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Overview

10.1
Indices

10.2
Standard form

10.3
Reciprocals and rational numbers

10.4
Surds

This chapter is broken down into four sections; the main parts being indices and standard form. Section 10.3 is concerned with reciprocals and rational numbers (including terminating and recurring decimals), while Section 10.4 deals with surds.

Context

Standard form is often used to express very large or very small numbers, particularly in aspects of science, for example space travel, microorganisms, etc.

AQA A references

AO2 Number and algebra: Calculations

10.1
2.3a “... use index laws to simplify and calculate the value of numerical expressions involving multiplication and division of integer, fractional and negative powers; ...”

10.2
2.3h “... convert between ordinary and standard index form representations ...”


2.3p “calculate with standard index form”

10.3
2.3c “... convert a recurring decimal to a fraction”

10.4
2.3q “use surds ... in exact calculations, without a calculator; rationalise a denominator ...”

Route mapping

Exercise
D 
C
B
A
A*

A
all





B


1–2
3–6


C

1–3
4–8
9


D



1–25
26–36

E



1–3
4–6

F
all





G
1–5
6
7–10



H


all



I

1–11

12–13
14–15

J



1–13
14

K




all

Answers to diagnostic Check-in test

1
a
0.5
b
0.375
c
0.32
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a
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a
8
b
4
c
25
d
125

Chapter 10 • Powers, standard form and surds • Check-in test

Answer the following questions without using a calculator.

1
Change these fractions to decimals.


a
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 =


b
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c
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2
Change these decimals to fractions.


a
0.12 =


b
0.625 =


c
0.11 =

3
Add these fractions.


a
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 + 
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b
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c
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4
Find the values of the following.


a
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b

[image: image19.wmf]3

64

 =


c
52 =


d
53 =
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Incorporating exercises:
10A, 10B, 10C, 10D, 10E

Homework:
10.1


Example:
10.1
Key words

index (pl: indices)
reciprocal

powers

Learning objective(s)

· use indices

Prior knowledge

Pupils should be familiar with ‘square’ and ‘cube’ in both numerical and algebraic terms.

Starter

Ask the class for the answer to 62 (36). Explain that we can say that 62 is 6 to the power of 2. The 2 is the index.

Ask pupils to use their calculators to answer:

25, 24, 23, 22, 21, 20, 2–1
(32, 16, 8, 4, 2, 1, 
[image: image20.wmf]2

1

)

35, 34, 33, 32, 31, 30, 3–1
(243, 81, 27, 9, 3, 1, 
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1

)

Discuss what is happening.

Main teaching points

When multiplying, add the indices.
For example, 35  32 = 35+2 = 37
When dividing, subtract the indices.
For example, 35 ÷ 32 = 35 – 2 = 33
With fractional indices, the denominator is the root and the numerator is the power.

For example, 3
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 = 
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3

3

2
A negative index is a reciprocal.
For example, 3–2 = 
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3

1


Common mistakes

With negative indices, not remembering the reciprocal, but changing the number to a negative.

For example, incorrectly writing, 3–2 = –32 = –9.

Plenary

For each of the exercises, discuss with the pupils the most important aspect to learn. Pupils could then write the points in their books for future revision.

Incorporating exercises:
10F, 10G, 10H

Homework:
10.2


Example:
10.2
Key words

powers

standard form

Learning objective(s)

· change a number into standard form (and vice versa)

· calculate using numbers in standard form

Prior knowledge

Pupils should be able to multiply and divide by 10, 100 and 1000.

They should know that, for example, 105 = 10  10  10  10  10 = 100 000 and be shown that 

10–3 = 
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 (
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 (
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 = 
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1

 = 0.001.

Starter

Introduce the lesson with the following quick-fire questions:
· What are 5  10, 5  10  10, 5  10  10  10? (50, 500, 5000)

· What are 101, 102, 103? (10, 100, 1000)

· What are 5  101, 5  102, 5  103? (50, 500, 5000)

· What are 5 ÷ 10, 5 ÷ 10 ÷ 10, 5 ÷ 10 ÷ 10 ÷ 10? (
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, 
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, 
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)

· What are 10–1, 10–2, 10–3? (
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, 
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1

, 
[image: image34.wmf]1000

1

)

· What are 5  10–1, 5  10–2, 5  10–3? (
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, 
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, 
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Main teaching points

Standard form: a  10n.

The a can be as low as 1, and can almost reach 10 (9.99999r), so 1 ≤ a < 10.

The n can be any integer, for example, –7, 0, 1, 47, etc.

Common mistakes

When using a calculator, inputting 3  102 as   
Plenaries

Give the pupils a few numbers to change into standard form and vice versa.

· Ask the pupils to use a calculator to work out expressions with powers of 10, writing the answers in standard form.


For example, (3  104)  (6  10–1) (= 1.8  104)

Without using a calculator, ask pupils to work out expressions such as:


(3  102)  (2  106), (3  102)  (5  106), etc. Include some negative indices.

· Without using a calculator, ask pupils to work out expressions involving division.


For example, (6  102) ÷ (2  104), (3.6  102) ÷ (4  10–2), etc.

For the last two bullet points, encourage discussion of the best way to show workings. 

Incorporating exercise:
10I

Homework:
10.3


Example:
10.3
Key words

rational number
recurring decimal

reciprocal
terminating decimal

Learning objectives

· change a fraction to a decimal, and vice versa, (including fractions which become recurring decimals)

· work out reciprocals of whole numbers and fractions

Prior knowledge

Pupils need to be able to multiply decimals by 10, 100, and 1000, and be able to subtract well. They also need to be able to cancel down fractions.

Starter

Give the class the following quick-fire calculations:
· 0.111 111 
[image: image38.wmf].

1

  10, 0.266 66
[image: image39.wmf].

6

  10, 0.371 371 
[image: image40.wmf].
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 EMBED Equation.3  [image: image41.wmf].
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 EMBED Equation.3  [image: image42.wmf].
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 1000

· 1.111111 – 0.111111, 2.666
[image: image43.wmf].

6

 – 0.266 
[image: image44.wmf].

6

, 371.371371 – 0.371371

· Find x, giving your answer as a fraction.


a
9x = 1
b
9x = 2.4
c
999x = 371


(
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1

,
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24

 or 
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, 
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Main teaching points

Writing terminating decimals as fractions – always ask “How many decimal places determines the denominator?”. 
For example, 0.24 has 2 decimal places, the 2 is worth 
[image: image49.wmf]10

2

, and the 4 is worth 
[image: image50.wmf]100

4

, so divide 24 by 100, that is: 

[image: image51.wmf]100

24

 and then cancel down if possible.

With recurring decimals, multiply by the smallest power of 10 to ‘line up’ the digits, so that when the numbers are subtracted the decimal fraction becomes zero. For example:

· Multiply 0.11111˙ by 10 so that 1.111111˙ – 0.111111˙ = 1.000000

· Multiply 0.2424˙2˙ by 100 so that 24.24242˙4˙– 0.24242˙4˙ = 24.000000

· Multiply 0.13636363˙6˙ by 100 so that 13.6363˙6˙ – 0.1363˙6˙ = 13.50000

Reciprocal means ‘one over’, so the reciprocal of 4 is 
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. To find the reciprocal of a fraction, simply invert the fraction, so the reciprocal of 
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 is 
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.

Common mistakes

With recurring decimals, the mistakes are to multiply by the wrong power of 10. Also, in the GCSE exam, the question involving changing a recurring decimal to a fraction is often a ‘prove’ or ‘show that’ question, and very often pupils do not put down sufficient workings, or clear workings that an examiner can follow.

Plenary

Using a calculator, ask the pupils to convert 
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 and 
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 into decimals. (0.4, 0.3˙, 0.2˙85714˙, 0.25, 0. 2˙, 0.2)

Ask, “How do we find the reciprocal of a number? For example, 6 or 
[image: image61.wmf]5

3

.”

Discuss how easy it is to change terminating decimals into fractions.

Discuss how careful you have to be to line up the relevant numbers when converting recurring decimals to fractions.

Incorporating exercises:
10J, 10K

Homework:
10.4


Example:
10.4
Key words

rationalise

surds

Learning objective(s)

· calculate and manipulate surds

Prior knowledge

Pupils need to know the square numbers, how to find factors, and how to multiply out brackets.

Starter

· Ask the class the following quick-fire questions:
· √100 = ?


√4 = ?


(10, 2)

· √100  √100 = ?

√4  √4 = ?

√7  √7 = ?

(100, 4, 7)

· What are the factors of 10, 12, 20, and 48?


(1, 2, 5, 10; 1, 2, 3, 4, 6, 12; 1, 2, 4, 5, 10, 20; 1, 2, 3, 4, 6, 8, 12, 16, 24, 48)

· Expand and simplify (x + 3)(x – 4) and (x – y)(x + a) = ?


(x2 – x – 12, x2 + x(a – y) – ay)

Main teaching points

Keep referring pupils back to the four rules (+, –, , ÷):

√a  √b = 
[image: image62.wmf]ab

,
C√a  D√b = CD
[image: image63.wmf]ab

,

√a ÷ √b = 
[image: image64.wmf]b
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,

C√a ÷ D√b = 
[image: image65.wmf]b
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These cover the majority of exam questions with surds.

Also, keep reminding pupils that √y ( √y = (√y)2 = y, and when simplifying, they should look to factor out square numbers.

For example, when simplifying √24, √24 = √2  √12 is not helpful, but √24 = √4  √6 is helpful as √4 = 2.

Common mistakes

Not factoring out square numbers, or, if a square number is spotted, forgetting to square root it when simplifying. For example, incorrectly writing √24 = 4√6 instead of 2√6.

Differentiation

Pupils will find the multiplying out of brackets such as (2 + √3)(√3 + 1) much harder compared to simplifying 2√3 + 2 + √3√3 + √3 (which is the brackets already multiplied out). Lots of practice is advised for the pupils who find these hard to do.

Plenary

Once the pupils have packed away and are ready to leave, write one question from each part of the homework on the board, and ask what method should be used to answer each question. You don’t need to find the answer – just the method.
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1.1	Solving real problems





10.2	Standard form





1.1	Solving real problems
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