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Woo. Skeptics use the word “woo” to describe crank science or medicine. It applies just1

as well to mad theories of education.

Fractions: Adding, subtracting, multiplying and dividing them

This sheet is to remind you about operations with fractions. I am assuming that you
learned how to do these operations way back in elementary school and your memory just needs a
nudge. You can skip over the sections that you know and focus on what’s giving you trouble.

If you were not taught some or all of what follows, take the following two steps.

1. Get a book from the library on how to do elementary arithmetic.

2. Sue your school board and the state or provincial department of education for failing to
teach you the necessities of arithmetic. You may discover that there is a class action suit already
in progress. In the 1990s and 2000s, many jurisdictions went woo  over mathematics instruction:1

students learned how to “communicate”, “appreciate” and “apply” mathematics, but not how to
do it.

I spend little time justifying the methods: if you want theory, get a book. This paper is for
people who have trouble actually doing the arithmetic.

Special fractions

1.  Any fraction in which the bottom is 1 is just the number on top. So, for example,

2.  If the top and bottom are the same, the fraction is simply 1.

If you want to sound erudite, you can call the top of the fraction the numerator and the
bottom the denominator. But you can stick with “top” and “bottom”, especially if you had to look
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up the meaning of  “erudite”.

Fractions in disguise

The same fraction can appear in many different-looking forms. For example:, look at this
list.

In some of these forms, the top and bottom are multiples of the same number. In the first, 12 = 3
x 4 and 20 = 5 x 4. The 4 is called a common factor of 12 and 20 and we can divide it out of both

the top and bottom: 12 ÷ 4 = 3 and 20 ÷ 4 = 5. So   . Some books try to explain this

using the equation

Whatever makes sense to you. 

All the fractions in the list are . Check it out. 21 and 35 have 7 as a common factor. 6

and 10 have 2 as a common factor. 60 and 100 have 20 as a common factor. The only fraction

that doesn’t have a common factor is . The lowest form of the fraction is . There is nothing

incorrect about expressing the fraction in the other forms, but it is often simpler to put it in its
lowest form.

 “Improper” fractions

You may have learned in school that a fraction such as  was “improper” because the top

is bigger than the bottom. You were encouraged to write it out –  clumsily -- as . That is so

Victorian it could have come from a Dickens novel. Avoid it. 
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There is no such thing as an improper fraction. are all good and proper

fractions.

Multiplying fractions

Multiplying fractions is dead easy. Multiply the tops (numerators) and the bottoms
(denominators).

Example

And that’s the right answer. But for the sake of neatness, let’s express it in its lowest form, by

dividing out the common factor, 3. This comes out to be .

 
Dividing fractions

How many times does ½ go into 1? The number 1 is composed of 2 halves, so

How many thirds are there in 2? There are 3 thirds in 1, so in 2 there are twice as many – 6.

How many thirds are there in ? Well,   , so the answer is 2.
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Can you see the rule? To do a division, invert the second part (the fraction you are dividing with)
and multiply.

This rule is most useful when the fractions are complicated.

The second part – the  – is called the divisor. This is the part you invert. The  part stays the

same. The order in which you put the fractions is important.

Well, that is one correct answer, but it is flush with common factors. The most obvious common
factor is 10. I’ll divide that out first and then look for more.

So
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That’s the answer.

Now the astute student will have observed that we could have made things a lot simpler by
dividing out common factors before we did our big multiplication.

I have divided out a common factor of 6 from the 18 and the 6. It doesn’t matter if the numbers
came from different fractions. Now the 35 and the 25 have a common factor  – 5. Here’s the full
catastrophe.

As I mentioned before, when you are dividing, the order in which you put the fractions is
important.

But

Not the same. If you are doing a multiplication the order does not matter.

Adding fractions

In addition, the denominator acts very much like a unit of measure. If you add 3 metres
and 8 metres, you get 11 metres. It’s the same if your units are fifths.
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 Even defenders of the clumsy, antique British system of measures are ignorant of many2

of its units. A furlong is one eighth of a mile. So 2 miles plus 5 furlongs is 16 + 5 = 21 furlongs.

That’s easy. But what if the denominators are not the same.

Example 

This is similar to adding miles to furlongs. What’s 2 miles plus 5 furlongs? To do that, you
have to change 2 miles to furlongs or 5 furlongs to miles. Or both measures to kilometres.   2

To solve our problem, we have to change one or both denominators. To change a
denominator, we do the opposite of dividing out a common factor: we multiply in a common
factor. What common factor? Answer: the denominator of the fraction you are adding. That

means multiply top and bottom of  by 9 and the top and bottom of  by 5. We will not have

changed anything: multiplying top and bottom by the same number is the same as multiplying the
entire fraction by 1.

Now we can do the addition.

You can streamline this process. Look at the third expression . Picking it apart tells us

where it came from.
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The penultimate term in our marathon effort is – are your ready? --

The numerator of the first fraction times the denominator of the second fraction

plus

The numerator of the second fraction times the denominator of the first fraction

all divided by

The denominators of the two fractions multiplied.

This is exactly why using letters to represent numbers can reveal the pattern more easily. Here’s
what I just said in words.

In the example we just did, a = 3, b = 5, c = 7, d = 9. Now, follow the formula as we use it.

Here are some more for practice
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Answers later

Subtracting fractions

This is the same as addition, except you subtract. Here are two examples.

Extras – don’t read this until you have mastered the methods

A tricky question

Why can’t I just add two fractions by adding the numerators and the denominators?

Answer: Because you don’t get the sum of the two fractions. What you get is sort of an
average of the fractions. Look at this example.

Carol gets 7 out of 10 on her first math test and 17 out of 20 on the second test. What’s
her average mark?

Answer: There were 10 + 20 = 30 marks available. Carol got 24 of them. Her average
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mark is therefore 24 out of 30. Or 8 out of 10. Or 80 per cent.

I put the plus sign in quotes because this is not addition. It’s called pooling. We have pooled
Carol’s marks. It is a sort of average. There are other averages we could calculate, but I certainly
don’t want to get into them here.

Answers to the addition exercises
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