Algebraic expressions

After completing this chapter you should be able to:

e Multiply and divide integer powers -» pages 2-3
® Expand a single term over brackets and collect like

terms =» pages 3-4
® Expand the product of two or three expressions ~» pages 4-6

® Factorise linear, quadratic and simple cubic expressions - pages 6-9

® Know and use the laws of indices - pages 9-11
® Simplify and use the rules of surds - pages 12-13
® Rationalise denominators ~» pages 13-16

¥ 1 Simplify:

a 4mn + 5mn? - 2m?n + mn® - 3mn? ‘. "-_
b 3x2-5x+2+3x2-Tx-12 ES,
« GCSE Mathematics [}

Write as a single power of 2:
a 2°x2? b 26+ 22
¢ (292 + GCSE Mathematics

Expand:
a 3(x+4) b 5(2-3x)
c 6(2x—5y) + GCSE Mathematics

Write down the highest common factor of:
a 24and16 b 6xand 8x?®
Computer scientists use indices to describe ¢ 4xy?and 3xy + GCSE Mathematics
very large numbers. A quantum computer with
1000 qubits (quantum bits) can consider 2100
values simultaneously. This is greater than a 10x ¢ 40x

the number of particles in the observable 24
universe. + GCSE Mathematics

Simplify:
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m Index laws

® You can use the laws of indices to simplify powers of the same base.

o aMxal=qmth
s A+ q'=qm "
. (am)n = g™
o (ab)"= a"b"

J{-5—'—| This is the base.

This is the index, power or

exponent.
Example o
Simplify these expressions: ,
a x?xx’ b 2rPx37 ¢ L d 6x5+3x3 e (®)?x2q2 f (3x%)3 + x*

b4

a; %7 Wt =9 t2 5 gl

b 2réex3r3=2x%x3xr2xr2
= 6% 3= G
b7

c F=b4=p

S
d Gt 4 BBy B

=2 %5 = 2P

e (@32 x 2a2 = a° x 2a2

=2 xg°x g2 =2a8

G -

253 ;
p BP0

Example o

Expand these expressions and simplify if possible:
a —-3x(7x-4) b 323 -2y9)
¢ 4x(3x —2x? + 5x3) d 2x(5x+3)-5(2x +3)

Use the rule @™ x a" = a™+" to simplify the index.
Rewrite the expression with the numbers

together and the r terms together.

2x3=6
O S (R |

Use the rule " + a" = a™ - " to simplify the index.
xFnt = s a2

Use the rule (@™)" = @™ to simplify the index.
abx gt =gb+2=g8

Use the rule (ab)" = a"b” to simplify the numerator.

(x2)3 = x2%3 = x6

_4=x6—4=x2
X

m A minus sign outside

brackets changes the sign of
every term inside the brackets,




la —3x(7x-4)= 2127 + 12x

b p2(3 — 2p3) = 3y? — 2y°

c 4x(3x - 2x% + 5x3)
=12x2 — &x3 + 20x*

d 2x(5x+ 3)-52x+ 3)
=10x2 + 6x—-10x - 15
=107 — 4x - 15

o Tl

Simplify these expressions:

x7+ x4 3x2— 6x3 20x7 + 15x3
a ~——(— b — ¢ —————
x3 2x Sx?
¥ +xt ¥ x
B X2 x? X3
=x7—3+x473=x4+x |_
b S5° - B%  Bx¢ B
2x T 2% 2y L
— éxsz —3x5-1= 3x_3x4
5 g
20x7 + 15x3 _ 20x%7  15%2 L
5x2 5x2 5x?
=4x" %+ 3x% F=d4x®+ 3x
1 Simplify these expressions:
a x%xx* b 2x3 x 3x2
4p? 3x3
d — e ——
2p 3x2
g 10x5+ 2x° b () v
j 8pt = 4p? k 2a* x 3a°

m 9x% x 3(x?)}
p @4y’ +2y°

n 3x3 x 2x2 x 4x6
q 2a° + 3a% x 6a°

Algebraic expressions

—3xxTx=-21x'+1=-21x°
—3xx (-4) = +12x

yZ X (—2y3) = _2y2+3 = —2y5

Remember a minus sign outside the brackets
changes the signs within the brackets.

Simplify 6x — 10x to give —4x.

Divide each term of the numerator by x3.
x* is the same as x.
Divide each term of the numerator by 2.x.

Simplify each fraction:
.B‘i_ixxz_éx)@—l
2x 2 w2

6 5 X 5-1
oy - 2><x_ Fw %

Divide each term of the numerator by 5x2

k3
k2
07y
i Qa2+ 243
21a’h?
Tab*
Ta* x (3a%)?

304 % 205 x @
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2 Expand and simplify if possible:

a 9(x-2) b x(x+9) ¢
d x(p +5) e —x(3x+5) f
g (4x + S)x h -3y(5 -2y i
i Bx-95x% K3x+2)+(x-7) 1
md4(c+3d?) -32c+d?) n (?+32+9) - (22 + 32— 4)
0o x(3x? - 2x+3) p 742 - 5y + 3yY) q
r 7(x=2)+3(x+4)-6(x-2) s

t 3x2—x(3-4x)+7

Simplify these fractions:
6x4 + 10x°

2x
8x3 + 5x

d 2x

u 4x(x+3)-2x(3x—7) v

5_ .7

b 3xxx c

Tx7+ 5x? ¢
5x

@ Expanding brackets

To find the product of two expressions you multiply each term in one expression by each term in the
other expression.,

(X +5)(bx—2y +3) =x(bx—2y +3) + 5(bx -2y +3) |
A

X X

= 4X* = 2xy
5 x =4x? - 2xy

Expand these expressions and simplify if possible:

a (x+5)(x+2)

[a (x+ 5)x + 2)

b (x =202+ 1)

—3y(4-3y)
—S5x(4x + 1)
—2x(5x — 4)
5x-6-(3x-2)

=255 - Ty + 3y?)
5x - 3(4-2x) + 6
3x2(2x + 1) — 5x%(3x — 4)

2x4—4x?

4x
9x3 — 5x3
x

Multiplying each of the 2 terms in the first expression by each of the
3 terms in the second expression gives 2 x 3 = 6 terms,

+3x+20x — 10y + 15
+23x-10y + 15

=x2+2x+ 5%+ 10

=xZ+ 7x+ 10

; b (x - 2% + 1)

=x3 +x - 2x% — 2y0——

¢ (x=y)7?

Simplify your answer by collecting like terms.

d (x+y)(B3x-2y-4)

Multiply x by (x + 2) and then multiply 5 by (x + 2).

Simplify your answer by collecting like terms.
=2y x x* = -2x%y

There are no like terms to collect.



Algebraic expressions

c (xl— yja .
=(x = y)x -y
=x% — Xy — xy + )°

(x — ¥)2 means (x — y) multiplied by itself.

=x? = 2xy + )?

=Xy = X) ==2X)

B

X+ y3Bx -2y -4 i . ;
= x(Bx— 2y —4) + pBx= Ty —4) ; Multiply x by (3x — 2y — 4) and then multiply y by

3% = 2y'=4)
=.3%% — 2%y — 4x + 3xy —2y% — 4y Gx-2y-4)

=3xF 4+ xy—4x - 2)° - 4y

Expand these expressions and simplify if possible:

a x(2x+3)(x-17) b x(5x-3)2x—-y+4) c (x—-dHx+Dx+1)
a\(Ev + 3)(x— 7) - — Start by expanding one pair of brackets:
= (2x2 + 3x)(x — 7) x(2x +3) =2x%+ 3x
= 2x% — 14x2 + 3x2 - 21x
= Dyt = 432 = By You could also have expanded the second pair of
' ' ' brackets first: (2x + 3)(x - 7) = 2x2— 11x — 21
b .X(S.x = 3}9)(2.76 = 4) Then mUlUply by X

= (5x% — 3x(Ex -y + 4)

=5x22x -y +4)-3xy@Cx -y + 4)

=10x3 — 5x%p + 20x% — Gx%y + 3x)?
- 12xy

= 10x% — 11x2%p + 20x2 + 3x)? — 12xp

Be careful with minus signs. You need to change
every sign in the second pair of brackets when
you multiply it out.

Choose one pair of brackets to expand first, for

) ‘ ) example:

8 o —-Ae Bk + T (x—4)(x +3) = x2 + 3x— bx - 12
= (X2 = X —=12)x + 1) =x2-x-12
=x3x+ 1) —-x(x+1-12(x+ 1)
= 4}'3 a¥ =t —u - 2r- 12 You multiplied together three linear terms, so the

=x*-13x=12 final answer contains an x* term.

1 Expand and simplify if possible:

a (x+4x+7) b (x-3)}x+2) ¢ (x—2)

d (x-p)2x+3) e (x+3y)dx-y) f 2x-4y)3x+7y)

g 2x-3)(x-4) h (3x + 2y)? i Qx+8)2x+3)

j (x+52x+3y-15) k (x-1)Bx-4y-75) I (x-49)Q2x+y+ 5)

m (x + 2y — 1)(x + 3) n 2x+2y+3)(x+6) 0 (4-p)dy—-x+3)

p 4y+503x-y+2) q (5y-2x+3)(x-4) r [dy-x-2)(5-y)
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2 Expand and simplify if possible:

a S(x+1)(x-4) b 7(x-2)2x+5) ¢ 3(x-3)x-3)

d x(x - p)(x+y) e x(2x +1»)(3x +4) f yx-5x+1)

g y(3x-2y)(4x + 2) h y(7-x)(2x-5) I x(2x+ y)(5x-2)

I x(x+2)(x+3y-4) k y2x+y-1)(x+5) I yBx+2y-3)2x+1)
m x(2x + 3)(x+ y - 5) n 2x(Gx-1D@x-py-3) o 3x(x-2y)2x+3y+5)
p (x+3)x+2)(x+1) q (x+2)(x-4)(x+3) r (x+3)(x—-1)(x-5)

S (x=5)(x-4)(x-3) t Cx+ D(x-2)(x+1) u (2x+3)Bx-D(x+2)

v 3x-2)2x+ 1)(3x-2) W (x+)(x-p(x-1) (2x - 3y)y

® 3 The diagram shows a rectangle with a square cut out. Problem-solving

The rectangle has length 3x — y + 4 and width x + 7.
The square has length x — 2.

Find an expanded and simplified expression

for the shaded area.

»

Use the same strategy as you would use
if the lengths were given as numbers:

6cm

x+7 3em

10
o) cm

Ix-y+4

® 4 A cuboid has dimensions x + 2em, 2x — L cm and 2x + 3 cm.
Show that the volume of the cuboid is 4x3 + 12x2 + 5x — 6 cm?,

) 5 Given that (2x + 51)(3x — )(2x + ) = ax? + bx%y + ¢x)? + dy?, where a, b, c and d are
V

constants, find the values of @, b, ¢ and d. (2 marks)
Challenge ;
2 You can use the binomial expansion to expand
Expand and simplify (x + y)4. expressions like (x + 3)* quickly. -+ Section 8.3

m Factorising
You can write expressions as a product of their factors. —

B Factorising is the opposite of expanding hdlEx+ ) = B 4

brackets, (x +5)* = x* + 15x2 + 75x + 125
(x + 2p)(x = 5p) = x> = 3xp - 10y?

ot



Algebraic expressions

Factorise these expressions completely:

a 3x+9 b x2-5x ¢ 8x2+20x d 9x% + 15x)? e 3x2-9xy
am3x +9 = 3(v +7 5)7 s —— . 3 is a common factor of 3x and 9.
b x* - 5x= x(x — 5) x is a common factor of x2 and —5x.

4 and x are common factors of 8x2 and 20x.
So take 4x outside the brackets.

c &x% + 20x = 4x(2x + 5)

3, x and y are common factors of 9x%y and 15x)2.
So take 3xy outside the brackets.

{d 92x%p + 15xy% = 3xp(3x + 5))

x and =3y have no common factors so this
= expression is completely factorised.

(e 3x% - Oxy = 3x(x - 3y) -

" Aquadratic expression has the form Real numbers are all the positive and
2
ax?+bx + c where a, b and c are real negative numbers, or zero, including fractions
numbers and a = 0. B

To factorise a quadratic expression:
For the expression 2x? + 5x —3,ac=-6=-1x 6
and-1+6=5=b.

2xP—x+6x-3

e Find two factors of ac that add up to &
Rewrite the & term as a sum of these two

factors
» Factorise each pair of terms =x@x-1)+3(2x-1)
* Take out the common factor =(x+32x-1)

B2 y2=(x+y)(x-p) m An expression in the form x2 - y2 is
called the difference of two squares.
Example °

Factorise:
a x’-5x-6 b x?+6x+8 ¢ 6x>-11x-10 d x2-25 e 4x?-9y?
(& 52— 5x=8 e Herea=1,b=-5and ¢ = -6.
' ac=—-Cand b = -5 @ Work out the two factors of e = —6 which add
86 %2 -~ 5% — 6 =%+ % — Gx -G togiveyoub=-5-6+1=-5
| = = B (2) Rewrite the b term using these two factors.
= (x + 1)(x = ©) (3) Factorise first two terms and last two terms.
o L (4) x + Lis a factor of both terms, so take that
outside the brackets. This is now completely
factorised,
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X2+ G6x+ 6

=x2+2x+4x+ 8

I

xX(x+2)+4(x+ 2)
=(x+2)(x+4)

¢ 6x% - 1x—10

=6x2—15x 4+ 4x-10

=3x(2x - 5)+ 2(2x - 5)
=2x -503x+ 2)

d x? - 25
| =.¥2_52

=(x+ 5)x~-5)

e 4x2 — gy
= 22x2 — 322
| =@x+ 3y)2x - 3y)

Factorise completely:
b x3-25x

a x3-2x2 ¢ x*+3x2-10x

a x3-2x% = x2(x-2)

b x*- 25x = x(x? — 25)
= x(x2 - 52)

= x(x 4+ 5)(x - 5)

e x® + 3x% = 10x = x(x2 + 3x — 10)

Exercise @

1 Factorise these expressions completely:

=

a 4x+8 b 6x—24

d 2x2+4 e 4x2+20

g x?-Tx h 2x? +4x

j 6x2—2x k 10y? -5y

m x? + 2x n 3y?+2y

p 5y°-20y q 9xy* + 12x%y
s 5x*—25xy t 12x% + 8x)?
v 12x2-30 w Xy — x2y

ac=8and2+4=6=5.

Factorise.

ac=-60and 4 -15=-11 =5,
Factorise.

This is the difference of two squares as the two
terms are x? and 52,

The two x terms, 5x and ~5x, cancel each other out.

This is the same as (2x)2 - (3)2

You can't factorise this any further.

x is a common factor of x3 and —25x.
So take x outside the brackets.

x2 — 25 s the difference of two squares.

Write the expression as a product of x and a
quadratic factor.

Factorise the quadratic to get three linear factors,

¢ 20x+15
f 6x?-18x
i 3x2—x

1 35x2-28x
0o 4x?+ 12x

r 6ab — 2ab?
u 15y — 20yz?
x 12y —dypx



2 Factorise:

a X?+4x b 2x? + 6x
d x*+8x+12 e X2+3x—-40
g X2+5x+6 h x?-2x-24
i X2+x-20 k 2x2+ 5x+2
m 5x? — 16x + 3 n 6x2—8x—38
0 2x*+7x-15 p 2x*+ 14x2+ 24
q x*-4 r x2-49
s 4x?-25 t 9x2—25)2
v 2x2-50 w 6x?— 10x + 4
3 Factorise completely:
a x*+2x b x3-x*+x
d x*-9x e x*—-x?-12x
g x*-Tx2+6x h x*-64x
i 233+ 13x%2+ 15x k x¥—4x
® 4 Factorise completely x* — 3. (2 marks)

® 5 Factorise completely 6x3 + 7x2 — 5x.

Challenge

Algebraic expressions

¢ X2+ 11x+24
f x2-8x+12
i x*—3x-10

3x*+ 10x -8

1
m For part n, take 2 out as a comman
factor first. For part p, let y = x2,

u 36x2—-4
X 15x?+42x -9

¢ x3-5x
f ox3+11x2+30x
i 2x% - 5x? - 3x

1 3x*+27x%+ 60x

Problem-solving

Watch out for terms that can be written as a
function of a function: x* = (x?)?

(2 marks)

Write 4x% — 13x% + 9 as the product of four linear factors.

m Negative and fractional indices

Indices can be negative numbers or fractions.

1

i
e
e

xtxxz=xtr=xl=x,

—— 1 1
similarly x7 x x7x . . .

v

1 Lok 1
x xi=xitat-+tri=xl=x
y

n terms

B You can use the laws of indices with any rational power.

o an="{a
o qii="Va"
. a—m:ﬁ
e a%'=1

m Rational

numbers are those that
can be written as % where

a and b are integers,

 Notation JRERHTN

positive square root of a.

For example 93 =1/9 =3
but 9z # -3.
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d 2x19 4+ 4x7025

%
e V1256 §oE =X

Simplify:
3 1 EX 2
x = =
a — b x? xx’ c (x3)°
T
-3
a X = x3-(_ e
e

Use the rule g + g = g -,

This could also be written as vx.

-

Use the rule g x ¢" = g+,

-

Use the rule (¢")* = g,

d 2x15 & Ap 025 - %x1.5—(-o.25; - %4\.4‘75

e V125x¢ = (125x5)

| Usetherule @+ a"=gn-n.
1.5-(-0.25)=175

. 1
Using am ="Va.

= (125)3(x8)F = Y125 (x€ *3) = 5x2

v e

{ =
x5L X2 x> o)
Divide each term of the numerator by x5,
=2xx58 =19 =258 — 54
2 A i e 2k

S a Using a =
Example @
Evaluate:
a 9: b 645 ¢ 492 d 25~

=" Using am ="a. 9t = /9
a =49 =3

This means the cube root of 64,

Using am ="Va".

This means the square root of 49, cubed.

c 49 =(/49)3
73 = 343
s 1
d 253=——=
25z (/25)2
=1 _ 1
T 537 125

10

; 1
= =
Using a F

il

@ Use your calculator to enter &

negative and fractional powers.




Algebraic expressions

Given that y = %}ﬂ express each of the following in the form kx", where k and n are constants.

a y% b 4y-!
[ e ——
a b= (Lx?)
| peanE
=gt =g
b 4y = 4(%;2)‘1
= (L) 1x2"<*” =4 % 1Ex2
16
=dxE
1 Simplify:
a x>+x7? b x5+ 7
d (x2)p e ()7
g 9x7+3x5 h 5x%+ x5
i Vxxix k (/x) x (Vx)*
2 Evaluate:
a 25 b 81:
d 42 e 9
g (3)° h 12963
i (& k (§)!
3 Simplify:
I i 2
a (64x10): g x52x
2x + x? 4 )\
4 4 (§x4)

a Find the value of 815
b Simplify x(2x ).

() 4

a y3
1 _
b'jy?'

Substitute y = 1—16x2 into yz.

L (i)%zL and (x?)2 = x2x*2

16 V16

(11—6)_1 =16 and 2% 1= x-2

Problem-solving

Check that your answers are in the correct form.
If & and n are constants they could be positive or
negative, and they could be integers, fractions or
surds.

c x% X xg
F3x08 x 404
1 3xtx2x
(Vx)?
Vx

¢ 273
f (-5
(%)

1 (5

s

Given that y = %x3 express each of the following in the form kx”, where k and n are constants.
1

L x+4x3
¢ (125x12) d 3
9x2—15x° h 5x + 3x2
3x3 15x2
(1 mark)
(2 marks)
(2 marks)
(2 marks)

11
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@ Surds

If nis an integer that is not a square number, then any multiple of vn is called a surd.

Examples of surds are v2, V19 and 5/2.
¢ m Irrational numbers cannot be written
Surds are examples of irrational numbers. in the form % where @ and b are integers.

The decimal expansion of a surd is never-ending

Surds are examples of irrational numbers.
and never repeats, for example v2 = 1.414213562. ..

You can use surds to write exact answers to calculations.

® You can manipulate surds using these rules:

« Vab=Vax\/b
; F=@
b /b
Example @
Simplify:
V20
a V12 b == ¢ 5/6 -2/24 + /294
s 115 _ Iid i 2] - . -
[? B =uer Look for a factor of 12 that is a square number,
=\/ZX\/§=2\/§ Use the rule Vab = Va x Vb.V4 = 2
, Y20' /x5 L = vax(5
2 - &
. Z ¥ y5 _ /5 Vd=2
2
c 5/6 - 2/24 + /294 Cancel by 2.

=5/6 - 2/6/4 + /€ x /49
=V&(5 - 2/4 + /49)
=/6(5-2x%x2+7)
| =vVé©®)
= &/

V6 is a common factor.

Work out the square roots v4 and V49.

5-4+7=8

12



Algebraic expressions

Expand and simplify if possible:

a V2(5-3) b (2-V3)5+V3)

2 /2(5 -V3) ———— Zx5-42x3
=5/2 -V2/3
=5/2 - /& Using Va x Vb = V/ab

b (2 -V3)5 +v3) ‘ l—— Expand the brackets completely before you simplify.
=2(5 +V3) - V3(5 +/3)
=10+ 2/3 -5/3 - V9 : Collect like terms: 23 — 5/3 = -3V3

\

=7-3/3 B ]

Simplify any roots if possible: v = 3

Exercise @

1 Do not use your calculator for this exercise. Simplify:

a /28 b V72 ¢ V50
W) e V50 g 12
/7 ’
g5 h V20 + /80 i V200 +/18 - V72
i V175 +V63 +2/28 k V28 - 2/63 +V7 1 V80 -2/20 +3V45
I -2M 5@ nE 0 VIZ+ 388 +T5
¥
2 Expand and simplify if possible:
a V3(2+/3) b V5(3-V3) c V2(4-V5)
d 2-V2)3+/5) e (2-V3)3-VT7) f @4+/5)2+V5)
g (5-v3)(1-V3) h (4+V3)2-V3) i (7-VIDE2+V11)
@ 3 Simplify V75 — /12 giving your answer in the form a3, where a is an integer. (2 marks)

@ Rationalising denominators

If a fraction has a surd in the denominator, it is sometimes useful to rearrange it so that the
denominator is a rational number. This is called rationalising the denominator.

® The rules to rationalise denominators are:

» For fractions in the form i, multiply the numerator and denominator by Va.

Va
1
a+/b

* For fractions in the form 1\/5, multiply the nhumerator and denominator by a + /b.
a —_—

 For fractions in the form , multiply the numerator and denominator by a - /.

13



Chapter 1

Rationalise the denominator of®

. L 1 L 32 g—L
3 3+v2 V5 -v2 (1-V3)
a \/%_ = é_xxvf\% Multiply the numerator and denominator by v3.
_V3 /3 %43 = W32 =3
3
1 | % (B =42) , ;
b = Multiply numerator and denominator by (3 — V2).
3+v2 @B+V/2)3-/2) B o v )
3-y2 Vi
= 2 x \E =2
9 — 132 4 8yE -2
:3‘7‘@ G B T, T 4 W=

/5 +VZ _ 5 +VEWE + V2)

© VBV W5 - W5 + 72

_5+/5/2 +/2/5 +2
- 5-2

Multiply numerator and denominatar by v5 + /2.

—~/2V5 and V52 cancel each other out,

_7+2/10
- 3

1 1
d =
=312 (-3 ~3)

= V5v2 = /10

|
" 1
1-V3 -J/3 +/8
R —
4 - 2/3
1% (4 + 2/3)

Expand the brackets.

= Simplify and collect like terms. /9 = 3

Multiply the numerator and denominator by

T 4-2/3)4 + 2/3)

4423,

B 4+ 2/3
16 +8/3 —8/3 - 12

_4+2/3 2+V3
T4 T 2

14

L~ /3 x/3=3

— 16-12=4,8/3-8/3=0
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Exercise @

1 Simplify:
L L b L oL s
Vs V11 /2 V15
e B i L7
/48 /80 V156 /63
2 Rationalise the denominators and simplify:
a L b : ¢ L d . e :
1+V3 2+/5 3-V7 3-V5 V5-43
¢ 3-V2 g 3 ) ;L1 j V3-/7
4 -5 2+/5 V8 -V7 3411 V3 +V7
& V17 = V11 ! /41 +v29 . V2 -3
V17 + V11 /41 - /29 V3 -2
3 Rationalise the denominators and simplify:
(3-V2)2 (2 +/5)? (3 —2)2
d 3 . 1 ¢ 2
(5 +2)? (5+V2)(3-V2) 5-V3)(2+V3)

4 Simplify ] \/% 2\/13 giving your answer in the 'Problem-solving

You can check that your answer is in the correct
form by writing down the values of p and ¢ and
checking that they are rational numbers.

form p + ¢/5, where p and ¢ are rational
numbers, (4 marks)

Mixed exercise o

1 Simplify:
a p¥xy’ b 3x2x 2x° ¢ (4xH)? =+ 2x° d 4b% x 3% x b*

2 Expand and simplify if possible:
a (x+3)(x-35) b 2x-7(3x+1) ¢ Cx+50CBx-y+2)

3 Expand and simplify if possible:
a x(x+4)(x-1) b (x+2)(x-3)x+7) ¢ 2x+3Hx-2)Bx-1)

4 Expand the brackets:
a 35y+4) b 5x23-5x+2x2) ¢ 5x(2x+3)—2x(1 - 3x) d 3x%(1 + 3x) — 2x(3x -2)

15



10

11

12

13

14

() 15

(E/P) 16
(®) 17
(E) 18
(EP) 19

16

Chapter 1

Factorise these expressions completely:

a 3x?+4x b 42+ 10y ¢ X%+ xp+ xy? d 8xy? + 10x2y
Factorise:
a x*+3x+2 b 3x2 + 6x ¢ x?-2x-135 d 2x>-x-3

e 5x2-13x-6 f 6-5x—x2

Factorise:
a 2x3 + 6x b x* - 36x ¢ 2x3+ 7x% - 15x

Simplify:
a 9x3 + 3x3 b (42): ¢ 3x2 x 2x4 d 3x7+6x

it

Evaluate:

if 205\
4 (27 b (289)
Simplify:

3
a — b V20 + 2/45 - /30

/63

a Find the value of 35x? + 2x — 48 when x = 25.

b By factorising the expression, show that your answer to part a can be written as the product
of two prime factors.

Expand and simplify if possible:

a V2(3+V5) b 2-V5)(5+V3) ¢ (6-V2)4-VT)

Rationalise the denominator and simplify:

a 1 b 1 c _3 d M e . £ 1
/3 V2 -1 V3 -2 V23 +V37 (2 +V3)2 (4 -V7)?

a Given that x3 — x2 - 17x - 15 = (x + 3)(x2 + bx + ¢), where b and ¢ are constants, work out
the values of 4 and c.

b Hence, fully factorise x* — x2 — 17x — 15.

Given that y = éxz‘ express each of the following in the form kx", where k and » are constants.
a y: * (1 mark)
b 4y-! (1 mark)

5 . ;
Show that ———= can be written in the form V& + Vb, where ¢ and b are integers. (5 marks
75 750 e, (Smarks)
Expand and simplify (/11 - 5)(5 — V11). (2 marks)
Factorise completely x — 64x3, (3 marks)

Express 27>+ 1 in the form 3, stating y in terms of x. (2 marks)



Algebraic expressions

20 Solve the equation 8 + xv/12 = %C

Give your answer in the form a/h where a and b are integers. (4 marks)

® 21 A rectangle has a length of (1 +v3)cm and area of V12 cm?.
Calculate the width of the rectangle in cm.

Express your answer in the form @ + 5/3, where a and b are integers to be found.
2

@ 22 Show that ?/_x can be written as 4x~ — 4 + x1, (2 marks)
X
23 Given that 243/3 = 34, find the value of a. (3 marks)
3 H
24 Given that i ‘/i X’ can be written in the form 4x“ + xb, write down the value of «
x:
and the value of 5. (2 marks)

Challenge

a Simplify (Va +Vb)(Va - VD).

1 1 1 il
b Hence show that + + + o+ =
V1+v2 V2+V3 V3 +Vé V24 + /25

Summary of key points

1 You can use the laws of indices to simplify powers of the same base.

® g"xal=qg"t" ® g'-qg'l=g"-"
8 (a")r=qm ® (ab)"=a'b"
2 Factorising is the opposite of expanding brackets.
3 Aquadratic expression has the form ax? + bx + ¢ where @, b and ¢ are real numbers and & = 0.
b x—y'=(x+yx-y
5 You can use the laws of indices with any rational power.
o an="la e gin="an
® aﬂ?“:% ® =1
6 You can manipulate surds using these rules: e
a_va
® Jab=Vax/b ® 5 = —E

7 The rules to rationalise denominators are:

® Fractions in the form %, multiply the numerator and denominator by va.
a

, multiply the numerator and denominator by a — V.

@ Fractions in the form

1
+Vb
1
a—-b

® Fractions in the form , multiply the numerator and denominator by a + V.

17




Quadratics

After completing this chapter you should be able to:

® Solve quadratic equations using factorisation, the quadratic
formula and completing the square - pages 19 - 24

® Read and use f(x) notation when working with
functions - pages 25 - 27

® Sketch the graph and find the turning point of a quadratic
function -» pages 27 - 30

® Find and interpret the discriminant of a quadratic
expression - pages 30 - 32

® Use and apply models that involve quadratic
functions - pages 32 - 35

Prior knowledge check

Solve the following equations:
a 3x+6=x-4
b 5(x+3)=6(2x-1)

¢ 4x2=100

d (x-8)2=64 + GCSE Mathematics
2 Factorise the following expressions:

a x*+8x+15 b x*+3x-10

¢ 3x2—-14x-=5 d x? - 400

& Section 1.3
3 Sketch the graphs of the following
equations, labelling the points where each
graph crosses the axes:
a y=3x-6 b y=10-2x
€ x+2y=18 dy=x*
4 GCSE Mathematics

Salve the Followihe: lities: Quadratic functions are used to model
& Solve tneicllowinginequalities: projectile motion. Whenever an object

a x+8<11 b2x-5=13 é is thrown or launched, its path will
C 4x-T7T=2(x-1) déb-x<11 i -

'_j approximately follow the shape of a !
¢ GCSE Mathematics parabola. - Mixed exercise Q11




