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Principle of Conservation of Energy

Principle of Conservation of Energy

= The Principle of conservation of energy states that:

Energy cannot be created or destroyed, it can only be transferred from one form to

another

= This means the total amount of energy in a closed system remains constant, although how much of

each form there is may change

= |nphysics, asystemis defined as:

An object or group of objects

= Defining the systemin physics is a way of narrowing the parameters to focus only on what is relevant to

the situation being observed

= Whena systemisin equilibrium, nothing changes and so nothing happens

= Whenthereis achangeinasystem, things happen, and when things happen, energy is transferred

KINETIC

Types of Energy

WHAT IS IT?

THE ENERGY OF AMOVING OBJECT.

GRAVITATIONAL POTENTIAL

THE ENERGY SOMETHING GAINS WHEN YOU
LIFT IT UP, AND WHICH IT LOSES WHEN IT
FALLS.

THE ENERGY OF A STRETCHED SPRING OR

ELASTIC
ELASTIC BAND.(SOMETIMES CALLED STRAIN
ENERGY)

CHEMICAL THE ENERGY CONTAINED IN A CHEMICAL
SUBSTANCE.

NUCLEAR THE ENERGY CONTAINED WITHIN THE
NUCLEUS OF AN ATOM.

INTERNAL THE ENERGY SOMETHING HASDUE TO ITS

TEMPERATURE (OR STATE). (SOMETIMES
REFERRED TO AS THERMAL OR HEAT ENERGY)
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= Kinetic energy, gravitational potential energy, and elastic potential energy are collectively known as ,

mechanical energy types
Your notes

Energy Dissipation

= No energy transferis 100% efficient

= Whenenergyis transformed from one form to another, some of the energy is dissipated to the
surroundings

= Dissipated energy usually ends up as thermal energy transferred to the surroundings where it cannot
be easily used foranother purpose

= Therefore, dissipated energy is usually regarded as wasted energy

= Akettle transforms electrical energy into thermal energy
= Thethermal energy in the heating element is transferred to thermal energy in the water
= Some thermal energyis also transferred to the plastic casing
= Some thermal energy is also dissipated to the surrounding air
= The energy transfers that are useful for heating the water are considered useful energy transfers
= The energy transfers that are not useful for heating the water are considered wasted energy transfers

Applications of Energy Conservation

= |Inmechanical systems, the energy transferred is equivalent to the work done

= Afalling object (inavacuum, where no energy is not dissipated into the surroundings) transfersiits
gravitational potential energy into kinetic energy

= Horizontal mass on a spring transfersits elastic potential energy into kinetic energy

= Abattery orcelltransfersits chemical energy into electrical energy

= Acartransfers chemical energy from the fuelinto kinetic energy of the car

= Apersonbouncing onatrampolineis transferring energy from elastic potential to kinetic to
gravitational potential
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ELASTIC POTENTIAL ENERGY KINETIC ENERGY IS CONVERTED
IS CONVERTED TO KINETIC TO GRAVITATIONAL POTENTIAL
ENERGY ENERGY

Energy transfers whilst jumping on a trampoline

= There may also be work done against resistive forces such as friction
= Forexample,if anobject travels up aroughinclined surface, then

Lossinkinetic energy = Gainin gravitational potential energy + Work done against friction

Spring Energy Conservation

= Whenavertical spring oscillates, its energy is converted into other forms

= Although the total energy of the spring will remain constant, it will have changing amounts of:
= Elastic potential energy (EPE)
= Kinetic energy (KE)
= Gravitational potential energy (GPE)
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EPE = max

At position A:
= The spring has some EPE becauseitis slightly compressed
= |tsKEiszerobecauseitis stationary
= |ts GPEis ata maximum because the massis atits highest point

At position B:
= The spring has some EPE becauseitis slightly stretched
= |tsKEis atamaximum as it passes through the equilibrium position at its maximum speed
= |thassome GPE because the massis still raised

At positionC:
= The spring has its maximum EPE because the springis at its maximum extension
= |tsKEiszerobecauseitis stationary
= |ts GPEis ata minimum because the massis atits lowest point

For a horizontal mass on a spring system, you do not need to consider the gravitational potential
energy because this does not change
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The diagram shows arollercoaster going down a track.

Therollercoaster takes the pathA—B — C —D.

Which statement is true about the energy changes that occur for the rollercoaster down this track?

A. KE-GPE-GPE-KE
B. KE-GPE-KE-GPE
C. GPE-KE-KE-GPE
D. GPE-KE-GPE-KE
ANSWER: D

At point A:

= Therollercoasterisraised above the ground, therefore it has GPE
= Asittravels downthe track, GPEis converted to KE and the roller coaster speeds up

At point B:

= KEis convertedto GPE as the rollercoasterrises up the loop

AtpointC:

= This GPEis converted backinto KE as the rollercoaster travels back down the loop

At pointD:

= The flat terrain means the rollercoaster only has KE
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Sankey Diagrams

Sankey Diagrams

= Sankey diagrams are used to represent energy transfers
= Thearrowina Sankey diagram represents the transfer of energy:
= The end of the arrow pointing to the right represents the energy that ends up in the desired store
(the useful energy output)
= The end(s) that point(s) downrepresents the wasted energy

USEFUL
$ ENERGY
TOTAL St
ENERGY IN

WASTED WASTED
ENERGY ENERGY

Total energy in, wasted energy and useful energy out shown on a Sankey diagram

= The width of each arrow is proportional to the amount of energy going to each store
= Asaresult of the conversation of energy:

Total energy in = Useful energy out + Wasted energy

= A Sankeydiagram foramodern, efficient light bulb will look very different from that for an old filament
light bulb
= Amore efficient light bulb has less wasted energy
= Thisis shown by the smaller arrow downward, representing energy transferred by heating
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LIGHT
ENERGY
104

ELECTRICAL
ENERGY
100J

=

HEAT
ENERGY
90 J

SANKEY DIAGRAM FOR
AN OLD FILAMENT
LIGHT BULB

Sankey diagram for modern vs. old filament light bulb
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@ Worked example ,

Your notes
An electric motoris used to lift a weight. The diagram represents the energy transfers in the motor.

ENERGY TRANSFERRED
TO THE WEIGHT
120 J

INPUT ENERGY
500 J

WASTED ENERGY

Determine the amount of wasted energy.
Answer:
Step 1: State the conservation of energy

= Energy cannot be created ordestroyed, it can only be moved from one store to another
= This means that:

Total energy in = Useful energy out + Wasted energy
Step 2: Rearrange the equation for the wasted energy

Wasted energy = Total energy in - Useful energy out
Step 3: Substitute the values from the diagram

500-120=380)J
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@ Worked example
Asmall electric caris driven by a120 watt motor.

The useful power output of the motoris measured to be 33 W. 36 W of poweris wasted on friction
losses and a further 36 Wis wasted on tractionlosses.

Further poweris lost by the electric car during operation. This situation is shown in the diagram below.

33W

W 36W
36 W

Determine the remaining power loss for the electric carwhenitis operating.
Answer:
Step 1: State the conservation of energy

= Energy cannotbe created or destroyed, it can only be moved from one store to another
= Thisalso applies to power
= Thismeans that:

Total powerin = Useful power out + Frictionlosses + Traction losses + Wasted power
Step 2: Rearrange the equation for the wasted power

Wasted power =Total powerin - (Useful power out + Friction losses + Tractionlosses)
Step 3: Substitute the values from the diagram

120-(33+36+36)=15W

Page 10 of 45

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

O Examiner Tip /

Your notes

= Drawing good Sankey diagrams takes practice.

= Start by planning your diagram:
= How wide are you going to make the input arrow?
= How wide will the 'useful energy out' arrow need to be?
= How wide must the 'wasted energy' arrow be?

= Next, start drawing the diagram one step at a time:

Draw the left hand side of the arrow, along with the line going across the top

Next add the 'useful energy out' arrow, making sure itis the correct width

Now carefully mark the start and end of the wasted arrow - make sure your marks are the
correct distance apart!

Finally join the markings together, finishing the ‘wasted energy' arrow
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Work Done

Work Done

= The work done by a forceis equivalent to a transfer of energy
= Theunits of work done are newton metres
= INm=1J
= Thework done by aresultant force on a systemis equal to the change in energy in that system

= Mechanicalworkis defined as

The transfer of energy when an external force causes an object to move over a certain
distance

= |faconstantforceisappliedintheline of an object's displacement (i.e. parallel to it), the work done can
be calculated using the equation:

W = Fs

= Where:
= W =workdone(J)
= f=constantforce applied (N)
= s=displacement(m)

= |nthe diagram below, the man’s pushing force on the blockis doing work as it is transferring energy to
the block
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I DISTANCE MOVED ——

Copyright © Save My Exams. All Rights Reserved

Work is done when a force is used to move an object over a distance

When pushing a block, work is done against friction and energy is transferred from the man to the
block
The kinetic energy is transferred to other forms of energy such as heat and sound

When plotting a graph of average force applied against displacement, the area under the graphiis
equalto the work done

Sometimes the direction of motion of an object is not parallel to the direction of the force
If the force is at an angle 0 to the object's displacement, the work done is calculated by:

W = Fscos0

Where @is the angle, in degrees, between the direction of the force and the motion of the object
= When @is O (the force is in the direction of motion) then cosO@ = land W = Fs

Forhorizontal motion, cos fis used
Forvertical motion, sinfisused
= Always consider the horizontal and vertical components of the force
= The component needed s the one that is parallel to the displacement
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DIRECTION
OF FORCE
ON SLED

_DIRECTION OF
MOTION

When the force is at an angle, only the component of the force in the direction of motion is considered
for the work done
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@ Worked example

The diagram shows a barrel of weight 2.5 x 103N on a frictionless slope inclined at 40° to the
horizontal.

Normal reaction

force Force

Slope

v

25x10°N

Aforceis appliedto the barrel to move it up the slope at a constant speed. The force is parallel to the

slope.
Whatis the work done in moving the barrel a distance of 6.0 m up the slope?

A. 7.2x103) B. 2.5x10%) C. 11x104) D. 9.6x10%)

ANSWER: D

STEP 1 | WORK DONE EQUATION
W=Fxd

STEP 2 CALCULATE THE FORCE IN THE DIRECTION OF TRAVEL

THE FORCE NEEDED TO PUSH THE BARREL NEEDS TO
OVERCOME THE COMPONENT OF THE BARREL'S WEIGHT.
SINCE THE FORCE IS PARALLEL TO THE SLOPE, THE
COMPONENT OF THE WEIGHT WE NEED IS THE ONE

PARALLEL TO THE SLOPE. P

F = Wsin(40) = 2.5 x 10% x sin(40) = 1607 N

400 Wcos(40)

WWsin(w)
w

THIS IS THE FORCE IN THE SAME
DIRECTION AS THE DISPLACEMENT

STEP 3 SUBSTITUTE F AND d INTO THE WORK DONE EQUATION

W = 1607 N x 6.0m = 9.6 x10°J
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@ Worked example

An 80 kg person pulls a15 kg box along using a rope whichis at 40° from the horizontal as shown

below. The personis pulling with a force of 40 N and moves the box 20 m horizontally fromits starting
position against a constant friction force of 5.0 N.

Calculate the work that has been done on the boxin the direction of its motion.

Copyright © Save My Exams, Al Rights Reserved

Answer
Step 1: List the known quantities

= The angle between the rope and the horizontal, 6 = 40°
= The pullingforce (alongrope)=40N

= Horizontal distance moved by box, s =20 m

= Frictionalforce=5.0N

Step 2: Resolve the pulling force in the rope into its horizontal component

F x cos(40M

Copyright © Save My Exams. All Rights Reserved

= The horizontal component of the pulling force is the only part of the pulling force aligned with the
direction of work

Hence, thatis the component that is needed to continue solving this problem
= The horizontal component can be resolved from:
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cos(40) X 40 = 30.6 N totheright

Step 3: Find the resultant force for the motion

= Theresultant force can be found from the interaction between the horizontal component of the
pulling force and the friction force:

5N 30.6N

e =

\%

<
~

>

256N

30.6 + (—5) = 25.6 N totheright

Step 4: Calculate the work done

= Use the equation forwork done given the resultant force and distance moved in the horizontal
plane

W = Fscos0

= The cos @has already been accounted for so that the resultant force could be found when
combined with friction
= Therefore:

W= Fs =25.6 X 20 = 512]

W=512)
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O Examiner Tip /

. . - , , L Your notes
Sometimes exam questions will include more values than you need to use in the solution - thisis

purposefully done to confuse you. Forexample, in the second worked example above, the question
supplies the mass of the person and the box, however, these quantities are not needed for the
calculation.

Always consider the horizontal and vertical components of the force. The component needed s the

one that is parallel to the displacement. The equation with COS8 is given onyour data sheet, butyou
only need touse thisif the force is applied at an angle to the displacement.
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Kinetic Energy

Kinetic Energy

= Kinetic energy (E,) is the energy an object has due toits translational motion (i.e. because it's moving)

= Thefasteranobjectis moving, the greaterits kinetic energy

= Whenan objectis falling, it is gaining kinetic energy since it is accelerating under gravity
= Thisenergyis transferred from the gravitational potential energy itislosing
= Anobject willmaintain this kinetic energy unless its speed or mass changes

= Kinetic energy can be calculated using the following equation:

1
= — 2
Ek 2mV

= Where:
= E, =kineticenergy (J)

= m=mass (kg)
= v=velocity(ms™)

] SPEED,V [ >

Kinetic energy: The energy an object has when it is moving

= Another quantity that also depends on mass m and velocity vis momentum
= Therefore, kinetic energy can be writtenin terms of momentum p, using the equation

_ P
Ek_2m

= Where:
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= p=momentum(kgms)

= Thisformisvery usefulin particle physics, when comparing the momentum and kinetic energy of a
particle

@ Worked example

Abody travelling with a speed of 12m s~'has kinetic energy 1650 J. The speed of the body is increased
to45ms.

Estimate the body's new kinetic energy.

12 ms™1 45ms™

—_— —_—

KE = 1650 KE=1

STEP 1 EQUATION FOR KINETIC ENERGY

KE = %mvz

STEP 2 MASS WILL NOT CHANGE, SO CAN BE CALCULATED
FROM ITS INITIAL KINETIC ENERGY

REARRANGE FOR MASS m

23 kg

2xKE _ 2 x1650
= = > =

w2

STEP 3 SUBSTITUTE INTO KINETIC ENERGY EQUATION

USING VALUE OF MASS AND NEW VALUE OF VELOCITY

KE = % x23 x 452 =23000J (2s.f)
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O Examiner Tip

When using the kinetic energy equation, note that only the speed is squared, not the mass orthe 2. Ifa

question asks about the ‘loss of kinetic energy’, remember not to include a negative sign since energy
is a scalar quantity.

Both variations of the kinetic energy equation are given in your data booklet. You will most likely use
1 p?

mv? inamechanics question, and in particle physics.
2 2m

If you are not convinced these are in fact the same equation:

p? (mv)? m2v? mv? 1
E = = = = = —mvz
k  2m 2m 2m 2 2
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Gravitational Potential Energy ,

Your notes

Gravitational Potential Energy

= Gravitational potential energy is the energy stored in a mass due toits position in a gravitational field
= |f amassislifted up, it will gain gravitational potential energy
= |f amass falls, it will lose gravitational potential energy

= The equation for gravitational potential energy when close to the surface of the Earthis:
AEp = mgAh

= Where:
= AE, = gravitational potential energy (J)
= m=mass(kQg)
» g =gravitational field strength (9.8 Nkg™)
= Ah=changeinheight(m)

HEIGHT, h

AE,=mxgxh
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Gravitational potential energy: The energy an object has when lifted up /

Your notes
= The potential energy onthe Earth’s surface at ground level is usually taken to be equal to zero
= However, any position can be taken as zero if you are calculating the change in gravitational
potential energy

= Thisequationis only relevant for energy changes in a uniform gravitational field (such as near the

Earth’s surface)
= Adifferent potential energyis usedin the gravitational fields topic, because the fieldisnolonger

uniform outside of the Earth's surface

Gravitational Potential Energy vs Height

= The two graphs below show how the gravitational potential energy changes with height for a ball being
thrown up in the airand then falling down (ignoring air resistance)

V

OBJECT THROWN IN THE AIR OBJECT FALLING
GPE/J A\ ePE / | N\
> >
O HEIGHT / m O HEIGHT / m
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Graphs showing the linear relationship between gravitational potential energy and height ,

= Since the graphs are straight lines, gravitational potential energy and height are said to have alinear
relationship

= These graphs would be identical for gravitational potential energy against time instead of height

Your notes

Q Worked example

To get to his apartment a man has to climb five flights of stairs.

The height of each flight is 3.7 m and the man has a mass of 74 kg.

Whatis the approximate change inthe man's gravitational potential energy during the climb?

A. 13000 B. 2700 C. 1500 D. 12500

ANSWER: A

Ah=3"7m

STEP 1 GPE EQUATION
AGPE = mgah

STEP 2 FIND h
Ah=5x37m=18.5m
A

\65 FLIGHTS OF STAIRS

STEP 3 SUBSTITUTE WVALUES INTO GPE EQUATION

AGPE =74 x9.81 x18.5 = 13000 J (2 s.f)
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O Examiner Tip /

Your notes
Gravitational potential energy is often shortened to GPE for ease. In your equations, you should stick

to the correct symbol, whichis A Ep
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Elastic Potential Energy

Elastic Potential Energy

= Elastic potential energyis defined as
The energy stored within a material (e.g. in a spring) whenitis stretched or compressed

= Therefore, foramaterial obeying Hooke’s Law, elastic potential energy is equal to:

1
- — 2
Eﬁ 2kAX

= Where:
= k=spring constant of the spring (Nm™T)
= Ax=extension of the spring (m)

= Thiscanalso be written as:

1
E = —-FAx

= Where:
= F=restoringforce (N)

= Thisforceis the same restoring force asin Hooke's law: F' = kKA x
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STRETCHED

COMPRESSED

000

A spring that is stretched or compressed has elastic potential energy

= |tisverydangerousif a wire underlarge stress suddenly breaks

= Thisis because the elastic potential energy of the strained wire is converted into kinetic energy

EH=EK
1 1
— 2 = — 2
2kAX 2mV
v o Ax

= This equation shows
= The greater the extension of a wire Ax the greater the speed v

Page 27
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@ Worked example ,

Your notes
Acar’'s shock absorbers make aride more comfortable by using a spring that absorbs energy when the

cargoes over abump. One of these springs, with a spring constant of 50 kN mis fixed next to a wheel
and compressed a distance of 10 cm.

Calculate the energy stored by the compressed spring.
Answer:
Step 1: List the known values

= Spring constant, k=50kNm="=50x 103N m"!
= Compression,x=10cm=10x10"2m

Step 2: Substitute the values into the elastic potential energy equation

1
E, =7 X (50 x 103) x (10 x 1072)2 = 2507
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Conservation of Mechanical Energy ,

Your notes

Mechanical Energy

= Mechanical energyis the sum of kinetic energy, gravitational potential energy and elastic potential
energy

i = + +
Mechanical energy Ek A Ep EH

= Anexample of a system that has mechanical energy is a spring and mass system
= The changein the total mechanical energy of a system should be interpreted in terms of the work done
on the system by any non-conservative force
= Anon-conservative force is one that dissipates energy away from the system, such as friction
= \Whenavertical springis extended and contracted, its energy is converted into other forms
= Although the total energy of the spring will remain constant, it will have changing amounts of:
= Elastic potential energy (E or EPE)
= Kinetic energy (E, or KPE)
= Gravitational potential energy (E, or GPE)

= Whenavertical massis hanging on a spring and it moves up and down, its energy will convert between
the three in various amounts

A B C

EPE = max
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Position GPE KE EPE
A Maximum Zero Some
B Some Maximum Some
C Minimum Zero Maximum

= Forahorizontal mass on a spring system, there is no gravitational potential energy to consider

because thisis constant

= The spring would only convert between kinetic and elastic potential energy
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Conservation of Mechanical Energy

Inthe absence of frictional, resistive forces, the total mechanical energy of a systemis conserved
= This means the total kinetic, gravitational potential and elastic potential energy is the same
throughout the motion of the system
= Because the total energy of a systemis always conserved
There are many scenarios that involve the transfer of kinetic energy into gravitational potential, or vice
versa
Some examples are:
= Aswinging pendulum
= Objectsin freefall
= Sportsthatinvolve falling, such as skiing and skydiving

Using the principle of conservation of energy, and taking any drag forces as negligible:
Loss in gravitational potential energy = Gain in kinetic energy

Anotherexampleisif aball on a spring oscillates vertically
Inthis case:

Loss in gravitational potential energy = Gain in elastic potential energy

The changeinenergyis the work done on the system. The types of changes depend on the system
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@ Worked example

The diagram below shows a skier on a slope descending 750 m at an angle of 25° to the horizontal.

25°

Calculate the final speed of the skier, assuming that he starts from rest and 15% of his initial
gravitational potential energy is not transferred to kinetic energy.

Answer:
Step 1: Write down the known quantities

= Vertical height, h=750 sin 25°
= £,=0.85E,
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750
100% GPE

[

15%2 GPE LOST

KE =85% GPE

Step 2: Equate the equations for Exand E,,

Ex=0.85E,

2mv? = 0.85 x mgh

Step 3: Rearrange for final speed, v

1
Eﬂc}v2 = 0.85 x mgh

v2 = 0.85 x 2gh

v = ,/0.85 x 2gh

Step 4: Calculate the final speed, v

v =v0.85 x 2 x 9.81 x 7505sin 25° = 72.7

Final speed, v =73 m s™!
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O Examiner Tip

Exam questions often ask about the 'work done' in the process. This means how much energy
is transferred. You must consider all the energy changes in the system and remember that mechanical
energy is always conserved. This is essentially the conservation of energy.
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Energy & Power V4

Your notes

Energy & Power

= The power of amechanical processis the rate at which energy is transferred
= This energy transferredis the work done
= Therefore, poweris:

Therate of work done (energy transfer)

= Timeisanimportant consideration whenit comes to power
= Two cars transfer the same amount of energy, or do the same amount of work to accelerate overa
distance

= |f one carhas more power, it will transfer that energy, or do that work, in a shorter amount of time

=}

#Fsavemyexams

Two cars accelerate to the same final speed, but the one with the most power will reach that speed
sooner

= Two electric motors:
= |iftthe same weight
= bythe same height
= but one motorliftsit faster than the other

= The motorthatlifts the weight faster has more power
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THIS MOTOR LIFTS THE SAME
WEIGHT W THROUGH THE SAME
_HEIGHT h BUT FASTER.

S THE SAME WORK [S DONE IN
A SHORTER PERIOD OF TIME, IT
THEREFORE HAS MORE POWER

Two motors with different powers

Power can be calculated using the equation:

Where:

= P=power(W)

= AW=changeinwork done (J)
= At=timeinterval(s)

= F=force(N)

= v=velocity (ms™)

The equationwith Fand vis only relevant where a constant force moves a body at constant velocity
= Powerisrequiredinorderto produce an acceleration
The force must be appliedin the same direction as the velocity

Poweris also usedin electricity
Appliances are given a power rating, forexample, 1000 W
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= The powerratingsindicate the amount of energy transferred per second to the appliance

The Watt

= Poweris measured in watts (W)
= Thewatt, W,is commonly used as the unit power (and radiant flux)
= |tisdefinedasTW=1Js"!

= The Slunit forenergy iskgm2s-3
= Onewattisdefined as:

A transfer of 1joule of energy in1second
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Acarengine exerts the following force for1.0 kmin 200 s.

500 N
~

—

-
T~

Vv

1.0 km

Determine what s the average power developed by the engine.

STEP 1

STEP 2

STEP 3

EQUATION FOR POWER

WORK DONE
TIME

POWER =

CALCULATE WORK DONE
W = F xd
= 500N x1.0 x 10°m

=5+x10"J

SUBSTITUTE VALUES INTO POWER EQUATION

5 x10°)

200s

POWER =

= 2500 W = 2.5kW
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@ Worked example

Alorry moves up aroad thatisinclined at 14.5° to the horizontal.

Thelorry has amass of 3500 kg and is travelling at a constant speed of 9.4 m s~1. The force due to air
resistance is negligible.

Calculate the useful power from the engine to move the lorry up the road.
Answer:

Step 1: List the known quantities

= Angleofslope, 8 = 14.5°
= Mass,m = 3500 kg
= Speed,V = 9.4 m 51

Step 2: Write out the equation for the power of a constant force at a constant speed
P = Fv
Step 3: Calculate the constant force

= Theforce needed to move thelorry up the slope is that which overcomes the component of the
weight force pulling it down the slope

F = mgsinf
F = 3500 x 9.81 x sin(14.5)
F = 8596.8 N

Step 4: Determine the power

P = 8596.8 X 9.4
P=280810W = 81000 W (2s.f.)
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O Examiner Tip /

Your notes
The force representedin exam questions will often be a drag force. Whilst this is in the opposite

direction toits velocity, remember the force needed to calculate the poweris equal to (or above) this
drag force to overcome it therefore you equate it to that value.
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Efficiency Formula

Efficiency Formula

= The efficiency of a systemis a measure of how successfully energy is transferred in a system
= Efficiencyis defined as:

The ratio of the useful power or energy transfer output from a system to its total power or
energy transferinput

= |f asystem has high efficiency, this means most of the energy transferred is useful
= |f asystemhaslow efficiency, this means most of the energy transferred is wasted

= Determining which type of energy is useful orwasted depends on the system
= Whenenergy is transferred from the thermal store of a kettle's heating element to the thermal
store of the water, thisis useful energy
= Whenenergyis transferred to the plastic or metal casing of the kettle and to the surrounding air,
this energy is wasted

= Efficiencyisrepresented as afraction, and can be calculated using the equation:

E(output) 3 P(output)
E(input) - P(iﬂput)

TI:

= Where:

= =efficiency (the greekletter"eta")

= E=energy())

= P=power(W)
= Toturnthis equationinto a percentage, just x 100 %
= [|tcanalsobewritteninwords as:

useful work out useful power out
T~ Ttotalworkin _ total power in
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@ Worked example /

Your notes
An electric motorhas an efficiency of 35 %. It lifts a 7.2 kg load through a height of 5min 3s.

Calculate the power of the motor.
Answer:

Step 1: Write down the efficiency equation (as a percentage)

useful power out
n= — X 100%
useful power Iin

Step 2: Rearrange equation for the useful powerin

userful power out X 100%
n

useful power in =

Step 3: Calculate the power output

= The poweroutputis equal to energy +time
= The electric motor transferred electric energy into gravitational potential energy to lift the load

Gravitational potentialenergy=mgh=7.2x9.81x5=353.16)

353.16

Power = T =N7.72W

Step 4: Substitute values into power input equation

117.72 X 100

useful power in = 35 =336 W
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@ Worked example &/
Your notes
The diagram shows a pump called a hydraulic ram.

A ’ﬂ
. Lift height q
Large reservoir
Small high
(lake) Long inclined tank to t;qe
approach pipe filled

Inone such pump, the long approach pipe holds 700 kg of water. A valve shuts when the speed of this
waterreaches 3.5 ms™' and the kinetic energy of this water is used to lift a small quantity of water by

height of 12m.
The efficiency of the pump is 20%.
Which mass of water could be lifted 12 m?

A.62kg  B.4.6kg  C.7.3kg  D.0.24kg
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ANSWER: C

THE KINETIC ENERGY OF THE WATER IS CONVVERTED TO
GRAVITATIONAL POTENTIAL ENERGY WHEN LIFTED BY 12m

KE = GPE
%mw2 = mgh

SINCE EFFICIENCY IS 20Z ONLY 20% OF THE KINETIC ENERGY WILL
BE CONVERTED.

0.2 %mvz = mgh
0.2 % x 700 x (3.5 = m x 9.81 x 12
857.5 = m x 117.72

857.5
=m

11772

m=73kg (2 s.f)

= The pump transfers energy from the kinetic store to the gravitational potential store of the water
= Sinceitsefficiencyis 20%, the kinetic energy can be multiplied by 0.2 since only 20% of the
kinetic energy will be transferred (not 20% of the gravitational potential energy)

O Examiner Tip
Efficiency canbeinaratio (between O and 1) or percentage format (between 0% and 100%).

If the question asks for efficiency as aratio, give your answer as a fraction or decimal. If the answeris
required as a percentage, remember to multiply the ratio by 100 to convertit: if the ratio = 0.25,
percentage = 0.25 x100 =25 %.

Remember that efficiency has no units. It is aratio with both the numerator and denominator with the
same units.
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Energy Density ,

Your notes

Energy Density

Afuelis anything that can be burned to produce heat, which can be used foran engine to work

The energy that an amount of fuel can provide is animportant consideration for the modern world
= Whenthisis compared by volume of fuel, itis known as energy density

Energy density is a measure of the amount of energy per unit volume of a fuel
= Energy densityis measuredin)Jm3

Different fuels contain different amounts of energy, which make them suitable for certainuses e.g.

petrol for running vehicles

Some examples are:

Energy Density Table

Energy density / MJ L1

coal 38
liquid hydrogen ?
methane (natural gas) 0.3
diesel 39
biodiesel 33
vegetable oil 30
wood 3

= 1L (litre)is 0.001m?3
= This means that we can get more energy per unit volume of coal than we can wood

Fuels are chosen for specific uses based on a number of factors, including energy density, safety of
use and pollutants released in combustion
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