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Exponential Functions

Exponential functions

What are exponential functions?

Exponential functions of the form y = a  with a > 0 are considered at A level

What are exponential graphs?

All graphs of the form y = a  will pass through (0, 1) because a  = 1

The x-axis is an asymptote

What is exponential growth?

Where x < 0 the higher value of a is the “lower” graph

e.g. 3x <2x  when x<0

Where x > 0 the higher value of a is the “higher” graph

e.g. 3x >2x  when x>0

a > 1 is exponential growth (see Exponential Growth & Decay)

x

x 0
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What is exponential decay?

Where x < 0 the higher value of a is the “lower” graph

e.g. 0.3x <0.2x  when x<0

Where x > 0 the higher value of a is the “higher” graph

e.g. 0.3x >0.2x  when x>0

0 < a < 1 is exponential decay

You may like to think about why a = 1 is not considered... If a = 1, y = 1  = 1 for all values of xx

Worked Example
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Logarithmic Functions

Logarithmic functions

What are logarithmic functions?

a = b  and log  a = x are equivalent statements

a > 0

b is called the base

Every time you write a logarithm statement say to yourself what it means

log  81 = 4

“the power you raise 3 to, to get 81, is 4”

log  q = r

“the power you raise p to, to get q, is r”

How are logarithms and powers inverses of each
other?

As a logarithm is the inverse of raising to a power

x
b

3

p
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How do I use the inverse property of logs and
powers?

Recognising the rules of logarithms allows expressions to be simplified
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Recognition of common powers helps in simple cases

Powers of 2: 2  = 1, 2  = 2, 2  = 4, 2  = 8, 2  =16, …

Powers of 3: 3  = 1, 3  = 3, 3  = 9, 3  = 27, 3  = 81, …

The first few powers of 4, 5 and 10 should also be familiar

For more awkward cases a calculator is needed

Calculators can have, possibly,  different logarithm buttons

0 1 2 3 4

0 1 2 3 4
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This button allows you to type in any number for the base

Shortcut for base 10 although SHIFT button needed

Before calculators, logarithmic values had to be looked up in printed tables

What notation is used with logarithms? 

10 is a common base

log x is abbreviated to log x or lg x

(log x)  ≠ log x

10 

2 2

Worked Example
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Laws & Change of Base

Laws of logarithms

What are the laws of logarithms?

There are many laws or rules of indices, for example

a  x a  = a

(a )  = a

There are equivalent laws of logarithms (for a > 0)

log
a
xy= log

a
x+ log

a
y

log
a

⎛
⎜
⎜

⎝

x

y

⎞
⎟
⎟

⎠
= log

a
x− log

a
y

log
a
xk=k log

a
x

There are also some particular results these lead to

log
a
a=1

m n m+n

m n mn

Your notes

© 2026 Save My Exams, Ltd. Get more and ace your exams at savemyexams.com 10

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


log
a
ax=x

a
log

a
x

=x

log
a
1=0

log
a
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⎜
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⎝

1

x

⎞
⎟
⎟

⎠
=− log

a
x

Two of these were seen in the notes Logarithmic Functions

Beware …

… log (x + y) ≠ log x + log y

How do I use the laws of logarithms?

Laws of logarithms can be used to …

… simplify expressions

… solve logarithmic equations

… solve exponential equations
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Examiner Tips and Tricks

Remember to check whether your solutions are valid. log (x+k) is only defined if x >

-k. You will lose marks if you forget to reject invalid solutions.

Worked Example
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Change of base

What is the change of base formula? 

We can rewrite a logarithm as a multiple of a logarithm of any different positive base

using the formula

log
a
x=

log
b
x

log
b
a

How do I use the change of base formula? 

This formula had more use when calculators were less advanced

Some old calculators only had a button for logarithm of base 10

To calculate log
5
7on these calculators you would have to enter
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log
10
7

log
10
5

The formula is only needed in a small number of cases

This is given in the formulae booklet in case it is needed

The formula can be useful when evaluation a logarithm where the two numbers are

powers of a common number

log
4
8=

log
2
8

log
2
4
=

3

2

The formula can be useful when you are solving equations and two logarithms have

different bases

For example, if you have log
3
k  and log

9
n  within the same equation

You can rewrite log
9
n  as 

log
3
n

log
3
9

 which simplifies to 
1

2
log

3
n

Or you can rewrite log
3
k  as 

log
9
k

log
9
3

 which simplifies to 2log
9
k

The formula also allows you to derive and use a formula for switching the numbers:

log
a
x=

1

log
x
a

Using the fact that log
x
x=1

Examiner Tips and Tricks

It is very rare that you will need to use the change of base formula

Only use it when the bases of the logarithms are different
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Exponential Equations

Exponential equations

What are exponential equations?

An equation where the unknown is a power

In simple cases the solutions can be “spotted”

See Exponential Functions

How do I solve exponential equations in the form a  =
b?

If the value of b can be written as a power of a (b = a )

Write af (x)=ak

Solve f (x)=k

If the value of b can not be written as a power of a

Apply logs of base a to both sides to get:

f (x)= log
a
b

Solve for x

How do I solve exponential equations in the form a  =
b ?

If the value of b can be written as a power of a (b = a )

Use the index law to rewrite bg(x)

bg(x)= ( )ak g(x)=akg( )x

f(x)

k 

f(x)

g(x)

k 

Your notes

© 2026 Save My Exams, Ltd. Get more and ace your exams at savemyexams.com 15

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


Write af ( )x =akg( )x

Solve f (x)=kg(x)

If the value of b can not be written as a power of a

Apply logs of the same base (any base will work) to both sides to get:

log( )af ( )x = log( )bg( )x

Use the laws of logarithms to bring the power to the front:

f ( )x loga=g( )x logb

log a and log b are just numbers so rearrange and solve for x

If either side is multiplied by a constant ( paf (x)  )

Do not write as  (pa)
f (x)  – this is incorrect

Still take logs of both sides but you will need to use another law of logs

log( )paf ( )x = logp+ logpaf ( )x

log p is just a constant so can be solved in the same way as above

How do I solve exponential equations with three
terms? 

If the equation has three terms such as af ( )x +ag( )x +c=0

Use the index laws in reverse to split up the powers

aAx+B=aAx×aB

Try and use a substitution to transform the equation into a quadratic

See Further Solving Quadratics (Hidden Quadratics)

Look out for terms where one power is double another power

Solve the quadratic

For each solution find the corresponding value(s) of x

Worked Example
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Examiner Tips and Tricks

Pay attention to how the question asks you to write your answer

it could ask for exact form, a specific form or rounded to a specified degree

of accuracy
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