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6The Study of Physics; Physical Quantities and their Symbols 

What is physics?

Physics is the study of reality, from the smallest things that can exist to the sum total of everything 

that does exist (additional dimensions and universes included!).

The purpose of physics is being able to use the understood ‘laws’ of physics to make testable 

predictions about real systems.

Theory and experiment

A theory is only as good as the experimental evidence that supports it. If a repeated, verifi ed 

experimental result contradicts a theory, then the theory is wrong and a new one is needed. This 

is how science works. Measurement, the collection of data and its analysis are major parts of 

physics, along with mathematical equations and calculations describing the ‘rules’ of physics. 

Quantities used in A-level physics equations

In physics equations, quantities such as speed and force are denoted by letters. These algebraic 
equations show the relations between various quantities. Some letters are easy to remember: 

force is F, for example. Others are less obvious: current is I.

It is important to remember what each letter stands for in an equation. Care is needed, as the 

same letter can be used to represent different quantities in different areas of physics. Some of the 

most important quantities are shown below, with their symbols.

variable/constant symbol variable/constant symbol

force F acceleration due to gravity g

mass m distance x

acceleration a displacement s

electric charge Q height h

electric current l radius r

time t diameter d

potential difference, voltage V area, amplitude A

resistance R volume V

speed, velocity v temperature T

energy E or W power P
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Task

Complete the table below showing symbols used in physics. Check your answers against the 

table above. 

variable/constant symbol variable/constant symbol

F acceleration due to gravity

m distance

acceleration displacement

Q h

electric current r

time d

potential difference, voltage area, amplitude A

R volume

speed, velocity temperature

E or W P
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Large and small numbers in physics

To represent measurements of many different variables in a universe of such diverse phenomena 

means we often need to write very large and very small numbers. This can be time-consuming if 

they have to be written out in full. For example, the charge on an electron (measured in coulombs) 

is 0.00000000000000000016 C, and the mass of the Earth is 5 970 000 000 000 000 000 000 

000 kg!

Powers of 10

The following table shows what ‘powers of 10’ actually mean:

104 103 102 101 100 10�1 10�2 10�3 10�4

10 000 1000 100 10 1 0.1 0.01 0.001 0.0001

When we multiply a number by a positive power of 10, we move the decimal place to the right. 

When we multiply a number by a negative power of 10, we move the decimal place to the left.

The charge on an electron measured in coulombs is 0.00000000000000000016 C, and can be 

written as 1.6 � 10�19, which is the same as saying ‘1.6 � 0.0000000000000000001’, which 

equals 0.00000000000000000016 C. The decimal point has moved 19 places to the left because 

we multiplied by 10�19. This provides a far quicker way of writing such a small number.

The mass of the Earth is 5 970 000 000 000 000 000 000 000 kg, and can be written as 

5.97 � 1024, which equals 5.97 � 1 000 000 000 000 000 000 000 000, which is the same as 

5 970 000 000 000 000 000 000 000 kg. The decimal point has moved 24 places to the right 

because we multiplied by 1024.

Using powers of 10 saves writing a lot of zeros.

Standard form

When a number is written in the shorthand way just discussed, it is in standard form.

The fi rst part of standard form is a number between 1 and 9.9999… (any other number can be 

represented by a number of this size in standard form). This is then multiplied by a power of 10, 

which effectively moves the decimal point to the correct position for the original number.

Examples 

1012 � 1.012 � 1,000 � 1.012 � 103

0.0794 � 7.94 � 0.01 � 7.94 � 10�2

23 � 2.3 � 10 � 2.3 � 101

Calculator Use

Your calculator can be set to give all answers in standard form. Usually you press mode or 

setup until you get ‘Norm Fix’ or ‘Sci’. Select ‘Sci’ and you will be asked for a number between 

0 and 9. This will set the number of decimal places shown on your calculator when an answer is 

Large and Small Numbers and Standard Form 7
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7 Large and Small Numbers and Standard Form

in standard form. Select 3 or 4. If you have trouble doing this with a scientifi c calculator, read the 

instruction booklet or check online instructions for your model of calculator.

Questions

1 Write 100 as a power of 10.

2 Write 100 000 as a power of 10.

3 Write 10 as a power of 10.

4 Write 1 000 000 000 as a power of 10.

5 Write 0.1 as a power of 10.

6 Write 0.001 as a power of 10.

7 Write 0.000000001 as a power of 10.

8 Write 1 as a power of 10.

9 Write 280 in standard form.

10 Write 2530 in standard form.

11 Write 0.77 in standard form.

12 Write 0.0091 in standard form.

13 Write 1 872 000 in standard form.

14 Write 12.2 in standard form.

15 Write 2.4 � 102 as a normal number.

16 Write 3.505 � 101 as a normal number.

17 Write 8.31 � 106 as a normal number.

18 Write 6.002 � 10�2 as a normal number.

19 Write 1.5 � 10�4 as a normal number.

20 Write 4.3 � 10�1 as a normal number.
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Why units are important

Units, the things quantities are measured in, are very important in physics. An answer of 4.3 

means a very different thing in metres to an answer in miles.

Luckily we use the metric system (metres, kilograms), which 

makes all the formulae and conversions between units 

much easier than imperial units (feet, pounds). It is always 

important to know what units quantities are measured in 

so that data can accurately be communicated to others 

without confusion. 

SI units

The full name of the metric system of units is from the French name Système International d'Unités 

which translates as International System of Units. This is abbreviated to SI.

There are seven base units from which all other units can be ‘constructed’. 

what is being measured unit name symbol

length metre m

time second s

temperature kelvin K

mass kilogram kg

amount of substance mole mol

electrical current ampere A

light intensity candela Cd

Notice that all base SI units have no prefi x except for the kilogram (kg).

Combining units

Equations in physics, such as speed � distance / time, also apply to the units of the various 

quantities.

The unit of speed (metres per second, or ms�1) is the unit 

of distance (m) divided by the unit of time (s). 

While most of the base units in the table above are used in 

physics A-level, there are also a lot of others constructed 

from these. Each unit has a symbol, and the quantity that it 

is a measure of also has a symbol: eg time (t) is measured 

in seconds (s).

Units in Physics 8

The Mars Climate Orbiter Spacecraft 
was lost because one NASA team 
used imperial units while another 
used metric units for a key spacecraft 
operation.

BBC News, Thursday 30 September 
1999. 

Some combinations of units formed 
in this way have their own names, eg 
coulomb.

charge � current � time

1 coulomb � 1 amp second
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Units in Physics8
Which unit will I need to use?

Centimetres, millimetres, kilometres – what unit to use for distance? Easy: in physics, equations 

always use the unit without the prefi x; so for distance, use metres. (The one exception is that the 

basic unit for mass is the kilogram, not the gram.) See Chapter 9 for more about prefi xes.

All equations in physics need quantities measured in the base unit: distance in m, not cm or km; 

energy in J, not MJ or mJ. (Again, the only exception is mass, where the kg is the quantity used 

in equations.)

Task

Complete the table below to see how many units you already know. Guess those you don’t.

quantity symbol unit symbol

charge Q coulomb C

current

time

potential difference volt

resistance

power

energy

area

distance

force

velocity

mass

magnetic fi eld 

strength

tesla

capacitance farad
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What are prefi xes?

A prefi x is a multiplier, such as kilo- or milli-, which can be used with any unit of measurement: for 

example, kilometres (km) or kilojoules (kJ), millivolts (mV) or millimetres (mm).

Why are prefi xes important?

A length of 7.2 means one thing in metres but a very different thing in nanometres! 

Measurements in physics may use units with various prefi xes, but all equations in physics 

require the use of a value in the main unit (see Chapter 8). In an equation, metres are always used, 

never nanometres.

What prefi xes are used in A-level physics?

Most questions use the prefi xes in the table below. Some particular topics use additional ones to 

those below; check your course specifi cation to fi nd out if this will apply to your course.

Common prefi xes

prefi x symbol multiplier

Giga G 1 000 000 000       � 109

Mega M 1 000 000              � 106

kilo k 1000                     � 103

milli m 0.001                     � 10�3

micro � 0.000001               � 10�6

nano n 0.000000001         � 10�9

How do I convert a value to its main unit?

In A-level physics you need to be able to convert from units with prefi xes to the main unit. The 

best and easiest way to convert from a unit with a prefi x to one without a prefi x is to replace the 

prefi x with the multiplier it stands for.

Remember, however, that mass is the exception. The only base SI unit used in physics 

with a prefi x is the kilogram (kg). Grams are not used in physics equations, only 

kilograms. 

Look through the following worked examples.

Example 1

Convert 600 nm into m.

• Identify the prefi x: here it is ‘n’ for nano

• Look up the multiplier (if not known): here nano � 10�9 

• Write out the value, replacing the prefi x with the multiplier: 600 � 10�9 

Prefi xes for Units 9
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Prefi xes for Units9
• This is the answer in metres: 600 nm � 600 � 10�9 m

• If the answer is needed in standard form, let your calculator change it: enter 600 � 10�9 

into the calculator and press ‘�’. This will give 6 � 10�7. 

• So 600 nm = 600 � 10�9 m = 6 � 10�7 m in standard form (see Chapter 7).

Always think about the answer. Does it make sense? Nanometres are tiny, so even 600 of them 

won’t give you much of a metre. So yes, the answer seems sensible. 

Example 2

Convert 48.2 �A into amperes (A).

� � micro � 10�6 so 48.2 � � 48.2 � 10�6  and  48.2 �A � 48.2 � 10�6 A

In standard form: 48.2 � 10�6 � 4.82 � 10�5 A

This is a small number of amperes, as you would expect, since �A are only a millionth of an 

ampere (10�6 ) and we only have 48.2 of them.

Example 3

Convert 0.027 GW into watts (W).

G � Giga � 109 so 0.027 G � 0.027 � 109  and  0.027 GW � 0.027 � 109 W 

In standard form: 0.027 � 109 = 2.7 � 107 W

This is a large number of watts, as you would expect, since a GW is a billion watts (109); although 

we only have 0.027 of them, this is still a lot at 27 million watts.

Tip: Remember to let your calculator 
convert the number into standard 
form.

Tip: Write down your working so 
you can check if the answer seems 
reasonable.
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Prefi xes for Units 9
Questions

1 How many metres in 2.4 km?

2 How many joules in 8.1 MJ?

3 Convert 326 GW into W.

4 Convert 54 600 mm into m.

5 How many metres in 1 �m?

6 How many grams in 240 kg ?

7 Convert 0.18 nm into m.

8 Convert 0.096 mJ into J.

9 How many eV in 125 GeV?

10 How many Ω in in 470 MΩ?

11 Convert 632 nm into m. Express in standard form.

12 Convert 1002 mV into V. Express in standard form.

13 How many eV in 0.511 MeV? Express in standard form.

14 How many Ω in 11 kΩ? Express in standard form.

15 Convert 9212 km into m. Express in standard form.

16 Convert 1.385 kg into g. Give answer in the SI unit for mass.

17 Write 2.3 � 102 �m in m. Express in standard form.

18 Write 0.55 � 104 km in m. Express in standard form. 

19 Write 4.61 � 10�2 mm in m. Express in standard form.

20 Write 0.062 � 10�5 MJ in J. Express in standard form.
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One of the most important tools for A-level physics is your calculator. A scientifi c calculator is 

essential and will save you a lot of time and effort.

Contrary to the view of some students, calculators don’t ‘lie’ or ‘have a bad day’. They will always 

give the correct answer for the calculation typed into them. The problem is that many students do 

not know the correct way to enter more complex calculations into the calculator. 

There are differences in the layout of keys and the display for different brands of calculator. 

Reading the manual is the best way to learn about your particular calculator!

Confi dence and accuracy when using a calculator will enable you to concentrate on the physics 

and not the maths when solving problems.

Tips for correct use of a scientifi c calculator

If the answer looks 
suspicious, most 
calculators allow you 
to go back and view 
the calculation you 
entered, so that you 
can correct it if you 
made mistakes.

To get your answers 
in standard form, set 
your calculator to 
scientifi c mode, and 
limit the number of 
decimal places on 
the screen. Do this by 
pressing MODE and 
choosing SCI; from 
0–9, choose 3 to show 
3 decimal places.Break down 

calculations into small 
steps, and press the 
‘�’ button in between 
steps.

Always use ‘EXP’ or 
‘�10� ’ next to the ‘�’ 
button and NOT the 
‘10� ’ button (shift � 
‘log’) when entering 
standard form into the 
calculator.

Use brackets where 
needed. If in doubt, 
use brackets!

BIDMAS: The order you complete stages in a calculation is important. Brackets are done fi rst, 

followed by Indices, Division, Multiplication, Addition and Subtraction.

Using your Calculator10
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10Using your Calculator

Questions

Using your calculator, solve the following questions, expressing your answers in standard 

form to three decimal places.

1 Calculate 423 � 319 

2 Calculate 12 453.8 / 0.072 

3 Calculate the number of seconds in a day.

4 The charge on the electron is 1.6 � 10�19 coulombs. Calculate the total charge of 

1 mole of electrons (1 mole of electrons contains 6.02 � 1023 electrons).

5 Calculate 3.6 � 105 � 7.2 � 107 

6 Calculate 2.46 � 10�5 � 1.06 � 106 

7 Calculate (1 � 10�3)2 � 3.14 / 4

8 Calculate (1.4 � 103 � 2.12 � 102)2 

9 Calculate 5.11 � 105 � 1.6 � 10�19 / (3.0 � 108)2 

10 Calculate 241 � 7 � 109
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Maths is used in physics because it can show quantitative relationships between different 

properties in a precise, predictable and repeatable way. It just happens to be the best language 

in which to describe complex physical phenomena. The universe is mathematical; the most 

accurate way to describe the laws that govern the universe is in the language of mathematics.

One physicist commented on the ‘unreasonable effectiveness’ of mathematics in the natural 

sciences:

It is important to point out that the mathematical formulation of the physicist’s often crude 

experience leads in an uncanny number of cases to an amazingly accurate description of a large 

class of phenomena. EUGENE WIGNER

The fact that mathematics works is why it is used.

As mathematical equations are the most important tool of the physics student, it is 
essential that you master the basics. 

This basic skills guide will take you from the fi rst principles of symbols and equations up to 

rearranging equations.

Symbols

Equations are the way physics describes relationships 

between quantities. Quantities are represented by letters 

in equations. Some symbols are more obvious than others; 

for example, E for energy, but Q for charge. Some letters 

can represent more than one quantity, and symbols can 

vary in different books, subject areas, and languages. Q is 

heat energy in thermal physics! See Chapter 8 on Units for 

a list of the symbols commonly used at A-level.

Both variables (quantities that change or vary, eg v for velocity) and constants (fi xed values, such 

as c for the speed of light) are represented as letters in physics equations.

What are equations?

Equations show how quantities affect other quantities according to physical laws. For example, 

the velocity of an object depends on how far it moves in a given time; if you change either time or 

distance, you will change the velocity in a predictable way, as described by the simple equation:

v � s
t  where v � velocity; s = distance and t � time

Since distance is measured in metres, and time in seconds, velocity is given in metres per second 

(ms�1). 

Rearranging equations

The most important mathematical skill needed for solving problems is the ability to manipulate 

equations. In A-level physics we regularly need to rearrange equations in order to solve problems. 

When doing calculations and rearranging equations, keep the layout of your work clear and 

Rearranging Equations11

There is no short-cut to knowing these 
symbols; they simply need to be learnt.

One method to try:  A sticky note 
listing a few of them on a wall or above 
where you sleep, so that you see it 
often. Before long you won’t be able to 
avoid learning them. 
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ordered. Write each line out beneath the last one, so that it is easy to compare lines to check 

for errors.

Equals means equals!

The mathematical relationships between quantities (the variables of the equation) will hold true 

provided we apply the same operations to each side of the equals sign. If we do the same thing 

on each side, then each side is still ‘equal to’ the other. Equations always contain an ‘equals’ sign.

The terms on each side of an equals sign can be swapped without changing anything. For the 

equation 3 � 4 � 12, swapping the two sides gives 12 � 3 � 4, which is still true. In algebra, 

y � mx is the same as mx � y.

Inverting both sides (taking them to the power of �1) also maintains the equality.

Given �
3
6

1
2

, turning both sides over gives �
6
3

2
1

 which is still true. In algebra, �
c
d

a
b

 

is the same as �
d
e

b
a .

A good way to check a rule when rearranging equations is to try it with a simple sum, using 

numbers rather than letters, so that you can plainly see if it works and if the two sides are still 

equal.

Example 1:

y � 3 � 5

Find y in the above equation.  

Since 3 is added to y, we need to subtract 3 from both sides to leave y alone on the left-hand side 

of the equation.

By subtracting 3 from both sides we obtain y � 3 � 3 � 5 � 3

giving  y � 2

We usually want the variable we’re looking for to be on the left-hand side of the equation, so you 

may need to swap sides.

Example 2:

a � b � c

Rearrange the above equation for b.

 b � c � a swap the two sides

b � c � c � a � c subtract c from both sides

b � a � c cancel where needed

11Rearranging Equations
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11 Rearranging Equations

As you get better at rearranging, you can miss out some of the steps.

Mathematical operators (�, �, √ etc.) do the opposite on the other side of an equals sign.

In equations we don’t write out the multiplication sign; we just write the letters without a gap 

between them. a � b � ab

Also we do not use division signs (�), instead we write equations as fractions. a � b � a / b.

Example 3:

F � kx

Rearrange the above equation for k.

kx � F swap the two sides 

kx
 

x
  �  

F
 

x
 divide both sides by x

k � 
F
 

x
 cancel where needed

Example 4:

a � 
v
 

t

Rearrange the above equation for v.

 v
t

 � a swap the two sides

 v
t

t � at multiply both sides by t

v � at cancel where needed

The above examples cover the basic arithmetic operations (� � � �). However, the method 

works for all operations; you just need to know the opposite of each operation. 

More complex formulae contain multiple terms. Terms that multiply together or are in brackets can 

initially be treated as single terms.

Example 5:

v2 � u2 � 2as

Rearrange the above equation for u.

u2 � 2as � v2 swap the two sides

u2 � 2as � 2as � v2 � 2as  as the 2as can be treated as a single term, subtract it from both 

sides
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u2 � v2 � 2as cancel the 2as – 2as on the left-hand side

u � √v2 � 2as   to remove the square on the u, square root the whole right-

hand side 

11Rearranging Equations

Questions

1 Complete the table of mathematical operators and their opposites.

operation symbol opposite symbol

addition subtraction

division /

square root

cubed

sine 

cos�1

tangent

natural log ln or log
e

log to the base 10 log
10

Now try rearranging some equations yourself, showing every step. If you get one wrong, go 

through your lines of working to fi nd where you went wrong.

Rearrange the following formulae:

2 A � �r2 make r the subject

3 v �  s
t
 make s the subject

4 F � ma make a the subject

5 P � 
E
t  make E the subject

6 E � mc2 make m the subject

7 v2 � u2 � 2as make a the subject

8 F � G Mm
r2  make M the subject

9 F � 1
4.�	

0

Qq
r2  make r the subject

10 T � 2.� m
k

�   make k the subject
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While written explanations form a signifi cant part of A-level physics exams, the majority of marks 

result from solving problems involving calculations.

What are equations?

Equations are the way physics describes relationships between quantities. Quantities are 

represented by letters in equations. Some symbols are more obvious than others; for example: 

E for energy, but Q for charge. Some letters can represent more than one quantity, and symbols 

can vary in different books, subject areas, and languages. Q is heat energy in thermal physics! So 

make sure you check your own exam specifi cation to fi nd out which quantities and symbols you 

need to know. 

Both variables (quantities that change or vary, eg v for velocity) and constants (fi xed values, eg c 

for the speed of light) are represented as letters in physics equations.

See Chapter 11 for details on how to rearrange equations.

Solving problems in physics

A problem in physics, such as an exam question, consists of a description of the problem to be 

solved, with various pieces of data relevant to the problem. The problem is solved by identifying 

this information correctly, and then fi nding the equation that relates what you do know with what 

you do not. The overall calculation will require the correct substitution of values into the equation, 

possibly after rearranging it, and good calculator skills. 

Steps to fi nding a solution to a physics problem.

1 Identify what you know and what you need to fi nd out from the question.

2 Remove any prefi xes in the units (this may involve some calculations; see Chapter 9), to 

ensure all values are in base units. (Remember the exception: the base unit for mass is 

the kg.)

3 Select the equation that relates what you want to know and what you know.

4 Rearrange the equation so that the variable you are aiming to fi nd out becomes the subject.

5 Use the data you have been given to substitute values into the equation in place of letters.

6 Calculate with care, using a calculator.

7 Write the answer in standard form.

8 Include units. Always remember to include the correct unit in your answer.

Example problem 1

A bulb in an electrical circuit has a power rating of 12 W. If it is supplied by a 50 V power supply, 

what is the current when operating normally?

What we know: 12 watts of power; 50 volts potential difference. (Check that units are base units 

for each quantity. Here they don’t have prefi xes, so they are already in the correct unit and don’t 

need to be altered.)

Using Equations in Physics12
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What we want to know: current (I)

Equation required:  power � potential difference � current  P � IV

Rearranging the equation:  P � IV  rearranged for I : IV � P ; IV
V

 � P
V

; I � P
V

 

Substituting the values in and calculating:  I � P
V

 � 12
50

 � 0.24

Including units: Current is measured in amperes, so the answer is 2.4 � 10�1 � 0.24A 

Although it’s tempting to do calculations in your head, don’t, as you could make a mistake.

Remember – some problems require more than one step to get the required answer. 

Example problem 2

A heater of resistance 11.4 k
 has a current of 50 mA fl owing through it. 

Calculate a. the potential difference across the resistor.

 b. the power dissipated by the resistor.

a. What we know:  resistance 11.4 k
 = 11.4 x 103 
; current 50 mA � 50 � 10�3 A

What we want to know:  potential difference in volts

Equation required:

potential difference � current � resistance 

Rearranging the equation:

V � IR (already has V as subject)

Substituting the values in and calculating:

V � IR � 50 � 10�3 � 11.4 � 103 � 570

or 5.70 � 102

Adding units: potential difference is measured in volts, so the answer is 

5.7 � 102 � 570V  

b. What we know: resistance 11.4 k
 � 11.4 � 103 
; current 50 mA � 50 � 10�3 A; 

potential difference � 5.7 � 102 V

What we want to know: power in watts
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12 Using Equations in Physics

Equation required:

power � potential difference � current P � IV 

Rearranging the equation:

P � IV (already has P as subject)

Substituting the values in and calculating: 

P � IV � 50 � 10�3 � 5.7 � 102 � 28.5 or 2.85 � 101

Adding units: power is measured in watts, so the answer is: 2.85 � 101 � 28.5W

Questions

Most equations used in physics A-level are provided on 

a data sheet during the exam, so you do not need to 

memorise them, just what all the letters stand for. Here 

the correct equation is provided for each question, 

although it may need rearranging.

1 Calculate the acceleration of a sprinter if they start from rest and reach a velocity of 

10 ms�1 in 2.4 s. Use v–u
t

2 A resistor has a current of 50 mA fl owing through it, while a potential difference of 

3.0 V is applied to it. Calculate its resistance. Use V
I
 

3 What charge passes a point in a circuit when a current of 20 mA fl ows for 1 hour? 

Use   Q � It

4 If three resistors have resistances R
1
 � 50 
, R

2
 � 20 
 and R

3
 = 500 
, fi nd the total 

resistance when the three are in series. Use R
T
 � R

1
 � R

2
 � R

3
… 

5 Calculate the acceleration of a rocket if its booster kicks in when the velocity is 

50 ms�1 and it continues to accelerate until it reaches a velocity of 230 ms�1 in a time 

of 108 s. Use v–u
t

 

6 What force is required for an object of mass 15 kg to be accelerated by 28 ms�2? 

Use F � ma 

7 How much energy is transferred by a resistor, when a current of 0.15 A fl ows for 

10 min with a potential difference of 12 V? Use Q � It and V � E
Q

8 An object moving in a straight line, under constant acceleration, has an initial velocity 

of 25 ms�1. If it is thrown straight up, what is the maximum height it reaches? Take a 

(acceleration due to gravity) = 9.81 ms�2; use v2 � u2 � 2as 

Write down what you know and put 
data in the correct units; select the 
equation that relates what you know 
with what you want to know; rearrange 
if required; substitute into equation 
and solve. Include correct units.
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