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Chapter 1a Rearranging equations

The first step in learning to manipulate an equation is your ability to see how it is done

once and then repeat the process again and again until it becomes second nature to you.

In order to show the process once I will be using letters rather than physical concepts.

You can rearrange an equation with

as the subject

or as the subject

Any of these three symbols can be itself a summation, a subtraction, a

multiplication, a division, or a combination of all. So, when you see a more complicated

equation, try to identify its three individual parts before you start

rearranging it.

Worked examples

Equation First Rearrangement Second Rearrangement
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THINK! As you can see from the third worked example, not all rearrangements are

useful. In fact, for the lens equation only the second rearrangement can be useful in

problems. So, in order to improve your critical thinking and know which rearrangement

is the most useful in every situation, you must practise with as many equations as you

can.

NOW TRY THIS!

From now on the multiplication sign will not be shown, so will be simply

written as

Equation First Rearrangement Second Rearrangement

(Power of lens)

(Magnification of lens)

(refractive index)

(current)

(electric potential)

(power)

(power)

(conductance)

(resistance)

(resistance)
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(power)

(power)

(stress)

(strain)

Chapter 1b Scientific vocabulary

Link each term on the left to the correct definition on the right. (link to digital version

- link, if you sue the digital copy paste a screenshot onto this document)
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Link each term on the left to the correct definition on the right. (link to digital version

- link, if you sue the digital copy paste a screenshot onto this document)

Link each term on the left to the correct definition on the right. (link to digital version

- link, if you sue the digital copy paste a screenshot onto this document)
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Chapter 2 How to recognise hidden mathematical

meanings in sentences

This chapter gives you a first taste of the hidden mathematical

meanings in sentences and words. Add your own as you progress in

the course.

SENTENCE MATHEMATICAL MEANING

Charge per unit time Charge divided by time

Metres per second per second Metres divided by second squared

Resistance per unit length Resistance divided by length

the product of voltage and current Multiply voltage with current

The sum of powers of the lenses Add all powers of lenses

Chapter 3a Ratios

3.1 Manipulating ratios
These are the most useful ways of manipulating ratios. They will help you when you

rearrange equations.

First:

Second:

Third:
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Fourth:

and finally, this is how you simplify a complex fraction:

THINK!

It is always useful to convert a complex fraction into a simple one, using the form

above, before you try anything else.

NOW TRY THIS!

Here are some examples to do: [6]

Molecules of DNA have been stretched using “optical tweezers”. Using the following

data find the cross sectional area of a DNA strand, if the Young’s modulus of DNA is

10
8

Pa and a load of 4 x 10
-10

N results in 20% strain. [1]

Here is how you start: manipulate the equation until you have A on the left-hand side

and only at this point substitute all the symbols for their equivalent numbers.
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(Ans: 2 x10
-17

m
2
)

How to convert “sentences” into ratios

Have a look at these problems and try to solve them.

Problem 1

Anna has 800 apples in baskets. Each basket holds 16 apples.  How many baskets does

she have?

(Ans: 50 baskets)

Problem 2

The electric current through a wire is 3 A (3 Coulombs per second). Each electron has a

charge of 1.6 x 10
-19

C. How many electrons pass through the wire per second?

(Ans:1.88 x 10
19

electrons)

Problem 3

A swimming pool is 27 m long. A transverse wave of 3 m wavelength is created.  How

many waves are created?

(Ans: 9 waves)

THINK! Did you find problem 2 more difficult to do? If yes, think about this: all the

problems follow the same logical sequence.  Baskets (in problem 1) correspond to
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electrons (in problem 2) and wavelengths (in problem 3). Apples (in problem 1)

correspond to charge (in problem 2) and length (in problem 3).

Here is another set of problems:

Problem 4

John has 147 pears in 21 baskets. How many baskets does he need for 14 pears?

(Ans: 2 baskets)

Problem 5

The weight of a 50 kg person on the moon is 80N. How much would a 72 kg person weigh

on the moon?

(Ans: 115 N)

Problem 6

When stereo sound information is transmitted through a cable, 32 bits are sent every

22.7μs. Calculate how many bits you can send during 2 seconds (2 s = 2 x 10
6

μs)

(Ans: 2.8 x 10
6

bits)

THINK! Did you find problem 6 more difficult to do? If yes, think about this: all the

problems follow the same logical sequence.  Baskets (in problem 4) correspond to weight

(in problem 5) and bits (in problem 6). Pears (in problem 4) correspond to mass (in

problem 5) and time (in problem 6).
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FOLLOW THIS! You can solve all the above problems and many more using the method

below:

STEP 1. Write two sentences, one exactly below the other, that describe the

relationship between the two variables. Make sure you have the same variable on

each side. Use the letter “x” for the unknown variable.

e.g. 8 bits  in 1 byte

3200 bits  in x byte

STEP 2. Convert the two sentences into a ratio

e.g.

STEP 3. Use the properties of ratios to help you rearrange and solve the problem.

e.g.

NOW TRY THIS!

Convert the degrees to radians and the radians to degrees using ratios:

e.g. 180 degrees  in π radians

x degrees  in y radians

Degrees Radians

42

64

170

2

4

6
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Chapter 3b Acceleration

1. If a car accelerates from 4m/s to 8m/s. What is the change in velocity?

2. If a car's velocity increases to 30m/s from rest in 6.0s, what is its

acceleration?

3. If a car takes 20s to accelerate from 0 to 20m/s, how much does its velocity

increase in each second?

4. In 10 seconds a car accelerates so that its velocity increases by 20m/s. What is

its acceleration?

5. A rocket is launched and accelerates to 15km/s in 100s. Calculate its

acceleration

6. A cyclist gets on her bike and takes 4.0s to get to her top speed of 12m/s. What

is her acceleration?

7. A bullet train accelerates from 30m/s up to it's max speed of 90m/s. If it does

this in 2 minutes, what is its acceleration?

8. If a car is travelling at 10m/s and then accelerates for 10s at a rate of 0.5m/s
2

what will be its final velocity?

Chapter 3c Speed

1. Calculate the average speed, in m/s, of a car which travels 60m in a time of 6

seconds

2. Calculate the average speed of an object which travels 300m in a time of 6

seconds.

3. An object travels for 9 seconds and covers a distance of 126m. What is its

average speed?
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4. Calculate the average speed, in m/s, of an object which travels 7200m in a time

of 1 hour

5. What distance does a runner cover if they run at an average speed of 4m/s for

40 seconds?

6. How long would it take a car, travelling at 30m/s, to travel a distance of 240m?

Chapter 4a How to use and convert prefixes

Prefix Symbol Name Multiplier

femto f
quadrilliont

h
10

-15

pico p trillionth 10
-12

nano n billionth 10
-9

micro µ millionth 10
-6

milli m thousandth 10
-3

centi c hundredth 10
-2

deci d tenth 10
-1

deka da ten 10
1

hecto h hundred 10
2

kilo k thousand 10
3

mega M million 10
6

giga G billion
†

10
9

tera T trillion
†

10
12

peta P quadrillion 10
15

When you are given a variable with a prefix you must convert it into its numerical

equivalent in standard form before you use it in an equation.

FOLLOW THIS! Always start by replacing the prefix symbol with its equivalent

multiplier.

For example:   0.16 μA = 0.16 x 10
-6

A = 0.00000016A

3 km = 3000m = 3 x 10
3

m

10 ns = 10 x 10
-9

s = 0.00000001 s

DO NOT get tempted to follow this further (for example: 0.16 x 10
-6

A = 1.6 x 10
-7

A

and also 10 x 10
-9

s = 10
-8

s) unless you are absolutely confident that you will do it
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correctly. It is always safer to stop at the first step (10 x 10
-9

s) and type it like this

into your calculator.

NOW TRY THIS!

1.4 kW = 10 μC =

24 cm = 340 MW =

46 pF = 0.03 mA =

52 Gbytes = 43 kΩ =

0.03 MN =

Chapter 4b Electricity

1. A current of 1.0amp flows through a resistor for 10seconds. How much charge

flows through the resistor?

2. A current of 2.0A flows in a circuit for 0.5min. How much charge flows in the

circuit?

3. What quantity of charge flows through an electric fire during the first 40s that

it is switched on if the current is 6.0A

4. The current flow through a resistor is 0.2A when the potential across it is 5.0V.

What is the value of the resistance of the resistor?

5. What is the resistance of a circuit in which a current of 0.20A flows when the

potential across it is 100mV

6. A current of 2.0A flows through a bulb which has a resistance of 12Ω. What is

the potential (voltage) applied to the bulb?
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Chapter 5a  Using Your Calculator

You will need to be able to use your calculator correctly

and be familiar with scientific notation, such as standard

form, brackets etc.

e.g.       3 670 000 = 3.67 x 10
6

0.0 000 367 = 3.67 x 10
-4

To enter 3.67 x 10
6
into your calculator press:

3.67 exp 6

10
8

means 1 x 10
8

and so must be keyed in as 1 exp 8 not 10 exp 8

Exercise A Always give your answer in standard form,

e.g.  7.0 x 10
-3

and not as 7.0
-3

, which is how it is displayed on the calculator.

Your answer should have the same amount of significant figures as the question.

1. (7.5 x 10
3
)  x  (24) =

2. (6.2 x 10
-5

) x (5.0 x 10
-3

) =

3. (1.4 x 10
5
) x (2.0 x 10

4
) =

4. 4.5 x 10
3

/ 7.0 x 10
4

=

5. 4.3 x 10
-6

/ 6.0 x 10
3

=

Exercise B In each case, find the value of “y”.

1. y = (7.5 x 10
3
)

2

2. y = (1.3 x 10
3
) x (1.6 x 10

-4
)

(6.6 x 10
6
) + (3.27 x 10

-3
)

3. y = (5.6 x 10
-4

)
2

x (7.8 x 10
8
)

(6.6 x 10
-11

) x (9.1 x 10
-2

)
2

4. y = (4.12 x 10
3
) + (6.5 x 10

2
)

(2.3 x 10
4
) x (8.1 x 10

2
)
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Chapter 5b Density

1. A metal coin has a mass of 7g and a volume of 1.4cm
3
. What is its density?

2. A wooden beam is 3.0m long and has a volume of 0.12m
3
. Its mass is 60kg. What

is its density?

3. 68.0g of mercury occupies a volume of 5.00cm
3
. Calculate the density of mercury

in g/cm
3

4. A piece of wood with a mass of 30g has a volume of 25cm
3
. Calculate its

density

5. What volume would 32g of ethanol occupy if its density is 0.80g/cm
3
?

6. A lump of nickel with a mass of 267g has a volume of 30.0cm
3
. Calculate

the density of a lump of nickel with a mass of 534g.

Chapter 6 How to solve a lengthy problem

Problems in physics can appear to be difficult at first sight.

However, once you analyse the problem in well-defined steps you

should be able to solve it without any difficulty.  The steps you

need to follow are:

1. Identify the variables you are given and the ones you are

asked to find

2. Convert all units given to SI units

3. Give a different symbol to each variable; try to stick to

the well known symbols. To simplify, write the values for each symbol (m=600)

but don’t worry about writing the units at this stage.

4. Recognise which equation/s to use. You do this by looking at what variables are

available to you and what variables you are asked to find. This is a critical stage;

experience is the most important factor here. This is why you need to practise

again and again... This is also why you need to KNOW ALL YOUR EQUATIONS

VERY WELL!

5. Find the logical sequence for using these equations in order to reach the

desirable outcome. Again, experience is very important here!

6. Write the final answer and add the correct units.
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EXAMPLE

A car of mass 600 kg is travelling at 10 ms
-1
. When the brakes are applied, it comes to

rest in 0.01 km. What is the average force exerted by the brakes? [3]

STEP 1. mass= 600 kg initial velocity = 10 m s
-1

final velocity = 0 m s
-1

stopping distance = 0.01 km

force = ?

STEP 2. Are they all in SI units? No. So ...

stopping distance = 0.01 km = 0.01 x 10
3

m = 10 m

STEP 3.

STEP 4. (Change in energy = work done)

(Work done = force x distance in the direction of the force)

(Kinetic energy = 0.5 x mass x velocity x velocity)

STEP 5. Find the initial kinetic energy:

Find the final kinetic energy:

Find the change in kinetic energy:
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Equalise the change in kinetic energy with the work done and rearrange to

find the force:

STEP 6. The final answer is

The negative sign shows that the force is in opposite direction to the velocity, i.e. it is

the frictional force that stops the car.

NOW TRY THIS!

A girl diving from a 15 m platform wishes to know how fast she enters the water. She is

in the air for 1.75 s and dives from rest (with an initial speed of zero). What can you

tell her about her entry speed?  (g = 9.8 m s
-2

) [7]

REMEMBER!  Follow all steps! Do not try to rush through!

Chapter 7a Physical Quantities

We can classify physical quantities as either

(a) Basic: These are fundamental which are defined as being independent

There are seven basic quantities defined by the Systeme International d’Unites.  They

have been defined for convenience not through necessity (force could have been

chosen instead of mass).  Once defined we can make measurements using the

correct unit and measure with direct comparison to that unit.

Basic quantity
Unit

Name Symbol

Mass Kilogram kg

Length Metre m

Time Second s

Electric current Ampere A
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Temperature Kelvin K

Amount of a substance Mole mol

Luminous intensity Candela cd

NOTE: Base units are also referred to as dimensions.

(b) Derived: These are obtained by multiplication or division of the basic units

without numerical factors.  For example:

Derived quantity
Unit

Name Symbols used

Volume Cubic metre m
3

Velocity Metre per second ms
-1

Density Kilogram per cubic metre kgm
-3

Some derived SI units are complicated and are given a simpler name with a unit defined

in terms of the base units.

Farad (F) is given as m
-2

kg
-1
s

4
A

2
Watt (W) is given as m

2
kgs

-3

You can check an equation you have written by examining the base units on both sides

of that equation.  If you have an extra base unit on one side then your equation is

wrong!

Now define the derived unit for force in terms of its base units.  Hint: Use an equation

for Force and replace the symbols with base units.

Now try these

1. a. In the equation below, c represents the speed of water waves in a shallow tank

of depth d and g is the acceleration due to gravity.

c  =  (g.d)
1/2

Show from an analysis of the units that the equation is dimensionally consistent.

b. Assuming g = 9.8 ms
-2

, calculate the speed of the waves if the depth of the

water is 1 cm.

c. What depth of water would be required to double the speed of the waves from

the value calculated in part a?
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d. Would the speeds be any different if the experiment was carried out on the

surface of the moon?

2. a. The pressure (P), volume (V) and temperature (T) of an ideal gas are related by

the following equation:

P.V  =  n.R.T

where n is the number of moles of the gas. Analyse the equation to find the units of R.

b. Show that P.V has the units of joules.

3. a. Use the two equations below to find the base units of the constants ∑0 and ⎧0.

F  = __1__ . _Q1.Q2_

4€∑0 r
2

F  = _⎧0_ . _I1. I2.a_

2€ b

F  =  force; Q = charge; a, b and r are lengths; I = current.

b. Hence show that (∑0. ⎧0)-1/2 has the same units as velocity.

Chapter 7b Springs and elastic energy

1. A stiff spring has a spring constant, k, of 30N/mm. What force is needed to

extend it by 2.5mm?

2. A very stiff spring has a spring constant of 30N/mm. What is the extension of

the spring if a force of 450N is used to stretch the spring?

3. What is the spring constant of a spring, if it is extended 10mm by a force of

120N?

4. A spring has a spring constant of 16N/m and is pulled so that its length

increases by 1.0m. How much work is done extending the spring?

5. A spring has a spring constant of 20N/m and is pulled so that its length

increases by 0.10m. How much energy is stored by the spring?

6. A spring has a spring constant of 20N/m and is compressed so that its length

decreases from 40cm to 20cm. How much energy is stored in the spring?
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Chapter 8a Converting between unit magnitudes

Convert the following:

1. 5.46m to cm

2. 65mm to m

3. 3cm to m

4. 0.98m to mm

5. 34cm to mm

6. 76mm to cm

How many seconds are there in an hour?

How many m are there in a km?

Convert 33km/hr into m/s:

Hint: Can you go further in an hour or a second?

What is 1 mm
3

in m
3
?

Hint: try drawing a 1mm
3

and converting its sides first

What is 24cm
3

in m
3
?

Chapter 8b GPE and KE

1. You lift a block of mass 2.0kg up through a height of 0.80m. What is the gain in

gravitational potential energy?

2. A football of mass 0.42kg is kicked to a height of 10m. What is its gain of

gravitational potential energy?

3. A snail of mass 40g climbs up a wall resulting in a change of gravitational PE of

0.64J. Through what height does it climb?

4. Calculate the kinetic energy of an object of mass 2kg moving with a speed of

3m/s

5. Calculate the kinetic energy of a ball of mass 250g moving with a speed of 8m/s.

6. What is the speed of an object of 1kg mass with a kinetic energy of 50J?
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Chapter 9 Describing Experiments

The basic requirements for all experiments are as follows:-

1. A title!

2. A clear labelled diagram.  This can illustrate points which are hard to describe in

words.  Use a pencil and ruler where relevant and indicate distances and

measurements to be taken.

3. How are you going to perform the experiment?  What will stay the same and

why? What will you vary? How will you reduce errors?

4. What you actually did.  This may be different to your original plan.

5. Results.  All measurements must be recorded even if they do not seem ‘correct’

and they must have units.  These should generally be in a table unless it is

impractical to do so.   Make sure you record any error margins. (see later

sections)

6. Analysis of your results.  Can your results be presented as a graph?

7. Discussion.  This compares your results to accepted theory.  You may have to do

some research here.  You may also wish to write down any improvements and

further experimental ideas here.

8. A conclusion.  This should be a standalone summary of what you were

investigating and what you found.

Chapter 10a Drawing graphs

Graphs are drawn because it is easier to interpret information gathered.

1. The independent variable (the thing you changed) goes on the x axis and the

dependant variable (the result of the change) goes on the y axis.

2. The graph should be as large as possible and use at least half the graphing area

you are given.

3. Scales should be easy to interpret (no 3’s, 7’s etc).  You do not have to include

the point 0,0.

4. Graphs should have a title (except in EMPA analysis).

“A graph to show how y varies with x for a given system”

5. Each axis should be labelled with what the quantity is and what unit you have

used (mass/kg).  If you have a multiplication factor this must also be included.

6. You should have at least 5 points to plot.
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7. Each value should be plotted with a pencil (it can be emphasised after you are

happy with the graph) and should be neat crosses.

8. Try and draw the points as you experiment because this will show up issues

early.

9. Are errors significant enough to be drawn as error bars?

10. Only draw a line if you are sure that it is that shape

11. Gradients should be found from the largest possible triangle on your graph.

Remember your gradient is found from (change in y)/(change in x)

12. There is an uncertainty in your gradient value.

Note: A straight line graph will always fit the equation y=mx + c where m is the

gradient of your graph and c is the intercept on the y axis.

Chapter 10b Specific heat capacity and latent heat

1. How much energy is needed to raise the temperature of 0.20kg of cooking oil by

50∘C, if the specific heat capacity of this oil is 1800J/(kg∘C)?

2. A 2.0kg aluminium cube, is left in the sunlight and its temperature rises from

20∘C to 60∘C. How much energy has been transferred into the cube?Aluminium

has a specific heat capacity of 900J/(kg∘C)

3. Some helium is heated from 20∘C to 100∘C. If 520MJ of energy have been

transferred into the thermal energy store of the helium, what mass of helium is

involved? Helium has a specific heat capacity of 5200J/(kg∘C)

4. Latent heats are often quoted in J/kg. Sometimes they are quoted in J/g.

Express 330J/g in J/kg.

5. 1.00kg of water at 100∘C is boiled without the temperature changing. The latent

heat of vaporisation of water is 2260000J/kg. How much energy is needed to

boil the water?

6. I put 66litres (i.e. 66, k, g,66kg) of water into an old bath in my garden. One

cold night, it completely freezes. If the temperature of the ice was 0∘C in the

morning and it all melted into water, that was also at 0∘C, how much energy was
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absorbed by the water in the bath? The latent heat of fusion of water is

3.34×10
5
J/kg.

Chapter 11a Uncertainties & Errors

Each measurement you take has an uncertainty. It is a measure of the probability that

your result is correct. In our practical endeavours we are trying to find a true value.

Every experiment you perform is affected by your measurements and therefore any

experimental uncertainty associated with them. If you make repeated measurements

you are likely to find a variation in those measurements. You may reduce the

uncertainty by improving your method but it will never be eliminated.

What we must always do is identify and give a value to our variation. If we do not do

this the reliability of our experiment will be questionable and conclusions drawn will be

of limited value. An error does not mean a mistake in an experiment. Instead it refers

to a spread of values and a probability that the true value is within that range.

Random Uncertainties are caused by:

● Human misjudgements e.g. estimating the position on a scale

● Limitations of equipment e.g. thickness of scale on a micrometer

● Lack of control over aspects of the experiment e.g. variation of mains emf

Repeating measurements reduces random uncertainty as the readings are likely to be

spread about the true value.

Systematic uncertainties

Systematic uncertainties always shift the measurement in

one direction.

E.g. using an instrument without allowing for a zero error.

This is an error associated with the minimum scale value.

Does your vernier caliper read zero when it is closed? Does

your metre rule have millimetres missing from the end?

You need to adjust all of your readings accordingly, taking

the zero error off or adding it on where needed a stopwatch that runs fast or a

voltmeter that always reads too large a value. Repeating measurements does not reduce

systematic uncertainty.

Instruments

All instruments are calibrated to a recognised standard scale. You will not have access

to these scales so you must reduce the influence of an error on this scale. To do this

you can use two voltmeters or two thermometers. Check that they both show the same

readings at the start of an experiment to save you from large systematic errors

throughout your experiment.
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No instrument is perfect.  No instrument will give you an exact reading for various

reasons.  A metre rule will give a reading on a scale down to 1mm.  It may be possible to

measure a length to 0.5mm but anything less than this is a hopeless cause.  To measure

a smaller distance you would use vernier callipers or a micrometer which would have a

scale 0.1mm or 0.01mm.  These scales are a measure of the instruments resolution.  The

ability to distinguish between one value and another.  This is referred to as the

precision of the instrument.  You would generally quote the uncertainty of these

instruments to its smallest division.   Stopwatches are tricky! They may read to a

precision of 0.01 seconds but this does not take into account reaction times.

(361 ± 1) mm on a metre rule indicates that you believe the value to be between 360 mm

and 362mm

Measurements

If you only take one measurement you would need to be very

confident that it was reliable. Instead we take several

measurements to give a clearer picture. There are

experiments where only one measurement can be taken

because of fluctuations with time but generally multiple

measurements will be available.

An experiment to measure the heating of water may mean

fluctuations larger than half a division of scale on our

instrument. Stirring the water can change the temperature

measurement by anything up to 5°C. Using an error of ±

0.5°C in this situation would be a huge underestimation.

There is no rule here you must decide on a reasonable error. Somewhere between

0.5°C and 5°C would be a suitable value.

All of the above ideas need to be included in your estimation of an error in every single

reading.

From a single reading the uncertainty is quoted as ± smallest scale division

e.g. metre rule ± 1mm, callipers ± 0.1mm, micrometer ± 0.01mm

If you have repeated your readings and obtained a range of values you may take the

mean value of these.  You must then take account of the range of your values and quote

the difference between your average and the largest/smallest value.  Your error must

include all your sensible values since they are all valid and there is a probability that

you will get this result again.
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From this set of resistances of a lamp bulb: 609; 666; 639; 661; 654; 628 Ω

average resistance 643 Ω largest resistance 666 Ω

smallest resistance 609 Ω spread = 666-609 57 Ω

absolute uncertainty = 57/2 29 Ω

so the resistance would be quoted as 643 ± 29 Ω

Absolute, Fractional and Percentage uncertainties

Fractional uncertainties refer to a ratio between the value and the uncertainty in the

value. For example:

The speed of an elephant is quoted as (12.4±0.4) m/s

The absolute uncertainty is 0.4m/s

The fractional uncertainty is uncertainty in value = 0.4

value 12.4

= 0.032

This can be expressed as a percentage uncertainty 0.032 x 100 =      3.2%

Accuracy and precision

At the beginning we referred to a true value that we are trying to find in our

experiments. This is important to understand the difference between accuracy and

precision.

We take many readings and a mean of those values and hope that our true value is in

that range. If this range is indeed close to the true value we say it is accurate. We

keep measuring and others do the same and we increase our accuracy. An accurate

experiment has a small systematic uncertainty

Precision refers to the uncertainty in our values being small. This does not mean that

our value is close to the true value. A precise experiment has a small random

uncertainty.

We would like our values to be both accurate and precise.
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Combining Quantities

Adding or subtracting quantities: add absolute uncertainties

Multiplying of dividing quantities: add percentage uncertainties

Raising to a power quantities: multiply percentage uncertainty by the power

Chapter 11b Momentum

1. Calculate the momentum of a 2kg stone travelling across a field at 12m/s

2. An 80kg sprinter is running at 10m/s in a race. What is the value of her

momentum?

3. What is the size of the momentum of a 600gram stone moving at 20m/s?

4. A ball of mass 0.5kg is thrown upwards at a speed of 8.4m/s. What is the

maximum value of its momentum during its flight?

5. A bumble bee has a momentum of 3.0gm/s. If it has a mass of 0.6g, how fast is

it flying?

6. A hedgehog walks along the grass with a momentum of 8kgcm/s and a speed of

10cm/s. What is its mass?

Chapter 12 Reducing Experimental Errors

1. Repeat measurements in all directions e.g. diameters

taken perpendicular to each other.

2. Check for any zero errors.  Is your zero really a

zero?

3. For oscillations: use a large number of oscillations and

average.  This makes the measured time is large

compared to your reaction time.  Use a fiducial

marker (a pin head) at the centre of your oscillations

to improve your counting ability.

4. Avoid parallax errors by using a mirrored scale or by

keeping the eye on the same horizontal or vertical line as the reading.  Use a set

square perpendicular to the scale as a reference point.

5. Check whether the apparatus you are using is horizontal by measuring the height

above the bench at both ends (this assumes that the bench is horizontal so if

one is available use a spirit level).
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6. Check whether apparatus is vertical by using a plumb line, using a set square

against a horizontal surface or aligning the apparatus with a door or window

frame.

7. In heat experiment use lagging to prevent heat loss, stir liquids and interpolate

between divisions on your measuring device.

8. Do not assume that because a value is written on something that this is an exact

measure of that quantity e.g. Lab masses are rarely exact.

Chapter 13a Significant Figures

These are used to give an idea of the precision of our experiment.  The number 39.389

is correct to 3 decimal places and 5 significant figures.  Deciding on how many

significant figures to use follows these guidelines.

1. Your answer cannot contain more figures than the precision of the equipment

you used.  i.e. a meter with 0.1 precision displaying 2 d.p. can only have one

significant figure in your answer.  Reading 14.23 on the meter (4sf) should be

recorded as 14.2 (3sf).

2. Do not show all the numbers on your calculator when you have taken the time to

work out the precision of your answer.

3. Normal rounding rules apply

4. Zeros must be shown where relevant. For example 0.0858 is 0.086 (2sf)

5. It is worth writing down how many significant figures you are showing.  If I say

a road is 3200m it is not clear if I have measured to the nearest 100m and

therefore to 2sf or to the nearest m and therefore to 4sf.

ESTIMATING UNCERTAINTIES

1.  a. What is the smallest measure of uncertainty possible using a metre rule marked

in mm?

b. Give two reasons why measurements made with a metre rule are likely to be less

accurate that that suggested above?

c. Why is it essential to use a more accurate measuring device than a metre rule

when measuring small lengths?

d. A student as part of a practical examination has been asked to find the density

of cardboard from measurements based on a rectangular piece of card. She

makes the following measurements:
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Measurements made with 300 mm ruler:-

Length of each short side / mm    =     105,   105

Length of each long side / mm     =      148,   146

Measurements made with micrometer:-

Zero error  =  +0.03 mm  (it reads +0.03 mm when fully closed)

Scale readings for the thickness of the card / mm   =   0.46,  0.49,  0.47  0.48

Mass of card / g   =  5.16

i. For each of the above measurements, find the mean value and estimate the

uncertainty in the measurement.

ii. Calculate the density of the cardboard and work out the percentage uncertainty

in your result.

2  a. A manufacturer quotes a 5% tolerance for a particular range of resistors. What

would be the maximum and minimum values of resistors in this range with nominal

values of i. 570 ∧ and ii. 330 k∧

b. A student decides to measure the resistance of the 330 k∧ resistor using an

ammeter and a voltmeter.

i. Draw a suitable circuit.

ii. Explain the inherent error in this method of measuring resistance.

3. In a practical examination a student is told to measure as accurately as possible

the periodic time (t) of a weight oscillating on a spring.

a. Describe the method you would use and make clear how you would ensure as

accurate a result as possible.

b. The student measures the time for 20 oscillations as 18.6 ± 0.3 s when a mass

(m) of 500 ± 5g is suspended from the spring.

i. Use the spring equation T  =  2€.(m / k)
1/2

to find the spring constant k.

ii. Find the maximum and minimum values of k from the uncertainties given.
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Chapter 13b Waves

1. A water wave of wavelength 6.0cm and frequency 4.0 Hz travels over the

surface of a pond. What is its speed?

2. A wave of wavelength 2×10
5
m and frequency 1×10

−3
Hz. What is its speed?

3. A wave on a string has a wavelength of 2.4m and a frequency of 0.50Hz. What is

the speed of the wave?

4. A sound wave of frequency 1000Hz has a wavelength of 34cm. What is the

speed of the wave?

5. For a wave travelling at 64m/s and with a wavelength of 16m, what is the

frequency of the wave?

6. How many waves are made in 3minutes by a pleasure pool's wave machine if its

frequency is 0.25Hz?

7. In a Mexican wave in a stadium, the crowd stand up and sit down in 2.0s, and the

wavelength of the wave is 80m. What is the speed at which the Mexican wave

travels around the stadium?

8. A tuning fork vibrates at 512Hz. How many times does one of its prongs vibrate

back and forth in 5.0s?

Chapter 14a Using Vernier Calipers

1. Place the object to be measured within the jaws of the callipers.

2. Use the zero point on the vernier (moving scale) to get your measurement to

one decimal place.  This picture shows the initial reading as 1.6cm (16mm)

3. The next step involves the rest of the vernier scale.  You must see which of

the markings on here line up exactly (or closer than any other) to the

markings on the main scale.  This picture shows that the 2.5 mark on the
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vernier matches the best so we add this to our answer to part 1. The

measurement is therefore 1.625cm (16.25mm)

4. Note that the vernier shows you the

precision of the instrument. (0.05mm)

5. To make reading the vernier scale

easier you can guesstimate the region that the

match up will be in by looking at the actual

scale.  The reading on the vernier is obviously

going to be less than half way along the vernier

scale because the initial reading is well towards

the 1.6 cm mark rather than the 1.7cm mark.

Micrometer screw gauges are similar but will

measure up to hundredths of millimetres.

Check your understanding with this example.

What is the precision of this scale?

Practice

Find the dimensions of the following items using the relevant measuring device.

1. Microscope slide

2. Retort stand

3. ½ m rule

4. Pencil

5. Piece of wire

6. Marble

Remember the precision of the instrument.  Find the significant errors.  How do you

reduce them?

Can you calculate  the volumes of these items in two units from mm
3
, cm

3
, m

3
?
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What is inside the plasticine?

Can you find out what is inside the plasticine (without pulling it apart!)

One way to find out, is to measure the density of what is inside the plasticine.

If equal volumes of different solids, such as wood, aluminium, lead, glass and copper

are lifted, you notice immediately that the lead is heavy, but the aluminium and wood

are much lighter.

The mass (per unit volume) of a substance is called its density.

So                   density  =   mass / volume

g       cm
3

Thus, to find the density you have to determine the

mass of whatever is inside the plasticine and divide by

its volume.

To determine the mass:

If each of the four lumps of plasticine are

weighed, it will be found that one is lighter

than the rest.  It is this lump that does not contain a hidden object

Now you know the mass and the volume, try calculating the density (in

grams per cubic centimetre).  Then see if you can identify what materials

the hidden objects are made from using the list of material densities.
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APPROXIMATE DENSITIES OF MATERIALS

Boxwood 1.0

Bone 1.9

Bamboo 0.4

Brass 8.5

Cork 0.25

Cast Iron 7.0

Diamond 3.5

Glass 5.5

Gold 19.3

Lead 11.3

Nickel 8.9

Silver 10.5

Stainless steel 7.8

Perspex 1.19

Wood 0.6 – 0.65

Aluminium 2.71

Copper 8.9

Magnesium 1.74

Zinc 7.14

Marble 2.6

Wax 0.9

Concrete 2.4

Chapter 14b Power

1. Calculate the electrical power supplied to a 12V electrical heater when the

current passing through it is 3.0A

2. My oven has a current of 15.0A passing through it when it is connected to the

230V mains. What is it's energy consumption in a single second?
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3. A student sets up an electrical circuit with two 1.5V cells in series with a small

electrical motor. They measure the current through this motor to be 0.50A.

What is the power consumption of the motor?

4. An electrical motor consumes 20W of power when a current of 2.5A passes

through it. What is the potential difference across the motor?

5. A steam iron has a power rating of 1150W when a current of 5.0A passes

through it. What would be the potential difference of the supply?

6. The microwave in my kitchen is rated at 805W when connected to the 230V

mains. What would be the current in the microwave?

Chapter 15a Uncertainty Experiments

The aim of this sequence of experiments is to appreciate the level of uncertainty

involved in a variety of experimental techniques. Work on your own and record all the

measurements you make. In each of the investigations estimate, and record, the

uncertainty for each measurement and find the % error in the final results.

You should use only the apparatus listed for each investigation.

1. Resistance Measurement.

Find the resistance of the resistor provided using an ammeter and voltmeter method.

Compare the result with the reading on a multimeter and the value according to the

code markings on the resistor.

Apparatus:-  ammeter, voltmeter, multimeter, cell block, 10 ohm resistor in holder,
connecting leads.

2. Volume Measurement.

Find the volume of a piece of plasticine by moulding it into a regular shape and making

direct measurements. Compare this with the result obtained from a displacement

method.

Apparatus:-  Plasticine, 30 cm rule, displacement can, beaker, measuring cylinder.

3. Density measurement.

Measure the density of aluminium from two different sized regular blocks.

Apparatus:-  Two aluminium blocks, 30 cm rule, vernier callipers, electric balance.

4. Measurement of small lengths.

Use a micrometer screw gauge to measure the diameter of two pieces of wire and

compare the results with the quoted value from the s.w.g. (standard wire gauge) tables.

Apparatus:-  Micrometer screw gauge, 24 s.w.g and 32 s.w.g bare wire.
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5. Mass measurement.

Use the principle of moments to measure the mass of a large rubber bung and compare

the result with that from an electric balance.

Apparatus:-  set of 10g masses, metre rule, retort stand, boss, clamp,  plasticine,
cotton, large rubber bung, electric balance.

The density of a bung

Use vernier callipers to:

Measure the height (h) of the bung

Average height=

Error in height=

Percentage error =

Measure the smaller diameter (d1) of the bung

Average diameter=

Error in diameter=

Percentage error =

Measure the larger diameter (d2) of the bung

Average diameter=

Error in diameter=

Percentage error =

Calculate the volume of the bung using the equation (please check this answer

carefully):
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V = Πh(d2
3
- d1

3
)

12(d2- d1)

What is the percentage error in the volume?

Weigh the bung.  Mass =

Error =

Percentage error =

Now find the density of the bung using mass/volume.

Your density =

The error in your reading as a percentage=

The error in your reading as an actual value =

A value for the density of the bung is given as 1100 kg/m
3

Comment on how your value compares to this value.

Other values for density are quoted as (all in kg/m
3
)

Rubber, caoutchouc 945

Rubber, manufactured 1522

Rubber, ground scrap 481

Which type of rubber is your bung most likely to be?
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Chapter 15b radioactivity

1. You have an isotope that has a half-life of one hour. How many half-lives will

have elapsed after exactly two hours?

2. You have an isotope that has a half-life of one hour. How many half-lives will

have elapsed after one day?

3. The half-life of an isotope is 4days. If at the start there are 1024atoms of this

isotope, how many will there be after 4days?

4. The half-life of an isotope is 4days. If at the start there are 1024atoms of this

isotope, how many atoms will there be after 12days?

5. An isotope has a half-life of 14hours. How many grams of that isotope will be

left after 14hours, if you start with 32grams of the isotope?

6. The half-life of an isotope is 20minutes. If at the start there are 32g of this

isotope, how many will there be after one hour?

7. I have 128g of the isotope carbon-14, which has a half-life of 5700years. How

much carbon-14 would remain after 11400years?

8. The activity of an isotope of erbium of falls from 500Bq to 125Bq in just

20hours. What is its half-life?

Chapter 16 Some suggested reading for students

studying Physics

Read one of these (or a different one of your choice but

still with a Physics theme) and write a set of

Googleslides about it and have it ready to share at the

start of term.

The Matter Myth JOHN GRIBBIN and PAUL DAVIES

In Search of Schrödinger's Cat JOHN GRIBBIN

In Search of the Big Bang PAUL DAVIES

Cosmic Blueprint PAUL DAVIES

The Last Three Minutes PAUL DAVIES

The First Three Minutes Steven Weinberg

Einstein's Universe Nigel Calder

The Feynman Lectures

God and the New Physics PAUL DAVIES

The Key to the Universe Nigel Calder

The Character of Physical Law RICHARD FEYNMAN

The Arrow of Time Peter Coveney

The Ghost in the Atom Davies and Brown

Genius James Gleick

Quantum Phys. Illusion or Reality Alistair Rae

God, The Big Bang and Stephen Hawking Wilkinson

Black Holes and Baby Universes Stephen Hawking

Does God Play Dice? Ian Stewart

What Little I Remember Otto Frisch
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Brief History of Time Stephen Hawking

Mr Tompkins in Paperback George Gamow

The Cosmic Onion Frank Close

The Strange Theory of Light and Matter RICHARD FEYNMAN

Physics in the Real World Lockett

Superstrings Davies and Brown

Measured Tones Ian Johnston

Taming of the Atom von Baeyer

Inside Science New Scientist

The Last Word New Scientist

Six Easy Pieces RICHARD FEYNMAN

Six Not so Easy Pieces RICHARD FEYNMAN

Universe for Beginners Pirani and Roche

Newton for Beginners

Einstein for Beginners William Rankin

Hawking for Beginners McEvoy and Zarek

Thinking Physics is Gedanken Physics Lewis Carroll Epstein

The Flying Circus of Physics Jearl Walker

Random Walks Robert Weber

More Random Walks Robert Weber

In Search of the Edge of Time JOHN GRIBBIN

In Search of Susy JOHN GRIBBIN

Character of Physical Law RICHARD FEYNMAN

The Big Idea series of books

Longitude Dava Sobel

Latitude Stephen Pomfrey

Galileo's Daughter Dava Sobel

Mirrors in Mind Richard Gregory

Almost Everyone's Guide to Science JOHN GRIBBIN

Meaning of it All RICHARD FEYNMAN

Riddles in Your Teacup Ghose and Home

Asimov's Guide to Science Asimov

Schotts Original Miscellany Ben Schott

The Particle Odyssey Sutton and Close

The Particle Explosion Sutton

Spaceship Neutrino Sutton

Eureka, Physics of Particles, Matter and Universe R Blin-Stoyle

Mad about Physics Jargodzki and Potter

The Physics of Star Trek Krauss

The Wizard of Quarks Gilmore

Eclipse Duncan Steel

The Universe that Discovered Itself John D Barrow

The Calendar David Ewing Duncan

Black Holes, Worm Holes and Time Machines Dr Jim Al-Khali

Albert Einstein Bannesh Hoffman

Einstein Michael White

Einstein and relativity Paul Strathern

Do Your Ears Pop in Space? R Mike Mullane

The New Science of Strong Materials JE Gordan
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The Constants of Nature John Barrow

The Mind of God Paul Davies

Newton James Gleick

Chaos James Gleick

QED – The strange theory of light and matter Richard Feynman

The Blind Watchmaker Richard Dawkins

The Selfish Gene Richard Dawkins

How to dunk a doughnut Len Fisher

The birth of time John Gribbin

The Elegant Universe Brian Greene

The Fabric of the Cosmos Brian Greene

Quantum: A Guide For The Perplexed Dr Jim Al Khalili

Research

Do a bit of research on something you find interesting in physics, for instance CERN

and particle physics, Astrophysics, aerospace engineering, civil engineering, physics

current affairs etc. Make a google slide ready to share telling us what you have learned.
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