
Work and Energy
Chapter 7



Dot Product
The dot product between two vectors is one way to 
multiple vectors.

The other way is called the cross product, which we won’t 
be using for now.

The dot product of two vectors gives a scalar.

~A · ~B

~A⇥ ~B

C = ~A · ~B



Dot Product 
The dot product can be calculated knowing the angle 
between two vectors.

Alternatively, the dot product can be evaluated from the 
components of a vector.

The dot product can be thought of as multiplying how 
much of one vector is in the direction of the other.

~A · ~B = AB cos ✓

~A · ~B = (Axî+Ay ĵ +Az k̂) · (Bxî+By ĵ +Bz k̂) = AxBx +AyBy +AzBz
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Work
We now introduce a new physics concept, work.  Work 
is a type of energy and is given by:

The idea being that you have some force moving 
something over some distance l.  In the case of a 
constant force and straight direction, you can pull the 
force out of the integral and the integral becomes just 
the distance traveled.

W =

Z
~F · d~l

W = ~F · ~d



Example 7-1
A person pulls a 50kg crate 40m along a horizontal floor by a 
constant force FP = 100N, which acts at an angle of 37˚ from the 
floor. Determine a) the work done by each force acting on the crate 
and b) the net work done on the crate.

40m

FN FP

mg

known
m = 50kg

FP = 100N
θ = 37˚

d = 40m

unknown
W = ?

The work done by the weight and normal force are 
zero since the forces are perpendicular to the motion.

Since the force is constant
W = ~F · ~d = FP d cos ✓ = (100N)(40m) cos 37 = 3200J

The units of work or energy are Joules, which have the simply J and a J = N·m



Spiderman 2: Stopping a Train



How much work does spider man do stoping the train?

velocity of train =  80mph = 80 (1000m/0.62mi)(1hr/3600s) = 35.8 m/s

distance to stop =  5 blocks? =0.25mi(1000m/0.62mi) ~ 400m

mass of train =  8 cars? = 8 (38,000kg) ~ 300,000kg

assume constant force, which implies constant acceleration

v2 = v20 + 2ax => a = � v20
2x

= � (35.8m/s)2

2(400m)
= 1.6m/s2

F = ma = (300, 000kg)(1.6m/s2) = 480, 000N
this makes spidey super strong, 
this is equal to lifting 50,000kg

W = Fd = (480, 000N)(400m) = 192, 000, 000 J

a big mac is 2,300kJ, so to make up this energy spidey would have to eat 

192, 000, 000J

2, 300, 000J
= 84 big macs



Hooke’s Law

The force of a spring can be expressed as F = -kx, where 
x is how far the spring is compressed or stretched away 
from equilibrium and k is a constant that differs for each 
spring.

Notice that the force is negative, because the force 
opposes your pulling or pushing it.



Example 7-5
a) A person pulls on a spring stretching it 3.0cm, which requires a 
maximum force of 75N. How much work does the person do? b) If 
instead the person compresses the spring 3.0cm, how much work 
does the person do?
known

x = 3.ocm
Fmax = 75N

F = kx => k =
F

x
=

75N

0.030m
= 2.5⇥ 103N/m

W =

Z
~F (x) · d~x =

Z
kxdx =

1

2
kx2

compressing the spring, x=-3.0cm, since x is squared this is the same number

=
1

2
(2.5⇥ 103N/m)(0.030m)2 = 1.1J



Kinetic Energy

The second type of energy we introduce is the energy an 
object has because it is moving, called kinetic energy.

This energy is given by the formula 

Notice that this is the energy something has at the 
instant its velocity is v. Unlike work where the force is 
applied over a distance.

KE =
1

2
mv2



Kinetic Energy Derivation
Lets say we have an object at rest and then we apply a constant 

force to it.  The work we do all this object will be 

W = Fd the acceleration on the object will be a =
F

m

the velocity of the object will be given by v2 = 2ad = 2
F

m
d

so W = Fd =
1

2
mv2 = KE

we see that if the KE = 1/2 mv2 then the work done equals the 
change in kinetic energy.  Or if the object started at a velocity v 
and went to zero then the decrease in kinetic energy is equal to 
the work.  That is the total energy is conserved in this situation.



Conservation of  Energy
The reason we are interested in energy is that in many 
cases it is a conserved quantity.  That is, the total energy 
at the beginning is equal to the total energy at the end.

This is the case for work and kinetic energy and we will 
define many other types of energy where it is true.

W = �KE



Example 7-7
A 145g baseball is thrown so that it acquires a speed of 25 m/s. a) 
What is the kinetic energy? b) What is the net work done on the 
baseball to get it to reach that speed?

known
m = 145g = 0.145kg

v = 25 m/s

unknown
KE = ?

KE =
1

2
mv2 =

1

2
(0.145kg)(25m/s)2 = 45J

The work done is W=ΔKE = 45J.



Homework

Chapter 7: 28,30,40,44,50,59,61,72,76


