +10J

B. -10J

C. 0J

D. +20J

E. Can’t tell from the information provided
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If you push a box across the floor in 

the negative x direction for 1 meter at 

a constant velocity with a force of 10N, 

what is the net work done on the box?  

A. +10J

B. -10J

C. 0J

D. +20J

E. Can’t tell from the information provided



Checkpoint
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A box sits on the horizontal bed of a moving truck. Static 
friction between the box and the truck keeps the box 
from sliding around as the truck drives forward. 

S

a

The work done on the box by the static frictional force as the 
truck moves a distance D to the left is:

A) Positive B) Zero C) Negative
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Right/Wrong Answer – Wrong Reason

The work done on the box by the static frictional 
force as the truck moves a distance D is:

A) Positive B) Zero C) Negative

D

A) Assuming to the left is positive; the static frictional force is 
positive, therefore the work done will be positive. .

B) The truck and the box are speeding up so the initial Kinetic Energy (1/2mv^2) 
would be less than the final energy. So the change in energy would be positive, 
and the work would have to also be positive.

S

a

F



Power

Power = Energy/Time 

1 Joule/ 1 sec = 1 Watt
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Example:

60 Watt light bulb uses 60 Joules of electrical 
energy every second.  

Note:

kilowatt  is power

kilowatt– hour is energy

1HP = 745.7 Watts
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Which of the below might 
be a correct statement?

QUESTION

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.



Example 7.4: (Motorcycle Power - Part I)

A motorcycle and rider are going down 
the road at a constant velocity of 
15m/sec. At this velocity, the wind 
drag is 160N. Their combined mass 
is 260kg. 

What is the power produced by the 
engine?
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A force pushing over some distance

will change the kinetic energy.
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Concept – very important

Derivation – not so important
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y

Can break any path into tiny pieces (calculus!)
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gW mg y  

1 2 ...TOT NW W W W   

1 2 ... Nmg dl mg dl mg dl      

1 2... Nmgdy mgdy mgdy   

mg y  



Example 7.5: (Block on Ramp)

A 5kg block is pulled up a distance of 2m along a 
frictionless ramp by a 20N force. 

How much work did force do on the block? 

How much work did gravity do? 

If it starts from rest, what
is the velocity of the
box after the 2m? 

Mechanics  Lecture 7, Slide 23

20o



Example 7.6: (Motorcycle Power-Part II)

A motorcycle and rider are going down 
the road at a constant velocity of 
15m/sec. At this velocity, the wind 
drag is 160N. Their combined mass 
is 260kg. 
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How much power would be needed for him to go 
up a 15o incline at this same speed?

(Remember the answer for level ground was 2400Watts.)
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Work done by a Spring
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I am confused about the positive work and negative work and also the positive and 
negative forces for the spring problems. 

In this example the spring does neg work since F and x are in opposite direction. 
The axes don’t matter.

1) Use the formula to get the magnitude of the work

2) Use a picture to get the sign (look at directions)

Question you asked

Easiest Method:



A box attached at rest to a spring at its equilibrium length. You 
now push the box with your hand so that the spring is compressed 
a distance D, and you hold the box at rest in this new location.

During this motion, the spring does:

A) Positive Work            B) Negative Work            C) Zero work
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Question

D



A box attached at rest to a spring at its equilibrium length. You 
now push the box with your hand so that the spring is compressed 
a distance D, and you hold the box at rest in this new location.

During this motion, your hand does:

A) Positive Work            B) Negative Work            C) Zero work
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ACT

D



A box attached at rest to a spring at its equilibrium length. You 
now push the box with your hand so that the spring is compressed 
a distance D, and you hold the box at rest in this new location.

During this motion, the total work done on the box is:

A) Positive         B) Negative        C) Zero
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Question

D



Example 7.4 (Box on Spring)
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A 2kg box is placed on a horizontal 
spring with a constant of 35N/m and  
compresses it 40cm.   When released 
it slides across a 1m frictionless floor 
and up a frictionless ramp. 

How along  the ramp with the box go?

x=40cm

 Plan:
• Wtot = KE

• KE = 0 start to finish

• So Wtot = 0

 Conceptual Idea:

Use Wtot = KE

30o

What if the floor had friction with 
k=0.1?

1m

What if the floor had friction with 
k=0.2?
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You are loading boxes so that they 

come to rest on to a truck and can 

use one of two methods.  In the 

first method, the boxes are lifted 

directly on to the back of the truck.  

In the second method, the boxes 

are slid up a ramp at an angle q

with rollers on it, which we can 

assume are frictionless, coming to 

rest in the truck.  Using the 

physics definition how does the 

work done by you in the two 

methods compare? 

A. W1 > W2

B. W1 = W2

C. W1 < W2

D. depends on q

1 2
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A block having mass m travels 

along a horizontal frictionless 

surface with speed v. What is the 

LEAST amount of total work that 

must be done on the mass to 

totally reverse its velocity? 

A. -mv2

B. -mv2/2 

C. 0

D. mv2/2 

E. mv2


