LESSON
PLAN

WHY
TEACH
THIS?

Our world is full of numbers,
but not all of them are
created equal. Some - the
prime numbers - play a
critical role in enabling us to
\generate all the other whole
numbers. Learning about the
prime numbers and how they
work is a lgrugial part of
understanding about number.

TARTER ACTIVITY

Q. Do you think that some
numbers are more important than
other numbers or are all numbers
equally important? Why?

Students might think about this for
a minute in pairs before sharing
their ideas. There is no single right
answer; the aim of this initial
question is just for students to think
about the possibility of some
numbers being more important or
useful than others. They might say,
for example, that 12 is the most
important number because it is
their age, or because it has a lot of
factors. They might mention
telephone numbers or numbers
that you see a lot in the world as
being particularly important.

Q. I want to make all the whole
numbers from 1to 20 by
multiplying numbers together.
What would be a good set of
starting numbers to use?

As students suggest possibilities
you can introduce the idea of the
smallest possible set of starting
numbers that will do it. Again, this
could be worth thinking about in
pairs before sharing. Students
might say that 2s are very useful
because you can make all the even
numbers, but that involves adding,
and here we are restricted to
multiplying only. So if all you have
is a box of 2s then you can only
make the powers of 2, not all the
even numbers. So you need 2s
and 3s, for instance, but you don’t
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PRIME

SUSPECTS

SOME NUMBERS ARE DEFINITELY MORE IMPORTANT THAN
OTHERS, SAYS COLIN FOSTER - AND GRASPING WHY CAN
TRANSFORM STUDENTS’ MATHEMATICAL UNDERSTANDING...

Sometimes students are aware of prime numbers as those whose only factors are “one and itself”.
This definition can lead to ambiguity about whether 1 itself should or should not be counted as prime,
but another problem is that it can seem a very arbitrary definition. Why should numbers with exactly
two factors be worth giving a name to and learning about? Students may learn about factorising

numbers into primes without realising why this is of any more si

than

into, say, square numbers or even numbers or any other kind of numbers. This lesson focuses on what
it is about the prime numbers that makes them special — the idea that they are the building blocks of
all the whole numbers greater than 1. So breaking a number down into its prime factors is a bit like

down a

intois

- you really discover its structure.

Since every whole number can be factorised into a unique product of primes, the prime numbers really
form the basis for generating all the whole numbers that there are!

need 4s or 6s, because you can
make those out of 2s and 3s.
Likewise, students may think that
1s are useful, whereas in fact 1is
useful only for making 1and

doesn’t contribute to making any
other number, because
multiplying by 1has no effect.

The smallest set of numbers that

willdoitare:1,2,3,5,7,1,13,17
and 19; the first 8 prime numbers,
together with 1. Students may use
the language of prime numbers or
they might not at this stage.

UBSCRIBE AT T CcoM a1



42

LESSON
PLAN

MAIN ACTIV.

Q. Has anyone seen this before? Where? Do you know what it is?

If no one has any idea, you could
suggest that they might have seen
it around the science classrooms.

Q. What is special about the
substances on this table?
Hydrogen, helium, lithium, etc.

These are the chemical elements
and every substance in the
universe is made up of
arrangements of just these 100 or
so elements, just like every English
word is made up of combinations
of the 26 letters of the alphabet.

Q. Do you think there are numbers
that are the building blocks of all
the whole numbers? How could
we find them?

These are called the prime
Working ically

the primes that you have so far. A
nice approach, called the Sieve of
Eratosthenes, is to begin with a
table of numbers (see below) and:
« Colour in 1, because 1is not a
prime number.
« Leave the next empty cell, but
colour in all its higher multiples.
« Keep going until you have
coloured all the non-primes.
(How will you know?)

25|26 | 27| 28 |29 | 30| 31 32 |33 | 34| 35| 36

37 |38 |39 |40 | 41 | 42| 43 | a4 | as | 46| 47| 48
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57| 98| 99100101 [ 102 103 104 [105 | 106 107  1e]

to find them involves excluding all
the numbers you can make using

121122 123] 124 [ 125 126 127 | 128 [ 120 | 130 131 [ 32

133 124 135 136 | 127 | 128 | 129 140 | a1 | 142 143 | 144

A task sheet containing this table is available at

Y.

Students may find following these instructions difficult, so you could begin
together on the board and then students could continue individually or in
pairs, using a calculator where necessary.

Students are often confused about whether 1is a prime number of not. If we

think of the prime numbers as the building blocks of the integers, like the
chemical elements, then 1is not of much use (except to generate itself), so
that is one way to think about why we don't include it as a prime number —

multiplying by 1 doesn’t do anything.
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Q. What patterns do you notice in the table?

There are lots of things that students can point out. Students
could be asked to make a poster to illustrate what they find.
For example, some columns never contain any primes after the
top row. Why should this be? Students might think that the 3rd
column, for instance, has no primes because it consists of the
multiples of 3, but that is not quite right — in general, the rth
column contains the numbers 12n + r, where n is the row
number (beginning with row zero on the top), so if r has a
common factor with 12 that is greater than 1then there will be
no primes in that column. So we have no primes (after the
zeroth row) in columns 2, 3, 4, 6, 8, 9, 10 and 12. So after the
zeroth row all of the primes come in columns 1, 5, 7 and 11 only.

Q. Do you think that the prime numbers go on for ever,

or do you think they eventually stop, so there is a last

This can be a nice opportunity for a simple proof by
although you don’t necessarily need to use that

language. Suppose there are exactly 1000 primes and no
more, and you write them down on a piece of paper. Imagine
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multiplying them all together and adding 1. It would make a
very big number, but would that number be prime? None of
your 1000 primes would go into it, because they all leave a
remainder of 1. So either this big number is a prime or it has a
prime factor that is bigger than any of your 1000 primes. Either
way, the 1000 primes on your list can’t be all of the primes. This
argument would work no matter how many primes you had
written down on your list. So the primes must go on forever.

Students could begin working out which primes they need to
multiply together to make each number; e.g., 18 =2 x 3 x 3 or 2
x 32 They will find that each whole number greater than 1 has
exactly one way of being expressed as a product of primes
(ignoring the order in which you write the product). This is
called unique factorisation.
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