CHAPTER 1

Prior knowledge check

a 2m’n + 3mn® b
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Exercise 1A
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2a3

27x8

4a®

9x - 18
-12y + 9y?
-3x% - 5x
4x% + 5x
-10x? + 8x
4x -1

9d? - 2¢
3x% — 22% + bx
-10y* + 14y* - 6y*
11x -6

-2x% + 26x

ym
2p
24x!1!
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3x% + 5x° b 3x* -2

0, D 7x°
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Exercise 1B

1 2%+ 11x + 28

x2=x=6

1’ —4x+4

2x% + 3x - 2xy - 3y

4x% + 11xy - 3y*

6x% — 10xy — 4y?

2x2 - 11x + 12

9x? + 12xy + 4y?

4x% + 6x + 16xy + 24y
2x% + 3xy + 5x + 15y — 25
3x?—4dxy - 8x+4y + 5
2x% + 5x — Txy — 4y — 20y
2%+ 2x + 2xy + 6y — 3

2x% + 15x + 2xy + 12y + 18
13y —4x + 12 - 4y* + vy
12xy - 4y® + 3y + 15x + 10
Sxy - 20y — 222 + 11x - 12
22y — 4y* - 5x + xy — 10
5x% - 15x - 20

14x% + 72 - 70

3x% - 18x + 27

2 - ay?

6x% + 8x° + 3%y + 4xy

2%y — dxy - 5y

12x%y + bxy — 8xy? — 4y?
19xy - 35y — 2x%y

10x® — 42 + 5x%y — 2xy

2® + 3x%y — 2x% + 6xy — 8x
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k d 2p?
S5a? h p?
6a’ 1 3a%?
63a'? p 32y°

22+ 9x

xy + bx
-20x? - 5x
-15y + 6y°
3% - 5x?
2x — 4

13 -1r?
14y* - 35y° + 21y*
4x + 10
Tx?-3x+7
-9x% + 23x?

Answers

2x%y + 9xy + xy® + 5y* — Sy

6x%y + 4xy?® + 2y — 3xy - 3y

2x° + 2x%y — Ta* + 3ay — 152
24x% — 6x%y — 26x% + 2xy + b6x
6x° + 15x% — 3x%y — 18xy* — 30xy

2P+ 6x°+11x+6
x*+a?—14x - 24
23— 3x?-13x+ 15
x*—12x% + 47x - 60
2x3 —x?-5x -2
6x° + 1922 + 11x - 6
18x% — 152 —4x + 4
x:;_xyz_szryz

#“os<egtowomRmaTopgTF

3 2x*-xy+29x-Ty+ 24
4 4x%+12x%+ 5x - 6cm’®
5 a=12,b=32,¢=3,d=-5

Challenge
xt + 4x’y + 6x%y° + dxyt + y*

Exercise 1C

8x% — 36x%y + S54xy® - 2Ty°

1 a 4(x+2) b 6(x-4)
¢ 5(x+3) d 2(x*+2)
e 4(x*+5) f 6x(x-3)
g x(x-7) h 2x(x+2)
i x3x-1) j 2x(3x-1)
k 5y(2y-1) 1 7x(5x -4)
m x(x + 2) n y3By+2)
0 4x(x+3) p Syly-4)
q 3xy(3y + 4x) r 2ab(3-0)
s Sx(x - 5y) t 4ay3x + 2y)
u 5y(3 -4z?) v 6(22%-5)
w xy(y — x) x 4y3y - x)
2 a x(x+4) b 2x(x +3)
c (x+8)x+3) d (x+6)(x+2)
e (x+8)(x-5) f (x-6)(x-2)
g (x+2)x+3) h (x-6)(x+4)
i (x-5)x+2) j @+5kx-4
k 2x+ 1x+2) I Bx-2)x+4)
m (5x - 1)(x - 3) n 23x+2)(x-2)
o (2x-3)x+5) P 2(x%+ 3)(x* + 4)
q (x+2)x-2) r x+7NDx-7)
s (2x +5)(2x - 5) t (3x+ 5y)(3x - 5y)
u 43Bx+1)3Bx-1) v 2(x+5)x-5)
w 2(3x-2)(x-1) x 3(5x - 1)(x+3)
3 a xx*+2) b x(x*-x+1)
c x(@x*-15) d x(x+3)x-3)
e x(x-4)x+3) f x(x+5)x+6)
g xlx-1)(x-6) h x(x+ 8)(x -8)
i x22x+1)(x-3) j x2x +3)(x+5)
k x(x+2)(x-2) 1 3x(x+4)(x+5)

4 @+ +yx-y)
5 x(Bx+5)2x-1)

Challenge
(x - D+ D2x+3)(2x-3)

Exercise 1D

1 a x° b a2 ¢ d
e x° f 122°=12 g 3a: h 5x
i o6x! j ol k xv 1 xi
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Answers

2 a5 b 729 ¢ 3 d &
1 -1
L = 3 1
e 1 Tk g h 216
125 .9 5 64
I 5 J 7 6 1 19
3 a 8 » £_2 ¢ 5t
12 x
1 2 1 8
d ?+4 e F+? f ﬁx"
3 s, 1.1
g E—Sx h §+§
4 a3 b 1o
VX
32
5 x 2¢
a 2 b x()
6 a x=49 b y=27
= A =
A 4 2= 15000
7 x=5
Exercise 1E
1 a 2/7 b 6/2 c 5/2 d 4/2
e 3/10 f V3 g V3 h 6/5
i 7/2 jo12v7 k -3V7 1 9/5
m 23/5 n 2 o 19/3
2 a 2»§+3 b 3\’?-\/%
c 4\?—\'E d 6+2v/§—3\/§—\/ﬁ
e 6-2/7-3/3+V21 f 13+6/5
g 8-6V3 h 5-2/3
i 3+5/11
3 3/3
Exercise 1F
\g \”ﬁ \? \“'rg
1 1 V13 1
ey Ty 893 b3
2 a 1:2»'3 b V5-2 c 3+2\/7
/ V5 +V3 (3 -V2)(4 +V5)
d 3+V5 e 2 f ————11
g 565-2 b sevam 1 MO
. 5-421 Kk 14 - /187 1 35 +/1189
1 == 3 6
m -1
11+6V2 = 44 +24V2
3 a ——49_ b 9-4/V5 (] ———49
81—30\§ 13+2\‘/§ 7—3\/§
f
4 =55 ¢ 61 11
7 V5
4 —Z'FT
Mixed exercise 1
1 a ¥ b 6x7 c 32x d 12b°
2 a x*-2x-15 b 6x*-19x -7

¢ 6x%-2xy+ 19x - 5y + 10

346 @ Full worked solutions are available in SolutionBank. #

3 a x*+3x*-4x

c 6x°-5x2-17x+6
4 a 15y+12

¢ 16x?+13x
5 a x(3x+4)

c xx+y+y?
6 a (x+1x+2)

c (x-T7)x+5)

e (bx+2)(x-3)
7 a 2x(x*+3)

¢ x(2x-3)x+5)
8 a 3x° b 2
9 a ¢ b 3
10 a % b 4/5
11 a 21877

b (5x +6)(7x - 8)

=

TR RTART AT

23+ 6x%-13x-42

15x% - 25x° + 10x*
9x? — 3x? + 4x
2y(2y + 5)

2xy(4y + 5x)

3x(x + 2)

2x -3)x+1)

(1 -2x)6+x)

2(x + 6)(x - 6)

6x? d 1l

When x = 25, 5x + 6 =131 and 7x — 8 = 167; both
131 and 167 are prime numbers.

12 a 3V2+/10

c 24-6/7-4/2+/14
b V2+1

3

3

30-/851
-7

14 a b=-4andc=-5

15 a %x
5 -

V75 -V50 V3 -V2

17 -36 + 10V11

18 x(1 + 8x)(1 — 8x)

19 y=6x+3

20 4V3

21 3-V3 cm

22 4—49c]%+:t1 _4

Xz
23 a a=1! b y=

2
24 4xi+x%,a=2b=2

13 a

16

2
2

Challenge
a a-b

b 256x7

xi—-4 + 1t
11 - 2x

b

7 - 4\§

b

V3 +V2

10 + 2V3 - 5/5 - V15

c -3/3-6
23+8\/?
f 81

(x+3)x-5)x+1)

VI-V2)+(2-V3)+...+(/24-V25) =

V25 -Vl =4

-1

CHAPTER 2

Prior knowledge check
1 a x=-5

¢ x=5o0rx=-5
2 a (@x+3)x+5)
¢ (Bx+Dkx-5)
3 a yA
0| /2 X

b

T

x=3
x=160orx=0
(x+5)x-2)
(x — 20)(x + 20)
Y

10




3 ¢ Yy

9

0 18 %
4 a x<3 b x=9

Exercise 2A

1 a x=-lorx=-2
c x=-Sorx=-2
e x=3o0rx=5
g x=6orx=-1
2 a x=0orx=4
¢ x=0orx=2
e x=—%0rx=—3
g x=-%orx=3
3 a x=forx=-2
¢ x=13orx=1
e x=i\g
g x=li\ﬁ
. _ 4 _1Z
1 x——EOI‘x—§
4 x=4

= =_2
5 x=-lorx= %

Exercise 2B

1 a x=1(-3/5)
¢ r=-3+/3
e x=1(-5+/31)
g x=2orx=-1
2 a x=-0.5860orx=-341
¢c x=0.7650rx=-11.8
e x=0.1050rx=-1.90
g x=4.77o0rx=0.558
3 a x=-6orx=-2
¢ ¥x=9.11o0rx=-0.110
e x=1lorx=-9
g x=468o0rx=-1.18

= A - e - TR - - P

S

T mer oo

x =13 +/17)
x=3(5+V33)
x=3(1%2)

x =7-(-1+V78)
x=7.87o0rx=0.127
x=891orx=-1.91
x=384o0rx=-234
x=489orx=-1.23
x=1.090rx=-10.1
x=-Jorx=-2

x =1

x=3o0rx=5

4 Area= %(2;\:) (x + (x + 10)) = 50 m?

Sox?>+5x-25=0

Using the quadratic formula:

x=1(-5+5/5)
Height = 2x = 5(/5 - 1)m
Challenge
£=13
Exercise 2C
1 a (x+2)2°-
c (xr-8)P-
e (x-7¢-
2 a 2(@x+4)2-
¢ 5(x+2)2-
e 2x-202+38
3 a 2x+2)7°-
¢ 3(x+ %)2 - %
e —8x-gP+3

(x-3)-
(@+3?-1

3(x - 4)*-48
2(x—5)2 2:)

St - 3 - 2

—4(x + 2)* + 26

Answers

3 15
4 a:E,b=T°
5 A=6,B=0.04,C=-10
Exercise 2D
1 a x=-3+£2/2 b x=-6+/33
c x=-2+/6 d x=5+730
2 a x=4(-3%/15) b x=1(-4+26)
c x:%(li\s’m) d x=%(—31-\§—)
3 a p=-7,q=-48
b (x-7)72=48 B
x=7+V48 =7 +4V3
r=7,s=4
4 x>+2bx+c=@+b’-0*+c
x+b2=b>-c
x=-bxVb*-c
Challenge
a ax’+2bx+c=0 b ax*+bx+c¢=0
2b b., c_
x3+~x+5—0 x2+ax+a—0
b\’ b2 b\ _ b &<
(’Ha) —§+§=0 (’“"2’&) i¢ ta=0
b\* _b2-ac b\?_b*—4ac
(x+5) =T gt (x+ﬂ) T 4a2
b [b2- -b+Vb>~4ac
r=-o% azac = 2a
Exercise 2E
1 a 8 b 7 e 3 d 105 e 0
f 0 g 25 h 2 i 7
2 a=4ora=-2
3 ai b 2and-9 ¢ -10and 4
d 12and-12 e 0,-5and-7 f 0,3 and-8
4 x=3andx=2
5 x=0,25and6
6 a (x-10+1
p=-1q¢=1
b Squared terms are always =0, so the minimum
valueisO0+1=1 -
7 a -2and-1 b 2,-2,2/2 and -2/2
¢ -landi d land1
e 4and 25 f 8and-27
8 a (3*-27)(3*- b Oand3

Exercise 2F
1 a

Turning point: (3, -1)
Line of symmetry: x = 3
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Answers

YA
(3,0)
(-5, 0) 0 X
(0,-15)
y=x2+2x-15

Turning point: (-1, -16)
Line of symmetry: x = -1

Turning point: (0, 25)
Line of symmetry: x = 0
d

3

y=x2+3x+2 y‘/
(0,2)

-1, 0)/

2. 0N 0] =x
Turning point: (— % - %)
Line of symmetry: x = —%

Turning point: (3, 16)
Line of symmetry: x = 3

(0, 10)

y=2x*+4x+10

Turning point: (-1, 8)
Line of symmetry: x = -1

y=2x*+7x-15

Turning point: (_1’ —*)

Line of symmetry: x = _%

(0, 10)

(3,00 /(

0

Turning point: (ﬁ

y=062-19x + 10

_u)

12> 24

Line of symmetry: x = %

Turning point: (—Z, =

Line of symmetry: x = —£

J y=0522+02x+002Y

(0,0.02)

(-0.2,000| =x

Turning point: (0.2, 0)
Line of symmetry: x = -0.2

2 a a=1,b=-8,c=15
b a=-1,6=3,¢=10
c a=2,b=0,c=-18
1 3
d a=5b=-3c=-1
3 a=3,=-30,c=72

Exercise 2G
1 ai 52
iv 0
b i h(x)
v j@)
k<9

_9
t_S

2
3
4 s=4
5
6
7

< =<

4
k>3

a p=6 b
a k*+16

-23 iii 37
-44

flx) iii  k(x)
g(x)

xr=-9

b k% is always positive so k* + 16 > 0

Challenge

a Need b?>4ac.Ifa, c> 0 or a, ¢ <0, choose b such that
b > Vdac.If a >0 and ¢ < 0 (or vice versa), then
4ac < 0, so 4ac < b? for all b.

b Not if one of @ or ¢ are negative as this would require b
to be the square root of a negative number. Possible if
both negative or both positive.

@ Full worked solutions are available in SolutionBank. #



Exercise 2H

1 a The height of the bridge above water level

b x=1103 and x =-1103

¢ 2206m
2 a 21.8mphand 75.7 mph

b A=39.77,B=0.01, C=48.75

¢ 48.75mph

d -11mpg; a negative answer is impossible so this

model is not valid for very high speeds

3 a 6tonnes

b 39.6 kilograms per hectare.
4 a M=40000

b r=400000 - 1000(p — 20)*

A =400000, B=1000, C =20

c £20
Challenge
a a=0.01,0=03,c=-4
b 36.2mph
Mixed exercise 2
1 a y=-lor-2 b x:%or—S

¢ x=-lor3 d x=5i2‘/7
2 a y

(0, 4)
(-1,0) R
4, 00N 01 z
b

0,0) X
o] 7Lo\

k=1 b x=3andx=-2
k=0.0902 or k =-11.1
t=228o0rt=0.219
x=-2300rx=1.30

x=0.839 orx = -0.239
(x+6)2-45:p=1,g=6,r=-45
5(x-4P-67;p=5,q=-4,r=-67
-2(x - 2)2+8 p=-2,g=-2,r=8

2e-3) -%p=2.9=-Lr=-3

S oo T e

Answers

6 k=1
.
7 a p=3,q=2,r=-7 b -2=x3
8 a flx)=( 16)(2* b 4and?2
9 1+/13
10 x=-5orx=4
11 a 10m b 1.28s
¢ h(t)=10.625 - 10(t - 0.25)?
A=10.625,B=10,C=0.25
d 10.625m at0.25s
12 a 16k*+4
b k*=0forall k,so 16k* +4>0
¢ When k =0, f(x) = 2x + 1; this is a linear function
with only one root
13a.~ b 1,-1,2and -2
14 a H= 10
b r=1322.5-10(p - 11.5)
A=1322.5,B=10,C=11.5
¢ Old revenue is 80 x £15 = £1200; new revenue is
£1322.50; difference is £122.50. The best selling
price of a cushion is £11.50.
Challenge
b+c_b
T
b*-cb-c¢*=0 -
2
Using quadratic formula: b = 5%
Sob:cis C+—562:c
Dividing by c¢: 4 +2\ 5 21l
b Letx=y1+y1+/1+v1+..
Sox=Vl+x=a2-2-1=0
: . 1+V5
Using quadratic formula: x = —
CHAPTER 3
Prior knowledge check
1 a AQB=(1,2,4} b (AuB) ={7,9,11, 13}
2 a 5/3 b /5+2/2
3 a graphii b graph iii ¢ graphi
Exercise 3A
1 a x=4y=2 b x=1,y=3
c x=2,y=-2 d x:4§,y=—3
e x=-%,y=2 f £=3,y=3
2 a x=5y=2 b x=5y=-6
c x=1,y=-4 d x=14,y=%
3 ax=-1,y=1 b x=4,y=-4
c x=05,y=-2.5
4 a 3x+ky=8(1)x-2ky=5(2)
(1) x 2: 6x + 2ky = 16 (3)
(2)+@B)7x=21sox=3
b -2
5 p=3,¢q=1

Exercise 3B

1

a x=5,y=6orx=6,y=5
5Y=-3
¢c ¥x=-1,y=-3orx=1,y=3

b x=0,y=1ora=

349




Answers

d a=1,b=50ra=3,b=-1
e u=lyv=4oru=2,0v=3
f r=-1},y=53o0rx=3,y=-1

2 a x=3,y=j0rx=6}y=-22
b x=4},y=4;0orx=6y=3
¢ x=-19,y=-150rx=6,y=5

3 a x=3+/13,y=-3+/13or
x=3-/13,y=-3-/13

b x=2-3/5,y=3+2/50rx=2+3/5,
y=3—2\/§

x=-5,y=8orx=2,y=1

a 3x*+x(2-4x)+11=0
3x°+2x -4x2+11=0
x?-2x-11=0

b x=1+2/3,y=-2-8/3
orx=1-2/3,y=-2+8/3

6 a k=3,p=-2
b x=-6,y=-23

Q1o

Challenge
y=x+k
+@x+kP=4
2+ x>+ 2kx+k*-4=0
2x? + 2kx +k*-4=0
4k -4 x2(k*-4)=0
4k* - 8k*+32=0

for one solution b - 4ac =0

4k* =32 k*=8 k==+2V2

Exercise 3C

1 a i Yy
O;; x

i (2,1

bi y
Ox T

i (3,-1)

c i y
x
ii (-0.5,0.5)
| | M
ﬁJ x

b (3.5,9) and (-1.5, 4)

350 m Full worked solutions are available in SolutionBank. #

3 a
0 x
b (-1, 8)and (3, 0)
4 a
0 x
b (6,16)and (1, 1)
5 (-11,-15)and (3, -1)
6 (-11,-4})and (2, 5)
7 a 2points b 1 point ¢ 0 points
8 a y=2x-1
2%+ 4k(2x-1)+5k=0
x*+ 8kx — 4k + 5k =0 x>+ 8kx+k=0
_1 _ 1 ,__3
b k=4 C X=-7,y=—3
9 If swimmer reaches the bottom of the pool
0.52* - 3x=0.3x -6
0.52*-33x+6=0
b2-4ac=(-3.3-4x05x6=-1.11
negative so no points of intersection and swimmer
does not reach the bottom of the pool
Exercise 3D
1 a x<4 b x=7 c x>2} d x<-3
e x<11 f x<22 g x>-12 h x<1
i x<8 j z>11
2 a x=3 b x<1 c x<-37 d x<18
e x>3 f x=42 g x<4 h x>-7
i xs—% j x?% k x?-% 1 x?%
3 a (mx>23 b (x:2<x<4)
¢ {x:2f<x<3) d No values
e x=4 f (x:x<1.2)Uufx:x>2.2}
g {x:xs—%}u{x:x;%}
Challenge
p=-1,g=4,r=6
Exercise 3E
1 a 3<x<8 b -4<x<3
c x<-2,x>5 d x<-4,x=-3
e —p<x<7 f x<-2,x>21
g 1<zx<l1j h x<fx>2
i -3<x<3 i x<-2x>%
k x<0,x>5 1 -13<x=<0
2 a -5<x<2 b x<-1,x>1
¢ 1<x<1 d -3<x<1
3 a {x:2<x<4} b {x:x>3}
c {x: —%<x<0} d No values




e {r:-5<x<-3}Uf{x:x>4}
f {x:-1<x<1}ufx:2<2x<3}
4 a x<Oorx>2 b x<0orx>0.8
¢c x<-lorx>0 d x<0orx>0.5
e r<-lorx>1 f x<-2orx=3
5 a -2<k<6 b p=s-8orp=0
6 {r:x<-2lU{x:x>7)}
7 a (rmx<? b {r:-3<x<3)
c (m—g<x<?
8 x<3orx>55
9 No real roots b2 — 4ac <0 (-2k)? -4 xkx3<0
4k? - 12k =0whenk=0and k=3
solution 0 <k <3
note when k = 0 equation gives 3 =0
Exercise3F
a P(3.2,-1.8) b x<32
2 a i l; :
ii (4,5) iii x<4
b i y
0 ;( x
ii (-3, 23) iii x=-3
c i T I T
ii (-2,9),(0,5) iii —2=<x<0

d i y

(-5,-22),(3,-6) iii

Y.

(-2,-1),(9,76) iii —2<x<9

=

x<-S5orx=3

=

ii (-5,-18),(3,-2)

Answers

x<-5orx=3
0.5<x<3
x<Qorx>2
x<-1lorx>-0.75

- o o E

3 a -l<x<2
¢ x<050rx>3
e l<x<3
Challenge
a (-1.5,-3.75),(6,0)
b {x:-15<x<6}

Exercise 3G

1

a (1,6),3,4,1,2

b x=1y=<

7-x,y=x+1

y<2-5x-2%2x+y=0,x+y<4

2 @S

—4

~
M

~
BN
—————tm e

~

=6~
b -1,
c (-0.4,-1)

6),(2,-1),(-0.4,-1)

941
d 60
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Answers

Mixed exercise 3
1

13
14
15

16

17

a 4kx-2y=8
4kx + 3y =-2
-5y =10
y=-2
1
b x=z
x=-4,y=3]
a Substitutex=1+2yinto 3y -y*=8
b (3,1)and (-1, -&)
a Substltutey 2—xint0 ray-yr=-1
b x=3+/6,y=-1%/6
a 3= '=3"2=3x=2y-2
b x=4,y:3andx:—2§,y=—§

x=-1},y=21andx=4,y=-1

a k=-2 b
Yes, the ball will hit the ceiling
a (x:x>103) b
3<x<4

a x=-5,2=4 b
a x<2} b
¢c O<x<4 d
1l=x=<8§

kssé

b? < 4ac so 16k* < -40k
8k(2k +5)<0s0-3<k<0
a YA

b (-7,20),(3,0) ¢
1=1-V185) < x < H(-1 + /185)

(-1,2)
fr:x<-2}U{x: 2> 7}

{x: x <-5}U{x: x> 4)

1
7<x<5

1 1
§<x<2§

X< =7; %3

J 2 I3
¢ 14 >
4-3-2-1¢ 1 2 3 4%
Challenge
1 0<k<=16 2 2s<ks7
352

@ Full worked solutions are available in SolutionBank. #

CHAPTER 4

Prior knowledge check

a (x+5x+1

b (x-3)x-1)

T

3 a |«x -2 -1.5 -1 -0.5 0
y -12 -6.875 -4 -2.625 -2
x 0.5 1.5
y | -1.375 0 2.875
b yA
10
X
4 a x=2y=4 b x=1y=1
Exercise 4A
1 a Y b
6
X
c d y
3
= /10| 1\«
e f y
10 x
g y h
10 X




Answers

e y=x*(x-1) f y=x(1-2)(1+x

7

g y=3x2x-1D(2x+1) h y=x+1Dkx-2)

4 ’ Y
Ty F [1ONS2 =

i y=xx-3)x+3) j y=x*x-9)

N ]

X

i y J y
c
0 2 X 2 *
3 a y=axx+2)@x-1 b y=x(x+4x+1)

frt

¢ y=xx+1)? d y=x(x+1)3 -x)

\M
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Answers

g YA h YA
(0, 1)\
0| x
5.9 Ol o\ *
(0, —27)]
i YA j YA
(0, 8) (0%)
0|1 x
0 (2’ 0) X (2’
5 a b=4,c=1,d=-6 b (0,-6)

6 a=1.b=-%c=1d=2
7 a x@x*-12x+32)

¢ y
ol 4\ [8 x

Exercise 4B
1 a yA
24
LZ_.
-4-3-2-10| x
C ‘ yﬂ
=2 -1 X

354

b x(x-8)(x-4)

b \ ylk /
-3 2 x
d YA
0.5
_ 0 x
2 o1+
f

0 456 %

i yA j yA
256
5
5 Olp.5\ ©
& 4 o x
2 a yA b yA
4
[0}
2| 4y12x
3 0| 9V3u«x
[ Y d yﬂ
480 1152

—lp=_4 -
a_3,b— 3 C=

3 a (0,12
b b=-2,c=-7,d=8,e=12
T
=5 o 4 X
-280
Challenge

2 d= =
—E,d—4,e—3

@ Full worked solutions are available in SolutionBank. #



Exercise 4C
1 a

Exercise 4D
1 a i

y=xx*-1)

i 3

iii x?= x(xz _ 1)

23 4

i

Answers

iii a(x+2)= _%

1 X

y=(x+1x-1)?2

i a?=(x+ Dx-1)2

A
1 y=x*(1-x)
0 ,\;
y:_
i x%(1-2)=-
yA

Y A

y=x(x-4)

i x(x - 4) =%

==

——Y =—

i x(x-4)=-1

2

/«——y=x(x—4)
i

355




Answers

g i
y=x(x-4)
i1 iii x(r-4)=(x-2)°
h i YA
y=-2
0
—y=-2°
2
_x3= _&
i 2 i —x®=-2
i i YA
«~—y=2°
0 x
«—y=-x°
i 2 fii -x%=2a2
j i
A
y=-x3 !
y=-x(x+2)
A’/
liy 0 x
ii 3 iii —x%=-x(x+2)
k i yﬂ
y=4
y=x(x-1Dx+2)?
o O\ h x
i 2 iii xx - D +2)72=4

356

y=x°
Yy =x%x + 1)?

i 1 iii 2% = a2(x + 1)

b Only 2 intersections

3 a YA
/ y=3xx-1)

-10™1 x

y=@+1)3
b Only 1 intersection

4 a 17

y =-x(x - 1)?

b Graphs do not intersect

5 a yT y = x2(x - a)

= |

b 2; the graphs cross in two places so there are two
solutions.

m Full worked solutions are available in SolutionBank. #



/ 0

b
¢ Expand brackets and rearrange.
d (-2,1),(-1,4.2.9
7 a YA
y = bx
—~1 R
4 x

y=x%-3x%-4x

b (0,0); (-2, -12); (5, 30)

8 a YA

02

y=14x+2

y=0a*-1)(x-2)

#

b (0, 2); (-3, -40); (5, 72)

9 a ylr

y=(x-2)x+2)?

I

b (0,-8); (1, -9); (-4, -24)

F

y=2x%2+1

\/
/

b Graphs do not intersect.

7
C a< 16

11 a

y=2*(x-Dx+1)

Exercise 4E

1 a i

di vy
0
x
eiyl
x

Y
0| «x

(=2,0),(0,4)

(=2,0), (0, 8)

(0, 1), (1,0)

(-1, 0),
(0,-1),
(1, 0)

yl

A

-v3, 0),
(0,~3), 0, -3),
V3, 0) (V3. 0)

(0,-1),(1,0)

Answers

(3.0,y=-3,x=0

357




(<]

£
- <]

¢ flx+2)=(x+2)2%(0,0);(-2,0

¢ flx+2)=(x+2)x-2) (20200 -4) 0 x
flx) + 4 = (x - 2)% (2,0); (0, 4)

358

Answers

(0,9), (3,0

(0,-27), (3,0)

N y=fw

i \y=fax+2 ¥

N_A0| *

flx +2)=(x + D(x +4); (0, 4) -
flx) +2=(x-Dx+2)+2;(0,0)

YA

y =1f(x)

0 N X

flr + 1) = —x(x + 1)% (0, 0)

9o oy=f@

1t

b

b y=flx+2)

0,-9,x=3,y=0

N
-4
S
|
—
-

b (4,2)

®
1]

0 g+ 2Y

y=(-2P-5@x-22+6(-2)

10 YA
y=(x+2)2x-1x+4)

x
3

y=xx-3)x+2)

b y:f(x+1)yT

11 a Ya
0 x s ;
-1 y=x° +4x% + 4x
>
x
y="fx)+2
¥ b -lorl
12 a Y
2 y = x(x + D + 3)?

/o9 /O ) x
\/ 3 _1\1 X

y="fx+2)
b -2,-3o0or-5
b yT Challenge

y=f(x) + 4 1 (32
\ 2 a(-7,-12) bflx-2)+1

\ \ Exercise 4F

o\ 0| /2 x 1 ai ¥y

fex) i Y4 f(2x)
v

=f(x +2
y=ta+2 f(x)

m Full worked solutions are available in SolutionBank. #



b
0
f(x) = f(—x)
c iy f(x)
f(%x)x
d ya  f4x) i yT
~f(x)
0 X ;Z ¢
f(4x)
e Y fla) ii yT
rd
> 0
flx) ;

f iy ‘Z/f(x) ii Y4
f(x)
0 X

“M(x)

fl) iy
I'd

X 0
o) \ fx)

flx) i YA
I'd

@)
12

{ Kf(%x)
=

f(x)

Answers

Y4 y=tw b N y=iw
0% 0N~ =
by = t2x) “
\
I = 2 A
y =—f(x)

y=x3x-3)

Yy =(22)*(2x - 3)

359




Answers

5 y
“ 5y=x%+3x-4
4 . x
y=x*+3x-4
2
6 ;;A
7 a (1,-3) b (2,-12)
8 (-4.8)
9 a Y4
BER el
e N
| -1\ ¢ x
0 9 3 x
y=(x-2)x-3)?
c y=4,2=1,0,0)
b 2and3 ywu
Challenge
1 (2,-2 ad ;
2 Ly il oms foomeenne
Exercise 4G 0 1 *
1 a y b .
(3,4)
-1,2) d y=0,2=1,(0,-2)
©.0f0 .0\ x yI \x
c y d o 1 K]
0, 4) :
-2\
(-4, 2) (2.0)
3.0 0| \ * e y=2.2=30,0
.’IT :
£y ;
¢ 8. 4) :
=2 ..l S
©,2) 1
(0, 6) . ! N
0.0 x :
360 @ Full worked solutions are available in SolutionBank. #




no
=Y

YA :L
y=1 E

3 a A(-2,-6),B(0,0), C(2,-3), D6, 0)

SR

0l \@2-3 /°F

(-2,-6)

b A(-4, 0), B(-2, 6), C(0, 3), D(4, 6)

d A(-8,-6), B(-6, 0), C(-4, -3), D(0, 0)

YA

=

(-4, -3)
(-8, -6)

e A(-4,-3),B(-2,3), (0, 0),D(4, 3)

]
T

f A(-4,-18), B(-2, 0), C(0, -9), D(4, 0)

g A(-4,-2), B(-2,0), C(0, -1), D(4, 0)

YA
P /A

“\/4 ;

h A(-16, -6), B(-8, 0), C(0, -3), D(16, 0)

=Y

i A(-4,6),B(-2,0), (0, 3), D4, 0)

y
(-4, 6)

s
__ 9
-
]
RY

Answers

361



i

4 a

362

Answers

A(4, -6), B(2, 0), C(0, -3), D(-4, 0)

\ ]

i x=-2,y=0,(0,2)

:(‘
)

v x=2,y=0,(0,1)

yi/j
L

0

A\

vi x=-2,4=0,(0,-1)

~

i x=-1,y=

0, (0,

A

1)

[

h

iii x=0,y=0

~

=Y

ivx=-2y=-1,(0,0)

=Y

|
\O
=)
3\

a
b i(6,1) i (2,3) iii (2,-3.5)
6 a A(-1,-2)B(0,0) C(1,0) D2, -2)

YA

\ /y+2=ﬂm
B\ C R
0\\J/ x

A D

b A(-1,0) B(0, 4) C(1, 4) D(2, 0)

“ 1y = )
B

A(-1,3) B(0, 5) C(1, 5) D(2, 3)

8 y-3=f@)
B

0

]

=Y

d A(-1,0) B0, %) C(1, %) D(2, 0)

5 : { y = f(x)

@ Full worked solutions are available in SolutionBank. #



e A(-1,0.5) B(0,1.5) C(1, 1.5) D(2, 0.5)

C 2y-1=1x)

Mixed exercise 4

=
DY

2x — x?
b x=0,-1, 2; points (0, 0), (2, 0), (-1, -3)

Y(x-2)

Y

1 _6
/ Y=rx

0 X

A

c y=x*+2x-5

A(3, 2)

0 X
B(0,-2)
y =0 is asymptote

B(-3, 0)/ 0‘ x

A6, 4)

f
I|0 x
a x=-latA,x=3atB
a,b YA
0
C 2 s
& y
[ (0,0 x
(=2,0)
b y
(© OJ /

“1,0) T,0 x
0,-1)

ii y

(EN0)

=Y

€ 0-oT\/
(1,-1)
a (0,2 b -2
ai (3 i (4,6
iv (4,-3) v 4,-)
f(2x), flx + 2)
i fe-49+3 i 26w

o o

Answers

c -1,1,2

iii (9, 3)
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Answers

10 a YA

) Challenge
y=x*3x+0) 6-c-4-4d

(0, 0) Review exercise 1

a 2
625

a
a 45
a
a

13

1+ Z\E
a 25x+*
8 + 8\,"’?
1-2/2
a (x-8)x-2) b y=1y=
(0. 0) 10 a a=-4,b=-45 b x=4+3/
0 3.0) * 11 4.19 (3 s.f)

’ The height of the athlete’s shoulder is 1.7 m
y=x(x - 3)? 2.165 (3 s.f))
6.7 -5(t-1)*
6.7 m after 1 second
(x-3)%+9
Pis (0,18),Qis (3,9)
x=3+4/2
k=2

b 1; only one intersection of the two curves
11 a x(x - 3)?

b YA

T o T
no
—
|
%
s

PNV W N -

=]

1
H
5

¢ —4and -7 13
12 a YA y="_fx)

14

TceroT e AT

o (2,0) x

(—V/2,.0) 0

22 - 8)(x*+ 1) b -1,0,2
a=50b=11

(x + 5)>=-11, so no real roots
k=25

o Te

Y

y

17 a a=1,b=2

ol «x

discriminant = -8, so no real roots

—2v§ <k< 2\'§

Substitute y = x — 4 into 2x — xy = 8 and rearrange.
x=-2+2/3,y=-6=2/3

1
x>4

x<%0rx>3

% <x< % orx >3
20 2(x+1)=2*-5x+2
x2?-3x+4=0
The discriminant of this is -7 < 0, so no real solutions.

364 w Full worked solutions are available in SolutionBank. #

18

o T e T ean

d Asymptotes at y = 0 and x = -3; intersection at (0, %)




21

22

23
24

25

26

27

a x=Ly=-2x=-3,y=11

b x<-3orx> 3%

a Different real roots, discriminant > 0
S0 k?-4k-12>0

b k<-2o0rk>6

rx<-S5orx>-2

a, b R;
144y = gl)
/9 (1, 8)
3 % x
y =1f(x)
(5,-16)
a x(x-2)x+2)

c y‘ ,
-1/0| 1 3 x

a ylr 3.2)

575 4§ x

(2,0) (4,0) and (3, 2)

b yi4
0| 1\ 72 X
(13.-2)

(1,0) (2, 0) and (13, -2)

a‘.’/'
0 3\ x

(0, 0) and (3, 0)

28

b
6
ol 1 4\«x

(1, 0) (4, 0) and (0, 6)

c
3
0| 2 8\ x
(2,0) (8, 0) and (0, 3)
a

Asymptotes: y =3 and x = 0
(—%, 0)

29 a 0.438,1,4,4.56

47456 *

30 a (6,8) b (9.-8) c (6,-4)

31 a b 1
(0, 06%
32 a
(—]z. 0) (]z, 0) R
/0}» x
"""""""""" iy
Asymptotes: x =0,y = -4
171
22
Challenge
1 a xr=1,2=9 b x=0,x=2
2 V2cm, 3/2cm
3 3 +at-x=22(x-Dkx+1)

3 + % —x = 2x° - 22

¥ +x2+x=0

x(x2+x+1)=0

The discriminant of the bracket is -3 < 0 so this
contributes no real solutions.

The only solution is when x = 0 at (0, 0).

-3,3

m=0andm= %

Answers
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Answers

CHAPTER 5
Prior knowledge check
1 a (-2.-1) b (5.2 ¢ (7.3)
2 a 4/5 b 102 ¢ 5/5
3 ay=5-2r b y=%x-2 c y=3x+1
Exercise 5A
1
1 a } b} c -3 d 2
e -1 f 15 g % h 8
i 2 j -4 k -1 1 -1
q2_p2
1 =
m D Lo =q+P
2 7
3 12
1
4 4l
1
5 21
1
6 %
7 2
8 -5
9 (Gradient of AB = gradient of BC = 0.5; point B is
common
10 Gradient of AB = gradient of BC = -0.5; point B is
common
Exercise 5B
1 a -2 b -1 c 3 d ;
5 1
g -2 ¥ 4 g i h 2
s i1 3
i 3 i % k -2 1 =
2 a4 b -5 c -2 d o
e £ f 2 g f h ~?
i 9 j -3 k 3 1L =5
3 a 4r-y+3=0 b 3x-y-2=0
c 6x+y-7=0 d 4x-5y-30=0
e 50-3y+6=0 f 7x-3y=0
g 14x-Ty-4=0 h 27x+9y-2=0
i 18x+3y+2=0 j 2¢+6y-3=0
k 4x-6y+5=0 I 6x-10y+5=0
4 (3,0
5 (0,0
6 (0,5),(-4,0)
7 a3 b x-3y+15=0
8 a —% b 2x+5y-10=0
9 ax+by+c=0

by=-ax-c

= (-3
10 a=6,c=10

11 P(3,0)
12 a -16 b -27

Challenge
Gradient = —%; y-intercept = a. So y = H%x .

Rearrange to give ax + by — ab = 0

Exercise 5C

1 a y=2x+1 b y=3x+7 c y=-x-3
d y=-4x-11 e y=3x+12 f y=-3x-5
g y=2x h y:—%x+2b

2 a y=4x-4 b y=x+2 c y=2x+4
d y=4x-23 e y=x-4 f y=Jx+1
g y=-4r-9 h y=-8xr-33 i y=2x

2

J y=7x+i

S5x+y-37

14

=0

y=x+2,y=—%x—%,y=—6x+23

3
4
5 a=3,c=-27
6

a=-4,b=8

Challenge

a

Y=h=

—_ (. - y1)

(xz = x;)
b (Y2 - y1)
(x* - y1)

(x = xy)

y-y) _-x)
(Y. —y) (2, —-2x)

c y=32x+

\llu‘
~

Exercise 5D

1 y=3x-6 2 y=2x+38

3 2r-3y+24=0 4 -1

5 (-3,0) 6 (0.1)

7 (0,3) 8 y=2x+3

9 2xr+3y-12=0 102

11 y=3x-4 126x+155-10=0
13 y:—§x+4 14x-y+5=0

15 y=-3x+3 16 y=4x + 13

8

Exercise 5E
1 a Parallel

b Not parallel ¢ Not parallel

2 ry=tr+32sy=3x-7
Gradients equal therefore lines are parallel.

3 Gradient of AB = 2, gradient of BC = -, gradient of
CD =2, gradient of AD = 2. The quadrilateral has

3

a pair of parallel sides, so it is a trapezium.

y=5x+3

y:—%x+7

y=3%x
4x -y +15

o B

Exercise 5F

2x +5y+20=0

=0

1 a Perpendicular b Parallel
¢ Neither d Perpendicular
e Perpendicular f Parallel
g Parallel h Perpendicular
i Perpendicular j Parallel
k Neither 1 Perpendicular
2 y=-lr+1
3 y=3x-8
4 y=-x
5 y=-tx+12
6 y=-3x+4
7 3x+2y-5=0
8 7x-4y+2=0

366 @ Full worked solutions are available in SolutionBank. #



10

11
12

[ has gradient —% and n has gradient 3. Gradients are
negative reciprocals, therefore lines perpendicular.
AB:y=-3x+45,CD:y=-3x -3, AD: y =22+ 7,

BC: y = 2x — 13. Two pairs of parallel sides and lines
with gradients 2 and —% are perpendicular, so ABCD is
a rectangle.

a A 0) b 55x-25y-77=0

Exercise 5G

1

[ NS I N

10

11

12

a 10 b 13 c 5 d /5
e \W f vm
Distance between A and B = V50 and distance between
B and C = /50 so the lines are congruent.
Distance between P and Q = V74 and distance between
Q and R = V73 so the lines are not congruent.
x=-8orx=6
y=-2ory=16
a Both lines have gradient 2.
b y= -%x+%0rx+ 2y-23=0
2.9

5%

5
P(-2,Z) or P(3, -5)
a AB=y178 ,BC =3 and AC = /205. All sides are
different lengths, therefore the triangle is a scalene
triangle.
Por19.5
A2, 11)
B(%. 0)

451
8

5.9)
(-10,-10)

_1 9
Yy=3x—3

a
c
a
c T(0,8)
e
a
c

d

T e T

o

(-5,0)

75

2

y=-2x+38

RS = 2/5 and TR = 5/5

2 T /T
~

25
x+4y-52=0
B(4,12)

A(0,13)
26

(=" —p

Exercise 5H

1

a i k=50 ii d=50t
b i £k=0.30r£0.30 ii C=0.3t
¢ ik=2 i p=3%t
a not linear

PA
504 °
451
40+
351
301
251 .
201
151
10
5_ L]

0 — 17—
0 1020 3040 50 60 70 80

v

Answers

linear
YA
200+
1754 4
1501
125+ -
1001 T
754+
50+
25+

0 — Tt
0 510152025303540%
not linear

A
60
50 o 0 °®
404
301
201
10

4 4

0 — T T 7T
0051152253354455
A
70+

601

5&_,,,—4——-“*’—’“
40
301

201
10+

Cost of electricity (£)

0510 20 30 40 50 60 70 80 90100110
kilowatt hours

The data forms a straight line, so a linear model is

appropriate.

E=0.12h + 45

d a=£0.12 = cost of 1 kilowatt hour of electricity,

b = £45 = fixed electricity costs (per month or per
quarter)
£52.80

= 500

Distance, d
_ DN W
o O O 9O
SS3S
L ]
L ]
.
L]

°
L]
¢ T T T T T T =

012345678910
Time, t (seconds)

o

The data does not follow a straight line. There is a
definite curve to the points on the graph.

C = 350d + 5000

a = 350 = daily fee charged by the website designer.
b = 5000 = initial cost charged by the website
designer.

24 days
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Answers

6 a F=18C+320rF=2C+32
b a=1.8 =increase in Fahrenheit temperature when
the Celsius temperature increases by 1°C.
b = 32 temperature in Fahrenheit when
temperature in Celsius is 0°.
¢ 385°C
d -40°C
7 a n=750t+ 17500
b The increase in the number of homes receiving the
internet will be the same each year.
8 a All the points lie close to the straight line shown.
b h=4f+69
¢ 175cm
9 a equilibrium
35. point
a supply
—
(=9
demand
11 .
0 Quality, Q
b 0=24,P=17
Mixed exercise 5
1 a y:—%:r+16—l b -22
2 a %_kz = % therefore 7k = 14, k = 2
b y= %x + %
3 a Li=y=tx+2 L,=y=-x+12
b (9,3)
4 a y=3x-3 b (3,3
5 1lx-10y+19=0
6 a y=—%x+3 b y:%x.;.%
7 Gradient=3+43-3/3 3+ 8.8
2+V3 -1 1+V3
y=V3x+candA(1, 3V3),s0 c = 2/3
Equation of line is y = V3x + 2/3
When y = 0, x = -2, so the line meets the x-axis at (-2, 0)
8 a y=-3x+14 b (0,14
9 a y=-lr+4 b Student’s own work.
¢ (1, 1). Note: equation of line n: y = —1x +3
10 20
11 a 2r+y=20 b y=1zx+1
12 a % b 6 ¢ 2x+y-16=0
d 10
13 a 7x+5y-18=0 b 12
14 a A
! ,
s 3
8 0/
0,00 X
b (£ -3 c 12x-3y-17=0
368

15

16

17

18

o M as me e o

oD o0 A o

x+2y-16=0

y=-%x

C(-48, 32)

Slope of OA is 3. Slope of OC is 3.
Lines are perpendicular.

0A =2/13 and OC = 16/13

Area = 208

b 5/2
d 25/2

d=V50a? =5a/2

1572
d=10x% - 28x + 26
B(-%,-18) and €4, 12)

N 14
J==3%¥3

(£ &
20.8

gradient = 10

C=10P - 9000

When the oil production increases by 1 million
tonnes, the carbon dioxide emissions increase by
10 million tonnes.

The model is not valid for small values of P, as

it is not possible to have a negative amount of
carbon dioxide emissions. It is always dangerous to
extrapolate beyond the range on the model in this
way.

Challenge

1
2

1

30

78 140

19° 19

3 (a, alc - a)>

b

CHAPTER 6
Prior knowledge check

1

4

a

@ o 6 o o

(x+5)2%+3
(x-6)>-36

y=%x—6

—dys 10
y—3x+3

b? - 4ac=-7 No real solutions
b% - 4ac = 89 Two real solutions
b? —4ac =0 One real solution

=3y _3
=762

b (x-3)2-8
d (x+pp-2

b y=-Jx-3

Exercise 6A

1

LN NG e W

a (5,5) b (6,4 ¢ (1,4 d (0,0
e (2,1) f (-8.2) g (40,00 h (—% -u)
i 2a.a-b)j (32,49 k (2/2,/2 +3/3)
a=10,b=1
&7
(o)

54
a (3, 3)or(1.5,3) b y=2x¢,3=2x15
2
Centreis (3, 7). 3 -2(-Z) -10=0
(10, 5)
(-7a,17a)

@ Full worked solutions are available in SolutionBank. #



10 p=8,9=7
11 a=-2,b=4

Challenge

a p=9,g=-1

b y=-x+13

¢ AC:y=-x+ 8. Lines have the same slope, so they are
parallel.

Exercise 6B

1 a y=2x+3 b y=-1r+% y=3x-25
d y=3 e y=-—3x+g x

y=-x+7

2x-y-8=0

ay=dx-1 b oy=3e-s o (-3

g=-3b=—1%

(52 B SR \C)

Challenge

a PR y= —%x +%
PQ:y=-jx+3
RQ:y=2x+6

b (-33)
Exercise 6C
1 (x-32+(@y-22=16
(x+4)9°+(y-52=36
(x =52+ (y+6)?2=12
(x - 2a)* + (y - 7a)? = 25a?
(x+2/2)2+(y+3/22=1
(-5,4),9 b (7,1),4
(-4,0),5 d (-4a, -a),12a
(3\/5, —v’g), 3\”?
(4-22+(8-52=4+9=13
O+7)?2+(-2-22=49+16=65
72+ (-24)? =49 + 576 = 625 = 252
(6a - 2a)? + (-3a + 5a)? = 16a? + 4a2 = 20a?
(/5 = 3V5)2 + (—V5 = V5)2 = (=2/5)2 + (-2/5)?
=20+ 20 =40 = (2/10)?
(x-82+(y-12=25
@-3P+y-42=2
5
r=2
Distance PQ = PR = RQ = 2//3, three equal length
sides therefore triangle is equilateral.
(x - 2)2 + y? = (V15)?
Centre (2, 0) and radius = V15
(x=5P2+(y+272=72
Centre (5, -2) and radius = 7
Centre (1, -4), radius 5
Centre (-6, 2), radius 7
Centre (11, 3), radius 3V10
Centre (-2.5, 1.5), radius WTZ
Centre (2 ,-2), radius V6.5
11 a Centre (-6, -1)
b k>-37
12 Q(-13, 28)
13 k=-2and k=38

o TREOCORDOOAO DT

N G

oo -

10

a oo oTooTee

(-]

Answers

Challenge

1

k=3,(x-3)P%+(y-2)?=50
k=5,(x-5?%+(y-2)?=50
@+f)2-f+y+9°-¢g*+c=0
So(x+fP+y+g9P=+¢"-c

Circle with centre (-f, —g) and radius |f* + ¢*> - c.

Exercise 6D

=) Tl W I =

o)

-
=]

11
12

(7,0), (-5, 0)

(0, 2), (0, -8)

(6, 10), (-2, 2)

(4,-9), (-7,2)

2x% — 24x + 79 = 0 has no real solutions, therefore

lines do not intersect circle.

a b*-4ac=64-4x1x16=0.So there is only one
point of intersection.

b 4,7

a (0,-2),(4,6) b midpoint of AB is (2, 2)
a 13 b p=1or5

a A(5,0) and B(-3, -8) (or vice-versa)

b y=-x-3

¢ (4,-7)is asolution to y = —x — 3.

d 20

a Substitute y = kx to give

(k*+ 1)x2 - (12k + 10)x + 57 =0
b® - 4ac > 0, -84k + 240k — 128> 0,
21k* - 60k + 32 <0

b 071<k<2.15

10 _2/57 _, 10, 2/57

Exact answer is 7 51 <k< - - 21

k<1—x7 -
k=-20+2/105

Exercise 6E

1

10

a 3/10

b Gradient of radius = 3, gradient of line = -1,
gradients are negative reciprocals and therefore
perpendicular.

a (x-4)P+(y-62=73

a y=-2x-1

b Centre of circle (1, -3) satisfies y = —2x — 1.

a y=1x-3

b Centre of circle (2, -2) satisfies y = 1x - 3

a (-7,-6) satisfies x? + 18x + y? - 2y + 29 = 0

b 3x+8y+13=0

5 c
b y=2x-4 ¢ RO, -4 d 32
a (0,-17),(17,0)

b 1445

y=2x+27andy=2x-13

a p=4,p=-6

b (3,4)and (3, -6)

a (x-11)2+(y+5)=100
b y=%x—%

¢ A8 -4/3,-1-3V3)and B8 + 4/3, -1 + 3V3)
d 10/3

a y=4x-22

b a=5

c (x-50+(y+2)°=34 B

d A(5+V2,-2+4/2) and B(5 - V2,2 - 4/2)
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Answers

11 a P(-2,5)and Q(4,7)
b y=2x+9andy=-1x+9
¢c y=-3x+9
d (0,9

Challenge

1 y=4x-2

2 a ZCPR=/CQR=90° (Angle between tangent and
radius) -
CP = CQ = V10 (Radii of circle)
CR=(6-2) +(-1-1)2=/20
So using Pythagoras’ Theorem,
PR=QR=y20-10 =10
4 equal sides and two opposite right-angles,
so CPRQ is a square

b y=ix-3andy=-3r+17

Exercise 6F
1 a WV:=WU?+UV?
b (2.3)
c (x-2P+(y-37=41
2 a AC*=AB?+BC*
b (x-52+(y-2?2=25
c 15
3 aiy=x+% i y=-2x+4
b (-3,6)
¢ (x+32+(y-602=169
4 aiy=tx+2y i x=-1
b (x+12+(y-32°=125
5 (x—3)2+(y+4)7?=50
6 a AB’>+BC*=AC*?

AB? = 400, BC? = 100, AC? = 500
b (x+202+(y-57=125
D(8, 0) satisfies the equation of the circle.
7 a AB=BC=CD=DA=/50; can’t be a non-square
rhombus
b 50
(3,6)
8 a DE*=0b>+6b+13
EF? =b?+ 10b + 169
DF? =200
So b% + 6b + 13 + b*>+ 10b + 169 = 200
b+9b-1)=0;asb>0,b=1
b (x+572+(y+4)2°=50
a Centre (-1, 12) and radius = 13
b Use distance formula to find AB = 26. This is twice

(]

(]

radius, so AB is the diameter. Other methods possible.

¢ ((-6,0)

Mixed exercise 6
1 a (C(3,6)
b r=10
¢ (x-372+(y-6)=100
d P satisfies the equation of the circle.
2 (0-5)2+(0+2)?=5%+2%=29 < 30 therefore point is
inside the circle
3 a Centre (0, -4) and radius = 3
b (0,-1) and (0, -7)
¢ Students’ own work. Equation x? = -7 has no real
solutions.
4 a P8, 8),8+1)2+(8-3)2=92+52=81+25=106
b V106

370

5 a All points satisfy x? + y* =1, therefore all lie on circle.
b AB=BC=CA=3
6 a k=1k=-%
b x-10+(@y-3)?=13
7 Substitute y = 3x — 9 into the equation
2%+ px+y*+ 4y =20
x>+ px+(3x-9)7°+4(3x-9)=20
1022 + (p —42)x + 25=0
Using the discriminant: (p - 42)* = 1000 < 0
42 - 10/10 < p <42 + 10/10
8 (x-2P+(y+472=20
9 a 2/29 b 12
10 (-1,0),(11,0)
11 The values of m and n are 7 — V105 and 7 + V105.
12 a a=6andb=38 b y=—3x+8 ¢ 24
13 a p=0,9=24 b (0,49),(0,-1)
14 x+y+10=0
15 60
16 [:y=—-4x+12 andlgzyz—%x+12
17 a y=1x+3
b (x+2)?2+(y-2)02=50
¢ 20
18 a P(-3,1)and Q(9,-7)
b 3x-2y+11=0and3x-2y-41=0
19 a y=-4x+6andy=5x+6
b P(-4,5) and Q(1, 2)
c 17
20 a P(5,16) and Q(13,8)
b Liy=1x+1andl:y=7x-83
¢ lpy=x+3
d All 3 equations have solutionx:i?-,y=%
so R, 32)
21 a (4,0),(0,12)
b (2,6)
c (x-2P+(y-62=40
22 a g=4
b (x+32+y-2r=2%
23 a RS?+ ST?=RT*
b (x-202+(y+2?=61
24 (x-12+(@y-372=34
25 a iy=-4x-4 ii x=-2
b (x+272+(y-47=34
Challenge
a x+y-14=0
b P(7,7) and Q(9, 5)
¢ 10
CHAPTER 7
Prior knowledge check
. %
1 a 15z b 3y
2 a (x-6)x+4) b (Bx-5x-4)
3 a 8567 b 1652
4 a y=1-3x b y=3x-7
5 a (x-12-21 b 2(x+1)72+13
Exercise 7A
1 a 4x°+5x-7 b 2x*+9x*+x
c —x3+4x+g d 7x*—x2—%

@ Full worked solutions are available in SolutionBank. #



e 4x°-2x*+3 f 3x-4x*-1
g 2 22 h 2x-323+1
5 5 bx
7 3
i %—9;3+2x2—% j 3x“+2x5—%+;—x
2 a x+3 b x+4 c x+3
d x+7 e x+5 f x+4
xr-4 x+2 . x+4
g8 1 3 B ed ol P
. 2x+ 3 2x -3 x-2
J x-5 k x+1 ! x+2
2x + 1 x+4 2x + 1
=2 - 3x+1 0 2x -3
3 a=1,b=4,c=-2
Exercise 7B
1 a (+Dx*+5x+3) b (x+4)@x*+6x+1)
c (x+2)x*-3x+7) d (x-3)x*+4x+5)
e (x-5)x*-3x-2) f (x-7)x2+2x+8)
2 a (x+4)(6x*+3x+2) b (x+2)4x*+x-5)
¢ (x+3)2x*-2x-3) d (x-6)2x%-3x-4)
e (x+6)(-5x>+3x+5) f (x-2)(-4x2+x-1)
3 a ¥*+3x*-4x+1 b 4x*+2x>-3x-5
¢ -3x*+3x*-4x-7 d -5xt+2x3+4x2-3x+7
4 a x¥*+2x2-5x+4 b x*-x2+32x-1
c 2x*+5x+2 d 3x*+2x°-522+3x+6
e 2x'-2x°+3x*+4x-7 f 4x*-3x3-2x24+6x-5
g 5x%+12x%-6x-2 h 3x*+5x°+6
5 a -2x+5 b 2x>-6x+1
c -3x°-12x+2
6 a x*+4x+12 b 2x2-x+5
¢ -3x*+5x+ 10
7 Divide x* + 2x? - 5x — 10 by (x + 2) to give (x2 — 5). So
22+ 222 - 50 - 10 = (x + 2)(x2 - 5).
8 a -8 b -7 c -12
9 Divide 3x° — 24+ 4 by (x — 1) to get 3a2 + x + 1
remainder 5.
10 Divide 3x* — 8x° + 10x% — 3x — 25 by (x + 1) to get
3x® — 112% + 21x - 24 remainder —1.
11 (v +4)(52% - 20x + 7)
12 322+ 6x+4
13 2 +x+1
14 23 -2x2+4x-8
15 14
16 a -200 b (x+2)x-7)3Bx+1)
17 a i 30 ii 0 b x=-3,x=-4,x=1
18 a a=1,b=2,¢c=-3
b fr)=Cx-1Dx+3)x-1)
¢c z=05,z=-3,x=1
19 a a=3,=2,¢=1
b Quadratic has no real solutions so only Tisa
solution
Exercise 7C
1 a f(1)= b f(-3)=0 c f4)=0
2 (x-Dx+3)x+4
3 (+ D+ T7)(x-5)
4 (x-5)x-4x+2)
5 (x-2)2x-Dx+4)
6 a (x+1Dx-5x-6) b (x-2)x+ 1x+2)

¢ (x-5)x+3)x-2)

Answers

7 ai@-Dx+3)2x+1) i y[ ,
N[0 [ix
3 -3 1
-3
b ik@-3)x-502x-1) iy
oyl 5 x
2
-15
c i(@+Dr+2)3Bx-1) ii yA
1
2 -\ O 1
-2
d i@+2)@2x-1DBx+1) ii
e i(x-2)2x-5Q2x+3) ii YA
30
/_3 0 55 %
2 2
8 2
9 -16
10 p=3,9=7
11 ¢=2,d=3
12 g=3,h=-
13 a f4)=0
b f(x)=(x - 4)(3x2 + 6)
For 3x% + 6 = 0, b? — 4ac = -72 so there are no real
roots. Therefore, 4 is the only real root of f(x) =
14 a f(-2)= b (x+2)2x+ 1)(2x - 3)
c x:—2,x=—%andx=l%
15 a f(2)=0 b x=0x=2x=-landz=1
Challenge
a f(1)=2-5-42-9+54=0
f(-=3) =162+ 135-378 + 27 + 54 =0
b 2x* - 52 — 42x% - 9x + 54

= -1x+3)(x-6)(2x +3)
xr=1x=-3,x=6,x=-1.5
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Answers

Exercise 7D

1

n?-n=nn-1)
If n is even, n — 1 is odd and even x odd = even
If nis odd, n — 1 is even and odd x even = even

X (1—\2] {l—\f):x—x\f

2 oD v u-a o -1 MR
3 @+ Pa- Y =x’-xg+xy-y=a*-y
4 (2x -1 +6)x-5)=(2x - D(*+x - 30)
=2x*+ 2% - 61x + 30
5 LHS = a? + bx, using completing the square,
3 -]
2 2
6 x?+ 2bx + ¢ = 0, using completing the square
(x+b)?*+c-b*=
(x+0)2=0b-c
x+b=xVb*-c
x=-bxVb’-c
3
7 (x—%) :(x—%)(x3—4+%) 6x+%—%
8 (:r3—l)(x%+x’~7"’]=x§+x%—x%—x‘§:xé’—x-»—§
x
o3
9 3n°-4n+10= 3[ % ’32 3[(n—— +%—%]
=3n-3'+%
The minimum value is zg so 3n? — 4n + 10 is always
positive.
10 -n2-2n-3=-?+2n+3l=-[n+1?+3-1]
=-n+17°-
The maximum value is -2 so —-n? — 2n — 3 is always
negative.
11 22 +8x+20=(x+4)0°+4
The minimum value is 4 so 2> + 8x + 20 is always
greater than or equal to 4.
12 kx?+ 5kx +3=0,0% - 4ac <0, 25k*- 12k <0,
k(25k - 12) <0, O<k<
When k = 0 there are no real roots, so 0 <k <
13 pxz-5x-6=0,b*-4ac>0,25+24p >0, p>——
14 Gradient AB = -1, gradient BC = 2,
Gradient AB x gradient BC = - x 2 = -1,
so AB and BC are perpendicular.
15 Gradient AB = 3, gradient BC = 1, gradient €D = 3,
gradient AD = 1
Gradient AB = gradient CD so AB and CD are parallel.
Gradient BC = gradient AD so BC and AD are parallel.
16 Gradient AB = 1, gradient BC = 3, gradient €D = 3,
gradient AD = 3
Gradient AB = gradient CD so AB and CD are parallel.
Gradient BC = gradient AD so BC and AD are parallel.
Length AB = /10, BC = V10, CD = V10 and AD = V10,
so all four sides are equal.
17 Gradient AB = -3, gradient BC = 1,
Gradient AB x gradient BC = -3 x § = -1, 50 AB and BC
are perpendicular.
Length AB = V40, BC = /40, AB = BC
18 (x—-12+y’=ky=ax, (x-17?+a*x*=k,
*1+a)-2x+1-k=0
2 a’
b?-4ac>0,k> T+ g
3172

19 x = 2. There is only one solution so the line

20

4y — 3x + 26 = 0 only touches the circle in one place so
is the tangent to the circle.

Area of square = (a + b)? = a® + 2ab + b

Shaded area = 4(3ab)

Area of smaller square: a® + 2ab + b? -
=a’+b*=c?

2ab

Challenge

1

2

The equation of the circle is (x — 3)* + (y — 5)? = 25 and
all four points satisfy this equation.

2k+1=1x@2k+D)=(k+1D-kk+1)+k)=(k+17-

Exercise 7TE

1
2

3

4

10

3,4,5,6,7 and 8 are not divisible by 10

3,5,7,11,13,17, 19, 23 are prime numbers. 9, 15, 21,

25 are the product of two prime numbers.

12+ 22 = odd, 22+ 32 = 0odd, 3? +4? = odd, 4>+ 5% = odd,
24 62=o0dd, 62+ 72 =o0dd, 7% + 8 = odd

(3n)* = 27n3 = 9n(3n?) which is a multiple of 9

(Bn+1P=27n*+27n2+9n+1=9n(3n*+3n+1)+1

which is one more than a multiple of 9

(3n+2)*=27n%+54n?+ 36n+8=9n(3n’ + 6bn+4) + 8

which is one less than a multiple of 9

a For example, when n = 2, 2* - 2 = 14, 14 is not

divisible by 4.

Any square number

For example, when n = §

For example, when n =1

Assuming that x and y are positive
eg.x=0,y=0

(x + 5)? = 0 for all real values of x, and
(x+52+2x+11=(x+6)%s0(x+6?*=
(@-12=0,a2-2a+1=0,a*+1=>2a
a is positive so both sides of the inequality can be
divided by a without reversing the inequality.

Soa+ % =2

a (p+¢P=p*+2pg+q°=(p-qF+4pq
(p - g)* = 0 since it is a square, so (p + ¢)* = 4pq
p>0,g>0=p+q>0=p+q=/dpg

b egp=g=-1:p+q=-2,/4pg=2

a Starts by assuming the inequality is true:
i.e. negative = positive

Toe 0T

2x + 11

egr=y=-lx+y=-2,/22+y* =12

¢ (x+y?=a2+2xy+y*>a+y’since x>0,
y>0=2xy>0
As x +y > 0, can take square roots: x + y > /x* + y*

Mixed exercise 7

1

o = W

O N

10

@ Full worked solutions are available in SolutionBank. #

3 _ x+4 2x -1
a w7 b x-1 2x + 1
3x2+5
2x2-2x+5

a Whenx=3,2x*-2x2-172+15=0
b A=2,B=4,C=-5

a Whenx=2,2"+4x>-3x-18=0

b p=1,g=3

x-2)x+42x-1)

7

a p=1,¢g=-15 b (x+3)2x-5)

a r=3s=0 b x(x+ 1x+3)
a (x-Dx+5C2x+1) b -5-L1




11 a Whenx=2,2*+x>-5x-2=0

3 V5
b 2, St
12 % 3
13 a Whenx=-4,flx)=0
b x=-4,x=1andx=5
14 a f(%) = 0, therefore (3x - 2) is a factor of f(x)
a=2,b=7andc=3
b (Bx-2)2x+1)(x+3)
¢ L= % —%, -3
15 f A » (\f /Y = (- Yz + /y) =VE + Y
vz - \'/y) (Vx + \y) r-y

16 n2-8n+ 20 =(n-4)?+4, 4 is the minimum value so
n® - 8n + 20 is always positive

17 Gradient AB =, gradient BC = -2, gradient CD = 3,
gradient AD = -2
AB and BC, BC and CD, CD and AD and AB and AD are
all perpendicular
Length AB = V5, BC = /5, CD = /5 and AD = /5, all four
sides are equal

18 1+3=even,3+5=even,5+7 =even, 7 +9 =even

19 For example when n =6

20 (x = %)[x% fad)=ai+xi—xi—ai= Jc:"«(ac2 = %)

21 RHS=(x+4)x-52x+3)=(x+4)(2x2-7x-15)
=2x%+x?—-43x-60 = LHS

22 x?’-kx+k=0,b>-4ac=0,k?-4k=0,k(k-4)=0,
k=4.

23 The distance between opposite edges

- 2»/@ =213 = % =3 which is rational.

24 a (2n+2)*-(2n)*=8n+4=4(12n+ 1) is always
divisible by 4.
b Yes, (2n+1)?-(2n-1)?=8n which is always

divisible by 4.
25 a The assumption is that x is positive
b x=0
Challenge
1 a Perimeter of inside square = 4( (%]Z + (%)2) = % =2/2
/

Perimeter of outside square = 4
Circumferenﬁe of circle=ntx12=n
therefore 2v2 < 7 < 4.

b Perimeter of inside hexagon = 3
=
Perimeter of outside hexagon = 6 x V3 _2/3,
therefore 3 < < 2/3 3
2 ax*+bx’+cx+d+(x-p)=ax?+(b+ap)x
+ (¢ + bp + ap?) with remainder d + cp + bp? + ap?
f(p) = ap® + bp* + cp + d = 0, which matches the
remainder, so (x — p) is a factor of f(x).

CHAPTER 8
Prior knowledge check
1 a 4x%-12xy+9y? b x® - 3xty + 3xy? — 1P
c 8+ 12x +6x% +x°
: 1 4 . 27
2 — 8x3 & p 27
a % b Bip c 5% d =
A 1 10 163—
3 5V d 2273
L 67 | 3% 81"

Answers

Exercise 8A

1 a 4throw b 16th row
¢ (n+ 1throw d (n+ 5)th row
2 a x'+4x% + 6x?y’ + dxy + yF
b p°+ 5piqg + 10p°q® + 10p2¢® + 5pq* + ¢°
¢ a - 3a* + 3ab* - b?
d 2%+ 12x% + 48x + 64
e 16x*-96x° + 2162 - 216x + 81
f o+ 10a* + 40a® + 80a? + 80a + 32
g 8lx*-432x% + 864x% — 768x + 256
h 16x* - 96a%y + 216x%y* — 216xy° + 81y*
3 a 16 b -10 c 8 d 1280
e 160 f -2 g 40 h -96
4 1+ 9x+ 302% + 442° + 24x*
5 8+ 12y+6y*+y? 8+ 12x — 6a% — 11a% + 3a* + 3x®—a®
6 =3
7 35,1
8 12p
9 500+ 25X+ X?
Challenge
3
Exercise 8B
1 a 24 b 362880 ¢ 720 d 210
2 a6 b 15 c 20 d 5
e 45 f 126
3 a 5005 b 120 ¢ 184756 d 1140
e 2002 f 8568
4 a=*C,b=°C,c=°C,d="C,
5 330
6 a 120,210 b 960
7 a 286,715 b 57915
8 0.1762 to 4 decimal places. Whilst it seems a low

probability, there is more chance of the coin landing on
10 heads than any other number of heads.

i n!
2 a GG
_ I1x2x...x(n=-2)x(n-1)xn 5
T1x1x2x..x(m=-3)x(n-2)x(n-1)
nC n!
b G, 2l(n-2)!
_ Ix2x.x(m-2)x(n-1)xn _nn-1)
T1x2x1x2x..x(n-3)x(n-2) 2
10 a =37
11 p=17
Challenge
10! 10!
a 1OC3 = ﬁ =120 and 10CT _ﬁ =120
14! 14
b ;=5 = 2002 and MGy = gray = 2002

¢ The two answers for part a are the same and the two
answers for part b are the same.

o n! n!
d C,—'—

r.(n _ r)| and ”C,,,,— = (n _ r)!r!, therefore ”Cr = "C’

n-r

Exercise 8C

1 a 1+4x+6a%+ 4%+t
b 81+ 108x + 54x2 + 1223 + 1*
¢ 256 — 256x + 96x% — 164° + x*
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Answers

20+ 12x° + 60x* + 160x° + 240x% + 192x + 64
1+ 8x + 24x% + 32x% + 162*
1 —2x+%x2—%x3+%x*
1+ 10x + 45x% + 12023
1 - 10x + 40x? — 80x?
1+ 18x + 135x% + 540x°
256 — 1024x + 1792x2 - 179243
1024 - 2560x + 2880x% — 1920x°
2187 - 5103x + 5103x% — 2835x°
64x° + 192x°y + 240x%y* + 160x°y?
32x° + 240x'y + 720x°y? + 1080x%y?
p* - 8p’q + 28p°q* - 56p°q?
729x° — 1458x°y + 1215x%y? - 5402°y®
a8 + 1627y + 11229 + 448x°y°
512x — 6912x% + 41 472x7y* — 145 152x°y°
1 + 8x + 28x% + 56a°
1-12x + 60x% — 16022
1+ 51 +£2x% + 152°
1 - 15x +90x® — 27023
128 + 448x + 672x% + 560x°
27 — 54x + 36x% — 8x°
64 - 576x + 2160x* — 4320x°
256 + 256x + 96x% + 1623
i 128 +2240x + 16 800x% + 70000«
5 64 -192x + 240x?
6 243 - 810x + 1080x?
10 1

7 x5+5x3+10x+—+£,+—_
x oz xt

d
e
f
a
b
c
d
e
f
a
b
c
d
e
f
a
b
c
d
e
f
g
h

Challenge
a (a+0b)=a'+4a’b + 6a%b? + 4ab® + b*

(a - b)* = a* - 4a°b + 6a*b* — 4ab® + b*

(a + b)* - (a — b)* = 8a’b + 8ab® = 8ab(a® + b?)
b 82896 =2*x3x11x 157

Exercise 8D

1 a 90 b 80 c -20
d 1080 e 120 f -4320
g 1140 h -241920 i -25
j 354.375 k -224 1 3.90625
2 a==i
2
3 b=-2
5+v105
4 1, 3
5 a p=5 b -10 ¢ -80
6 a 5%+5%x30px+5%x435p2a?
b p=10
7 a 1+10gx+45¢*x*+120¢°x?
b ¢g=+3
8 a 1+ 11px+ 55p%x?
b p=7,q9=2695
9 a 1+ 15px+ 105p°x?
b p=-2,¢=102
q
10 p= 2.1
Challenge
a 314928 b 43750

Exercise 8E
1 a 1-0.6x+0.152%-0.0223
b 0.94148

2

a
b

(1

1024 + 1024x + 460.822 + 122.88x3
1666.56

_3ap=15+ (f)r(—?,x)l 2 (2)13(—3x)2= 1-15x +90x

(2+ 21 -3x)°=(2+2)(1 -15x +90x2)
=2-30x+180x%+x - 15x2+90x%~ 2 — 29x + 165x2
a=162,b=135,¢=0

[ = -V - ol U T — o -V - -1

o T

1+ 16x + 112x° + 44823
x=0.01,1.028~1.171 648

1 -150x + 10875x? — 507500x°

0.860 368

0.860 384, 0.0019%

59049 - 39366x + 11 809.8x?

Substitute x = 0.1 into the expansion.

1 - 15x + 90x% - 270x°
(T+x)(1-32)P°=(1+2)(1-15x)~1-14x
So that higher powers of p can be ignored as they
tend to O

1 -200p + 19900p?

p =0.000417 (3 s.f))

Mixed exercise 8

1
2
3
4
5
6

-

10

11

12

13

14

15
16
17
18
19

20

a 455,1365 b 3640

a=28

a 0.0148 b 0.0000000000349 ¢ 0.166
a p=16 b 270 c -1890

A=8192,B=-53248,C=159744

a 1-20x+ 180x? - 960x*
b 0.817 04,x=0.01
a 1024 - 15360x + 103 680x — 414 720x°
b 880.35
a 81+ 216x + 216x% + 96x° + 162*
b 81 -216x + 216x* — 96x° + 16x*
c 1154
a n=38 b '~38§
a 81+ 1080x + 5400x + 12000x* + 10 000x*
b 1012054108081, x =100
a 1+ 24x +264x* +1760x° b 1.26816,x=0.01
¢ 1.268241795 d 0.006 45% (3 sf)
x5 - 5x% + le—EJr—Sf—l,
x.i x5

=3

T e T e O R RDTe

(s (o

n!(2k)"-* _ nl(2k)"-?

2ln-2) 3ln-3)!
2k 1

n-2 3
Son=6k+2

4096 2048 1280 2y 1280,
729 81 27 27

64 + 192x + 240x% + 160x* + 60x* + 12x° + x°
k =1560

k=1.25 b 3500
A=64,B=160,C=20 b x
p=15 b 50.625

1]
H
el

S
no

128 + 448px + 672p?x*
p=>5q9=16800

1 - 12px + 66p*x?

4 —lﬁ s = 13%

374 @ Full worked solutions are available in SolutionBank. #



21 a 128 + 224x + 16822
b Substitute x = 0.1 into the expansion.
22 k=1

Challenge
1 540-405p=0,p=75
2 4704

CHAPTER 9

Prior knowledge check

1 a 3.10cm b 9.05cm

2 a 25.8° b 77.2°

3 a graphofa?+ 3x b graphof (x + 2)* + 3(x + 2)
¢ graph of x? + 3x -3 b graph of (0.5x)* + 3(0.5x)

Exercise 9A
1 a 3.19cm b 1.73cm (V3 cm) ¢ 9.85cm
d 4.31cm e 6.84cm f 9.80cm
2 a 108(.2)° b 90° ¢ 60°
d 52.6° e 137° f 72.2°
3 192km
4 11.2km
5 128.5° or 031.5° (Angle BAC = 48.5°)
6 302 yards (301.5...)
A : 52+4°-6°_ 1
7 Using the cosine rule 554 "8
: . 22 + 32 - 42 1
8 Using the cosine rule 5x2x3 - 4

9 ACB=22.3°

10 ABC = 108(.4)°

11 104(.48)°

12 x=44

13 x=42

14 a y¥?’=05-2°+@ +2)?-2(5-2)4 +x) cos120°
=25 - 10x + 2% + 16 + 8% + 2% — 2(20 + x — x?) ()
=x?-x+61

b Minimum AC? = 60.75; it occurs for x = 1

2 2. _y)2
15 a COSMBC:M

2x %5
_20x-75 _4x-15
T 10x 0 2«
b 35
16 65.3°
17 a 28.7km b 056.6°
Exercise 9B
1 a 152cm b 957ecm ¢ 897cm d 4.61cm
2 a x=84°y=6.32
b x=135y=16.6
¢ x=85%y=139
d x=80°y=6.22 (isosceles triangle)
e x=627,y=7.16
f x=4.49,y=7.49 (right-angled)
3 a 36.4° b 35.8° ¢ 40.5° d 130°
4 a 48.1° b 45.6° c 14.8° d 48.7°
e 86.5° f 77.4°
5 a 1.41cm (V2cm) b 1.93cm
6 QPR =50.6° PQR = 54.4°
7 a x=432°y=502cm b x=101°y=15.0cm
¢ x=658cm,y=321° d x=54.6°y=10.3cm
e x=21.8°y=3.01 f x=459°y=3.87°
8 a 6.52km b 3.80km
9 a 731lcm b 1.97cm

Answers

b 148m
4\’?

10 a 66.3°

11 Using the sine rule, x = —; rationalising
2+V2

e 4/2(2 - V2)
2
12 a 36.5m
b That the angles have been measured from ground
level

=4/2 -4 =4(/2 -1).

Exercise 9C
1 a 70.5° 109°(109.5°)
b

2 a x=746°%y=654°
x=105°y = 34.6°
b x=59.8°y=484cm
x=120°y=27.3cm
¢ x=56.8°y=4.37cm
x=23.2°y=2.06cm
3 a 5cm(ACB=90°
c 45.6° 134(.4)°
4 297cm
5 In one triangle ABC = 101° (100.9°); in the other
BAC =131°(130.9°)
6 a 62.0° b The swing is symmetrical

b 24.6°

Exercise 9D

1 a 237cm?*> b 4.31cm?

2 a x=41.8°0r 138(.2)°

b x=26.7°0or 153(.3)°

¢ x=060°o0r120°

275(.3)m (third side = 135.3m)

3.58

a Area=4(x + 2)(5 - x) sin 30°
=110+ 32 -2 x 3
=1(10 + 3x - x?)

b Maximum A = 3.1, when x = 1}

6 a 1x(5+x)sin150°=12

¢ 20.2cm?

Ul W

%(5x+x2)x%=
5x+x%=15
2> +5x-15=0

b 2.11

Exercise 9E

1 x=37.7°,y=86.3°2=6.86
x=48°y=19.5,z=14.6
x=30°y=1152=115
x=21.0°y=29.0° z=8.09
x=93.8°y=>56.3° z=29.9°
x=97.2°%y=414°2z=414°

Lo I« - PR I ol -]
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NG e W

O ®©

11
12

13
14

15

Answers

g x=453°%y=94.7°2=14.7
orx=135°y=527°2=1.36
h x=7.07,y=106° z=28.7°
i ©x=49.8°,y=9.39,z=37.0°
a ACB=324° ABC=108°, AC=15.1cm
Area = 41.3cm?
b BAC =41.5°, ABC = 28.5°, AB = 9.65 cm
Area = 15.7 cm?
a 8km b 060°
107 km
12km
a 544 b 7.95 ¢ 36.8°
a AB+BC>AC=x+6>7T=1x>1;
AC+AB>BC=11>x+2=2x<9
b i x=6.08froma?=37
Area = 14.0 cm?
ii x=7.23froma?-4(2-1)x-(29+8/2)=0
Area = 13.1 cm?
a x=4 b 4.68cm?
AC=1.93cm
a AC°=2-xP+@x+1)7?-22-x)(x+1)cos120°
=@ -dr+2)+ (@ + 20+ 1) - 22> +x+2) (5
=x2-x+7
b
4/10
AC = 1%cm and BC = 6 cm
Area = 5.05 cm?
a 61.3° b 78.9cm?
a DAB=136.3°, BCD = 50.1°
b 13.1m?
¢ 5.15m
34.2 cm?

n|—

Exercise 9F

1

376

yﬂ

Yy =cosb

~180° 0° 0 9 180° 0

y=tané

-90° /0 9 180° ¢

=
o

ylk
11 y =sinf
T T T >
-18¢Q° -90° 90° 180° 0
_1_
4 a -30°
b i-120° ii —60°, 120°
¢ i135° ii -45°,-135°
Exercise 9G
1 a ilx=0° ii -1, x=180°
b i4,x=90° ii -4, x=270°
c il,x=0° ii -1, x=180°
d i4,x=90° ii 2,x=270°
e i1,x=270° ii-1,x=90°
f i1l,x=30° ii-1,x=90°
2
3 a The graph of y = —cos 6 is the graph of y = cosé
reflected in the #-axis
yl
1_
m: —cos 6
0 /60° 180° 27\*’\36'0" 7
i
Meets 6-axis at (90°, 0), (270°, 0)
Meets y-axis at (0°, -1)
Maximum at (180°, 1)
Minimum at (0°, =1) and (360°, -1)
b The graph ofy = % sinf is the graph of y = sin#

stretched by a scale factor % in the y direction.
Y

% y:%sine
_0{ 90° 1808 _270°_A460° ¢

Meets #-axis at (0°, 0), (180°, 0), (360°, 0)
Meets y-axis at (0°, 0)

Maximum at (90°, 3)

Minimum at (270°, —)

W=

@ Full worked solutions are available in SolutionBank. #



¢ The graph of y = sin 16 is the graph of y = sin¢
stretched by a scale factor 3 in the 6 direction.

yﬂ

14 y=sin%9
0 90°  180° 270° 360° ¢
_'1_

Only meets axis at origin
Maximum at (270°, 1)

d The graph of y = tan (§ — 45°) is the graph of tan
translated by 45° in the positive ¢ direction.

u : | y=tan (9-45°)

A\

1866 270°% 360° 0

_?dﬁ 90°

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
!

y
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
!

Meets ¢-axis at (45°, 0), (225°, 0)
Meets y-axis at (0°, -1)
(Asymptotes at # = 135° and 6 = 315°)
4 a This is the graph of y = sin 6 stretched by scale
factor —2 in the y-direction (i.e. reflected in the
#-axis and scaled by 2 in the y-direction).
ES
24

— >

~180° —90° O 90° R0 0

y=-2sinf

-21
Meets ¢-axis at (-180°, 0), (0, 0), (180, 0)
Maximum at (-90°, 2)

Minimum at (90°, -2).

b This is the graph of y = tan ¢ translated by 180° in
the negative ¢ direction.

y‘r

y=tan(f +180°)

'
'
'
'
'
'
'
'
'
'
'
'
'
'
T

~180° —90° /0 90° /180° 6

Tt

'
'
'
'
'
'
'
'
'
'
'

As tan 6 has a period of 180°

tan (¢ + 180°) = tan#

Meets #-axis at (-180°, 0), (0, 0), (180°, 0)
Meets y-axis at (0, 0)

(<]

Answers

This is the graph of y = cos 6 stretched by scale
factor } horizontally.

yk

y=cos4d

90°\ [180° ¢

Meets 6-axis at (-1573°, 0), (-1121°, 0), (-674°, 0),
(-22°, 0), (223°, 0), (675°, 0), (1123°, 0), (1573°, 0)

Meets y-axis at (0, 1)

Maxima at (-180°, 1), (-90°, 1), (0, 1), (90°, 1), (180°, 1)

Minima at (-135°, -1), (-45°, -1), (45°, -1), (135°, 1)
This is the graph of y = sin 6 reflected in the y-axis.
(This is the same as y = —sin#4.)

yﬂ

y=sin(-0)

Meets #-axis at (-180°, 0), (0°, 0), (180°, 0)
Maximum at (-90°, 1)

Minimum at (90°, -1)

Period = 720°

1y“ y=sin 30

3608270°-180°~90° /|0 90° 180° 270° 360°7
_1..

Period = 360°

y=—%cos€

—36IO°/—Z’%0°—1|80°—'\°\\ 0/40" 180° 27}>°\360°9
-3

Period = 180°
y=tan(6-90°)

J N T

—36b° 270"—1'80 “90° O 90° 180° 70° 360°

D=
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d

6 a

\

Answers

Period = 90°

y=tan 26

0° 180° 970° F60°0

i y=cos(-0) is a reflection of y = cos # in the
y-axis, which is the same curve, so cosf = cos(-6).

A )
y y=cos (-0)

—270°-180° -H0° O

378

oS 4

o 180° 270° 360° 450°

ii y=sin (-0) is a reflection of y = sinf in the y-axis.

yl
y=sin(-6)
o> O 0° 36¢° J
y = —sin (-0) is a reflection of y = sin (-f) in the
f-axis, which is the graph of y = sin 6,
so —sin (-0) = sin 6.
y \
y=-sin(-6)
_1 00 0 1V00 \ 9

iii y = sin (0 - 90°) is the graph of y = sin@
translated by 90° to the right, which is the graph
of y = —cos #, so sin (6 — 90°) = —cos 6.

¥ y=sin(9-90°)

/ 180° —9N° 0/0° 180° z?ye/o”)

b sin(90° - 0)
= -sin (-(90° - #)) = —sin (6 — 90°)
using (a) (i)
= —(-cos #) using (a) (iii)
= cosf

¢ Using (a)(i) cos(90° — 6) = cos (-(90° - 0))
= cos (# — 90°), but cos (# — 90°) = sin 6,
50 c0s(90° — 0) =sinf

a (-300°,0), (-120°, 0), (60°, 0), (240°, 0)
o V3
b (03)
a k=60°
b Yes - the graph of y = sinf repeats every 360°,
so e.g. k = 420°.
a yA

1 y=sin(30¢)°

~Y

o0 1 2 3 4 5 6
1_

b Between 1pm and 5pm

Mixed exercise 9

1
2

(= S B

8
9

a 155° b 13.7cm
a x=49.5° area = 1.37 cm?
b x=55.2° area = 10.6 cm?
¢ x=117° area = 6.66 cm?

6.50 cm?

a 50.9cm? b

a 5 b

12.0 cm?
253
=5 cm
area = %ab sin C

1 =% x 2/2 sinC

1 _sinC= Cc=45°

Iy

v
Use the cosine rule to find the other side:
=224 (/2)2-2x2/2 cosC=x=vY2cm
So the triangle is isosceles, with two 45° angles, thus is
also right-angled.
a AC=V/5,AB=/18,BC=5
AC? + BC? — AB?

2 x AC x BC
_5+5-18

2xV5 xV5

8 4

10 5

cos ZACB =

b 1}cm?

15/3
4

b 241°

a 4 b
a 1.50km

(6.50) cm?
¢ 0.789km?

10 359m?
11 35.2m
12 a A stretch of scale factor 2 in the x direction.

b A translation of +3 in the y direction.

@ Full worked solutions are available in SolutionBank. #



¢ A reflection in the x-axis.

d A translation of —20 in the x direction.

13 a
Y y-tan(x-459
2 y=-2cosx
1_
0/5" 0° 135° 180° *
=4
_24
b There are no solutions.
14 a 300° b (30°1) ¢ 60° d %
15 a p=5
YA
y = flx)

NANNN
KAVAVEVATATS

b 72°
16 a The four shaded regions are congruent.

S

=)

b sina and sin (180° — o) have the same y value,
(call it k)
so sina = sin (180° — )
sin (180° + a) and sin (360° — ) have the same
y value, (which will be k)
s0 sina = sin (180° — a)
= —sin (180° + a) = —sin (360° — )

17 a YA
1j 180°-a y=cosd
360° -«
O a9 0°  360° 9
=1 180°+a

Answers

y=tanf

180°+

g

1
1
'
'
'
'
'
'

b i From the graph of y = cos6, which shows four
congruent shaded regions, if the y value at o
is k, then y at 180° — « is —k, y at
180° + o = —k and y at 360° — « = +k
s0 cosa = —cos (180° — a)

= —c0s(180° + a) = cos (360° — a)
ii From the graph of y = tan 0, if the y value at a
is k, then at 180° — a it is —k, at 180° + v it is
+k and at 360° - a it is —k,
so tana = —tan (180° — )
= +tan (180° + a) = —tan (360° — «)

y=sin(60x)°

AEANAWAN
KAVAVAVAVS

b 4
¢ The dunes may not all be the same height.

5(L)

. V5 1

sin (180° — ZADB — ZAEB) = —— = —
10 V2

v

=)

Challenge
Using the sine rule:

180° — ZADB - /AEB = 135° (obtuse)
so ZADB + /AEB = 45° = ZACB

CHAPTER 10
Prior knowledge check
1 a yp
14
0 18¢° 60° 540° ¥
=1}
b 4
¢ 143.1°, 396.9°, 503.1°
2 a 57.7° b 73.0°
3 ax=11 b x=3 ¢ x=-44.4°
4 a x=lorx=3
b x=1orx=-9
3% V65
c x= ———4
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Answers

Exercise 10A
1 a YA b

=Y

O\8o°
~80°

y
P
+100°
80°
0‘ %
y
P +165°
150 ;
0 x

Y
/]\*m

35° X

=)

-145°

]
:i o]
o
°
=Y

h

%0 x
P

Y
0 30°] X
P

P
i YA j
2010 ] %
P -160°
2 a First b Second
d Third e Third
3 a -1 b 1 c O
f 0 g 0 h 0
4 a -sin60° b -sin80°
d -sin60° e sin80
g —cos80° h cos50°
j -cos5° k -tan80°
m —tan 30° n tan5°
5 a -sind b -sind
d siné e -sind
g —sinf h -sin#
6 a -cosf b -cosf
d -cosf e cosf
g —tané h -tan#
j tané k —tané@
380

ya P
-280°
80°
0 x

3

¢ Second

="
|
—

e -1
i 0
sin 20°
—cos 70°
—cos 20°
—tan 35°
tan 60°
—sin @
sin @
sin @
cost
—cosf
tané
tan @

—— e @ e o O

Challenge
a YA
180°— O aczm======- A mmmmmemes 0
[ g A
\ |
sinf =sin(180° - ) = a
b YA
.9
o1 il
g | ll) x
-6
cosf =cos(-0)=b
C Yy
180°~ O hc-------- [ \ 0
E I" 0 0 ‘\, E _
b bl *
tand = Z; tan (180° - ) =% = —tang
b -b
Exercise 10B
2 V3 1 V3
1 e =i —_ i
) b =3 €7 d 3
\"§ 1 1 \‘g
¢ 2 r = g3 h -5
5 V3 7 V2
et B =& -1 =
i 5 j 5 k I -1
m \/?3 n -/3 o V3
Challenge
a i3 i 2 iii V2 +V3 ivV2+V3 -/2
b 15°
i\‘2+\§—\§ iiv‘2+\§
2 2

@ Full worked solutions are available in SolutionBank. #



Exercise 10C

1

10

11

12

a sin? g b 5 ¢ —Cos*A
d cosf e tanx f tan3A4
g 4 h sin?0 i1
1
13
3 tany
a 1-sin’f b ﬂ ¢ sinf
1 - sin?6
1—_.2132—0 e 1-2sin20
sin @
(One outline example of a proof is given)
a LHS =sin®# + cos?6 + 2sin# cos
=1+ 2sinf cosf
= RHS
s - ;
b LHS=M=M=51 gXSI_ne
cosf cosf cos

=sin# tan# = RHS
sinx = cosx _ sin’x + cos®x
LHS = 4 COS% . BID AR 005 X
cosx sinx sinx cosx

1 _Rus
SINX COSX

d LHS = (1 - sin?A4) — sin?4
=1 -2sin’A = RHS

e LHS = (4sin’6 — 4sin6 cosf + cos?6)

+ (sin?6 + 4sinf cos @ + 4 cos?0)

=5(sin’6 + cos?*#) = 5 = RHS

f LHS =2 - (sin*# — 2sinf cosf + cos? )
= 2(sin*6 + cos?6f) — (sin?H — 2sinf cos f + cos? )
=sin%# + 2sinf cosf + cos?
= (sin# + cosf)?* = RHS

g LHS =sinx (1 - sin*y) — (1 - sin’x) sin’y
=sin?x - sin’y = RHS

12

a sinf =72, cosf=12
siné‘::’—‘;,tanﬁz—A
¢ cosf=32% tano=-L
V5 2/5
_yo b -
73 5
V3 1
_Ya b =
&7 2
\(7 \/—
=i b =YL
72 3
a x¥+y’=1
2
b 4x*+y*=4 (0rx1+yz=1>
c ¥*+y=1
d 2=y’ (1-29 (0rx2+x—j=1)
e
) (x+y? @-y» )
2 ypyt=2 N
e x*+y (or 1 + 7 1

8 +122-102_ 9

Usi i le: cosB = =
a Using cosine rule: cos 28 x12 16

175
h v
16
a Using sine rule: sinQ = Ln639 x 8 =§
5
b -2
3

Exercise 10D
1
2
3

11

Answers

a -63.4° b 116.6° 296.6°
a 66.4° b 66.4° 113.6° 246.4°, 293.6°
a 270° b 60°, 240°
¢ 60° 300° d 15° 165°
e 140°,220° f 135°%,315°
g 90°, 270° h 230°, 310°
a 45.6° 134.4° b 135°, 225°
¢ 132°,228° d 229° 311°
e 8.13° 188° f 61.9° 242°
g 105°, 285° h 41.8° 318°
a 30° 210° b 135° 315°
¢ 53.1°,233° d 56.3° 236°
e 54.7°,235° f 148°, 328°
a -120° -60°, 240°, 300° b -171° -8.63°
c -144° 144° d -327°,-32.9°
e 150°, 330° 510° 690° f 251°,431°
a tanx should be 2
b Squaring both sides creates extra solutions
¢ -146.3°,33.7°
a  yA
2_
14 / y=cosx
4 90 181 70° 0 %
! y=2sinx
—2-
b 2 ¢ 26.6° 206.6°

71.6° 108.4°, 251.6°, 288.4°

a 4sin’x - 3(1 - sin®x) = 2.
Rearrange to get 7sin’x =5

b 57.7° 122.3°, 237.7%. 302.3°

a 2sin’x + 5(1 - sin%x) = 1.
Rearrange to get 3sin*x =4

b sinx>1

Exercise 10E

1

'S

a 0° 45° 90° 135° 180°, 225°, 270°, 315°, 360°
b 60°, 180°, 300°
¢ 221° 112}, 2021°, 2921°
d 30° 150°,210°, 330°
e 300°
f 225°, 315°
a 90°,270° b 50° 170° ¢ 165°, 345°
d 250°,310° e 65° 245°
f -77.3°,-17.3°,42.7°,103°, 163°
a 11.2°,71.2°,131.2° b 6.3°,186.3°, 366.3°
¢ 37.0°,127.0° d -150°,30°
a 10°130° b 71.6° 108.4°
a y;r
14B0°, 1)
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Answers

o

(O°, %) (120°, 0), (300°, 0)

86.6° 333.4°

0.75

18.4°,108.4°,198.4°, 288.4°

2.5

No: increasing k will bring another ‘branch’ of the
tan graph into place.

25°,65°,145°

oTe oTe o

Exercise 10F

1

[N~ TN

®

60°, 120°, 240°, 300°
45°,135°, 225°, 315°
0°,180°, 199°, 341°, 360°
77.0°,113°, 257°, 293°
60°, 300°
204°, 336°
30°, 60°, 120°, 150°, 210°, 240°, 300°, 330°
+45° +135° b -180° -117°,0° 63.4°, 180°
+114° d 0° £75.5° +£180°
72°,144° b 0° 60°
No solutions in range
a +41.8° £138° b 38.2°,142°
60°, 75.5°, 284.5°, 300°
48.2°,131.8°, 228.2°, 311.8°
2c0s*x + cosx — 6 =(2cosx — 3)(cosx + 2)
There are no solutions to cosx = -2 or to cosx = %
a 1-sinx=2-sinx
Rearrange to get sinx —sinx + 1 =0
b The equation has no real roots as b? — 4ac < 0
a p=1,g=5
b 72.8° 129.0°, 252.8°, 309.0°, 432.8°, 489.0°

SO @0 o 0 TR

Challenge

1

-180°, -60°, 60°, 180°

2 0°90° 180°, 270°, 360°

Mixed exercise 10

1 a -cosb7° b -sin48° ¢ +tan10°
2
2 0 b =is -1
a g > c
d V3 e -1
2
3 Using sin?A = 1 - cos?A, sin?A =1 - <‘\/%) = %.
Since angle A is obtuse, it is in the second quadrant
and sin is positive, so sinA = %
v
Then tanA = S04 _ 2 (_ H) __2__2m7
A=A i1 V7 )T T
21 2
4 = h -=£
5 5
a cos’f —sin’f b sin*36 c 1
_ 4 +tanx
6 a1l b tany_———Ztme_3
7 a LHS=(1+2sin# + sin?#) + cos*6
=1+2sinf+1
=2+ 2sinf
=2(1 + sinf) = RHS
382

b LHS = cos*# + sin?6
= (1 - sin?#)? + sin?6
=1 - 2sin?6f + sin*# + sin®#
=(1 - sin®#) + sin*@
= cos?# + sin*f = RHS
8 a No solutions: -1 < sinf < 1
b 2 solutions: tanf = -1 has two solutions in the
interval.
¢ No solutions: 2sinf + 3 cosf > -5
so 2sinf + 3 cosf + 6 can never be equal to 0.
d No solutions: tan?6 = -1 has no real solutions.

9 a (4x-y(y+1) b 14.0° 180° 194°

10 a 3cos36 b 16.1°,104°, 136°, 224°, 256°, 344°

2sin 26 _ 1
cos 26

= 2tan20=1=tan20=0.5

b 13.3°,103.3° 193.3°, 283.3°
12 a 225° 345°
b 22.2°,67.8° 202.2°, 247.8°
13 30°, 150°, 210°
14 131.8°,228.2°
15 a Found additional solutions after dividing by three
rather than before. Not applied the full interval for
solutions.
b -350°, -310°, -230°, -190°, -110°, -70°, 10°, 50°,
130°, 170°, 250°, 290°

11 a 2sin260 = cos26 =

16 a YA
34
24 y=2cosx
1- /
o >
14
=9
=3
b 2 ¢ 33.7°,213.7°
9 V40
1 -
T b
—r . sinQ = sind5e x & V2,6_3/2
18 a Using sine rule: sinQ = sin45 ><5_ > x5_ 5
[z
/7
b =t
5

19 a 3sin*x - (1 - sinx) = 2.
Rearrange to give 4 sinx = 3.
b -120°, -60°, 60°, 120°
20 -318.2°,-221.8°,41.8°,138.2°

21 a 90° b x=120° or 300°

Challenge
45°,54.7°,125.3°,135°, 225°, 234.7°, 305.3°, 315°

Review exercise 2
1 x+3y-22=0
2 x-3y-21=0
3 4,-25
4 a 045

b [=0.45h

¢ The model may not be valid for young people who

are still growing.

5 a y=—§x+4 b Cis(3,3) ¢ 15

@ Full worked solutions are available in SolutionBank. #



O N

11
12

13

14
15

16

17

18

19

20

21
22

23
24

25

26

27

28
29

3\/@

(-6, 0)

(x+3)P%+(y-8?*=10

a (x—3)2+(y+1)2=20(a=3,b=—1,r=\/ﬁ)
b Centre (3. —1), radius V20

a (3,5)and (4, 2)

b V10

O<r< \«%
(x-12%+(y-57?=58
Ty-3x+26=0
AB =V32; BC = /8; AC = V40; AC? = AB? + BC?
AC is a diameter of the circle.
(x-52+(@y-22°=10
=3,b=-2,c =-8
2P - TGP -17() +10=0
(2x - D(x - 5)(x + 2)
YA

o T e QoD T

(%3]
=Y

L2 0

ol =

24

(x-3)3Bx-2)x+4)

g(3)=3*-13(3)+12=0

x-3)x+4dx-1)

a=0,b=0

a>0,b>00ra<0,b<0
52=24+1;72=2(24)+1;112=5(24) + 1;
132=7(24) + 1; 172 =12(24) + 1; 192 =15(24) + 1
3(24) + 1 = 73 which is not a square of a prime
number

a (x-5P+@y-42=3°

b V41

¢ Sum of radii = 3 + 3 < V41 so circles do not touch
a 1-20x+ 180x% - 960x°
b
a
4

L Te TR T

o

0.817
:2’b:19,0=70

a cos 60" =1 =(52+ (2x - 3 - (x + 1)) + 2(5)(2x - 3)

52x -3)=(25+4x2-12x +9-x*-2x-1)

0 =3x%—24x + 48

x2-8x+16=0

4

10.8 cm?

11.93km

100.9°

AB = BC =10 cm, AC = 6/10 cm

143.1°

19.4 cm?

a (x-5P+@y-22°=25

b 6

¢ XY =1/90;YZ=1y20; XZ = /98
c0s XYZ = (20 + 90 - 98) + (2 x V20 x /90)
cos XYZ =12 + 60V2 =2 + 10

oTe Te o

30 a y

S|

b 2
31 a (-225,0),(-45,0), (135, 0) and (315, 0)

\§
b (0' 7)

32 Area of triangle = 1 x s x s x sin 60° =~

s2

=[S

Area of square = s*

Answers

Total surface area = 4 x( Qsz) +582= (/3 + 1)s?cm?
33 a 1 4
b 45°, 225°
34 30°,150°, 210°, 330°
35 90°, 150°
36 a 2(1 - sin?x) =4 - 5sinx
2 - 2sin*x =4 - 5sinx
2sin’x — 5sinx +2=0
b x=30° 150°
37 72.3°,147.5°, 252.3°, 327.5°
38 0°,78.5°, 281.5°
39 cos®x (tan’x + 1)
= coszx(A—Sinzx + )
cos?x
= sin®x + cos®x = 1
Challenge
1 a 160
b (-%.0)
2 The equation of the second circle is (x + 4)* + (y — 5)* =107
so it has the same centre but a larger radius
5 ()l e T
k)" \k+ 1) kln -k k+ Dln-k- 1)
_ nllk +1) nlln — k)
k+1Dn-k" (k+Dn-K!
_nlk+D+n— k)
(k + Dl - k!
_ nlln+1)
k + Dlln - k)
B (n+ 1)!
Tk + Dl - k)
_ (n + 1)
k+1)
4 0°,30° 150°, 180°, 270°, 360°
CHAPTER 11
Prior knowledge check
4 5 -1
1 a (2) b (—2) ¢ (—3)
2 a g b 2 c
3 a 123.2° b 13.6 ¢ 5.3 d 21.4°
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Answers

Exercise 11A 2 a 8i.+1.2j b i+.1.5j ) c —4§+j )
1 a b d 10i+j e -2i+11j f -2i-10j
g 14i-7j h -8i+09j
a+c 45 4 12
iy + 3o (35) b (0.5) ¢ (3)
-1 —21) £ 10
. (16) e (T (2)
¢ d d a A=5 ==5
cﬁ 5 a A:% b H:-l
-d _ = =l
C c s=-1 t=-55
6 i-j
— —_
7 a AC:51—4j=( 2) b AP:3i—15—ZJ=(_12)
2¢
P> — g 5
c 0P=51+§]= 8
a ) 5
2¢ +3d 3d 8 j=4,k=11
9 p=3,g=2
a-2b 10 a p=5 b 8i-12
Exercise 11C
-2b 1 a5 b 10 ¢ 13
d 4.47 (3s.f) e 5.83(3s.f) f 8.06(3s.f)
g 583(3sf) h 4123sf) -
2 a V26 b 5/2 ¢ V101
g a+rb+c+d 1/4 1/ 5
C 3oa 5(3) b 13(-12)
a d 1 (-7 11
b ¢ 25(24) d Vr’ﬁ(—S)
4 a 53.1° above b 53.1° below
¢ 67.4° above d 63.4° above
2 a 2b b d c b 5 a 149°to the right b 29.7° to the right
d 2b e d+b f d+b ¢ 31.0° to the left d 104° to the left
g -2d h -b i 2d+b _
j -b+2d k -b+d 1 -d-b & . 1572
3 a 2m b 2p ¢ m 6 a 1202, 1302. | 2 | 7.52i+2,74j,(7’52)
d m e p+m f p+m 2 2 715/2 2.74
g p+2m h p-m i -m-p 2
j -2m+p k -2p+m 1 -m-2p oy 5/3
4 ad-a b atb+c c 18.1i—8.45j,(_;84;) d 5‘23i—2.5j, >
¢c a+b-d d a+b+c-d ’ -2.5
5 a 2a+2b b a+b ¢c b-a . : o
7 3i+4j|=5,53.1°ab
6 ab b b-3a c a-b 8 [BleA) above
d 2a-b
_— — _ —_— 5 ;
7 a OB=a+b b OP=g@+b) ¢ AP=:b-1a
8 a Yes(A=2) b Yes(\=4) ¢ No
d Yes(A\=-1 e Yes(A=-3) f No
. PP | ees ] . 1 1
9 aib-a ii ;a iii b iv ;b -Ja
b BC=b-a, PQ=4b - a) so PQ is parallel to BC. b |2i-j| =5, 26.6° below
10 a i 2b iia-b 2
b E:Zb,b?‘:?»b so AB is parallel to OC. AN
11 1.2 -
¢ |-5i+ 2j| =29, 158.2° above
Exercise 11B
gt B Cgi L s (9 oAb o (4
1 v, 8i, (O) Vi 91+3],(3) \7% 4—1+2J,( 2)
Cai ki (3 et os (-3 e O
v, 31+ 5j, (5) vs: =31 - 2j, (_2) Ve: —5j, (_5)

384 @ Full worked solutions are available in SolutionBank. #



10 a 36.9° b 33.7° c 70.6°
11 a 67.2° b 19.0
Challenge
Possible solution:
Yher>
A
]q ar | 3P4 T
A
1 s
IS
ssi P /
s ETS
l spq| 7|3
[ e——p—><r> ¥

«—p+r—>

Area of parallelogram = area of large rectangle — 2(area of
small rectangle) — 2 (area triangle 1) — 2(area triangle 2)
Area of parallelogram = (p + r)(q + s) — 2qr - 2(%pq)

- 2(rs) = ps - qr

Exercise 11D

— — —
1 ai OA=3i-j, 0B=4i+5j,0C=-2i+6]
ii i+ 6j iii -5i+7j

b i Uﬁ:&ﬁ i V37 iii V7

. . -1
45 (
2 a -i+5jor 5)
bi5 i V13 iii V26
5 . -1
3 a —1-9]01‘(_9
b i /82 i 5 iii V61
4 a -2a+2b b -3a+2b ¢ -2a+b
-1\ (7 9
> (1)’(9)‘”(3)
6 a 2i+8§j b 2/17
3/5
7
5
Challenge

OB = 2i + 3j or OB = 35i + 33i

Exercise 11E

1 X—)Y=b—aandYZ=c—b.soh—a:c—b.
Hence a + ¢ = 2b.
2 ai?2r iir
b PQ and OB are parallel, so ZAPQ = ZAOB and
/AQP = ZABO, and ZPAQ is common to both
triangles.
2 1
3 a ?;'a. + Eh
— —_— —
b AN=1(b-a),AB=b-aNB=%(b-a)
so AN:NB=1:2.
4 a fa+ic
b AP=-a+3a+2c=2%(c-a),
PC=c-(Ga+20)=4(c-a)so AP:PC=2:3
5 a V26 b 2/2 c 3/2
d /BAC = 56°, ZABC = 34°, ZACB = 90°

— 1 .
6 a OR=a+§(b—a)=§a+%b,

— —_ .
0S=30R=3a+ib)=2a+b

Answers

b 7P=T0+0P=a+b,PS=PO+0S=-a+2a+b
=a+b

ﬁ; is parallel (and equal) to ;S and they have a point,
P, in common so 7, P and S lie on a straight line.
Challenge:
a PR=b-a,PX=jb-a)=—ja+jb
b ON=a+lb PX=-a+k@+1b) = (k- Da+ kb
¢ Coefficients ofair}d b must be the same in both

expressions for PX
Coefficients of a: k — 1 = —j: Coefficients of b: j = 3k

d Solving simultaneously givesj =1 and k = %
e PX=1PR.
—_— — —

By symmetry, PX = YR = XY, so ON and OM divide PR
into 3 equal parts.

Exercise 11F

1 a 5ms’ b 25kmh™!
¢ 5.39ms™! d 8.06cms™
2 a 50km b 51.0m
¢ 4.74km d 967cm
3 a 5S5ms!,75m b 539ms™?, 16.2m
¢ 5.39kmh, 16.2km d 13kmh™, 6.5km
4 (2.8i-1.6))ms™?
5 a 54.5° b 0.3V74 =2.58N
6 a 26.6°belowi
b R=(B+pi+(g-4)j3+p=2\and
g-4=-A=X1=4-¢q
3+p=24-¢)=3+p=8-2gsop+2q=>5
¢ |R|=2/5 newtons
7 a 10i- 100j metres b 109.4°
¢ 1700m?
8 a ET = 6.40km b 321.3°
¢ AB=4i- 5j,v=2(4i - 5§) so the boat is travelling

directly towards the buoy.
2/41 = 12.8kmh™!

="

e 30 minutes

Mixed exercise 11

1 a 2/10 newtons b 18°to the left
2 a 108° b 9.49kmh!
3 a 9.85ms’ b 59.1m
¢ The model ignores friction and air resistance.
The model will become less accurate as t increases.
4 a b-2a b b-4a ¢ fa-b d 3a-b
5 1.25
12 (—18) (49)
e & (-1) b {5 13
7 a 3i-2j b 32.5° ¢ 10.5
8 a p=-15 b i-15j
9 a i{-(8i+15) i 61.9° above
b i (24i- 7)) ii 16.3° below
c i 4‘—1(—9i + 40j) ii 102.7° above
d i1 @i-2) ii 33.7° below
V13

10 p=8.6,¢g=12.3
11 +6 a
12 a 2a+2b b b

— —_—
¢ AB=b-a AN=%(b-a)soAN:NB=2:3

385



Answers

13 a 18.4° below
b R=(@+pi+(-5+¢j4+p=3rand-5+¢q=-\
4+p=3(g-5sop+3¢g=11
¢ 2/10 = 6.32 newtons

14 % - 6.95ms2

Challenge

OB——1+21 0r—1+g4j

CHAPTER 12
Prior knowledge check
1 a5 b -2 c 1
a x° b x° c x! d xi

2
3 a y=1ixr-2 b y=—3x+8; ¢ y=-1x+71
4

1
Y=—3x

Exercise 12A

1 a | x-coordinate -110f1]2]3
Estimate for gradient 4|l2lol 2|4
of curve

b Gradient=2p -2 c 1
2 a V1-0.6°=/0.64=0.38
b Gradient=-0.75
¢ i-1.21(3s.f) i ~1 iii -0.859 (3 s.f)
d  As other point moves closer to A, gradient tends to
-0.75.
3 ai 7 ii 6.5 iii 6.1
iv 6.01 v h+6
b Gradient of tangent = 6
4 ai 9 ii 8.5 iii 8.1
iv 8.01 v 8+h

b Gradient of tangent = 8

Exercise 12B

1 a f(2)=lim f2 + h) - (2) h (2 + h)? - 22
—0 h h— h
. 4h+ h?
=fim = =l ) =
; f(-3 + h) - f(-3) (-3 + h)? -
b f(-3)= lhlg(')l A = lim -
. —6h + R?
=l = < i -6+ 1) =6
) flO+n)-f0) . pz_02
c f(O]:urol A l/gr()l 5 =l’gr01h=0
i . f(50 + h) - f(50) (50 + h)? - 502
d f'(50) = lim ? =lim h

— lim 100 + h?

th % =1im (100 + &) = 100

f(x + h) flx) _ (x + h)? — a2

h—0 h
= lhlg)l 2x + h)

2 a f(x)=

. 2xh+ h
:11‘15(}_’2
b Ash—0,f(x)= l"ig}(2x+ h) =

3 a g=

(=2 + h)* - (=2)°
h
-8 + 3(-2)°h + 3(-2)h* + h* + 8

-CE

i

=

=
=

D h
. 12h - 6h*+ B* _ .. ;
ZQE}T_II}H}(lz—6h+hZ)
b g=12

: 1+ hP-5(-1+h) -
4 a Gradient of AB = s ——y
_—1+3h-3R*+h*+5-5h-4
h
=—h3‘322‘2h:h2—3h-2

b gradient = -2

dy i 6(x + h) —
dx 0 h =
dy . 4(x+h)?2-4az
6 ===y

=lim (8x + 4h) = 8x

h—0

2 2
7 d—y=lima(z+h) az _ .

dz *#0 h h

(a — a)z? + 2azh + ah?
h

=)

. 2azh + ah?* .
= E}T = %1{1(}(2(12 + ah) = 2az

Challenge

+h «x -(x+h . =
=1i =
h "IIOI xh(x + h) = x(x + h)
=lim——1
h—0 x! 4 xh
-1 -1 _ -1 _ 1
"*0 x(x + h) »?>’+xh x2+0 x?

a f'(x)= lhlllg e

b f'(x)=

Exercise 12C

1 a 7x° b 8x7 c 4a? d jx
e 1z f Jx g -3 h —4x
i -2 j —5xt k —Jx 1 —1x
m 9x8 n Sxt o 3x? p -2z
q 1 r 3x?

2 a 6x b 5448 c 223 d 5x
e Ly f -10x2 g 6a? h L
: 3 s 15 2z
i xz ] 3=

3 1

3 a Z b 3 c 3 d 2
dy 3%

4 Lol
dx 2V2

Exercise 12D

1 a 4x-6 b x+12 c 8x d 16x+7
e 4-10x

2 a 12 b 6 c 7 d 2}
e -2 f 4

3 4,0

4 (-1,-8)

5 -1,1

6 -4.6

X
386 @ Full worked solutions are available in SolutionBank. #



7 ab YA y=F @)
ES =2 B/i 4 x
-8 '
(1,-9)

¢ At the turning point, the gradient of y = f(x) is zero,

ie. f'(x) = 0.

Exercise 12E

1 a 4x°-x? b 10x'-6x?* ¢ 9xr-x
2 a0 b 11}
3 a (2}.-6%) b (4,-4)and (2,0)
¢ (16,-31) d 3.4 (.4
4 a x b -6x3 c —x*
4 2 1 -1 1,.-2 |
d §x3—2x e Ex.»—ﬁ;r* f gx.a—gxz
g -3x? h 3+6x? i Sxi+dat
j 3ar-2x+2 k 122+ 1827 1 24x-8+ 2x*
5 a l b 2 c 4 d 4
272
7 a 512 - 2304x + 4608x*
b )= %(512 _ 2304 + 4608x?)
=-2304 + 2 x 4608x
=9216x - 2304
Exercise 12F
1 a y+3x-6=0 b 4y-3x-4=0
c 3y-2x-18=0 d y=x
e y=12x+14 f y=16x-22
a Ty+x-48=0 b 17y +2x-212=0

2
3 03,19

4 y=-x4y+x-9=0;(3,3)
5 y=-8x+10,8y-x-145=0
6 (-5 4

Challenge
L has equation y = 12x - 8.

Exercise 12G
1
e xeR
h x=6

- e
|

0<x=<9
3 f(x)=-6x*-3

[\
gg ® O &0 2 &
=
N
N
3

lsxs<2
SH5<x<00<x=<5
2<x=<0

x2=0forallx € R, so-6x2-3=<O0foralxeR.

- f (%) is decreasing for all x € R.
4 a Anyp=2
b No. Can be any p = 2.

Answers

Exercise 12H
1 a 24x+3,24
b 15-3x72 6x7°
c x4+ 627, Iyt -18x*
d 30x+ 2,30
e -3x2-16x7, 6x7° + 4827
2 Acceleration =31 + 317

.

s 0

Exercise 121

1 a -28 b -17 ¢ -

2 a 10 b 4 ¢ 12.25

3 a (-2,-3 minimum
b (. 91) maximum
¢ (-1.12) maximum, (1, 0) minimum
d (3,-18) minimum, (-}, 37 maximum
e (1, 2) minimum, (-1, -2) maximum
f (3,27) minimum
g (3.-3) minimum

h (2,

—4y/2) minimum

i (/6,-36) minimum, (-/6, -36) minimum,
(0, 0) maximum

4 a y{x
y = 4x% + 6x
1.5 0) X
3 9
53
. & 1 gl
(.93

y=9+x-2?

387




Answers

a0
wl=

yh

S

y:x(x2—4x—3)

-

S
rY

(3,-18)

5 (1, 1) inflection (gradient is positive either side of point)

yl

y=2°-3x%+3x

6  Maximum value is 27; f(x) < 27

7 a (1, -3): minimum, (-3, -35): minimum, (-

b

maximum

(-

o

1,350),
42256/

]

YA

35

25 ) !/=f(x)

/\

~1

=2

(-3,-35)

Exercise 12)

1 a

388

Y
y="1(x)

0 x

(1,-3)

(6, 0)

(-9, 0)

0

0.0\ =z

A
—
x

@ Full worked solutions are available in SolutionBank. #

c x=-7 A
; Y (4,0)
: 0
y=f(x)
d ylr
(-2,0) (0,0) R
y=0 0 -
y=f(x)
e i xT6
0 —
f YA
y=0 T

y="f(x)

y ;

y=flx)

y=1'(x)

c flo)=a®-7x2+8x+ 16

f(x) =322 - 142 + 8 = 3x - 2)(x - 4)

d (4,0), (2,0 and (0, 8)



Exercise 12K
1 2t-3 2 2n 3 -

W

18ms!
Let x = width of garden.
x+2y=80=2x=80-2y
Area A = xy = y(80 - 2y)
b 20m x 40m, 800 m*

4 48wcm?®percm 5
6 a

2ar2 + 2nrh = 6007 = h = M
V= nr2h = 77 (300 — ?) = 30077 — 7
20007 cm?®

8 a Let 6 =angle of sector.

s 0 _ 100 g 36000
Sl 360 =0 wr?
P=2r+ 21rrx—€—=2r+—200,ﬁr

360 wr?

_ 200

=2r+ ~

Area < 72, so «r? > 100
/100

TR
b 40cm

Let h = height of rectangle.
P=nr+2r+2h=40=2h=40-2r-=r

A:%r2+2rh=%r2+r(40—2r—’“r)
= 40r - 2r2 - 2
Or - 2r 2r

800 2
b 4+ om
1512 - 18x

10 a 14

18x + 14y =1512 =y =

oo (1512 - 18%)
A=12xy = 12x(———14
- 1296x —fof

b 27216mm?

Mixed exercise 12
§ . 10(x + h)?2 = 10x* .. 20xh + 10h?
1 fl)= IHB”;,’ = ll}l%’h—’
=1hi£rr} (20x + 10h) = 20x

2 a y-coordinate of B = (6x)" + 3(0x)% + 60x + 4
((6x)® + 3(6x)? + 60x + 4) — 4

Gradient = Lsom)-1
3 2 S
:(6x) + 3(0x) +6ox=(6x)2+36x+6
(0x)
b 6
3 1725
3 4114175
4 2,22
5 (2,-13) and (-2, 15)
6 a 1——95 b x=+3
7 %x“’ﬁ+2x‘%
8 a W_6ri-dxi-3x¥a-2 b (4, 16)
a a— xﬁ—Ex4-—§x: - .
3 o 3,0 Lt 1
9 a xX+x:-X7-— b 1+5x2+527 c 44

10 622 + yx7i - 217

11
12

13
14

15

16

17
18

19
20

Answers

a=1,b=-4,c=5
a 3x*-10x+5

b i} il y=22-7 i 25
y=9x-4and 9y +x =128
a [3.-3 b 3

Pis(O,—l),g‘li=3x2—4x—4

dx
Gradientat P = -4,s0 Lisy = —4x - 1.
Gy -1=x3-222-4x-1=2%(x-2)=0
x=2=y=-9,50Qis (2,-9)
Distance PQ = (2 — 0)2 + (-9 — (-1)? = /68 = 2/17
a x=4,y=20

d
Atx=4,—
(4, 20) is a local minimum.

(1,-11) and (£, =32

3
377;—

o=

b f(x)= (x - %)- = 0 for all values of x bigger than 0

(1,4)
a (1, 33) maximum, (2, 28) and (-1, 1) minimum

21 2 20 _2: b (5125
p
22 a Plx,5 -3

23

24

25

26

27

2

OP? = (x - 02 + (5 - 32 - 0)

=1xt-4x? + 25
x=+2/20orx=0
When x = +2/2, f”(x) = 0 so minimum
When x = +2/2, OP2=9s0 OP =3
3 + 5(3) + 32 - 3% = 0 therefore C on curve
Ais (-1,0); Bis (3, 952)

W 3

oo

T &

/\ —»Time (s)

Velocity (cm/s)
S
=)
13)
<
o
no
<

4o = 2000 _ 500

dA 2000
=—=0: 4ﬂx-~x2 — 4 =

dx
x T

a y=l-95-7

389



Answers

28 a

29 a

e 35

—x(1_%_mx), 7’
‘x(l 5 )" 8
_x | ma?

2 4 773

= %(8 —4x - mx)

2 m2(0.280m?
4+ 7

SA = x? + 27x + wx? + 27xh = 807

40 — x — 2?2
h===—g==

4O—x—x2)

V =nx?h = ﬁxz( =

= 1(40x — x? — x?)

2
10 c d_V <0 . maximum
3 da2

2300x 2
2 222%

Length of short sides = i,

v
Area:%xbasexheight
=1 x_z)_lz ’
"2(2 Ty

Let [/ be length of EF.

121 = 4000 = ¢ = 16000
4 i

1. 2xl(

= 2242 20

S (4x)+v,§

= 1,0, 32000x _x* 16000/2

2 \Exz 2 x
x=20V2,8 =1200m? d

Challenge
a X7+ 7x%h + 21x5h% + 35x4h3

Ay _p @+R)T =27 7a6p 4 21
b Se¢) =l =———=lin

x°h? + 35x%h3

= 1,,1}}}(7"6 + 21x°h + 35x*h?) = Tx®
CHAPTER 13
Prior knowledge check
1 a x? b 2x: c x:-Vx
2 a 6x2+3 b x-1 c 3x%+2x
3 a yT

390

_Y T x
3

h

d
d

X7+ 4x

1 .
—P - 3x?

Exercise 13A

fxy=x2+2x2+¢c d
fla) = 325 - 625 + ¢
flr) = 3x* - 202+ Lat 4 ¢

1 a y=l+c b
c y=x'+c d
e y=3xi+c f
g y=-4"+c h
i y=-10x%+c¢ j
k y=3x2+¢ 1
m y=-9xi+¢ n
0 y=3x>+c¢ P

2 a y=Ir*-3xi+6x'+c b
¢ y=4dr+4x+4xi+c d
e y=4xi-3x+4x’+c¢ f

3 a fl)=62>-3x%+5x+c b
c
e
f

3
4 y:igx—+6x2+9x+c

5 f(x)=—3x“+4xi‘f+%2—4x+c

Challenge

_ 12 4 3 1

T 7xb 5xi2a? x

Exercise 13B

1 a %4+c b
c —x3+¢ d

2 a %x5+%x4+c b

2xi -3+ ¢
3 a —4x'+6axr+c b

3
c —4x%+%—2x%+c
?+x3+rx+c b
x5
c pT+2qx—3x“+c
B+t 'l+c b
p«l 2 3
c Zt+qt+pr‘t+c
3
2_ 39
?-=+c b
4.5 3
C XE+2xi+¢

x
y=2x"+c
Y=2x2+¢
=83
y—EXt+C
y=2xi+c
9.4
y=zxi+c
y=2x7"+c¢
Yy=-5x+c¢

y=Lx%+c
y=x*+3xi+x'+c
y=31i-20-Ix?+c
Yy=2"+2x=+3x*+¢
flr) =2t -~ x5 +x5+¢
flx) = 22° - 422 + ¢

x
g e

5xt

3

2zt x3  5x2
2 3 2z *E

—6x1-2xi 4 ¢

3x2+ 228 -2z + ¢

B +6ti+t+c

P+ 622+ 9x + ¢

@ Full worked solutions are available in SolutionBank. #



16 2

11
12

13

14
15

1p4 1,3, 3,2
c xt-—gx’+ 5% 3x+c
e 3x+2x:+2x°+¢C

A
a —?—3x+c

p 2qx:
¢ —pH—g trEtc
6  8x: 3x?
x+—§——7+2x+c
2x* + 342 — 6xz + C

b lx?+ixi+dx+c

b —ﬁ—%+3x+c

d Sxi+8xis22iec

2yt + 302+ 622+ C

Pri-Lic
3 xZ

=2
wine v

a (2+5/@)2=4+10/x + 10vx + 25x = 4 + 20vx + 25x

b 4wc+‘]’%ﬁ+—252x2 +c
6

%—8x%+c
p=-4,q=-25

a 1024 — 5120x + 11 520x*

b 1024x — 2560x% + 3840x° + ¢

Exercise 13C

1 a y=x"+22-2 b y=x4—%+3x+1
¢ y=2xt+HxP+g d y=6/x —jx* -4
e y=§x-+2x2+4x+§ f y=2xi+6x:+1
1 1.1
2 f)=5xt+5+3
4.2 B
8 y=l=2-3
4 fx)=3x3+2x*-3x-2
L, 4xd
5 y=6x§——;—c—+1‘1,)8
2
6 a p=Ltg=1 b y=4%+§§——4_;—‘
7 a fw=100-3% b 71
8 a f(t)=-49t*+35 b 23.975m
¢ 35m d 2.67 seconds
e e.g. the ground is flat
Challenge
_x—3. _xt 2x11+1
1 4= pie=13 (n+1)!
2 f)=x+1;fix)= —x2+x+l fy(x) = —x3+ x2+x+l
Exercise 13D
1 a 1525 b 482 ¢ 5% d 2
2 a 5] b 10 ¢ 117 d 60
2 1 11 1
4 A=-Tor4
5 28
6 —8+8v§
25
7 k=T
8 450m

Challenge
k=2
Exercise 13E
1 a 22 b 363 ¢ 48%
2 4 3 6
1 4
5 213 6 o7
8 a (-1,0)and (3,0) b 103
9 11

Exercise 13F
a 13

-
Ad

c d 11
e Zlﬁ
yI/\ /
7\ 2\/
2 a (-3,0)and(2,0) b 215
3 a f(-3)=0
b f(x) = (x + 3)(=x%+ 7x - 10)
¢ f@)=(x+3)x-5(2-x)
d (-3,00(2,0) (5,0
e 1432
Challenge
1ad4 b9 2 d

2
2 a B has x-coordinate 1

d 6
4 102
7 k=2

f (2% + 2% — 2x)dx = [—x4 + x‘ x2 :}

-
+3 1= 12

=1
=y

. . 5
So area under x-axis is 75

Area above x-axis is
1

00+ 307~ 0 — (bt + 3 - 27) =
So the x-coordinate of a satisfies
3xt+4x3 - 1222+ 5=0

Then use the factor theorem twice to get

(x-1)23x2+ 102 +5)=0

Answers

391




Answers

: -5+/10 -80 + 37»@) Challenge
b A has coordinates ( 3 ; 27 10%
The roots at 1 correspond to point B.
o P CHAPTER 14
-5- " 5
The root —3 gives a point on the curve to the Prior knowledge check
left of -2 below the x-axis, so cannot be A. 1 a 125 b % c 32 d 49 e 1
2 a 6° b y* c 2° d x*
Exercise 13G 3 gradient 1.5, intercept 4.1
1 a A(-2,6),B(2,6) b 103
2 a A(1,3),B@3,3) b 13 Exercise 14A
3 63 1 a 74 y=(.7y7
4 45 <+ /
5 a (2,12 b 131 ) L oy=4
6 a 207 b 17; ;
7 a,b Substitute into equation for y 21 :
c y=x-4 d 8% / ;
8 33 % 5 o T T
9 a Substitute x = 4 into both equations =t =8 <& =] 1 2.3 4
b 7.2 2.6
10 a 211 b 23 b x~26
11 a (-1,11) and (3,7) b 211 2 a  y-(06) -
Mixed exercise 13 4
1 a 2x3-3x2-5x+¢ b 2xi+3xisc 3
2 1,3 3.2, 2 1 & y=2
§x = -z-x +5+ % y =
3 a 2x*-2v+5x+c¢ b 2xi+ixisc s-\
4 %x?’—%xi‘f—6x%+c . \
5 x=%63+t2+t—8§;x=12% 4 3 2190 1 2 3 2%
6 a A=6,B=9 b §x§+%x:’3+9x+c -1.4
7 a %x% - 8x: b 6x%+32xi-24x +¢ 5 R i
A
8 a=4,b=-35 Z_T
9 259m
10 a f(t)=5t+ ¢ b 7.8 seconds 3
11 a —1,3‘ b 102 27 y=1t
12 a —%+5x—8\f+c b I t
13 a (3,0) b (1,4) c 63 433230 1 5 3§ 5%
14 a 3x3+2x% b 2x-8xi+c ¢ A=6,B=-2 )
4 a True, because a° = 1 whenever q is non-zero.
15 a 9y _ 6x+ - 3xt = 3344 — 1) b False, for example when a =
dx : : ¢ True, because when a is positive, a* > 0 for all
b (4,16) c 13? (3 sf) values of 2
16 a (6,12) b 133 5 y‘r
17 a A(1,0),B65,0),C6,5 b 101 bacd
18 a g=- b (C(6,17) c 11 /
9 16a: )
19 —E—T‘LZ“‘CZ_S’HLC 2
—— 2
— 2 _ 2 4
21 a f B4 2h) o, 1y e
x 0 x
b f'(x)=-16x3+ 12x — 443
_ 8 x° 47
c f(x)_—y— 12x+2x3—3—?
22 a (-3,0)and (,0) b 147 e
23 a (-3,0)and (4,0) b 5511 P o h " 2 4 g
24 a -2and3 b 21% Rt LI b y="¢ y=- =

392 @ Full worked solutions are available in SolutionBank. #



6 k=3, a=2
7 a Asuxincreases, y decreases
b p=12,¢4=0.2

Challenge

y=272+5

Q LE ]

Exercise 14B

1 a 271828 b 5459815 ¢ 0.00004 d 1.22140

y=e

2 a yA
1 —
0 T
b Student’s own answers
c e=2.71828...
e3 =20.08553...
3 a
y? y=e'+1
2
:-__4 ________ =1
y
0 x
b y1
y=4e—21

N

0 x
c yT
y=2¢"-3
_/0{1 ’
_____ | —————y=-3

8 f'(x)=0.2e"*

d yw
R
-
B
y=4-¢e*
e A
# y=6+10e?
16
_______ - N—
0 x
f K?
110
y=100e*+10
B | ...~
0 =z
a A=1,C=5,bis positive
b A=4,C=0,bisnegative
¢ A=6,C=2,bis positive
5 A=e%4b=3
yT
y = flx)
o2
0| x
6 a 6e% b —te¥ c ldex
d 2e"* e 3e% +2e* f 2e*+et
7 a 3e° b 3 c 3e'?

The gradient of the tangent when x =5 is

f'(5) = 0.2e' = 0.2e.

Answers

The equation of the tangent is therefore y = (0.2e)x + c.
At (5,e),e=0.2e x 5+¢s0c=0andwhenx=0,y=0.

Exercise 14C

1 a £20000 b £14331
c V(£)
20000 B
V=20000e 2
0| —

393




132
[T - -7

="

Answers

b 38221

30000

P (thousands)
94

P=20+10 e
30

—>

o] 100 ¢
Model predicts population of the country to be over
200 million, this is highly unlikely and by 2500 new
factors are likely to affect population growth. Model
not valid for predictions that far into the future.
200
Disease will infect up to 300 people.
N T
300 -

= — ~0.5t
— N=300-100e

— >

0 t
i 15 rabbits ii 132 rabbits
The initial number of rabbits
dRr

s 24 e().Zm
dm

Whenm =6, 98 _ 7973
dm

The rabbits may begin to run out of food or space
0.565 bars

dp )

Fie -0.13e"%1% = — 0.13p, k = -0.13

The atmospheric pressure decreases exponentially
as the altitude increases

12%

Model 1: £15733

Model 2: £15723  Similar results

Model 1: £1814

Model 2: £2484 Model 2 predicts a larger value

Tix

Model 1
Model 2

0 ot
d In Model 2 the tractor will always be worth at least
£1000. This could be the value of the tractor as
scrap metal.
Exercise 14D
1 a log,256=4 b log,1=-2
¢ log,, 1000000 =6 d log,11=1
e log,,0.008 = 3
2 a 2¢=16 b 52=25
c 9:=3 d 5'=0.2
e 10°=100000
394

3 a 3 b 2 c 7 d 1
e 6 f 1 g -1 h -2
i 10 j -2
4 a 625 b 9 c 7 d 9
e 20 f 2
5 a 2475 b 2173 ¢ 3.009 d 1.099
6 a 5=log,32<log,50 < log,64 =6
b 5.644
7 a il i 1 iii 1 b a'=a
8 a i0 0 iiio b a"=1
Exercise 14E
1 a log,21 b log,9 ¢ log; 80
d log, (&) e log,,120
2 a log,8=3 b log,36=2 ¢ log,,144=2
d log2=1 e log,=-1
3 a 3log,x+4log,y+log,z
b S5log,x - 2log,y
¢ 2+ 2log,x
d logx -1log,y-log,z
e ;+1og,x
4 a i b L c /30 d 2
5 a log(x+1)-2log,(x-1)=1
x+1
log, ((x - 1}2) =1
r+1
(x-12"
x+1=3(-1)?
x+1=3@*-2x+1)
3x2-Tx+2=0
b x=2
6 a=9,0=4
Challenge
log,x =m and log,y = n
x=a"andy = q"
r=y=a"+a*=qm™"
log,,(%):m—n:logax—logny
Exercise 14F
1 a 6.23 b 2.10 c 0.431
d 1.66 e -3.22 f 1.31
g 1.25 h -1.73
2 a 0,232 b 1.26,2.18 c 1.21
d 0.631 e 0.565,0.712 f o0
g 2 h -1
3 a 592 b 3.2
4 a (0,1
13
2’2
5 0.7565 b 7.9248 ¢ 0.2966

% Full worked solutions are available in SolutionBank. #



Exercise 14G

1 a In6 b 1lni1 ¢ 3-In20
d {In(3 e 3In3-3 f 5-In19
2 a ¢ b ¢ c fet-3
d e+ 2) e 18-et f 2,5
3 a In2,In6 b $In2,0 ¢ e
d In4,0 e In5, In(3) f s e?
4 In3,2In2
5 a 3(+3) b 1(n3+40) ¢ $In7.0
d e’e!
6 1+Inb
4+In3
7 a The initial concentration of the drug in mg/l
b 4.91mg/l
¢ 3=6ew
1 -
E=eu .
£ -
In (5 10
t=-10In(}) = 6.931... = 6 hours 56 minutes
8 a (0,3+In4) b (4-¢30)

9 a V=27000e"0%"

b According to the model, when ¢ = 8, V=14100 (3 s.f.)
so model is reliable.

10 a P=7.6+0225t b P=7.6e"02%

¢ When t = 50, linear model predicts 18.85 million
people, and exponential model predicts 24.4 million
people. Exponential model is best supported by the
given fact.

Challenge

As y = 2 is an asymptote, C = 2.

Substituting (0, 5) gives 5 = Ae® + 2,50 A is 3.
Substituting (6, 10) gives 10 = 3e®” + 2.

Rearranging this gives B = +1n (3).

Exercise 14H
1 a logS=log4xT79)
log S =log4 +log 7*
log S =log4 + xlog7
b gradient log 7, intercept log4
2 a logA =log(6x")
log A = log6 + log x*
logA =1og6 + 4logx
gradient 4, intercept log 6
3 a Missing values 1.52,1.81, 1.94
b logyA
2.5

24
1.5

14
0.5

-2

0 — >
0 02040608 1 1.21.4 logx

c
a
b

c
a

b

TR as

o T e a0

o

Answers

Approximately a = 3.5, n=1.4
Missing values 2.63, 3.61, 4.49, 5.82

logy A
7.

6.
5_
44
34
2-
14

0 T T T T e
0 2 4 6 8 10%

Approximately b = 3.4, a = 10.4
Missing values -0.39, 0.62, 1.54, 2.81

logRA
4

—? —vl 0 l 2 3 1'0g m
Approximately a = 60, b = 0.75
Approximately 1,600 kcal per day (2 s.f)
Missing values 2.94, 1.96, 0.95

0005115225 3 3.510gR
Approximately A = 5800, b =-0.9
Approximately 690 times

log N =0.095¢ + 1.6

a=40,b=1.2

The initial number of sick people

9500 people. After 30 days people may start to
recover, or the disease may stop spreading as
quickly.

logA = 2logw - 0.1049

qg=2,p=0.7854

Circles: p is approximately one quarter =, and the

width is twice the radius, so A = %wz = %(Zr)2 =71,

Challenge
y=>58x0.9°

395




Answers

Mixed exercise 14

h | a UA
y=27
1 \
7=0 0 K;
b A
y=>5e -1
4
0 X
D
Cc yAP
y/]nx
ol h X
x=0
2 a 2log,p+log.q b log,p=4,log,qg=1
3 a %p b %p+1
4 a 226 b 1.27 c 7.02
5 a 4-21-15=90
227 -2 x2:-15=0
(292-2x2"-15=0
uw?-2u-15=0
b 232
6 x=6
7 a —e* b 11e's ¢ 30e
3 /13
8 e¥+5 b In5 Ay 3+
a CE 4 >nl4 d —
e 0 f %4
9 a £950 b £290
¢ After 4.28 years d £100
e
f A good model. The computer will always be worth
something
396

10

11

12

13

14

15

16

17

oo e oo

2
y= (m 4)x
(0, 0) satisfies the equation of the line.
2.43
We cannot go backwards in time
75°C
5 minutes
The exponential term will always be positive, so the
overall temperature will be greater than 20°C.
V=aS?
log V = log (aS?)
logV=1loga + log (S
logV=1oga + blogS

logS | 1.26 | 1.70
logV | 086 | 1.53

2.35
2.49

2.50
2.72

2.05
2.05

log VA
3.00+
2.50
2.004
1.50
1.00+
0.50

0.00 T . : - . —
0.00 0.50 1.00 1.50 2.00 2.50 3.00 logS

The gradient is approximately 1.5; a ~ 0.09
The model concerns decay, not growth
RT

1403

R = 140ek

0 G

70 = 140e%*
1 3

1 gk

In (3 = 30%
k=gln(3)

k= Tloln(Z), S0 ¢ =—L

30
6.4 million views

dV = 0.4x

i 0.4e

9.42 x 10'® new views per day

This is too big, so the model is not valid after
100 days

4.2

i 1.12 x 10* dyne cm

ii 3.55 x 10%¢dyne cm

divide b ii by b i

They exponentiated the two terms on LHS
separately rather than combining them first.
x=2+2/2

x=2,x=1log;20r0.631 (3s.f)

@ Full worked solutions are available in SolutionBank. #



Challenge

a y=9"=3%logy) =2x

b y=9% x = logy. logy= 2 logoy = logoy*
¢ x=-torx=-2

Review exercise 3
1 -45
2 V7
3 a Allequal to V145
b (x-12+(y+3)P¢=145

4 a -2i-8j
— |
b hBl:\AC‘:Jﬁ
—] —_—
c |BCI=\'68
cosLABC:M:l_
2 xV85 xV68 V5
5 12
6 a 5N b 7
7 m=50/3+30,n=50
8 a ((75)2+1807 = 195 > 150 = /907 + 1207

b Boat A: 6.5m/s; Boat B: 5m/s; Both boats arrive at
the same time — it is a tie.

. 5x+h)?*-5x*
9 I

—lim 5x2+ 10xh + 5h* - 5x°
h—0 h

= lim 10xh + 5h*
h—0 h

=1’ilg}) 10x + 5h
=10x

10 d_y: 12x2 + 172
dx

dy
5T
b Substitute x = 4 into equation for C

¢ Gradient of tangent = —3 so gradient of normal = 1

3
Substitute (4, 8) into y = %x +cC
20

3

1 a 4+ Jxt—4x

Rearrange y = 3% +
d PQ=8/10

dy

12 —2 = 8x - 5x?% at P thisis 3
o x - 5x73,a is is

3xt+ a7t - 2x°F
When x =1, f'(x) = 5%, gradient of 2y = 11x + 3 is
51, s0 it is parallel with tangent

14 f'(x)=3x*-24x+48=3(x-47=0

a
b
c
13 a
b
c

15 a A(1,0) and B(2,0)
b (V2,2/2-3)
16 a V=rth =128 50 h =128
S =2nrh + 27r* = ___25"671' + 27r?
b 967 cm?
dy

17 L =6x+2x:
L ek A x

18

19
20
21

22
23

24

25

26
27
28
29
30
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Answers

d? s
Eng: 6-x—2
+dritc

2x3 — 5x? — 12«
2x® - 5x? — 12x
=x(2x% - 520 - 12)
=x(2x + 3)(x - 4)

YA

_xt 43244 = (2 +4) a2+ 1); 22+ 1=0hasno
real solutions: so solutions are A(-2, 0), B(2, 0)
19.2

P(-1,4),02, 1)

4.5

k=-1,A(0, 2)

In3

425°C b 7.49 minutes ¢ 1.64°C/minute

The temperature can never go below 25°C, so
cannot reach 20 °C.
T=410e°%+15,t=0
-0.179 b x=15
x=155 b x=4orx=5
log, 2 b 0.125
x=2 b x=In3orx=In1=0
Missing values 0.88, 1.01, 1.14 and 1.29
logP

1.4

1.2

1

0.8

0.6

0.4

0.2

01— T v T —>

10 20 30 40t

P =ab'

logP = log (ab’) = loga + t logb

This is a linear relationship. The gradient is logb
and the intercept is log a.

a=580=1.0

31 a log2x - logy =log (x +Yy)

10g27x=10g (x+1y)
2X=x+y
y
2x = xy + Y*
2x —xy =y*

¥(2 -y =y
U
2-y
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Answers

b

O<y<2

y >0 given. x> 0 also given, and y> 0, so

2 — y must be > 0. Hence y < 2. Note strict inequality
because denominator cannot be 0.

Challenge
1 a 0
b 1
2 a f'(-3)=f(2)=0,s0f"(x) = k(x + 3)(x - 2)
= k(x? + x — 6); there are no other factors as f(x) is
cubic
b 2x%+3x2-36x-5
3 51.2
4 a fl0O)=0-k0)+1=1; g(0) =e* =1; P(0, 1)
b L

2

Exam-style practice

1 a
2 y=
3 a
b
4 x=
5 a
b
c
d
398

L b 5/2
fo+%
error 1: = —i =-3x"% not —3x*
vx
& 2
I EPE _(32 _o% (1.
errorZ.[s 2% +2x1_(5 2\/8+4) (5 2+2)
1_ _(32 _om= )
not(5 2+2) (5 2/8 + 4
5.71 (3 s.f)
30°, 90°, 150°
2x%(x + 3)

2x%(x + 3) =980 = 2% + 632 - 980 =0
=2°+3x2-490=0

For f(x) =a® + 322 -490=0,f(7) = 0,50 x — 7 is a
factor of f(x) and x = 7 is a solution.

Equation becomes (x — 7)(x? + 10x +70) = 0
Quadratic has discriminant 102 - 4 x 1 x 70 = =180
So the quadratic has no real roots, and the equation
has no more real solutions.

~N N

12
13

15

x+ 15y +106 =0

a log,,P=0.01t+2

b 100, initial population
c 1.023

d Accept answers from 195 to 200

1+ cos*x —sin*x = 1 + (cos?x + sinx)(cos? — sinx)
= (1 - sin®x) + cos?x = 2cosx

Magnitude = 29, angle = 112° (3 s.f)

a 56.5°(3s.f) b £49.63

y =g

b -4,-1,4

x=3or-2

a 1-15x+ 90x?

b 0.859

¢ Greater: The next term will be subtracting from
this, and future positive terms will be smaller.

a f=[i-1-xde=-22rt-x+x'4c

) _
:_x+2x§vx—1+c
b c=2+2%/3
a 52+12-4x5+6x1=12,50(5, 1) lies on C.
Centre = (2, -3), radius = 5

15
c 12§

w Full worked solutions are available in SolutionBank. #



acute angles 206-207
algebra 1-17
algebraic fractions,
simplifying 138-139

algebraic methods 137-153
angles

acute 206-207

in all quadrants 203-207

negative 204

obtuse 203

positive 203

reflex 211
approximations 167
area

trapezium 303

triangle 100-101, 185-186,

303

under curve 297-298
assumptions 106
asymptotes 66

horizontal 277,278

translation 73

vertical 277

bases 2, 319, 325
binomial estimation 167-168
binomial expansion 158-168
in ascending powers of x
164
combinations 161
factorial notation 161
general term 165
ignoring large powers of x
167-168
Pascal’s triangle 159-160,
161
solving binomial problems
165-166
brackets
expanding 4-6, 163-164
minus sign outside 2

CAST diagram 205
chords 123
perpendicular bisectors
123-125, 129-130
circles 113-130
equation 117-119
finding centre 129
intersections of straight lines
and 121
triangles and 128-130
unit 203, 209
circumcentre 117
circumcircle 128-129
column vectors 235-237
combinations 161
common factors 7
completed square form 22
completing the square 22-23
solving quadratic equations
by 23-24
conjectures 146
constant of integration 288,
293
coordinates 90
cos
of any angle 207

graph 192-193, 195-197, 203
quadrants where positive or
negative 205
quadratic equations in
219-221
ratio 174
value for 30°, 45° and 60°
208
value for multiples of 90°
192, 204
cosf =k 213-215
cos(f+a)=k 218
cosnff =k 217
cos™'60 213
cosine rule 174-176,
187-189
counter-examples 150151
critical values 49
cube roots 10
cubic functions 60-62
cubic graphs 60-62
compared with quadratic
graphs 68
curves
areas between lines
and 302-304
areas under 297-298
gradients 256-257

definite integrals 295-296
delta x (dx) 259
demonstration 146
denominator, rationalising
13-14
derivative
finding 259-261
first order 271
second order 271-272
straight line 264
difference of two squares 7
differentiation 255-280
decreasing functions
270-271
finding derivative 259-261
from first principles 260
functions with two or more
terms 266-267
increasing functions
270-271
modelling with 279-280
quadratic functions
264-265
second order
derivatives 271-272
sketching gradient
functions 277-278
stationary points 273-276
x" 262-263
directed line segments 231
direction of vector 231,
239-240
discriminant 30-31, 43-44
displacement 235, 248
distance 248
between points 100-101
division law of logarithms
321-323
domain 25

elimination 39-40
equations
circle 117-119
normal 268-269
solving using logarithms
324-325
straight line 90, 93-95
tangent 268-269
equilateral triangles 208
exhaustion, proof by 150
expanding brackets 4-6,
163-164
exponential functions 312-318
gradient functions of
314-316
graphs 312-313, 326
inverses 326
modelling with 317
exponents 2-3, 312
expressions
expanding 4-6
factorising 6-8
simplifying 2-3

factor theorem 143-144
factorial notation 161
factorising
expressions 6-8
polynomials 143-144
quadratic equations 19-21
force 248
formula
completing the square
22-23
distance between points
100-101
gradient of straight line
91-92
quadratic 21
fractions, simplifying
algebraic 138-139
function notation
first order derivative 260, 289
second order derivative 271
functions 25-26
cubic 60-62
decreasing 270-271
domain 25
finding 90-91
gradient see gradient
functions
increasing 270-271
quadratic see quadratic
functions
quartic 64-65
range 25
reciprocal 66-67
roots 25, 30-31
transforming 79-80, 194197
fundamental theorem of
calculus 296

geometric problems, solving
with vectors 244-246
gradient
curve 256-257
normal 268-269
parallel lines 97

perpendicular lines 98-99

straight line 91-92

tangent 256, 268-269

zero 264,273

gradient functions 260-261

of exponential functions
314-316

rate of change of 271-272,
274

sketching 277-278

graphs 59-80

cosine 192-193, 195-197,
203

cubic 60-62, 68

exponential functions
312-313, 326

inequalities on 51-52

intersection points 42-43,
68-69

logarithms 326

periodic 192

quadratic functions 27-29

quartic 64-65

reciprocal 66-67

reflections 77

regions 53-54

simultaneous equations
43-45

sine 192-194, 195-196, 203

stretching 75-77

tangent 193, 195-197

translating 71-73

identities 146, 209
identity symbol 146
images 79
‘implies that’” symbol 19
indefinite integrals 290-291
indices 2-3, 312
fractional 9-11
laws of 2-3,9
negative 9-11
inequalities 46-54
on graphs 51-52
linear 4648
quadratic 49-50
regions satisfying 53-54
inflection, point of 273-274
initial value 317
integration 287-304
areas between curves and
lines 302-304
areas under curves 297-298
areas under x-axis 300-301
definite 295-296
finding functions 90-91
indefinite 290-291
polynomials 289, 290
symbol 290
X7 288-289
intersection points 42-43,
68-69
intervals 270
inverse trigonometric
functions 213
irrational numbers 12
isosceles right-angled triangles
208

399



key points summaries

algebraic expressions 17

algebraic methods 156

binomial expansion 172

circles 135-136

differentiation 286

equations 58

exponentials and logarithms
336-337

graphs 84

inequalities 58

integration 310

quadratics 37

straight line graphs 111-112

trigonometric identities and
equations 224-225

trigonometric ratios 201

vectors 254

known facts, starting proof

from 151-152

laws of indices 2-3,9
length 100101
limits 260
integral between 295-296
line segments 114
directed 231
midpoints 114
perpendicular bisectors 116
linear inequalities 4648
local maximum 273-276
local minimum 273-276
logarithms 319-330
base 319, 325
division law 321-323
graphs of 326
multiplication law 321-323
natural 320, 326-327
and non-linear data
328-330
power law 321-323
solving equations using
324-325
to base 10 320

magnitude-direction form 240
magnitude of vector 231,
239-240, 248
mathematical models 32, 104
mathematical proof 146-148
methods of 150152
maximum point 27-29
midpoints, line segments 114
minimum point 27-29
modelling
with differentiation
279-280
exponential 317
linear 103-106
with quadratic
functions 32-33
with vectors 248-250
modulus of vector 239
multiplication law of
logarithms 321-323

natural logarithms 320,

326-327
natural numbers 163

400

non-linear data, logarithms
and 328-330
normals 268
equations 268-269
number lines 46-48

obtuse angles 203

parabola 27
parallel lines 97-98
parallelogram law 233
Pascal’s triangle 159-160,
161
periodic graphs 192
perpendicular bisectors
chords 123-125, 129-130
line segments 116
perpendicular lines 98-99
product of gradients 98
‘plus or minus’ symbol 20
point of inflection 273-274
points of intersection 42-43,
68-69
polynomials 139-144
dividing 139-141
factorising 143-144
integrating 289, 290
position vectors 242-243
positive integers 163
power law of logarithms
321-323
powers 2-3, 312
principal value 213-214
products 4-6
proof 146-148
methods of 150-152
Pythagoras’ theorem 117, 187

quadratic equations
form 19
signs of solutions 19
solving by completing the
square 23-24
solving by factorisation
19-21
in trigonometric ratios
219-221
quadratic expressions 7
quadratic formula 21
quadratic functions 25-26
differentiating 264-265
graphs 27-29
modelling with 32-33
quadratic graphs, compared
with cubic graphs 68
quadratic inequalities 49-50
quadratic simultaneous
equations 41-42
quartic functions 64-65
quartic graphs 64-65
quotient 140

range 25

rate of change 105, 279

ratio theorem 244

rational numbers 9

rationalising denominators
13-14

real numbers 7, 232

reciprocal functions 66-67
reciprocal graphs 66-67
reflections 77
reflex angles 211
regions 53-54
resultant 231
right-angled triangles
187-188
isosceles 208
roots 19
of function 25, 30-31
number of 30-31
repeated 19

scalars 232, 248
scale factors 75-77
semicircle, angle in 129
set notation 46
simplifying expressions 2-3
simultaneous equations 39-45
on graphs 43-45
linear 39-40
quadratic 41-42
sinf
of any angle 207
graph 192-194, 195-196, 203
quadrants where positive or
negative 205
quadratic equations in
219-221
ratio 174
value for 30°, 45° and 60°
208
value for multiples of 90°
192, 204
sinf =k 213-215
sin(f +a)=k 218
sinnf =k 217
sin”' ¢ 213
sin’f + cos?f =1 209, 221
sine rule 179-181, 187-188
small change 259
speed 248
square roots 10
statements 146
stationary points 273-276
straight lines 89-106
equation 90, 93-95
gradient 91-92
intersections of circles and
121
modelling with 103-106
stretches 75-77
substitution 39-40
surds 12-13
symmetry, lines of 27-29

tan @

of any angle 207

graph 193, 195-197

quadrants where positive or
negative 205

quadratic equations in 219

ratio 174

value for 30°, 45° and 60°
208

value for multiples of 90°
193, 204

sin

tan():w 29

tanf =p 213-215
tan(0 +a)=p 218
tannf=p 217
tan™'64 213
tangents 43, 123-125, 256
equations 268-269
gradients 256, 268-269
theorems 146
transformations 71-80
to functions 79-80, 194197
translations 71-73
trapeziums, areas 303
triangle law 231
triangles
areas 100-101, 185-186, 303
circles and 128-130
equilateral 208
isosceles right-angled 208
lengths of sides 174176,
179-180
right-angled 187-188
sizes of angles 174175,
180181, 183-184
solving problems 187-188
trigonometric equations
213-221
trigonometric functions,
inverse 213
trigonometric graphs 192—194
transforming 194-197
trigonometric identities
209-211, 221
trigonometric ratios 173-197
signs in four quadrants
203-207
turning points 27-29, 264

unit circle 203, 209
unit vectors 236, 239

value
initial 317
produced by definite

integral 295

vectors 231-250
addition 231-233
column 235-237
direction 231, 239-240
magnitude 231, 239-240, 248
modelling with 248-250
multiplication by scalars 232
parallel 232, 233
position 242-243
representing 235-237
solving geometric problems

with 244-246

subtraction 232
two-dimensional 236
unit 236, 239
zero 232

velocity 248

vertices 127

y=e¢" 314-316
y=mx+c 90-92
y-intercept 91

zero gradient 264, 273
zero vector 232
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