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Physics 20

Unit 3:
Circular Motion, Work, and Energy




(30 %, 5 weeks)

Chapter 6:
Work and Energy

Key Terms and Concepts:

Key Equations

Textbook web support:



www.pearsoned.ca/school/physicssource
6.1
Work and Energy I

Read Text: p 292 – 304
Energy

· When an object has energy then the object has the ability to do work.

Work

· Work is the ability of an object to exert a force, a push or a pull.

· For work to be done:

· A force must be exerted 

· An object must move in the direction of the applied force

Work = Force * displacement
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The amount of work done will be a maximum when
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   Force applied
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Work is done
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Force applied







displacement
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No work is done

Example

1.
Lisa uses a force of 60 N and rides her bicycle 300 m south, how much work did Lisa do?

Work is a scalar that means it has magnitude only and no direction.

· when work is positive there is an increase in energy
· when work is negative there is a loss of energy, energy has been absorbed by the system (heat, sound)

2.
Homer lifts a 20 kg box and places it onto a self 1.5 m above the ground. How much work did Homer do?

3.
An ostrich is pulling a wagon and uses an applied force of 40 N at an angle of 30° to the ground, the wagon travels 120 m, east. What amount of work did the ostrich do?
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Fx, we must use the component of the force that is parallel to the displacement.
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Work is a vector dot product.
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Work can also be found as the area under a Force vs. displacement graph.
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8.0

Force (N)
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4.
How much work was done,



a.
between 0 – 6.0 m?



b.
between 0 – 10 m?

How much Work is done?

· work done comes from Applied Force

· 
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Change in Energy

· to have a change in energy there must be:

· change in velocity

· or change in height

· change in energy is the result of an unbalanced force, Net Force

· 
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Assignment:

N & P

P. 117: 1 – 12
6.1
Work and Energy II
Gravitational Potential Energy

· is the potential energy of an object due to its position or height

Consider:

· a box is carried up a flight of stairs

· the amount of work done is
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Potential Energy
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Work done = ∆Energy








(No energy)

· the box now has potential energy due to its position (height)

Gravitational Potential Energy
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Examples
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1.
The CN Tower in Toronto is 553 m tall, 
Bart has a mass of 45.0 kg.

What is Bart’s potential energy at the top 

of the CN Tower?
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2.
What is the potential energy of the 

pendulum in the diagram below? 
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The mass of the pendulum is 50 g.
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       8.0 cm
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2.0 cm
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Work and Incline Planes

3.
A 1.4 kg cart is pulled up an inclined plane as in the diagram below. 
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a.
What is the potential energy of the cart at the top of the ramp?


b.
What force was needed to pull the cart up the ramp? 
Assume no friction.
[image: image50.bmp]



Work = ∆ Energy




      W = ∆E

Assignment:

N & P

P. 124: 1 – 5

Kinetic Energy


- any object in motion will have kinetic energy
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Examples

4.
A car has a mass of 1200 kg and is travelling at 80 km/h.


What is the kinetic energy of the car?
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remember 
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5.
Bart and his bicycle have a kinetic energy of 450 J, if Bart doubles his velocity what is his new kinetic energy?

[image: image55.bmp]
6.
If Bart has a mass of 45 kg and is riding at 6.0 m/s, if Bart speeds up to 10 m/s, what is Bart’s change in energy?
Assignment:

N & P


P. 127: 1 - 6
6.1
Work and Energy III
Hooke’s Law

· describes the force and energy of a stretched spring
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· the elastic force of a stretched spring:
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k, is the spring constant

each spring will have a unique spring constant

A graph of Elastic Force vs. spring displacement
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 Displacement, x (m)

Examples

1.
A force of 5.0 N is required to stretch a particular spring 4.0 cm.


a.
What is the spring constant of this spring?


b.
What force is necessary to stretch this spring 8.0 cm?

2.
A spring has a spring constant of 30 N/m and two masses are hung on the spring.

a.
How far will the spring stretch if a 500 g mass is attached to the spring?
b.
If the spring stretches 12 cm what is mass attached to the spring?

Elastic Potential Energy

· is the potential energy of a spring that has been stretched
· can be found as the area under a force vs. displacement graph
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Elastic Potential Energy
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Example 

3.
A spring is stretched a distance of 15 cm using a force of 45 N.


a.
What is the spring constant of this spring?


b.
What is the potential energy of this stretched spring?

4.
A spring has a spring constant of 60 N/m and the spring is stretched 24 cm.

a.
What is the potential energy of the spring?

b.
If the spring has 4.2 J of stored energy how far was it stretched?

Assignment:

Text

P. 305: 1 – 11
N & P

P. 179: 1 – 6, P. 183: 1 – 9
6.2
Mechanical Energy

Read pages
306 – 309

Mechanical Energy

· is the sum of the potential and kinetic energy in a system
· the mechanical energy in a system is constant
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Consider:

A ball is dropped from the top of a tall building:
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Ball has potential energy only.
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Ball has potential energy and kinetic 

energy.

[image: image69.wmf]pk

EE

D=D









[image: image70.wmf]2

1

2

22

11

22

1122

Mpk

M

EEE

Emghmv

mghmvmghmv

=+

=+

+=+







Ball has kinetic energy only.

Law of Conservation of Energy

· Energy cannot be created or destroyed it only changes from one form into another.
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Examples

1.
A ball has a mass of 120 g and is dropped from the top of a building 60 m tall.


a.
What is the speed of the ball when it hits the ground?



(use conservation of energy)
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b.
What is the speed of the ball when it is 15 m above the ground?

- when the ball is 15m above the ground it will have both potential energy and kinetic energy
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notice that the masses cancelled from all three terms
2.
A heavy pendulum is raised to a height of 20 cm above equilibrium. 
a.
What is the speed of the ball when it reaches equilibrium?
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  20 cm
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b.
At what height will the pendulum have a velocity of 1.5 m/s?
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Assignment:

N & P

P. 130: 1 – 10

Work Energy Theorem
· the work done on a system is equal to the sum of the changes in the potential and kinetic energies of the system
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4.
A box with a mass of 40 kg slides down an incline plane. At the bottom of the plane the box has a speed of 9.0 m/s.

a.
What is the energy lost due to friction?

b.
What is the force due to friction on the ramp?
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12.0 m


        6.0 m
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a.
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this answer is negative because energy is lost (thermal)
b.
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5.
A skateboarder has a mass of 62 kg and slides down a ramp as in the 
diagram below, the force due to friction on the ramp is 75 N.

a.
how much energy is lost?

b.
what is the velocity of the skateboarder at the bottom of the ramp?





       8.0 m










   3.2 m

a.
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b.
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2nd Law of thermal Dynamics

Not 100% of the useful energy is transferred from one part to another within a system. Some of the useful energy will be lost to heat and friction.
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Assignment:

Text

P. 310: 1 - 8
Wkst:

Conservation of energy Physics 30
The Roller Coaster Problem


A roller coaster starts at point A with  

height of 80 m, the roller coaster drops 

to point B ground level and the climbs to 
point C with a height of 40 m. The cart has 

a mass of 1400 kg.

A:





       C:

         80 m






       40 m



        B:

a.
What is the speed of the rollercoaster at point B? (km/h)

b.
What is the speed of the rollercoaster at point C?  (km/h)

Why are roller coasters so exciting?

Consider if:

· the radius of curvature at point B is 64.0 m

· the radius of curvature at point C is 55.0 m
c.
What is the centripetal acceleration at point B?


How many positive g’s is this?

d.
What is the centripetal acceleration at point C?


How many negative g’s is this?

PHet simulation:
Energy Skate Park
Video:
Roller coaster Physics


6.3
Mechanical Energy in Isolated and Non-isolated 

Systems
Read pages 311 – 322
Isolated System

· a group of objects assumed to be isolated from all other objects in the universe

· eg.



· the number of fish in a fish tank, lid is closed

· the number of people in an elevator, door is closed


· objects within an isolated system are free to interact with each other but they cannot be subjected to unbalance forces from outside the system

Law of Conservation of Energy
Energy can be transferred from one form into another or transferred from one object to another but it cannot be increased or decreased within an isolated system.


Examples

1.
Marcus is playing on a playground slide, the slide is 6.0 m high and Marcus has a mass of 35 kg.

a.
What is the maximum potential 



energy at the top of the slide?


b.
What is the maximum kinetic 

energy at the bottom of the slide?


c.
What assumptions did you make?


d.
What is the velocity at the bottom 

of the slide?

Consider a Simple Pendulum








2.
A pendulum has a mass of 60 g and a maximum velocity of 4.5 m/s.


a.
What is the maximum height the pendulum will rise to?


b.
When the pendulum has a height of 40 cm what is its velocity?

Conservative and Non-conservative Forces
Conservative Forces

· some forces such as gravity and elastic forces act within the system without changing the mechanical energy of the system

· energy is still conserved within the system

Non-conservative Forces

· other forces such as friction and applied force act from outside the system and the result in a change of energy within the system

· energy is lost from the system in the form of heat, sound, light (work)

Consider two systems

1.
Frictionless

- if two objects with the same mass travel both paths the change in energy and the final velocity will be the same because it does not depend on the length of the path, the change in height ∆h will be the same.


 





        ∆h




Path 1





Path 2








PHet simulation:
Energy Skate Park






- you can add friction







- you can analyze the graphs of Ep & 







   Ek

2.
Frictional Force


- when there is friction then the length of the path does matter


- not 100% of the useful energy is converted

- when there is friction the system is non-isolated, energy is lost into the air in the form of heat or sound

Second Law of Thermal Dynamics

Not 100% of the useful energy in a system is conserved, some of the energy is lost to heat or life processes.

Example: 
Consider the Inclined Plane
A box with a mass of 40 kg is placed at the top of an inclined plane 3.0 m high, the plane is 7.5 m long, the force of friction on the plane is 75 N. What is the speed of the box at the bottom of the plane?










7.5 m

3.0 m


Assisgnment:
wkst

Work-Energy Theorem



Text

P. 323
: 1 – 10

6.4
Work and Power

Read pages
324 – 329

Power
· is the rate of doing work

· is amount of energy used in a given period of time









Units:  W, watts,  J/s
Examples
1.
Homer carries a 20 kg sack of flour up a flight of stairs to a height of 3.0 m, it takes Homer 6.0 s to carry the sack.

a.
How much work did Homer do? 

b.
What was the power used?

2.
A motor operates at 200 W, how high could it lift 15 kg in a time of 8.0 s?


Efficiency





3.
If the 200 W motor lifts a 15 kg load only 7.5 m, how efficient is the motor?
Power and Speed


4.
Napoleon has a mass of 45 kg and he climbs the rope in gym class, it takes Napoleon 24 s to climb to a height of 6.0 m.


a.
What is his average velocity? 

b.
What power does Napoleon use?

c.
On his second attempt he climbs 

to the same height in 20 s, 

what is the change in power?

Assignment


N&P

P. 121: 1 - 5




Text

P. 330: 1 – 8
Chapter Review

Text

P. 331 – 333, wkst

Unit Review


Text

P. 335 – 339
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The maximum potential energy will be equal to the maximum kinetic energy
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