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OPENING PROBLEM

A rectangle has length (2z + 3) cm and
width (z+4) cm. We let its perimeter be
P and its area be A. (x+4)cm

Things to think about: (2x+3) cm

1 How can we quickly write down formulae for P
and A in terms of z?

2 How can we simplify the formulae so they do not contain brackets?

US|l THE DISTRIBUTIVE LAW

INVESTIGATION THE DISTRIBUTIVE LAW

J# The perimeter of a rectangle can be found by either:
,‘-k)/N e adding all four side lengths, or
%4 . :

] e doubling the sum of length and width.

For example, the perimeter of the rectangle alongside is

+3
743474+3=20cm or 2x(7+3)=20cm. o

If we apply these methods to a rectangle with sides in 7cm
terms of a variable or variables we discover a useful algebraic result.

What to do:
1 For the following rectangles, find the perimeter by:
i adding all four side lengths ii doubling the sum of the length and width.

a b <

3cm xcm xcm

x cm ycm acm

2 Use the results of 1 to suggest an expression equal to 2(a + b) which does not
involve brackets.

3 : We can also find the area of a partitioned rectangle
’ by two different ways.

a Write an expression for the area of the overall
rectangle.

b Write an expression for the area of (1) plus the
area of (2).

¢ Copy and complete: z(z +2) = ......
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4 Repeat 3 for:
a b <

Consider the diagram alongside.

The total number of squares

=5x(4+3)

=5(4+3) fe—4—>ie—3—|

fe——on—>

However, it is also 5 x4+ 5 x 3 as there are 5 x 4 squares to the left of the red line and
5 x 3 squares to the right of it.

So, 5(44+3)=5x4+5x3.

Now consider the rectangle alongside, which has length
b+ ¢ and width a.

The area of the rectangle is a(b+c¢) {length x width}
but it is also area A 4+ area B = ab + ac.

So, a(b+c)=ab+ac.
This is true for all values of a, b and ¢, and we call this result the distributive law.
~
a(b+c) =ab+ ac

So, to remove a set of brackets from an expression we multiply each term inside the brackets
by the term in front of them. The resulting terms are then added.

m ) Self Tutor

Expand: a 43z +1) b 5(7+ 2x) ¢ 2(3y+4z2)

~ ~ ~
a 43z + 1) b 5(7 4 2z) < 2(3y + 42)
=4x3z +4x1 =HXT7+ 5x2x =2X3y + 2 x4z
=12z 44 =35+ 10z = 6y + 8z

Each term inside the
brackets is multiplied by

the term in front of them
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EXERCISE 10A
1 Complete these expansions:
a 2(z+5)=2c+.....
d 7(4+b) =28+ ...

2 Expand these expressions:

b 5(y+3)=..+15
e 3(z+4)=32+...

¢ 6(3+a)=...+6a
f 8a+3)=..+24

a 3(a+2) b 2(z+5) ¢ 5(a+4) d 7(2z+3)
e 3(2y+1) f 4(4c+7) g 3(10+y) h 52+2)
i 2(2+0b) i 4(m+n) k 4(2a+10) I 3(2z + 3y)
|_Example 2|
Expand: a 2z(3z-—2) b (2a—-1)b
a 2z(3z — 2) b (2a —1)b
—~ =b(2a —1)
= 2z(3z + —2) e
=2z x 3z + 2z x —2 =b(2a+-1)
— 622 — 4z =bx2a+bx -1
=2ab—b
3 Expand:
a ala—4) b 2a(a—3) ¢ a(a—6) d y(4y — 10)
e 3p(2p—6) f r(r—2) g z2(5—2) h k(k—1)
i y(l—-vy) I 5z(3r —2) ke 7p(2p —4) I qlg—1)
4 Expand:
a (z+2)3 b (z+y)4 c (24+9y)3 d (a+Db)c
e (m+n)d f (k+7)7 g (k+7)k h (p+4)p
5 Expand:
a k(l+3) b k(l—-1) ¢ k(l+5)
d z(y—2) e (a—2)b f (x+6)y
g (k+7) h (z—1)p i 5z(2y—3)
i 2a(a+c) ko 4k(k —21) I 2z2(3z — 4y)
6 Use the distributive law to expand:
a 3(z+2) b 3(3z-2) ¢ 10(2z — 3y)
d 7(x+3z+1) e 6(2—3a—5b) f 4(5z — 2z + 3y)
9 2a(3x —4y+7) h z(5—2z+ 3y) i 2p(3+x—2q)
j 42z — 5y —2) k 6(m+2n+38) I Tx(x +3y+4)
m Sx(z + 3y + 7z) n 8z(a—3b+c) o 10z(x+5)+1
P y(x —z+Dp) q 6a(a+ 5b+ 2c) r 3z(z? 4+ 3z +9)
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;]| SIMPLIFYING ALGEBRAIC EXPRESSIONS

We have already seen that like terms are terms with exactly the same variable form. They

contain the same variables, to the same powers or indices.

For example, zy and 3zy are like terms,

but 5z and 3z are not like terms, and bSxy and

and 22z%y and 10yz? are like terms,

Tyz are not like terms.

We can now simplify expressions involving brackets by expanding the brackets and then

collecting like terms.

|_Example 3 <) Self Tutor

Expand the brackets and then simplify by collecting like
terms:

a 6y+2(y—4)

b 22z+1)+3(z—2)

~ )

22z +1) +3(x —2)
=4r+2+4+3x—6
=Tr—4

~ 2
a 6y +2(y—4) b
=6y+2y—8
=8y —38

EXERCISE 10B
1 Expand and then simplify by collecting like terms:

a 2+3(z+2)

d 3n+2n+3)

g 3(z+4)+6(5+x)
i 12(y+3)+3(3+y)

b 2+5(a+7)

e 2(x—6)+5(x—1)
h 624+y)+8y+1)
k 2(z—4)+ (x —4)z

|_Example 4 ) Self Tutor

Expand and then simplify by collecting like terms:
2a(a+5) + 3(a+4)

N 2 oI
2a(a+5) + 3(a +4)
=2axa+2axb5+3xa+3x4
= 2a® + 10a + 3a + 12 {10a and 3a are like terms}
=2a® + 13a + 12

2 Expand and then simplify by collecting like terms:
a m(m+2)+m2m+1) b z(z+2)-—2?
3a(a + 2) — 2a> d 5z(x+2)—2

e 3ala+2)+5a(a+1) f 4(p+3q) +2(p+2q)

g z(x+3y)+2z(x+y) h 4(3+2z)+4z(z+1)

Each term
inside the
brackets is
multiplied by
the term in
front of them.

3(n+1)+2(n+3)
8(y —2) +3(y+6)
Az +7)+11(2+x)

Like terms
have identical
variables to the
same powers.
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" | |BRACKETS WITH NEGATIVE COEFFICIENTS

When the number or term in front of a set of brackets is negative, we say it has a negative
coefficient.

When we expand the brackets we use the distributive law as before. We place the negative
coefficient in brackets to make sure we get the signs correct.

S
Expand: a —-3(z+4) b —(5—=x)

( With practice you

) _3@ ) b —(5—x) sltl}?uld not need all
. ¢ middle steps.
=(-3)xz+(-3) x4 =-1(5+ —x)
= 3z + (—12) =(-1) x5+ (-1) x (—x)
= -3z —12 — 541z
=x—5

EXERCISE 10C

1 Complete the following expansions:

a 2(xz+5)=—-2x—... b —2(z—-5)=-2zx+...
¢ 3y+2)=-3y—... d —3(y—2)=-3y+....
e —(b+3)=-b—... f —(b—-3)=-b+....
g —4(2m+3)=...—12 h —42m—-3)=...+12
2 Expand:
a —2(z+5) b —32z+1) ¢ —34—1x) d —6(a+0)
e —(z+6) f —(z—3) g —(b+x) h —(8—1)
i —5(z+1) i —4(3+2) k —(3b—2) I —2(5—¢)
Expand and simplify:
a 3(z+2)-5B8-2x) b z(3x—4) —2z(x+1)

a 3(z+2)—53—=x)
=3xz+3x24(-5)x3+(-5) x (—x)
=3r+6—-15+5z
=8z -9

b z(3z —4) — 2z(x + 1)
=z x3r+xx(—4)+ (—2z) xz+ (—22) x1
=322 — 42— 22° — 2z

=22 — 6z
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3 Expand and simplify:
a 3(z+2)—2(xz+1)
d 3(y—4)-2(y+3)
4 Expand and simplify:
a z(z+4)—z(z+2)
d —2(x—-1)—-3(5—1x)

(-3

4(x—T7)—2(3 — 1)
5(y +2) —2(y—3)

(o)

3(z—2)—2(x+2)
6(b—3)—30b—1)

o
-

-3

2z —1) — (7 —2) —(x+6)—2(x+1)
—ala+2)—2a(l—a) £ —(11—a)—2(a+6)

5] ITHE PRODUCT (a + b) (c + d)

The expression (a + b)(c + d) can be expanded by using the distributive law three times.

(a+b)(c+d)=(a+b)c+ (a+bd  {compare BM(c+d)=Mc+ Rd}
=c(a+0b)+d(a+Db)

®
n

= ac+ bc+ ad + bd
Always look
Expand and simplify: fOtroh;(oellteecrtr.nS

a (z+y)p+aq b (z+2)(z+5)
a  (z+ylp+a b  (z+2)(z+5)

=@x+yp+(r+y) =(z+2)x+(x+2)5

=p(@+y)+qz+y) =x(z+2) +5(z +2)

=px+py+qr+ qy =224 2z + 52+ 10

=22+ 7z +10
EXERCISE 10D
1 Expand and simplify:
a (a+b)(m+n) b (p+q)(c+d) ¢ (z+y)(a+D)
d (a—b)(c+d) e (c—d)(r+s) f (z—y)a+2)
g (a+b)(m—n) h (c+d)(xz—3) i (r+s)(p—4)
2 Expand and simplify:

a (z+2)(z+3) b (z+5)(z+3) ¢ (z+6)(x+8)
d 2z+1)(x+2) e (3z+2)(z+6) f (de+1)(x+2)
g (x—1)(x+5) h (z—4)(xz+7) i (z—6)(z+3)
j (z—y)(x+3) k (z+2)(x—3) I (z+3)(z—7)
m (z—4)(z-3) n (z—5)(x—8) o (z—6)(z—4)
p (a+2)? a (b+5)2 r(c+7)?
s (z—1)2 t (z—4)2 u (y—d)?
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13| GEOMETRIC APPLICATIONS

Now that we have the distributive law, we can often simplify expressions for the perimeter
and area of geometric figures.

) Self Tutor

For the given rectangle, find in simplest

form expressions for: xcm
a its perimeter P
b its area A (x+5)cm
a Perimeter = 2(length + width) b Area = length x width
P =2[(z+5)+z] cm . A=z(x+5) cm?
P =2(2x+5) cm s A=2+5z cm?

P =4x+ 10 cm

EXERCISE 10E

1 Find, in simplest form, an expression for the perimeter P of:
a b c

xcm (x+1)cm (x—2)cm

(x+8)cm (x+5)cm (x+4)cm

2 Find, in simplest form, an expression for the perimeter P of:

a b C :
(x+2)cm xcm|> T +(x+3)em
(x+5)cm :
d e f
Q <:> (2x—3)cm
(x+6)cm (x=3)cm (x+1)cm

3 Find in simplest form, an expression for the area A of:

a b C
[T L] | ]

xcm (x+1)m xcm

(x+2) cm (x+6) m (x+4) cm
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x+10)m xm o (x+2)m

d ( ) e f
(2x+3)cm F
ﬁ o ‘ L

4x cm

4 Find, in simplest form, expressions for the perimeter P and area A in the Opening
Problem on page 200.

ATION OF ALGEBRAIC
EXPRESSIONS

Factorisation is the reverse process of expansion.

For example: 3(z+2)=3x+6 is expansion
(3x+6) =3(z+2) is factorisation.

To factorise an algebraic expression we need to insert brackets.

We find the HCF (highest common factor) of all terms in the expression then place it before
the brackets being inserted.

=) Self Tutor

Find the HCF of:
a 3aand 9 b 4ab and 2b ¢ 522 and 10z
a 3a=3xa b dab=2x2xaxb ¢ 522 =5 Xx X T
9=3x3 20=2xb 10r =2x5xx
HCF =3 . HCF=2b . HCF = 5z

=) Self Tutor

Factorise: a 2a+6 b ab—bd

a The HCF of 2a and 6 is 2. b The HCF of ab and —bd is b.
2a + 6 o ab—bd
=2xa+2x3 =axb—bxd
=2(a+3) =bla—d)
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EXERCISE 10F

1 Find the missing factor:

a 3xU0O=3zx
d 0Ox4r = 422
g = xU=2xy

2 Find the HCF of:
a 4z and 12
d 3ab and 6b

g 622 and 2z

l

2(x—1) and 3(x—1)

3 Factorise:

b 3xO=12b [
e Oxby=10y2 f
h O x 2z = 622 i

3xr and 6

= A

b

e 4y and 4zy
h 3y and 9y?
k 4(z+2) and z+2 I

5x 0= 10zy
0 x 3a = 3a?
6y x O =12y

4y and 14

5ad and 10a

12a and 3a?
2(x+3) and 2z +6

a ba+ 10 b 6a+8 ¢ 6a+ 120 d 4-+8x
e 1lla+22b f 16x+8 g 4a+8 h 10+ 15y
i 25x+ 20 ] z+ax k 3z +mz I ac+an
L Factorise:
a 2a-—10 b 4y —20 ¢ 3b—12 d 6x—24
e 6x— 14 f 14y—-7 g 5a—15 h 10— 15b
i 20b0—25 j 16b—24 k z—zy I ab—ac
| Example 11 | ») Self Tutor
Factorise: a 3x2+ 12z b 4y — 2y
a 322 + 122 b 4y — 2>
=3xXxzrxXx+4x3xzx =2X2XYy—2Xyxy
= 3z(xz +4) =2y(2 —vy)
5 Factorise:
a 22+ 32 b 222+ 8z ¢ 322 —12z d 6z — 22
e 8r —4x? f 15z — 622 g 223 + 4z h 223 + 522
| Example 12 | ) Self Tutor
Factorise: 3(a +b) +z(a +b)

= (a+

3(a+b)+xz(a+d)

3(a+b) +z(a+b)

b)(3+ x)

has common factor (a + b)
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6 Factorise:
a 2%+ 222 + 4z b 2%+ 223 + 322 ¢ 623 — 322+ 5z
d ax? + 2az + a’x 3my? + 3my + 6m?y 4z2%a + 622a® + z*ad

®
-

7 Factorise:
a 2(x+a)+px+a) b nlz—2)+plx-2)
d 3(z+4)—z(xz+4) e a(7T—x)—b(7T—x)
g z(z+2)+zx+2 h z(z+2)—z—2
j z(z—1)4+2x—2 k

r(y+5)+4(y+5)
4(x +11) + y(x + 11)
z(x+3)+2x+6
z(x +5)+3z+15 | z(z—4)—2z+38

- =n A

KEY WORDS USED IN THIS CHAPTER

e distributive law e expansion e factorisation
e highest common factor o like terms e negative coefficient

REVIEW SET 10A

1 Copy and complete:
Using the area of rectangles, the a
diagram alongside shows that
a4+ e+ .0) = b c d
2 Expand:
a z(y+=z) b 3(2z-5) c —z(3—1x) d (z+5)d
3 Expand:
a 3(2? — 6z +4) b 2% -z +1)
4 Expand and simplify by collecting like terms:
a 2(x+5)+32x+1) b 3(z—-2)+4(3—x)
¢ 3(x—4)—2(z+3) d z(z+3)+5(x+6)
e z(2-z)—(z-1) f y(2+y) -3y(2-v)
5 Find, in simplest form, an expression for the perimeter P of:
a b : c
xm + (3x—4)cm
(x+3)m (x+:1)cm (x—2)cm (2x+ 5)cm
6 Find, in simplest form, an expression for the area A of:
- " 0 b ¢ xmm
T (x+1)em (x+2) mm
O O m

3x om «—(x+4)m—
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7 Expand and simplify:

a (z+3)(z+4) b (z-3)(2z+1) € 2z—-1)(z—7)
8 Factorise:
a 3r+12 b 223z ¢ ab+bc—2b

d a(z—2)+3(zx—2) e z(zx+3)+2x+6

REVIEW SET 10B

1 Expand and simplify:

a 32—y b 4(3t+2) ¢ —ala+2) d (z+6)n
2 Expand and simplify:
a z+2x+1) b z—-2(x—4)
3 Expand:
a 2z(z+y—23) b —2:(3—=x)
4 Expand and simplify:
a 3(z+5)+2(xz—3) b 4(y+5)+3(2+x)
€ 5(zx—2)—2(x—1) d 2z(z+2)+ z(z —3)
e 3z(x+5)—(x—5) f n(n+2)—2n(1—n)
5 Find, in simplest form, an expression for the perimeter P of:
a b <
(x+2)cm
(x+6)m (x—2)cm
(2x+1)cm

6 Find, in simplest form, an expression for the area A of:
a b

(x+2)cm (x4:-1)mm L

7 Expand and simplify:

a (z+2)(z+9) b (z+3)(z—-2) ¢ (x—T)(x—4)
8 Factorise:
a 4x + 24y b 222 — 8z ¢ 3a+ 6ab+ 9a>

d 3(z—6)+d(z—6) e 2zx(z+4)+3x+12



