Physics A Level Study Pack

Part 1

Manipulating Formulae

Introduction

Being able to use formulae correctly is an essential skill in A Level Physics.    A formula is a mathematical expression which relates various quantities together.  eg:
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Quantities come in two types: constants, whose values never change (eg: 2SYMBOL 112 \f "Symbol", 
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) and variables, which can take on any values (eg: 
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, F).   All quantities have their own symbols, which are usually letters of the English or Greek* alphabets.   (Sometimes there are more than one symbol in common use for some quantities, sometimes one letter may stand for two or three different quantities.)


It is quite common for an equation to contain two or more quantities of the same type, eg: in the above equation there are two different currents, 
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.   To show that the difference, each I is given a subscript - a small symbol to the right and below, and smaller than the main symbol.   Subscripts can be of various types, and they serve to provide extra descriptive information about the quantity.  They can be:-
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	Letters:
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	Words or abbreviations:
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The more formulas you come across, the better you will become at recognising which symbols stand for what.   You are not, under the present rules, expected to know all the formulas by heart: they will be provided for you in a data booklet during the exams.   However, it is very important that you attempt to learn as many as you can during the course of your studies.  Firstly, if you know a formula you will not have to waste time searching for it in the booklet; secondly, learning a formula will help you to learn the principles behind it, and thirdly, if you start to rely on the booklet as your prime source of information (instead of your brain!) you will soon find yourself staring at a page of meaningless lines and squiggles.

In other words, take the time to learn the formula,       and refer to the booklet as a check.
You will be using formulae to use various known quantities to calculate one unknown quantity.   eg: if we know the values of  
[image: image10.wmf]m

0

, 
[image: image11.wmf]I

1

, 
[image: image12.wmf]I

2

, SYMBOL 112 \f "Symbol" and r then we can plug these values into the equation on the previous page to calculate a value for F.    But what if we want to find out a value for r, and we have values for all the other quantities?   We have to rearrange the formula into an expression for r; we say that we need to make r the subject of the equation.

To illustrate this, consider an equation you are much more familiar with: 
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If you are given the speed of an object and the time it is travelling for, to work out the distance it has travelled you rearrange the equation so that distance is the subject:

distance = speed SYMBOL 180 \f "Symbol" time 

And if you know the speed and distance you can work out the time:
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These three equations are of course simply different forms of one simple equation.   Although there are several equations in Physics which only contain three variables like this, others are more complex, and rearranging requires more than one step.

eg: to make l the subject of the formula 
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	Step 1
	Square both sides
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	Step 2
	Multiply both sides by g
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	Step 3
	Divide both sides by 
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Exercise 1

Make r the subject of the formula 
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Make r the subject of the formula 
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Exercise 2

There is only one way to get the hang of rearranging formula quickly and accurately, and that's lots and lot's of practice!    Rearrange the formulae below, making x the subject.   Write your answers on lined paper and show your working!

1.
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You may have noticed that there are several pairs of opposite operations that you use to rearrange formula:


add
is the opposite to
subtract

multiply
is the opposite to
divide


square 
is the opposite to
square root


cube
is the opposite to
cube root

The golden rule when rearranging is:

Whatever you do to one side of the equation, you must do exactly the same to the other side.

For example if you invert one side (ie: turn a fraction the other way up) you must also invert the other side. eg:
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WARNING: Be very careful when turning fractions upside-down.   If there is more than one term on either side, then you have to find a common denominator and combine the terms into a single fraction before you invert it. eg:
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The same goes for squaring and square-rooting:
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Exercise 3

Below is a list of formulae and some quantities.   For every formula, rearrange it to make each quantity the subject in turn.   Use lined paper.




Formula
Make these the subject...

1.
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Combining Equations

Very often, quantities find themselves involved in more than one equation.   For example, consider these two equations, which describe the motion of a body being acted on by a force:
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From the first equation we can produce an expression for a:
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Then we substitute that expression for a into the second equation:
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In this way, we have eliminated a from our equation, so we can solve the problem without knowing what a is.   This is something that we need to a lot, when we cannot use one equation on its own because we haven't got values for all the quantities.

Exercise 4

Combine and rearrange the following equations.



Formulae

Eliminate these...
Make this the subject...

1.
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Show your working!

When you are working through a problem, combining and rearranging equations, putting values in and calculating a final answer, it is ESSENTIAL that your working is set out tidily and logically.   In most exam questions, your working is worth some marks, and even if you get the final answer wrong, you can still pick up some marks if your working is correct.   Here are some suggestions:

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Write legibly.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Work down the page, don't zigzag from left to right.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Write down each formula as you use it.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
At each stage, explain clearly and briefly what you are doing.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
When you some to put some values in, list them, with their units.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Underline any intermediate answers, so that you can find them easily at a later point.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Underline your final answer clearly.

SYMBOL 111 \f "Monotype Sorts" \s 12 \h
Don't forget the units.

When you are doing calculations, make sure you are not using your calculator to do trivial sums.   It is not uncommon to see intelligent students using their calculators to do 1 plus 1!   By doing simple sums and cancellations in your head, you will save time, and you may also reduce the numbers of mistakes you make.   With practice, your brain will be more accurate at manipulating numbers than pressing all the right buttons in the right order.

Appendix: Greek Letters

This is a complete list of all 24 Greek letters, which are used widely in Physics.   It is unlikely that you will come across all of them during your A Level course - the letters most likely to crop up have been highlighted.

	
	Uppercase
	
	Lowercase

	Alpha
	SYMBOL 65 \f "Symbol"
	
	SYMBOL 97 \f "Symbol"

	Beta
	SYMBOL 66 \f "Symbol"
	
	SYMBOL 98 \f "Symbol"

	Gamma
	SYMBOL 71 \f "Symbol"
	
	SYMBOL 103 \f "Symbol"

	Delta
	SYMBOL 68 \f "Symbol"
	
	SYMBOL 100 \f "Symbol"

	Epsilon
	SYMBOL 69 \f "Symbol"
	
	SYMBOL 101 \f "Symbol"

	Zeta
	SYMBOL 90 \f "Symbol"
	
	SYMBOL 122 \f "Symbol"

	Eta
	SYMBOL 72 \f "Symbol"
	
	SYMBOL 104 \f "Symbol"

	Theta
	SYMBOL 81 \f "Symbol"
	
	SYMBOL 113 \f "Symbol"

	Iota
	SYMBOL 73 \f "Symbol"
	
	SYMBOL 105 \f "Symbol"

	Kappa
	SYMBOL 75 \f "Symbol"
	
	SYMBOL 107 \f "Symbol"

	Lambda
	SYMBOL 76 \f "Symbol"
	
	SYMBOL 108 \f "Symbol"

	Mu
	SYMBOL 77 \f "Symbol"
	
	SYMBOL 109 \f "Symbol"

	Nu
	SYMBOL 78 \f "Symbol"
	
	SYMBOL 110 \f "Symbol"

	Xi
	SYMBOL 88 \f "Symbol"
	
	SYMBOL 120 \f "Symbol"

	Omicrom
	SYMBOL 79 \f "Symbol"
	
	SYMBOL 111 \f "Symbol"

	Pi
	SYMBOL 80 \f "Symbol"
	
	SYMBOL 112 \f "Symbol"

	Rho
	SYMBOL 82 \f "Symbol"
	
	SYMBOL 114 \f "Symbol"

	Sigma
	SYMBOL 83 \f "Symbol"
	
	SYMBOL 115 \f "Symbol"

	Tau
	SYMBOL 84 \f "Symbol"
	
	SYMBOL 116 \f "Symbol"

	Upsilon
	SYMBOL 85 \f "Symbol"
	
	SYMBOL 117 \f "Symbol"

	Phi
	SYMBOL 70 \f "Symbol"
	
	SYMBOL 102 \f "Symbol"

	Chi
	SYMBOL 67 \f "Symbol"
	
	SYMBOL 99 \f "Symbol"

	Psi
	SYMBOL 89 \f "Symbol"
	
	SYMBOL 121 \f "Symbol"

	Omega
	SYMBOL 87 \f "Symbol"
	
	SYMBOL 119 \f "Symbol"


* A full list of the letters of the Greek alphabet is included at the end
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