Unit Three: Energy

Lesson 1: Forces

What is a Force?

A force is any interaction that, when unopposed, will change the motion of _i : T MIDVALE
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Forces can be measured in Newtons (N).

Physicists think that there are only four fundamental forces in the universe. All of the forces you can
think of can be classified into one of the four fundamental forces.

The four fundamental forces are:

STRONG FORCE WEAK FORCE
‘ Energy
AT
1) Gravity
Radiation
Radioactive &~ i
adioactive * - 2) Electromagnetic force

allows radiation  Particle 3y gtrong nuclear force
binds the nucleus of an atom

4) Weak nuclear force

ELECTROMAGNETIC FORCE GRAVITY

Naucieus
P
V o S N o
o R

o W

' 2 holds galaxies together

Blectrons

holds electrons in place

1) Gravity

Gravity is a natural phenomenon by which all things with mass are brought together. This includes all
objects smaller than electrons and larger than stars and galaxies.

Your weight is the result of the force due to gravity on your body. Your mass is a measure of the amount
of material in an object and is measured in kilograms.




Here on the surface of the Earth there is a mutual force of attraction between any mass and the mass of
the Earth. The amount of force is 9.8N of force for every kilogram of mass or 9.8N /kg.

The 9.8N/kg value is known as the
gravitational field strength g.

7 9=9.83 N/k
ﬁi’g weight = 983

( The gravitational field strength results in you having a weight
3 9= 9.81N/k and can be calculated by:
A3 - /‘6? weight = 981
v S\ Fg=mg
| g Or
g=9.78 N/k
weight = 978
w=gm
Theperso{logcsams

Fg or w, is the force due to gravity or weight (w) measured in
Newtons

2
t=0s,v=0m/s —e@
t=1s,v=98m/s —e
m is the mass of the object in kilograms (kg)

t=2s,v=196m/s >0 Eh

t=23s,v=294m/s =@
g is the gravitational field strength in N/kg

In addition to producing your weight, the gravitational field
strength accelerates objects at a predictable rate of 9.8m/s?

t=4s,v=392m/s — @
close to the surface of the Earth.

t=>5s,v=49.0m/s - @




2) Electromagnetic Force

Electromagnetic force is the force of
attraction or repulsion between two
charged particles or two magnetic poles.

3) The Strong Nuclear Force

The Strong Nuclear force is the strongest force of the four fundamental forces. It is responsible for
binding together the fundamental particles of matter to form larger particles like atoms.

Strong nuclear force

This force is strong enough that it overcomes the repulsive force
between the two positively charged protons, allowing protons and
neutrons to stick together in an unimaginably small space. The strong
force dies off with distance much faster than gravity or

the electromagnetic force, so fast that it's almost impossible to detect the
strong force outside of a nucleus.

Electrostatic repulsion

4) The Weak Nuclear Force

While the other three forces hold things together, the weak force plays a greater role in things falling
apart, or decaying.

The weak force, or weak interaction, is stronger than gravity, but it is only
effective at very short distances. It acts on the subatomic level and plays a
crucial role in powering stars and creating elements. It is also responsible /
for much of the natural radiation present in the universe,
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Additional Practice

1. Complete the following table.

Variable used Units measure in Unit symbol

Force

Mass

Gravitational Field
Strength

2. What is the force of gravity on a 1050 kg cow?

3. The gravitational field on the surface of Mars is 3.7 N/kg. What is the weight of a 12 kg chunk of ice
on the Mars?

4. A 450 kg probe travels from the surface of the Earth to the surface of the Moon. What is the
difference in the force of gravity on the probe between these two locations?



5. A 5.4 kg space probe is moved to different parts of the solar system.
a) What is the force of gravity on the probe on the surface of the Earth?

b) What is the weight of the probe on the surface of the Moon?

c) What is the mass of the probe on the surface of Mars?

6. A dog has a weight of 230 N. What is its weight?

7. A space probe lands on the surface of a small asteroid. The force of gravity pulling down on the

probe is 150 N and its mass is 102 kg. What is the gravitational field strength on the surface of the
asteroid?



Lesson 2: Work and Power

What is work?

Work is done whenever a force makes
something move. Work is measured in joules (J).

Work (]) is calculated by finding the product between the applied force (N) and the distance moved (m).

Work = force (N) x distance (m)

W=Fxd
The force must be parallel to the distance moved otherwise no work is done.
If no distance is moved then no work is done.

Example: How much work is done by a boy pushing a car with a force of 800N for a distance of 200m?

W=Fxd
W=800Nx200m
W =160000 Nm
160000]

Additional Practice

1. Work is done whenever a makes an object

2. Calculate the work done by a 100N force applied to a 10kg object and the object moves a distance of
10 m.

3.1f 20] of work is done on a 5 kg object moving it a distance of 20m, what is the applied force on the
object?

4. A 200N force moves a 15kg object and as a result does 5000] of work on the object. What distance
does the object move as a result of the work done on it?



5. A 10kg object is lifted a distance of 3 m. How much work was done on the object? (the acceleration
due to gravity is 9.8m/s?)

6. How much energy did the object gain?

7. Calculate the work done when a student exerts a force of 400N to push a stalled motorcycle from a
busy highway to a quiet street, a distance of 500m. There is a 200N friction force acting on the
motorcycle.

8. A Physiotherapist exerts 18N of force to move a patient’s arm a distance of 0.6m. Calculate the work
done on the arm.

9. A 100W immersion heater is used to warm water in a beaker for 3.0 minutes. How much energy is
transferred to the water?

FALSE. WORK ISIFORCE TIMES
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The metric horsepower What is Power?

1 hp = 735.5 watts

Power is the rate at which work is done.
[}
D At =1s

Power = work/time

Ah =1m T

m = 75kg ' PoW/t

Power is measured in watts (W), which is a joule per second.

Example: What is the power of a bulldozer that does 5.5 x 104 ] of work in 1.1s?
P=W/t
P=55x104] /1.1s

P=5.0x104W

1. Complete the following table.

Variable used Units measure in Unit symbol

Power

Work

Time

2. A water pump does 250 000 Joules of work to remove water from a swimming pool in one hour
(3600 seconds). Determine the power rating of the pump.

3. A winch lifts a 12 kg rock vertically upward from a height of 1.0 metre to 12 metres in 15
seconds.
a) Determine the work done by the winch.



b) Determine the power rating of the winch.

4. A 1200 Watt blow-dryer for 10 minutes (600 seconds). Determine the amount of energy that is
used.

5. An alkaline AA 1.5 V battery holds around 13 000 Joules. A small toy car is rated at 0.50 W.
How many seconds will the toy car be able to operate continuously?

6. Determine the power for each of the following electrical appliances:

a) The output of a laser is 0.05] every second.
b) A curling iron uses 48000 ] of energy per minute.
c) An electric light bulb uses 2.16 x 10s ] of energy in one hour.

7. Determine the amount of energy transformed or used in each case:

a) A 2000W electric pencil sharpener operates for 3.0s
b) A 1200W Kkettle heats water for 5 minutes.

c) A 100W stereo is operated for one hour.



Lab: Stair Power

Purpose: To determine the power produced when climbing a flight of W g
stairs. <*
< i
MLS >
Procedure: R
@ "

1. Measure the vertical height of the set of stairs (or a portion that’s easily = “ & «

measured), in metres (m). The vertical height refers to the height from the bottom to the top (straight
down), not the slope.

2. Record all values in the provided table.

3. Determine your body mass, in kilograms (kg) by getting on the scale.

4. Time the number of seconds (s) it takes you to run up the stairs.

5. The amount of power used is equal to the amount of work done divided by a given amount of time
(P =W/t). To determine the amount of work done, you calculate the amount of force that is exerted
over a given distance (W = F x d). The force in this case is calculated by multiplying the downward
acceleration due to gravity (9.8 m/s?) by your mass (in kg).

6. Keep quiet in the hallway and stay on task.

] ] ] ] Questions:
Trial Time (s) Mass (kg) Vertical distance (m)

1 1. Using the above average
values, how much work does it
take to get up the stairs?
W=Fxd= (mass (kg) x (9.8

2 m/s?) x (height of the stairs))
2. Calculate the power
3 required to climb the staircase.
Power= W/t
Average
values

3. Compare the power the person developed going up the stairs to a 100W lightbulb. Could the person
sustain the power output they exerted in this experiment?

4. The CN tower has 1776 steps and the record time to climb is 7:52. Assume the height of one stair is
the same as the stairs you climbed. Determine the power developed by the person who holds the
record. Assume their mass is the same as yours.



Lesson 3: Work and Types of Energy potetial anery

What is Energy?

Energy is the ability to do work. Each time work is done energy is
transferred from the object doing work to the object being worked
on.

Kinetic energy Kinetic energy

Work done on an object is equal to the change in energy of the object.
W = AE

Work and Energy are both measured in Joules.

There are many different types of energy. All of the types can be
Unleaded Super classified into two categories, potential or Kinetic.

Unleaded
nieal P\uih- Un'eaded

Types of energy can be further classified into: gravitational potential,
kinetic, heat, chemical potential, elastic, light, electrical and nuclear
energy.

Gravitational Potential Energy

Gravitational potential energy is energy due to its position above the earth.

A paratrooper prior to jumping has considerable
{gravitational potential energy. Once they jump they have
onsiderable gravitational kinetic energy.



Another example to consider is that of a
hydroelectric dam. Prior to the water
being released to flow through the dam it
has gravitational potential energy.

Once the water flows through the dam
because of gravity it has considerable
gravitational kinetic energy. This kinetic
energy is converted to electrical energy.

Kinetic Energy

Kinetic Energy is the energy of a
moving object.

Kinetic energy is calculated by:

KE = lmv2
2

Heat Energy

Hydroelectric Dam

Powerhouse

Generator
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science

Long Distance
Power Lines

Kinetic energy increases as the

square of the speed

. Kinetic energy increases as the
square of the speed. 1]
. ;Fhits means that if you go twli)cefas &8Z 50 kmn
ast, your energy increases by four
times (22 = 4). L 4
. If your speed is three times as fast, m 100 km/h
your energy is nine times bigger
(32=9). B 9]
150 km/h EBE

. A car moving at a speed of 100 km/h
(62 mph) has four times the kinetic
energy it had when going 50 km/h (31
mph).

. At a speed of 150 km/h (93 mph), it
has nine times as much energy as it
did at 50 km/h.

Heat energy is the kinetic energy of the molecules in an object or a system.
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Chemical Potential Energy
H H H H
Chemical potential energy is stored energy within H _l £ H _,I: —c| _c| —H
the chemical bonds of a compound. [ e T
H H H H
METHANE (NATURAL GAS) MOLECULE (CHy ) PROPANE MOLECULE (C3Hg)
| carbon atom; 4 hydrogen atoms 3 carbon atoms; 8 hydrogen atoms

Elastic Potential Energy

Elastic energy is stored (potential) energy
that can do work once it is released.

\
:
/

CFL Light Energy

standard incandescent compact fluorescent
lamp

Light energy is energy that the photons
have as they move through space.

watts >>
lumens >>
life (years) >>

estimated annual
energy cost* >>

initial cost
per bulb >>

Electrical Potential Energy

Electrical energy is electric potential energy
of the charge (electron) due to its position

away from its paired proton. Electric ‘ ‘ ‘ ‘ ‘
potential energy is measured in Volts. l l l l l
FEE X

High Potential Energy

. Test
Charge

O——=a

Low Potential Energy



Nuclear Energy

Nuclear energy is energy stored in the
nucleus of every atom. Nuclear fission
and fusion release huge amounts of
energy as a result of a very small mass
loss according to Einstein’s equation.

Nuclear power plant

Nuclear energy originates from the splitting of uranium atoms - a process called fission. This generates
heat to produce steam, which is used by a turbine generator to generate electricity. Because nuclear
power plants do not burn fuel, they do not produce greenhouse gas emissions.

By reliably providing power 24 hours a day, nuclear energy is an important part of the energy mix
necessary to meet electricity demand. And, with no carbon emissions, it will remain an important clean
energy resource for the future.
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Additional Practice

Force Practice Problems: (hint: try writing out the equations here first)

1. A force of 20 N acts upon a 5 kg block. Calculate the acceleration of the object.

2. An object of mass 300 kg is observed to accelerate at the rate of 4 m/s2. Calculate the force required
to produce this acceleration.

3. An object of mass 30 kg is in freefall in a vacuum on earth where there is no air resistance. Determine
the acceleration of the object.

4. A force of 200 N is exerted on an object of mass 40 kg that is located on a sheet of perfectly smooth
ice.
a. Calculate the acceleration of the object.

b. If a second object identical to the first object is placed on top of the first object, what
acceleration would the 200 N force produce?

5. An object of mass 10 kg is accelerated upward at 2 m/s2. What force is required?

6. A 5 kg block is pulled across a table by a horizontal force of 40 N with a frictional force of 8 N
opposing the motion. Calculate the acceleration of the object. Hint: Try drawing what this would
look like first (We will do this one as a class)



Work Practice Problems: (hint: try writing out the equations here first)

1. Mr. Ewan uses 20N of force to push a lawn mower 10 meters. How much work does he do?

2. How much work does an elephant do while moving a circus wagon 20 meters with a pulling force of
200N?

3. How much work is done when a force of 33N pulls a wagon 13 meters?

4. Taylor does 15 Joules of work to push Cody 6 meters. How much force did he use?

5. Matthew uses a force of 25 Newtons to lift Leo while doing 50 Joules of work. How far did he lift
Leo?

6. Maddy throws a ball with 1237 Joules of work and the ball landed 40m away, how much force did
she use to throw the ball?

7. A 30kg mass is lifted and accelerates at 4m/s:. What are the total amount of Joules gained by this
mass if it travels a distance of 36m?



Power Practice Problems: (hint: write out the equations first)

Watt are the units for Power?

1. If 4500 joules of work are done to lift an object in 5 seconds, what is the power?

2. How much work does a 30W engine do if it operates for 40 seconds?

3. During the staircase lab, Tigger runs up the stairs, elevating his 102 kg body a vertical distance of
2.29 meters in a time of 1.32 seconds at a constant speed.

a. Determine the work done by Tigger in climbing the staircase.

b. Determine the power generated by Tigger.

4. Hannah pushes a box across the floor a distance of 50 meters. Pushing the box required a force of 20
N and took the person 40 seconds.

a. What is the work?

b. What is the power?

5. A new conveyor system at the local packaging plan will utilize a motor-powered mechanical arm to
exert an average force of 890 N to push large crates a distance of 12 meters in 22 seconds. Determine
the power output required of such a motor.



Lesson 4: The Kwh, Another Measure of
Energy

How do we measure Energy?

Energy can be measured in Joules (]) or the kilowatt-hour. The
relationship between the kwh and ] is shown below through an
example.

The scenario is thata 1000 W light bulb is on for an hour. How much energy does it use in that time?
Two separate calculations will be done below

1000 W = 1kw
3600 seconds in one hour

P=W/t
Or
W=Pxt
W=Pxt W=Pxt
W =1000W x 3600s W=1Kwx 1h
Work (energy) =3.6 x10¢] Work (energy) = 1kwh

3.6 x10¢] = 1kwh

Canadi

Energy ion / Ce

3 0 0 per year / par année
N s e o mcle




Additional Practice

1. Convert the following into kilowatts:

a) 1500 W
b) 25.0 W
¢) 1670000 W

2. Determine the total kilowatt hours for the following:

a) 3000W heater on for 3 hours.

b) 1500W water pump on for 5 hours a day 7 days a week for 2 weeks.

3. Determine the total cost of operating a 2000W heater for 4 hours a day, 5 days a week for 8 weeks.
The cost of one kilowatt hour is $0.14.

4. If operating a 2000W stove for 2 months is $10.50 and the cost per kwh is $0.14, how long was the
stove on during those 2 months?

5. An LED lightbulb is rated at 14 Watts and is left on for eight hours in a day. Determine how much it
would cost to keep the light on for one month (30 days) if the cost of electricity is 14 cents per
kiloWatt hour.



6. An electric car charger is rated for 7,700W and runs for 90 minutes each night after a typical day of

driving. If electricity costs $0.14 per Kwhr what is the cost of charging nightly?

7. (BONUS) Compare the cost for driving my car over the course of two years (35,679 km and 6,783
Kwhr) given that electricity costs $0.14 per Kwhr and my previous car averaged 12L/100 km on

premium gas. Use the average price for premium gas today in your calculations.

© Controls 2 Mike
& Pedals & Steering UL
Distance Duration
Trunk :
= Open % Charging 7 km 10 min
@ Autopilot
Since Last Charge
& Locks
Distance Total Energy
8:  Lights 15 km 3 kWh
Display
Trip A
U Trips Distance Total Energy
3o 35,679 km 6783 kWh
A Navigation
Safet
IR Trip B
F Service Distance Total Energy
35,679 km 6783 kWh
L Ssoftware
HomelLink
@ i ® Upgrades Odometer 35,679 km

Activate

Home

Avg. Energy

212 Wh/km

Avg. Energy
73 Whikm

Avg. Energy
190 Wh/km

Avg. Energy
190 Whikm



Lesson 5: Gravitational Potential Energy

Does Height affect Potential Energy?

The gravitational potential energy of an object is the energy an
object has due to its position. Gravitational potential energy has
the symbol PE and is measured in joules.

The equation for the gravitational potential energy is PE = mgh, where m is the mass of the object in kg,
h is the height of the object in meters and g is the acceleration due to gravity 9.8m/s?.

Example: How much gravitational potential energy does a
75kg rock have if it is lifted 4m?
‘ Mass of Rock
= 75kg PE = mgh

PE = 75kg x 9.8N/kg x 4m

A

Height =
4 metres PE = 2940]

Ground

Relative potential energy assumes the lowest point in a scenario to have a zero height value. It can be
calculated by:

PE = mgh, where h is the the height above a certain point.

Eg. 1: A 10.0kg rock is on top of a house 3.00m high. What is the gravitational potential energy of the
rock:

PE = mgh
PE = 10.0kg x 9.80N/kg x 3.0 m
PE = 294]




Eg. 2: A 1500Kg car is lifted on a hoist until it gains 37,000] of potential energy. How high
was the car lifted?

PE = mgh
PE/mg=h

h =37,000] / (1500 kg x 9.80N/kg)
h=2.6m

Eg. 3: A bird flying at a height of 120m has 4600] of GPE. What is its mass?

PE = mgh
PE/gh =m

m =4600] / (9.8N/kgx 120 m)
m = 3.9 Kg

Additional Practice:

Write the formula for potential energy here:

1. Determine the gain in the potential energy when a 4.0 kg rock is raised 18.000 m.

2. A leopard with a mass of 55.00 kg climbs 12.0 m up a tree. What is its gain in PE?

3. An aircraft is taking a group of skydivers up into the air. Mr. Vucko is dressed in his parachuting
outfit, which brings his mass to a total of 120.0 kg. The aircraft takes the group to a height of 5000.00 m
before the jump. How much PE does Mr. Vucko gain before jumping?

4. An owl has a mass of 4.00 kg. It dives to catch a mouse, losing 800.00 ] of its GPE. What was the
starting height of the owl, in meters?

5. An astronaut with a mass of 110.0 kg visits the moon (which has a different gravitational force than
Earth). The astronaut climbs 5.0 m up the ladder into his spacecraft and gains 880.0 ] in GPE. What is
the strength of gravity on the moon?



6. One of the tallest radio towers on Victoria island is 629.9 m tall. If a bird lands on top of the tower, so
that the gravitational potential energy associated with the bird is 2033.76 ], what is its mass, in
kilograms?

7. The largest sea turtle found in North America had a mass of 860.24 kg. If the gravitational potential
energy associated with the turtle as it was being lifted onto a ship was 20,320.7 ], how high above the
water was the turtle when it was lifted?

8. Which of the following has the most potential energy?
a. car at the top of a hill

b. A car speeding down the hill

c. A person at the top of a hill

9. One of Mr. Ewan'’s students went bungee jumping off of a building in China last summer. After several
heart-pounding seconds, he leapt from a height of 233 meters. If his weight is 104 kilograms, what
would his potential energy be just prior to jumping?

10. He almost hit the ground but luckily he snapped back up towards the top of the building. What was
his potential energy just before hitting the ground?

11. An owl has a mass of 4 kg. It dives to catch a mouse losing 800 ] of PE. How high was the bird to
begin with?



12. In the following image of a roller coaster. Label the point where you would have the highest amount
of potential energy. Using the formula PE= mgh, explain how you came to that conclusion.

M

il

13. A marble is on a table 2.4 m above the ground. What is the mass of the marble if it has a GPE of
568].

14. A cart at the top of a 300 m hill has a mass of 40 kg. What is the cart’s gravitational potential
energy?

15. Find the gravitational potential energy of a light that has a mass of 13.0 kg and is 4.8 m above the
ground.



Lesson 6: Kinetic Energy

What is Kinetic Energy?

Kinetic energy is the energy of motion. KE is the symbol for kinetic energy.

Kinetic energy can be calculated by:

KE = %2 mv?
Where m is the mass of an object measured in kg
v is the velocity of the object measured in m/s

KE has the unit of measure of Joules (])

Example: What is the kinetic energy of a 6.0kg curling stone sliding at 4.0m/s?

Ex = %2 mv?
Ex = %2 6.0kg x (4.0m/s)?

Ek = 48]

Example: The kinetic energy of a boat is calculated at 52,000 J. If the boat has a mass of 39,000 kg, with
what velocity is it moving?



Regenerative Brakes

Looking at the kinetic energy equations reveals the dominance
of velocity on the kinetic energy. If the velocity is doubled or
tripled then the kinetic energy increases four or nine times,
respectively.

The total mechanical energy (TME) of a system is KE + PE.
When energy is transferred or transformed in our Universe,
TME remains constant.

The electric motor reverses direction, becoming a
generator (dynamo) which then stores the energy in the vehicle's battery.

) Under Dry Conéitions
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Additional Practice

Write the formula for Kinetic energy here:

1. Whatis the Kinetic Energy of a 150 kg
object that is moving with a speed of 15

®@eeeE®

m/s? 52.7 814
77.7 122.6
107.5
2. An object has a kinetic energy of 25 ] and a om som 100m

mass of 34 kg, how fast is the object moving?

3. An object moving with a speed of 35 m/s and has a kinetic energy of 1500 J, what is the mass of

the object.

) Under Wet Conditions

172.2

150m

200m



10.

What is the Kinetic Energy of a 1200 kg object that is moving with a speed of 24 m/s?

An object has a kinetic energy of 14 ] and a mass of 17 kg, how fast is the object moving?

An object moving with a speed of 67 m/s and has a kinetic energy of 500 ], what is the mass of
the object.

What is the Kinetic Energy of a 478 kg object that is moving with a speed of 15 m/s?

An object has a kinetic energy of 88 ] and a mass of 45 kg, how fast is the object moving?

An object moving with a speed of 21 m/s and has a kinetic energy of 140 ], what is the mass of
the object.

What is the Kinetic Energy of a 100 kg object that is moving with a speed of 12.5 m/s?



Lesson 7: Conservation of Energy

In any closed system the TME (Total Mechanical Energy)
remains constant. When energy is transferred or transformed
the TME remains constant. This is the law of conservation of
energy.

\ j N
Highest point Maximum kinetic No Kinetic energy
of swing energy
Maximum gravitational
Mi gravitati

p ial energy

potential energy

The Law of conservation of energy can also be stated as AKE + APE = 0. Where AKE means change in
kinetic energy, KE final - KE iniia. APE means change in potential energy, PE finai - PE initial.

Example: As 10 kg rock falls from a height of 10m to the ground it loses gravitational potential
energy. Determine the change in gravitational potential energy.

APE = PE fina1 - PE initial
mghfinal - mghinitial
10kg x 9.8m/s? x Om - 10kg x 9.8m/s? x 10m
-980]

Note the negative sign indicates a loss in energy.

What is the gain in kinetic energy of this rock? The rock must gain 980] of kinetic energy.

The final velocity of the falling rock can now be found using AKE =980 J.
KE final - KE initia1 = 980
1/2mv2fina = 980
mv2fina = 2 X 980
10 X V2final = 1960

VZfinal = 196

Vfina] = 14m/S



1. Complete the following table.

Variable used Units measure in Unit symbol
Kinetic Ener
&Y Remember...
PE=KE
Potential Energy
mgh=1/2mv?
Mass mgh=1/2mv?
= 2
Gravitational Field gh=1/2v
Strength 2gh= v?
Velocity V2gh=v
Height
2. A 20.0 kg boulder is at a height of 152 metres above the ground.
a) Determine its potential energy.
b) Determine its kinetic energy.
c) [t releases from the cliff and falls to the ground. What is the boulder’s impact velocity

(how fast it hits the ground)?

3. A 180 kg boulder falls off a cliff and hits the ground at 45 m/s.

What height is the cliff?



4. What is the initial potential energy of the boulder?

5. What is the final potential energy of the boulder?

6. A cannon launches a 3.5 kg cannonball vertically upwards at 89 m/s.
What maximum height will the cannonball reach?

7. What is the initial kinetic energy of the cannonball?

8. What is the final kinetic energy of the cannonball?



Additional Practice:

1. According to the Law of Conservation of Energy, the total amount of energy in the universe
a) Remains constant
b) Decreases
c) Increases
d) Changes constantly

2. A basketball is dropped outside of the school. If it reaches the floor at a speed of 3.2 m/s, from what
height did it fall?

3. A safe is hurled down from the top of a 130 m building. What is its velocity as it hits the ground?

4. A 2.5 kg object is dropped from a height of 10.0 m above the ground. Calculate the speed of the object
as it hits the ground.

5. A 200-kg boulder is 1000-m above the ground.

a) What is its potential energy when it is 1000-m above the ground?

b) What is its kinetic energy when it is 1000-m above the ground?



c) The boulder begins to fall. What is its potential energy when it is
500-m above the ground? Where did the “lost” potential energy
go?

d) What is the kinetic energy of the boulder when it has fallen 500-
m?

e) What is the kinetic energy of the boulder just before it hits the ground?

6. A boulder sits atop a steep cliff and someone pushes it off the edge. If the cliff is 45 metres high and
the boulder is 200kg, what speed will the boulder hit the ground with? Ignore air friction in this case.

7. A child with a mass of 25.5 kg starts at rest and goes down a slide with a height of 3.50 m

8. Challenge... Silverstar, a Roller Coaster in Germany is 78m high at its tallest point. The total mass of
the carts is 537 kg. With what speed would the cart be travelling at the bottom of the roller coaster if
the cart had a speed of 5 m/s at the top of the roller coaster?



Lesson 8: Heat Energy

What is Thermal Energy?

Thermal energy is the total energy stored in an object.
[t is the sum total of all the kinetic and potential energy
of the molecules within an object.

Heat energy is the energy that is transferred from one object to another because of a difference in
temperature.

How Heat Pumps Work

SUMMER Heat pumps do not generate heat
but extract it from one body of air
and transfer it to another. They use
the same principle as your fridge,
compressing gas and then allowing
it to expand, extracting heat as it
does so.

4 Cooled Air Cooled Air Heated Air Even if the air outside is freezing,

= heat pumps can extract heat energy
and transfer it inside to keep you
warm. In summer the system works
in reverse, extracting heat from
indoors and transferring it outside

WINTER

Heated Air

Cool Air

Warm Air!is

<4 Qutside Air 4uOutside Air

leaving you comfortable and cool.

During The Summer, a heat pump pulls heat from inside your home and moves it outside, just like an air
conditioner. During Winter, a heat pump pulls heat from outside and moves it into your home. During
extreme cold weather, the heat pump will use a backup heat source.

Which contains more thermal energy?

Temperature is a measure of the average energy

lecul A teaspoon of boiling water or a bathtub full of
per molecule.

lukewarm water

p ¢
Which has a higher temp? O



The total amount of heat needed to raise the temperature of an object depends on three quantities:

I love the
specific heat S
capacity of water!

1. mass of the object
2. desired temperature change

3. the specific heat capacity.

The specific heat capacity (c) is a measure of how much energy (J) is needed to change the temperature
of 1kg of mass by one °C. The specific heat capacity for water is 4200]/kg°C.

The total amount of heat energy needed to raise the temperature of an object can be calculated using:
AEn = mcAT
AE} is the heat energy added or lost in joules (])
m is the mass of the object (kg)
c is the specific heat capacity (J/kg°C)

AT is the change in temperature (°C)

Example: How much heat energy does it take to raise the temperature of 100g of lead shot from 20°C
to 33°C? The specific heat capacity of lead is 130]/kg°C.

AEL = mcAT
AEL = 0.100kg x 130 ]/kgOC x (33 - ZO)OC

AEn = 1.7 x 102



Additional Practice:

Use the following table to help you answer questions 1-8

Substance Specific heat capacity (J/kg°C)
Water 4200
Air 990
Copper 390
Iron 450
Concrete 3400
Cotton 1400

1. What are the units for specific heat capacity?

2. What is the unit for energy?

3. How much energy is needed to heat up 1kg of water by 15°C?

4. How much energy would be needed to raise the temperature of a 5kg block of concrete by 10°C?

5. Can you calculate the energy needed to increase the temperature of 100kg of iron by 40°C?

6. A 20kg concrete block is at 20°C and is heated to 65°C. What is the energy used to heat this block?

7. A 250g copper pipe is heated from 10°C to 31°C. What is the energy needed to heat the pipe?

8. Can you rearrange the equation to calculate the temperature difference?




Lesson 9: Efficiency

2% LOST 12.6% USED

in Ti to aclually move
What is Thermal Energy? 1o tost e i
by idling ‘

The law of conservation of Energy states that in any
transfer or transformation of energy, the total amount
of energy remains constant. Unfortunately the energy 100% energy ina

gallon of gas goes

may not be in the form that we desired. o the engine

—
'),' e inl’mulﬂr'i’vla':1 :raln
@ 62% LOST a?d :lippa::

1o engine friction,
engine-pumping
losses, and to
waste heat

This diagram illustrates the paths of energy through
a typical gas-powered vehicle in city driving.

People use machines to transform or transfer energy. Unfortunately they will never be 100% efficient.
The efficiency of any machine can be determined by the following:

Efficiency = useful energy output x 100%
E in E out energy input

A typical light bulb is very inefficient

Light energy 10 J

Electrical energy 100 J

LED VS INCANDESCENT LIGHT BULB

| . AN LED LIGHTBULB IS |
L §0%

Heat energy 90 J

| l  More efficient than an
incandescent lightbulb

HED) INCANDESCENT
9 Watts 60 Watts




Example: A 1500W kettle heats 1.5kg of water from 18°C to 59°C in 3.0 minutes.

A) How much electrical energy did the kettle use?
P=W/t orW=Pxt

W =1500W x 180s

Work done by kettle = 2.7 x 107]

B) How much heat energy was delivered to the water?
AEn = mcAT

AEn = 1.5kg x 4200]/kg°C x (59 - 18) °C

AEw = 2.6 x10°]

C) What is the efficiency of the kettle?

Efficiency = useful energy output x 100%
energy input

Efficiency = 2.6 x 10°] x 100%
2.7x10%]

Efficiency = 96%

Example: A rocket engine takes in 800] of chemical energy and changes this into 480] of kinetic energy

and 320] of heat energy.

Example: A jet engine gas turbine takes in 1200] of chemical energy and
gives out 960] of kinetic, 180] of heat and 60] of sound energy.

Example: A TV takes in 600] of electrical energy and gives out 300] of light, 240] of sound and 60] of

heat energy



Additional Practice:

1. What is the law of conservation of energy?

2. What is the formula for calculating the efficiency of a system?

3. What does most of the energy of a system usually transform into?

4. What is the efficiency of a car if the car uses 1000 ] of chemical potential energy and only 100] of
kinetic energy is produced?

5. If an electric car is 80% efficient then how much electric potential energy is used by the car when
333 ] of kinetic energy is produced?



Lesson 10: Alternate Energy Sources

In the early 1970’s the realisation that fossil fuels were not going
to last forever resulted in the search for alternate energy sources.

Some of the alternate energy sources are: biomass fuels, wind
turbine, hydroelectric, solar, tidal, geothermal, nuclear fission and nuclear fusion.

1. Biofuels

Biofuels use a process called pyrolysis. Pyrolysis
occurs when certain materials are heated strongly

Ethanol from Biomass

1 Thanks to new processes,

come from grasses, wood,
and lawn waste

feedsock bromass can e in an air-free environment to form burnable

methane gas.

Fuel grade ethanol
is separated from
the solution by
distillation

Ethanol fuel is
created by
fermenting
sugars

Fermentation is also used to extract combustible
5 Qe o  methane and ethanol. Fermentation uses
B e T the oy microscopic organisms to break down the biomass.

2 Enzymes break down
the plant cellulose

fiber into glucose

and other sugars

=

ENERGY PRODUCTION

2. Wind Turbines
Wind turbines use the air passing over the blades to
create lift. The blades turn which in turn powers an

electric generator.

The generator produces the electricity.




3. Hydroelectric

Headgate

Hydroelectric is very similar to wind turbine in the
e — / sense that instead of air moving a turbine, water

) turns the turbine which in turn turns an electric
%r,b
D generator.

Generator
Penstock |

Turbine

Water Discharge
ailrace)

4. Solar Water Heating

Solar energy can be captured using two methods, one is passive
capture and the other is active.

The passive capture simply uses the sun’s energy to heat water
and the water is then used directly or turns into steam, which
turns a turbine to produce electricity.

;

474 Active solar capture uses the light energy of the sun when the

s materials that make up the solar panel. This produces
electricity directly.

RECEIVER

280°¢C COLD SALT

-. il ] STORAGE TANK

i ‘T
{
<5

| N > TURBINE
i GENERATOR
Y (|

SUBSTATION

HELIOSTAT FIELD




6. Tidal and Wave Energy

ot Abeorbers eameorer L1dal and wave energy are captured through the repeated
e motion of waves or tidal movement of water.
/

The motion is used to turn a turbine, which in turn produces the
electric energy.

7. Geothermal Energy

) = Geothermal energy can be harnessed to produce electricity. The
O thermal energy of the Earth can be captured for direct heating or for
" steam production that turns a turbine that in turn turns an electric
l [0 generator.

)

8. Nuclear Energy

In a nuclear reaction there is a small amount of mass lost in the form of energy based on Einstein’s
famous equation:

E = mc?
E is the energy produced in joules (])

m is the mass loss measured in kg
Cis the speed of light 3 x 108 m/s

Watervapor ~ f======i{}

Cooling tower -

E C Turbine ) ( Transformer )

Containment building

Control rods ~ f---... - A T ' '
a3 1 } I

Reactor vessel

)
- ) D
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