KS4 Energy

Task 1: Read the information on the next 12 slides and use it to
answer the 8 questions on the sheet (40mins)

Task 2: Login to your Tassomai account and complete your daily goal
of questions (15mins)
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An energy system is a group of objects that have the ability to do work.

Remember: energy can not be created or destroyed so when work is done,
energy from one store is carried along a pathway to another energy store.

Consider the energy flow diagram for an electric shaver.
The battery has a store of chemical energy.
The current flows through an electrical pathway
to the motor.
Energy from the motor follows a mechanical
pathway to a kinetic store of the moving
blades, a heat pathway to a thermal store and a
radiation pathway to a sound store.
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Energy stores Examples
Chemical In food, fuel and electric batteries
Kinetic In moving objects

Gravitational potential |In objects raised above a planets surface

Elastic potential In a stretched, compressed or twisted object
Internal (thermal) In any heated object
Magnetic In any object with a magnetic field
Electrostatic In electrostatic forces between charges
Nuclear The forces acting between atomic nuclei
Force pathways include:
Mechanically - when a force acts and an object moves
Electrically — when an electric current flows
Heating — a temperature difference between objects
Radiation — electromagnetic waves or sound
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Examples of energy changes in a system:
An object thrown (projected) upwards e.g. You throw a tennis ball upwards.

* Asthe ball leaves your hand it has a store of kinetic energy. |

* Atits highest point it has a store of gravitational potential energy (G.P. E)M ’

* Asyou are about to catch it just before it hits your hand it has a
store of kinetic energy.

A moving object hitting an obstacle e.g. A bowling ball hitting a pin

* As you move the muscles of your arm to throw the ball the chemical energy
store in your muscles decreases and the kinetic energy store of the bowling ball
increases.

e At the ball hits a pin some of the kinetic energy has been transferred to a store
of internal (thermal) energy this causes the ball and its surroundings to warm
up a little.

* You will hear a sound when the ball hits the pin, the energy of the sound is also
transferred to the internal energy store of the surroundings.
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Examples of energy changes in a system:
A vehicle slowing down e.g. When you apply the brakes in a lorry

 The moving lorry has a store of kinetic energy.

e Atthe brakes are applied the kinetic energy store decreases the energy is
transferred to the internal (thermal) energy store in the brakes and the brakes
get hot.

* You will hear a sound when the brakes of the lorry are applied, the energy of the
sound is also transferred to the internal energy store of the surroundings.

 When the lorry stops its kinetic energy store is zero.

Bringing water to a boil on a camping stove.

e Asthe fuel burns the chemical energy store in the fuel decreases and the
internal (thermal) energy store of the water increases.

 The temperature of the water increases and as bubbles form the kinetic energy
store of the water increases.

Energy is measured in Joules (J)

1 kilojoule (kJ) = 1000 J (103)) 1 megajoule = 1000 000 J (10°J)
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Energy change — mechanical work is
the amount of energy transferred by a
force

When a pushback truck is used to move an aircraft, it does work.

Work (J) = Force (N) x Distance (along the line of the force) (m).
W=Fs

If the aircraft has a mass of 30 000kg and it is moved a distance of 20m,
calculate the work done by the pushback truck.

Force (weight) = mass x gravitational field strength
Force = 30000 x 10 =300 000 N
W=Fs

Work =300000x20 = 6000000)J) (6 MJ)
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Energy change — Electrical work is
done when charge flows in a circuit
is the amount of energy
transferred.

When a current flows through a circuit, work is done (energy is transferred) and
the energy store changes.

Energy transferred (Work) (J) = Charge flow (Q) x Potential difference (V)
E=QV

In one minute, 30 Coulombs of charge flows through the bulb when a potential
difference of 3 V is placed across it. Calculate the work done (energy transferred).

E=QV
E=3x30

Energy transferred (Work) =90
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Moving objects have kinetic energy.

The long-jumper is using her kinetic energy to
carry her body as far as possible. The more
kinetic energy she has, the longer her jump will
be. Her kinetic energy depends on her mass o
(which she can not change) and her velocity (she can run faster!).

The kinetic energy of a moving object can be calculated using the equation:

Kinetic energy (J) = 0.5 x Mass (kg)x Speed? (m/s)
E, =% mv?

If her mass is 46 kg and she is travelling at 8 m/s, her kinetic energy during her

jump will be:
E =% mv

E, =% x46 x 8

The energy transferred in the jumpis: E _=1472)

better hope - brighter future
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Stretched or bent objects have elastic energy (E,) if they have the ability to recover
to their original shape and dimensions.

When a weight (force) is added to a spring it
extends (gets longer). -
The spring now has a store of elastic potential _}’;"i’s_m
energy which will be released if the weight is removed. 50N

The amount of stored elastic energy (E,) can be calculated using the following
equation:
Elastic potential energy (J) = 0.5 x Spring constant (N/m) x Extension? (m)
E, =%k e?
In the above example the spring has a spring constant of 670 N/m. The elastic
potential energy of the spring when a 50 N load is hung from it is:
E, =%k e?
E,=0.5x 670 x 0.0752
The elastic energy stored in the springis: E_=1.88)
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PIXL Changes in Energy — Gravitational potential energy

When an object is raised above ground level it gains

gravitational potential energy (GPE). This stored energy can
be released if the object is allowed to fall.

A pile driver is a machine that lifts a heavy weight then drops
it on a post to drive it into the ground.

The amount of gravitational potential energy (G.P.E) gained by an object raised
above ground level can be calculated using the equation:

G.P.E (J) = Mass (kg) x Gravitational field strength (N/kg) x Height (m)
E,=mgh

The pile driver hammer has a mass of 120 kg and it is raised to a height of 4 m
above the ground. How much G.P.E will it have?

E,=mgh
E,=120x10x 4
The G.P.E gained is: E =4800)

better hope - brighter future
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Energy stores Examples
Chemical In food, fuel and electric batteries
Kinetic In moving objects

Gravitational potential |In objects raised above a planets surface

Elastic potential In a stretched, compressed or twisted object
Internal (thermal) In any heated object
Magnetic In any object with a magnetic field
Electrostatic In electrostatic forces between charges
Nuclear The forces acting between atomic nuclei
Force pathways include:
Mechanically - when a force acts and an object moves
Electrically — when an electric current flows
Heating — a temperature difference between objects
Radiation — electromagnetic waves or sound
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1. What sort of energy store do the following examples have?

. cmm s (] S

Chemical Elastic potential Thermal

2. Write down the correct answer to complete the statement.
Energy can not.....

be transferred from one source to another.

be created or destroyed. /

travel along a pathway to another store.

3. A basketball player throws the ball into the hoop. Describe the
change in energy store that has taken place as the ball
Kinetic  =———) Gravitational

better hope - brighter future
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4. Copy and Complete the energy store and pathway diagrams for the objects described.

a. A moving car braking to a stop.

[ Kinetic ii MechanicaI, iii Thermal

b. Bringing water to the boil on a gas hob.

i  Chemical GAS HOB ii Heating N iii Thermal

better hope - brighter future
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5. Describes the main change in energy stores for a coal fired power
station.

a. Name the energy sources for:
i Input energy Chemical (Coal)
i Useful output energy Electrostatic (Electric current)
iii Wasted output energy. Thermal (Waste heat)

b. In one hour, coal supplies 500 000 J of energy. The wasted energy
amounts to 380 000 J.
Calculate how much useful energy is
produced in one hour.
500 000 — 380 000 = 120 000 J
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6. When a football is kicked it gains kinetic energy.
a. What is the formula used to calculate kinetic energy?
E.=%mv?
b. The football has a mass of 0.4 kg and when kicked has a velocity
of 15 m/s. Work out the kinetic energy of the moving ball?
E, =% x0.4 x152
E, =45)
7. The un-stretched spring opposite has a length
of 0.5m but after a mass is added it is 0.6 m long.
If the spring constant is 800 N/m.
Calculate the stored elastic potential energy.
E.=% ke’

extension of spring=0.6-0.5=0.1m
E, =" x800 x0.12
Stored elastic potential energy of the spring =4

better hope - brighter future
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8. The pole vaulter just clears the bar which is 5.1 m high. His mass is
62 kg. (g = 10N/kg)

a. What type of stored energy does he have
as he clears the bar?
gravitational potential energy
b. Work out how much stored energy the
pole vaulter has due to his position
above the ground.
GPE=mgh =62x10x5.1 =3162)
c. As he falls back to the ground, this energy store will be
transferred into a new energy store. Name this new energy store.
kinetic energy
d. When he lands, what happens to the energy stores described
above?

dissii ated as heat and sound
better hope - brighter future




