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Prior knowledge check
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Exercise 1A
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Exercise 1B
1 x?+ 11x + 28
x-x-6
-4y 44
2x% + 3w - 22y - 3y
4a? + 11xy — 332
6a2 — 10xy — 4%
222 - 1lx + 12
922 + 12xy + 41?
4x® + 6x + 16xy + 24y
2a* + 3wy + dx + 15y — 25
30t —4ay -8x+4y+ 5
2x% + bx — Tay - 4y° — 20y
a2+ 2x + 2xy + 6y — 3
222+ 15x + 2xy + 12y + 18
13y — 4x + 12 — 4y* + ay
12xy - 4y* + 3y + 152 + 10
Sxy — 20y — 222 + 11a - 12
22y — 4y? - 5x + xy — 10
5x2 — 15x - 20
14x2 + 72 - 70
3x® - 18x + 27
- xy?
b + 8a* + 3xy + day
2%y — dxy — 5y
12x%y + 6xy — 8xy? — 4y?
19xy — 35y — 22%y
102 - 4x?% + 5x%y - 22y
a + 3xty — 247 + Oxy — 8x

[\
=@ oSS "aT o mRESTER B0 TR

k d 2p*
B2 h p?
6a’ 1 3a%?
63a'? p 32y°

%%+ 9x

xy + 5x
~202% - 5x
-15y + 6y*
a8 — 547
2x -4

13 -2

14y? - 35 + 21y*
4x + 10

Tat - 3x4+7
-94% + 2312

c -
2

5x?
r 3at -2
3x 3

2x°y + 92y + xy* + dSy* - by
ox*y + 4xy? + 2y - 3ay - 3y
2x% + 2x% — 7a% + 3ay — 15x
24x4° — 62y — 26x° + 22y + 6%
6x° + 15x% — 3x%y — 18xy* — 30xy
2+ 622+ 11+ 6

a4+ a?—14x - 24

a* - 3x* - 13x + 15

a? —122% + 47x — 60

293 —a? —5x -2

623+ 1922+ 11x - 6

18x% — 156x% — 4o + 4

x - xy? -t + Yt

Ba? — 3627y + Sday* - 27y

3 2at-ay+29-Ty+24

4  4x®+12x°% + 5x - 6em?

5 a=12,b=32,¢=3,d=-5

Challenge
xt + 4oy + 61y + day? + yt

e cwRageocREg—F

Exercise 1C

1 a 4@x+2) b 6(x-4)
¢ 5(4x + 3) d 2(x*+2)
e 4(x*+5) f 6x(x-3)
g alx-7) h 2x(x+2)
i 2(3x-1) J 2x(3x-1)
k 5y2y-1) 1 7x(5x-4)
m x(x + 2) n y(By+2)
o 4x(x+3) p Syly-4)
q 3xy(3y + 4x) r 2ab(3 -5
s dx(x - 5y t 4xy(3x + 2y)
u 5y(3 - 4z3 v 6(2x% - 5)
w ay(y —x) x 4y(3y - )
2 a xx+4) b 2x(x+3)
c (x+8x+3) d (x+6)x+2)
e (x+8)x-9 f x-6)x-2)
g (@+2)x+3) h x-6)x+4)
i (x-5x+2) j +5)x-4)
k 22+ 1)x+2) 1 (3x-2)(x+4)
m (5x — 1)(x - 3) n 2(3x+ 2)(x -2)
o (2x-3)x+5) p 20x*+ 3)x* + 4)
q (x+2)(x-2) r (x+7x-7)
s (2x+5)(2x-5) t (3z+ 5y)(3x - 5y)
u 4(3x+ 1)(3x-1) v 2x+5)kx-5)
w 2(3x-2)x-1) x 3(x-Dx+3)
3 a xx*+2) b x(a®-x+1)
¢ x(x?-35) d xix+ 3)(x-3)
e x(x-4x+3) f xfx+5)x+6)
g zxlx-1)x-0) h afx + 8)x—8)
i 2Cx+1)x-3) i x2x+3)x+5)
k zlx+ 2)x-2) 1 3x(x + 4)x + 5)

4 @+ x+px-1
5 x(3x+5)2x-1)

Challenge
(x — Dix + 1)(2x + 3)(2x — 3)

Exercise 1D

1 a &° b c xt d
e f 122°=12 g 3t h
i 6zt jooad k x¥ 1

Answers
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Answers

2 asb b 729 ¢ 3 d &
1 -1
x S 1 21
B oy T5E g 1 h 6
Y ! 64
1, o i 7 : 1 %
3 a 8 b 2_2 ¢ 5t
xZ xli
1 2 .1 8
d ?+4 e F+F f ZTxE
3 ; 1 1
g I—sz h —3?4'3;
4 a 3 b 3—6
VE
X b
5 a 5 7
Exercise 1E
1 a 2/7 b 6/2 c 5/2 d 4v2
e 310 f V3 g /3 h 6/5
i 7/2 io12v7 k -3/7 1 9/5
m 23/5 n 2 o 19/3
2 a 2/3+3 b 3/5-V15
¢ 4/2 /10 d 6+2/5-3/2-/10
e 6-2V7-3/3+V21 f 13+6/5
g 8-6/3 h 5-2/3
i 3+5/1
3 3/3
Exercise 1F
V5 VIT V2
1 a 5 b 1 c >
V5 1 1
V13 1
g 13 hz
2 a 1-v3 b /5-2 c 3447
) 2
d 345 & V5 + V3 £ (3-2)4 +5)
2 11
g 505-2 h 5(4+yTd) i E{-gjz—m
. 5-y2T K 14 — V187 I 35 + (1189
U 3 6
m -1
11+ 6v2 - 44 + 2442
3 a S b 9-4/5 c o
d 81-30V2 o 13 +2/2 ¢ 7-3/3
529 161 11
7 5
4 —Z"{"z
Mixed exercise
1 a 8 b 6x7 ¢ 32% d 128°
2 a x*-2x-15 b 6x*-19x -7

¢ 6a%-2xy+ 192 - 5y + 10

3 a 2+ 3af-4x b x*+6x2-13x-42
¢ 63 -bat—17x+6
4 a 15y+12 b 1547 — 2583 + 104+
¢ 162 +13x d 927 - 3a%+ 4x
5 a z2(3x+4) b 242y + 5)
¢ xlx+y+yd) d Z2xy(4y + bx)
6 a (x+1)x+2) b 3x(x+2)
¢ (x-7x+5) d (22— 3)x+1)
e (bx+2)x-3) f (1-2)6+2x)
7 a 2x(x*+3) b xx+6)x-0)
¢ x2(2x - 3)(x+5)
8 a 3af b 2 c 6at d %J:—:\
9 a i b :%}3
10 a g b 4/5
11 a 21877
b (5ax+6)7x-8)
When x = 25, 52+ 6 =131 and 72 — 8 = 167; both
131 and 167 are prime numbers.
12 a 32 +/10 b 10+2/3-5/5-y15
¢ 24-6/7 -4/2 +J/14
13 a %ﬁ_ b v2+1 c -3/3-6
d @ e 7T-4/3 f 23;718"’7
14 a b=-4andc=-5 b (x+3)x-5kx+1)
15 a %ﬂ; b 256a°°
5 1
16 = =342
V75 —/50 V3 -v2
17 -36 + 10V11
18 (1 + 8x)(1 - 8x)
19 y=06x+3
20 43
21 3-V3cm
ap Ao WORR gy g4
Xz
a9 11
23 5
24 4xi+ata=2b=2
Challenge
a a-5
b {H-@+(@-@+...+(@-Jﬁ):@-_ﬁz4
CHAPTER 2
Prior knowledge check
1 a x=-5 b 2=3
¢ x=5o0rx=-5 d 160r0
2 a (x+3)x+5) b (x+5)0x-2)
¢ (3x+1Dx-5) d (x-20)x+ 20)
3 a b y
10
0 5\ %

346 @ Full worked solutions are available in SolutionBank. #
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Exercise 2A

1 x=-lorx=-2
t=-borx=-2
x=3orx=5
x=6orx=-1
x=0o0rx=4
x=00rx=2
x=-torx=-3
x=-torx=3
x=jorx=-2
x=13o0rx=1

N
x =23

11T
S

-

c o 8N & 00 S 0

L]

g=—torx=1

i 2 3
4 x=4
5 xz=-lorax=-%

Exercise 2B

1 a x=1(3=/5)
¢ ¥r=-3x3

x =3(-5 = V31)

1

.1;:201‘9::—4

[e-]

W

x=-0.586 orx=-341

o9 & O pog O 0 0

£=07650rx=-11.8
2 =01050rx=-1.90
xr=4.77 or x = 0.558
r=-60rx=-2
xr=9110orx=-0.110
xr=1lorx=-9
r=468o0rx=-1.18

R T mAaTTTaer

=

L,

= B =P -~ o~ s N =T - — A - -

0l x

x=<25 d x>-7

x=-lorx=-4
r=3orx=-2
r=4orx=>5
x=6orx=-2
x=0o0rx=25
x=00rx=06
x=-lorx=3
x=dorz=3
x=3ora=0
x=2orx=-2

x=3+V13

x=13+vI7)
x=1(5+v33)
x=3(122)
x=11—1(—1 = 78)
£=7.87orx=0.127
=891 orx=-1.91
x=384arx=-234
=489 aorx=-1.23
x=1.090rx=-10.1
xzfém"xzfz
x=1

x=3orx=>5

Area = 1(22) (x + (x+10)) = 50m?
Soa*+5x-25=0

Using the quadratic formula:

& =1(-5 + 5/5)
Height = 22 = 5 (Y5 — 1)m

Challenge

=13

Exercise 2C

1

o

P 0P OO R @O0

(x+2P2-4

(x - 8- 64
(x=-7)32-49
2(x +4)2 - 32
5(x+2)2-20
2(x-20+8
20+ 27
B +Pr-2
-8(x— 7+ 5L

=T =P~y

= =

(x—3)2-9
+?-1

3(x —4)2 - 48
20 9%

i

-4 (x+2)P+26

=TI = i =P - o

Answers

x=-6+V33
x="5=+y30

¥ =(-4 £ 26)
x=1(-3+/39)

b ax?+bx+c=0

4 a=30=2
5 A=6,B=004,C=
Exercise 2D
1 a x=-3x2/2
c x=-2x/6
2 a x=4(-3x/15)
¢ x=4(1=xy129)
3 a p=-7,0q=-48
b (x-7)2=48
£=7+y48 =7 + 4/3
r=7,8=4
4 x2+2bx+c=x+bP2-0'+c
(x+bE=02-¢
r=-bxyb?-c¢
Challenge
a ax*+2bx+c¢=0
. c_
x*+7x+a—
by\® B2
e8] -Lat-0
8\ b ac
(”'+E) a?
b b*—ac
S

Exercise 2E

1 a 8 b 7 c 3
f 0 g 25 h 2
2 a=4d4ora=-2
3 a b 2and -9

3
d 12 and -12

L. b g
14+Ex+a_0
byE e o _
(2+s) ~am+&=0
 pyE_bP-dac
(.7(,-{-%) - 4&2
xﬁ—b:tabz—tlac
- 2a
d 105 e 0
i 7
¢ -10and 4

e 0,-band-7 f 0,3and-8

Squared terms are always =0, so the minimum

4 x=3andx=2
5 x=0,x=25and6
6 a (x-1¢¥+1
p:—l)q:l
b
valueis 0+ 1 =1
7 a -2and-1
¢ -landy
e 4and 25
8 a (3-27(3-1)
Exercise 2F
1 a

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

= =P

2,-2,2/2 and -2/2
yand 1

8 and -27

0 and 3

347



Answers

348

ylk
(3,0
(-3, 0) 0 x
(0,-15)
y=a?+2x-15

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

[5,00] (5,00\

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

/[0, 2)

—
x

Turning point: (ﬁ % 7%)
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: (7%, 7%)
Line of symmetry: x = _E

¥ =6x*-19x + 10

Turning point: (ﬁ —S

Line of symmetry: x = 35

Turning point: (—%, ?)

Line of symmetry: x = —+

12241 )

19
12

81

J y=0522+02¢+002¥

(0, 0.02)
(0.02,0)0 2
Turning point: (-0.2, 0)
Line of symmetry: x = -0.2
2 a a=1,b=-8¢=15
b a=-1,0=3,¢=10
¢c a=2,b=0,¢c=-18
1 3
d a=z,b=—z,c=—1
3 a=30=-30,c=72
Exercise 2G
1 ai 52 i -23 iii 37
iv 0 v 44
b i h(x) i fla) iii  k(x)
iv j(x) v glx)
2 k<9
9
3 t=§
4 s=4
5 k>:
6 a p=0 b x=-9
7 a k*+106

b k?is always positive so &>+ 16 > 0

Challenge

a Need &®>4ac. Ifa, c>0o0ra, c <0, choose b such that
b>/4ac. If a > 0 and ¢ < O (or vice versa), then
dac < 0, so 4ac < b? for all b.

b Notif one of a or c are negative as this would require &
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

i The height of the bridge above ground level
£=1103 and v = -1103

2206 m

21.8 mph and 75.7 mph
A=39.77,B=0.01,C=48.75

48.75mph

—11mpg; a negative answer is impossible so this
model is not valid for very high speeds

6 tonnes

39.6 kilograms per hectare.

M = 40000

r = 400000 - 1000(p — 20)*

A =400000, B=1000, C=20

¢ £20

Do
oo oR

o T

Challenge
a a=001,b=03,¢c=-4
b 36.2mph

Mixed exercise
1 a y=-lor-2 b

c x=—-1lor3 d
2 a Y
0,4
-1,0)

4,0 ~_" 0‘ x

b y
(1 0)

U)

(0,-3)

(0, 6)

(=3, 0)

O(J

Lo\ *

K=d b zx=3andx=-2
k=0.09020rk=-11.1

t=2.28 ort=0.219
x=-2.300rx=1.30

x=0.839%9 or x = -0.239
(x+6)02-45;p=1,g=6,r=-45
S5(x -4y -6T;p=5,q=-4,r=-67
2@ -2P+8;p=-2,g=-2,r=8

-y -3p-2a-hr-

a s e a0 Tre w

Answers

6 k=%
7 a p=3,q=2,r=-7 b —Zig
8 a flx)=(2"-16)(2"-4) b 4and2
9 1+v13
10 x=-5o0rx=4
11 a 10m b 1.28s
¢ h(#)=10.625-10(t - 0.25)
A=10.6258=10,C=0.25
10.625m at 0.25s
12 16k* + 4

k2=0forallk,so16k*+4>0
When & = 0, f(x) = 2x + 1; this is a linear function
with only one root
13 1,-1,2and -2
14 a H=10

b r=13225-10(p - 11.5)

A=1322.5,B=10,0=11.5

¢ Old revenus is 80 x £15 = £1200; new revenue is
£1322.50; difference is £122.50. The best selling
price of a cushion is £11.50.

o e oa

Challenge
a+b _«

@ " p
—ba-0*=0
Using quadratic formula: a = b

2

a

b
145
2

Soa:bis

Dividing by b: 1

b Lth:\/1+\ffl+v1+v’l+...
Sox=Vl+a=x"-x-1=0

P

1+

Using quadratic formula: « = 3

CHAPTER 3
Prior knowledge check

1 a AnB=(1,2,4} b (AuUB)=(7,9, 11,13}

2 a 53 ¢ 5+ 242
3 a graphii b graph iii ¢ graphi

Exercise 3A

1 a a=4,y=2
x=2,4y=-2
Bty =2
x=5,y=2

x=1,y=3

x=1y=-4
x=-1,y=1
x=05py=-2.5
3x+ky=8(1);x - 2ky=5(2)
(1) x 2: 6x + 2ky = 16 (3)
2)+(3)7x=21s0ox=3

b -2
5 p=3,g=1

gEOoR & B O G
o s a s
|
1
1l
|
=

Exercise 3B

1 a x=5y=6orx=6,y=5
b =0,y=1orz=4%y=-3%
¢ x=-1,y=-3orx=1,y=3

349



Answers

d a=1,b=50cra=3,0=-1

1
'El
f x=-1ly=530orx=3y=-1

e u=1zv=4oru=2v=3

2 a x=3,y=forz=6}y=-2
b x:4é,y:4%orx:6,y=3
¢ x=-19,y=-15o0rx=6,y=5
3 a x=3+/13,y=-3+V13 orx=3-/13,
y=-3-y13
b x=2-3/5,y=3+2/Borx=2+3/5,y=3-2/5
4 x=-5,y=8ora=2,y=1
5 a 3x*+22-4x)+11=0
Jat+2x - 42*+11=0
r-22-11=0
b x=1+2v’§,y=—2—8»/§
¥=1-2V3,y=-2+8/3
6 a k=3,p=-2
b x=-6,y=-230rx=1,y=-2

Challenge
y=x+£k

2+ x+k)i=4
at+at+2ka+kt-4=0
20+ 2kx + k5 -4=0
4k -4 x 2(k*-4)=0
4k* -8k +32=0

for one solution &2 — 4ac =0
4k? =32 k=8 k=+2/2

Exercise 3C

1 a i Y
O;/\ x

i (2,1)

bi gy
ON x

i (3,-1)

¢ i Y

ii (0.5, 0.5)
2 a
-~

0‘ X
b (3.5,9) and (-1.5, 4)

350

W=~ o~ T

b (-1,8)and (3,0)
a

0 2

b (6,16) and (1, 1)
(=11, —-15) and (3, 1)
{—1%, —4%) and (2, 5)
a 2 points b 1 point
a y=2x-1
at+ 4k(2x - 1)+ 5k =0
%+ 8kx — 4k + 5k =0 2+ 8kx+k=0
b k=1 ¢ x=—%,y=-13
If swimmer reaches the bottom of the pool
0.522-32=03x -6
052 —33x+6=0
b*—4dac=(-33P2-4x05x6=-1.11
negative so no points of intersection and diver does not
reach the bottom of the pool

¢ 0 points

Exercise 3D

1

x=7 c x>2; d x=<-3
g x>-12 h x<1

a x<4
e x<11
x=<8
x=3

x<2d
x>11
x<l c x<s-3; d x<18
r=42 g ox<4 h x>-7

o @ =

s S B

N e e T =

9
=9
LT

s

x<—% .1:2% k %= 1

(6 x> 2] b [x:2<.x<4}
{x: 2L <x < 3) d No values

x=4 f (ar<l2lUufa:a>22)

g frxs-Fulpa=3

e o B

Challenge

P:—l,(]=4,1'=6

Exercise 3E

1 a 3<a<8 b 4<x<3
¢ x<-2,x>5 d x=-4,x=-3
e l<x<7 f x<-2,2>2]
g %<xs‘1% h vr<lx>2
i -3<x<3 j o x<-24,5>%
k x<0,2>5 1 -1i<x<0

2 a -S5<x<2 b v<-1,2>1
¢ g<x<l d -3<x<q

3 a {m2<a<4) b {x:2>3}
¢ {m—<x<0) d No values

@ Full worked solutions are available in SolutionBank. #



e (-S<x<-3)Ulx:x>4}
f (v:-1l<a<l}Ulx:2<x<3}
4 a x<0orx>2 b x<Oorx>0.38
¢ x<-lorx>0 d x<0Oorx>0.5
e t<-torx>i f x<-2orx=3
5 a -2<k<b b p=-8orp=0
6 {na<-2lUlx:x>T7}
7 a ma<d b (:-f<x<3)

o1 2
¢ {xi—5<x<s]

8 x<3orax>55

9 Noreal roots b* - dac <0 (—2k)% -
4k - 12k=0when k=0and k=3
solution 0 <k < 3
note when & = 0 equation gives 3 =0

4xkx3<0

Exercise 3F

a P(3.2,-1.8) b x<3.2
a i [; :

ii (4,5) jii x4
b i 7

0} ;( T

ii (-3,23) iii x=-3

c i y
0 { X

i (-2,9),(0,5) iii -2=x2=0

d i

¥
5
i (-5,-22), (3, -6) iii

(-2, -1), (9, 76) iii 2=x<9

r=-5orx=3

=

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

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

Exercise 3G

T T T
AYFEN J
! 1 4 T

6 a (1,6),(3,4),(1,2)
b x=1,y=s7-2x.y

Answers

iii -S5o0rx=3

b 05<x<3

d x<Qora>2

f x<-lorax>-0.75
2 n

=x+1
7 y<2-5x-2%22x+y=0,x+y<4

8§ a

I
[ 3
B

.=

.
!
1
L
1
1
L
i
I
)
'
1
1

b (-1,10,(2,6),(2,-1),(-04,1)
¢ (70.4, 1 d 2

351



Answers

Mixed exercise

1 a 4kx-2y=28
dkx + 3y =-2
-5y =10
y=-2
1
b x==
T
2 x=—4,y=3%
3 a Substitutex=1+ 2y into 3ay - y*=8
b (3, 1) and (-1, -&)
4 a Substitutey=2-xintox?+ay—-y*=0
b x=3+2/6,y=-1=x/6
5 a F=03Pp1=3¥2=x=2y-2
b x=4,y=3&ndx=—2%,y=—%
6 v=-ljy=2randx=4,y=-1
7 a k=-2 b (-1,2)
8 Yes, the ball will hit the ceiling
9 a (xx>10} b mx<-2Uufaix>7)
10 3<x <4
11 a x=-5,x=4 b (x:x<-5U{x:x>4)
12 a x<2l b 1<cx<s
¢ O<x<4 d %<x<2%
13 1=sx<38
14 k=<3l
15 5% < 4ac so 16k? < -40k
BK(2k +5)<0s0-3<k<0
16 a Iy
o 2
b (-7, 20),(3,0) ¢ x<-7,2>3
17 1(-1-/185) <2 <1 (-1+/185)
18 TR T
i ) —
mr
A4 6%
]
L i &
\
A
1
| -
I\
I 9
19 a ™ b1 | b 3
.....;.\7_ - - i - ._‘
I ”, 6.\,\
= ,',,,,E \\ - 77‘
Gl "EEE
i s ‘ |
I L ol S5
’ et M~ 1
7 00 1 O e B
8| O O O
| .|
4-3-2-10 1 23 4%
Challenge
1 O<x<16 2 2<k<7
352
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CHAPTER &

Prior knowledge check

1 a (@+5)x+1) b x-3)x-1
2 a b yA

i\ x
3 alx -2 -1.5 -1 -0.5 0
y -12 —6.875 -4 -2.625 -2
& 0.5 1 1.5 2
y | -1.375 0 2.875 8
b Tk I /
Bt
BISIES R R B AR 2
BN
L
dy L4 i
i =
b x=2,y=5

Exercise 4A
1 a




g Yy h
3
g AN
0 ¥ T >
-3 1 x 2] ;i 3\%
1 Y J y
0 o) x 2 2
3 a y=zx+2)x-1) b y=x2x+Dx+1)

¢ y=uaxlx+1)* d y=afx+ 13 -x

Y

LA

s’s

=

)
o

g y=3x2x-1D2x+1)

i

YA

y=x(x -

3+ 3)

¥

-2, 0)
0,-8)

f

Answers

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

h y=xlx+1x-2)

i

Y
10 o X
y=x%x-9)
YA /
x
A
H‘y
27
3 0] =

353



Answers

5 a b=4,¢c=1,d=-6

1 4 1
6 a=3b=-".c=5d=2
7 a x(?*-12x+32)

¢ Y
ol 4
Exercise 4B
1 a

354

h Y

J y
25
8

0 1

H
b (0,-6)

b x(x - 8)a-4)

2 a
¢ y
480
0
3 a (0,12

-280

Challenge

-

g
/
.--_-_-__———

N

<

=Y

m Full worked solutions are available in SolutionBank. #



Exercise 4C
1 a

yA

Exercise 4D

1 ai yh y=x2
1 0 1 ¥
y=x@2-1)
i 3 iii a2=a0*-1)

Answers

i I

«—y=2(x + 2)

3

i1 iii n:(x+2)=—x

i
o
Il
=
b
=

—y=(x+Dx-1)7?

—1 (8] 1 X

i 3 il 2% =(x+ 1){x - 1)

y=x%(1-2)

0 -
\ .,
¥=x
i 2
i 2 i a¥(1l -x)=—%
X
! ¥
L %
y=xlx—4)
" 1
i 1 iii :!c(:t:—4)_E
1 U4
fe— Uy =x(x—4)
0 %
k—y:*%
i3 1
ii 3 iii x(x—4]:—?

355



Answers

L " y=(x-2)
2 .
0 4 x
/ y=x{x-4)
ii 1 i xlx—-4)=(x-2)°
h i i A
y=-%
-
«——y=—a
i 2 iii —x3——%
ii YA
-y = a2
0 i
—y ="
i 2 ili —a?=2?
i i
/y=—x(x+2)
2 x
y=-x?
i 3
k i
i 2 i afx-—Dx+2¢=4

356

4

y=x%x + 1)2

il 2 = 2%(x + 1)?

b Only 2 intersections

y=[(x+1)

b Only 1 intersection

a YA

y=3xkx-1)

y=—x(x - 1)?

b Graphs do not intersect

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

solutions.

@ Full worked solutions are available in SolutionBank. #



2 e

y=3x+7

/ 0 X
3
Expand brackets and rearrange.
(-2,1), (-1, 4), [%, 9)

yA

y=x% - 3x% - 4dx

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

\b%
)}
(W]

4

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

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

10 ;
a yA y::r,‘+1
y=x-1
L
1 P
/9_0.5 '

b Graphs do not intersect.

7
C a< 16

ry

y=14x+2

y=(x?-1x-2)

y=x-2)x+2)7°

11

b

2

Exercise 4E

1 a i y ii
0| =

iR

J

Answers

(-2, 0), (0, 4)

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

bi(l/ i ¥

0 x

©,2)

(-1, 0,

(@, -1),

(1,0 (0, -1), (1, 0)
iy i ¥

0 x
x /

{-v3,0),

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

¥3,0) (3. 0

/0‘ x

(¥Z. 0), (0, 2)

G0, y=-3.2=0

357



Answers

b y=1flx +2)

(0, 9), (3. 0) I /
(0'727], [3’ 0) (O' 3)’x_3’y_0 y=f(3;)_1
7 a (6,-1) b (4, 2)
2 a
8
9
y=x"— 52 + 6x
bi \y=fx+2) ¥ oyt 2Y
y=@-2P8-5@-2P+6(x-2)
4
. 1 ; 10 y
ﬁMﬂJ’ x y=(+2P- 1+ 4)
¢ flx+2)=(+1(x+4);(0, 4 i
f)+2=(x+1x+2)+2;(0,0 y=2%0x - 3x + 2)
3 a ya b y=flx+1¥
. A\ e
1 0 r y=x344x% + 4x
0 N =z
—>
¢ [x+1)=-x(x+1)%0O0
4 a U4 = f(x) b =flx)+ 2
y ] =1 b -lorl
12 a YA

¥ =z + D(x + 3)?

17 g AL

=Y

y=flx +2)
¢ flw+2) = (x + 2)a% (0, 0); (-2, 0) b -2,-3or-5
5 a b Y Challenge
y="1fx)+4 1 (3,2)
\ 2 al(-7,-12) b flx-2)+1

4
\ Exercise 4F

o\ 0 : e i ;
\4\2 o1 al Yo i oYy dgy iy

4

y="flx+2) )
¢ flx+2)=(x+2x-2)(20; (=20 0 x
fla) +4=(x-2)%(2,0
358 @ Full worked solutions are available in SolutionBank. #



&f{

1
T

1)

Answers

4| y=-Hx

0 x

9y -t B " y=tan
0 9 % 0 4 X

yA
y=1(2x) \
1o 3 A ¥
y =—f(x)
y=x%x-3)

¥ = (20)2(2x — 3)

359



Answers

7 a (1,-3)
8 (-4,8
9 a ¥y

S

3y = —a¥(x - 2)°

b (2,-12)

2 3 x

y=(x-2)x-3)°

b 2and3

Challenge
1 (2,-2)
2 G

Exercise 4G
1

360

Y4

y=4 E \
0 i1 i

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

I :K

—\O 1 x
_3 \
e y=2,2=410,0)
A
y=2 i
_____________ fmmmene T
oN L *
‘7

m Full worked solutions are available in SolutionBank. #



h y=-2,x=1,00,0)

¥

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

(-2, -6)

b A(-4,0), B(-2,

'y
(-2, 6)

6), C(0, 3), D(4, 6)

(4, 6)

/-4 0

sy

¢ A(-2,-6), B(-1, 0), C(0, -3), b(2, 0)

Y
-1

-3
(=2,-6)

sz

1

Answers

361



Answers

j A4, -6), B(2,0), €0, -3), D(-4, 0) v x=2y=0(0,1)

4 a

362

i v=-2,y=0,00,2)

. y\
vi x=-2y=0(0,-1)
2 P Y]

U
"

0

y

uzi 0 ; '
\E 72E _0/-——;;
i x=-1,4=0,00,1 I
A b fla)= 2
i x+1
i 5 a 3
El b i1 ii (2, 3) iii (2, -3.5)
il 6 a A(-1,-2)B,0)C(1,0) D2, -2)
—1;0 x
ji y+2:f(x)
iii x=0y=0
Y
b
j@ ;

iv x=-2y=-1(0,0)

¢ A(-1, 3) B0, 5) €(1, 5) D(2, 3)

9 y-3=1w

Bl\C

y=-1 0

x

d A(-1,0) 800, % c1,% D2, 0)

¥

VR

A0 D x

@ Full worked solutions are available in SolutionBank. #



Answers

e A(-1,0.5) B0, 1.5) C(1, 1.5) B(2, 0.5) e y
Alb, 4)

C 2y -1 =1fx)

D L
x
f
Mixed exercise
1 a YA y=x2(x_2}
I|0 x
4 a x=-latA,x=3alB
0 % 5 ab oy
‘y = 22z - )(x - 3)
L \
2x—x o)
b x=0, -1, 2; points (0, 0), (2, 0), (-1, -3)
y=2-x
2 a
p c 2 d (0,2
6 a
Y
A S
y=x*+2x-5
[T oo " x
b A(-3,-2),B(2,3) (2,0 (2,0
¢ y=x*+2x-5
b
3 a Y
(0, 0) /

b i UA
Lo\ /M0 *
0,-1)
C Y ii y
A3,2)
g ? G0
B(0,-2) < >
y = 0 is asymptote (1,0t (Y x
(L.-1)
d 8 a (0,2 b -2 ¢ -1,1,2
9 ai 3 i (4,6) iii (9, 3)
iv (4,-3) v (4,-)
b f(2%), fx + 2)
B3 0}/ 0| > ¢ i flx—4+3 i 2t

363



Answers

10 a Y

y =243z +b)

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

by
0 3 %
y=xlx—3)*
¢ —4and -7

12 a yly:x[xlez

(0,0
o (2,2) x

b YAy =x(x -2 +x

(0, &)

13 a Asymptotesatx=0andy=-2

y
y =f(x) - 2

O] d——x

¥=-

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

Challenge
6—c —4-d
Review exercise 1
1 a 2 b %
2 a 625 b faf
3 a 4/5 b 21-8/5
4 a 13 b 8-2/3
5 a 1+2Vk b 1+6/k
6 a 25z b a?
7 8+8/72
8 1-2/2
9 a (x-8)x-2) b y:l,y:%
10 a a=-4,b=-45 b x=4+3/5
11 4.19(3 s.f)
12 a The height of the athlete’s shoulder is 1.7m
b 2.16s(3s.f)
¢ 6.7-5(-1)7
d 6.7m after 1 second
13 a (x-3)%*+9
b Pis(0,18),Qis(3,9)
c x=3+4/2
14 a
b
15 a 23(x? — 8)(x* + 1) b -1,0,2
16 a a=5,0=11
b discriminant < 0 so no real roots
¢ k=25
d ¥
17 a
b
¢ discriminant = -8
d -2V3k<2/3
18 a 2*+4x-8=0
b 2=-2x2/3,y=-6+2/3
19 a x>7%
b x<lorz>3
c %<x<%orx>3
20 2@ +1)=a-bx+2
2?-3x+4=0

The discriminant of this is -7 < 0, so no real solutions.

364 m Full worked solutions are available in SolutionBank. #



21 a

=

22 a

b

=L i==28=-34=T11

x<730rx>3%

Different real roots, discriminant > 0

sok?-4k-12>0
k<-2o0rk>6

23 T<x<2

24

14Elx i = glx)
2101, 8

2

]

26 a

27 a

-3

]~

y = f{x)
(5,-16)

x(x-2)x+2)

Y
-2 0 2 x
Yy
-1/0|1 3 x
A

Yy

(3,2
ol f2 AN

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

1‘ 72 %
(13, -2)

(1,0) (2, 0) and (14, -2)

Y
0 N x

(0,0) and (3, 0)

B

ol

6

o]1 4\ =

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

28 a

Asymptotes: y =3 andx =0

b 40

29 a 0.438,1,4,4.56

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

31 a

30/ 1 \go
O\ =
y=-4
1
b -3z
Challenge
1 a 2=1,2=9 b 0,2

2 VZem, 3V2 cm

3 3¥+axt-x=22x-Dx+1)
33 +x2—x =203 2¢

et +x=0
xx?+x+1)=0

Answers

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

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

4 -3,3

365




Answers

CHAPTER 5
Prior knowledge check
1 a (-2,-1) b (3.2 ¢ (7.3)
2 a 45 b 10/2 ¢ 55
3 a y=5-2x b y=2x-3 ¢ y=pbr+i
Exercise 5A
1 1 3
1 a5 z c — d 2
1 1
e -1 £ 5 g 3 h 81
2 . 1
i £ j -4 k — 1
2 _ n2
m 1 n qq—g =q+p
2 7
3 12
1
4 45
1
5 21
6 5
7 26
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
COIMIMOon
Exercise 5B
1 a -2 b -1 c 3 d §
2 5 1
e -3 g g 5 h 23
. 1 . 1 5
i3 i 3 k -2 1 =5
2 a4 b -5 ¢ -% d 0
e { £ 2 g 2 h -2
. . p 1
i 9 j -3 k% 1 —
3 a d4x-y+3=0 b 32-y-2=0
¢ bx+y-7=0 d 4x-5y-30=0
e Sx-3y+6=0 t 7x-3y=0
g ldx-T7y-4=0 h 27x+9y-2=0
i 18x+3y+2=0 j 2x+6y-3=0
k 40-6y+5=0 1 6x-10y+5=0
4 3.0
5 0,0
6 (0,5),(-4,0)
7 a1 b x-3y+15=0
2 . -
8 a —% b 2¢x+5y-10=0
9 ax+by+c=0
by=-ax—-c¢
a é
===l - (=
v={-57-(5)
10 a=6,¢=10
11 P(3,0)
12 a -16 b -27
Challenge
Gradient = —%; y-intercept=a. So y = —%x +a
Rearrange to give ax + by —ab =0
Exercise 5C
1 a y==2x+1 b y=3x+7 ¢ y=—x-3
d y=—4x-11 e y=2x+12 f y=-%x-5
g y=2u h y=—3x+2b
366

U1 o

a y=4x-4
d y=4x-23

g y=-4x-9

L g2 5
1 gty

5x+y-37=0

b y=x+2
e y=x-4

¢ y=2x+4
-

I y=gu+1

h y=-8:-33 i y=3%x

y=x+2,y=-1x-5y=-62+23

a=3,c=-27
a=-4,b=8

Challenge

a

b

C

(Y= )

- (2, — xy)
-y

)

W-y) -

(2 -y _(332 - xy)

¥=¥

.
y=3n+32

Exercise 5D

BT N

y=3x-6
2x-3y+24=0
(=3, 0)

[0,3%)
2v+3y-12=0

11 y=2x-4
13 y=—1+4

15 y=-2x4+1

3

8 2

Exercise 5E

1
2

00 ~1 Ok

a Parallel

(x —a)

y=2x+8
1

0. 1)

y=2x+3

102

12 6x + 15y - 10=0
14x-y+5=0

16 y =4x + 13

o N e

b Notparallel ¢ Not parallel

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

Gradient of AB = %

. gradient of BC = -Z, gradient of

€D = 2, gradient of AD = 31 The quadrilateral has
a pair of parallel sides, so it is a trapezium.

y=5x+3
2a+ b5y +20=0
y=—%x+7
y=%x

4x - y+15=0

Exercise 5F

1

NG R W N

a Perpendicular
Neither
Perpendicular
Parallel
Perpendicular
Neither

Parallel
Perpendicular
Parallel
Perpendicular
Parallel
Perpendicular

—t— o

@ Full worked solutions are available in SolutionBank. #



9 lLy= 71%1 —1,m: y = 3x+ 5. Gradients are negative
reciprocals, therefore lines perpendicular.

10 AB:y=—3x+43CDiy=-te -1 AD:y=2x+7,
BC: y = 2x — 13. Two pairs of parallel sides and lines
with gradients 2 and —‘5 are perpendicular, so ABCD is
a rectangle.

11 a AL 0) b 55x-25y-77=0
9

12 -2

Exercise 5G

1 a 10 b 13 c 5 d /5
e 106 f V113

2 Distance between 4 and B = V50 and distance between
B and € = V50 so the lines are congruent.
3 Distance between P and Q = V74 and distance between
Q and R = /73 so the lines are not congruent.
r=-8o0rx=0
y=-2ory=16
a Both lines have gradient 2.
_ 1 23 - o _
b y=-su+5Fora+2y-23=0
29 43
¢ (5%
qa 75

5
7 P(-£ %) or P(3,-5)
8 a AB=y178 ,BC=3and AC =v205. All sides are
different lengths, therefore the triangle is a scalene
triangle.

Por19.5

A2, 11
B4 0)

451
8

(3 0)
(=10, -10)
1. 9

=gty

[=a=1 B

=]
=2 A =

]

10

75
2

y=-2x+8
RS =25 and TR = 5/5

11

a2 T 2T

12 A(0,13)

26

r+4y-52=0
B4, 12)

[T =~ T <= B o A <" B - B
~
|
o
o0
&

aT

Exercise 5H
i k=50 ii o =50¢
i k=0.3o0r £0.30 ii ¢=0.3t
i k=% i

not linear

-

|
T
T
T

H

i
o2l
v

0 10 20 30 40 50 60 70 80

Answers

P

0+ A
0 5 1015 20 25 30 35 40

not linear

Cost of electricity (£)
NS
o

0 10 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

o =£0.12 = cost of 1 kilowatt hour of electricity,

b = £45 = fixed electricity costs (per month or per

quarter)

£52.80

5004
400
300
200
100

Distance, d (m)

12345678910
Time, t (seconds)

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

C = 350d + 5000

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

24 days
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Answers

F=18C+320r F=3C+32

b «=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°.

38.5°C

-40°C

nn="750¢+ 17500

The increase in the number of homes receiving the
internet will be the same each year.

All the points lie close to the straight line shown.
h=4f+69

175 cm

A equilibrium

354 point

=
e s

=B I =

supply

Price, P

demand
14 5

e Quality, @
b Q=24,P=17

Mixed exercise

1 a y=-Jx+4 b

2k -2
8-k

~22

2 a

:% therefore 7k =14, k=2

w
e o= =

5 11lxa-10y+19=0
a y= w—%x +3
3+4\”§—3\/§_3+\f§7
2+V3-1  1+/3

y=v3x+cand A(1, 3V3), so ¢ = 2/3
Equation of line is y = V3x + 2¢3
When y =0, x = 2, so the line mests the x-axis at (-2, 0)

8§ a y=-3x+14 b (0,14)

9 a y=—jr+4 b Students own work.
¢ (1, 1). Note: equation of line n: y =3z +3

10 20

7 Gradient =

11 a 2x+y=20 b y:%x+-34-
D 1
12 a 3 b 6 ¢ 2x+y-16=0
d 10
13 a 7x+5y-18=0 b &2
14 a ERELN
S i L)
Lo O N Logo L
T 3 I
(O 0gT ____%
HEEN
‘—(9,-%77 | I .
b (i—ﬁ) ¢ 12x-3y-17=0
368

15 a x+2y—-16=0

b y=-%2¢

c ((-48,32)

d Slope of 04 is 3. Slope of OC is .

Lines are perpendicular.
e O0A=2/13 and OC = 16413
t Area= 208
16 a d=V50a =5a/2 b 5/2
¢ 15/2 d 25/2
17 a d=vV10x®—28x+26

b B(-% -18) and €4, 12)

¢ y=—ir+1t

d (55

e 20.8

18 a gradient=10.5

b C=10.5P-10751

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

d 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
1 130
2 (55
. ale - a))
3 (a,
b
CHAPTER 6
Prior knowledge check
1 a (x+5*+3 b (x-3)2-8
¢ (t-6)2-36 d (x+£—2~‘f79
2 a y=3u-6 b y=-1z-32
¢ y=2x+10
3 a b?-4ac=-7 No real solutions
b b%-4ac=193 Two real solutions
¢ b?-4ac=0 One real solution
4 y=-3z-3
Exercise 6A
1 a (5,5 b (6,4) ¢ (1,4 d (0,0)
3 i
e @1 (83 g Ua0) b (-5 -0)
i Ca,a-0j (32,4 k (2/2,V2 +3/3)
2 a=10,b=1
3 &N
3a b
+ (39
54
5 a 3,3 or(l53) b y=2x3=2x15
6 a3 b3
7 Centreis (3,-7).3-2(-%) - 10=0
8 (10,5)
9 (-7a,17a)

m Full worked solutions are available in SolutionBank. #



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

Challenge

a p=9g=-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 C

d y=3 e y=—%x+£ f

y=-x+7

2x-y-8=0

a ym,éx,ﬂ
__b__hﬁ

Tt W

Challenge
8 PRiy=-5x+2

PQy=-iz+ 22

RQO:y=2x+6
b (%%
Exercise 6C
1 (x—3P+(y-2P%=16
(x+4P+(y-52=36
x-5F+y+6r=12
(x — 2a)* + (y - 7a)* = 25a?
x+ 220+ (y+ 3/ =1
(-5,4),9 b (7,1),4
(-4,0), 5 d (-4a, -a}, 12a
(3V5, -V5), 33
(4-2F+(8-52=4+9=13
O+7P+(-2-2%=49+16=65
72+ (-24¥ =49 + 576 = 625 = 25°
{6a - 2a)* + (-3a + 5a)® = 160 + 4a® = 20¢°
(Y5 — 3¥5)2 + (/5 —V5)2 = (-2/5)2 + (-2/5)
=20 + 20 = 40 = (2/10)?
(x— 82+ (y—132=25
-2+ y-42=2
V5
a r=2
b Distance PQ = PR = RQ = 243, three equat length
sides triangle is equilateral.
(x-2P+y2=15
Cenire (2, 0) and radius = 15
fx-5P+(y+2PF=49
Centre (5, -2) and radius = 7
Centre (1, —-4), radius 5
Centre (-6, 2), radius 7
Centre (11, -3), radius 3v10

10 Centre (-2.5, 1.5), radius ﬂ:

cRoDT RO OB O RGR

-~ N G

10

2 oo pTepoe

Centre (2 ,~2), radius
Centre (-6, -1)
k>-37

(13, 28)

=-2and k=8

11

12
13

o Te e

Challenge
k=
k=
fx + ¥
Sa (x -+ f)? + {y + g

1

Answers

3, (x-3P+
5, (x -5 +

(y — 2 = 50
(y — 232 =50
-~ +y+gP-gt+c=0
=f2+q*-¢

Circle with centre (-f, —g} and radius /f? + g¢ - c.

Exercise 6D

(7,M,(-5,0

(0, 2), (0, ~8)

6,10}, (2, -2)

(4,-93, (7,2

2% — 24x + 79 = 0 has no real solutions, therefore
lines do not intersect

(=2} LS SRR R

we

10

11

a

- =P I~ ol R~

k

bi-4dac=64-4x1x%x16=0. S0 there is only cne
point of intersection.

4,7

(0,-2), (4, 6) b midpeint of AR is (2, 2}
13 b p=1orb

A(5, 0) and B{-3, —8) (or vice-versa)
y=-x-3

(4, -7) is a solution to y = -x - 3.

20

Substitute y = kx to give

(k% + Dx? - 12k + 10)x + 57 =0

b2 — dac > 0, —84k% + 240k - 128> 0,
21k - 60k +32<0

0.71 < k< 2.15

10 2\/_

Exact answer is — - ——

: k1o 2\/—

8
<17

12 k=-20x 24105

(x-52+{y+2?2=34

Exercise 6E
1 a 30
b Gradient of radius = 3x, gradient of line = n%,
gradients are negative reciprecals and therefore
perpendicular.
2 a (x-4P+{y-06F=73 b 3x+8y+13=0
3 a y=-22-1
b Centre of circle (1, -3) satisfies y = -2x - 1.
4 a y= %x -3
b Centre of circle (2, -2) satisfles y = 32~x -3
5 a (-7,-6)satisfiesa? + 18x + ¥ -2y +29=0
b y=%2z-4 ¢ RO,-4) d 2
6 a (0,-17),017,0)
b 144.5
7 y=2xr+27andy=2x-13
8 a p=4p=-6
b (3,4)and (3, -6)
9 a (x-112+(y+5F=100
b y= %x - %
¢ A8 -4/3,-1-3Y3) and B(8 + 4/3, -1 + 3/3)
d 1073
10 a y=4x-22
b =5
c
d

A5 +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=-3x+9
¢c y=-32+9
d (0,9

Cha]lenge

1 y= —’t, -2

2 a /CPR=ZCQR = 90° (Angle between tangent and
radius)
CP = CQ = 10 (Radii of circle)
CR=\6-2F + (-1 -1)2=y20
So using Pythagoras’ Theorem,
PR=0QR=/20-10=/10
4 equal sides and two opposite right-angles,
so CPRQ is a square

b y= mx—Bandy——?»x-v-iT

Exercise 6F

1 WV? = WU? + UV?

(2,3)

(=202 +(y-3¢=41

AC? = AB* + BC*
(x-5P+(y-2)2=

15

iy=3x+2 i oy=-%x+4
(-3, 6)

(x+ 32+ (y - 6)2=169
iy=tx+i i x=-1

@+ 1P+ (Hy-32=125

0 - 30+ (y +4)* =50

AB? + BC*? = AC?

AB? = 400, BC? = 100, AC? = 500
(x+22+(@y-52=125

D(8, 0) satisfies the equation of the circle,
AB = BC = (D =DA =50

50

(3,6

DE?2=0b*+06b+13

EF*=b%+ 100 + 169

DF? = 200
Sob?+6b+ 13+ 6%+ 106+ 169 =200
G+9b-1)=0;a8b>0,b=1

b (x+52+(y+4*=50

Centre (-1, 12) and radius = 13

Use distance formula to find AB = 26, This is twice
radius, so AR is the diameter. Other methods
possible.

¢ C-6,0)

o1 W
m;wmowmawmowm

Booe o

oo

Mixed exercise

1 a €3 6)
b r=10
¢ (x-3P+(y-60r=100
d P satisfies the equation of the circle.

2 (0-5P+(0+2)=>5%+ 22 =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.
P(8,8),8+12+(8-3PF=9+

a 52=81+25=1006
b V106

370

5 a All points satisfy a? + y? =1, therefore all lie on circle.
b AB=BC=CA
6 a k=1, k___
b (x-1)¢+ {y 3¢ =13
7 Substitute i = 3x — 9 into the equation
¥+ pr+yt+ 4y =20
at+pr+(Bx-9PF+4(3x-9) =20
102+ (p—-42)x+25=0
Using the discriminant: (p - 42)2 - 1000 < 0
42 - 10V10 < p < 42 + 10/10
8 (x-2P+(y+42=20
9 a 2/29 b 12
10 (-1,0), (11, 0)
11 The values of m and nn are 7 — V105 and 7 + v105.
12 a a=6andbh=38 b y=-3x+8 ¢ 24
13 a p=0,g=24 b (0,49),(0,-1)
14 2 +y+10=0
15 60
16 1: _ly'_—élx+12:1ndl2 y_——a,+12
17 a y_§1+§
b (x+2)2%+(y-2¢=50
¢ 20
18 a P(-3,1)and (9, -7)
b y=3xr+Landy=3x-4
19 a y=-4x+6andy= 7x+6
b P(-4,5)and (1, 2)
c 17
20 a P(5,16) and Q(13, 8)
b Liy=tr+ & andl:y=7x-83
c lpy=x+3
d All 3 equations have solution x = 15,y = 18
so R(15, 18)
e ZDH
21 a (40) (0,12)
b (2,6)
c -2+ (y-6)¢=
22 a g=4
b w+3F+@y-2p=-8
23 a RS*+ ST?*=RT*
b (x- 2)2+(y+2)2—61
24 (x-1*+-3r0=
25 a iy=-4x-4 iix:—2
b (x+22+(y—42=34
Challenge

a r+y-14=0
b P(7,7) and Q(9, 5)

c 10
CHAPTER 7
Prior knowledge check
H &
1 a 15x b 3
2 a (x-6)x+4) b (3x-5)x-4)
3 a 8567 b 1652
4 a y=1-3x b y=1x-7
5 a (x-12-21 b 2x+1)2+13

Exercise TA

1

a 4at+52-7

6
_ a3 " =
¢ —x +4a,+x

b 2xt+9x% +

-4 Z_E
d 7xt-x 5

@ Full worked solutions are available in SolutionBank. #



e 4x°-2x2+3 f 3x-4x*-1
7x2  Ax® 2 i 3
g z 5 " 5s h 2x-3x%+1
ooat 9x8 on 1 - s 4t 2
i E——2—+2:L = i 3x%+2x 3 +3x
2 a x+3 b x+4 ¢ x+3
d x+7 e ¥+5H f z+4
x-4 x+ 2 A
8 x-3 b x+4 ! x-6
. 2x+3 2x -3 x—2
] x-5 K r+1 1 x+ 2
2x+1 x+4 2r+1
i-2 T Y -3
3 a=1,b=4,c=-2
Exercise 7B
1 a (+1D2+5x+3) b (x+4)a*+6x+1)
¢ (@+2)x*-3x+7) d (x-3)a®+4x+5)
e (x-5)af-3x-2) f (x-7)x*+2x+8)
2 a (x+4)6x?+3x+2) b (x+2)4x*+x-5)
¢ (v+3)2x% - 2x - 3) d (x-6)(2x%-3x-4)
e (x+6)-5x2+3x+5) f (x-2)(4x?+x-1)
3 a AM¥+3x%-4u+1 b 4x¥+2x2-3x-5
¢ —3a%+3a2-4x-7 d Sat+2x3+4a-3x+7
4 a 23+2¢:-5x+4 b 2 -x?+3x-1
¢ 24%+5x+2 d 3x*+2x-5x2+3x+6
e 20203+ 3% +4x -7 [ 4at-3x-222+6x-5
g 5x*+12x2-6x-2 h 3a'+52%+ 6
5 a x*-2x+5 b 2x¥-6x+1
¢ -3a22-12x+2
6 a 2*+4x+12 b 22°-2x+5
¢ —3a2%+5x+10
7 f-2)=-8+8+10-10=0,s0 (x+ 2) is a factor of
x3 4+ 22% — 53 — 10. Divide 2* + 24% - 52 - 10 by (x + 2)
to give (2% — 5). So 4% + 24% - 52 - 10 = (x + 2)(a? - 5).
8 a -8 b -7 c -12
9 f(1)=3-2+4=5
10 f-1)=3+8+10+3-25=-1
11 (x + 4)(54% - 202 + 7)
12 328+ b2+ 4
13 a2 +x+1
14 x* - 222 +4x - 8
15 14
16 a -200 b (x+2)x-7)3Bx+1)
17 a i 30 i 0 b x=-3,2=-4,2=1
18 a a=1,b=2,c=-3
b flx)=(2x-1x+3)(x-1)
c v=05x=-3,2=1
19 a a=3,0=2,¢c=1
b Quadratic has no real solutions so only (4x — 1) is a

solution

Exercise 7C

[=n 57 B LR ]

a f(1=0 b f(-3)=0
x-Dx+3Nx+4d
x+ D+ 7(x-05)
(x-5)x-4Dkx+2)

(x - 2)2x - Dix +4)
a (x+1x-5x-6)
¢ (x-5)x+3x-2)

¢ f4)=0

b (x-2)x+ Dix+2)

Answers

7 a il@-Dr+3)2x+1) ii y] )
- N0 Jix
3 -1 1x
-3
b i-3)x-52Zx-1) i y
ol NN fx
151 °
¢ ifx+1)fx+2)3x-1) ii y
1
2 -\ O 5 x
-2
d i@+2)2x-1DBx+1) il yh
x
-2
e 1(x-2)2x-5)(2x+3) i Y
30,
3 0 »5 X
/‘E 23 *
8 2
9 -16
10 p=3,qg=7
11 ¢=2,d=3
12 g=3,h=-7
13 a f{4)=0
b flx) = (x — 4)(32® + 6)
For 322 + 6 = 0, b — 4dac = 72 so there are no real
roots. Therefore, 4 is the only real root of f(x) = 0.
14 a f(-2)=0 b (x+2)2x+ 1)(2x - 3)
c x=—2,x=—%andx:l%
15 a f(2)=0 b 2=0,z=2,x=—"1andx=3
Challenge

a

b

f{1)=2-5-42-9+54=0
f{-3)=162+135-378 +27 + 54 =0
2a* — 5x® - 42x% - 91 + H4

=(x - D+ 3)x-06)2x + 3)
r=1lx=-3,x=6,24=-15
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Answers

Exercise 7D

1 nP-n=nn-1)
If nis even, n — 1 is odd and even x odd = even
If nis odd, n — 1 is even and odd x even = even
2 s 0-v2) -2 _s-22 .5 .
(+v2) 0-v2) @-3 -1
3 L+l -y=2-aF+ay-y=a2-y
4 (22— Dx+6)x-5)=2x - x*+2x-30)
=2x% + 2% - 61x + 30
5 LHS = 2% + bx, using completing the square,
b\* (b
(+3) - (2)
6 x*+ 2bx + ¢ = 0, using completing the square
(x+b)2+c-b2=0
(x+b)E=bt-c
r+b=xVbi-c
r=-bxVb®:-¢
3
7 (x—%) = (x—%)(x2—4+%):x376x+%—%
8 (x3~l)(x%+ﬁ]thx%—x%—x%:x%—x%
x
ol )
9 3m-d4n+10=3[n?-tn+ | :3“11—%)2 +%—%]
33
The minimum value is % so 3n? - 4n + 10 is always
positive.
10 -n2-2n-3=-?+2n+3l=-[ln+ 12+3-1]
=—m+12-2
The maximum value is -2 so -n® - 2n - 3 is always
negative.
11 x¥*+8x+20=(x+4)2+4
The minimum value is 4 so x? + 8x + 20 is always
greater than or equal to 4.
12 kx? + 5kx +3 =0, 5% — 4ac < 0, 25k - 12k < 0,
k(25k-12)< 0,0 <k<%.
When k = 0 there are no real roots, so 0 <k < %
13 px®-5x-6=0,0"—4ac>0,25+24p>0,p> -
14 Gradient AB = -1, gradient BC = 2,
Gradient AB x gradient BC = -1 x 2= -1,
so AB and BC are perpendicular.
15 Gradient AB = 3, gradient BC = % gradient CD = 3,
gradient AD = %
Gradient AB = gradient €D so AB and CD are parallel.
Gradient BC = gradient AD so BC and AD are parallel.
16 Gradient AB = §, gradient BC = 3, gradient CD = 1,
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 = V10, BC = V10, €D = V10 and AD = V10,
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 = 40, BC = Y40, AB = BC
18 (x-12+y*=ky=ax, (x- 1P +a%x?=k,
21l +a¥)-22+1-k=0
2 a?
b2 —dac>0,k> T ot
372

19

20

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

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

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

Shaded area = 4(3ab)

Area of smaller square: a® + 2ab + b% — 2ab

=at+b?=c?
Challenge
1 The equation of the circle is (x - 3)* + (y — 5)2 = 25 and
all four points satisfy this equation.
2 2 §
2 [+ -Ge-0) =i+ -@-19=14p=p

Exercise TE

1
2

3

10

3,4, 5,6,7 and 8 are not divisible hy 10
3,5,7,11,13,17,19, 23 are prime numbers. 9, 15, 21,
25, are the product of two prime numbers.

224+ 3%2=o0dd, 32+ 4% = o0dd, 4+ 52 = odd, 5%+ 62 = odd,
62+ 7% =o0dd

(3m)* = 27n® = 9n(3n?) which is a multiple of 9
Br+1P=27Tn+27n*+9n+1=9n(3n*+3n+1)+1
which is one more than a multiple of 9
(3n+2)3=27n%+54n?+36n+8=9m(3Bn*+6n+4)+8
which is one less than a multiple of 9

a For example, whenn =2, 2*- 2 = 14, 14 is not
divisible by 4.

Any square number

For example, when n =+

2
For example, when n =1
Assuming that ¥ and y are positive
aga=0,y=0
(x + 5)% = 0 for all real values of x, and
(x+502+2x+11l=(x+6)4s0x+6)°=2x+11
If a® + 1 = 2a (a is positive, so multiplying both sides
by a does not reverse the inequality), then
a?-2a+1 =0 and (e - 1)? = 0, which we know is
true.
a (p+gf=p*+2pg+q¢°=(p+q)F+4ipg
(p — g)* = 0 since it is a square, so (p + q)* = 4pg
p>0,¢>0=p+g>0=p+g=/ipg

b egp=g=-l:p+qg=-2,/4pg=2

a Starts by assuming the inequality is true:
i.e. negative = positive
egao=y=-lix+y=-2,/2+y =2

¢ +ylP=x"+2xy+y*=a*+y*sincex >0,
y>0=2xy>0
Asx +y > 0, can take square roots: x + y = (/x% + y°

e ez

Mixed exercise

1

513 e N

[N=Re N B =

10

2x -1
s_7 % x+4

a* x-1 2x+1
322+ 5

258 - 2%+ 5

a Whenx=3,22°-2¢*-172+15=0
b A=2,B=4,C=-5

a Whena=2,2°+44>-3x-18=0
b p=1,¢=3

(x-2)x+D2x-1)

1lg=-15 b (x+3)(2% - 5)
=3,5=0 b x(x+1)(x+3)
a (- D +5C2x+1) b -5-31

P os o~

@ Full worked solutions are available in SolutionBank. #



11 a Whenx=2, 2" +2*-5x-2=0
3.5
b 2, St
12 13
13 a Whenx=-4,f{x)=0
b (x+4)x-5)0x-1)
14 a f(3) =0, therefore (3x — 2) is a factor of f(x)

a=2,b=7andc=3
b (3x-2)2x+1)x+3)
¢ x=%-1-3
x-y  WEHVE)_aE /G -y -9y
VT—yg) T+ =y
16 nf-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 = %
gradient AD = -2
AB and BC, BC and CD, CD and AD and AB and AD are
all perpendicular
Length AB = /5, BC =5, CD = /& 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 —%)Lﬂ +af=afrai—gi-xi= x%(x?- _%)

15

:‘/f+‘/y

21 RHS = (x+4D(x-5)2x + 3) = (x + D(2x* - T2 - 15)
=2x%+x2-43x-60=LHS

22 a —ka+k=00-4ac=0,k*-4k=0,kik-4) =0,
k=4

23 The distance between opposite edges

2
= 2((v3)° - /3 =2(3 - 3) =2 which is rational.
1=z

]

24 a (2n+2)*-(2n)*=8n+4=4(2n+1)is always
divisible by 4.
b Yes, (2rn+ 1)2-(2nr— 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( f (%)z + [%}z) = % =2/2

Perimeter of outside square = 4,
therefore 2v2 < w< 4.
b Perimeter of inside hexagon = 3
Perimeter of outside hexagon = 6 x ‘%3 =23,
therefore 3 < m < 23
2 axi+bxiiex+d+(x-pl=axt+(G+ap)
+ (¢ + bp + ap?) with remainder d + cp + bp* + ap?
f(p) = ap®+bp?® + ep + d = 0, which matches the
remainder, so (x — p) is a factor of f{x).

CHAPTER 8
Prior knowledge check
1 a 4x%-122y - 9%° b x*+ 322y + 3xy® + y*
¢ 8+ 12x+6x%+2?
; 1 . 27
2 a —88 b s C Exﬁ d o
_ 1 10 163
b it 20Vt
3 a Hvx P ¢ 3/F d 31"

Answers

Exercise 8A
1 a 4throw

b 16th row

¢ (n+ Dthrow d (n+ 5)th row
2 a x'+ 4%y + 6%y + duy® +
b p°+ 5ptg + 10p%¢? + 10p%g° + S5pgt + ¢°
¢ a®—3a?h+ 3ab® - b?
d 2%+ 122% + 48x + 64
e lox* - 96x% + 216a% — 216x + 81
f af+ 10a’ + 400 + 80a? + 80a + 32
g 8la' - 4322% + 86442 — 768x + 256
h 16 - 96a°%y + 216x%°% - 216xy° + 81yt
3 a 16 b -10 c 8 d 1280
e 160 r -2 g 40 h -96
4 1+ 9x + 3047 + 4427 + 2424
5 8+ 12y+6y°+y", 8+ 12x — 6% — 11a® + 3a' + 3x5—at
6 +3
7 2.1
8 12p
9 500+ 25)(+X?2
Challenge

3
4

Exercise 8B

1 a 24 b 362880 ¢ 720 d 210

2 a6 b 15 ¢ 20 d 5
e 45 f 126

3 a 5005 b 120 ¢ 184756 d 1140
e 2002 t 8568

4 =4, b=5C; ¢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 amount of heads.

A n!
I AT
_ I1x2x.x(n-2)xn-1)xn i
Tixlx2x.xm-3)xm-2)xn-1)
1
b Co=_"
Gy 2l(n-2)!
_ Ix2x..xm-2)xm-1xn nn-1)
Tix2x1x2x..x(n-3Nxm-2) 2
10 =37
11 p=17
Challenge
101 .. _ 10!
a “36'37—“3!7]4120and1°C7——7!3!_120
14! 14! .
b YC,= 5191 = 2002 and 1“6‘,:—9!5! = 2002

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

d "C,= _n and *C,_, = ni!’ therefore *C, ="C, _,
riin—r)! (n=nr!

Exercise 8C

1 a 1+4x+6x%+4a%+a¢
b 81+ 108x + 54a? + 12x% + &
¢ 256 — 256x + 96x% - 162° + a*
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Answers

%%+ 1225 + 602t + 1604 + 24047 + 1921 + 64
1+ 8x + 2442 + 324% + 161

1- 20+ 322 — 2 + Lt

F] 16
1+ 10x + 4522 + 120x°
1 - 10x + 40x? — 8023
1+ 18x + 135a% + 540a3
256 — 1024x + 1792x% — 179243
1024 — 2560x + 288022 — 192023
2187 — 5103x + 5103x* — 283527
64a® + 192x%y + 240x'y* + 1602%y°
3245 + 24027y + 7202%y* + 1080x%°
Pt - 8pTq + 28p°¢* - 56p°g’
72926 — 1458x%y + 1215x%y2 — 540x%°
% + 1627y + 112x%)% + 44823
512x% — 6912x%y + 41472x7y* - 145 15220y
1+ 8x + 28x% + 5643
1-12x + 60x% - 16023
1+ 5x + 24?4+ 152
1 - 15x + 90x% — 2704
128 + 448x + 672x% + 56047
27 — 54x + + 36a% - 8a?
64 — 576x + 216042 — 432027
256 + 256x + 964 + 164°

i 128 +2240x + 16 800x% + 7000043
5 64 -192x + 240x?
6 243 - 810x + 1080x?
10 5,1

7 a5+0d+ 100+ -+ =+
X xd xE

o RO A0 TR RO TR RO AR DA

Challenge
a (a+b)*=a*+4a®d+ 6a*b® + 4ab® + b

(a - b)* = a* - 4a’b + 6a?b? — 4ab® + bt

(@ + D) - (a - b) = 8a?b + Bab® = 8abla® + b?)
b 82896=2*x3x11x157

Exercise 8D
1 a 90 b 80 ¢ —20
d 1080 e 120 f -4320
g 1140 h -241920 i -2.5
j 354.375 lk -224 1 3.90625
2 cz:i%
3 b=-2
4 1!5i\f105
8
5 a p=>5 b -10 ¢ -80
6 a 5%+5%x30px+ 5% x435p%a?
b p=10
7 a 1+10gx+45¢%22%+120q¢%?
b g==+3
8 a 1+ 11px+ 55p°%2
b p=7,¢4=2695
9 a 1+ 15px+ 105p%*
b p=-2¢=10%
q
10 —=2.1
P
Challenge
a 314928 b 43750

Exercise 8E
1 a 1-006x+0.15x%-0.02a°
b 094148

a
b

1024 + 1024x + 460.8x% + 122.8843
1666.56

a5 15 4 (D)4 2401 5 B awd2—1 18 .2
(1-3x5=1 +(1)1[31]+(2)1[3x] 1-15x+90x

(2+a01-3x)5=02+2)(1 -15x+90x?)
=2-30x+180x%+x— 1522+ 9023~ 2 — 29x + 16522
a=162,b=135,¢=0

BT eEcTeTe

[ -

1+ 16x +112x2 + 44843
x=0.01,1.028=1.171648

1 —150x + 10875x% — 5075002

0.860 368

0.860 384, 0.0019%

59049 - 39 366x + 11 809.8x2

Substitute x = 0.1 into the expansion.

1 - 15x + 902% — 27047
(A+a)l-3x0=(1+2)(1-15x)=1-14x
So that higher powers of p can be ignored as they
tend to 0

1+ 200p - 19900p*

p=0.000417 (3 s.f)

Mixed exercise

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
a

a
b
a
b
a
b
C
a
a
b
a
c

xﬁ

a

=2

TcoT e oR R DO

0.0148
p=16

b 0.0000000000349
b 270 ¢ -1890

¢ 0.166

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

1 - 20z + 180x% — 96043
0.817 04,x =0.01

1024 - 153 60x + 103 68042 — 414 720x°
880.35

81 + 216x + 216x% + 964% + 161"

81 — 216x + 2164 — 96a° + 161

1154

n=28 b %

81 + 1080x + 54004% + 120002 + 10000x*
1012054108081, x = 100
1+ 24x + 2642% + 176043
1.268241795

10, 6 1

b 1.268 16
d 0.006 45% (3 sf)

-5t 4+ 108 ——+ S ——
@

xa xﬁ
s = G-
nl2k)-2  nl(2k)?
2im -2 3ln-3)
2%k 1

n-2_3
Son=06k+2

4096 2048 1280, 1280,
729 © 81 27 27

64 + 192x + 240x% + 1602* + 60a* + 12x° + a°
k=1560

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

T eu]

-
[AN]

128 + 448px + 672p%x?
p=54=16800
1-12px + 66p2a?
p=-1&,g=13%

374 m Full worked solutions are available in SolutionBank. #



b graph of (x + 2)* + 3(x + 2)

21 a 128 + 224x + 168x*
b Substitute x = 0.1 into the expansion.
22 k=1
Challenge
1 540-405p=0,p=7%
2 4704
CHAPTER 9
Prior knowledge check
1 a 3.10em b 9.05ecm
2 a 258° b 77.2°
3 a graphofa?+ 3x
¢ graph of x2+3x -3 b graph of (0.5x)* + 3(0.5%)

Exercise 9A

1

(A%

= O\ WwW

10
11
12

14

16
17

a 3.19cm b 1.73c¢m (V3 cm)
d 4.31cm e 6.84cm

a 108(.2)° b 90°

d 52.6° e 137°

192 km

11.2km

128.5° or 031.5° (Angle BAC = 48.5°)
302 yards (301.5...)

. ; 52+48 -6 1
Using the cosine rule SxExd "8

. oo 2843240 1
Using the cosine rule T
ACB =22.3°
ABC = 108(.4)°
104° (104.48)°
4.4cm
42 cm

9.85cm
9.80cm
60°
72.2°

_eorha

a yi=05-27+4+2)?-2(5-2)4+x) cos120°

=25~10x+x2+16+8x+xz—2(20+x—x2)(—%}

=x2-x+61

b Minimum AC? = 60,75; it oceurs for x = +

-2 R2 _ — 2
a cos ZABC = M—ﬂ

28 x5
_20x-75_4x-15
T 10x T 2w
b 35
65.3°
a 28.7km b 056.6°

Exercise 9B

1
2

15.2¢m b 957e¢m ¢ 8.97cm

o

a x=84°y=6.32

b x=135y=16.6

¢ x=85°y=139

d x=80°y=06.22 (isosceles triangle)
e x=627,y=7.16

f x=449,y=749 (right-angled)

a 36.4° b 35.8° ¢ 40.5°

a 48.1° b 45.6° c 14.8°

e 86.5° f 77.4°

a 1.41em (V2 cm) b 1.93c¢m

QPR = 50.6°, PQR = 54.4°
a x=43.2°y=>5.02cm
x=6.58 cm, y=32.1°
x=21.8°y=3.01

6.52km b 3.80km
7.31lem b 1.97cm

EEoS

d 4.61cm

d 130°
d 48.7°

b x=101°%y=150cm
d v=546°y=10.3cm
f x=4509°y=387

10 a 66.3°

11 Using the sine rule, x = .

b 148m
42

+

CLICRLER, SR, )

12 a 36.5m
b That the angles have been measured from ground

level

Exercise 9C
70.5°, 109° (109.5°)

1

a
b

a
¢

x=74.6° y=654"
x=105°%y=34.6°
x=059.8%y=484cm
x=120°y=27.3cm
x=>568°y=437cm
x=23.2°% y=2.06cm
5cm (ACB = 90°)
45.6° 134(.4)

b 24.6°

2.96cm
In one triangle ABC = 101° (100.9°); in the other
BAC =131°(130.99)

a

62.0°

Exercise 9D

1

a

23.7cm?* b 4.31cm?

2 a x=41.8°%0r138(.2)°

P

b
c

x=26.7°or 153(.3)°
x = 60° or 120°

275(.3)m (third side = 135.3 m)
3.58

a

b

Area = 1(v + 2)(5 - x) sin 30°
1 -
:5{10+33,—Jﬁ)xE
=4(10 + 32 - 4%

Maximum A = 34,

1 R o _ 15
5405 + %) sin 150° = 3

16x+a?) xp=43

S5x+x2=15

X+ 52-15=0
2.11

when x = 11

Exercise 9E

1

e RO T e

x=37.7°y=286.3%2=6.86
x=48%y=1952=14.6
=307 e 14.5,8=11.5
x4=21.0°%y=29.0°,z=8.09
1=93.8%y=>56.3%z2z=299°
x=97.2°y=414° z=414°

¢ 20.2cm?

Answers

> ; rationalising

b The swing is symmetrical

375



Answers

=I U W

10

11
12

13
14

15

g x=453°y=947°2=147
orx=135°y=527"2=1.36
h x=707,y=73.7°,z=61.3°
orx=7.07,y=106° z=28.7°
i x2=498°y=9.39,z=37.0°
a ABC=108°, ACB=324°,AC=15.1cm
Area = 41.2 cm?
b BAC =41.5° ABC = 28.5°, AB=9.65¢cm
Area = 15.7 cm?
a 8km b 060°
107 km
12km
a 5.44 b 7.95 c 36.8°
a AB+BC>AC=2+6>7T=x>1;
AC+AB>BC=1l>a+2=2<9
b i 2=6.08 fromx*=37
Area = 14.0 cm?
i x=7.23froma®— 42 - 1)x— (29 + 8/2)=0
Area = 13.1em?
a x=4 b 4.68cm?
AC=1.93cm
a AC?=(2-xP+@x+1P?-2(2-x)x+1)cosl20°
=@ -4v+2)+ @+ 220+ 1) - 222 + 2+ 2) (—3)

=aFoga T
1
b 3
4/10
AC=12¢m and BC = 6cm
Area = 5.05 cm?

a 61.3° b 78.9cm?

a DAB=136.3°, BCD =50.1°
b 13.1m?

¢ 5.15m

34.2 em?

Exercise 9F

1

yl
Yy =cosf
-180° 0° 0 9 180° 0
1A
2 yA
f ‘; y=tand
1800 —90° /O] o0° AB0c
376

Y
14 y=sind
T T T »
-18Q° -90° 90° 180° 0
<

4 a -30°

b i-120° ii —-60°, 120°

¢ i135° ii -45°, -135°
Exercise 9G
1 a il,x=0° i -1, 2 =180°

b i4,x=90° ii —4,x=270°

c il,x=0° ii -1,x=180°

d i4,x=90 ii2 x=270°

e il,x=270° ii-1,x=90°

f il,x=30" ii-1,x2=90°
O y=cos 30 y=cosf

14

0 180° ° [360° 8

1
3 a The graph of y = —cos @ is the graph of y = cos#

reflected in the #-axis

ES
14
y=—cosf

O/O“ 180° ZTXK%'O“ b
-1

Meets #-axis at (90°, 0}, (270°, 0)

Meets y-axis at (0°, —1)

Maximum at (180°, 1)

Minimum at (0°, -1) and (360°, -1)

The graph of y = % sinf is the graph of y = sin@
stretched by a scale factor 4 in the y direction.

¥

1 s
3 y=gsind

_q 90° 18D _270°_~460° 0
3

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

Maximum at (90°, 1)

Minimum at (270°, -3)

@ Full worked solutions are available in SolutionBank. #



¢ The graph of y = sin10 is the graph of y = sin¢
stretched by a scale factor 3 in the § direction.

Y
1

y=s5in %6

0 90° 180° 270° 360° ¢

—14

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

d The graph of y = tan (6 — 45°) is the graph of tan @
translated by 45° in the positive ¢ direction.

4 | y=tan (9-45°)

|
I
L
'
'
'
'
'

1865 2700 360° 0

/g

]
]
]
]
1
X
1
|
'
'
'
'

Meets #-axis at (45°, 0), (225°, 0)
Meets y-axis at (0°, 1)
(Asymptotes at @ = 135° and 0 = 315°)

a This is the graph of y = sin 0 stretched by scale
factor -2 in the y-direction (i.e. reflected in the
¢-axis and scaled by 2 in the y-direction).

yll
2_
_180° —90° O 90° oo ¢
y=-2sind
72,

Mests #-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.
‘ N
y=tan(6 +180°)

~180° -90° /0 90° /180° ¢

As tan @ has a period of 180°

tan (8 + 180°) = tan g

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

factor % horizontally.
Yy

Answers

¢ This is the graph of y = cos @ stretched by scale

y=cos4d

WAIWAWI

BRVAVALY

90“\/130° 7

Meets §-axis at (-1574°, 0), (-112}°, 0), (673", 0),
(-223°, 0), (221°, 0), (671" 0), (112“ 0), [1J71° 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 ¢ reflected in the y-axis.
(This is the same as y = —sind.)

yi
1_
— T T T T T T >
-180° -90° O 90° oo ¢
1 y=sin(-0)

Meets 6-axis at (-180°, 0), (0°, 0), (1807, 0)

Maximum at (-90°, 1)
Minimum at (90°, —1)
Period = 720°

yl
14

o1
y=sin5f

_3608-270°180° ~90°
_1—

Period = 360°

[

T T T —
0 9p° 180° 270° 360°¢

-36'(%’70“4'80“ -\P\P
-3

Period = 180°

0/)’0“ 180° 270 360°0

y=tan(—90°

) )

_360° A70°—1807Z90° O

-2

fﬁ“ 180"/70“ 360°0
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Answers

d Period = 90°

y=tan 26

0° 180° 970° Je0°8

6 a i y=cos(-#) isareflection of y = cos @ in the

y-axis, which is the same curve, so cosd = cos(-8).

L3
¥ y=cos(

T T T
0 9d¢ 180° 270" 360° 450° 0

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

yl
y=sin(-4)

[\ [,

y = —sin(-4) is a rellection of y = sin (-#) in the
#-axis, which is the graph of y = sin0,
50 —sin (-6) = sin 6.

yi

y=sin(-f)

1v00 \ |
iii y =sin(f — 90°) is the graph of y = sin#

translated by 90° to the right, which is the graph
of y = —cos 8, so sin (0 — 90°) = —cos 4.

y.l\

y=sin(#-90°)

/ 180° —o¥° 0/0° 180° 2%\3(%6"

b sin(90° - 0)
= —Sin( (90° — 9)) = —sin (@ — 90°)
using (a) (ii)
= —(—cos #) using (a) (iii)
=cosf

¢ Using (a){d) cos(90° — 8} = cos (-(90° - 0))
= cos (¢ — 90°), but cos (¢ — 90°) = sin 4,
50 cos(90° - 8) = siné

7 a (=300°0), (-120°, 0), (60°, 0), (240°, 0)
b (o3
8 a y=sin(x+60°)
b Yes - could also be a translation of the cos graph,
e.g. y =cosfx - 307
9 a yi

1 y=sin(30¢)°

b Between 1pm and 5 pm

Mixed exercise

1 a 155° b 13.7cm

2 a x=49.5°%area=1.37cm?
b x=55.2° area = 10.6 cm?
¢ x=117° area = 6.66 cm?

3 6.50 cm?
4 a 36.1cm? b 12.0cm?
5 a b b @cm2

6 area =%ab sin ¢
1=1x2/2sinC

‘%: SINC = € = 45°
Use the cosine rule to find the other side:
- 224 (V2)2-2x2/2 cosC = x=V2Zem
So the triangle is isosceles, with two 45° angles, thus is
also right-angled.
7 a AC=V5,AB=/18,BC=/5

AC? + BC? - AB?

B A = e B
_5+5-18
2 x5 x5
~_8 _ 4
10 5
b l%cm2
8 a 4 15‘/_650)
9 a 1.50km b 241° ¢ 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.

378 m Full worked solutions are available in SolutionBank. #



¢ A reflection in the x-axis.
d A translation of —20 in the x direction.
13 a  ya

9] y=tan{x-45°)

y=-2c08%

14

T T >
0/“ 0 1350 180° *
el
_d

b There are no solutions.
14 a 300 b (30,1 ¢ 60 d

=

2
15 a p=
Y4

Rl =1 1

y = f{x)

NANNAN
MAVEVEVRAYS

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

i/j y=sind
______ 180° +a
36/D°—a
0 ]
1+

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

17 a  yy
1, 180°-a y=cos?
360°—a
I T >
O o 0° 360° f
=g 180°+a

S

Answers

y=tand

180"+«

i From the graph of y = cos 8, which shows four

congruent shaded regions, if the y value at «
is k, then y at 180° — o is —k, y at

180° - a = —k and y at 360° - a = +k

s0 cosa = —¢os(180° — a)

=—co0s(180° + @)

= c0s(360° — a)

ii From the graph of y = tan§, if the y value at

is k, then at 180° — av it is —k, at 180° + « it is
+k and at 360° — « it is -k,

so tana = —tan (180° — «)

=+an(180° + a)

= —tan (360° — @)

18 a ya
y=sin (60x)°
N A NN
0 \/6 \/12 \/18 \/2497
14
b 4
¢ The dunes may not all be the same height.
Challenge

Using the sine rule:

sin (180° — ZADB — ZAEB) = =

Sl

()

1
2]

Fud
o
=

180° — /ADB — /AEB = 135° (obtuse)
so ZADB + /B = 45° = LACB

CHAPTER 10
Prior knowledge check

1

w

a

e R o

]

ya
14

A

0 18¢° 60° 5400

143.1°, 396.9°, 503.1°
57.7° b 73.0°
v=11 b x=3 ¢ x=—44.2°
x=lorx=3
x=1lora=-9
3+V65

4
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Answers

Exercise 10A

1 a i b ¥
B
0 80°, ‘E
_80° +100°
80 50° \ .
0 I
P
¢ YA d y
/_ +200°
% 2
5 > +165°
20 0 x e N
P 0 x
e YA f /)
/{-\@2?
35° y % 450 0 x
—145°
P
P
g UA h Y

80°,

S aeon e TR AR R AR
1
=+
o
=
(¥%)
=]
Q

380

=Y

e

b Second
Third
c 0

©

-gin 80°
sin 80
cos H0°
—tan 80°
tan 5°
—-sin@
—-siné
—siné
—cosd
cosf
—tand
—tanéd

e - RTOD

Q 30°]
P
ysp P
—280°
a
\°/ =

¢ Second

=
|
—_

e -1

j o
sin 20°
—cos 70°
—cos 20°
—tan 35°
tan 60°
—-siné@
sinf
sind
cosd
—cos 0
tan@
tané

Lol B o T e I = B il o I o Rl o}

tan g =%; tan (180° - @) = ib = —tan#@

X
For tanf = =
Yy

Exercise 10B

Challenge
a L
180°-8 a
'8 8
X
sinf=sin(180° - =a
b yll
[
B
0 j hox
-8
cos@=cos(-0=bh
c LE
180°-6 a
[ 6 AN
3 %

V2 V3 1 V3
1 a o b ~5 c 5 d T
V3 1 1 V2
iy f- g5 h -5
. V3 . V2
i -2 i -2 Kk -1 1 -1
m? n —/3 o V3
Challenge
a i3 ii 2 iii v2 +v3 ivy2+y/3 -v2
b 15°
c iv‘2+\/_—v7 i 2+43
2

@ Full worked solutions are available in SolutionBank. #



Exercise 10C

1

10

11

12

a

d

g
1

13

a

sinzg b 5 ¢ —cos?A
cos e tanx f tan3A
4 h sin?¢ i1
tanx — 3 tany
inta .

1 -sin?8 SHE sin#

st 1 -sin?d

_ ain
LM e 1-2sin’0

sinf

(One outline example of a proof is given)

a

a sinf=

o o

LHS = sin%# + cos?f + 2sind cosd
=1+ 2sind cosd
= RHS
LHszl‘CUSZB:Emﬂ= in sind
cosd cosé cosf
=sinf tan & = RHS

o _ Sinx
LHS = cosx

cosx _ sin®x + cos®x
sinx  sinx + cosx

S
SInXx + COSX

LHS = cos?A — (1 — cos?4) = 2 cos?A - 1
=2(1 —sin?A)-1=1- 2 sin*A = RHS
LHS = (4 sin?6 — 4 sind cos @ + cos?4)
+ (sin?@ + 4 sin @ cos § + cos?6)
= 5(sin%4 + cos?d) = 5 = RHS
LHS = 2 - (sin?# — 2sin @ cosd + cos?6)
= 2(sin?@ + cos?d) — (sin2d — 2sind cos@ + cos?f)
=sin?@ + 2sind cosd + cos?d
= (sin # + cos 0)> = RHS
LHS = sin?x (1 - sin®y) - (1 - sin®x) sin*y
= sin?x - sin®y = RHS
12

5 = =
5 cosf = 3

sin6 =%, tand = -4

24 =
ﬁ,tane_ 53

cosf =

2ryi=1
dx+yt=4
¥+y=1
2=y (1-29

at+yt=2

(x—ylz_)
7 + 1 =1

82+122-10 _ 9

Usi i : B= P
sing cosine rule: cos 5 x8x 12

V175

16

16

2
8==
3

Using sine rule: sin@ = sin30

V5

3

Exercise 10D
1
2
3

9
10

11

PO S 0P ODm OO0 RS

b

Answers

-63.4° b 116.6° 296.6°

66.4° b 66.4° 113.6° 246.4°, 293.6°
270° b 60°, 240°

60°, 300° d 15° 165°

140°, 220° f 135° 315°

90°, 270° h 230° 310°

45.6°, 134.4° b 135° 225°

132°, 228° d 229° 311°

8.13°, 188° f 61.9° 242°

105°, 285° h 41.8° 318°

30°, 210° b 135° 315°

53.1°, 233° d 56.3° 236°

54.7°, 235° f 148° 328°

-120°, -60°, 240°, 300° b -171°, -8.63°
-144°, 144° d -327°,-32.9°

150°, 330°, 510°, 690°
tanx should be 2

Squaring both sides creates extra solutions
-146.3°, 33.7°

f 251°, 431°

y
2_
14 /-y=cosx
0 N 18% _#0° 0o %
-1 y=2sinx
72-
2 ¢ 26.6° 206.6°

71.6° 108.4°, 251.6°, 288.4°

a

b
a

b

4gin?x — 3(1 - sin?x) = 2.
Rearrange to get 7sin®x =5
57.7°,122.3°, 237.7°, 302.3°
2sin’x + 5(1 — sinfx) = 1.
Rearrange to get 3sin*x = 4
sinx >1

Exercise 10E

1

2O R AR TR O T

0°, 45°,90°, 135°, 180°, 225°, 270°, 315°, 360°
60°, 180°, 300°
le lo la lo
22l°, 1121°, 2021°, 2921
30°, 150°, 210°, 330°

300°

225° 315°

90°,270° b 50°,170° ¢ 165° 345°
250°,310° e 16.9°,123°
11.2°,71.2°,131.2° b 6.3°, 186.3°, 366.3
37.0°, 127.0° d -150°, 30°

10°, 130° b 71.6° 108.4°

y

Jee, 1

0[ 300 120%N_ 210 00 %
= .

(210°,-1)

o
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Answers

b (0", —"2@—) (1207, 0), (300°, 0}
¢ 86.6° 3334°
6 a 075
b 18.4° 108.4°, 198.4°, 288.4°
7 a 2.5
b No: increasing & will bring another ‘branch’ of the
tan graph into place.
Challenge

25°,65°, 145°

Exercise 10F
1 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°
72.0°, 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°
2cos’x + cosx — 6 =(2cosx — 3)(cosx + 2)
There are no solutions to cosx = —2 or to cosx = %
8 a 1-sinx=2-sinx
Rearrange to get sinx —sinx + 1 =0

b The equation has no real roots as 6% — 4ac < 0
9 a p=1¢g=>5

b 72.8°,129.0°, 252.8°, 309.0°, 432.8°, 489.0°

O PO pgg T AT TR

b M=l B -

Challenge
1 -180° -60°, 60°, 180°
2 0° 90° 180°, 270°, 360°

Mixed Exercise

1 a -cos57° b -sin48° ¢ +tan10°
2 a0 b —% c -1
d V3 e -1
7\°_ 4
i infA =1 -cos?A, sinfd=1-|-/--| ==
3 Using sin cos?A, sin?d =1 (“1) 11
Since angle A is obtuse, it is in the second quadrant
o . . 9
and sin is positive, so sinA4 = 22—,
P T
Then tanA = S04 _ 2 (_£)=_L=_§ :
o tan cosA /11 % i Nk 7’ﬁ
V21 2
4 g _Yel |
& 75 5
5 a cos?#-sin’g b sin*3¢ ¢ 1
4 +tanx
6 1 e DAL
a b ey 2tanx — 3
7 a LHS=(1+2sind+sin®f) + cos?
=1+2sin8+1
=2+ 2sind
=2(1 +sin#) = RHS
382

11

12

13
14
15

16

17

18

19

b
a
b
3
0
a

b

a

b

LHS = cos*8 + sin®d

= (1~ sin®@)? + sin?4

=1-2sin®# + sin*@ + sin?@

=(1 - sin®#) + sin*@

= cos?# + sin*f = RHS
No solutions: -1 < sinff < 1
2 solutions: tan @ = -1 has two solutions in the
interval,
No solutions: 2siné + 3 cosf > -5
80 2sin@ + 3 cos# + 6 can never be equal to 0.
No solutions: tan?# = —1 has no real solutions.
(4x - 1y + 1) b 14.0° 180° 194°

3cos 30 b 16.1,104, 136, 224, 256, 344
28in 20 = cos 20 = 2sin2g 1
cos 20

=2tan20=1=tan26=0.5

13.3°,103.3°, 193.3°, 283.3°
225°, 345°
22.2°,67.8° 202.2°, 247 .8°

0°, 150°, 210°

°,131.8°, 228.2°
Found additional solutions after dividing by three
rather than before. Not applied the full interval for
solutions,

-350°, -310°, -230°, -190°, -110°, -70°, 10°, 50°,
130°, 170°, 250°, 290°

YA

3_

24 y=2cosx
17 /
) 90%_ 18 0° et
-2 y=3sinx
_3
2 ¢ 33.7°, 213.7°
9 V40
1 b

ing sine rule: ing) = sin s x 5.2 V2 5 6 3T
Using sine rule: sin@ = sin45 x T=5 X -
i

5

3sin®x - (1 - sin®x) = 2.
Rearrange to give 4sin®x = 3.
-120°, -60°, 60°, 120°

20 -318.2°,-221.8°,41,8°,138.2°

Challenge
457, 54.7°,125,3°, 135°, 225°, 234.7°, 305.3°, 315°

Review exercise 2

1

2
3
4

5

x
x
4

a
b
c

a

+3y-22=0
-3y-21=0
,—2.5
0.45
[=0.45k
The model may not be valid for young people who
are still growing.

y=—gr+4 b Cis(3,3) c 15

@ Full worked solutions are available in SolutionBank. #
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11
12

13

14
15

16

17

18

19

20

21
22

23
24

25

26

27

28
29

3V5
(-6,0)
(x+32+(y-87=10
a @-3P+@+12=20(@=3,b=-1,r=y20)
b Cenire (3, -1), radius V20
a (3,5)and (4, 2)
b V10
O<r< ‘/%
(x-12+(y-5?*=58
Ty-3x+26=0
AB =32, BC = /8; AC = /40; AC? = AB? + BC*
AC is a diameter of the circle.
(x-52+(y-2*=10
=3,b=-2,¢c =-8
2 - 7031 -17() + 10=0
(22 — D(x - 5)x + 2)
Iy

o e e o

10
_20% 5 X

24

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

g3)=3*-133)+12=0

x-3x+Dx-1)

a=0,6=0

a>0,b>0

52=24+1;72=2(24)+1; 112=5(24) + 1;
132=7024)+ 1; 172 =12(24) + 1; 192 =15(24) + 1
3(24) + 1 = 73 which is not a square of a prime
number

D Te TR T

=

a (x-57+(@y-4P=32

b V41

¢ Sum of radii = 3 + 3 < v41 so circles do not touch

a 1-20x+ 180x%-9602% + ...

b 0.817

a=2,b=19,¢=70

4

V10 em

a cos 60 = % = (524 (2x - 3)* —(x + 1)) + 2(8)(2x - 3)
5(2x—3)=(25 +42* —12x +9—2a? 20 - 1)
0=3a%-24x + 48
¥ -8x+16=0

b 4

¢ 10.8 cm?

a 11.93km

b 100.9°

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

b 143.1°

19.4 km?

a (x—-5°*+@y-22=25

b 6

¢ XY =y90;YZ = 20; X7 =98
cos X¥Z = (20 + 90 - 98) = (2 x V20 x V90)
cos X¥Z =12 + 60v2 = /2 + 10

30 a Y4 {
0| -
i Y = tan(x — 9(|}°)
b 2
31 a (-225,0), (-45,0), (135, 0) and (315, 0)
2
b (D, 2

e
32 Area of triangle = % x § % § % sin60° = £ ] st

Area of square = §*

33 a 1

b 45°,225°
34 30° 150°, 210°, 330°
35 90°, 150°
36 a 2(1 - sin®x) =4 — 5sinx

2-2sin*x=4 - 5sinx

2sinfx — Ssinx+2=0

b x=30° 150°
37 72.3°,147.5°, 252.3°, 327.5°
38 0°, 78.5°, 281.5°, 360°
39 cos?x (tan®x + 1)

= coszx(sm—?x + 1)

cos?x

=cos®x +sin®x =1

Challenge
1 a 160
b (-0
2 The second circle has the same centre but a larger
radius
n n nl n!
3 = :
(k) * (k + 1) K —R1 G+ Diln— k- 1!
__ nlk+1) nlln - k)
k+ M-k (k+ Dlin -k
_nllk+1) +(n -~ k)
(k + in — &)
__ nlin+1)
(k + ln - k)
1)
Tk + Dlin - )
- (n + 1)
k+1

4 0° 30° 150°, 180°, 270°, 360°

Answers

Total surface area = 4 x( gsz) + 8= (V3 + 1)s?em?

CHAPTER 11
Prior knowledge check
4 5 -1
1o (2> b (3) ¢ (-3)
2 a % b ,%- ¢ %
3 a 123.2° b 136 ¢ 5.3 d 21.4°
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Answers

Exercise 11A

1 a [1] L
’ ifi
A
i
\
[
e
g
2 a b d ¢ b
d e d+b f d+b
g h -b i 2d+b
j -b+2d k -b+d 1 -d-b
3 a Zm b 2p ¢ m
d m e p+m f p+m
g p+2m h p-m i —-m-p
i 2m+p k -2p+m 1 -m-2p
4 a d-a b a+b+c
¢ a+b-d d a+b+ec-d
5 a 2a+2b b a+b ¢c b-a
6 a b b b-3a ¢ a-b
d 2a-b
— _— —
7 a OB=a+b b OP=%a+h) ¢ AP=3b-32a
8 a Yes(A=2) b Yes(A=4) ¢ No
d Yes(A=-1) e Yes{A=-3) f No
9 aib-a ii a il b ivib-1la
— —
b BC=b-a, PQ=2(b - a) so PQ is parallel to 5C.
10 a i 2b iia-b
— —
b AB =2b, OC = 3b so AB is parallel to OC.
11 1.2

Exercise 11B

. (8
1 : 81,
vy 8i (0)

v, 31+ 5, (g) vg: ~31 - 2§, (:g) ve: — 5i, (_g)

vy 91+ 3, (g) Vg~ + 24, (“21)

384

2 a 8i+12j b
d 10i+j e
g 14i-7j h
45
3 (35) h
_1)
d
(16 ¢
a A=5h b
5 a A=1 b
c s=-1 d
6 i-j

Exerci
1 a

d
g
a

¥~
=]

o

epos

8 k=
9 p=

i+ 1.5§
—2i+ 11§
—8i+9j

o)

4, k=11
3,g=2
p=>5 b 8i-12j
se 11C
5 b 10 ¢ 13
447(3sf) e 583(33sf) f 8.06(3sf)
5.83 (3 s.f) h 4.12 (3 s.f)
V26 b 5/2 ¢ V101
T
5\3 13412
1 (-7 LY
25 (24) d /10 \-3
53.1° above b 53.1° below
67.4° above d 63.4° above
149° to the right b 29.7° to the right
31.0° to the left d 104° to the left
15/2
ﬂ. ﬂ 2 i . (7.52
5 1t =5 1573 b 7.52i+ 2.74j, (2.74)
2
5¢3
18.1i - 8.45], ( 13'1) d 935 ol 5
-8.45 2 25

e
|

1

TTCEL
2 \!'\.\u
T

+6
+8,g=16

|3i + 4j| = 5, 53.1° above

|2i — j| = V5, 26.6° helow

|-5i + 2j| = V29, 158.2° above

m Full worked solutions are available in SolutionBank. #



10 a 36.9° b 33.7° ¢ 70.6°
11 a 67.2° b 19.0
Challenge
Possible solution:
e o o I
AN E ‘
11 s
| e o [ S S OB ) B
gts Tz. 1A l
P 35S
rf ¥ /—" %9(}' —qir'— -
e p—er> ¥

«—pt+tr—>

Area of parallelogram = area of large rectangle — 2(area of
small rectangle) — 2 (area triangle 1) — 2(area triangle 2)
Area of parallelogram = (p + 1)g + s) - 27 - 2(%pq)

- 2(%r's] =ps—qr

Exercise 11D
— — —
1 a i 04=3i-j OB=4i+5j,0C=-2i+6]

ii i+6j iii -5i+ 7j
b i /40=2/10 fi V37 il V74
2 a ~i+5j0r(71)
5
b i5 ii V13 iii /26
3 a —i—9j0r(:é)
b i/82 ii5 iii V61
4 a -2a+2b b -3a+2b ¢ —2a+bhb
7 9
5 (9)°r(3)
6 a 2i+8j b 2/17
35
[ 5
Challenge

P 46
OB =2i+ 3j orOB:%i-{-%j

Exercise 11E

— —
1 XY=hbh-aandYZ=c¢-hsob-a=c-h.
Hence a + ¢ = 2b.
2 aizr ii r
b Sides of triangle OAB are twice the length of sides of
triangle PAQ and angle A is common to both SAS.
3 a fa+ib

—_ —% =
b AN=1(b-a),AB=b-a NB=%b-a)

so AN:NB=1:2.
4 a %a+%c
T 3, .2

b AP=-a+za+ ¢=2(c-a),

gt 5
PC=c-(Ga+Zc)=3(c-a)soAP:PC=2:3
5 a v26 b 2/2 ¢ 32
d ZBAC =56°, ZABC = 34°, ZACB = 90°
s :
6 a OR=a+i(b-a)=%a+h,
OS=3OR=3[§H,+%b):Za+h

Answers

= —
b TP=a+b,PS:%{b—a]+%[2a+h]=a+h

—_— —
TP is parallel (and equal) to PS and they have a point,
P, in common so T, P and S lie on a straight line.

Challenge:
— J—
a PR=b-aPX=jlb-a)=-ja+jb
— —
b ON=a+1b PX=-a+kla+3h)=k- Da+3kb
¢ Coefficients of ﬂir)ld b must be the same in both

expressions for PX
Coefficients of a: k — 1 = —j; Coefficients of b: j = 2k

d Solving simultaneously gives j =} 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-?
¢ 539ms d 8.06cms™!
2 a 50km b 51.0m
¢ 4.74km d 967cm
3 a 5ms,75m b 539ms™, 16.2m
¢ 5.39kmh-', 16.2 km d 13kmh, 6.5km
4 (2.8i-1.6j)ms™
5 a 54.5° b 0.3/74 Newtons
6 a 26.6°belowi
b R=3+pi+(g-4)j,3+p=21and

g-4=—X2=>Xr=4-¢q
3+p=24-¢q)=3+p=8-2gs0p+2¢=5

¢ |R| = 2/5 newtons
7 a 10i-100j h 109.4° ¢ 1700m?
8§ a V41 b 303.7°
—
¢ AB=4i- 5j,v=2(4i - 5j) so the boat is travelling
directly towards the buoy.
d 2/41 e 30 minutes

Mixed exercise

1 a 2V10 newtons b 18°
2 a 108° b 9.48kmh!
3 a 9.8/ ms’? b 59.1m
¢ The model ignores friction and air resistance.
The model will become less accurate as ¢ increases.
4 ab-3a Dbb-4a ¢ fa-b d 3a-b
5 1.25
12 -18 49
o a (B 2 () (5
* A b 13
7 a 3i-2j b 32.5° ¢ 105
8 a p=-15 b i-15j
9 a i ]1—7(814- 15§) ii 61.9° above
b i 5(24i - 7)) ii 16.3° below
¢ i-L(-9i+40) ii 102.7° above
- . . .
i—GBi-2j) ii 33.7° below
aso
10 p=8.6,9=12.3
11 +6
3, , 2 2
12 a za+:b b gh
— —

¢ AB=b-a AN=%(b-a)s0o AN:NB=2:3

385



Answers

13 a 18.4° below

b R=(4+pi+GB-¢gj4+p=3rand5-g=-X\
4+p=3g-5sop+3g=11
¢ 2/10 newtons

14 Y193

T2
Cha]]enge
OB——I-E— 5ior —1+ 34j
CHAPTER 12
Prior knowledge check
1 a5 b -2 ¢ 1

a x1° b af g it d xi

2
3 a y=iz-2 b y=—fx+8%; ¢ y=-qu+7
4

= & = 2
y=-grory=-gx+ 13

Exercise 12A

1 a | x-coordinate 1101123
Estimate for gradient | alolola2la
of curve

b Gradient=2p -2 ¢ 1
2 a V1-06%2=y0.64=
b Gradient = -0.75
¢ i-1.21(3s.1f) ii -1 ifi —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 6
4 ai 9 ii 85 iii 8.1
iv 8.01 v 8+h
b 8

Exercise 12B
, f(2+h)—f(2)_ (2+h)?-2%

1 a f (2) J—‘u h - f!]-I-rul h

= lim M_ ]}}m[4 +R) =
; e H-3+ ) -f(-3) (=3 + h)? - 32
b £(-3) = 1.'.mt} n = h
. —bh+ R ..
== = g6+ =6
¢ 70 =lim @M -0 . B-0 o5 0
=0 h h—0 h h—0
d #(50) :hmf(50+ h) —1(50) _ (50 + h)? - 502
=0 =0 h
. 100k + B2 _ ..
5 ]}.Elbl—-r =1im (100 + &) = 100
. f(x+h) fla)y . (x+hPF-2a?
2 a fl= .-_>o h = ]ﬁllTnl A

hmszrh = lim (2 + )

=0

h Ash — O,f’[x):]fg%(Zxdr h) = 2x

386

(=2 + AP - (=2)°

=

3 a :ﬂ}--u h
=h.m—8+3[—2}2h+3(—2]h2+h3+8
h=0 h
o 12h—6R2P+ R
=]£;&T=]ﬂ}(12—6h+h2)
b g=12
X 3 _ B(— _
4 a Gl‘adientofAB:[1+]l] S 3]
-1+h)--1
_—1+3h=3+h*+5-5h-4
h
_R -3 -2k _ .,
= h
b gradient=-2
dy . 6lx+h)-6x . 6k
s E:lﬂl{% I _]’}E‘}h =6
dy . 4Alx+h)P—4a® 8xh + 4h®
8 -5 ==

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

- dy .. alx+ h)? - aat _ i @ = @) + 2axh + ak?
dy ~ h-0 h =] A
" 2
= "*“W = %'111[} (20x + ah) = 2ax
Challenge ,
, x - (x+h) T
af’x:hmx"'h 1=m:t (v + _
== 0 gh(x + B) 0 (e + )
’ -1
=lim———
"]-r'[”]xz+xh
-1 -1 -1 1
h = = -1
(=) = g x+h) 2+ah x2+0 0 2t
Exercise 12C
1 a 72f b 8a7 ¢ 43 d %x*f
1,3 1,2 i
e = f = g -3x* h —4x-
i —2xt i 5t k -1a I
m 9af n 5x* o 3a? p -2z
ql r 3a?
2 a 6x b 5448 ¢ 2a° d 5z
e gt f -10x2 g 62 h —%
i oz %fx‘
3 ad b c 3 d 2
4
dx 2\/7
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 23
e -2 f 4
3 4,0
4 (-1,-8)
5 1,-1
6 6,-4

@ Full worked solutions are available in SolutionBank. #



|
o
iy

-2

(1,-9)

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

ie. I'(x) = 0.

Exercise 12E

Ry

y=1(v)

1 a 4x%-z7 b 10x'-6x% ¢ 9Qxz-—x7
2 a0 b 113
3 a (25,-61) b (4,-4) and (2, 0)
¢ (16,-31) d 24,4
4 a x= b -6z ¢ -t
4 P 1,1 7 b7 S 5,
d ga® - 222 e px=— 6zt £ ogav-ga?
g —3a? h 3+6a? i 5xb+da
j o3a-2x+2 Lk 1228+ 183 1 24x-8+ 227
5 a1l b % c -4 d 4
_3/3
7 a 512 - 2304x + 4608x*
b ()= %(512 ~ 23044 + 46082%)
=-2304 + 2 x 4608x
=0216x — 2304
Exercise 12F
1 a y+3x-6=0 b 4y—-3x-4=0
¢ 3y-2x-18=0 d y=x
e y=12x+ 14 f y=1l6x-22
2 a Ty+x-48=0 b 17y +2x-212=0
3 (l%,l%]
4 y=-x,4y+x-9=0;(-3,3)
5 y=-8x+10,8y-2-145=0
3 9
6 (4 3
Challenge

L has equation y = 122 — 8.

Exercise 12G

1 ax>-3 b x<2
d x=2,x2=3 e xR
g x=0 h x=6
2 a x=s45 b x=25
d -l=sx=<2 e 3=x=<3
g 0<x=<9 h -2=<x=<0

3 fx)=-6x*-3

x=0forallx c R, so-6a2-3<0forallxeR,

.. Tis decreasing for all x € R.
4 a Anyp=2
b No.Can be any p = 2.

Exercise 12H

1

2
3
4

[- T =P T = i

24x + 3, 24
15 - 3x7%, 6a?
%x—% + 6373, —%t—? - 18z
30x + 2,30

=3x*%-16a? 6x° + 48+

Acceleration =3¢ + 31%

2

2

1
z

Exercise 121

1
2
3

a
a
a

b
c
d
e
f

g
h

i

-28 b -17 ¢ -1
10 b 4 c 12.25
(—%, —%) minimum

(%, 9%) maximum

(-4, 1.%) maximum, (1, 0) minimum
i 114

(3,-18) minimum, (_E’ﬁ

(1, 2) minimum, (-1, -2) maximum

(3, 27) minimum

(%, -2} minimum

(2, -4v2) minimum

{(V6, —36) minimum, (—/6, —36) minimum,

(0,0) maximum

) maximum

YA
y=4x% + 6%
0 %
2-9
Y4
¢, 99

y=9+x-2x?

Lk y=xt-2*-x+1

(1,0 *

Answers
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Answers

1 1
(‘3- 27]

y=a(x2-4x-3)

(4,0)

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

(3,-18)

y=x"-3x% + 30

6 Maximum value is 27; flx) < 27

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

ny

<
=y

(0,0)

=y

0

=]y

y*/x

maximum
b ¥4
3350 y=1)
/:\\/ *
(1,-3)
(-3, -35)

Exercise 12)
1 a

b 4

y=f(x)

388

X

@ Full worked solutions are available in SolutionBank. #

o

0 X
ﬁx]

’\y7

4,0 =«

sk

s

¢ fla)=a-T7x%2+8x+16
f'la) =342 - 142+ 8 = (3x — 2)(x — 4)
d (4,0), (%, 0)and (0, 8)

ot

y7
% E



Exercise 12K
1 2t-3 2 2w 3
4 48n 5 18
6 a Letx=width of garden.
2+ 2y =80
A=xy=2y
b 20m x 40m, 800 m?

wle

— 2
7 a 21rr2+21rrh=6001r:»h=g’p—gr—'

V=mrth = wr (300 — ) = 300%r — wr?
20007 cm?
8 a Let#=angle of sector.

f 36000

2y ~-=100=0=

™" 360 RO
7] - 200mr

P:2r+2ﬂrx3—6-6=2r+?

=2r+1,¥,0
f < 27 = Area < wr?, so wr? > 100
.. [100
R

b 40cm

9 a Let A= height of rectangle.
P=nr+2r+2h=40= 2h=40-2r - ar

A= %rz + 2rh= %ra + (40 =2r—-m7r)
=40r - 2r? - %ra

p 800 ..
4+7
1512 - 18«

10 a 18x +14y=1512=y= 7

A=12xy = 12,;(%-13%_)

14
= 1296x - %

b 27216 mm?

Mixed exercise

10(x + R)* — 10x* li 20xh + 10A*
h =] h

1 f'x) = ]j}gr‘]l
=]#‘£rc} (20x + 104) = 20x

2 a y-coordinate of B = (62)° + 3(8x)* + 64x + 4
(823 + 3(5x)2 + 65x + 4) - 4

Gradient = T+00-1
3 2
_ (6)° + 3(0x) +65x:(6x]2+35x+6
(62)
b 6
3 4,113,172
4 2,2%
5 (2,-13) and (-2, 15)
6 a 1—% b x=23
x
7 Ja+ 2y
8 a W_pypt dpioisa-n) b (4,16
3 = o A WO 1
9 a x+x-x7-1 b 1T+5x+50% ¢ 44

10 6a% + fas— 2472

11
12

13
14

15

16

17
18

19
20

21

22

23

24

25

26

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

b il iiy=2x-7 iii Z/5
y=9x -4 and 9y + x =128

2 (83 b

d
Pis (0, 1), 342 —dx -4
dx

naj~

GradientatP=-4,s0 Lisy=-4x - 1.

Ay 1 =a -2 -dx-1=2%x-2)=0
x=2=y=-950Qis(2,-9)

Distance PQ = (2 — 0% + -9 - (-1))* = V68 = 2/17
a x=4,y=20

dy _3 . 3
b @_Z”\ 7+ 96x

&y 15
Atr=4, -2 =-250
Atx =4, a8 >
(4, 20) is a local minimum.

(1,-11) and (%, -22)

pat

3
373

[

1 2
b f'x)= (:t _E) = 0 for all values of x
(1,4)
a (1, 33) maximum, (2, 28) and (-1, 1) minimum
b

a 20 5z b (5125)
X
a P(x,S—%xz)

2

OP? = (x - 0)F + (5-4x* - 0)
=lat—dp? 425
b 2=+2/Zorz=0
OP = 3; f'(x) = 0 so minimum when z = +2v2,
maximum when x =0
a 3+ 5(3) + 3% - 3* =0 therefore ¢ on curve

Ais(-1,05Bis (3,932

]

=

A

VAN

Velocity (cm/s)
=)

10 2300%

3* 27

Uy, 2000

dA 2000 2000 500

E=0:41‘(1¢= p= — = P
o T

LI=meTY

Answers

>Time (s)
0, 5\/1‘.2 z'v

389



28

29

Answers

=,
2 4 8

= %[8 — 41 — 7x)

2 2 (0.280m?)
4+

wx? + 2k + 7wt + 2rah = 807w

40 - x — x?
x

V= mx2h = mZ(M)
E x

= 7(40x — 2% — &%)

h=

3 2

1?” [ % < (-, maximum
2300w 2
2T ReyH

Length of short sides = -
5 7z

Area = % % base x height
_lzg_lzz
= 2( ) =g

Let ! be length of EF.

Loty i < 100900

4 x?

S= 2(%;3:2) +

221
V2

1., 32000x _2? 16000/2

— a2
~21+ @_1;2 2+ X

x =202, 5§ =1200m?

a &

dux

Challenge
a a7+ 7xbh + 2125R% + 352407

b d%{x?) < Tim

:5;>0

o+ RY -7 . Txfh+ 210%h + 35x°

pi] h =] h

=5 ]}_rqg(?xﬁ + 2125k + 35x%h%) = Tab
CHAPTER 13
Prior knowledge check
1 a 5af b 2a% ¢ xi-vx d ai+4x
2 a 6a2+3 b x-1 ¢ 3xf+2x d —%—39@2
3 a YA

BN 3%

-3

390

Exercise 13A

1 a y=%xﬁ+c b
¢ y=x"+¢ d
e y=3xi+c f
g y=-3"+c¢ h
i y=-10x++c¢ j
k y=3x%+¢ 1
m y=-9xi+c¢ n
0o y=3x+¢ p

2 a y=sr*-3xi+6x'+c b
¢ y=dx+4xis+drivc d
e y=4x7-3x+4da2+rc f

3 a [@)=6a*-3x=+5x+c b
¢ fla)=nxi+az+c d
e flx)=3xt-6a5+c
f fla)=3a- 202+ lai4e

2

4 y:%i+6x2+9x+c

5 f(x)=-3a"+ 4ai +%— dx +¢

Challenge
_ 12 4 3 1
TT7a by 2a B

Exercise 13B

x‘E
1 a =+¢ b
4
¢ —a3+c d
2 a i+t b
Bl
2at -2+ ¢
3 a -4dxrl+bat+c b

3
c —4x*5+%—2:c%+c

4 a x*+xi+rx+c b
xﬁ
c p—+2txg3x“+c
5
5 a B+t +¢ b

c %ﬁ+q2t+px3t+c
6 a Zx—i—}—c b
%

¢ Fxi+2at+c

y=2x+¢
y=2x%+c
y=3xt+e
3
1
y=2x+c
y=gxi+e
y=2x7+c
y=-5x+¢

— 10 .00
y=-gat+e
y=x'+3xs+al+c
= 4d _ 5 lu-2
4 = 3as 2x‘ 247+ ¢
y=25+2x7+ 3+ ¢
fl)=x-x%+xv+c
fla)=22"-4x?+¢

x8
Y
8
bx?
+¢
3
i T
]
2 3 2

FaE+2xE - 20+ c
2iS ol
L v blitt+c

et + 627 + 9x + ¢

@ Full worked solutions are available in SolutionBank. #



Answers

7 a Md+2v-s4c b LetsBaiidnae Challenge
: k=2
¢ 2xi+gxi+c
8 a %ﬁ—-z—z-v-c b —L-l+3v+c Exercise 13E
x 1 a 22 b 36% c 485 d 6
c %'c e e22-3x+c d Sat+lade2aiec 2 4 3 6 4 10%
k R " 4 )
e 3x+2xi+2¥%+¢ £ %z+3xi+6m+c o 2l b & 7 k=2
/ . 8§ a (-1,0)and(3,0 b 10%
9 a —%—Bx-&c b %fﬁxa—l+c (=1. 0y and (3, 0)
x? 9 11
2gxt
¢ ~%+%+m‘+c .
Exercise 13F
6 Baf 3a? 1 5
10 2+ =-S5+ 2nsc 1 a lg b 20;
11 22 + 322 — baz+ ¢ ¥
12 a 2+5/2P=4+10/% + 10V¥ + 252 = 4 + 204F + 252
b 4m+4g“ 252x2+L —1W4 x
13 2 g +‘
2 ome
14 p=-4,¢g=-25 ¢ d 1l
15 a 1024 — 5120% + 11 520x2 '
b 1024x - 256027 + 3840x° + ¢ ¥
Exercise 13C 3 ¥
1 a y=at+22-2 b y=x“—%+3x+1
¢ y=2aty Lasil d y=6/T 3274 e 214
e y=1x'+2+dx+2 f y=Zxii6xi+l
2 f{x]:%x‘%;-&%
2 3
3 y=1-°2_2
Y A
4 flx)=3a3+ 242 -3x-2
5 y=6ar- A L8 2 a (-3,0)and(2,0) b 21
6 Py byt Sy ’ :§~]P>):( 3)a? + 73— 10)
. ~ hi? X X+ xXe+ fn—
7 a f®)=100-5- b 75 ¢ Hx)=(x+3)x— 502 — %)
8 a f()=-4.92+35 b 23.975m d (-3,0),(2,0) and (5, 0)
¢ 35m d 2.67 seconds e 143§
¢ e.g. the ground is flat
Challenge
Challenge 9 9
o - o 1 a 4 b 9 e 2= d 4} e =
T f) =" ) = 5 2 2a

Ixdxix. ..xn+1) 2 a B has x-coordinate 1

2 fix)=a+1; K ]——L2+x+1 f,(x) = —:1. Spdatixad

34 f('c“+n,2 Zaydx = x‘*+ér’—x2

ST T
Exercise 13D o 1
1 a 152% b 48% c 5% d 2 So area under x-axis H’E
2 a 5% b 10 ¢ 11% d 60% Airea al;)ove x-axis is 1 5
5 a 16 b 46 o L4 d 2! (10° +50° - 07) - [fo! + g =) = 5
4 A= _Tord So the x-coordinate of @ satlsﬁes
5 28 3rt+ 4t 1222+ 5=0
6 -8+8/3 Then use the factor theorem twice 1o get
7 k:% (x - 1PB2*+10x+5)=0
8 450m

391




Answers

b A has coordinates (

-5 +V10 -80 + 37@)
3 ’ 27
The roots at 1 correspond to point B.

-5 —10
3

The root gives a point on the curve to the

left of -2 below the x-axis, so cannot be A.

Exercise 13G

1 a A(-2,6),BE, 6) b 10%
2 a A(1,3),83, 3 W 13
2

3 6%

4 4.5

5 a (2,12) b 131

6 a 207 b 171

7 a,b Substitute into equation for y
c y=x-4 d 8

8 32

9 a Substitute x = 4 into both equations
b 72

10 a 211 b 23

11 a (-1,11)and (3, 7) b 21%

Mixed exercise

N B T B P

? :_}Jcq sz 51x+c b FEaR e R
3 B 2

=i ~§x +T+4

3 6
a 2xt-23+5x+¢c b 2xi+daze
dxt—Zxt-brite

1
2
3
4
1 2 oo agd
5 x=ztf++t-85x=12;
6
7
8
9

a A=6,8=9 b %x%+%x%+9x+c
a ri-8x% b 6x%+32xf-24x + ¢
a=4,0=-3.5
25.9m

10 a f(5) =51+ 12 b 7.8 seconds

11 a -1,3 b 10%

12 a —2§i+5x—8\/f+c b

13 a 3,0 b (1,4) c 6%
14 a 3x3+2x% b 2xi-8xi+c¢ ¢ A=6,B=-2
d‘ 1 1 1
15 a ﬁzﬁx—am%x::%x—z[élfx)
b (4,16) ¢ 133 (3 sf)
16 a (6,12) b 13%
17 a A(1,0), B(5,0), C(6, 5) b 10%
18 a ¢=-2 b C(6,17) ¢ 1%
9 16w
19 ¥ 3 +2x2-5x+¢
20 A=-6or1
— a2 = 2 4
21 a f’[nc):(2 x]{4x24x +x):8x'2712+6x27x4
b x) =-16x7%+ 12x - 427
8 x® 47
c f(x):~E~12x+2x3ﬁ€7?
22 a (-3,0)and (,0) b 14

23 a (-3 0)and (4,0) b 553%

21
24 a -2and3 b 214

Challenge

105

CHAPTER 14

Prior knowledge check

1 a 125 bt c 32 d 49 e 1

3
2 a 6° b g 20 d x
3 gradient 1.5, intercept 4.1

Exercise 14A

1 a
r T T T T 1] : T T it
-4 -3-2-10 1 213 47
2.6
b x~26
2 a m %
y=(0.6)
¥
4_
3_
y=2

-

43210 1 2 3 4=

4 a True, because a® = 1 whenever a is positive
b False, for example when a =%—
¢ True, hecause when a is positive, a¢* > 0 for all

values of x

bacd

/

T

392 m Full worked solutions are available in SolutionBank. #



3.d=2
As x increases, i decreases
b p=12,g=02

Challenge
Y

6 k=
7 a

y=2"2%+5

(B

Exercise 14B
1 a 2.7183 b 54.5982 ¢ 0.0000

2 a
b
y=e
1 "
0] x
e=2.71828...
e? = 20.08553...
3 a
¥ y=e+1
2
i =1
y_
0 %
b ¥4
y=4e7
4 \
0 %
'V yh
y=2e"-3
a7 %
:-__4 ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ y=-3

d 1.2214

d y
R - S
3 \
x
y=4-¢"
A
¢ ¥ /y=6+10e2
16
_______ 6_____
0 x
-
110
y=100e*+10

S 1) S
0 x
a A=1,C=5,bispositive
b A=4,C=0,bis negative
¢ A=06,C=2,bis positive
A=e03b=3
Y
y = 1(x)
e2
ol x
a 6ed b —lew
d 2e0% e 3e™ + 2e*
a 3eb b 3

f'(x) = 0.2e"2

The gradient of the tangent when x = 5 is

t'(5) = 0.2e' = 0.2e.

The equation of the tangent is therefore

e=02ex5+¢c,50c=0,

Exercise 14C

1

a £20000 b £14331
L V(£)
20000 N
V=20000e"2
0] t

Answers

393




Answers

a 30000 b 38221
c P (thousands)
94
P=20+e®
30
0l 100 ¢

S T oA

(=7

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.

NA

300 T——---====c==oooo

T - -0.5¢
200 N=300-1008

o t

i 15 rabbits ii 132 rabbits
The initial number of rabbits

dR

= 2 4p02m
dm ¢
When m=6, 3 ~ 70728

dm

The rabbits may begin to run out of food or space
0.565 hars
9P _ 5 1ge-0mm 0.13p, k =-0.13
dh

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

i
20k
Model 1
Model 2
0 t
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

==l --R I ]

394

log, 256 =4 b logyg=-2
log,, 1000000 = 6 d logy11=1
log,,0.008 =3

2t=16 b 52=25

9:=3 d 5'=0.2

10° = 100 000

3 a 3 b 2 €T d 1
1
e 6 r 3 g -1 h -2
i 10 i -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
h 5644
7 a il ii 1 iii 1 b a'=a
8 a i0 o o b a*=1
Exercise 14E
1 a log,21 b log,9 ¢ log,80
d logs (8 e log,120
2 a log,8=3 b log;36=2 ¢ log,144 =2
d logg2=1 e log,10=1
3 a 3log,x+4log,y+log,z
b 5log,x - 2log,u
c 2+ 2log,x
d logax—1og,y-log,z
1.1 "
e 5+3log.x
4 a 3 b L ¢ V30 d 2
5 a logy(x+1)-2logyla—-1)=1
x+1
=1
logs ((x - 1]2)
r+1 _
(x —1)°
x+1=3x-1)%
x+1=30x*-2x+1)
3x2-Tx+2=0
b x=2
6 a=90=4
Challenge
log,» =mand log, y =n
2 =a"and i = a”
x_:_y:am+an=am—n
log, G) =m-n=log,x -log,y
Exercise 14F
1 a 6.23 b 210 c 0431
d 166 e -3.22 S (G
g 1.25 h -1.73
2 a 0,232 b 1.26,2.18 ¢ 1.21
d 0631 e 0.565,0.712 f o
g 2 h -1
3 a 592 b 3.2
4 a (0,1)
5 0.7565 b 7.9248 c 0.2966

m Full worked solutions are available in SolutionBank. #



Exercise 14G

1 a Ino b linil ¢ 3-I20

d tin(} e tIn3-3 f 5-In19
: 1 3

2 a ¢ b & ¢ zot-2
d lei+2) e 18—e: f 2,5

3 a In2,ln6 b In2,0 c el e’
d In4,0 ¢ In5,In(}) £ e e?

4 In3 2ln2

5 a L(e?+3) b lin3+40) ¢ [In7,0
d e et

6 1+Inb5
4+In3

7 a The initial concentration of the drug in mg/l

b 4.91mg/l
¢ 3=6ew
1 _ e

o)

_t
10
t=-10In [%) =6.931... = 6 hours 56 minutes
8 a (0,3+In4) b (4-e9

1} =
In{z) =

Challenge

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

Substituting (0, 5) gives 5 = Ae® + 2, s0 A is 3.
Substituting (6, 10) gives 10 = 3e% + 2.
Rearranging this gives B = %]n (%)

Exercise 14H
1 a logS=log(4 =77
logS =log4 + log 7~
logS =1log4 + xlog?7
b gradient log 7, intercept log 4
2 a logA =log(6x
logA = log6 + logx*
logA =log6 + 4logx
b gradient 4, intercept log 6
3 a Missing values 1.52, 1.81,1.94

b logyA

3
>

logx

o ML LR

002040608 1 1
¢c a=35n=14

4 a Missing values 2.63, 3.61, 4.49, 5.82

214

¢ b=34,a=10

5

a

[—al- -~ "

oS

(= =1

=P -

=]

Answers

Missing values -0.39, 0.62, 1.54, 2.81

I : it HH -|{’;
2 -1 0 1 2 3 logm
a=60,b=0.75
1,600 kcal per day (2 s.f.)

Missing values 2.94, 1.96, 0.95
logfa& 7
4_

3.5
37
2.5

M HE i P
0051152253 3.5logR
A =5800,b=-0.9

694 times

Missing values 0.98, 1.08, 1.13, 1.26, 1.37
P = ab!

log P = log (b

logP =loga + logb?

logP =loga + tlogh

T It T

O 5 1015 202530354045 ¢
a=76,=1.0
The rate of growth is often proportional to the size
of the population
logN=0.095t + 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
g=2,p=0.7854
Circles: p is approximately one quarter «, and the

width is twice the radius, so A = ng = %[2?']2 =1,

Challenge
y=58x%x0.9"
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Answers

Mixed exercise
1 a y

y=2v

y=>5e-1

gl
Cc YA
y/lnx
0 X
x=0
2 a 2log,p+log.q b log,p=4,1og,g=1
3 aip b 2p+1
4 a 2.26 b 1.27 ¢ 7.02
5 a 4-2-15=0
222 —15=0
(2 -2x2-15=0
w=2u-15=0
b 2.32
6 x=6
7 a -e* b 11e"* ¢ 30e%
e +5 In5 1 3+/13
& 8 22 b3 inl4  d ===
84
e 0 f =
9 a £950 b £290 ¢ 4.28years d £100
e P
950
ol 7
f A good model. The computer will always be worth
something
396

11

12

14

15

16

=TI~ ~ I B~ .

o

2},
v= (gl
(0, 0) satisties 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.
S=aVt
log S = log (@)
log S = loga + log (V*)
logS=1loga+blogV

logs | 1.26 | 1.70
logV | 0.86 | 1.53

2.05
2.05

2.35
2.49

2.50
272

0. ‘ - L EHEEHEEEE -
0.00 0.50 1.00 1.50 2.00 2.50 3.00logS

The gradient is approximately 1.5; ¢ = 0.09

The model concerns decay, not growth

0 t
70 = 140

1 _ 3ok

In (}) = 30k

1
k=g51n (3]
k=—n(2),80 c =3
6.3 million views

dV — 0.4r

e 0.4¢

9.42 x 10" new views per day

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

4.2

i 112 x10*dynecm

ii 3.55 x 10%°dyne em

divide b ii by b i

They exponentiated the two terms on RHS
separately rather than combining them first.

x=2+V5

m Full worked solutions are available in SolutionBank. #



Challenge
a y=9"=3% logy) =22
by = (99 = 9%, log,(y?) = 2x

c x_fgorxggz

Review exercise 3

1 -45
2 7
3 a Allequaltoy145
b (x-12+(@y+3)P¢=145
4 a -2i-8j
— |
b [48=[ad -
—
c |BCL=
85+68-85 1
cos LABC=——""T—""=—
2x V85 xV68 5
5 12
6 a 5N b 7
7 m=50/3 +30,n=50
8 J(=75)2+ 1802 = 195 > 150 = V902 + 120?

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

5lx + h)? - ba?
s TR

9 lLo b
—lim 5x2+ 10xh + 5h% - 52
h—0 h
10a,h+ 5h?
= ]L
= 10x + 5h
10
d
10 dy 1227 4 pt

11 a %=4+.2x%—4x

b Substitute x = 4 into equation for C
¢ Gradient of tangent = -3 so gradient of normal = %

Substitute (4, 8) into y = —x +e
Rearrange y = ~A -2

3
d PQ=_8/10

12 a %: 8x — 5x%, at P thisis 3

13

oo p o
el
1
]
[
|
e
=
1l
'S

When x = 1, f'(x) = 54, gradient of 2y = 11x + 3 is
5— so it is parallel wn:h tangent
14 f'(x) =322 -24x +48 =3(x - 4> O
15 a 4(1,0) and B(2,0)
b (/2,2/2-3)
128

16 a V=mnr*h=128n, soh_]—

S=2rrh + 2nr? = 256“

b 967 cm?

+ 2mr?

Answers

17 a d—y:6x+2x-%
dx

dzy

1
B+t

2x% — 5a® - 12%
222+ 3)x - 4)

yA
E >
_E/ 0 4 x
3
19 63
20 4
21 a -2t +3x*+4=(x*+4)x*>+1); ¥*+1=0hasno
real solutions; so solutions are A(-2, 0), B(2, 0)
b 19.2
i .
22 45 square units

18

[ - - <]

23 a P(-1,4),02,1)
b 45
24 a k=-1,400,2)
b In3
25 a 425°C b 7.49 minutes ¢ 1.64°C/minute
d The temperature can never go below 25 °C, se
cannot reach 20°C.
26 a -0.179 b x=15
27 a x=155 b x=dorx=4
28 a log,2 b 0.125
29 a x=2 b x=In3orx=In1=0
30 a Missing valuesOSS 1.01, 114 a,nd129
b logPg T T T T T T
ld4——
1.2
1
0.8 %
0.6
0.41
0.2
0
0
¢ P=ab

logP =log(ab) = loga + t logh
This is a linear relationship. The gradient is logb
and the intercept is loga.

d a=59,6=1.0

Challenge
1 a0
b 1
2 a f'-3)=1(2)=0,s0"(x) =k + 3)x - 2)
= k(22 + x — 6); there are no other factors as f(x) is
cubic
b 243+ 322 -36x-5
3 51.2
4 a f0)=0"-k(0)+1=1;g0) =e=1; PO, 1)

b3
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Answers

Practice paper

1 a % b 5/2
2 y= %.1 + %
3 a errorl:= 3= —3x}, not =3x}
%
2
X o3 oy (32 (1
error 2: [5 2x% + 2x 1_(5 2\/_8_+4) (5 2+2)
1 32 e
t(l_2s2 -(—-2 8 4)
no (5 + ) 3 V8 +
b 571(3s.f)
4 x=30°90° 150°
5 a 2x*x+3)
b 2x%x +3)=980=2x*+62>-980=0
= a8+ 322 -490=0
¢ Forflx)=a®+3x2-490=0,f(7)=0,s0x-7isa
factor of f{x) and & = 7 is a solution.
d Equation becomes (x — 7)(x* + 10x +70) =0
Quadratic has discriminant 10 -4 x 1 x 70 = =180
So the quadratic has no real roots, and the equation
has no more real solutions.
6 x+15y+106=0
7 a log,,P=001t+2
b 100, initial population
c 1.023
d Accept answers from 195 to 200
8 1+cos*x —sintx =1 + (cos®x + sin®x)(cos? — sin’x)
= (1 - sin®x) + cos®x = 2cosy
9 Magnitude = 29, angle = 112° (3 5.))
10 a 56.5° (3 s.f) b £49.63
11 a 3
Y = glx)
b -4,-1,4
12 x=3o0r-3
13 a 1-15x + 90«2
b 0.859
¢ Greater: The next term will be subtracting from this,
and future positive terms will be smaller.
14 a2 fy=fle?-1-xdde=-20F-x+alsc
i+ 2ve -1
=== ¢
b ¢= -g" + %\@
15 a 52+12-4x5+6x1=12,50(5,1)lies on C.
Centre = (2, -3), radius =5
b y=-3x+2
15
c 12ﬁ
398

m Full worked solutions are available in SolutionBank. #



