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Contents

3.4.1.5 Newton’s Laws of Motion
3.4.1.6 Momentum

3.4.1.7 Work, Energy and Power
3.4.1.8 Conservation of Energy

Vectors and their treatment are introduced followed by
development of the student’s knowledge and understanding of
forces, energy and momentum.

The section continues with a study of materials considered in
terms of their bulk properties and tensile strength.

IMPORTANT NOTE
This booklet, along with the student workbook, must be brought to all
Physics lessons with the appropriate teacher.

This booklet may be used as a learning resource in lessons; you are not
fully equipped to learn if this is not used in lesson.

This booklet may also be used as a revision resource for intervention,
internal assessments and external assessments.
Please keep this in your student file.

As part of this course you are expected to read through this preparatory reading book and
complete the independent study tasks.

This work will not be assessed but will be monitored by your class teacher.

This must be completed by the deadline set by your class teacher.
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Definition List
Definitions you must learn for this module are...

Acceleration, change of velocity per unit time.
Acceleration of free fall, acceleration of an object acted on only by the force of gravity.

Centre of mass, the centre of mass of a body is the point through which a single force on the
body has no turning effect.

Couple, pair of equal and opposite forces acting on a body but not along the same line.
Displacement, distance in a given direction.
Drag force, the force of fluid resistance on an object moving through the fluid.

Efficiency, the ration of useful energy transferred by a machine or a device to the energy
supplied to it.

Effort, the force applied to a machine to make it move.

Energy, the capacity to do work.

Equilibrium, state of an object when at rest or in uniform motion.
Force, any interaction that can change the velocity of an object.

Free Body Force Diagram, a diagram of an object showing only the forces acting on the
object.

Friction, force opposing the motion of a surface that moves or tries to move across another
surface.

Inertia, resistance of an object to change of its motion.
Load, the force to be overcome by a machine when it shifts or raises an object.
Mass, measure of inertia or resistance to change of motion of an object.

Moment of a force about a point, force x perpendicular distance from the line of action of
the force to a point.

Momentum, mass x velocity.
Motive force, the force that drives a vehicle.

Newton'’s 15t Law of Motion, an object remains at rest or in uniform motion unless acted on
by a resultant force.

Newton’s 2" Law of Motion, the rate of change of momentum of an object is proportional to
the resultant force.
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Power, rate of transfer of energy.
Principle of conservation of energy, energy cannot be created or destroyed.
Projectile, a projected object in motion acted on only by the force of gravity.
Scalar, a physical quantity with magnitude only.

Speed, change of distance per unit time.

Terminal speed, the maximum speed reached by an object when the drag force on it is equal
and opposite to the force causing the motion of the object.

Useful energy, energy transferred to where it is wanted when it is wanted.
Vector, a physical quantity with magnitude and direction.

Velocity, change of displacement per unit time.

Weight, the force of gravity acting on an object.

Work, force x distance moved in the direction of the force.

IMPORTANT NOTE
These definitions must be memorised by students.

You will be tested on your knowledge of these definitions.
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The Language of Measurement

The following subject specific vocabulary provides definitions of key terms used in the A-level
Science specifications.

Accuracy
A measurement result is considered accurate if it is judged to be close to the true value.

Calibration

Marking a scale on a measuring instrument.

This involves establishing the relationship between indications of a measuring instrument and
standard or reference quantity values, which must be applied.

For example, placing a thermometer in melting ice to see whether it reads 0 °C, to check if it has
been calibrated correctly.

Data
Information, either qualitative or quantitative, that has been collected.

Errors
See also uncertainties.

Measurement error

The difference between a measured value and the true value.

anomalies

These are values in a set of results which are judged not to be part of the variation caused by
random uncertainty.

Random error

These cause readings to be spread about the true value, due to results varying in an
unpredictable way from one measurement to the next.

Random errors are present when any measurement is made, and cannot be corrected. The effect
of random errors can be reduced by making more measurements and calculating a new mean.

Systematic error

These cause readings to differ from the true value by a consistent amount each time a
measurement is made.

Sources of systematic error can include the environment, methods of observation or instruments
used.

Systematic errors cannot be dealt with by simple repeats. If a systematic error is suspected, the
data collection should be repeated using a different technique or a different set of equipment, and
the results compared.

Zero error

Any indication that a measuring system gives a false reading when the true value of a measured
quantity is zero, e.g. the needle on an ammeter failing to return to zero when no current flows.
A zero error may result in a systematic uncertainty.

Evidence
Data which has been shown to be valid.
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Fair test
A fair test is one in which only the independent variable has been allowed to affect the dependent
variable.

Hypothesis
A proposal intended to explain certain facts or observations.

Interval
The quantity between readings, e.g. a set of 11 readings equally spaced over a distance of 1
metre would give an interval of 10 centimetres.

Precision

Precise measurements are ones in which there is very little spread about the mean value.
Precision depends only on the extent of random errors — it gives no indication of how close results
are to the true value.

Prediction
A prediction is a statement suggesting what will happen in the future, based on observation,
experience or a hypothesis.

Range

The maximum and minimum values of the independent or dependent variables; important in
ensuring that any pattern is detected.

For example, a range of distances may be quoted as either:

'From 10 cm to 50 cm’

or

'From 50 cm to 10 cm’

Repeatable
A measurement is repeatable if the original experimenter repeats the investigation using same
method and equipment and obtains the same results.

Reproducible
A measurement is reproducible if the investigation is repeated by another person, or by using
different equipment or techniques, and the same results are obtained.

Resolution
This is the smallest change in the quantity being measured (input) of a measuring instrument that
gives a perceptible change in the reading.

Sketch graph

A line graph, not necessarily on a grid, that shows the general shape of the relationship between
two variables. It will not have any points plotted and although the axes should be labelled they
may not be scaled.

True value
This is the value that would be obtained in an ideal measurement.
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Uncertainty
The interval within which the true value can be expected to lie, with a given level of confidence or
probability, e.g. “the temperature is 20 °C £ 2 °C, at a level of confidence of 95%.

Validity

Suitability of the investigative procedure to answer the question being asked. For example, an
investigation to find out if the rate of a chemical reaction depended upon the concentration of one
of the reactants would not be a valid procedure if the temperature of the reactants was not
controlled.

Valid conclusion
A conclusion supported by valid data, obtained from an appropriate experimental design and
based on sound reasoning.

Variables
These are physical, chemical or biological quantities or characteristics.

Categoric variables
Categoric variables have values that are labels. E.g. names of plants or types of material.

Continuous variables

Continuous variables can have values (called a quantity) that can be given a magnitude either by
counting (as in the case of the number of shrimp) or by measurement (e.g. light intensity, flow
rate etc.).

Control variables
A control variable is one which may, in addition to the independent variable, affect the outcome of
the investigation and therefore must be kept constant or at least monitored.

Dependent variables
The dependent variable is the variable of which the value is measured for each change in the
independent variable.

Independent variables
The independent variable is the variable for which values are changed or selected by the
investigator.

IMPORTANT NOTE
These definitions must be memorised by students.

You will be tested on your knowledge of these definitions.
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VIDEO
COURSE OVERVIEW

To watch a video looking at all of the concepts in mechanics, please scan one of the following
codes with your smartphone.

Ii] Scan me

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.

E] Scan me

Note
All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.
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TOPIC: 3.4.1.5 Newton’s Laws of Motion
SPEC CHECK

Specification Completed?

Knowledge and application of the three laws of motion in appropriate
situations.

F = ma for situations where the mass is constant.

Students can verify Newton’s second law of motion.

Students can use free-body diagrams.

Student Checklist

Have I....... Yes or No?

Read through the notes of this section?

Highlighted/underlined the key concepts of this section?

Made my own notes based on the notes of this section?

Brought the notes to be used in lesson?
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NOTES Prior Knowledge Link

This is a topic found in a previous GCSE module — Forces.
Newton’s 15t Law P P

An object will remain at rest, or continue to move with uniform velocity, unless it is acted upon by an
external resultant force.

Newton’s 2" Law
The rate of change of an object’s linear momentum is directly proportional to the resultant external force.
The change in the momentum takes place in the direction of the force.

Newton’s 3" Law
If an object A exerts a force on object B, then object B exerts an equal but opposite force on object A.
Force is measured in Newtons, N

Say What?

Newton’'s 1t Law

If the forward and backward forces cancel out, a stationary object will remain stationary.

If the forward forces are greater than the backwards forces, a stationary object will begin to move
forwards.

If the forward and backward forces cancel out, a moving object will continue to move with constant
velocity.

If the forward forces are greater than the backward forces, a moving object will speed up.

If the backward forces are greater than the forward forces, a moving object will slow down.

Newton’s 2nd Law
The acceleration of an object increases when the force is increased but decreases when the mass is

| : ' F=ma
increased: a=— but we rearrange this and use

m Study Tip

Study Tip

Learn the base units for this
equation and the context in which
it can be used in.

Learn what the equation represents.

The shows the resultant force and inertial
acceleration of a moving object.

Physics Tip
This equation crops up all over the place in physics, so make sure you learn it and know how to use it.

Physics Tip Study Tip

Newton’s 2" Law applies to objects with a constant mass. This topic is common content with
the A-Level Mathematics
specification.

Newton’s 3 Law
Forces are created in pairs.
As you sit on the chair your weight pushes down on the chair, the chair also pushes up against you.
As the chair rests on the floor its weight pushes down on the floor, the floor also pushes up against the
chair.
The forces have the same size but opposite directions.
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Riding the Bus

Newton’s 1%t Law
You get on a bus and stand up. When the bus is stationary you feel no force, when the bus accelerates you
feel a backwards force. You want to stay where you are but the bus forces you to move. When the bus is
at a constant speed you feel no forwards or backwards forces. The bus slows down and you feel a forward
force. You want to keep moving at the same speed but the bus is slowing down so you fall forwards. If the
bus turns left you want to keep moving in a straight line so you are forced to the right (in comparison to
the bus). If the bus turns right you want to keep moving in a straight line so you are forced left (in
comparison to the bus).

Newton’s 2" Law
As more people get on the bus its mass increases, if the driving force of the bus’s engine is constant we
can see that it takes longer for the bus to gain speed.

Newton’s 3 Law

As you stand on the bus you are pushing down on the floor with a force that is equal to your weight. If this
was the only force acting you would begin to move through the floor. The floor is exerting a force of equal
magnitude but upwards (in the opposite direction).

Physics Tip
Many examples of Newton’s Laws use ice skaters are this is a common way of saying there is no
friction involved — the only force is from where they push against each other.

Examination Tip

It is a common examination question to state one way in which a pair of forces referred to in Newton’s
Third Law are the same.

they have the same line of action (1 mark)
they have the same magnitude (not size) (1 mark)

the forces are of the same kind (1 mark)

Examination Tip

It is a common examination question to state one way in which a pair of Newton’s 3™ Law forces are
different.

they are in opposite directions (1 mark)

they act on different bodies (1 mark)
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Taking the Lift

Newton'’s 1%t Law
When you get in the lift and when it moves at a constant speed you feel no force up or down. When it sets
off going up you feel like you are pushed down, you want to stay where you are. When it sets off going
down you feel like you are lighter, you feel pulled up.

Newton'’s 2" Law
As more people get in the lift its mass increases, if the lifting force is constant we can see that it takes
longer for the lift to get moving. Or we can see that with more people the greater the lifting force must be.

Newton’s 3 Law
As you stand in the lift you push down on the floor, the floor pushes back.

Examination Tip

You could be asked to apply these concepts to a variety of situations.

For example... Air enters a jet engine at A and is heated before leaving B at a much higher speed.
It is common to ask what happens to the momentum as it passes through the engine.

(momentum of air) increases (1 mark)

It is common to ask why the air exerts a force on the engine in the forward direction.
(rate of change of momentum so) force acting on the air (Newton 2) (1 mark)
it/air exerts force (on engine) of the same/equal magnitude/size (1 mark)

but opposite in direction (Newton 3) (1 mark)

It is common to ask why momentum changes if the direction of the object changes.
momentum/velocity is a vector OR momentum/velocity has direction (1 mark)

there is a change (in the air’s)direction (1 mark)

Examination Tip

It is a common examination question to state one reason why two forces shown are not a pair of forces as referred
to in Newton'’s Third Law.

they do not have the same magnitude/size (1 mark)
the forces are of different types (1 mark)

they do not act on different bodies (1 mark)

drag is greater than the weight (1 mark)

there is a resultant force (as deceleration occurs) (1 mark)
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VIDEO

To watch a video looking at this concept, please scan one of the following codes with your

smartphone.

E] Scanme

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.
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Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.
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TOPIC: 3.4.1.6 Momentum
SPEC CHECK

Specification

Completed?

momentum = mass X velocity

Conservation of linear momentum.
Principle applied quantitatively to problems in one dimension.

Force as the rate of change of momentum, F = A mv
At

Impulse = change in momentum
FAt = A mv , where F is constant.

Significance of the area under a force-time graph.

Quantitative questions may be set on forces that vary with time. Impact
forces are related to contact times (e.g. kicking a football, crumple zones,
packaging).

Elastic and inelastic collisions; explosions.

Appreciation of momentum conservation issues in the context of ethical
transport design.

Students can apply conservation of momentum and rate of change of
momentum to a range of examples.

Student Checklist

Yes or No?

Read through the notes of this section?

Highlighted/underlined the key concepts of this section?

Made my own notes based on the notes of this section?

Brought the notes to be used in lesson?
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NOTES Prior Knowledge Link

Momentum This is a topic found in a previous GCSE module — Forces.

The momentum of an object is given by the equation:

momentum = mass x_velocity { p mv
Study Tip
Study Tip . . Learn what the equation represents
Learn the base units for this '
equation and the context in which The shows the momentum of a moving object.
it can be used in.

Physics Tip

You can be asked to derive mass from the density equation — Mass = Density x Volume

Since it depends on the velocity and not speed, momentum is a vector quantity. If we assign a direction to
be positive for example if > was positive, an object with negative velocity would be moving <. It would
also have a negative momentum.

Momentum is measured in kilogram metres per second, kg m/s or kg m s

: Prior Knowledge Link
nservation
Conservatio This is a topic found in a previous GCSE module — Forces.

In an isolated system (if no external forces are acting) the linear momentum is conserved.

We can say that: |the total momentum before = the total momentum aftet

The total momentum before and after what? A collision or an explosion.

Physics Tip
You might see momentum referred to as ‘linear momentum’.

The other kind is ‘angular momentum’ but that is not required until A Level Year 2.

Examination Tip

It is a common examination question to explain how a bouncing object alters the motion of the Earth is
bounces upon.

As ball falls momentum of object toward the Earth (always) = momentum of Earth toward the object
(1 mark)

On impact the momentum of both object and Earth become zero (1 mark)

After impact momentum of object away from Earth =momentum of Earth in opposite direction (1 mark)
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Collisions Prior Knowledge Link
This is a topic found in a previous GCSE module — Forces.

There are two types or COISIONS; Th bOth cases the momentum IS conserved.

Elastic — kinetic energy in conserved, no energy is transferred to the surroundings

If a ball is dropped, hits the floor and bounces back to the same height it would be an elastic collision with
the floor. The kinetic energy before the collision is the same as the kinetic energy after the collision.

Physics Tip

Collisions between gas particles are elastic, otherwise air would get colder and colder until there was no
motion left.

Inelastic — kinetic energy is not conserved, energy is transferred to the surroundings
If a ball is dropped, hits the floor and bounces back to a lower height than released it would be an inelastic
collision. The kinetic energy before the collision would be greater than the kinetic energy after the collision.

u, ; U%
ppme— mx - "n.

In the situation above, car 1 and car 2 travel to the right with initial velocities 1 and w respectively. Car 1
catches up to car 2 and they collide. After the collision, the cars continue to move to the right but car 1
now travels at velocity v and car 2 travels a velocity . [ is positive]

Since momentum is conserved the total momentum before the crash = the total momentum after the
crash.

The total momentum before is the momentum of A + the momentum of B

The total momentum after is the new momentum of A + the new momentum of B

We can represent this with the equation: mu, +m,u, =myv, +m,v,

Physics Tip

Before you start a momentum calculation, always draw a quick sketch of the relevant objects, before
and after the collision — then its much easier to figure out what is going on.

Study Tip

This topic is common content with
the A-Level Mathematics
specification.

Examination Tip
It is a common examination question to state the quantity that is not conserved in an inelastic collision.

(Total) kinetic energy (1 mark)
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Explosions Prior Knowledge Link
This is a topic found in a previous GCSE module — Forces.

We look at explosions in the same way as we look at collisions, the total momentum before is equal to the
total momentum after.
In explosions, the total momentum before is zero. [ is positive]

Before After
If we look at the example above we can see that the whole system is not moving, so the momentum
before is zero. After the explosion, the shell travels right with velocity v, and the cannon recoils with a
velocity w.

The momentum of the system is given as: mu, +m,u, =myv, +m,v,

So, the equation for this diagram would be: 0=myv, +m,v,

But remember, v is negative so: O=—myv,+my, > myv,=my,
Physics Tip

In a collision or explosion, remember that the more massive the object, the faster the object moves -
this is because momentum is conserved in collisions and explosions.

Study Tip

This topic is common content with
the A-Level Mathematics
specification.

Examination Tip

It is a common examination question to state what happens to trucks after a head on collision if the
collision was elastic.

Trucks move in opposite directions/rebound (1 mark)

velocity of B is greater than that of A because total momentum is to the right OR B has lower mass (1
mark)

or

Momentum of B after collision is same as that of A before the collision (1 mark).
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Force

Prior Knowledge Link
This is a topic found in a previous GCSE module — Forces.
This is not found on the Combined Science GCSE.

If we start at £= ma we can derive an equation that links force and momentum.

F =ma we can replace ain this equation with a = (v;_u) from Unit 2

F= m(v;_u) multiplying out makes the equation
- A(mv
F= M or F= (At ) where A means ‘the change in’

This states that the force is a measure of change of momentum with respect to time. This is Newton'’s
Second Law of Motion:

The rate of change of an object’s linear momentum is directly proportional to the resultant external force.
The change in the momentum takes place in the direction of the force.

If we have a trolley and we increase its velocity from rest to 3m/s in 10 seconds, we know that it takes a
bigger force to do the same with a trolley that’s full of shopping. Ever tried turning a trolley around a
corner when empty and then when full?

Force is measured in Newtons, N

Physics Tip

Resultant force can also be in units of kgms™ although it is normally just in N.

Physics Tip

The unit of the rate of change of momentum (kg ms2) are the same as those for m x a.

Study Tip

This topic is common content with
the A-Level Mathematics
specification.

Examination Tip

It is a common examination question to state what happens to the momentum of a truck as it moves if it collects rainwater on
its journey.

rain has no (initial) horizontal momentum (1 mark)

vertical momentum of rainwater decreases (1 mark)

there is no external (horizontal) impulse/force on the truck (and water system) (1 mark)
mass (of truck) increases but speed/velocity decreases (1 mark)

horizontal momentum of water increases (but horizontal momentum of truck decreases by same amount) (1 mark)

(so) no change in (horizontal) momentum of truck and collected water/total momentum (1 mark)
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Car Safety

Many of the safety features of a car rely on the above equation. Airbags, seatbelts and the crumple zone
increase the time taken for the car and the people inside to stop moving. Increasing the time taken to
change the momentum to zero reduces the force experienced.

Catching

An Egg: If we held our hand out and didn’t move it the egg would smash. The change in momentum
happens in a short time, making the force large. If we cup the egg and move our hands down as we catch
it we make it take longer to come to a complete stop. Increasing the time taken decreases the force and
the egg remains intact.

Cricket Ball: If we didn't move our hands it would hurt when the ball stopped in our hands. If we make it
take longer to stop we reduce the force on our hands from the ball.

Impulse
F= m multiply both sidesbyt >  Ft=mv—mu
F= A(Arrt]v) multiply both sidesbyt - FAt = A(mv)
Study Tip
Study Tip
Learn the base units for this Learn what these equations represents.

equation and the context in which

T (e LEsd A The shows the impulse of a moving object due

to a collision.

We now have an equation for impulse. Impulse is the product of the force and the time it is applied for.
An impulse causes a change in momentum.
Impulse is measured in Newton seconds, Ns

Since FAt = A(mv), the same impulse (same force applied for the same amount of time) can be applied to
a small mass to cause a large velocity or to a large mass to cause a small velocity

=M =nV

Physics Tip

Remember to convert velocities to ms* before doing any other calculations.

Study Tip

This topic is common content with
the A-Level Mathematics
specification.
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Force-Time Graphs
The impulse can be calculated from a force-time graph, it is the same as the area under tA€ graph.

The area of the first graph is given by:
height x length = Force x time = Impulse

Force Force
A i
A
Impulse
Impulse
Time Time
Study Tip
Working Scientifically Link Always learn what the

gradient and area under the

Remember how to determine values from this graph. .
line represent on a graph.

Physics Tip

For more complicated force-time graphs, you might need to estimate the area under the graph by
counting squares or approximating curves as straight lines.

Physics Tip

The mass before and after is the same, so the velocity is the only thing that changes.

Examination Tip

It is a common examination question to ask how the material of an object affects the force applied to
an object.

Impact time can be increased if the material is not stiff (1 mark)

Increased impact time would reduce the force of the impact. (1 mark)
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VIDEO

To watch a video looking at this concept, please scan one of the following codes with your

smartphone.

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.
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TOPIC: 3.4.1.7 Work, Energy and Power
SPEC CHECK

Specification Completed?

Energy transferred, W = Fscos 0

rate of doing work = rate of energy transfer, P =_AW

At
= Fv

Quantitative questions may be set on variable forces.

Significance of the area under a force—displacement graph.

efficiency = useful output power

input power

Efficiency can be expressed as a percentage.

Investigate the efficiency of an electric motor being used to raise a mass

through a measured height. Students should be able to identify random and

systematic errors in the experiment and suggest ways to remove them.
Student Checklist
Have I....... Yes or No?
Read through the notes of this section?
Highlighted/underlined the key concepts of this section?
Made my own notes based on the notes of this section?
Brought the notes to be used in lesson?
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NOTES Prior Knowledge Link

En ergy This is a topic found in a previous GCSE module — Energy.

We already know that it appears in several different forms and may be transformed from one form to
another.

But what is energy? Energy is the ability to do work.

We can say that the work done is equal to the energy transferred

Work done = energy transferred W — E

Prior Knowledge Link
Work Done This is a topic found in a previous GCSE module — Forces.

In Physics, we say that work is done when a force moves through a distance and established the equation

Work Done = Force x Distance moved in the direction of the force W — FS

Work Done is measured in Joules, ]
Force is measured in Newtons, N

Force is a vector, so can be resolved into components. Distance is measured in metres, m

Physics Tip

Study Tip

Study Tip

Learn the base units for this
equation and the context in which
it can be used in.

Learn what these equations represents.

The shows the work done in an energy system.

The distance moved is not always in the direction of the force.
In the diagram, we can see that the block moves in a direction that is 8 away from the ‘line of action’ of
the force. To calculate the work done we must calculate the distance we move in the direction of the force
or the size of the force in the direction of the distance moved. Both are calculated by resolving into
horizontal and vertical components.

Work Done = Force x Distance moved in the direction of the force

Work Done = Size of Force in the direction of movement x Distance moved

\Work Done = Fscos 0]

< - 9 [y y— or

Now that we can calculate Work Done we can derive another equation for calculating power:

Working Scientifically Link
Study Tip
This topic is common content with Remember how to consider
the A-Level Mathematics the angle at which the force is
specification. acting in all situations.
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HHK

Power

Prior Knowledge Link
This is a topic found in previous GCSE modules — Forces and Energy.

Power is a measure of how quickly something can transfer energy. Power is linked to energy by the

equation:

Power =

_ EnergyTransferred

p_AE

timetaken At

Power is measured in Watts, W
Energy is measured in Joules, J
Time is measured in seconds, s

But Work Done = Energy Transferred so we can say that power is a measure of how quickly work can be

done.

Power =

WorkDone P AW
timetaken At

W Fs S
We can substitute W =Fs into P = s to become P = Tthis can be separated intoP =F i

S .
? =V so, we can write

P=Fvcosé

Working Scientifically Link

Remember how to consider
the angle at which the force is
acting in all situations.

Velocity is measured in metres per second, m/s or ms™

Physics Tip

This equation does not appear in the data and formula booklet. Make sure you know how to find
the power of a moving object when the force is not in the direction of the object’s motion.

Study Tip

Study Tip
Learn the base units for this

it can be used in.

equation and the context in which

Learn what these equations represents.

The shows the power of an object.

A Level Physics Year 1: Student Preparatory Reading Booklet: 3.4.1 Forces, Energy and Momentum 25



St Mary’s Catholic School =y N

.. Prior Knowledge Link
EfflClency This is a topic found in a previous GCSE module — Energy.

We already know that the efficiency of a device is a measure of how much of the energy we put in is
wasted.

Efficiency = useful energy transferred by the device this will give us a number less than 1
total energy supplied to the device

Useful energy means the energy transferred for a purpose, the energy transferred into the desired
form.
Since power is calculated from energy we can express efficiency as:

Efficiency = useful output power of the device again this will give us a number less than 1
input power to the device

To calculate the efficiency as a percentage, use the following:

percentage efficiency = efficiency x 100%

Physics Tip

It goes the other way too — you might need to divide a percentage by 100 to gain the answer in a
fraction.

Study Tip
Study Tip Learn what these equations represents
Learn the base units for this ;
equation and the context in which The shows the efficiency of an energy
it can be used in. transformation.
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VIDEO

To watch a video looking at this concept, please scan one of the following codes with your

smartphone.

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.

E] Scan me

Note

All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.

A Level Physics Year 1: Student Preparatory Reading Booklet: 3.4.1 Forces, Energy and Momentum
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TOPIC: 3.4.1.8 Conservation of Energy
SPEC CHECK

Specification Completed?

Principle of conservation of energy.
AEp, = mgAh and Ex = Y2 mv?

Quantitative and qualitative application of energy conservation to examples
involving gravitational potential energy, kinetic energy, and work done
against resistive forces.

Estimate the energy that can be derived from food consumption.

Student Checklist

Have I....... Yes or No?

Read through the notes of this section?

Highlighted/underlined the key concepts of this section?

Made my own notes based on the notes of this section?

Brought the notes to be used in lesson?
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Energy Transformations

Prior Knowledge Link
This is a topic found in a previous GCSE module — Energy.

We already know that energy cannot be created or destroyed, only transformed from one type to another
and transferred from one thing to another.

E.g. a speaker transforms electrical energy to sound energy with the energy itself is being transferred to
the surroundings.

An isolated (or closed) system means an energy transformation is occurring where none of the energy is
lost to the surroundings. All transformations/transfers are not isolated, and all of them waste energy to the
surroundings.

Kinetic Energy Prior Knowledge Link
This is a topic found in a previous GCSE module — Energy.

Kinetic energy is the energy a moving object has. Let us consider a car that accelerates from being
stationary (v=0) to travelling at a velocity vwhen a force, £, is applied.

The time it takes to reach this velocity is givenby v=u+at > v=at > t= v
a

The distance moved in this time is given bys=(u+Vv)t > s=1(V)t > s=3(vV)— > s=

N[~

V2
a

o<

Energy transferred = Work Done, Work Done = Force x distance moved and Force = mass x acceleration

VZ

E=W > E=Fs > E=mas > E=mai— Study Tip
a

Learn what these equations represents.

_ 1 2
E, =5Mv

Study Tip Velocity is measured in metres per second, m/s
Learn the base units for this _ Mass is me-asured in kilt_)grams, kg
equation and the context in which Kinetic Energy is measured in Joules, J

it can be used in.

Prior Knowledge Link
Gravitational Potential Energy This is a topic found in a previous GCSE module — Energy.

This type of potential (stored) energy is due to the position of an object. If an object of mass m is lifted at
a constant speed by a height of #we can say that the acceleration is zero. Since F=ma we can also say
that the overall force is zero, this means that the lifting force is equal to the weight of the object > F=mg
We can now calculate the work done in lifting the object through a height, A.

WD=Fs > WD=(mg)h > WD =mgh
Since work done = energy transferred AE P m g h
Height is a measure of distance which is measured in metres, m
Gravitational Potential Energy is measured in Joules, ]

Physics Tip

An object loses gravitational potential energy when it falls.
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Work Done against....
In many situations gravitational potential energy is converted into kinetic energy, or vice v
everyday examples of this are:

Swings and pendulums

If we pull a pendulum back we give it GPE, when it is released it falls, losing its GPE but speeding up and
gaining KE. When it passes the lowest point of the swing it begins to rise (gaining GPE) and slow down
(losing KE).

Bouncing or throwing a ball

Holding a ball in the air gives it GPE, when we release this it transforms this into KE. As it rises it loses KE
and gains GPE.

Slides and ramps

A ball at the top of a slide will have GPE. When it reaches the bottom of the slide it has lost all its GPE, but
gained KE.

rsa. Some

In each of these cases it appears we have lost energy. The pendulum doesn't swing back to its original
height and the ball never bounces to the height it was released from. This is because work is being done
against resistive forces.

The swing must overcome air resistance whilst moving and the friction from the top support.

The ball transforms some energy into sound and overcoming the air resistance.

Travelling down a slide transforms energy into heat due to friction and air resistance

The total energy before a transformation = The tota/ energy after a transformation

Physics Tip

In these examples, the total energy is always the same, it just alternates between potential and kinetic
energy.

Physics Tip Study Tip
This topic is common
You could be asked to apply this stuff to just about anything in the exam. | content with the A-Level

. Mathematics specification.
Roller coasters are an exam favourite.

Examination Tip
You could be asked to apply these concepts to a variety of situations.

For example... The speed of an air rifle pellet is measured by firing it into a wooden block suspended from a rigid
support. A wooden block is replaced by a steel block of the same mass.

The experiment is repeated with the steel block and an identical pellet. The pellet rebounds after striking the block.

As pellet rebounds, change in momentum of pellet greater and therefore the change in momentum of the block is
greater (1 mark)

Initial speed of block is greater (1 mark)
(Mass stays the same)
Initial KE of block greater (1 mark)

Therefore, height reached by steel block is greater than with wooden block (1 mark)
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Examination Tip
It is a common examination question to state the law of conservation of energy.
energy cannot be created or destroyed (1 mark)

it can only be transferred/changed/converted from one form to another (1 mark)

Examination Tip
It is a common examination question to state why energy never fully transfers usefully in situations...
(work done) by friction \ drag \ air resistance \ resistive forces (1 mark)

(Energy converted) to internal \ thermal energy (1 mark)
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VIDEO

To watch a video looking at this concept, please scan one of the following codes with your
smartphone.

Note
All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.

Note
All rights to this video belong to the creator of the video.

This external third-party content — please check the contents are appropriate.
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UPGRADE YOUR PHYSICS

The following section include information beyond the A-Level Physics.
This information will further your understanding and provide a bridge to University Level Physics.

1.1.1.1  Kinematics

Mechanics is all about motion. We start with the simplest kind of motion
— the motion of small dots or particles. Such a particle is described
completely by its mass (the amount of stuff it contains) and its position.
There is no internal structure to worry about, and as for rotation, even if it
tried it, no-one would see. The most convenient way of labelling the
position is with a vector r showing its position with respect to some
convenient agreed stationary point.

If the particle is moving, its position will change. If its speed and
direction are steady, then we can write its position after time t as

r=s+ ut,

where s is the starting point (the position of the particle at t=0) and u as
the change in position each second — otherwise known as the velocity. If
the velocity is not constant, then we can't measure it by seeing how far
the object goes in one second, since the velocity will have changed by
then. Rather, we say that u how far the object would go in one second if
the speed or direction remained unchanged that long. In practice, if the
motion remains constant for some small time (called &f), and during this
small time, the particle’'s position changes &r, then the change in position
if this were maintained for a whole second (otherwise known as the
velocity) is

u = &r x number of &t periods in one second = &r + &t.

Similarly, if the velocity is changing, we define the acceleration as the
change in velocity each second (if the rate of change of acceleration
were constant. Accordingly, our equation for acceleration becomes

a=ou =+ &t
Hopefully, it is apparent that as the motion becomes more complex, and
the &t periods need to be made shorter and shorter, we end up with the

differential equations linking position, velocity and acceleration:

d

u=—r 1'=Judr
dt _

aziu uzradr
dt L
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1.1.1.2 Dynamics

Now we have a way of describing motion, we need a way of predicting or
explaining the motion which occurs — changing our question from “what
is happening?’ to ‘why?" and our explanation is going to involve the
activity of forces. What do forces do to an object?

The first essential point is that forces are only needed to change (not
maintain) motion. In other words — unless there is a change of velocity,
no force is needed. But how much force is needed?

Newton made the assumption (which we find to be helpful and true) that
the force causes a change in what he called the ‘motion’ —we now call it
momentum. Suppose an object has mass m and velocity u (we shall
clarify what we mean by mass later) — then its momentum is equal to
mu, and is frequently referred to by physicists by the letter p. Newton's
second law states that if a constant force F is applied to an object for a
short time &f, then the change in the momentum is given by F &f. In
differential notation d(mu)/df = F.

In the case of a single object of constant mass it follows that

His next assumption tells us more about forces and allows us to define
‘mass’ properly. Imagine two bricks are being pulled together by a
strong spring. The brick on the left is being pulled to the right, the brick
on the right is being pulled to the left.

N~

Newton assumed that the force pulling the left brick rightwards is equal
and opposite to the force pulling the right brick leftwards. To use more
mathematical notation, if the force on block no.1 caused by block no.2 is
called fi2, then fi2=—f2¢. If this were not the case, then if we looked at
the bricks together as a whole object, the two internal forces would not
cancel out, and there would be some ‘left over force which could
accelerate the whole object.’

It makes sense that if the bricks are identical then they will accelerate
together at the same rate. But what if they are not? This is where
Newton's second law is helpful. If the resultant force on an object of
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constant mass equals its mass times its acceleration, and if the two
forces are equal and opposite, we say

f,, =1,
mpa, =—m,a, ,

a, _m,

a, B m,

and so the ‘more massive' block accelerates less. This is the definition
of mass. Using this equation, the mass of any object can be measured
with respect to a standard kilogram. If a mystery mass experiences an
acceleration of 2m/s® while pushing a standard kilogram in the absence
of other forces, and at the same time the kilogram experiences an
acceleration of 4m/s’ the other way, then the mystery mass must be 2kg.

When we have a group of objects, we have the option of applying
Newton's law to the objects individually or together. If we take a large
group of objects, we find that the total force

:YFI = —

i i

| o)

changes the total momentum (just like the individual forces change the
individual momenta). Note the simplification, though — there are no fj in
the equation. This is because f; + f; = 0, so when we add up the forces,
the internal forces sum to zero, and the total momentum is only affected
by the external forces F..

1.1.1.3  Energy and Power

Work is done (or energy is transferred) when a force moves something.
The amount of work done (or amount of energy transformed) is given by
the dot product of the force and the distance moved.

W=Fer=Frcos® (1)

where 6 is the angle between the force vector F and the distance vector
r. This means that if the force is perpendicular to the distance, there is
no work done, no energy is transferred, and no fuel supply is needed.
If the force is constant in time, then equation (1) is all very well and
good, however if the force is changing, we need to break the motion up
into little parts, so that the force is more or less constant for each part.
We may then write, more generally,

SW=Fedr=F&rcoso (1a)

Two useful differential equations can be formed from here.
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1.1.1.4  Virtual Work

From equation (1a) it is clear that if the motion is in the direction of the
force applied to the object (i.e. 6=0), then

where W is the work done on the object. Accordingly, we can calculate
the force on an object if we know the energy change involved in moving
it. Let's give an example.

An electron (with charge g) is forced through a resistor (of length L) by a
battery of voltage V. As it goes through, it must lose energy gV, since V
is the energy loss per coulomb of charge passing through the resistor.
Therefore, assuming that the force on the electron is constant (which we
assume by the symmetry of the situation), then the force must be given
by 6W/ad=qV /L. If we define the electric field strength to be the force
per coulomb of charge (F/q), then it follows that the electric field strength
E = V/L.

So far, we have ignored the sign of F. It can not have escaped your
attention that things generally fall downwards - in the direction of
decreasing [gravitational] energy. In equations (1) and (1a), we used the
vector F to represent the externally applied force we use to drag the
object along. In the case of lifting a hodful of bricks to the top of a wall,
this force will be directed upwards. If we are interested in the force of
gravity G acting on the object (whether we drag it or not), this will be in
the opposite direction. Therefore F = -G, and

oW =—G «or, (1b)
G--2"
agr

In other words, if an object can lose potential energy by moving from one
place to another, there will always be a force trying to push it in this
direction.

1.1.1.5 Power

Another useful equation can be derived if we differentiate (1a) with
respect to time. The rate of ‘working' is the power P, and so

ot ot or

p_ W _Feor __ &

As we let the time period tend to zero, 5r/5t becomes the velocity, and so
we have:
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P=Feu=Fucosb (2)

where 6 is now best thought of as the angle between force and direction
of motion. Again we see that if the force is perpendicular to the direction
of motion, no power is needed. This makes sense: think of a bike going
round a corner at constant speed. A force is needed to turn the corner -
that's why you lean into the bend, so that a component of your weight
does the job. However no work is done — you don't need to pedal any
harder, and your speed (and hence Kinetic energy) does not change.

Equation (2) is also useful for working out the amount of fuel needed if a
working force is to be maintained. Suppose a car engine is combating a
friction force of 200N, and the car is travelling at a steady 30m/s. The
engine power will be 200N = 30m/s = 6 kW.

Our equation can also be used to derive the kinetic energy. Think of
starting the object from rest, and calculating the work needed to get it
going at speed U. The force, causing the acceleration, will be F=ma.
The work done is given by

W = j'Pdr = j]? evdf= rm%ox'dr
’ (3)

— J.ms,-- dv = [%mv:E =%IHU'

although care needs to be taken justifying the integration stage in the
multi-dimensional case.’

1.1.2 Changing Masses

The application of Newton's Laws to mechanics problems should pose
you no trouble at all. However there are a couple of extra considerations
which are waorth thinking about, and which don’t often get much attention
at school.

The first situation we’'ll consider is when the mass of a moving object
changes. In practice the mass of any self-propelling object will change
as it uses up its fuel, and for accurate calculations we need to take this
into account. There are two cases when this must be considered to get
the answer even roughly right — jet aeroplanes and rockets. In the case
of rockets, the fuel probably makes up 90% of the mass, so it must not
be ignored.
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Changing mass makes the physics interesting, because you need to
think more carefully about Newton's second law. There are two ways of
stating it — either

(i) Force on an object is equal to the rate of change of its momentum
(i) Force on an object is equal to mass x acceleration

The first says F =d(mu)/dt = mu + mu = ma +mu, whereas the second
simply states F=ma. Clearly they cant both be correct, since they are
different. Which is right? The first: which was actually the way Newton
stated it in the first place! The good old F=ma will still work — but you
have to break the rocket into parts (say grams of fuel) — so that the
rocket loses parts, but each part does not lose mass — and then apply
F=ma to each individual part. However if you want to apply a law of
motion to the rocket as a whole, you have to use the more complicated
form of equation.

This may be the first time that you encounter the fact that momentum is
a more ‘friendly’ and fundamental quantity to work with mathematically
than force. We shall see this in a more extreme form when looking at
special relativity.

Let us now try and calculate how a rocket works. We’ll ignore gravity
and resistive forces to start with, and see how fast a rocket will go after it
has burnt some fuel. To work this out we need to know two things — the
exhaust speed of the combustion gas (w), which is always measured
relative to the rocket; and the rate at which the motor burns fuel (in kg/s),
which we shall call a.

We'll think about one part of the motion, when the rocket starts with
mass (M+m), burns mass m of fuel, where m is very small, and in doing
so increases its speed from U to U+u. This is shown below in the
diagram.

Before After
M+m % M >
> > >
U - U+u

Notice that the velocity of the burnt fuel is U-w, since w is the speed at
which the combustion gas leaves the rocket (backwards), and we need
to take the rocket speed U into account to find out how fast it is going
relative to the ground.

Conservation of momentum tells us that
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(M+m) U =m (U-w) + M (U+u)
SO mw=Mu. (4)

We can integrate this expression for v to evaluate the total change in
speed after burning a large amount of fuel. We treat the v (change in U)
as an infinitesimal calculus dU, and the m as a calculus —dM. Notice the
minus sign — clearly the rocket must lose mass as fuel is burnt. Equation
(4) now tells us

—w™M (5)
M
This can be integrated to give
—qu ! dM = de

~wlaM]=[U] (6)

M, .

Ugid —Upiia = win ﬂ]

e { ( M g ,

This formula (6) is interesting because it tells us that in the absence of
other forces, the gain in rocket speed depends only on the fraction of
rocket mass that is fuel, and the exhaust speed.

In this calculation, we have ignored other forces. This is not a good idea
if we want to work out the motion at blast off, since the Earth’'s gravity
plays a major role! In order to take this, or other forces, into account, we
need to calculate the thrust force of the rocket engine — a task we have
avoided so far.

The thrust can be calculated by applying F=ma to the (fixed mass) rocket
M in our original calculation (4). The acceleration is given by dU/t = w/k,
where 1 is the time taken to burn mass m of fuel. The thrust is

u mw _ mw m
T=Mx—=Mx =— =Wx—=Wwa (7)
r Mt I f

given by the product of the exhaust speed and the rate of burning fuel.
For a rocket of total mass M to take off vertically, T must be greater than
the rocket's weight Mg. Therefore for lift off to occur at all we must have

wa > Mg . (8)

This explains why ‘heavy’ hydrocarbon fuels are nearly always used for
the first stage of liquid fuel rockets. In the later stages, where absolute

thrust is less important, hydrogen is used as it has a better ‘kick per
kilogram’ because of its higher exhaust speed.
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REVISION CHECKLIST

Specification Checklist
reference questions
3.4.1.5 Can you understand and apply the three laws of motion in appropriate situations? D
3.4.1.5 Can you apply F= m a for situations where the mass is constant? D

Specification Checklist
reference questions
3.4.1.6 Can you apply the equation momentum = mass x velocity? D
3.4.1.6 Can you explain the conservation of linear momentum? D
3.4.1.6 Can you apply the principle of conservation of linear momentum to problems in one D
T dimension?
3.4.1.6 Can you explain force as the rate of change of momentum? D
3.4.1.6 Can you explain that impulse = change in momentum? D
3.4.1.6 Can you apply FAt = A (mv), where Fis constant? D
3.4.1.6 Can you explain the significance of the area under a force—time graph? D
3.4.1.6 Can you describe forces that vary with time? D
Can you explain that impact force is related to contact time, and apply this to
3.4.1.6 . . . .
problems involving kicking a football, crumple zones and packaging?
3.4.1.6 Can you define and explain elastic and inelastic collisions, and explosions? D
3.4.1.6 Can you explain momentum conservation issues in the context of ethical transport D

design?
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Specification Checklist

reference questions

3.4.1.7 Can you explain that energy transferred, W = Fscos &? D
Can you use the formulae: D

34.1.7 rate of doing work = rate of energy transfer, P = AA—V:/ =Fv

3.4.1.7 Can you explain variable forces? D

3.4.1.7 Can you explain the significance of the area under a force—displacement graph? D

useful ouput power
3.4.1.7 Can you use the formula efficiency = - put p ? D
input power
3.4.1.8 Can you explain the principle of conservation of energy? D
L O
3.4.1.8 Can you use the formula A& = mgAhand & = 5 m2?
3.4.1.8 Can you explain and apply energy conservation to examples involving gravitational D

potential energy, kinetic energy, and work done against resistive forces?
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INDEPENDENT STUDY TASK 1

Produce an information sheet on Newton'’s laws of motion.

This is an independent study task to carried out outside of lesson.

This work will not be assessed
but will be monitored by your
class teacher.

This must be completed by the
deadline set by your class
teacher
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INDEPENDENT STUDY TASK 2

Produce an information sheet on momentum (including
conservation of momentum).

This is an independent study task to carried out outside of lesson.

This work will not be assessed
but will be monitored by your
class teacher.

This must be completed by the
deadline set by your class
teacher
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INDEPENDENT STUDY TASK 3

This work will not be assessed
but will be monitored by your
class teacher.

Produce an information sheet on impulse.

This is an independent study task to carried out outside of lesson.

This must be completed by the
deadline set by your class
teacher
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INDEPENDENT STUDY TASK 4

Produce an information sheet on the equations of this module.

This is an independent study task to carried out outside of lesson.

This work will not be assessed
but will be monitored by your
class teacher.

This must be completed by the
deadline set by your class
teacher
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DATASHEET

DATA - FUNDAMENTAL CONSTANTS AND VALUES

Quantity Symbol
speed of light in vacuo c
permeability of free space Hy
permittivity of free space &

magnitude of the charge of electron
the Planck constant h

gravitational constant

the Avogadro constant Ny
molar gas constant R
the Boltzmann constant k
the Stefan constant o
the Wien constant a

electron rest mass

(equivalent to 5.5 x 10-*u) Me
e
electron charge/mass ratio =
me
proton rest mass n
(equivalent to 1.00728 u) p
e
proton charge/mass ratio S
my
neutron rest mass m
(equivalent to 1.00867 u) 2
gravitational field strength g
acceleration due to gravity g

atomic mass unit
(1u is equivalent to 931.5 MeV)

ALGEBRAIC EQUATION

Value

3.00 x 108
4mx 1077
8.85 x 10712
1.60 x 107%°
6.63 x 10734
6.67 x 10711
6.02 x 10%*
8.31
1.38x 10723
5.67 x 1078
2.90x 1073

9.11 x 10731
1.76 x 1011
1.67(3) x 107%7
9.58 x 107

1.67(5) x 107%7

9.81
9.81

1.661 x 10727

Units

-1

ms
Hm™?
Fm™!

C
s
N m? kg™
mol™?
JK™* mol™?
JK?
Wm2K*

mK

kg
Ckg™

kg
Ckg™

kg

Nkg™

ms2

kg

GEOMETRICAL EQUATIONS

73 arc length =r@
quadratic equation - —b+vbh" —4ac
2a circumference of circle =2nr
ASTRONOMICAL DATA area of circle =
. curved surface area of = 2mrh
Body Mass/kg Mean radius/m chinder
Sun 1.99 x 103° 6.96 x 10° area of sphere = 4m?
4
Earth 597 x 10% 6.37 x 10° volume of sphere g nr
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Particle Physics

Waves

. 1
wavespeed ¢ = fA period Fi= =
first = 3 T
harmonic 2l |u
ﬁ'mg.e w =1—D dgﬁ"r{zctmn dsinf@ = nd
spacing 5 grating

. Ay c
refractive index of a substance s, n = =
8

Jfor two different substances of refractive indices ny and n,,
law of refraction mnysinfB; = n,sinf,

crifical angle sin 6, = 2forn; > m,
1

Class Name Symbol | Rest energy/MeV
photon photon ¥ 0
lepton neutrino Ve 0
Vu 0
electron e 0.510999
muon pt 105.659
mesons 7T meson T 139.576
0 134.972
K meson K 493.821
K° 497.762
baryons proton p 938.257
neutron n 939.551
Properties of quarks
antiquarks have opposite signs
Type Charge ol Strangeness
yp 9 number g
u + Ee At 0
3 3
1 1
— + -
d 5 e 3 0
s -l +2 =1
3 3

Properties of Leptons

Lepton number

Particles: €, Ve W,V +1

Antiparticles:  e*, Vg, p*, v, =1

Photons and energy levels

photon energy E = hf = hc /A
photoelectricity hf = ¢ + Ex(max)
energy levels hf = E;- E,
: h h
de Broglie wavelength A=—=—
p mv

Mechanics
moments moment = Fd
velocity and _As v
acceleration v =At =
. u+v
equations of T - . ( ) .
motion 2
2
t
v? = u? + 2as s=ut+aT
Sforce F = ma
A(mv
Jforce - (mv)
At
impulse F At = A(mv)
work, energy W = Fscos#
and power i
Bx =3 mv?  AE, = mgAh
AW
Prie= Y P = Fv
At
useful output power
efficiency = -
input power
Materials
density p = — Hooke’slaw F = kAL
14
F
tensile stress = —
tensile stress A
Young modulus = ——
tensile strain AL
tensile strain= —
L
1
energy stored E = = FAL
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Electricity Gravitational fields
AQ w | 4 Gmims
current and pd I=— V=— R =— Jforce between two masses F =
At Q I r2
RA F
resistivity p= 3 gravitational field strength g =—
m
resistors in series Rr = Ry + R; + R3 + magnitude of gravitational GM
field strength in a radial field g = =5
; . 1 1 1 1
resistors in parallel — = —+ —+ —+ - workdone AW = mAV
T Ri Rz Rz
seovre - GM
3 gravitational potential VvV =-—0
r
power P =VI = IR =— AV
2 9=
emf s=5 e=IR+r)
Electric fields and capacitors
Circular motion
force between two 1 010
magnitude of o = v point charges 4mey 12
angiiar spaed x force on a charge F = EQ
@ = an, field strength for a i 14
B uniform field —d
centripetal acceleration a = 2= o*r iform fi 4
r work done AW = QAV
. mv?
centripetal force F = = ma?r
r field strength for a 7 1 Q
. . : radial field = 2
Simple harmonic motion fi Angyr
] . electric potential 1 Q
acceleration a = —wx Wi= 41130?
displacement x = Acos(wt) AV
E = —
speed v = in(AZ — x2) Ar
maximum speed Vmax = @A capacitance C =g
V
maximum acceleration Cmax w?A AsE
&= 0°r
. m d
for a mass-spring system T = 2m \/% ;
capacitor energy 1 1
stc;z:'ed 2 B =cQV =-CV? =-2
! 2 2 2 C
Jor azmiple pemdulim T =2m P capacitor charging Q = Qo(1—et/RE)
> , ~har - -t/RC
Thermal physics decqyof churge Q= Qe
. time constant RC
energy fo change -
temperature Q meAf
energy to change o= il
state
gas law pV = nRT
pV = NkT
o 1 2
kinetic theory model — pV = EN m (Crms)
s S 1 3 3RT
kinetic energy of gas S (Cms)z s g
molecule 2 2 2Ny
A Level Physics Year 1: Student Preparatory Reading Booklet: 3.4.1 Forces, Energy and Momentum 48




St Mary’s Catholic School

Magnetic fields

Jorce on a current F = BIl

Jforce on a moving charge F = BQv
magnetic flux @ = BA

magnetic flux linkage N@® = BANcos#@
magnitude of induced emf e=N %

N@ = BANcosf

emf induced in a rotating coil ¢ = BANwsin @t

lternati I b % s
alternating current i = 7_— A —
2 V2
Ns _ Vs
transformer equations i
Np
.. LV,
ef ficiency = ==
L%
Nuclear physics
. . k
the inverse square law for y radiation | = .
x
- AN -
radioactive decay i AN,N = Nge
activity A=AN
: In2
half-life Ty = =
nuclear radius R = Ry Al
energy-mass equation E = mc?

OPTIONS
Astrophysics
1 astronomical unit = 1.50 X 101m

1 light year =9.46 x 10¥°m

1 parsec = 206265 AU=3.08 X 10%m
= 3.26 light year

Hubble constant. H = 65km s Mpc™?!

angle subtended by image at eye

. angle subtended by object at unaided eye

in normal adjustment M = &
fe
: = g A
Rayleigh criterion 6 ~ >
; : d
magnitude equation m-M = 5log T
Wien's law AmaxT = 2.9 X103 mK
Stefan’s law P = gAT*
Schwarzschild radius R N ZGiM
c
. Af AA v
Doppler shift forv <<=¢ —=-— = —
F A c
v
red shift = — —
c
Hubble’s law v = Hd
Medical physics
1
lens equations = ?
v
m = —
u
1 1 i 1
f Tu v

threshold of hearing Ij = 1.0 X 1072 wm™?

1
intensity level intensity level = 10 log F
(

absorption I = Ipe™™

g

P
ultrasound imaging Z =pc

I (Z- 21)2

I; Zo+ 23

1 1 1
half-lives o 2 R o=
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Engineering physics

moment of inertia I = Tmr?

5 1
angular kinetic energy Ep= E 167
equations of angular
motion W, = @ + at

@? = &% + 2ab

i gy 2
= @ E——
. 2
(w1 + wz)t
Dl Setitiniiie
2
torgue T=Ila
T =Fr

angular momentum angular momentum = I@

angular impulse TAt = A(lw)

work done W = T8

power P=To

thermodynamics Q=AU+ W
W = pAV

adiabatic change pVY = constant

isothermal change pV = constant
heat engines
W =
eﬁcjenq- — TR M
Qn Qn
maximum theoretical Ty — Tc
efficiency = Ty

work done per cycle = area of loop
input power = calorific value * fuel flow rate
indicated power = (area of p—V loop)
X (number of cycles per second)
X (number of cylinders)
output or brake power P = T
friction power = indicated power — brake power

heat pumps and refrigerators

refrigerator: COPpas = % = ﬁ
H- Qc
Qu Qu

heat pump: COPy, =

Turning points in physics

1’4
electrons in fields F = %
F = Bev
_ mv
" Be
Bmv? = eV
v
Millikan’s experiment QT = mg
F = émnrv
1

Maxwell’s formula c =
V Hogo

h h
A = —_—=
p ZmeV
to
special relativity t = 5
v
1=
g gy |5
=1 i
2
myc
E=mc?= g =
v
i
Electronics
resonant frequency o 1
® " 2nyLc
O-factor fo
Q=7
f8
operational amplifiers: = ua
open loop Vout AOL(V+ V—)
inverting amplifier Vour _ _ ﬁ
Vin Rin
non-inverting amplifier Vour § R¢
Vin R
summing amplifier ( 1, Vo V3
Vour = —Rel —+—+—+
out f Ry Ry  Rs
difference amplifier f

Bandwidth requirement:
Jor AM
for FM

bandwidth = 2fy
bandwidth = 2(Af + fiy)
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