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Goals for Chapter 7

• Overview energy.

• Study work as defined in physics.

• Relate work to kinetic energy.

• Consider work done by a variable force.

• Study potential energy.

• Understand energy conservation.

• Include time and the relationship of work to power.
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Energy: Forms & Transformation

•Energy comes in many forms

• Mechanical

• Thermal

• Electrical

• Nuclear

• Chemical

• Wave
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Energy transformations
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A Power station
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A Nuclear Power Plant
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Energy Essentials (1)

• Energy can take various forms (our focus is mechanical energy)

• Energy is a scalar quantity.

• The SI unit of energy is the Joule (J).

8



Mechanical Energy

Mechanical
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Potential
Energy
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PE
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Form of 
energy

associated 
with 

motion

Energy stored in a system

…due to position

…due to 
deformation



Mechanical Energy:

Kinetic Energy
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Ans = 10 m/s



11



Internal Energy Can be "Lost" as Heat
• Atoms and molecules of a solid can be thought of as 

particles vibration randomly on spring like bonds. This 
vibration is an an example of internal energy. 

• Energy can be dissipated by heat (motion transferred at the 
molecular level). This is referred to as dissipation. 
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Mechanical Energy:
Gravitational potential energy
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Ans = 2181 J
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Mechanical Energy:

Elastic Potential Energy
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a) k = 25600 N/m          b) F = 640 N
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WORK DONE 

= 

ENERGY TRANSFERRED
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What is "Work" as Defined in Physics?

• Formally, work is the product of a constant force F through a parallel 
displacement s.

• Work is the product of the component of the force in the direction of 
displacement and the magnitude s of the displacement.
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Consider Only Parallel F and S – Figure 7.9

• Forces applied at angles must be resolved into components. 

• W is a scalar quantity that can be positive, zero, or negative.

• If W > 0 (W < 0), energy is added to (taken from) the system.  
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WORK = F0RCE TIMES DISTANCE MOVED IN THE DIRECTION OF 

THE FORCE

WORK = FORCE COMPONENT IN THE DIRECTION OF 

MOTION TIMES THE DISTANCE

 Is the angle between the two vectors

F has a component |F| cos  in the direction of s 

So W = |F| cos  |s|

Mathematically this is a dot product.

Such that

W = F.s = |F| |s| cos 

Two ways of looking at the same thing

(note the product of the two vectors is a scalar)

FF

F

F

s

|F|

F

s


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Applications of Force and Resultant Work 
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Work



9
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Example 

A tennis player hits a 58.0 g tennis ball so that it goes straight up and 

reaches a maximum height of 6.17 m.

(a) How much work does gravity do on the ball on the way up?

(b) On the way down?
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ANS a) -3.51 J
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ANS 1) 300J  3) 5.22 x 104 J 
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Work done by a variable force
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Work done by this 

force equals the area

under the F-x curve

from the initial to the

final position



Work done by a variable force
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Work done by F to
stretch spring
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Another example

•An unstretched spring is 17.0 cm long. When a force of 25.0 N 
stretches it, its length increases to 19.2 cm.

(a) What is the force or spring constant  (k) ?

(b) How much work was required to stretch the spring from 17.0 cm to 
19.2 cm?
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ANS a) 1136 N/m   b) 0.275 J 
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Energy Essentials (2)
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Dissipation of mechanical energy
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VTD Chin Basher?

VTD Work and Kinetic energy.

PhET The ramp
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Conservation of MECH. Energy

•Example (based on problem 42)

•If air drag is negligibly small, how fast is a 100-g sequoia cone moving 
when it reaches the ground if it dropped from the top of a 100 m tree?

40ANS 44.3 m/s
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Dissipation of mechanical energy

•Example (based on problem 42)

•How fast is a 100-g sequoia cone moving when it reaches the ground if 
it dropped from the top of a 100 m tree? Air drag takes away 22 J of 
energy as the cone falls the 100 m.
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ANS 39.0 m/s



f f f

You loose 22J of energy so there is 22J of energy less at the end
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Potential Energy on an Air Track with Mass and Spring

• Refer to Example 7.8.

• Knowing the initial state of our 
system and thus the total 
mechanical energy, we use this 
to find the final state at any 
position. 

• Using conservation of total 
mechanical energy:
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VTS Ex 7.8



Work-energy theorem
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𝑊𝑛𝑒𝑡 = ∆𝐾𝐸



Work-energy theorem

•Example

•A 1.2x103-kg car accelerates from 20.0 m/s to 24.0 m/s

•(a) Assuming (!) no significant energy losses, find the work done by the 
engine.

•(b) It was found that friction and air drag cause an energy loss of 24 kJ. 
What was the actual (total) work done by the engine if the same car 
still accelerates from 20.0 m/s to 24.0 m/s.
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ANS a) 105600 J

𝑊𝑛𝑒𝑡 = ∆𝐾𝐸



J
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The LHC uses calorimeters to measure the energy loss of particles
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Power
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Power – Considers Work and Time to do It 

• When a quantity of work ΔW is done during a time interval Δt, 
the average power Pav or work per unit time is:

• Units of watt [W], or 1 watt = 1 joule per second [J/s]

• The rate at which work is done is not always constant. When it 
varies, we define the instantaneous power P as:
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Power – Considers Work and Time to do It 

• Example 7.16: A marathon 
stair climb

• If the runner is initially at rest 
and ends at rest, the work 
done by the runner is equal to 
the work done by gravity on 
the runner.

• The average power output by 
the runner is then:
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Use answer from (a)
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𝐾𝐸 =
1

2
𝑚𝑣2 𝑈𝑔 = 𝑚𝑔𝑦 𝑃 =

𝑊

𝑡
= 𝐹𝑣



Fastest human 45 km/hr = 12.5 m/s
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59
𝑁𝑜𝑡𝑒: 𝑃𝑜𝑤𝑒𝑟 𝑖𝑠 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝑊𝑎𝑡𝑡𝑠 𝑜𝑟 𝑘𝑔

𝑚2

𝑠3



60



61

Summary

Work, energy & power (CLO5, 

Chapter 7)

• Work done is energy 

transferred.

• Total energy is always 

conserved.
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VTS Ex 7.1

VTD Chin 
Basher?

PhET The ramp

Use the textbook 
for more details
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Sliding on a Ramp – Example 7.2
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Problems With Nonconservative Forces

• This is the same problem as Example 7.8, but now we also 
include the work done an external, a nonconservative force F.

• In addition to the
spring force, there is
a constant force F
along the positive
x-direction.
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VTS Ex 7.12
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