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x5

Exponent notation

We use exponent notation as shorthand for multiplication 
by the same number.

x × x × x × x × x = x5For example:

This number is read as “x to the fifth power”.

y × y × y = y3 “y to the third power” or “y cubed”
z × z = z2 “z to the second power” or “z squared”
q × q × q × q = q4 “q to the fourth power”

base

exponent

How can we simplify x × x × x × x × x?
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Using your knowledge of exponent notation, how would 
you simplify the following expressions?

3p × 2p = 3 × p × 2 × p = 6p2

q2 × q3 = q × q × q × q × q = q5

3r × r2 = 3 × r × r × r = 3r3

3t × 3t = (3t)2

=  3 × 3 × t × t
=  9t2

Simplifying using exponent notation
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a4 × a2 = (a × a × a × a) × (a × a)
= a × a × a × a × a × a
= a6

Work through the following multiplications:
a4 × a2 b3 × b7 c × c5

When multiplying two terms with the same 
base, the exponents can be added. 

Multiplying terms

4 + 2 = 6

xm × xn = x(m + n)In general,

Can you identify a rule for when we multiply two terms 
containing exponents that have the same base?
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Multiplying terms with the same base
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1) a4 x a2 =  a8

2) b3 x b2 = b5

3) 3a2 x 3a5 = 6a7

4) 4b2 x 2b3 = 8b6

5) 5y2 x 4y4 = 20y6

Marking homework 

a4 × a2 = a4 + 2 = a6

= (3 × 3) × (a2 × a5) = 9a2 + 5

= 9a7

= (4 × 2) × (b2 × b3) = 8b2 + 3

= 8b5

Sid’s homework is shown below. His teacher has marked 
one question. Can you mark the rest? Explain any of his 
mistakes and give the correct answers.
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What do you notice?

Dividing numbers in exponent form

When we divide two numbers written in exponent form that 
have the same base, we can see another interesting result.

For example:

45 ÷ 42 = 4 × 4 × 4 × 4 × 4
4 × 4 = 4 × 4 × 4 = 43

56 ÷ 54 = 5 × 5 × 5 × 5 × 5 × 5
5 × 5 × 5 × 5 = 5 × 5 = 52

= 4(5 – 2)

= 5(6 – 4)

When dividing two terms with the same base, the exponents 
can be subtracted.

xm ÷ xn = x(m – n)In general,
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Dividing exponents



© Boardworks 201210 of 20

For example,
(y3)2 = (q2)4 =y3 × y3

= (y × y × y) × (y × y × y) 

= y6

q2 × q2 × q2 × q2

= q (2 + 2 + 2 + 2)

= q8

Sometimes we raise a power to another power. For these 
terms, in the form (xm)n, the m and n can be multiplied.

Expressions of the form (xm)n

In general, the rule when dealing with a single term raised to 
a power, then raised to another power, is:

(xm)n = xmn
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For example,
(xy)3 = (pq2)4 =xy × xy × xy

= (x × x × x) × (y × y × y) 

= x3y3

pq2 × pq2 × pq2 × pq2

= p(1 + 1 + 1 + 1)q (2 + 2 + 2 + 2)

= p4q8

When a term is in the form (xy)n the n can be applied to both 
the x and y.

Expressions of the form (xy)n

(xy)n = xnyn

In general, the rule when dealing with two or more terms 
raised to a power, then raised to another power, is:
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Parentheses and exponents
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The power of 1

Find the value of the following using your calculator:

61 471 0.91 –51 01

Because of this we don’t usually write the power 
when a number is raised to the power of 1.

Any number raised to the power 
of 1 is equal to the number itself. 

x1 = xIn general,

e.g.     21 = 2
a1 = a, 

–3.51 = –3.5



© Boardworks 201214 of 20

x4 ÷ x4 = 1

Using the division rule: x4 ÷ x4 = x0

And so, x0 =

In general,

The zero exponent

If x is nonzero then:

x0 = 1 (if x ≠ 0)

Use the division rule xm ÷ xn = x(m – n) to write an 
equivalent expression for x0. Can you use this 
result to figure out the value of x0?

x(4 – 4) =

1

It is possible to write a term to the power of zero. 

Why do you think x must be nonzero?
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Summary of the index laws
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Using exponent laws
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Rice on a chess board
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Bacteria growth

After one hour, how many bacteria will there be 
of each type?

● The Grotty Greens 
divide every 
12 minutes.

Grotty Greens and Rotten Reds are bacteria types. Both types 
multiply by splitting in four, but they do this at different rates.

● The Rotten Reds 
divide every 
10 minutes.

After 2 hours, how many times more Rottens are
there than Grotties?
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Bacteria growth

Time (minutes) 0 12 24 36 48 60

No. of bacteria 1 4 16 64 256 1024
Grotty Greens:

Time (minutes) 0 10 20 30 40 50 60

No. of bacteria 1 4 16 64 256 1024 4096
Rotten Reds:

● In one hour there will be 45 = 1024 Grotties.

● After 2 hours there will be 410 Grotties and 412 Rottens.
This means there will be 412 ÷ 410 = 412 – 10 = 42 = 16 times
more Rottens than Grotties.

In one hour there will be 46 = 4096 Rottens.

Write a function f(m) for each bacteria type, describing 
the number of bacteria after m minutes. Plot a graph of 
these functions using your graphing calculator.
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Bacteria growth

We need to write a function f(m) describing the number of 
bacteria after m minutes.
For the Grotty Greens, after every set of 12 minutes (let’s call 
each set s) there will be 4s bacteria (40 = 1 at the start, 41 = 4 
after 12 minutes, 42 = 16 after 24 minutes, etc.)
We want the function in terms of the number of minutes, m.
The value of s is the number of minutes, m, divided by 12. 

So, the function for the Grotty
Greens is: f(m) = 4m/12

The function for the Rotten
Reds is: f(m) = 4m/10
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