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BASICS OF ALGEBRA
First, a few definitions:
A term is an arrangement of algebraic symbols, which could include numbers, letters or both.
The symbols in a term can be products or quotients.
Letters are used to represent unknown quantities.
Examples of terms are 2x, 4xy , -2x2, y3 and x .
y
It is usual not to include the  sign to indicate products, so we write 2x rather than 2  x.
Neither do we put 1 in front of a term, so we say x and not 1x, and –x instead of -1x.
Also, products are always written with numbers (if any exist), followed by letters, preferably in
alphabetical order.
Thus, we say 2ab and never a2b ; also 3xy is preferable to 3yx.
Quotients are also usually shown as fractions rather than by using the  sign,
so we write x in preference to x  y.
y
An expression is any arrangement of terms, connected by + and – signs.
The sign refers to the term immediately after it, and if the first term is not signed, it is taken to be
positive, i.e. have an invisible + sign at the start. .
Therefore 2x2 - 6x means the sum of the terms ‘+2x2 ’ and ’-6x’.
Expressions and quantities in algebra are handled as they are in arithmetic:
3A + A = 4A; (remember A = 1A); 7x  2x = 14x 2 (recall index laws); y3

 y2 = y (y is the same as y1).

Collecting like terms.
When algebraic terms are all multiples of the same power of a variable (or variables) , they can be
simplified by collecting like terms. Numbers (constants) can similarly be collected.
Examples (1):
3a + 5 + 4a -1

can be simplified to 7a + 4

6a - b

cannot be simplified as there are no like terms.
(a and b are different variables)

x2 + 3x

cannot be simplified by collecting, as the powers of x are different.

x2 - 5xy + y2

cannot be simplified by collecting, as the powers of x and y are different.

3n – 2n – 4n

can be simplified to –3n.

5a + 4b + 3a – 6b

can be simplified to 8a – 2b
(Add the a’s first, then the b’s, noting that the – sign goes with the 6b)

3yx + xy

can be simplified to 4xy, since xy and yx are the same.

5n2 + 3n – 2n + n3 – 2n2

can be simplified to n3 + 3n2 + n, by collecting all the like powers of n.
It is also usual to write the result in descending order of powers of n.
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Algebraic expansion (“multiplying brackets out”).
Multiplying letters, numbers and brackets.
Expressions are often simplified by multiplying them together. Thus:
Examples (2):
3a 4b
5a 3b 2c
2a 3a

=
=
=

3 4 a b
=
(5 3 2) a b c) =
6a2
(note a  a = a2)

12ab
30abc

Multiplying out single brackets.
Everything inside the bracket must be multiplied by everything outside it, a process called expanding.
Examples (3): Expand the following: i) 2(x+4); ii) a(b+c); iii) x(x-2); iv) 5(x + 2y – 7)

i) 2(x+4) = 2x + 8

ii) a(b+c) = ab + ac

iii) x(x-2) = x2 – 2x

iv) 5(x + 2y – 7) = 5x + 10y - 35
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If the term outside the bracket is negative, all the signs of the terms inside the brackets must be
reversed when expanding.
Examples (4): Expand the following: i) -3(4p + 5q); ii) -3(1 – 2a); iii) -2x(3x – 1)
i) -3(4p + 5q) = -12p – 15q

ii) -3(1 – 2a) = -3 + 6a = 6a - 3

If an expression contains a mixture of positive and negative terms, it is more usual to express it with a
positive term first, i.e. 1 – 2a rather than -2a + 1.
iii) -2x(3x – 1) = -6x2 + 2x

Examples (5) : Evaluate: i) 2(a + 3) + 3(a + 1) ; ii) 5(a + b) – 2(a + 2b), simplifying the results.
i) 2(a + 3) + 3(a + 1) = 2a + 6 + 3a + 3 = 5a + 9.
ii) 5(a + b) – 2(a + 2b) = 5a + 5b – 2a - 4b = 3a + b.
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Multiplying out double brackets.
Each term in the first bracket is multiplied by each term in the second bracket. All the examples here
involve expressions of two terms being multiplied together.
Examples (6): Expand and simplify; i) (x+3)(x+5); ii) (x-4)(x-7); iii) (x+4)2; iv) (x+5)(x-5)
i) (x+3)(x+5) = x2 + 8x + 15.
Both the ‘smiley face’ and grid’ methods are shown below.

There are two terms in x in the expansion, 3x and 5x. They
can be collected to give 8x.
Alternatively, we could work in one line as follows :
(x+3)(x+5) = x(x + 5) + 3(x + 5)
= x2 + 5x + 3x + 15
= x2 + 8x + 15

(expand)
(collect)

ii) (x-4)(x-7) = x2 - 11x + 28.

Working without diagram:
(x-4)(x-7) = x(x - 7) - 4(x - 7)
= x2 - 7x - 4x + 28
(expand)
= x2 - 11x + 28
(collect)
(Watch the minus signs !)
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iii) (x+4)2 = (x+4)(x+4) = x2 + 8x + 16.
We have had to rewrite this squared expression.

Working without diagram:
(x+4)(x+4) = x(x + 4) + 4(x + 4)
= x2 + 4x + 4x + 16
(expand)
= x2 + 8x + 16
(collect)
iv) (x+5)(x-5) = x2 - 25.
This time, the terms in x cancel out to zero.

Working without diagram:
(x+5)(x-5) = x(x - 5) + 5(x - 5)
= x2 -5x + 5x -25
(expand)
= x2 -25
(collect)
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Factorisation (putting brackets in).
This is the reverse process of expanding brackets. An
expression is put into brackets by taking out common
factors.

Thus to factorise 2x + 8y, we need to a) recognise that 2
is a factor of each term, b) take 2 out as a common
factor and c) complete the expression within the bracket
by dividing each term by 2, so that the result is
equivalent to 2x + 8y when multiplied out.
Examples (7): Factorise: i) 8x – 16; ii) 3x + 18; iii) 5x2 + x; iv) 6x2 + 4x; v) 9x3 + 12x2
i) 8x – 16 = 8(x – 2). Checking the numbers first, we find that 8 and 16 have a common factor of 8.
Since only one of the terms has an x in it, we cannot take x out.
ii) 3x + 18 = 3(x + 6). The common factor is 3.
iii) 5x2 + x = x(5x + 1). This time, there are no common factors among the numbers, but x occurs in
both – as its square in 5x2 and by itself in x. Thus x is a common factor and can be taken out, whilst all
the powers of x inside the bracket are reduced by 1.
iv) 6x2 + 4x = 2x(3x + 2). Here we have a common factor of 2 among the numbers, and of x among the
powers of x. We therefore take out a common factor of 2x.
v) 9x3 + 12x2 = 3x2 (3x + 4). The common factor among the numbers is 3, and the powers of x in each
term are 3 and 2 respectively. The lowest power of x is its square, so we also take out x2 . The common
factor to go outside the bracket is therefore 3x2 .

What we are effectively doing here is finding the H.C.F. of all the terms in question.
To find this H.C.F, we first find the H.C.F. of the number parts of each term.
Then we go through the letters, and check out the lowest power of any particular letter. If any letter is
absent in some terms but present in others, then that letter will be absent from the H.C.F.
When we factorised 6x2 + 4x, we first checked the number parts, and noticed that 4 and 6 had an H.C.F.
of 2, so that 2 was taken out of the brackets.
Then, we checked out the letter x, finding x2 and x there. The lowest power of x was x itself, and so that
went outside the brackets.
Hence 2x is the H.C.F. of 6x2 and 4x, and the expression can be rewritten 2x(3x + 2) after dividing
each term by 2x.
Example (8): Factorise 20a2b2c+ 15a3b3 – 10a2b.
Checking the numbers: the H.C.F. of 20, 15 and 10 is 5.
Checking a: the powers found are 2, 3 and 2, of which the lowest is 2, or a2 , so a2 is in the H.C.F.
Checking b: the powers found are 2, 3 and 1, of which the lowest is 1, or b, so b is in the H.C.F.
Checking c: this letter is found in the first term only, so cannot occur in the H.C.F.
The H.C.F. of all the terms is therefore the product of 5, a2 and b, or 5a2b.
Dividing each term by 5a2b and bracketing gives a final result of 5a2b( 4bc + 3ab2 + 2).
We can always check the result of a factorisation by expanding out the brackets again.

