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Answers

Skills check
1 a y=3x"(x-1)
y= 3(—0.1)2(—0.1— 1)

y=-0.033
b oo (D
X
_(-0.1-1)
B —0.1
y=-12.1

c y=(1-x)2x+1)
y=(1-(-0.))2x-0.1+1)
y=0.88

2 a 3x-7=14

3x=14+7
21

y=2
3
x=7
b 2(x-6)=4
x—6=E
2
x=2+6
x=8
c la-x)=0
2
1-x=0
x=1
d x-x=16
x=4orx=-4
3 a 8%of1200=%><1200=96

b 0.1% of 234 = % % 234 = 0.234
4 a 10-x<1

9Sx 9
b 3x-6>12
18
x> —
3
x>6 _‘g—>
c 2x<0

<«
x<0 0
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WORKED SOLUTIONS

Number and algebra 1

5 remember that the absolute value of a number is

always greater than or equal to zero but never negative.

a |-5=5

1

2

1
2

b

c |5-7=]-2/=2

12-8

8

4
8

d

% 100 = xlOO:%xIOO:SO

Exercise 1A
a i 2a+b=2x2+4=8

ii 2(a+b)=2(2+4)=12
i o’ -0=2"-4*=-12
iv (a-b)=(2-4)=(-2)"=4
b i Yes ii Yes iii No iv Yes

Exercise 1B
1 a 4x+2=0
4x=-2

x=" (or x =-0.5)
4
b Itis not an integer.

2 a x-x=4
x=2o0rx=-2
b Both are integers.

3 a i

i 30— = 3(-2) =% (or 9.75)
4

b i Itisan integer.

ii Itis not an integer.

Exercise 1C

1 (Look for the decimal expansion of each of the fractions )

2 ~0.66666... Therefore the decimal expansion
3 of this fraction recurs.

o —1.25. Therefore the decimal expansion of

4 this fraction is finite.

Worked solutions: Chapter 1




2-0.22222...... Therefore the decimal expansion
? of this fraction recurs.

4 20.5714285714... Therefore the decimal
7 expansion of this fraction
recurs.
- —2.2. Therefore the decimal expansion of
> this fraction is finite.
a=0.5
a=10.5555....
10a = 5.5555. ...
10a—a=5
9a =5
5
a=>
9
b =138
b =1.8888
106 =18.8888....

106—-b6 =17

9 9 9
It could be 0.8; 0.5; 2.1; 3.08; etc

It could be 0.12; 0.5;1.24;1.02; etc
¢ It could be 3.4578;0.0002;1.0023

Exercise 1D

1 either work out the arithmetic mean of these numbers as
shown in the book or look for their decimal expansion.

The numbers are 2 and i
4

Therefore 2 and 2.25
Numbers in between may be for example
2.1;2.2;2.23

2 a mwhen y=3 andx:—é

/2(3—(—2)):2 (or 2.5)

b s 1s a rational number
2
11
3 a The numbers are i and o
5
Therefore 1.8 and 1.83
Numbers in between may be for example

1.81;1.82; 1.83.

b i Thenumbers are 28 and -2

13
Therefore —2.15384 ... and -2

Numbers in between may be for example
-2.14;-2.12; -2.1

ii infinite
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WORKED SOLUTIONS

Exercise 1E

1

It is a right angled triangle.

B =2*+1.5

W =6.25

h=2.5cm

h is rational.
10

r=—=5cm
2

A=mx5

A =251 cm?

b A isirrational.

Exercise 1F

1

i 05<%<15
2
multiply by 2
2x05<2x <2x%x1.5
2

1<x<3
ii make x the subject of the inequality
3—x2>1
321+x
2>x
e R
i g=1.5issolutionasl<1.5<3.
t =+/5 is solution as 1 < \/5 <3.
ii g=1.5issolutionas2>1.5.
¢ =+/5 is not solution as the inequality

22> \/3 is not true.

x>-1

il 4<x+1<8
4-1<x+1-1<8-1

3<x<7
i 2—x>-1
3>x
e T
iii 4—2—
substitute each of these numbers in the
inequalities
Inequality
2x+1>-1(4<x+1<8(2-x>-1
p
2
3 Vv Vv
1o V v
2r N V

Worked solutions: Chapter 1




Exercise 1G

1 i 358.4 =358 to the nearest unit
ii 24.5 = 25 to the nearest unit
iti 108.9 = 109 to the nearest unit
iv 10016.01 = 10016 to the nearest unit
2 i 246.25 = 250 correct to the nearest 10
ii 109 = 110 correct to the nearest 10
iti 1015.03 = 1020 correct to the nearest 10
iv 269 = 270 correct to the nearest 10
3 i 140 =100 correct to the nearest 100.

ii 150 = 200 correct to the nearest 100.
iii 1240 = 1200 correct to the nearest 100.
iv 3062 = 3100 correct to the nearest 100.

ii 1500=2000 correct to the nearest 1000.
ili 9640=10000 correct to the nearest 1000.
iv 952=1000 correct to the nearest 1000.
Any x where 150 < x < 250

6 Any x where 2500 < x < 3500
Any x where 5.5 <x < 6.5

Exercise 1H
1 i 45.67=45.7correctto 1d.p.
iit 301.065 = 301.1 correct to 1 d.p.
iii 2.401 = 2.4 correctto 1 d.p.
iv 0.09 = 0.1 correct to 1 d.p.
i 0.0047 = 0.00 correct to 2 d.p.
ii  201.305 = 201.31 correct to 2 d.p.
iti 9.6201 = 9.62 correct to 2 d.p.
iv 28.0751 = 28.08 correct to 2 d.p.

10.0485 = 10.049 correct to the nearest
thousandth.

i 3.9002 = 3.900 correct to the nearest
thousandth.

iii 201.7805 = 201.781 correct to the nearest
thousandth.

iv 0.00841 = 0.008 correct to the nearest
thousandth.

4 Lz = 3064.786153.

3.04x0.012

i 3064.8(1d.p)

ii 3064.79 (2 d.p.)

iii 3064.786 (3 d.p.)

iv 3100 correct to the nearest 100
v 3000 correct to the nearest 1000
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105607 = 106000 correct to the nearest 1000.

6
7

WORKED SOLUTIONS

¢+ _ 15 6025
ptq :

i 15.60 (2d.p.)
i 15.603 (3 d.p.)

iii 16 correct to the nearest unit

iv 20 correct to the nearest 10
Any x where 2.365<x <2.375
Any x where 4.05<x<4.15

Exercise 11

1

i 106 has 3 significant figures as all non-zero
digits are significant and zeros between non-
zero digits are significant.

ii 200 has 1 significant figure as trailing zeros in
a whole number are not significant.

ili 0.02 has 1 significant figure as all non-zero
digits are significant and zeros to the left of
the first non-zero digit are not significant.

iv 1290 has 3 significant figures as trailing zeros
in a whole number are not significant.

v 1209 has 4 significant figures as all non-zero
digits are significant and zeros between
non-zero digits are significant.

i 280=300(1s.f)

iit 0.072=0.07(1s.f)

ili 390.8 =400 (1s.f)

iv 0.00132 =0.001 (1 s.f.)

i 355=360(2s.f)

ii  0.0801 =0.080 (2s.f.)

ili 1.075=1.12s.f)

iv 1560.03 = 1600 (2 s.f.)

i 2971 =2970 (3s.f)

ii  0.3259 =0.326 (3s.f))

ili 10410 = 10400 (3 s.f.)

iv 0.5006 = 0.501(3 s.f.)

787(:3?16 — 425.8811929

a 400 correct to 1 significant figures

b 426 correct to 3 significant figures

c 425.9 correct to 1 decimal place

d 425.88 correct to the nearest hundredth
=3.141592654

a 3 correct to the nearest unit

b 3.14 correct to 2 d.p.

c 3.1 correct to 2 s.f.

d 3.142 correct to 3 d.p.

Worked solutions: Chapter 1




a 238=200(1sf)
b 4609 = 4610 (3 s.f.)
c 2.7002=2.70 (3 s.f)

3
a P 03703703704
1.5 +1.8
b i 037 i 0370 i 0.3704

Exercise 1J

1 a A=nA
10.5 =
105
7:]/'

T

10.5
r=,|—
T

r=1.828 cm (4 s.f.)

b C=2nr
C=2rx 105
C=11cm (2s.f)
a \E+\%=2.288(4s.£)
2

b substitute the values of p and ¢ in
the formula.

(p+a)=(V2+ @)2 =20.9 3s.f)
c V2x10=45cm?>2s.f)

Exercise 1K

a 298x10.75= 300x10= 3000

3.8°=3.8x3.8=4x4=16

14 150
c M _DM_15

11.02 10

d 103 =+100=10
210x18 = 20020 = 4000 pipes.

population density = 'l population

land area

: : 127 076 183

opulation density = 220 262
pop ty 377 835

lation nsi leOOOOOOO

population density ~5100000

population density = 300 people per km?

Number of reams = 9000
500

Number of reams . 10000
500

Number of reams = 20

distance travelled

Average speed = ==t

Average speed = %
Average speed = ?

Average speed =15 km h™!

WORKED SOLUTIONS

Number of visitors per year = 53000 X 365
Number of visitors per year = 50000 x 400
Number of visitors per year = 20000000

estimate the area of the square using reasonable
numbers.

Area of square = 100.1 x 100.1
Area of square = 100 x 100
Area of square = 10000 m?

Therefore Peter’s calculation is not correct. 10000
is far bigger than 1020.01

Exercise 1L

1
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a substitute the values of g and of 4 in the given
formula.
3a+ 5 =3%x52+47=119.423

V,—V
b  Percentage error =-4—£|{x100%
VE
_[140-119.423 0
=140 = 119.425)
Percentage error 119425 100%

Percentage error = 17.2% (3 s.f.)

83+6.8+9.4

a Actual final grade = 3

Actual final grade = 8.17 (3s.f.)

b The three grades rounded are 8, 7 and 9.

8+7+9

Approximate final grade = ~——

Approximate final grade = 8

8 —8.1666
8.1666

¢ Percentage error = x100%

Percentage error = 2.04% (3s.f.)

a Exactarea=5.34 x 3.48
Exact area =18.5832 m?

b Length=5.3m
Width = 3.5m
¢ Approximate area = 18.55 m?

18.55 -18.5832

0
18.5832 *100%

Percentage €rror =

Percentage error = 0.179% (3 s.f.)

a A=nr’
89 = 7*

r= &Cm
T

r=5.323m (3d.p.)
b C=2nr

C=27r\/§tg

C=33.4m (3sf)




c Approximate value for perimeter = 30 m
Accepted value for perimeter = 33.4m

30-33.4

% 100%

Percentage €rror =

Percentage error = 10% (2 s.f.)

Exercise 1M
1 2.5x1073 10

2 a number is written in standard form if it is written as
a x 10“where 1 < a < 10 and k is an integer.

a 135600 =1.356 x 10° or 1.36 x 10°(3 s.f.)
b 0.00245 =2.45x 107

c 16 000 000 000 = 1.6 x 10

d 0.000108 =1.08 x 10

e 0.23 x 10°=2.3 x 10?

3 First, write each number in standard form 2.3 x 10¢
3.4 x10°
0.21 x 107=2.1 x 10°
215 x 104=2.15 x 10°
Now write in order 3.4 x 105 0.21 x 107 =
215 x 104=2.15 x 105 2.3 x 108
4 3.621 x 104
31.62 x 102=3.162 x 10°
0.3621 x 10*=3.621 x 10°
0.3621 x 10°
3.621 x 10% 0.3621 x 10*= 3.621 x 10%
31.62 x 102 =3.162 x 10°.

2.1 x 106

Exercise 1N

1 a xXy=63x10°x28x10°=1.764 x 10"
or 1.76 x 10'7 (3 s.f.)
b = 83X _ o5 10
y  2.8x10" )
6.3x10° o
c f 282100 =1.5%x10
2 a +b

the arithmetic mean between a and b is simply aT'

+3.48x 106
2

Arithmetic mean = 2990000
Arithmetic mean = 2.99 x 106

. . 6
Arithmetic mean = 2:3x10

b nearest million is the nearest multiple of 1 000000

2990000 = 3000000 correct to the nearest
million or 3 x 10°

r=22.05x 108
r=2.205x10°

_ 2205x10° = 700
3.15x 109

r
q
c 7x10?
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WORKED SOLUTIONS

x=225% 108
x=225x%x 10"

x =(225%10°)

x=5.0625 x 10%

x* > 10% because both have the same exponent
for 10 when written in standard form and
5.0625 > 1 therefore the statement is true.

i substitute the value of x in the given
expression.
x  225x10°

Vi Joasxio®

ii Write your answer in standard form
150000 = 1.5 x 107

=150000

Exercise 10

1

O 060 O

(-2 -]

(3]

O 0 TCoO 606 OO

c

km h~2 or km/h?
kg m3 or kg/m?
ms!orm/s

i decagrams ii centisecond
ili millimetre iv decimetre

32 km =32 x 10° m = 32000 m

0.87m =0.87 x 10! dam = 0.087 dam
128 cm =

128X 102m =128 m

500 g =500 x 103=0.5kg

357 kg = 357 x 10?> dag = 35700 dag

1080 dg = 1080 x 10° hg = 1.08 hg
0.080 s =0.080 x 10° = 80 ms

1200 s = 1200 x 107! das = 120 das

0.8 hs =0.8 x 10° ds = 800

67800000 mg = 67800000 x 1076 =

67.8 kg = 68 kg correct to the nearest kg.
35802 m =35802 x 103km = 35.802 km =
36 km correct to the nearest km

0.654 g = 0.654 x 10° mg = 6.54 X 10> mg

Exercise 1P

1

0O o o aon o

o Q

2.36 m? =2.36 x 10* cm? = 23600 cm?
1.5dm?=1.5 x 10*dam? = 0.000 15 dam?

5400 mm? = 5400 x 10?2cm? = 54 cm?

0.06 m? = 0.06 x 10°mm? = 60000 mm?

0.8 km? = 0.8 x 10°hm? = 80 hm?

35000 m? = 35000 x 10~°km? = 0.035 km?

5m?=35x10°cm? = 5000000 m?

0.1dam*=0.1 x10°m*=1 x 10°m?

3500000 mm? = 3500000 x 10°° dm?
=3.5x 10°dm?

255 m? =255 x 10°mm?® = 2.55 x 10" mm?

12000 m3 = 12000 x 10-3dam?®
= 1.2 x 10'dam?

Worked solutions: Chapter 1




f 0.7802 hm’=0.7802 x 10°dam?
= 7.802 x 10?°dam?

=7.80 x 102dam3(3s.f.)
3 the area of a square with side length I is /2.

a Area=[x]/
Area = 132
Area = 169 cm?

b 169 cm?= 169 x 10“m? = 0.0169 m?

4 the volume of a cube with side length (or edge) I is .

a Volume =173

Volume = 0.85°

Volume = 0.614125 m® or 0.614 m?(3s.f.)
b 0.614125 m*=0.614125 x 10cm?

=614125m3 or 614000 cm? (3 s.f))
5 convert all the measurements to the same unit.
0.081 dam? = 8.1 m?;
8000000 mm? = 8 m?;
82 dm? =0.82 m?
7560 cm? = 0.756 m?
0.8 m?
Therefore the list from smallest is
7560 cm?; 0.8 m?; 82 dm? 8 000000 mm?;
0.081 dam?
6 convert all the measurements to the same unit.

11.2 m3;
1200 dm?®* = 1.2 m?
0.01 dam?® =10 m?®
11020000000 mm? = 11.02 m?
10900000 cm?® = 10.9 m?
Therefore the list from smallest is
1200 dm?; 0.01 dam?; 10 900 000 cm?;
11020000000 mm?; 11.2 m?

Exercise 1Q

1 a change all to seconds
1d=24h =24 x 60min

=24 x 60 x 60s =86 400s
2h=2x60min =2 X 60 X 60s = 7200s

23min =23 X 60s = 1380s

Therefore
1d2h23m=86400s+ 7200s + 1380 s
=94980s
b 94980 s =95000 (nearest 100)

change all to seconds

2d=48h =48 x 60 min = 48 x 60 X 60 s
=172800s

Smin=5x60s=2300s

Therefore

2d5min=172800s + 300s=173100s

b 173100s=1.731 x 10°sor 1.73 x 10°s (3 s.f))
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3 a

WORKED SOLUTIONS

51=5 % 10°ml = 5000 ml

b 0.56 ml=0.56 x 10 h/=0.0000056 hl

Cc

4

b

4500 dal = 4500 x 10°*c/ = 4500000 cl
1/=1dm?

500 /=500 dm® =500 x 10° cm® = 5 X 10° cm®

145.8 d1 = 14.58 /= 1.458 x 10" dm?

or 1.46 x 10" dm? (3 s.f))

8 h/=8007/= 800 dm* =
=8 x 10°cm?

800 x 1000 cm?®

12.5 dm? = 12.5 /= 13 correct to the
nearest unit.
0.368 m3* = 0.368 x 10°dm? = 368 dm?
=368 /= 3.68 hl
= 4 hl correct to the nearest unit.
809 cm3 = 809 x 1073dm? = 0.809 dm?®
=0.809/=80.9cl
= 81 cl correct to the nearest unit.
Average speed = 7di5t§::ttar2i“ed
— distance travelled
Average speed = ke
40 m min~! = 3000m
time taken
: —  3000m
time taken = oo minT

time taken = 75 min

75 min = 75 X 60 min = 4500 s

volume of a cube = 3

Volume = 1.5% = 3.375 m?
3.375 m?* = 3.375 x 10° dm® = 3375 dm?
3375 dm? = 3375 / and 3375 / < 4000 /

therefore 4000 / of water cannot be
poured in this container. Only 3375 /
can be poured.

é of 220 cm® =176 cm’®

176 cm?® =176 X 107% dm*=0.176 1

W =8.52 tea cups therefore Mercedes can

serve up to 8 tea cups.

Average speed — distance travelled

time taken
800 km h™! = 6900km
" time taken
time taken = %kml
800 kmh

time taken = 8.625 h or 8.63 h (3 s.f.)

Average speed — distance travelled
time taken

1393km
2h
Average speed = 696.5 km h™! or 697 km h™!

Average speed =

Worked solutions: Chapter 1



¢ Time travelling =8.625h+2h+ 1.5h
=12.125h
Arrival time = 10 + 12.125=22.125h or
10:13 PM

Exercise 1R
1 a t=¢-273.15
t =280 —273.15
t =280 —273.15=6.85
6.85 °C = 6.9°C correct to one tenth of degree
b 80=7x1.+32
t.=(80 - 32)3
. :%0:26.6

26.6°C = 26.7°C correct to one tenth of
degree

69.8°F = 70°F correct to the nearest degree.
b fr=9%2+32

tp = % =35.6

35.6°F = 36 °F correct to the nearest degree.
3 a r=290-273.15=16.85

Therefore 290 K = 16.85°C or 16.9°C (3 s.f.)

b “hence” means use the preceding answer to solve
this part question.

290K = 16.85°C
Also ¢, =§>< 16.85 + 32

tp =2 %16.85+32 =62.33
Therefore 290 K = 62.33°F or 62.3°F ( 3 s.f))

4 a make ¢, the subject of the formula.
t.=t,—273.15
t,=t,+273.15
b make ¢ the subject of the formula
tp = % X t, +32

to= g(tF -32)

Review exercise
Paper 1 style questions

1 5 | 2 | 3| 2 |23
N vV
7, vV v
o | ¥ VIV
R vV vV vV v vV
2 a 2 b 2 =14142

c 141x10"'=141x10°
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WORKED SOLUTIONS

14.1 x 102

V2 ~1.4142x10°

0.00139 x 102= 1.39 x 102
1414 x 102 = 1.414 x 10"
0.00139 x 102 14.1 x 10°";
V21414 x 1072 1.4 x 10°

2690 kg = 2.69 x 10° kg
i 2.7 x 10°kg = 2700 kg

ii | percentage error formula
Va — Vel
VE

Percentage error = x 100%

Y4~ VE

Percentage error = %x100%

YE

Percentage error = % x100%

Percentage error = 0.372% (3 s.f.)
299792458 m s71= 300000000 m s™!

m s~! means metres per second therefore
the answer from a gives you the distance
traveled in 1 second.

1 s—2% 5300000000 m

300000000 m = 300000000 x 107 km
= 300000 km

1s—2% 5300000 km

3600 s —=% 5 300000 km x 3600

= 1080000000 km
1080000000 km = 1.08 x 10° km
Therefore the average velocity is
1.08 x 10° km h!

Exact weight of one book = % =580 g
580 g = 580 x 10~ kg = 0.580 kg
0.580 kg = 0.6 kg (1 s.f)

Accepted value = 0.6 kg
Estimated value = 0.4 kg

Y4~ VE

Percentage error = x 100%

VE

x 100%

Percentage error = %

Percentage error = 33.3% (3 s.f.)

1560 cm® = 1560 % 1073 dm?®= 1.56 dm?®

1.56 dm*>=1.561
% of 1.561=1.171

H 25 _ 3
i m~21.4 jars

Therefore Sean pours 21 jars.
il 21 x1.17=24.571
25 —24.57=0.431

Worked solutions: Chapter 1




_ 30y° _
7 a x= when y = 1.25
[y +1

_ 30(1.25)°

J1.25+1

x=31.25

31.25=31.3(3s.f)

31.3=3.13 x 10!

A=

i 2.56 km?=2.56 x 10° m? = 2560000 m?
x* =2 560000
x=~/2 560 000
x=1600 m

ii Perimeter = 1600 x 4
Perimeter = 6400 m

9 a f,=2Xt,—459.67

5

% x 300 — 459.67
80.33 or 80.3 (3 s.f.)
= g X t, —459.67
100 = 2 x 1, — 459.67
te = 2(100 + 459.67)

t,=310.927.... = 311 correct to the
nearest unit
10 a 2x+5>x+6
x>1

X

oo oo

Ip
I
g

>
¥ T >

39210 1 2 3
c I=1

T =(.785....<1

4

-5<1
J3=1732...51 v
2.06=2.06666...>1

101 _
@_1'01>1 4

1.2x10%=0.0012<1
Therefore

. ~. 101
\/5,2.06,ﬂ

11 a Area=210mm X 297 mm
Area = 62370 mm?

b 62370 mm?* = 62370 X 107*m? = 0.062370 m?
c 1 mZ weighs 75 g

0.062370 m* —2eeerdhs 5 () 062370 % 75

= 4.67775g=4.68 g (3s.f)

d 4.68x500=2340g
2340 g = 2340 x 10 kg = 2.34 kg
Review exercise
Paper 2 style questions
1 a Perimeter of the field =2 x 2500 + 2 x 1260
Perimeter of the field = 7520 m
7520 m = 7520 x 103 km = 7.52 km
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WORKED SOLUTIONS

Cost of fencing the field = 7.52 x 327.64

Cost of fencing the field = 2463.85 (2 d.p.)
V,=17.6 x327.64 = 2490.064

P47 VE 1% 100%

VE

Percentage error =

2490.064 — 2463.85
2463.85

Percentage error = x100%

Percentage error = 1.06% (3 s.f.)

Area of the field = 2500 x 1260

Area of the field = 3150000 m?

Area of the field = 3150000 x 107¢ km?
=3.15 km?

Radius of semicircles = 4—(2)0 =200 m

Length of circumference = 277
Length of circumference = 27 x 200 = 4007
Perimeter = 2 x 800 + 4007
Perimeter = 2856.637... m
= 2857 m correct to the nearest metre.

Number of laps that Elger runs

__ total distance run by Elger
~ perimeter of running track

Number of laps that Elger runs
_ 14200
= 2856.637...

Number of laps that Elger runs = 4.97
Therefore Elger runs 4 complete laps around
the track.

convert the distance to km

2856.637 ... m = 2856.637 ... X 103km

=2.856637 ... km
— distance travelled
average speed = ISETEE TEVERES
19km h~! = 2:856637... km
time taken
. _ 2.856637...km
time taken = okmiT

time taken = 0.150 h (3 s.f.)

_ 19km _ 19000 m

— -1
average speed = 19km h h €0 min

_ (19000) m min~!

60
19000 - 1 _ 14200m
20 ImminT = 20 m
( 60 ) time taken
. 14200 m
time taken =

19000 .
— | m min
60

time taken = 44.842 min (5 s.f.)

Y47V 1% 100%

VE

Percentage error =

44 — 44.842

0
44.842 x 100%

Percentage €rror =

Percentage error = 1.88% (3 s.f.)

Worked solutions: Chapter 1




3 a Diameter=2.5cm
Radius = 275 =1.25cm

Volume of one chocolate = %nﬁ

Volume of one chocolate = %7:(1.25)3
Volume of one chocolate = 8.18123.... cm?
=8.18cm’ (2 d.p.)
b first convert the measurements to cm.

Radius of cylindrical box = 12.5 mm
=125cm

Volume of cylindrical box = n/h
Volume of cylindrical box = 7 (1.25)’15

Volume of cylindrical box = 73.63107... cm?
=73.63cm’*(2d.p.)
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Number of chocolates in the box = % =6
chocolates

Volume occupied by the chocolates
=8.18123.... X 6 = 49.087 .... cm?

Volume not occupied by the chocolates
= volume of box — volume occupied by
chocolates

Volume not occupied by the chocolates
=73.63107... —49.087.... = 24.5 cm? (3 s.f.)

24.5 cm?® =24.5 x 10° mm?3 = 24 500 mm?3
2.45 x 10* mm?

Worked solutions: Chapter 1




WORKED SOLUTIONS

Descriptive statistics

Answers
Exercise 2A
1 a Discrete b Continuous
c¢ Discrete d Discrete
e Continuous f Discrete
g Continuous h Continuous
i Continuous j Discrete
k Continuous | Discrete
2 a Biased b Random
¢ Biased d Random
e Biased
Exercise 2B
1 | Number of goals Frequency
0 4
1 7
2 7
3 4
4 1
5 2
2 | Number of heads = Frequency
0 1
1 1
2 4
3 4
4 3
5 7
6 9
7 4
8 5
9 2
10 4
11 3
12 3
3 | Age | Frequency
9 4
10 9
11 8
12 7
13 4
14 1
15 4
16 3

4 | Number of crisps | Frequency
88 3
89 6
90 16
91 3
92 2
Number | Frequency

1 7

2 9

3 11

4 6

5 7

6 10

6 m=6,n=3
Exercise 2C

1 Answers will depend on width of class intervals

chosen. Example:

Number

Frequency

0<x<b

1

5<x<10

10<x< 15

15<x<20

20<x <25

25<x<30

30<x<35

35<x<40

40 <x <45

45 < x <50

RINO O, O M~ WN

Number

Frequency

10<x <20

7

20<x<30

30<x<40

40 < x <50

50 < x <60

60<x<70

70 < x <80

80 <x <90

90 < x <100

NN OO N O N o1

Number

Frequency

1<x<3

3

3<x<5b

5<x<7

7T<x<9

9<x<11

11 <x<13

13<x<15

15<x<17

17 <x <19

19<x<21

RRrlwdowolw b~
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WORKED SOLUTIONS

4

30

25 [
2 20
15

10

Yy

Frequen

>
0 1234567891011
Length (cm)

Number Frequency

0<x<10 8

10<x <20 10

Exercise 2D
1 a | Class Lower Upper
boundary | boundary
9-12 8.5 12.5
13-16 12.5 16.5
17-20 16.5 20.5
21-24 20.5 24.5
b Time Lower Upper

(t seconds) boundary | boundary
2.0<t<2.2 2.0 2.2
22<t<2.4 2.2 2.4
24<t<2.6 2.4 2.6

20<x<30

30<x<40

40 < x <50

Exercise 2E

1
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A
26
24
22
20
18
16
14
12
10

8

6
4
2

0 10 20 30 40 50°¢€

a Lower boundaries are 20, 30, 40, 50, 60
Upper boundaries are 30, 40, 50, 60, 70

b f

0 20 40 60 80 X
Age

a Lower boundary of the third class is 0.8 and

the upper boundary is 1.0

b
40

A

30

20

10

< ¥

0 04 08 12 16 2

a Lower boundaries are 3.5, 4.5, 5.5, 6.5, 7.5,

8.5,9.5

Upper boundaries are 4.5, 5.5, 6.5, 7.5, 8.5,

9.5,10.5

50 < x <60

60<x<70

70 <x <80

R OO WO N

80 <x <90

10

8

o

Frequency

N B

0 20 40 60 80
Number of times traveled
by train

Number of | frequency

weeds
0<x<10 10
10<x<20 21
20<x< 30 14
30<x<40 12
40 <x <50 10
50 < x <60 7
60<x<70 3
70<x<80 3

4

20

—_
[«2)

-
N

Frequency

[es)

N

0 20 40 60 80
Number of weeds

The lower boundary of the fourth group is
15.5 and the upper boundary is 20.5

f
32
28
24
204
16
12

8
4

A

0 10 20 30 40 50%

Worked solutions: Chapter 2




8 600

[$)]
o
o

IS
o
o

Number of visitors

=N W
o O o
T 92

0 10 12 14 16 18
Time

Exercise 2F
1 a Arrangeinorder: 11378910
Mode =1

Median = 4th entry = 7

1+1+3+7+8+9+10 39
Mean = =""=557(35sf)
7 7

b Arrangeinorder:2334555668 1113
Mode =5
Median = 6.5th entry = 5
2+34+3+4+5+5+5+6+6+8+11+13
12
=" =592 (3sf)
12

Mean =

Arrange in order: 1.52 1.52 1.67 1.74 1.83 1.91
1.67+1.74 341

Median = 3.5th entry =

2 2
=7.71(3 sf)
b Mode =1.52
¢ Mean = 21+34+17+22+56+38 =313

6
d Arrange in order: 48.6 48.6 54.7 55.1 63.2
77.9
Median = 3.5th entry = M7+l 549

2
_ 48.6+48.6+54.7+55.1+63.2+77.9

e Mean = =58.0
6
3 a Arrangein order: 8.9 12.6 18.7 22.6 26.3 31.8
33.545.3
Median = 4.5th entry = 2264263 _ 445

3
26.3+12.6+33.5+89+18.7+22.6+31.8+45.3

8

b Mean =

=25.0
4 If the mode is 5 then s = 5 because we need more
5s than other numbers.
If the mean is 6.5 then
(I+14+243+5+5+5+7+8+9+10+¢+12+12)

14
=6.5
80++r=65%x14=91
So,r=11
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5 (76+54+65)=65
3
b (1954+ x) — 63

So, 195 +x=68(4)=272 x=177
6 a Zoe'stotal=5x 81 =405
Shun’s total = 78 x 3 = 234
405 + x=80(6) =480 x=75
b 234+ x=80(4)=320 x=286

Exercise 2G
Modal score = 4 (it has the highest frequency)

1 a
b Median = 2! =15¢th entry =4
2

_ Ix4+2x74+3x3+4x8+5x5+6x2

¢ Mean = =3.31
4+7+3+8+5+2
2 a Numberof children=4+3+8+5+4+1
=25
b Highest frequency = 8, therefore modal
number of visits = 2
c 1\/1(_3&11:0><4+1><3+2><8+3><5+4><4+5><1:2‘2
4+3+8+5+4+1
3 a n=30-(4+5+3+6+5)=7
b Mean:1X4+2X5+3X3+4X7+5X6+6X5=3.7

4+5+3+7+6+5
¢ 4 because it has the highest frequency.

Ix1+2x6+3x19+4%x34+5%x32+6x18+7x10

4 a Mean=
1+6+19+34+32+18+10
= 453
120
+
b 432 100 = 55%

120
c 4 because it has the highest frequency

Exercise 2H
1 a 24<t<26
b Use GDC. See Chapter 12 for help.

70 <5< 80
b Use GDC. See Chapter 12 for help.

3 a 40=<x<50
b Use GDC. See Chapter 12 for help.

Exercise 2l
1 a N = the total number of times = 50
b 6+a=14 ag=38
b=50-(6+8+10+5+7)=14
c=24+14 =38
Questions 2—6: All the answers can be read from the
graphs.

Worked solutions: Chapter 2




WORKED SOLUTIONS

Exercise 2J b i range=16-3=13
IQR (from GDC) =12-8=4
. c i range=25-18=7
Exercise 2K IQR (from GDC) = 23.5— 19 = 4.5
All the answers can be read from the graphs.

All the answers can be read from the graphs.

Exercise 2M

Exercise 2L Use GDC. See Chapter 12 in the book for help.
1 a i range=21-2=19

IQR (from GDC)=11-2=9
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Answers
Skills check
1 a 152+ =25
h=20cm
b £+x=10%
22 = 100
X =50

x=+/50cm or 7.07 cm (3s.f.)

2 a i Usingthe midpoint formula.

Let M be the midpoint between A and B.

w=( 22,52
2 72
M= (0, 6)

ii Let d be the distance between A and B.
d=\|3-(3)) +(7 - 5)
d=+/40 or 6.32 (3 s.f.)

b Using the midpoint formula and set two
equations in p and q.

=(2+q p-4
2.5,1) ( te 2 )

2+q _ p—4=
== 2.5 and = 1
Therefore
g=3andp=6

Exercise 3A

1 Using the gradient formula.
=2-7

0-2
m=-1

a m

b m="""
0-2
m=38
m=2"C1
0-2
m=-8
m=
m =

-9-(-7)
0-2

1

2 a i A(®,5);B(0,1)
i m=12
0-1
m=4
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Statistical applications

b i A(-1,5);B(0,1)

i om= 12
0-(-1)
m=-4
c i A(-0,3);B(3,2)
i om=22
3-0
m= -2
d i A(0,-1);B(1,0)
i m=2CD
1-0
m=1
e i A(-1,-2); B(2,0)
i m=0"C2
2-(=1)
m=2
3

f i AQ2,4);B(41)
1—

'S

3

W~
&)

m=_3
2

Exercise 3B
1 a

<

—_ O o O

|
(&
|
I~
1
w
|
o
1
=

a B W N =

plot the given point and then using that the gradient is

— st - q . .
m = Y=%*P find more points lying on the line.
x — step

<

b

N W A O
/

il
| —T

I
o1
|
I~
1
(8]
!
L}
1
=

e L
/

Worked solutions: Chapter 3




c N
10
8
6 /
4
) /
108 6 -4 29 2/4 6 8 10
/e
ol/
Q
2 a i m=E
3.2
m=2

ii gradient of AC = 4’7—_5

gradient of AB =2
gradient of AC = gradient of AB
Therefore

(3]

ii gradient of AC = ;%2
gradient of AB =4

Therefore

1—2:4
2-0
t=10
c i m=""20
1-0

m=-5

[e]

ii gradient of AC = %
gradient of AB = -5

Therefore

-1

s=(
4-0

it gradient of AC =
gradient of AB =1
Therefore
s=(D —q
4-0

i gradient of AC= " "5

gradient of AB =-3
r—1

45
r=-2
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Therefore
5

a+1

b equating answer to a to the gradient

- 5
a+1
a+1=2
4
g=1
4

3

c using your answers to a and b.
=6 _05
-5
t=3.5
Exercise 3C

1 a m=——

(-2
<

=

N B ® 0 O
—

[t

|
o

|
{o¢)

|
o

!
I~

!
o

o
—
==
o
o0
—
o

>

=
o o b

(2}
<

Ly Ly

—

O B~ O © D
—~

~
~—|

OX

1
S
|
o0
|
(o))
1
=
1
N
= s
.
o~
.

=

—
(©

[em s

=

Worked solutions: Chapter 3




N

if the y-coordinates are the same then the line is
parallel to the x-axis and if the x-coordinates are the
same the line is parallel to the y-axis.

parallel to the x-axis.
parallel to the y-axis.
neither.

Any horizontal line is parallel to the x...-axis.
Any vertical line is parallel to the y...-axis.
Any horizontal line has gradient equal to...
Zero...

0O oY 0606 O 9

4 If the line is parallel to the x-axis then
y-coordinate of any point on that line will be
always the same.
a=3.

Both (5; 3) and(8, a) lie on the same line parallel
to the x-axis therefore they have the same
y-coordinate.

5 If the line is parallel to the y-axis then
x-coordinate of any point on that line will be
always the same.
m=-5
Both (m, 24) and (-5; 2) lie on the same line
parallel to the y-axis therefore they have the same
x-coordinate.

Exercise 3D

1 negative reciprocals are numbers that multiplied

together give -1

2 and —% are negative reciprocals.

—% and % are negative reciprocals.

Qa o o

—1 and 1 are negative reciprocals.

2 perpendicular lines have gradients that are negative

reciprocals

b % and %3 are gradients of perpendicular lines.

1 and -1 are gradients of perpendicular lines.

3 a Letm, be the gradient of a perpendicular line
to AB.
-3m, =-1
_1
m 173
b Letm, be the gradient of a perpendicular line
to AB.

2 _
3=l
m, = —% or-1.5

¢ Letm be the gradient of a perpendicular line

to AB.
_l m =-—1
4 1L

m =4
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d Letm be the gradient of a perpendicular line

to AB.

Im =-1

m, =-1

Let m, be the gradient of a perpendicular line
to AB.

=lm =-1
m =1
m = 16
1-(-2)
7

Let m, be the gradient of a perpendicular line
to AB.

m, X —% =-1
3
ml= 7
_ —2-10
T 0-5
12

~s
Let m be the gradient of a perpendicular line
to AB.

12 _
mLX?——l
__5
m="1
i -3
w1
1] -
3
iii N
5
\lg
3
).
)\ —
EA = A
543210\ 1 : 45X
— NA
3
4
A
i 1
2
i -2
ifi Y
5
4
2
1
5 45 p 10 y 4 5 X
1A
2
3
4
5

Worked solutions: Chapter 3




4
c i 3
i -
4
ifi Y
5
4
3
2
53440 4 5%
1A
2
3
4
[~
a-3
m:
6 a 2.0
m =293
-2
b m=-1
2

c¢ Use answers to a and b to set an equation

where the unknown is a.
1 a-3

2 2

3
I
|

o
i
|
7] IS

(2]
S
Il
v sl
(=]
‘N

B
I
-
|
w
I
-
|
w

)
1

—_

w

~
RS

w

~
T
—_ W
Sl
—_
w

Exercise 3E

1l a y=mx+c

y=3x+c
4=3x1+c¢
c=1
y=3x+1
b y=mx+c
y:§x+c
8=§><4+c
C:é
3
_5 4
yE3x4y
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y=mx+c

y=-2x+c
0=-2x-3+c¢
=-6

y==2x—26

i m=2

ii The point of intersection with the y-axis
has the form (0, y)

y=2x0+1
y=1
Therefore the point is (0, 1)
iii The point of intersection with the x-axis
has the form (x, 0)
y=2x+1

0=2x+1
-1

2

Therefore the point is (—% 0]

i m=-3
ii y=-3x0+2

y=2

Therefore the point is (0, 2)
ili y=-3x+2

0=-3x+2

x:g

3

Therefore the point is (% 0)

i m=-1
ii y=—0+3

y=3

Therefore the point is (0, 3)
i y=—x+3

0=-x+3

x=3

Therefore the point is (3, 0)
i m=-2

5

il y:_?zx -1

y=%x0—l

y=-1

Therefore the point is (0,—-1)
ﬁiO:%x—l

Therefore the point is (—% 0)

Worked solutions: Chapter 3




Expand the numerator and write the whole
expression as a sum.
_3(x-6)
Y=
_3x-18
2

y:%x_g or y=1.5x-9
m=1.5
the y-intercept is ¢, ¢ = -9

The point of intersection with the x-axis has
the form (x, 0)

0=1.5x-9
x:i

1.5
x=6

Therefore the point is (6, 0)

Using the gradient formula m=1-C%

1-2

m=-5
y==5x+c¢
—4=-5x2+¢c
c=6
y==5x+6
=53

2-1
m=2
y=mx+c
y=2x+c substitute the gradient into the
equation
3=2 x 1 + ¢ substitute P or Q in the equation
to find ¢
c=1
y=2x+1
m, X 2=-1

m, ="Lor-0.5
2

y=mx+c
y=—0.5x +¢
2=-05x0+¢
c=2
y=—0.5x + 2
_1

3
y=mx+c
1=-1x5+c

3
C:§

3

_ 1 8
yE=oF Ty
At the x-axis the point has y = 0.
_ 1 8
Y=3E Ty
0=-1x4+8

3 3
x=8
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yl
4
3
o)
1
1
43 271101 2 4 X
ko)
3
4
y=mx+c
y=mx+1
m:l
1
y=1lx+1
yl
4
3
2
1
1 »
432 10" 4 X
ko)
3
4
y=mx+c
y=mx+1

m= —% therefore m=—1

y=—lx +1
y
4
3
2
1
4 31p0| 1 2 3 4X
2
2
3
4
y=mx + ¢
y=mx—1
m=_L
2
1
=—-x-1
Y=
y\
4
3
2
1
a0 2.3 4%
R 2
2
1
4
y=mx + ¢
y=mx—2

m =% therefore m=2

y=2x—12

Worked solutions: Chapter 3




e two points from the graph (-1, 0) and (2, -1)

-1-0
2-(-1

Using the formula m =
1

m=—-
3

Or using the graph

<

A

=N W B

B 0N

=——x+c
V=73

oz_é X (=1)+c¢

C:_l
3

1,1
Y=3% 73
two points from the graph (2, 1) and (-3, -3)
_ -3-1
T 3-2
m=2
5
Or using the graph

A

1
~
|
(3]
|
N
B N \Ko =N W B -
o~
>

Exercise 3F

1 a
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Let (x, y) be a point on this line. Substituting
in the gradient formula (x, y) and (5, 0).

m=22"N
X, =%

—4=2"0
x=5

~4(x=5)=y
—4x+20=y

—4x —y+20=0 or any multiple of this
equation with a, b, d, € Z.

b

WORKED SOLUTIONS

Let (x, y) be a point on this line. Substituting
in the gradient formula (x, y) and (2, 3)

m=22"N

X, — %
1_y-3
2 x-2

1(x—-2)=2(y-3)
x—2=2y—6

x—2y+4=0or any multiple of this equation
with q, b, d, € 7.
m=3-C2)

-1-3

5

m=——
4

Let (x, y) be a point on this line.

Substituting in the gradient formula (x, y)
and (3, —2)

_S_y=(=2)
4 x=3

=5(x=3)=4(y+2)

—S5x+15=4y+8

5x+4y—7=0 or any multiple of this equation
with a, b, d, € 7.

A(0, 5) and B(-5, 0).

e 0-5
-5-0

m=1

=20
x—(=5)

x+5=y

x—y+5=0 or any multiple of this equation
with a, b, d, € Z.

2 Make y the subject of the formula.
a Make y the subject of the formula. 3x+y=0

y=-3x
x+y+1=0
y=—x-1
2x+y-1=0
y=—2x+1
2x-4y=0

y :%x or y=0.5x

6x+3y—-9=0
_ —6x+9
3
_—6x 9
=3
y=—2x+3

Worked solutions: Chapter 3




3 a Make y the subject of the formula.
3x—6y+6=0
_3x+6
6

3x

_ 6
_7+7
6 6

y
y=%x+lory:0.5x+1

b At the x-intercept the y-coordinate is 0.
y= %x +1

0=L1x+1
2

x==2
¢ The y-interceptisc. y =1

4 a Point A(3,0)
y=2x-6
y=2%x3-6
y=0
When x = 3, y=0 therefore the point A lies on
this line.
Point B(0, 3)
y=2x—6
y=2%x0-6
y==6
When x = 0 the value of y is not 3 therefore
the point B does not lie on this line.

Point C(1,-4)

y=2x-6

y=2x1-6

y=—4

When x =1, y=—4 therefore the point C lies
on this line.

Point D(4, 2)

y=2x-6

y=2x4-6

y=2

When x =4, y =2 therefore the point D lies on
this line.

Point E(10,12)

y=2x-6

y=2x10-6

y=14

When x =10, the value of y is not 12 therefore
the point E does not lie on this line.

Point F(5, 4)

y=2x-6

y=2X5-6

y=4

When x =5, y=4 therefore the point F lies on
this line.
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y=2x-6
7=2a-6

azg ora=6.5

y=2x—6

t=2x7-6

t=8

Point A(1, 4)

—6x+2y-2=0
—6x1+2x4-2=0

0=0

Therefore point A lies on this line.
Point B(0, 1)

—6x+2y-2=0

-6 x0+2x1-2=0

0=0

Therefore point B lies on this line.
Point C(1, 0)

—6x+2y-2=0
—6x1+2x0-2=0

—8=0 which is not true therefore point C does
not lie on this line.

Point D(2, 6)
—6x+2y-2=0
—-6x2+2x6-2=0

—2=0 which is not true therefore point D
does not lie on this line.

Point E(—%,O]

—6x+2y-2=0

—6 X (—%J +2x0-2=0

0=0

Therefore point E lies on this line.
—6x+2y-2=0

—6a+2 x3-2=0

=2
3

—6x+2y-2=0
-6 x10+2t-2=0
t=31

a

Worked solutions: Chapter 3




6 There several ways to solve this question. One
of them is to choose one line and see which of
the conditions described in the second column
verifies.

A: 6x-3y+15=0

We write the equation in the form y=mx+c
6x—3y+15=0

3y =6x+15

:6x+15
3

y=2x+5

The gradient is 2 and the y-intercept is 5 therefore
it matches with H.

B: y=2x-5

The gradient is 2 therefore it is not F and the
y-intercept is —5 therefore it is not E. It is G.
C:10x+5y+25=0

“The x-intercept is 2.5” means that the line passes
through the point (2.5, 0). Substitute (2.5, 0) in
the given equation.

10x2.5+5x0+25=0

50 #0 therefore (2.5,0) does not lie on this line.
Therefore it is not E and so it is F.

D: y=-2x+5

It is E. The y-intercept is 5 and when x is 2.5 the
value of yis 0.

make y the subject of the formula.

7 a 2x-y+6=0

y=2x+6

The gradient of L, is 2.

b The y-intercept of L, is 6.

c substitute into the equation
1.5=2c+6
c=-2.25

d r=2x5+6
r=11

e parallel lines have equal gradients so the
gradient of L, is 2.

if it passes through C(0, 4) then the y-intercept is 4.

f y=2x+4
8 a m =A§:£
-1-1
m=-2
y==-2x+c¢
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WORKED SOLUTIONS

Using the point A(1,2)

2=-2x1+c
c=4
y=-2x+4

Points are collinear if they lie on the same
line. Putting the coordinates of C in the
equation of the line gives y = -2 x 10+ 4
y=-16

Therefore C lies on this line and A, B and C
are collinear.

Exercise 3G

1 i

2 a

Vertical lines have equations of the

form x=k x=3
Horizontal lines have equations of the
form y==F y=1

use your GDC. In the graph mode input both
equations and find the intersection point.

Grarh Func &Y=

Y1B3A-6 [—]
Y28-X+2 [—]
'..rE 5¢ |:E 15
Y5 [—1]

DREALY

S OEL JTYPELSTYLNGMEN

P ——

Y1=3¥-6
Y2=-5+2

IZECT

n=g ¥=0

The intersection point is (2, 0).
Method 1: write down both equations in the

form y=mx+c and then use the GDC as
shown in a.

—x+5y:O:>y=§
and
éx+y—2=0 =y =—éx +2

EFaPh Func :y=
BX+5 [—]
?25 1.5%5+2 [—=]
'.'55 f—
t ]

ISEL [DEL JTYPEJSTYL X HENY T

l

Worked solutions: Chapter 3




WORKED SOLUTIONS

P
Y1=K+5
Y2=-1,0K+2 3 t
——— )
:
R — Elﬁ B E r==T: ![
E b =1 [—1]
3 ISECT Ve [—1
LH=5 ¥=1 | [SEC i [oRat
The intersection point is (5, 1). =
Method 2: solve the simultaneous equations in ""131 225-3
. Y2=-X+3
the equations mode.
-x+5y=0
1 _ 1 —
gx+y—2—0 :>gx+y—2 ISECT
The intersection point is (5, 1) o =
o +h$r1"r'=|:|: The intersection point is (4,—-1)
C . . . .
é[ = . = Method 2: solvg the simultaneous equations in
0.2 i -;J the GDC equations mode.
2 —x+2y+6=0=> —x+2y=-6
T DEL AR E T x+y-3=0=>x+y=3
[ AtbnY=C
ani+bn¥Y=Cn i
] -EI] 2
f[ ]
5 [5oLU [EW [CLR [EoIT
l [REFT
¢ The intersection point is (7, 3). an’+bnY=Cn

GDC. ﬁ[-ll.'l]

y=15x+4andy=1

REFT

The intersection point is (4, —1)
f Thelines are x=0and y=4

The intersection point is (0, 4)

3 Write the equations in the form y=mx+c¢ and

= compare the gradients.

$éf%-5:’<+4 L:-5x+y+1=0= y=5x-1

_n/-"" and
b S L:10x-2y+4=0= y="2"2 = y=5x+2

i - ISECT Gradient of L, = gradient of L, = 5
L B ) Therefore both lines are parallel.
The intersection point is (-2, 1) 4 a y=3(x-5)=y=3x-15

e Method 1: write down both equations in the and
form y=mx +c and then use the GDC x—%y+6=0 = %y=x+6 = y=3x+18
— _x-6 _1

—x+2y+6=0=y="r=y=_x-3 Both gradients are equal and they have
and different y-intercept therefore these lines do
x+y-3=0=> y=—x+3 not meet at any point.
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g=—1=> yHl=—1(x-2) = y=—x+1
and
y=—=x+1

They are the same line (same gradient and
same y-intercept) therefore they meet at an
infinite number of points.

y=4x-8

and

dx-2y=0=>y=2x

They have different gradients (4 and 2) and

different y-intercepts ( —8 and 0) therefore they

meet at only one point.
x—-y+3=0=y=x+3
and

3x-3y+9=0= y=2"
They are the same line (same gradient and
same y-intercept) therefore they meet at an
infinite number of points.

=>y=x+3

Point A lies on both lines.

y=5x+¢c

A(1,0) lies on L,

0=5x%x1+¢

c=-5

y=5x-5

Gradient of L, = —é
:—%x+c

A(1,0) lieson L,

0=-Lx1+c
5

c=1
5

X+

| =

1
r=7s

Exercise 3H

1

WORKED SOLUTIONS

AC .

cosd = £=;sind = E; tans = 2€
AB AB AC

COoSO = @; sing =

IR, tand = IR

PQ PQ’ OR
¢ cosé =EL:sins = £P: tans = £2
DF DF EF
3 (ﬁnd first the missing side. W
hyp® = 5% + 42
hyp = 41
i sina=%
hyp
. 4
sina = —
Va1
i cosa = ad
hyp
5
cosa = —
Ja1
i tana =22
adj
tana = 2
5
6> + opp? = &
0pp2 =8 — 6
opp =28
i sinag=%2
hyp
sina = V28
8
i cosa =9
hyp
cosa =3
8
i tanag =22
adj
tana = @

Triangle Hypotenuse | Side opposite < | Side adjacent to =<
XZ YZ XY
CB AB AC
C
RQ PR PQ
Q
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c 102 + adp® = 142
adj> = 14? - 10°

adj = /96
i sing =%
hyp
sing = 10
14
ii cosa = adj
hyp
cosa = N
14
ili tanog =22
adj
— 10
tana = 756
. o o
4 a s1n,8—E b cosﬁ—g
_ X _ 7
c tanf o d tanﬂ—;
e sin,BzE f cos,6’:i
X X
Exercise 3l
1 tan46° =§
h=3.11(3s.f)
2 cos205° =29
b
6
cos20.5°
x=6.41(2d.p)
o_ m
3 tan26° = o
m=4.88 (2d.p)
4 sin402°=2
y
9
Y = Gna02e

y=13.94 (2 d.p)
5 sinl5° = @

100
sin15°

t=386.37 (2 d.p)
6 tan30° =22

N

s = 50
tan 30°

s=86.60 (2 d.p)

Exercise 3J
1 a P

21°
15¢cm
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WORKED SOLUTIONS

Sum of the interior angles of a triangle is 180°.
Q +90° + 21° = 180°
0=69°
tan21° = &
PR
tan21° = &
15

QR =5.76 cm (3 s.f.)
U

a
55° 35¢cm
T S
S +90° + 55° = 180°
S =35°
cos55° = U
35

TU=20.1cm (3s.f)

a <.

[;\\\\\\\\\IEET\\\\\‘
\ 30cm w

b Z +90°+15°=180°

Z =175°
¢ tanl5°="%
30
VZ =8.04 cm (3 s.f)
a L
58cm
|
N M

b M +90° + 33° = 180°
M =57°
€ cos33°=2%
LM

LM = 58

cos33°

LM =69.2 cm (3 s.f)
a BCD is right-angled triangle.
tan30° = £
12
BC=6.93cm (3s.f)
b Perimeter of the rectangle ABCD = 2DC + 2BC

Perimeter of the rectangle
ABCD = 2x12 + 2x6.9282.....

Perimeter of the rectangle
ABCD = 37.9 cm (3 s.f.)




c Area of the rectangle ABCD = DC X BC

Area of the rectangle ABCD = 12 x 6.9282....

Area of the rectangle ABCD = 83.1 cm? (3 s.f))
6 tan46° = g

h=725m(3s.f)
7 a

m

u N\

y

b sin50° = %
x=5.63m(3sf)

¢ cos50° = %

y=4.50m (3 s.f.)
Exercise 3K

1 a sin'(0.6) means the angle with a sine of 0.6

b tan’ G) means the angle with a tangent of 1
2

c cos’ (;J means the angle with a cosine of %

2 (use your GDC. W

a sin(0.6) = 36.9°
b tan"(%)=26.6°

(2]

cos™ (g) =48.2°

3 a sina=02
a =sin"0.2
a=11.5°

2

b cosa = 3

o = cos*l(gj
a = 48.2°

c tana =1

a =tan'l
a = 45°
4 a tand = %
A=tan’1(ﬂ]
7
A =53.6°
C =180 -90 - 53.61....
C =36.4°

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

WORKED SOLUTIONS

cosR = ¢
8
R = cos*‘(é)
8
R =41.4°
C =180 — 90 — 41.4096...
C =48.6°
cosM =10
12.5
M = cos*‘(ﬂj
12.5
M = 36.9°
C =180 — 90 — 36.869...
C =53.1°
sinZ = 130
200
Z = s1n"(@)
200
Z = 48.6°
Y =180 — 90 — 48.5903...
Y =41.4°
tanJ = 12
2.6
J =tan’! EJ
2.6
J =70.1°
I =180 —-90 - 70.144...
I =19.9°
cosF =33
8
F = cos™ 35)
F =64.1°
E =180 — 90 — 64.0555...
E =25.9°
o
42c¢m
D 54cm B
tanC = 24
42
C= tan*‘(ﬁ)
42
C =52.1°

Worked solutions: Chapter 3




WORKED SOLUTIONS

6 a ¢ 11 a N
5
B
4
82m 3
2
1
L] 1R kO A E X
G 56m F 65 -4 -8-D -1y y 1
ko)
b cosF =2 3
82 )
F = cos*(&) 5
82
F =46.9° b N
7 a H R B
4
25m 3
2
1
) 18m | Al 1,
b sing - 18 5 -4-3-0-10 y 4 5%
sinH =2
25 5
H =sin(18 3
25 4
[~
H =46.1°
. . . c y\
8 BCD is a right-angled triangle. &1p
4
tan BDC = > 3
10 2 4
5 ! e
BDC = tan” [7) Al ], x
10 5-4-3-2-10 1 2 34 5% 3
2
BDC = 26.6°(3 s.f) 3
4
9 5
13cm X 4
tanx = =
3
20cm
ﬂ x = tan™ [é)
3
20cm x =53.1°
12 a N
13cm -
4 B
2
tanx = 20
13 2
1
x = tan™ 20 A
13 0 >
5 -4 -8-D -1y 2 4 5 X
x =57.0° (3s.f) 5
10 3
4
X 5
8m b N
[~
4 B
2
3m 2
siny =3 A >
8 5-4-30/10 1234 5%
x = sin™ (é) 2
8 3
x =22.0°(3s.f) 4
1=~
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c Y
5
4148
3
2 4
—>
A
-5-4-3-2/10 45X 2
2
3
4
5
tanx = 4
X = tan"(éJ
2
x = 63.4°

Exercise 3L

1 a ¢

The height of triangle ABC bisects AB (and is perpendicular
to AB).

b

Let x be half of AB.
c0s65° =§

x=2.958...cm
AB = 2Xx

AB =2 x2.958...
AB =592 cm

¢ Perimeter of ABC= AB + BC + CA
Perimeter of ABC = AB + 2 x BC

Perimeter of ABC=5.92+2x7
Perimeter of ABC = 19.9 cm = 20 cm correct
to the nearest cm.

2 C
6cm
8/4:\ D|7cm
—» B 0
3.5¢cm
A A
12cm
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WORKED SOLUTIONS

ABC is the requested angle. We first find ABO
which is half of ABC.
tan 4BO=>> 4BO=tan" (?)
ABO=30.25...
ABC =2xABO
ABC =2x%30.25...
ABC =60.5°
3 a

120°

<« >
7cm

draw the shorter diagonal and remember that the two
diagonals of the rhombus bisect each other at right-angles.

2x =4.04 cm (3s.f)

(drop a perpendicular to DC from B. W

4 a DE=112
2

D=70.5°(3s.f.)
Drop a perpendicular from Q to SR. Let T be
the point of where the perpendicular and SR
meet. Apply Pythagoras in QTR.
3+Q7T*=5
QT*=5-3
QT*=16
SP=QT=4cm
b Areaof PQRS = g(low)
Area of PQRS = 34 cm?
¢ CcosSRQ= %

SRQ= cos(% Jﬁl

sine or tangent
can also be used.

SRQ=53.1° (3 s.f)

Worked solutions: Chapter 3




400m

600m

400m

600m

sinx =400

600

x=sin" @j
600

x=41.8°

N
[}
<

()
>

=N W B

|
I~
|
w
!
N
|
=

B 0N =o

[p]

(-p
<

4
3
De2 A
1
43240 13 4 x
2
3
Ced B
ii (3,4
c i AB=6
ii BC=4
d N
4
3
pe2 A
1

ral
19

Let x be the required angle.

R
D

tanx =6
4
x=tan™ (QJ
4

x=56.3° (3 s.f))

Exercise 3M
1 13

25m
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WORKED SOLUTIONS

tanx—g
63
81m
x=tan" (ﬂ)
63
63m
x=52.1°(3s.f)
tan14°=_"_
500

" h=125m (3 5.f)

Put all the measurements in the same unit.

145m

1.2km
1.2km = 1200 m

x=6.89° (3 s.f)

A

<

Let y be the height of the tree. The y=x+1.5

tan45°=>2
20
x=20m
y=20+1.5
y=21.5m
tan62.4° :%
_ 617
61.7m tan 62.4°
x=32.3m
62.4°
X
a
x=12°
As both x and 12° angles are alternate interior
angles.

b The vertical distance is the length of the side
opposite angle x (found in a).
Let y be the required distance.

tan12°=2
2

y=0.4251... km
y = 425 m (nearest metre)




Exercise 3N
1 Substitute into the sine rule formula.

sin67  sin28

— 7sin67
sin28°

y=13.7km (3 s.f.)

b,
800

y

10cm

V 20°

R

r 10
sin20°  sinQ

Q=180°-20°-80°

Q=80°

ro_ 10
sin20°  sin80°

_ 10sin 20’
sin 80°

r=3.47 cm (3 s.f)

c 7.5

sin51°  sin32’
c— 7.§sin51°
sin32°
c=11.0 km (3 s.£)

B46°
C

BC 12
sin30"  sin46’

C= 12‘sm 3?
sin 46

BC=8.34 cm
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WORKED SOLUTIONS

BC 10

sinl5  sinC

C=180°-63°-15°

C=102°
BC 10
sinl5"  sin102°
:105in15°
sin102°
BC=2.65cm(3s.f)
P
T25°
15km
/)
Q R
QR _ 15
sin25"  sin60°
15sin 25’
R =2°e)
Q sin 60°

QR=7.32km (3 s.f)

Substitute into the sine rule formula.

a C
/>
10
A 15m B

15 10
sin67 sinB
sinB= 10sin 67

15

B=sin" 10sin67
15

B=37.9°(3s.f)

13cm
Q
15¢cm
R

15 13
sin100" sinR

13sin100°
15

R:Sinl(msmloo“)
15

R=58.6°(3s.f)

sinR=

Worked solutions: Chapter 3




10km
L
5km
Z
10 5

sin112° - sinY

sinY = 5sin112
10
Y =sin-' 5sin112’
10

Y =27.6°(3 s.f)

6 B 67m A
85°
98m
C
98 67

sin85 sinC
67sin85
98

C =sin- 67sin85
98

C=42.9°(3s.f)

Q 5¢cm
6,
R
6.5 _ 5
sin70°  sinR
5sin70°
6.5

sinC =

p

sinR=

R=sin" 5s5in70’
6.5

R=46.3° (3s.f)

8 a BCX=180°-30°
BCX =150°

b using triangle CBX

CB 10
sinl0"  sin CBX
CBX =180°-150°-10°
CBX =20°

CB 10
sin10° ~ sin20°

_ 10sin10°
sin 20°
CB=5.08 m (3 s.f.)
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WORKED SOLUTIONS

using triangle ABC sin30°= %

sin30°=_48
5.0771...

AB=2.54 m (3 s.f)

Exercise 30

1 Using cosine rule formula

12km_~" g6 50\ 7km

X z

Y =122 +7* =2 x 12 x 7 x c0s86.5°
y*=182.74...

y=13.5km (3 s.f.)

p Q

10cm p

‘07
= g

pP=6+10"-2x6x10xcos70°
p*=94.957...
=974 cm (3s.f)

5m

AN

8.7m B

=
3
(]
foad

c?=8.7"+6.5-2x8.7x6.5xcos51°

¢ =46.7638...
c=6.84 m (3 s.f)

2 In these cases we are looking for angles.

C

8m
A 10m B

8’ +15°-10°
2x8x15

cosx=0.7875
x:cos*1(0.7875)

x=38.0°(3 s.f))

Q cos y—=17:2"+12.6* 153’
Y T xiax126

cosy=0.50874...
y=cos"(0.50874...)
y=59.4°(3s.f)

COosx =

17.2cm
12.6cm

X

15.3cm R

Worked solutions: Chapter 3




c Y

100 km
z
123km
a 112km

X

2 2 2
COSGZHZ +123°-100
2x112x123

cosa=0.6414...
a=cos*‘(0.6414...)
a=50.1°(3 s.f)

3 B 120m C

110°
115m

A

AC* =120 +115-2x120x115x cos110°

AC*=37064.755...
AC=193m (3 s.f)

PQ?*=6.9"+8.7*—2x6.9%x8.7xcos53°
PQ?=51.046...
PQ=7.14cm (3s.f)

X
8m / N 12m
Y 10m z

8 +122-10°
2x8x12

cos X =0.5625
X=cos*‘(0.5625)

X=558°(3s.f)
6 a Y

cos X =

25km
30km

18km
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WORKED SOLUTIONS

2 2202
COSZ=25 +18°-30
2x25%18

cosZ =0.05444...
Z=cos*1(0.05444...)

X =86.9°(3s.f)
S

8m
A
110°

12m

J
S§J2 =12+ & -2x8x12x cos110°
8§J*=273.66....

S7=16.5m (3 s.f)

Extend the line AJ and draw a perpendicular
from S to AJ.

s
e =
X X
A —> 8m
110° 70°

12m

J
cos70° :%

x=2.74m (3 s.f.)

0= 50 )

2,22 g2
8 cosAOB=313->

2x3%3

cos AOB=—0.38888....
AOB=cos"(~0.38888....)

AOB=113°(3s.f)

9 a

b

In triangle POR,
PR>*=8.2+12.3-2x%x8.2x12.3x cos100°
PR*=253.558...
PR=159m(3s.f)
you can apply either sine rule or cosine rule.
15.9235.. 82

sin100°  sin PRQ

sinPRQ — 8.2sin100
15.9235...

sin PRO=0.50713...
PRQ=sin"(0.50713...)
PRQ=30.5°(3s.£)

Worked solutions: Chapter 3




[

QPR= 180° — 100°— 30.5°
QPR=49.5

RPM= 90° — 49.5°
RPM= 40.5

sin RPM =13+
PR

sin40.5°=_’8+"
15.9235...

10.34...=7.8+ &
h=2.54m(3s.f)

Exercise 3P

1 Use the area of a triangle formula.

a A= x12x7xsin82°
A=41.6 km* (3 s.f.)
b A=x81.7x60.5xsin50°
A=1890 m* (3 s.f.)
2 a ABC s an isosceles triangle
B=180°-2x40°
B=100°
b A= x10x10xsin100°
A=49.2 c;y?
3 a C=180°-2x50°
C=80°
b A:%x3x3xsin80
A=4.43 m’
4 Find first the size of one angle.
COSX:202+162—82
2x20x16
cos X =0.925

X=cos*1(0.925)

X=22331..°
A =%><20><16><sin22.3316...°

A4=60.8 km? (3 s.f)
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10 _ 5
sin100°  sinY

5sin100°
10

sinY =0.4924...

Y =sin"(0.4924...

Y =29.498...°
Z=180°-100°-29.4987...
Z=50.5°(35.£)

sinY =

WORKED SOLUTIONS

A= %x 50 x 100 x sin50.5012...°

A =1930m? (nearest 10 m?)

B .
4:%><x><x><s1n30°

307 4=%><x2><0.5
X X
4 =0.25 X x? or equivalent
A c
4=0.25xx?
x*=16
x=4 cm

ABD is a right-angled triangle.
DB*=5"+6’

DB=+/61cm or 7.81 cm ( 3 s.f)
in triangle BCD

300
J61  DC

sin30"  sin70°
D

5cm‘ 70° DC=7J§;;%7O
A 6em B DC=14.7cm (3 s.f.)
from parts a and b.
BDC = 80°
A:%x J61 x14.678..x sin80°

A=56.5cm? (3s.f)

Area of ABCD = Area of ABD +
Area of BCD

Area of ABCD = %x 6 x5 + 56.450...
Area of ABCD =71.5 cm? ( 3 s.f)

Review exercise

Paper 1 style questions
1 a A(1,3)and B(5,1)

m:g

—_

m=-1
2

parallel lines have the same gradient. y = —%x +c

L,passes through (0,4)

y= —%x + 4 or equivalent forms.

(use the gradient formula W

A(0,6) and B(6,0)
_0-6

6-0
m=-—1

Worked solutions: Chapter 3




b perpendicular lines have gradients that are
opposite and reciprocal.

m, Xxm=-1
;'}/li:_i1

m

-1
m, = —
|
m, =1

c y=lx+c¢

L, passes through O (0,0)

y=1x+0

y=x

3 a i A line meets the x-axis at the point where

y=0
y=2x+3
0=2x+3

x = —% (or-1.5)
Point is (_73, 0)

ii A line meets the y-axis at the point where

x=0
y=2x+3
y=2x0+3
y=3

Point is (0, 3)
b Use the two points found in a and draw the

line.
yl
6
5
4
348
1

A

4 3 -2/-110 4 X
2
3
4

c Y .
6 tana = >
5 1.5
4 tano =2
348 o=tan'2
o= 63.4° (3s.f)
1
A

437410 4 X
2
3
4

4 If a point lies on a line then its coordinates verify
the equation of the line.

a y=-2x+6
(a, 4) lies on L,
4=-2a+6
a=1
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WORKED SOLUTIONS

y=-2x+6
(12.5, b) lies on L,
b=-2x125+6

b=-19
use the GDC.
3x—y+1=0

y=3x+landy=-2x+6
The point is (1, 4)

450m

tan31° = 40
X

_ 450
tan31°

x=749m (3s.f)
Sum of the interior angles of a triangle is 180°.
2 X 32°+ CAB = 180°

CAB=116°
AB _ 20
sin32°  sinl16°
_ 20sin32°
" sinllé®

AB=11.8 cm (3 s.f))
A=2%20x11.791... X 5in32°
A=62.5cm?(3s.f)
AC=20-5-6

=9m
Using the cosine rule,

52 4+ 92 _ 62
cosBAC =2+t"°-9%
2x5x%x9

BAC=cos™' (0.777...)

BAC = 38.9° (3 s.f)

A:%x5x9><sin38.9
=14.1 m?

AO:OB:§:5cm

5 +5 -75
cosAOB =212 = '~
2x5x%x5

cos AOB = -0.125
AOB = cos™!(-0.125)
AOB =97.2°

A= % x 5% 5% sin97.180....°

A=12.4cm? (3s.f)
Shaded area = 75° — 12.401...
Shaded area = 66.1 cm? (3 s.f.)

Worked solutions: Chapter 3




Review exercise
Paper 2 style questions
1 a

<

I =

N B ®» 00 © N B~
[p)

B
D

>

6-4-20 2 4 6 810
b i

N

=

==

==
D

N B ®» 00 O N B

R
D

6-4-20 2 4 6 810X
it D(4,13)
c B(2,2)and C(8, 10)

= 10-2

d DC and BC are perpendicular lines.
m, Xxm = -1

4
m, X = =-1
L3
3
m ——
+ 4
e use the gradient formula —% =2 —1;
P

3(x — 8) = —4(y — 10)
3x+4y—-64=0
f i C(8,10)and D4, 13)

d=,/(4-8) +(13-10]
d=5

i B(2,2)and C(8, 10)
d=,/(8-2) +(10-2)
d=10

g€ tanDBC = >
10

DBC = tan™ (iJ
10

DBC=26.6° (3s.f)
2 a Letxbe the length of the ladder.

cos60° = %

=_2

cos 60°
x=4m
b Let y be the height of the pole.

tan60° = %

y=23.46 m (3s.f)
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WORKED SOLUTIONS

c 3.4641...-1.5=1.96 m ( 3s.f)
d The length of the ladder is still the same.

60°

C M A

New distance

Let the new distance be d
d?+ 1.9641..% = 42

d=13.48 (3s.f.)
_1.9641...
tan § = 3.4845...

p=tan (555"

B=129.4°(3s.f)

in triangle BCD, BD? = 300? + 400?
BD=500m

in triangle BCD, tan BDC = igg

BDC = tan~ (300)
400

BDC=36.87°(2d.p.)
angle ADC = 108°
ADB = 108° - 36.87°= 71.1° (3 s.f))

In triangle ADB.
AB? =500% + 1200? — 2 x 500 x 1200 % cos 71.1°

AB=1140m (3s.f)

i Perimeter = 1200 + 400 + 300 + 1141.00...
Perimeter = 3040 m ( 3 s.f))

distance

ii velocity =
ty time
3 g — 3040

time

time = 2220
3.8

time = 800 seconds

time = %mmutes = 13 minutes

(nearest minute)
split the quadrilateral in two triangles
Area ABCD = Area ADB + Area BDC
Area ABCD =

l><1200><500><sm71.1° +l><400><300

Area ABCD = 343825 m?* = 343825 X 10 km?
= 0.344 km?.

Worked solutions: Chapter 3




Answers 3
Skills check
1 a y=25x*+x-1
when x = =3, y = 18.5
b 7=3x2-1 whent=0,A=2
c d=28-5"142 whent:%,d:‘T31
2 a x*+x—-3=0 x=1.30,-2.30
b 22—t=2
2t2—r—2=0 r=-0.781,1.28
c x—2y=3
3x—5y=-2 x=-19,y=-11
3 a A(7,-2)B(-1,4) m="2"2-"°_7
-1-7 8 4
a _8+2_10_5
b A(-3,-2)B(1,8) m=32=1-3

Exercise 4A

1 a
b
2 a
b
c
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A B

Mick 7 Mrs. Urquiza

Lucy

Lidia 7 Mr. Genzer
Diana

This is a function since each student is in only

one mathematics class.
B A

Mrs. Urquiza Y Mick
Lucy
Mr. Genzer Y Lidia
Diana
This is not a function since each teachers
teaches two of the student.

4

A B

3 —>— 12

50 — 49 5
100

This is a function since each element of A is
related to one and only one element of B.

B A
12 ——— 3

This is not a function since one element of
B(16) is not related to any element of A. 1
c A
100 > 7
T — &
This is a function since each element of C is
related to one and only one element of A.

6O o 9 0

d

WORKED SOLUTIONS

Mathematical models

B WN - >
o BN W

This is not a function since one element of
A(4) is not related to any element of B.

i c

i

1
2

4

6

This is not a function since one element of
A(4) is not related to any element of C.

iii A

W

1
2
3
4

This is not a function since one element of
C(1) is not related to any element of A.

iv

o~ N
o RN EFR,O

This is a function since each element of B
is related to one and only one element of C.

vV C A
1 —>—1

o BN
B N

This is a not a function since one element
of C(6) is not related to any element of A.

y=2x b y= 5
y=yx d y=7
Function

Function

not a function since negative elements in the
first set are not related to any element in the
second set

Function

Exercise 4B

J -1
X — | 0/1 35| 6

2
y=2x -1, 0 2 7 |12

ii domain is the set of all real numbers
iii yes, since y = 0 is the image of x =0

Worked solutions: Chapter 4




X -3 /0 |2

y=x?+1 10 1 5

Ni~ialin
o~

ii domain is the set of all real numbers

iti no, since there is no solution to the

equation
0=x*+1
c 1 1
X -2/-1/0 > 3|5
1 2 11
e | B - AR

ii domain is the set of all real numbers except
x=-1

ili no, since there is no solution to the

equation
0=5

d i |y -3 0 £ 19 100
y=vx x 0 2 1 3 10

ii domain is the set of all non-negative real
numbers

ili yes, y =0 is the image of x =0

False, there is no solution to the equation
2

0==

X

true, y = x? > 0 for all values of x
true, y = x?+ 3 > 3 for all values of x
true, y = 3 when x = £2

true, y = %3 -1=-2

= O Q 0 T

false, the image of x = -1isy =4

Exercise 4C

1 a yl y=2x-4
8-
64
4
2

b i (2,0)
i (0, -4)
c A (250,490) 490 # 2 x 250 — 4 no
d B(-3,5) y=2x-3-4=-10
2 a i {(x-4<x<6! i {p-4<y<l)
i (4, 0) iv (0, -2)
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WORKED SOLUTIONS

i {xxe R} ii {y:y<8}
iii (—4,0),(0,0) iv (0,0)

i {(x-1<x<1} i {yp0<y<l1}
iii (—1,0),(1,0) iv (0,1)

i {x:x=>-1} i {y:y=4}
ili no points iv (0, 8)

i F i F iii T
i F i T iii F
i F i T iii F
i F i F iii T

b A

~6-
-8
A
8 y=3-4
64
4]
2_

Exercise 4D
1 f(x)=x(x—1)(x+3)

a f2=2(1)(B)=10
SRR
c f(=3)=-3(-490)=0
d f(=1)=-1(=2)2) = -4
- (=1, —4) lies on the graph of f
2 d() =5t —t?
a t
b d(2.5)=52.5)-2.5=6.25
c d(l)=5-1=4
d d(1)=4d4)=20-16=4 ..d(1) =d4)

3 C(n) =100 — 10n

a
b
c

Qa 06 o 9

C(2) =100 - 20 = 80
b=C(3) =100 - 30 =70
C@=0.100-10a=0 .. a=10

i v()=3 i »(3)=-3
3m+6=9 .. m=-1
r=2

v(®) <0fore>2

Worked solutions: Chapter 4




5 f()=05@3-2%

8_‘y =0.5(3-x)
6_
\;1\-
6 -4 20 2 46
4
6
_8
b (3,0
c (0,1.5)

d 05@3-x=2.,.3-=x=4.,.x=-1
6 h(x)=3x2%

a i A0)=3 i A-1)=3x2'=6
b 3x2*=24 .27*=8 .. x=-3
Exercise 4E
1 ai /[=30—2x ii w=15—-2x

b V=(30-2x)(15-2x)x

i V(3) is the volume of the box when the
squares cut from each corner have side
length 3 cm.

i 7(3)=(24)(9) 3)=643cm?

i 7(3.4) =(23.2)(8.2) 3.4 = 646.816cm?

iv No, x < 7.5 since the width of the card is
only 15cm

width =12 — x

A=x(12—x)

i A(2)is the area of the rectangle when the
length is 2cm

i A(2)=2(10) = 20cm?
d No, if x = 12 the width would be 0.
C =300+ 150n
b (C(30) =300 + 150(30) = 4800USD
c i 300+ 1507 <2300
ii 300 + 150(14) = 2400, no
iti 15072 <2000,n<13.3 13days.
4 C(x)=0.4x%+1500 I(x)=-0.6x2+ 160x
a P =I() - C(x)=—-0.6x*+ 160x —
(0.4x% + 1500) = —x% + 160x — 1500
b P(6) = -6+ 160(6) — 1500 = =576 AUD, a
loss of 576 AUD
P(40) = —40% + 160(40) — 1500 = 3300 AUD
i 1(40) = —0.6(40)* + 160(40)
= 5540

0 o 9

c i
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Assuming all books have same price, one
book costs

1(40) _ 5540 _
0 - - 136 AUD

10 or 150

Exercise 4F

1

b

50kg = 110 pounds

%

250
= 200-
150-
100-
50+

y =22

Pounds (!

T T T T 7
0" 20 40 60 80100%
Kilograms (kg)

gradient = 2.2
p(75) = 165
y=22x

px)=22x
p(125) = 275

L ox=
2.2

K(100) = 45.5

k(x) = %

K(75) = 34.1

€1 = S5$2.05

b

c
d

€50 = S$102.5

7
250
200-

£ 150

a

< 100

50

y = 2.05x

0" 20 40 60 80100 %

GBP (£)
gradient = 2.05 s(x) = 2.05x
s(80) =164 s(140) = 287

P =55 p(180) = 87.8

€1 =§1.55

b

60 GBP =93 USD

Y
140+
120+
100+
80
60
40+
20

y =1.55x

usD ($)

T T T
0" 20 40 60 80 ¥
GBP (£)
gradient = 1.55 u(x) = 1.55«x
u(300) = 465 u(184) = 285.2
P =

p(250) =161 p(7750) = 5000

Worked solutions: Chapter 4




Exercise 4G

1l a

a00}
__ 350+
& 300
o 250
2 200+
< 150
£ 100
= 504

o1 2

Ti
10°C ¢ T(x)=40x + 10
804
60

40

Length of spring (mm)

0f 2 40 60 80 100

Weight (g)
b 18mm c 20g
d 0.5mm e L(x)=0.5x+18
3 b T(x)=2x+10
c 66.7°C
4 b 20cm
c 20cm
d 350g
e L(x)=0.08x+ 20
Exercise 4H
1 a Flour=80s+ 60f
b Fat=50s + 90f
c 80s+ 60f= 820
50s + 90f= 880
s=5 f=7 5sponge cakes, 7 fruit cakes
2 8r+3c=51

100z + 30c = 570

t=3 ¢=9 3tables, 9 chairs
3 3y+5¢=59

7v+3c=170

v=6.65

c=17.81 7 vans, 8 cars

4 80p+50r=620
10p + 25¢ = 190

p:

4 t=6 4 passenger planes, 6 transport planes

5 70x + 40y = 1440

x:

2y

140y + 40y = 1440
180y = 1440

y:

8 x=16

16 volume 1, 8 volume 2

Exercise 4l

1

/
184
16
14
124
104
84
64
4

y=2x+1

WORKED SOLUTIONS

0,1)

3210

12 3%

(0,3)

(¥3,0)

o~
>V

Exercise 4)J
1 (-3,-2) x=-2
2 (5,4 «x=-5
3 4,-1) «x=4
4 (57 x=5
5 (-3,4) x=-3
Exercise 4K
1 y=x(x—-4)
a x=2 b (0,004,000 ¢ (2,-4)
2 y=x(x+06)
a x=-3 b (0,0(-6,00 ¢ (-3,-9
3 y=8x—x*=x(8-x)

a x=4

b (0,0)8,00 ¢ (4, 16)

y=3x—x?=x(3-x)

a x=2
2
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b (0,0)(3,0)

(3]

53

Worked solutions: Chapter 4




WORKED SOLUTIONS

5 y=x*-2x=x(x—2) b %
a x=1 b (0,0)(2,0) a,-1) o
6 y=x>-x=x(x—1) ymre 23 2:
a x=1 b (0,00(,0 G-Zl) 2-
7 y=x*+4x=x(x+4) 'h'h'}%:lj(}/lééx
a x=-2 b (0,0)(-4,0) (-2, —4) (1,-4) ]
8 y=x’+x=x(x+1) 2 f)=x*+8x+7=x+1)(x+7)
a x=—2 b (0,0(-1,0) (‘71—21] a i (0,7 i x=-4
9 y=(x+1)(x-3) i (—4,-9) iv (=7,0),(=1,0)
a x=1 b (-1,0)(3,0) (1, -4) v y=-9
10 y=(x—5) (x + 3) b 10]
a x=1 b (5,0)(-3,0) (1, -16) Y
11 y=(x-2)(x-6) s /2/
a x=4 b (2,0)(6,0) A, -4) o
12 y=(x+2)(x—4)
a r=1 b (-2,0)4,0) (1, -9)

) (-4,-9) -104
Exercise 4L 3 f=x*-6x—T=@x-T7)(x+1)
1 y=x"=2x+3 a i (0,7 i x=3

a x=1 b nopoints (1,2) i (3,-16) iv (-1, 0), (7, 0)
2 y=x?+4x-5=@x+5x-1) v y>-16
a x=-2 b (=50),(10) (-2, -9) b %
3 y=x2+6x+14 207
a x=-3 b (-0.764, 0), (-5.24, 0) ®
c (-3,-5) g
4 y=3x2—-6x+2 : yoR e
a x=1 b (0.423,0),(1.58,0)
c (1,-1) 4 4 [8 12%
5 y=2x*-8x-1 _L&
a x=2 b (-0.121,0),(412,00¢c (2,-9) M
6 y=2x*2+6x—7 ]
a x=-2 b (089,0),(-3.90,0) ¢ (22 157 310
7 y=05x2—x+2 4 f()=x*-3x-4=(x—-4)@x+1)
a x=1 b nopoints c (1,%) a i (0,49 ii x=%
8 y=05x"+3x—4 ii (iﬁj iv (-1, 0), 4, 0)
a x=-3 b (1.12,0),(-7.12,0) ¢ [—3,—717j : y2> :5
Exercise 4M b :1
1 f@)=x+2x-3=@+3) (-1 Py
a i (0,-3) °

i ox=-1 “

i (—1,—4) 4 2 X\% 6

iv (=3,0),(1,0) I

v y=—4 (E"T
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WORKED SOLUTIONS

5 f)=x>-3x—-10=(x—-5)(x+2) v yz—lij
a i (0,-10) ii x=2 5 ]
e (3 _49 . 2.0). (5.0 20f‘ y=3-x-4
it [3°F) v (-2,0,65,0
y yz%‘& 10

T T T 7
a4 2 N0 2 af

1 49
107612
Exercise 4N
1 y
al |
2| |
(-1,0) i (3,0l
4 2\ T2/ 4%
AN
1,-3
L T
a i (0,-3) i x=_j1 =1
e (-1 =25 H 3 0) 1.0
[ iv |, U [ (1, 2 )/
(4’ 8) (4 4.0 ! 4
> -25 t1.2),
v y_; |
: VAh NN
4 /-2 2 4
)/ 24
b 16-k 54
121 E_g_
81 y=2%+x-3 —i12-
44 x=|—1
4 2\9/ 2 a1 6~ 3 Y
-4 4-
(_1 25
278

7 f(x)=2x2+5x—3=Q2x—1)(x+3)
ai (0,-3) iox=2

4
-5 -49 = 1 —
ifi (Z,Tj v (5,0),( 3,0
—49
v yZT 4 Y Xf1.5
2_
, 1 (15,1)
b y=2¢+50-3, A (0,00, 17\_(3,0)
12- ? 2\ '
2 !
8' 1
4 -4 i
8 4\2 0/ 2 2¥ 5
-4
(_§ _@) 8
4778
8 f()=3x>—x-4=0Cx—4)(x+1)
a i (0,-4 i x=é
—49
i (%%J iv (%,0], (-1,0)
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6 y x=35
8- :
NG
4\
2,0)! (5,0)
of 24" 6 8*
Exercise 40

1 f)=x*+3x-5=g(x)x—2
a (-3,-5),(,-1
b x*+3x-5=x-2
x2+2x-3=0
x+3)x—-1D=0
x = -3 or 1 (Same as part a)
c hx)=2x-3
x2+3x—-5=2x-3
x*+x—-2=0
x+2)(x-1)=0
x=-2orl
(-2,-7),(1, -1
2 f(x)=x?+3x—5 -5<x<2
a x+y+5=0
y=-5—-x
x*+3x—-5=-5-x
x2+4x=0
x(x+4)=0
x=0o0r—-4 (0,-5)(-4,-1)
3 a f(x)=5+3x—x? gx)=1
S5+3x—x2=1
x2=3x—-4=0
x—4)x+1)=0
x=4or-1 (4,1),(-1,1)
b f(x)=5+3x—x* hx)=2x+3
5+3x—x*=2x+3
x2—-x-2=0
x=2)x+1)=0
x=2or-1 (2,7),(-1,1)
4 b f:range= {y:-3.125<y<18}
g:.range = {y: —2<y<4}
c x=-lor2
e f(x)=h)
2x2—x—3=2x+2
2x2=3x-5=0
Cx-=5x+1)=0
x=%or—l
f (-2,7),(2,3)
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5 a (2.12,1.5),(-2.12, 1.5)

S () <g)
-2.12<x<2.12
Exercise 4P
1 f(x)=ax*+bx+c
c=-1 —zia:—z - b=4a
(-2, -5) —5=4a-2b-1
dag—2b=-4
2a—b=-2
2a —4a=-2
—2a=-2
a=1 b=4

f)=x*+4x—1
gx)=ax*+bx+c
b

c=-2 ﬂ__l ob=2a
(-1, -3) -3=ag-b-2
a—-b=-1
a—2a=-1
a=1b=2

gx)=x2+2x-2
fx)=ax?>+bx+5

-b

22 = sob=—4a

a
2, 1)1=4a+2b+5
da+2b=-4
2a+b=-2
2a—4a=-2
La=1,b=-4

fx)=x*-4x+5
gx)=ax?*+bx+3
=1 s b=-2a
1,2) 2=a+b+3
at+b=-1
a—2a=-1
at+tl b=-2
gx)=x2-2x+3
fx)=ax>+bx+5

b— . [ g—
5—2 sob=—4a

2,9 9=4ag+2b+5
2a+b=2
—2a=2
a=-1b=4
f(x)=—x?+4x+5

gx)=ax?+bx+3

P=1 ~b=-2a

1, 4) 4=ag+b+3
at+tb=1
—a=1
a=-1 b=2 gx)=-x*+2x+3

Worked solutions: Chapter 4




4 f(x)=ax*+bx+2
-

2p =1 o~ b=2a
(-1,5) S5=a-b+2
a—-b=3
—a=3

a=-3 b=-6 f(x)=-3x?—-6x+2
gx)=ax?+bx—3
b =2 s b=4a

2a
(-2,5) 5=4a-2b-3
2a—b=4
—2a=4

a=-2 b=-8 gx)=-2x2-8x-3

5 f(x)=ax’+ bx

-b _ -1 . _
Z—T ..b—a
(13) 2-tafs
272 2 47 2
-2=a-2b
—2=-a

a=2 b=2 f(x)=2x2+2«
gx)=ax?+bx+3

b .o
2=0 ~b=0
(1, 2) 2=a+3

na=-1 glx)=—-x*+3

Exercise 4Q
1 a 2/+2w=170

I+w=285
[=85—-w
A=1w=w(85 — w)
A=w85—w)

For maximum area, w =42.5,/=42.5

length = 42.5m, width = 42.5m
b 2/+w+(w-15)=110

21+ 2w =125
[1=62.5—w
A=w(62.5—w)

For maximum area, w = 31.25, /= 31.25

length = 31.25m, width = 31.25m

2 p(u)=—0.032u2 + 46u — 3000

a 13531.25 riyals
b 3000 riyals

¢ 69 units
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3 HH=37t—-¢
a 270m
b 342.25m
c 37s

Exercise 4R

For all questions: y intercept is (0, 1), horizontal
asymptote is y = 0

Exercise 4S
1 f(x»=2* a (0,1) b y=0

‘yl

8_

6_

y=2

4

2_
—/ -
2 4 0 2 37

2 f0)=6" a (0,1) b y=0

)/
304

>

20+

104

\

T T T T
2 4 0 12X

4 f(x)=(l)” a (0,) b y=0

5

¥\
20

154




5 f(x)=32y+4 a (0,7 b y=4
25 ¥=32y 4
20
15-
10-
5]
320 133
6 f(x)=-24y-1 a (0,-3) b y=-1
¥\
2 1o 1 2 X
-104
-204
804y - o@p-1
7 fx=-12y+3 a (0,2 b y=3
\
—,y--1@re3
5 o\' >
2
_4
8 f(x)=43)y -2 a (0,2 b y=-2
/ = -
o} Aer-2
20-
10
FEa0 133
9 f(x)=0.52y+3 a (0,35 b y=3
‘y\
10-
3
6_
44
—/2_y=0.5(2)x+3
550 133 4
10 f(x)=2(0.5+1 a (0,3) b y=1

y\
184
15

y=2(0.5)+1
\
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>
1 2 3%

2 f(x)=-47+1

4 f(x)=32)"-2

WORKED SOLUTIONS

11 f(x) =045+ 1

7
18
15
12
9
6

a (0,2

y=04+1
—

32-19 1 2%
12 f(x)=20.1¥ -1 a (0, 1)

60+

y=2(0.1x-1

1 2 3%

Exercise 4T
1 f(x)=4(2)*+2

Y
18-
154
124

a (0,6)

y=42%+2X]
6

3-\

T T T A
3210 1 2%

a (0,0)

Y
34

T T T T
-3-2 -y 1
y=-4*+1/ ¢
-9

~124

~154

N -
< ¥

3 fx)=-22)*+3 a (0,1)

y=-202)+3
L—

T L
1 2%

a (0,1

Y\

\i
14 y=3@)x-2

Worked solutions: Chapter 4

b y=1
b y=-1
b y=2
b y=1
b y=3
b y=-2




5 f(x)=05B)*+2 a (0,25 b y=2
y\
14
6 f(x)=05"+1 a (0,2 b y=1
9
8-
6_
4-
/} y=05%+1
4 2 0 2 4%

7 f()=20.1)*—1

¥\
16+

124

a (0,1 b y=-1

y=2(0.1yx-1

8 f(x)=04"+2

)/
16+

124

a (0,3) b y=2

\

y=04*+2

>
4 2 0 2 4%

9 f()=302)+4

b/
324
284
24+
20+
16+
124

8-

—

a (0,7 b y=4

y=3(02)*+4

T T T T T T
-4-3-2-101 2
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¥

WORKED SOLUTIONS

10 f(x)=53)*-2 a (0,3) b
yl
é T I:X
Exercise 4U
1
fix)=2x+0.5

a (0,1.5)
b y=05
2 ¥(¢) = 26000 x*
a 26000 euros
b 26000 x= 22100
c v(?) = 26000 (0.85)

Sox=0.85

y=-2

v(9) =6022.04 »(10) =5118.73 .. 10 years
3 M(s) = 150(0.9)
a 160
120
< 80
a0\ M =150(0.9)"
0] 20 40 60 80 100
t
b M=0
c M(0)=18.2¢g
d M(6)=79.7 M(7)=71.7 ..7years
4 A(H) =50(1.06)
a Ay,
1604 A(t) = 50(1.06)!
120
80
40
4 0 4 8 12 16 20 ¢
b days before 1st June.
c A(14)=113m?
d A@B)=79.7 A(O)=845 .. t=8

Worked solutions: Chapter 4




5 k+tc=-5and0=2k+c¢,soc=-10 ..k
6 T()=18+602)"

a T

5

T(t) = 18 + 60(2)*

78°C
T(5)=19.875°C
T(1.4)=40.7 T(1.5)=39.2
18°C As tincreases T gets closer to 18°C
(T = 18 is an asymptote).
7 D(¥) = 18000 (0.9)

a 18000 USD

b D(5)=10628.82 USD

c D(6)=9565.94 D(7)=8609.34
8 f="

b=+ 08=2 . a=5 b=02

9 y=2"+3 AQ©,a) B(,b)
a a=2+3
b=2'+3

b y=3
10 a a=1.667 b=19

.. 1.5 minutes

" Q 060 o

- 7 years

0,6) (2,0.8)

sa=4
b=5

b flx),
16

12+
fix) =2(3)+ 1

2 0o 2 X
c range={y:y>1} (orf(x)>1)
Exercise 4V
1 a f(x)=-0.0015x*+0.056x* - 0.60x2 + 1.65x + 4

b 8.77 hours
¢ 1.80 hours, 17.4 hours

2 a 6
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b

(o4

WORKED SOLUTIONS

x—=2)+6=6
x=2)0*=0
x=2

f(x)=6

Exercise 4W

1 b

Cc

N
o a0 o o 0O o =0 a

(2]

28.9°C
50=21+"
29 = ? - x = 2.72 minutes
x=0
y=21
21°C
100

() =100 -~

90°C
100 -

100 _
L

100°C
5

100 _
0 _

30

70 .. x = 1.43 minutes

8=5 x?
X

x=20.791

El
8
x=0,y=0
f()>0

3.75

5=3+°

64

p Sox=3
x=0,y=3
range is all real numbers except 3

{y:xe R, y#3}

Exercise 4X

1 b

(o4

d

minimum value = 17.5 (when x = 1.71)
75.3 ms™!

50 = 22 +2x2

2x3—=50x+20=0
x=0.403s,4.79s
v=x(2x)y = 2x%y

— 300 _ 150
y= 2x? 22
A=2x*+xy+ xy +2xy + 2xy
A =2x%+ 6xy
A=2x>+6x (@J=2x2 +20

X X

150

6.0822°

=4.0548
length = 6.08 cm, breadth = 12.2 cm,
height = 4.05cm

For minimum area, x = 6.0822, y =

Worked solutions: Chapter 4




3 a v:%xzh

N>

_ X ’ _ 2 b ’
p=we (5] 1= ()
c A=x2+%=x2+2xl= x2+2x/h2+(%)2

d 1500==%" o p=20
X

2 2 2 2
1= (B gy g [B0S
x 4 x 4

f For minimum area, x = 14.7084, i =

4500
14.7084°

=20.8009
side length = 14.7m, height = 20.8 m

4 Let width = x, length = 2x, height = &
320 =12x + 4h
h=280-3x
viewing area = 2xh + 2xh + xh
= 5xh
A =5x(80 — 3x)
maximum viewing area = 2666.67
=2670 cm?

Exercise 4Y
1 f)=1+2x#0
a {x:xe R x#0}

b x -10 -5 -4|/-2/-1/-05 -02 0

f(x) 08 06/05 0 -1 -3 | -9

X 0.2 051 2 4 5 10
f(x) 11 5 |3/2 15|14 1.2

¢ Y
10+

8-

6

-6
-8
_10.
d x=0
e y=

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 4

WORKED SOLUTIONS

flx)=8x1+3,x#0
a {x:xeR,x#0}

x | -10 -8 -5 -4 -2 -1.0
fix) 22 2 14 1 -1 -5 0

b |x 1 24 5|8 10
f(x) 11 75 4.6 4 3.8

¢ N
104

8- _8
y=-*3
6_
4_
2_

D5 5%y 5168w

Exercise 4Z
Sketch graphs

1

a s W N

Range : y > 1.81
ye R

ye R

y=-1.25

y<0 or y=298

Exercise 4AA

2

b (0.254, 0.0646), (1.86, 3.46), (—2.11, 4.47)

a,c
yl
8- 8(x) = 3x
6_
4_
N f)=1+%
Boang 246 5)
L6,
b y=1,x=0




d 1+2=3x x=-1o0r1.33
iyeR,y#1}

(=0.366, 0.669), (0.633, 2.01)
y=0

(-2

3 3 .
b ;—x3=0 ;=x3 2 solutions
¢ 1.320r-1.32

Y y=x3-3x2+2x

6_

A4

2_
2 1 2 3%

A

A7y =3x-4

6_

-84

(-1.11, —=7.34), (1.25, —0.238), (2.86, 4.58)

y=X+x-6x

6 y=2

a x=1.450r—-3.45
b y=0

c x=0

WORKED SOLUTIONS

Exercise 4AB

1

Qa 060 o 9 = o0 a 060 o 9

=h 0

M = O A N0 T 9 T O = 0 a0 oo 0 o

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

time in hours, water consumption in litres
0700 — 2000

0700 — 1200, 1400 — 1600

1200 — 1400, 1600 — 2000

1200 (local maximum at 1600)

0700, 2000 (local minimum at 1400)

time in minutes, temperature in °C

100°C

35°C

% minute
no

approximately 22°C

t 0/5/ 10 /15 20
N 12 4 8 16

13s

2(60 +5) — 212 — 4096

45m

1.5sand 5.5s

0-3.5s

3.5s—7s

90m, 3.5s

ball returns to ground level
i 38m i 22m iii 0200 and 0600
2<t<6

twice

0400 — 0900

1600

5°C

1100 — 1600

1300 and 1930

no, the temperature at the start of the
following day is 1°C whereas it was 3°C at the
start of this day.

x’y=16 .. J’=j7?

X 05 1 /2 4 8 10
y=f(x) 64 16 4 /1/0.25 0.16

tends to zero

Worked solutions: Chapter 4
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8 a 3000cm?
b x%=3000 . y=>X
c A=x2+4xy=x2+4x(Mj
., 12000 *
A=x"+ —
d
x(m) 5 10 15 20 25 30 35
A(x) (cm?)
2400 | 1300 | 1000 | 1000|1100 | 1300 | 1600
(2sf)
e A
2000
1500 \—/
1000
500 A=+ 200
0] 5 10 15 20 25 30 35*
f x=182
Review exercise
Paper 1 style questions
1 a 0000 - 0600
b 1130-1700
c 13°C
2 c=nr+s
a 35000=6r+s
116000 = 24r + s
18 = 81000
- r=4500 SGD
b 35000 =6 x 4500 + s
s = 8000 SGD
3 a x?+5x=x(x+5)
b Y
(_5’|0)\ T T T T 2- (OIY 0)l L
-6 -5 -4 -3-2-19 1 2%
y=x%+5x 4
~6-
(-25,-625)| g
x=-251 107
4 K()=30t— 572 0<t<6
a /(4)=40m
b 45m
c fromtr=1tot=5, ... 45
9
5 a f(M=7%
2 . _ 8 _
(3,16) 1.6== .m=,.=5
b fl)=2
_1
©O,n) n= 5
—2_4
R)=5=3

Q9 Q 060 O 9

©
0 o 9 0 o

10 a

b

(o

WORKED SOLUTIONS

x2=2x—=15=(x—5)(x+ 3)

i At A, x=-3 A=(-3,0)
ii At Bx=1 B=(1,-16)
ii
i
i
iv
i A(-1.68,1.19)
ii B(2.41,-1.81)
f)<gkx) -1.68<x<241
y==2
width = 2.2 — x
A=x22-x%)
For maximum area, x = 1.1m

yl

4]

y=3x? 31
53 4%

x=0.693

Paper 2 style questions
1 n=1500(1.32)

a
b

1980, 4554
n
A
5000
4000
3000
2000 n=1500(1.32)¢

1000+

T T T 1>
% 1 234 5t

i n=1500(1.32)> = 3000
ii +=4.3366 hours
= 4 hours 20 mins

Worked solutions: Chapter 4




d

gx) = 2"

x=1%141

e {y:ye R, y#0}

3 f(x)=2(1.5++3
a a=433 b=17.5

¥\

74
1

2(15)+3

4 f()=21+770.8)
F£(0) =21 + 77 = 98°C

Q 0 o

y=21
21°C
f(8)=133.9°C
N f)=x>-x-6
8_
6_
A4
T 54 40\3/7 & 8 1ox
6
8. gx)=1-2x
(0.5, —6.25)
-2
0, 1)

e

WORKED SOLUTIONS

(2.19, —3.39),
(-3.19, 7.39)

x=2.19,-3.1

9

43219 1

y=9
(=2.73, 8.55),

SR
y=-3(2y'+9

(-0.454, 6.81), (1.53, 0.362)

P =5+ 10x - 60

x O [10| 20

30 40 50 60| 70 | 80 90

P -60 30 100 150|180|190|180 150 100 30

200
150+
100+ X
504 P——E+10x—60
0 T T T T 'X
_50- 20 40 60 80

i 190 euros

iv 60 euros

ii 50 dii 330r67

y,
84(0,7)
6_
4
(-2.65,0) 27 (2.65,0)
T T T T T T T T ’X
4 p2-1,1 12 4
_44
-6
y=x2-7

-84

(0, —7), (2.65,

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

0), (-2.65, 0)

Worked solutions: Chapter 4




WORKED SOLUTIONS

b _ -2

b x=-=—=2 x=2
2¢ -1
y=7—x2 ‘
c k=2
T T T I'X T
1 2/3 4 3.
2_
1_
0,-7) OIS
3-2-171 1 2 3 &5
c x=1265 ] 2
5 80 =5+ 2%
d c=1,234,5,6 ]
xz —xz
R S
9 a =t e fl)<gW
x*=2x=0 O<x<2

x(x—2)=0
x=0o0r2 (0,0),(2,2)

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 4




Answers
Skills check

1 a mean=3.61 standard deviation=1.21
The small standard deviation implies that the
data are close to the mean

b mean =14 standard deviation = 0.643
The mean is the middle data value (14) since
the frequencies are symmetrical about this
value. The standard deviation is very small
since most of the data values equal the mean
and the rest are close to it

2 a A
6
A
3
A
, y=r3xt4
0] X
-11 l\‘. 4
b
ﬁyk
40 4 5%
2
A
- y=[2x-l6
6
8

Exercise 5A

0 31 34 37 40 43 46 4
Height (cm)

c 0.815

b 0.16 d 200 x0.16 = 32

1
i H+30
: T T

64 68 72
Time (sec)

b 81.5% ¢ 100x0.5=50

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

WORKED SOLUTIONS

' Statistical applications

b

0 5 10 15 20 25 30 35
Time (min)

c 60x0.68=40.8or4l

16%

1 1 1l 1 1

T T T T T
0 231 239 247 255 263 271 279
Volume (ml)

c 75%x0.84=63

0.025

Exercise 5B

1

N

(-2

b
c
a
b
c
0.
a

b

f(x)

0" 60 70 80 90 100
Time (min)

0.0766

365 x 0.0766 = 27.959 or 28 days

i PIQ < 90)=0.159

i P(IQ > 120) = 0.0228

iii P(80 <IQ <110)=0.819

P(IQ > 115) = 0.0668, 2000 x 0.0668
=134

0.0668 b 0.00621

f(x),

AN

™V T T T T T
0" " 1500 2000 2500 3000 3500
Monthly income (euro)

0.0401

80 x0.0122=0.976 or 1
78.9%

0.00621

100 x 0.0304 = 3.04 or 3

c 300 x 0.927 = 278

106

86.4%
30 x0.0304=0912o0r1

Worked solutions: Chapter 5




8 mean =1.78m standard deviation = 0.02m
a 0.00621

b 3

Exercise 5C

1 p=493

h =183

k=208

w=222

3.47t0 4.99 kg

180 x 0.683 = 123
0.0685

87.7%

w =548
a=29,b=30,c=31
0.919

d=232.8

5000 x 0.6246....

= 3123 (accept 3120 to 3125)
0.000429

0.854

t= 15885

f(x),

a b W DN

Qa 0 o v 0 Qa0 T 9w

Q 060 O 9

A >
T

0" "90 100 110 120 130 140 150
Speed (km h™1)

62.5%

p =106

800 x 0.911 = 729
800 x 0.159 = 127
)

o O Q 060 O

Y

0" 9EI)7 9;)9 1OI01 1OIO3 1OI05 10I07 10I09
Mass (g)
0.0228 c 0.0668
400 x 0.0668 = 26.7 or 27
»=1006
0.466%

A baby weighing 2.34 kg (2.34 is nearer the
mean than 5.5).

300 x 0.0808 = 24.2 or 24
d w=3.16

10

c 9 0 Q O

Exercise 5D
1 a
b moderate negative linear

strong positive linear

¢ moderate positive linear

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

Q S0 = 0 QA

WORKED SOLUTIONS

weak positive linear
none

perfect negative linear
non-linear

weak negative linear

b/
50

40 <

LJ
30
20
10

0" 10 20 30 40 50"
moderate positive linear correlation

y
207
1542
10 -

5 [ ]

0 5 10 15 20"
moderate negative linear correlation

Exercise 5E

1 i
b
ii
b

2 a,c
b
d

a,c "
40
./f‘)
30 oo
i
20 P
10

0 5 10 15 20 25"
strong positive correlation
mean of x = 13, mean of y = 25.75

a,Cc )7/
40

30 2
.
20— |
10 %\

\

0 12 14 16 18 20 22%

strong negative correlation
mean of x = 16.5, mean of y = 20.2

\

b/
1300
1200
1100
1000

900 /
800

700 74
600

Weight(kg)

0 40 45 50 55
Height (m)

moderate positive correlation

mean height = 4.78 m
mean weight = 896 kg

820 kg

Worked solutions: Chapter 5




3 a,c N
100
90 7
80
70 .
60 '/:/ .
50
..

40 .

[TGS(%)

0" 30 40 50 60 70 80 90100%
Chemistry (%)

weak positive correlation

b chemistry mean = 65.3
ITGS mean = 65.1

d 52%
4 a,c A
6
N
2,0
o
- SERAN
52 \\
ml "

(=)

2 4 6 8 10
Baby held (hours)

moderate negative correlation

b mean number of hours held = 4.83
mean number of hours spent crying = 3.5

d 4.5 hours

5 a,c

Y
2000
)
1500 /]
1000 <

500 Pa

Cost($

0 30 40 50 60%
Size (inches)

moderate positive correlation

b mean screen size = 45.6 inches
mean cost =% 1100

d $1540
Exercise S5F
1 r=0.931, strong positive correlation
2 a r=0.880
b strong positive correlation
r=—0.891, strong negative correlation
r = 0.936, strong positive correlation
r=0.990, strong positive correlation
r=0.200, very weak positive correlation

r=0.985, strong positive correlation

0 N O g » W

r = 0.580, moderate positive correlation

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

WORKED SOLUTIONS

Exercise 5G

1

w
o Qa M6 o 9 606 T v 0 O

o 9 o 9 o 9 606 T 9O

(-

r=0.994, strong positive correlation
y=147x+ 116

y=1.47(1000) + 116 = 1586, £1590(3s.f)
r=0.974

y=0.483x+ 15.6

y=0.483(8) + 15.6 = 19.464, 19.5cm
X=68.6 s, =6.55 y=138
r=-0.860

strong negative correlation
y=-0.784x + 192

y=-0.784 (70) + 192 = 137.12,
137 seconds

r=10.792

y=0.193x + 1.22

y=0.193 (15) + 1.22 =4.115,4.12
y=0.0127x + 0.688

y=0.0127x (70) + 0.688 = 1.577, 1.58 AUD
y=0.751x+ 11.6

y=0.751(50) + 11.6 = 49.15, 49 situps
y=1.04x—-2.53

y=1.04(60) — 2.53 = 59.87, 59.9
y=0.279x + 2.20

y=10.279(40) + 2.20 = 13.36, 13.4 hours.

s =597
y

Exercise 5H

1 a

" Q 060 O

H,: Genre of book is independent of age
H,: Genre of book is dependent on age

T x 300 % 300 = 42.0
G-D@E-1)=4
Xialc =269

26.9 > 9.488, therefore we reject the null
hypothesis. There is enough evidence to
conclude that genre of book is dependent
on age. (p-value = 0.0000207 < 0.05)

H,: Hair color and eye color are independent
H,: Hair color and eye color are dependent.

85 90 _
ﬁxﬁx227—33.7

B-1)@-1)=4
Xialc :443

44.3 > 7.779, therefore we reject the null
hypothesis. There is enough evidence to
conclude that hair colour and eye color

are dependent.
(p-value = 0.00000000556 < 0.1)

Worked solutions: Chapter 5




H,: Favorite flavor is independent of race. 7

H,: Favorite flavor is dependent on race.

35 44 _
mxmeO—ll

@A-1)3B-1)=6
Xialc = 0675

0.675 < 12.59, therefore we do not reject the
null hypothesis. There is enough evidence to
conclude that favourite flavor is independent
of race. (p-value = 0.995 > 0.05)

H,: Film genre is independent of gender
H,: Film genre is dependent on gender

39 _ 21 _ 8
%x%xw—lo.z

Ce-1D@A-1)=3
Xgalc = 190

19.0 > 11.345, therefore we reject the null
hypothesis. There is enough evidence to

conclude that film genre is dependent on
gender. (p-value = 0.000276 < 0.01)

H,: Grade is independent of the number of
hours

H,: Grade is dependent on the number of
hours

9 _ 9 _
mxﬁx220—39.3

B-1)@B-1)=4
Xzalc = 42 1

42.1 > 9.488, therefore we reject the null
hypothesis. There is enough evidence to
conclude that grade is dependent on number
of hours spents playing computer games.
(p-value = 0.0000000159 < 0.05)

H,: Employment grade is independent of

gender 10

H,: Employment grade is dependent on
gender

Directors | Management | Teachers

Male 11.5 71.5 538.9

Female 20.5 127.5 960.1

2-DB-1)=2

Xgalc = 180

180 > 4.605, therefore we reject the null
hypothesis. There is enough evidence to

conclude that employment grade is dependent
on grade. (p-value = 8.08 X 1074 < 0.1)

o Q 060 O
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WORKED SOLUTIONS

H,: Amount of sushi sold is independent the
day of the week

H,: Amount of sushi sold is dependent on the
day of the week.

70 s 145 % 470 =524

470 470
G-1)G-1)=4
Xialc = 0840

0.840 < 9.488, therefore we do not reject the
null hypothesis. There is enough evidence
to conclude that the amount of sushi sold is
independent of the day of the week.
(p-value 0.933 > 0.05)

H,: A puppy’s weight is independent of its
parent’s weight.

H,: A puppy’s weight is dependent on its
parent’s weight

46 _ 41 _
EXEX141_13'4

BG-1)3-1)=4
Xialc = 13

13.7 > 13.277, therefore we reject the null
hypothesis. There is enough evidence to
conclude that a puppy’s weight is dependent
on its parent’s weight.

H,: Music preference is independent of age

H,: Music preference is dependent on age

137 101 _
—><4—19><419—33.0

419
B-1)@A-1=6
Xialc = 31 5

31.5 > 12.59, therefore we reject the null
hypothesis. There is enough evidence to

conclude that music preference is dependent
on age. (p-value = 0.0000204 < 0.05)

H,: Age at which a baby is potty trained is
independent of gender.

H,: Age at which a baby is potty trained is
dependent on gender.

140 69 _
129 % o5 % 300 = 32.2

2-1)3B-1)=2
Keae =51.6

51.6 > 4.605, therefore we reject the null
hypothesis. There is enough evidence to
conclude that the age at which a baby in
potty trained is dependent on gender.
(p=6.23%x10"12<0.1).

Worked solutions: Chapter 5




11 a H Grade is independent of gender

H,: Grade in dependent on gender

b 56o0r7 (3o0r4 |l1or2
Male 25.2 66.6 15.1
Female 24.8 65.4 14.9

c 2-1)@-1)=2
d % =0.467

e 0.467 <5.991, therefore we do not reject the
null hypothesis. There is enough evidence to
conclude that grade is independent of gender.
(p=0.792 > 0.05)

Review exercise
Paper 1 style questions

1 a fx
Volume (ml)
b 0.0548 c 100 x 0.0548 = 5.48, 5 cans
2 a 322%
b 6000 x 0.00982 = 58.9, 59 people
3 a 93.3% b p=1.01

a strong positive correlation

b no correlation

¢ moderate negative correlation
5

30

28

26

24

22
20

0 2 4 6 8101214 16%

a strong positive correlation

b x=11 c y=25

d 23
6 a r=0.980, strong positive correlation

b y=0.801x—774

c y=0.801(170)— 77.4 =58.77, 58.8 cm
7 a r=0.810, strong positive correlation

b y=0215x+14.3
y=10.215x (40) +14.3 = 22.9 seconds

(3]
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WORKED SOLUTIONS

H,: Flavor of ice creams is independent of age
H,: Flavor of ice creams is dependent on age
Expected values

X<25 | 25$x<45 | x245
Vanilla 14.06 11.84 11.1
Strawberry 10.64 8.96 8.4
Chocolate 13.3 11.2 10.5

degrees of freedom=(3-1)(3—-1)=4
p-value = 0.963 > 0.05, x>, = 0.604

‘We do not reject the null hypothesis. There is
enough evidence to conclude that flavor of
ice cream is independent of age.

(critical value = 9.488, ()’,. =0.604 <9.488)

a H, The number of pins knocked down is
independent of which hand is used.

b 2-1)3-1)=2

c o X b x 120 =10
p-value = 0.422 > 0.1 (significance value).
Therefore we do not reject the null hypothesis.
There is enough evidence to conclude that the
number of pins knocked down is independent

of which hand is used.

a H: The outcome is independent of the
time spent preparing for a test.
B-D2-1)=2
p-value = 0.069 > 0.05, therefore we do not
reject the null hypothesis. There is enough
evidence to conclude that the outcome is
independent of the time spent preparing
for a test.

Paper 2 style questions

1

a fv
0" 134 163 172 181 190 199 208
Height (cm)
b 0.252
c 0.731
d 60 % 0.0599 = 3.59, 4 men
e k=166
a fix)
0524 247 250 253 256 259 262
Weight (g)
b 0.159

c¢ 300 x 0.252 = 75.6, 76 sweets

Worked solutions: Chapter 5




3 a,d )/
90

0 .

0 .

0" 150 160 170 180 190%
Height (x cm)

=166.9

strong positive correlation
y=0.219x + 3.85

y=0.29(35) + 3.85 = 11.515
= 12 hours (nearest hr)

r=0.866=0.9 (1 d.p.)

strong positive correlation

y=10.0666x — 2.36

r=0.887=0.89=0.89 (2d.p.)

strong positive correlation
y=0.015x+0.229

y=0.0151(80) + 0.229 = 1.437, 1.44 euros
y=0.163x - 15.0

y=0.163 (170) — 15.0 = 12.71, dress size 13
r=0.741

moderate positive correlation

Qa 0 o 9 0 Qa6 O
&N
\O
~
aQ

Qa 606 oo v a o o o9 06 o 9

8 H: Choice of game is independent of gender
H,: Choice of game depends on gender
Expected values:

Badminton | Table tennis | Darts
Male 39.4 14.8 26.8
Female 29.6 11.2 20.2

degrees of freedlom=(2-1)(3-1)=2
Xewe = 0.667 p-value = 0.717 > 0.05

We do not reject the null hypothesis. There is
enough evidence to conclude that choice of game
is independent of gender.

(critical value = 5.991, Xeue = 0.667 < 5.991)
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WORKED SOLUTIONS

p=21.6 g=14.4 r=13.6

i H,: The extra-curricular activity is
independent of gender

i C-1DG3-1)=2

X =4.613

4.613 > 4.605, therefore we reject the null

hypothesis. There is enough evidence to

conclude that extra-curricular activity is

dependent on gender.

i 25 X o X 500 = 108
i b=12 =132 d=88

H,: position in upper management is

independent of gender

H,: position in upper management is

dependent on gender

i Xzalc = 549

i C-1D@3-1)=2

iti 54.9 > 5.991, therefore we reject the
null hypothesis. There is enough
evidence to conclude that position
in upper management is dependent on
gender.

H,: The choice of candidate is dependent on
where the voter lives.

3720 ., 3680 _
5000 X soo0 X 8000 = 1711

i Xialc = 584

i B-1D2-1)=2

i The choice of candidate is dependent on
gender.

ii 58.4>9.21, therefore we reject the null

hypothesis.

90 _ 110 _
mxmx200—49.5

i H,: Grade is independent of gender

i 2-1D)@B-1)=2

i Yeue = 0.400

0.400 < 5.991, therefore we do not reject

the null hypothesis. There is enough evidence

to conclude that grade is independent of
gender

Worked solutions: Chapter 5




Answers

Skills check

1 a f(5)=-7,
b f(2)=11,
c g(5) =25,

d g@)=1,
e f(4)=32,

WORKED SOLUTIONS

Introducing differential

calculus

f(=5=13
f(=3)=-4
o5)=3
g(15)= ¢
F(=3)=-4.5

c x2 d x3 e

y+3=2(x—-5=>y=2x—13

b y-2=-3x-4)=y=-3x+14

Exercise 6A
1 a 8« b
e 4x* f
i 18x j
2 a 0 b
e -1 f
i 47
6x + 15x2
c 9-—33x?
=5 + 24x°
c 7+ 20x*

Exercise 6B
1 a

18x2 c 28x3 d 15x2

g 1 h 12
Zx? k x e 3x3
—9x? —x3 d —2x?
30x° h —63x3
Ox 1! —6x8 e 0

Q o Qa o X M o
[y}
o
=
w
|
=~

A=36r—4r3=>%=36—12r2

b A=12t+30:>%=12

c A=t3—5t2:>%=3t2—10t

d A=2t2+t—6:>%—4t+1

dr

e A:15+7r—2r2:>%:7—4r

f A:18r2—9r—35:>%:36r—9
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e A=t3—t2+3t—3:>%=3t2—2t+3
A=3-3r-36= S =6r-3
2 a f(N=,02r-18)=f()=2r
b f'(Nn=2(r+3)=2r+6
c ff(Nn=2Q2r-3)x2=42r—-3)=8r—-12
d f()=2(5-27)x-2=—4(5-27) =8 — 20
e f/(r)=6(r+5)=6r+30

f F(H=5%x2T-Ax—-1=-107-7=10r—70

Exercise 6C
p @6
dx x

’ 8

2 f(x)=-=

x
3 dlz_lz

dx x 6

4 f’(x):—7
5 &_ 3
dx x
6 dl:_%
dx x

11 ¢'(x)=15x* + =
X
12

dx
dy _ x

13 X =2+ 6x - —
dx

14 ¢'(x) = 6x* — 2x + %
X

15 A'(x)=2x + > — 3>
2x 2x

Exercise 6D
dy _

1 a—Zx—S
whenx=4, 2 =2(4)-3=5
dy _

2 a—6—3x2

whenx=0, 2 =6 - 307 =6

Worked solutions: Chapter 6




dl—_ 3 2
s 8x3 — 9x

when x = -3, & = — 8(-3) — 9(=3)* = 135
4 y= 1Ox2+8x=>%=20x+8

whenx=~1, % =20(-1) + 8 = ~12

dy
dx

whenx =6, & = 3(67 - 5 = 103

=3x2-5

dy _
6 a——2x3
d
whenx=-2, 7 = -2(-20 =16
dy _
7 o =21-36x
whenx= 1, & =21 - 36(17 = - 15
dy _
8 E—éx—S
dy _ _
At(-2,28), L =6(-2)-5=-17
9 % =40-10¢
dr
Atr=0, $ =40 - 10(0) = 40
10 s=35t+ 6= £ =35+ 12¢=35at=0

Atr=3,8=35+123)=71
dv

11 a=80

dv _
12 =07

dd _ 4np0 _ 2 d4 _ 4 14x4 _ 56
13 =42 Ath=7, g =42 xd =10

daw daw
14 - =21.75. Whenp = -2, - =21.75 x 4= 87

15 ﬂ=8r—¥.Whenr=3,‘ll=24—§=22

dr

%— 16 = %: —E: 3
16 dr—S 73.Whenr 4,d7 5 ” 4Z
17 & =217+ 5. Whenr=2,2 =21x4+ £ =86
dr r dr 4
18 “ =+ 2 Whenr=1, % =4ratr=1
dr r dr
v —g_ 15 =5 4V —g_ 1 _52
19 & =625 Whens=54 =6~ 1% =57

20 %:45—§.Whenr:1,%:45—36:9

Exercise 6E
1 a %=2x+3
dy _ _

b AtP,a—2x+3—7
2x=4
x=2

c AtPy=(2Y’+32)-4

=4+6-4
=6
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WORKED SOLUTIONS

dy _
a a—4x+1

b AtQ L =dr+1=-9
4x=-10
_10_ 5
T4 2
A (-5} (-5
c AtQ,y—Z(TJ—(TJH
25 5
_7+5+1

=16
a %—3—296
b AtR, ¥ =3-2rx=-3
6=2x
x=3
Also, y = 4 + 3(3) — (3)2
=4+9-9
=4
So,R = (3, 4)
%=2x—6
AtR, ¥ =2a)-6=6
2a=12
a==6
Also, y = (6)>— 6(6) = 0
SoRis (6, 0)

% = 6x + 1 = 4 when gradient is 4.
3

=>6x=3 :>x=%,y=—3z

point is (3, ~37)
% =5-4x
when gradient is 9
Y =5 4x=9
-4 =4x
x=-1
Also, y = 5(-1) -2(-1)*-3
=-5-2-3
=-10
So the point is (-1, —10)
Y =32 +3
when gradient is 6, % =3+3=6
3¢ =3
x=1
x==l1
when x =1
y=(1y+31)+4=8
when x = -1
y=(-1P¥+3-1)+4=0
So points are (1, 8) and (-1, 0)

Worked solutions: Chapter 6




8 L=32-6
when gradient is -3, % =-3
=32-6=-3
x¥=1
x==1
Atx=1,y=(1)P-6(1)+1=-4
Atx=-1,y=(-1*-6(-1)+1=6
So points are (1, —4) and (-1, 6)
6-(4

—1-1

m= % =-5

line haseqn y — (-4) = -5(x— 1)
=>y+4=-5x+5

y=-5x+1

straight line has gradient m =

9 T=32-12
0 = 3x* — 12 when gradient is zero
x¥=4
x=12
Atx=2,y=(2)°*-122) +5=-11
Atx=-2,y=(=2)-12(-2) + 5=21
The 2 points are (2, —11) and (-2, 21)
21-(-11)
2-2
m=32=_8
-4
straight line is y — (-11) = -8(x — 2)
y+11=-8x+ 16
y=-8x+5
10 a b=(1yY-41)+1=-2
2x—4
AtP, %=2—4=-2=b

straight line has gradient m =

d AtQ,Zx—y=2x—4=—2
>x=1=2>y=1-4+1=-2 sod=-2
11 a b=25-15-3=7
b ¥ =2x-3
c AtP,%:2X5—3:7:b
d AtQ 2=2¢-3=-3
>x=0=>y=-3=d=-3
12 a f'(x)=4-2«x
b Atx=5,f'(x)=4-10=6
orf(x)=20-25-1=-6
s0f(x) =/f"(x)
c fO=fx)>4dx—-x-1=4-2x
=0=x-6x+5
=(x-5x-1)
Second point is (1, 2)
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13 a

14 a

15 a

WORKED SOLUTIONS

fi(x)=4x-1
Atx=2,f"(x)=8-1=7and
f)=8-2+1=T7s0f(x)=f"(x)
f@=f)=2x-x+1=4x-1
=22 5x+2=0
=>2x-Dx-2)=0
Second point is (%, 1)
flx)=3-2x
Atx=1,f"(x)=3-2=1and
f)=3-1-1s0f(x)=/f"(x)
f@)=f(x)=>3-2x=3x-x-1
=>x-5x+4=0
S>x-4)x-1)=0
= Second point is (4, —5)

f'(x)=4x-1
b f)=f"(x)=2x—x—1=4x-1
=2x-5x=0
=x2x-5)=0

16 a

=x=0 or %

= (0,-1) and (%,9)
fi(x)=2x+5
X*+5x-5=2x+5
=>x+3x-10=0
=>x+5)x-2)=0
points are (-5, =5) and (2, 9)

17 ¥ +4x+5=2x+4
=>x+2x+1=0
=Sx+1)2=0
=>x=-1
= (-1, 2)

Exercise 6F

1 a

jxl=2x=6atx=3

tangentisy—-9=6(x-3)=>y=6x-9
dy _ — —
a—éxz—éatx—l
tangentisy—2=6(x—1)=y=6x—-4
dy _ — —
a—6—2x—2atx—2
tangentisy—-8=2(x—-2)=>y=2x+4
Y =6r=6atx=1

dx
tangentisy+7=6(x—1)=y=6x—13
Y =4r-5=7atx=3
tangentisy—-7=7(x-3)=>y=7Tx-14
Y= 10-3°=2atx=2

tangentis y— 17 =-2(x-2) =y =-2x+ 21

Worked solutions: Chapter 6




WORKED SOLUTIONS

g ay=—4x——12atx 3 2 %=12x2=3atx=%zm'=—%
tangentisy+7=—-12(x—3)=>y=—-12x+ 29 ) 71 1

h ¥=—2y+6=2atx=2 Normalzllsy 2_13(3‘_2}
tangentisy — 13=2(x—-2)=y=2x+9 =3y-5=—x+;

i ¥ =8r-3x’=32-48=-16atx=4 :>x+3y—11=0
tdingentlsy 0=-16(x—4)=y=—-16x+ 64 3 %=%—2x:—35:—%atx:2:>m’:%

i =5-6x=1latx=-1

Normalisy+3:%(x—2)
=7y+21=2x—-4
=2x—7y—-25=0

tangent1sy+8— IIx+1)=y=11x+3
k =12c-6x?=24-24=0atx=2
tangentis y = 8

t 2=60-10x=40atx=2 4 Y=3x+1=5Satx=-2om=;
tangentis y — 107 = 40(x — 2) y = 40x + 27 Normalis y — 4 = é(x ~2)

m ¥ =2y =128atx=4 Sy 20=x+2
tangentis y — 121 = 128(x — 4) = y = 128x — 391 X —5y+22=0

n ¥=-3+10r=-3atx=0 0 30 22

= —+ —
tangentisy — 17 = -3x =y =—-3x+ 17 3 J;y A .

o ¥=10-4r=10atx=0 a=3—2x=3atx‘0=>"1'=—3
tangentisy 0=10x—-0)=y=10x Normalisy — 10 = - x:>x+3y 30=0
dy _ S

P o= g 47 latx=2 6 U=2x+2)=datx=0=m' =~
tangent1sy+6——1(x A=y=-xd Norma11s 4= —x:>x+4 -16=0

q Y= -3ax=-2 y- y
tangentisy —6=-3(x+2)=y=-3x 7 %=—%=—1atx=2:>m’=1

r %=2x2=23tx——1 Normalisy—2=x-21ie,x—y=0
tangentlsy+ —2(x+1):>y 2x+1f 8 dfy:—2212atx:—1:m’=—i

s =1y l4x=31atx= -2 e T 1 12
tangentis y + 25 =31 (x + 2) = y = 31x + 37 Normalisy - 6= (x+1)= 12y - 72=-x -1

2 a % _%4:_321“‘ ) =>x+12y—-71=0
tangentisy—3=-3(x—-2)=>y=-3x+9 9 %=6—%=—2atx=—l:>m’=—%
=3x+y—-9=0 N . _1 _
ormalisy—14=-(x—-1)=2y—-28=x—1
b L=-B_ _jgatx=1 4 D=2

dx x =x—2y+27=0
tangentisy — 11 =—-18(x— 1) =>y=—-18x+ 29

=18x+y—-29=0 10 %=4x3+%=5atx=—1:>m'=—é
Y6+ 8 —gary=-2 !

€ G -O0ts=4atx= Normalis y —4=—5(x+ 1) = 5y - 20 = —x - 1
tangentisyl-zl-14:4(x+2):>4x—y—6=0 Sx+5y-19=0

d —32 =15atx=-1 P 1

1 Y=+ l-atx=tsmw=—

tangentlsy 5—15(x+1)=>15x—y+20=0 dx x* 2 2
. 1 1
e %_5+ 2_5 —atx=4 Normahsy—lz—g(x—%):ﬂy—zz—x+5
tangentlsy—18=?(x—4) =dy—4=-2x+1

=2x+4y-5=0
=2y-36=1lx-44=11x-2y—-8=0

9 1 , 2
12 Y=5+ S =5-atx=3=>m' =——

Exercise 6G dx 27 = 22 11

1 Yos=datx=1mm=-) Normalis y = 13.5 = =2 (x = 3)
Normalisy =2 = —; (x— 1) =11y - 148.5=-2x+6
=4y—-8=-x+1 =22y —297 = —4x+ 12
—x+4y—-9=0 — dx + 22y — 309 =0
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Exercise 6H 8

1
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Y =dw—4)=2atx=5Atx=5y=(5-4¢=1
At (5, 1), tangentisy — 12(x —5) =y =2x-9
y=x'=3x= Y =32-3=9atx=-2
Atx=-2,y=-8+6=-2
tangentisy+2=9(x+2)=>y=9x+ 16
==1-== —*=§atx=4:>m’=—§atx=4

y=4+5=5atx=4

[\

Normalis y — 5% = —g(x —4)

~ 10y + 16x—119=0

dy _ 2 _ _ - _ s 1
dx—2x+x3— datx=-1=m' =7
x=-1=y=1-1=0

Normalis y = {(x+ 1) = 4y —x—1=0

y=8=3x2-2x—-8=0
=>0Bx+4)x—-2)=0

4
=>x=-3 orx=2

dy _ _|-10 atx=-2 10
dx—6x—2—{ 3

10 atx=2
tangents are y — 8 = —10 [x+%j
=3y —24=-30x—40
=3y+30x+16=0
andy — 8 =10(x — 2)
=y=10x—-12
y=6x—2x*=-20=3x—x*=-10
=x2-3x-10=0
sx-5x+2)=0
=x=50r-2
-14 atx=5
14 atx=-2
tangentsare y + 20 = —14(x — 5) => y = —14x + 50
andy +20=14(x+2)=> y=14x+ 8
y=7—=5x—2x3
wheny=0,7—-5x—-2x*=0
Tryx=1:7-51)-2(1)=7-5-2=0
so the curve intersects the x-axis at x = 1
%=—5—6x2
Atx=1, - =-5-6=-11
sonormal at (1, 0) has gradient m’ = L

11
Thus,y — 0 = %(x— 1)
1ly=x-1
1ly—-x+1=0

dr _ —
dx—6_4x-{ 11

12

d
2 = 13

y:

WORKED SOLUTIONS

x3+3x—2

Aty=-6,x>+3x—2=-6

x3+3x+4=0
Tryx=-1:(-1P+3(-1)+4=-1-3+4=0
so the curve passes through (-1, —6)

dy _ 2 o
dx—3x +3

Atx=-1,2=3+3=6

sonormal at (—1, —6) has gradient m’ = —%
1

Thus, y = (=6) = —4(x = (=1))

yH6=—1(x+1)

6y+36=-x-1
6y+x+37=0
a Y=0=24x-3)x4=0>x=>
b Atx=%,y=O.So
Tangentis y = 0(x) + ¢
3
0=0(Z)+c:c=0,soy=0isthetangent
a y=x2+16x"
dy _ _ _
E—Zx 16x72
d—y:Zx—g
dx x
0=2x-1
16
2x—7
2x* =16
x3=8
x=2
b y=22+%=12
Since the gradient is zero, the equation of the
tangent is y = 12
a %=x+1=5:x=4
Atx=4,y=8+4 -3 =09. So tangent is:
y—9=5(x—-4)=>y=5x—-11
a Y=4r+3=3=x=0
b Atx=0,y=-3. Sotangentisy+ 3 =3x
=y=3x—-3
¢ Normalisy+3=—3(x—0)=3y+x+9=0
a %=4—%=16:>x5=—1=>x=—1
b Atx=-1,y=-4+3=-1. Tangentis

y+1=16(x+1)=y=16x+ 15
Normalis y + 1= —(x + 1)
=16y +2x+17=0

Worked solutions: Chapter 6




14 L =6x2+ 18x— 24 =36
=3x2+9%x—-12=18
=3x?+9x-30=0
=x2+3x-10=0
=x=-5 or 2
y=100 or 9
Tangents are y — 100 = 36(x + 5) = y = 36x + 280
andy — 9 =36(x — 2) = y = 36x — 63
15 L =2x+%
=6+k=T=k=1
~y=x+x50b=9+3=12
=2x+k=1whenx=-2=-4+k=1=k=6
b=4-2k=4-10=-6

dy _
16 -
=
17 ¥ =2kx-2=2whenx=4=8k=4=k=

=b=16k—8+3=8—-8+3=3

dy _ , - _ - _
E‘k 3x?=-5whenx= -2

=k-12=-5=k=7
=b=4-2k+8=4-14+8=-2
19 y=px’+gqgx=4p+2¢=5 (D

18

=2pxt+tg=Tatx=2=4p+q=7 (2)
(1)~ (@) =g=-2and . p=2;

20 y=px’+gx—5=>%P—-3¢-5=13=>9—-3¢=18

=3p—q=6 )
Also%=2px+q=6atx=—3
=-6p+g=6 2

()+(2) =-3p=12=p=-4andg=—18

Exercise 6l
1 a V() =100cm?
b V(3)=100+6+27=133 cm?
c % represents the rate of change of the
volume of water in the container.

d;it/=2+3t2=2+27=29cm3/secwhent=3

e There is 133 cm? of water in the container
when ¢ = 3 and the container and, at that
time, water is flowing into the container
at 29 cm’s7!

2 a A0)=0cm?

b A(5)=45cm?

c % represents the rate of change of the area
of the pool

d A=4+¢=
when £ =5

i—f =4 + 2t = 14 cm?/sec
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WORKED SOLUTIONS

The pool has reached an area of 45 cm? when
t = 5 and, at this time, the area is increasing
at 14 cm?s™!

W(1) = 5 + 640 + 40 = 685 tonnes
aw 640

o = 10r=
i ?(3) - 415 tonnes/hr.

ii %V(S) = 24% tonnes/hr.

The tank was emptying when ¢ = 3, but has
now started filling again at £ = 5

10#* = 640 = ¢t = 4 hours.

This is the time at which the weight of the oil
in the tank reaches its minimum value.
%/ =6+ 2t=8 m3/min, when = 1.
V=65=t’+6r+10=65=1t*+6:—55=0
=@+ 1D)E-5=0
=t = 5 (must be positive)
av

=, = 6+ 2t=16 m*/min.
432 —16 cm/sec. whent =2
dr —31cm/sec. whent=3

At =2, depth is decreasing at 16 cm/sec.
At t = 3, depth is decreasing at 31 cm/sec.
y=0when¢*+4r—500=0
=>t= 785ecs(1 d.p.)
d4 _ — 3t
dr
A4=30= % + 1 =30

=32 +2t—-120=0

= (3t+20)(r—6) =

= t = 6 (must be positive)

+ = —3 cm?/sec when t =2

1
(6) 3X6 % =95 cm?/sec.
when t= 6
W=10-T=10-2
t
= —23.75 tonnes/hour when ¢ = 2
%/—O:ﬁ 27 = t= 3 hours
de

o = 1262 = 2t =12(2)* — 2(2) = 44 degrees/sec
when ¢ = 2.

*‘0:2t(6t— 1)—0:t— sec.

P(0) = —151.e. there is a 15000 dollar
start-up cost

P(5) = —215. The company makes a loss of
215000 dollars if it produces 5 tonnes of
product

Worked solutions: Chapter 6




o
oels

= —30x% + 80x + 10 dollars/tonne
Whenx=2, P=85and % =50

i Whenx=3, P=105and % =-20

d The company is in profit when 2 tonnes are

made and as production increases, profit
increases, but although a greater profit is
made when 3 tonnes are produced, increasing
production further will cause profit to fall.

e S =0=30x—80x—10=0

=3x2-8x—-1=0

8,64 +12

6
x must be positive, so x = 2.79 tonnes (3 sf)

=>X=

giving a maximum profit of 107 088 dollars
when 2.79 tonnes are made.

Exercise 6J

1 2=2x-6=0 whenx=3
2 £=12-4x=0 whenx=3
3 £=2¢+10=0 whenx=-5
4 L=6x+15=0 sx=—

10

11

12

13

14
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dy _ _ _
a—3x2—27—0 =x=13

%=24—6x2=0 S>x?=4d=x=32

& ! 1

dx=12x2—3:>x2=2 =x=1%;

dy _ _ _ 1 1

5—3—48x2—0:>x2—g :>x—i'z

%=6x2—18x+12=0:>x2—3x+2=0
>x-2)x—-1)=0=>x=1or2

Y 9+ 12x+3x2= 0> 2 + 4y +3=0

S (x+3)x+1)=0=x=-30r-1
Y = 3x2-6x—45=0=1x2-2¢-15=0
S (x—5)x+3)=0

=x=50r-3

Y = 24x+ 352+ 36 =0

L2+ 8x+12=0

=x+6)(x+2)=0

=x=—-60r-2

Y = 6x2-12x=0= 6x(x—2) =0
=x=0o0r2

Y = 60x— 15x2=0= x4 -2) =0

=x=0o0r4

WORKED SOLUTIONS

15 %:1—%=0:>x2=1:>x:il
16 Y=1-2=0>x=45x=%
17 %—4—%=0:>x2=%:>x=i%
18%_8_§:0$ 2:%2x=ii
19 %=27—%:>x3=2%:>x=§
ZO%Z —%=0:>x3=1=>x=1
Exercise 6K

1 =32 18r+24=0

when x> —6x+ 8 =0
x-4x-2)=0
Stationary points are (2, 0) and (4, —4)
%(0) =24>0;
2(3) = -3<0;
2(5) = 9>0
So (2, 0) is @ maximum

(4, —4) is a minimum

Y =32 +12x+9=0
=>x+4x+3=0
S@x+3)x+1D)=0
=>x=-3orx=-1

Stationary points are (-3, 5) (-1, 1)
%(—4) > 0; %(—2) <0; %(0) >0

So (-3, 5) is maximum

(-1, 1) is minimum

Y =9 +6x-3¢=0

=>x-2x-3=0

>x-3)x+1)=0

=S>x=-lorx=3

Stationary points are (-1, —-5) and (3, 27)
%(—2) <0; %(0) > 0; %(4) <0

So (-1, —=5) minimum

(3, 27) maximum

dy _ _
a—3x2—6x—0
=>xx-2)=0

Stationary points are (0, 5) and (2, 1)
dy . dy . dy
E( 1) > 0; dx(l) <0 dx(3) >0

So (0, 5) maximum

(2, 1) minimum

Worked solutions: Chapter 6




5 £=27-3¢=0
= x2 9
=>x=23
Stationary points are (-3, —54) and (3, 54)
%(—4) <0; %(0) > 0; %(4) <0
So (-3, —54) minimum

(3, 54) maximum

6 L=18x-3°=0
when 3x(6 —x) =
=x=0,6
Stationary points are (0, 0) (6, 108)
dy(_ dy . dy
E( 1) <0, dx(l) > 0; d){(7) <0

So (0, 0) minimum
(6, 108) maximum

7 Y-1-1-0=x2=1=x=+I
dx x

Stationary points are (-1, —-2) and (1, 2)
dy Ldy(_ 1 dy dy
o 2)>0’a[ 2]<0 [ )<0 ) >0
So (-1, 2) maximum
(1, 2) minimum

g8 ¥_1_
dx

Stationary points are (-3, —6) and (3, 6)
dy Ay . dy . dy
E( 4) > 0, dx( 2) < 0; dx(2) <0 dx(4) >0

J=0=>x=9=x=13
X

so (-3, —6) maximum
(3, 6) minimum

9 Y_1_38 _0=x=-16=x=1+4
X

E‘
N\»—A

= Stationary points are (-4, —4) and (4, 4)
E( 5) > 0; a( 3) < 0; a(3) < 0; a(5) >0

So (4, —4) maximum

(4, 4) minimum

10 dl:l?+i=0:>x2=36:>x=i6
X

&

= Stationary points are (-6, —3) and (6, 3)
dy, Ldy o . dy . dy
a( 7) > 0; dx( 5) < 0; clx(S) < 0; dx(7) >0
So (-6, —3) maximum
(6, 3) minimum
11dx 2x+ =0=x*=-8=x=-2
Stat1onary pomt is (-2, 12)
e Ay
a( 3)<O,dx( >0

s0 (=2, 12) minimum
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WORKED SOLUTIONS

-9 2(3=0:27x3=1:>x=l
dx Bx 3
3

Stationary point is G, 4%}

jfc( j<o Y1>0

o) G, 4%) minimum

Exercise 6L

1

At turning points:
D-2x-4=0
dx
x=2
W2) =2y -4(2)+ 10
=6
dy . dy . ..
a(0) < 0; a(3) > 0= (2, 6) is a minimum
At turning point:
D =18 -6x=0
dx
x=3
y(3)=18(3)-3(3)*+ 2
=29
dy L dy ;
E(O) >0 a(4) <0 = (3, 29) maximum
At turning point:

Y _2x+1=0
dx

-3
dl(_l) <0; ‘Ly(o) >0=> (;1;13) minimum
dx dx 2 4

At turning points,
Y 542x=0
dx

() (%HJ

N\Ln

4
20)<0;2(3)>0= ( 4) minimum

At turning points,
Y _3_2x=0
dx

=13.25
%(0) >0; %(2) <0 = (1.5, 13.25) maximum

Worked solutions: Chapter 6




6 At turning points,
&= _12x-15=0
dx

g5

4
S\=00—6(-3) —15(=5
A(3)=20-63)-15(3)

_ 235
T8

D2)>0;20)<0= (iﬁ) maximum
dx dx 4 8

7 y=x-10x+21
% =2x —10 =0 for turning points
x=5
»(5) = (5 - 10(5) + 21
=—4
%(0) <0; %(10) >0 = (5, —4) minimum
8 y=x>—18«
% =2x — 18 =0 for turning points
x=9
¥(9) = (97 - 18(9)
=-81

dy . dy . ..
3(0) <0; a(lo) >0 = (9, -81) minimum

9 y=x*+4x

% =2x + 4 =0 for turning points

x=-2
¥=2) = (-2)* + 4(-2)
=-4

dy = dl = P
E( 3)<0,dx(0)>0 = (-2, —4) minimum

Exercise 6M
1 a b=7+h

b A= +hh=Th+ 1
2 a x=10-¢

b V=23(10-9r=30¢- 37
3 a y=5-2x

b P=x(5-2x)=5x-10s°

4 a R= %(25+r)72

b R:%n(n—ZS)Z
5 x+5m=100=x=100-5m
a L=2m(m+ 100 —5m) = 2m (100 — 4m)

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

10

11

WORKED SOLUTIONS

b L=2m(m+x)= 2(1005_"11005_"+x)

= %(100 — x)(100 + 4x)
V=rnr’h = mr*(17 — 27)
b V=mth="(T-h)h

12x-3
2

Hence y = 5x2 + 129; =3 %(10x2 +12x - 3)

b ¥=1020x+12)=10x+6
dx 2

¢ Minimum value occurs at x = —0.6 and is

_ 12x-0.6 -3
y=5x036+ 122063

a 12x-3=2c=c¢=

=-3.3
d o= 126-3_(12x-06-3_ 5
2 2

Given N = 2n(5 —x) and 12n + 10x = 15

= 10x=15-12n
_15-12n
10

a N= 2n[5 - <15‘12"))=2i(50—15+12n)
10 10

= 2(35 + 12n) = £ (351 + 121)

b I =135+24n)
dn 5
=35

¢ Occurswhen?24n=-35=n= o
7

Minimum value is N = A(SS
8x24

——
48

_§)=—7X3s

2 ) 247 2

-35 15 35

15-12x— +—
d x= 24 — 2 =325
10 10
5B=3L-18

A=1rp=1pBL-1® _ 1372 181)
2 2 5 10

_3/r2_ _3Lr _
=2(2-6L)=3X(L - 6)
Min%:O:ZL—6:O:>L:3

= 4, =29 -18)=-2.7

C = nf(r) = nf(30 - 3f) = n(30f- 3/?)
%:0:30—6f=0:>f=5
r=30-3(5)=15

Max. Value = nx 5 x 15 =75n
when f=5and r= 15

X =2(10 + b)b = 20b + 25
%=0:20+4b=0:>b=—5
Min. value of X =2 x5 x -5 =-50

Worked solutions: Chapter 6




12

13

14

15

16

17

18
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y =tx =112 -2f) = 12t -2¢>

%:o: 12-4t=0=1¢=3

s y=23(12 - 6) = 18 and this will be a
max (positive #? quadratic)
A=2xy=2(30-3y)y =60y —6y*

%=0:>60—12y=0=>y=5

giving A = 2 x 15 x5 =150 Max
y=3LM=3Q2M-28)M = 6M*—84M

Y _1oM-84=0=>M=3=7
dm 12

givingy = 3 x—-14 x 7
=-294 Min
y=C+g=08-g°+g=64-16g+2¢

j—y=—16+4g=OWheng=4
g

c=8-g=8-4=14

. Min. value of y = 4% + 4> = 32
x+y=6
S=x2+y'=x+(6-x?=36-12x+ 24°
B=0=-12+4x=0=>x=3
y=6-3=3

~Sox=3andy=3
y=rh=r®6-n=6r-r
gl=127—372=0z344—r)=0

r

=r=0o0r4

r=0
Max. y occurs at » = 4, giving
v ..=16(6-4)=32
y=m*n=m¥9 - m) = 9m? - m®

Y —18m - 3m? = 3m(6 — m)
dm

=0whenm=0o0r6

\/>m3

m=0 )
Min. at m = 0 giving m?n =0
Max. at m = 6 giving m?n = 36 X 3 = 108

WORKED SOLUTIONS

Exercise 6N

1

X
x+ 2y =40
Maximise area
A =xy = (40 - 2y)y = 40y — 2y?

%=0:}40—4y=0:>y=10

y=10

A

A =40x%10-200 =200 m* and

wire should be bent with 2 sides of 10 m and

1 side of 20 m.

y=20—x

Minimise S = 2x* + 3y? = 242 + 3(20 — x)?
=247 + 3(400 — 40x + x?)
= 1200 - 120x + 5

N/

Stationary point will give min S
g=0:>—120+ 10x=0

=>x=12

2x

Surface Area
A =2xh + 4xh + 242

= 6xh + 2x°
= 6xh + 2x*
Hence 6x4 + 2x> = 150
=3xh+x2=175
= 3xh=75-x*
—f= 75-x*
3x
Hence Volume V=2xXxx X h
oy (75-%7)
3x
= %(75x —x%)




Y _0=75-32=0
dx

=x*=25
= x = 5 (negative 5 is impossible)
x=5
v
x=-5
Hence V= %X 5(75 - 25)

= % x5x%x50
_ 500
=—cm

3
Width, length, and height is 5x 10 x ? cm
4 X

X
3x+2y=24
_ 24-3x
)
Maximise 4 = xy =

24x-3x"
2
Y-0=24-6r=0=x=4
24-3(4) _
=
Will give a maximum, as a “negative x? parabola

y:

”

Dimensions are 4 X 6 cm

5
y y
X
x+2y=120
Maximise A= xy = (120 — 2y)y = 120y — 2y?

%=0:>120—4y=0=>y=30

Will give maximum A4 since negative y? parabola
Width = x = 120 — 60 = 60 cm

r+h=12

Maximise V' = %nrzh
= %an(IZ —7)
= %n(IZrZ -7
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WORKED SOLUTIONS

Y =0=24r-3°=0
=@8-nr=0
=>r=0o0rr=38

r = 0 gives min volume

Vo= %nx64x4=%cm3

ma.

whenr=8cmand 27=4 cm

I
I
I
1
1
1
I
Jm——— - —

’
s
, X

X
2% + 4xy = 600
= 2% + 2xy = 300
Maximise V = x*y

300-x")
2x
ie. V= 2(300x - x°)
¥ =0=300-3¢=0
= x> =100
= x = 10 (-10 impossible and gives min)

x10(300 —100)

_

22 + 2mrh = 600
= 27nrh = 600 — 2777

Maximise V = nrh =M
= 3007 —
¥ =0=300-372=0
=p=%

T

Negative » impossible and will give minimum so

10 .
r = —= for maximum V.
Jr

. . 10 200
o dimensions are r = —— and 4 = =
S N 10dr

S E

r=564cm h=11.28cm

Worked solutions: Chapter 6




WORKED SOLUTIONS

9 24 - 2x
X
X : _________ : h
i Y
L X ¢
X V=350
= nr*h = 350
— _ 2
V=04-20x a r=5=h=30-14_446cm
=2%(12 - x)x T
_ 350 _ 87.5
= 4x(144 — 24x + 1) b r=2=h="="==2785cm
V=4 (144x - 2427 + %), c i mh=2350
0= 144 48x+ 32 =0 R
dx nr
—2_-16x+48 =0 iii 4=2m7+2nrh
_ 92 350
S>x-12)(x-4)=0 =2rr +27zrx?
Vmaxatx:4 :2nr2+@
! v iv Minimise 4
/-\/ %:47[7—@:0
dr 7
Z 700
x=12 73_;
10 16 - 2x — [700 _ 175
PR Ty Does give minimum 4 (check % either side).
i o [10-2x Sor=3.82cm
X P X and 4= 7.64 cm
X X v A =2749 cm’
V=16 -2x) (10 — 2x)x 12 a 250m
=28-x)(5-x)x b Length=2L+ 3W =400+ 750 = 1150 m.
=4x(8 —x) (5 —x) cm® c LW =50000
V' =4x(40 — 13x + x?) d Lengthy=2L+3W
= 4(x° — 13x% + 40x) _ 10(;;)00 3w
V0= 32 -26x+40=0
dx dy _ (= 3100000 _
=Bx-20)(x-2)=0 aw W’

:>x=?orx=2

Max V will be at first stationary point

— 2 = 100000
3

= W=182.6m

Will give a minimum (check ;—VyV either side)
v This gives L = 50;/& =273.9m

. ) Perimeter = 2L + 2W =913 m
x = 2 give maximum.

SoV =48-13x4+80)
= 144 cm?
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13 a (2L+2W)x3+5W=$3950
b LW=50000
Cost, C=6L+6W+5W
=6L+ 11W

— 300000 +11W
w

dc _ -300000 , 11

dw w?
= 0 when W2 = 300000
11
1.e. W=165.1m

dc

Gives minimum, by checking - either side.

Field is 165.1 x 302.8 m
= 300000 4 11%165.1=$3633.18
165.1

14 a h=16cm
Page is 22 cm X 13 cm
Area is 286 cm?
b 2935 cm?
c A=wh
d P=(w+4)(h+6)

e P=wh+4dh+6w+24=144+24 +4h+
6x144

7
=168+4h+%
9P _ 4 _ 864
dh h
= =216
= h=14.7cm

giving w = 9.8 cm

Minimum size of Full page is 20.7 cm x 13.8 cm

(gives minimum by checking either side)
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WORKED SOLUTIONS

15 2w?h = 225000

b

Cc

i 50cm

i = 2x50 x50h=225000

=220

50

ili length =4w + 2w + 4h
=6w+4h

=480 cm

=45cm

2x°h
L=6w+4h

2
= 6x + 4h = 6x + A x 220

450000 zx
=6x+ e

dL _ ¢ _ 90000

dx x*
= (0 when

X = 9006000 =150000

= x = 53.1 cm (will give minimum — check
gradient either side)

Dimensions are width 53.1 cm
length 106.2 cm
height 39.8 cm

Length of frame = 478.2 cm

Worked solutions: Chapter 6




WORKED SOLUTIONS

Number and algebra 2

Answers 6 a u6=u1+(6—1)d=34
d=6
Skills check u, +5(6) =34
1 A=nmr+ s u,=34-30=4
a A=Ay + n4)3) = 88.0 b u,=4+(n—-1)6) =316
L 4+6n-6=316
b A-—mr*= s
 denr? 6n =318
R n=>53
2 a 630x1.04 =655.20 GBP 7 w=8d=7
b 652x1.12=730.24 4 =8+ (n— 1)(7) = 393
c 120x0.80=€96 8+ 7n—17=393
3 x—2y=11 (D Tn =392
S3x+y=-2 (2) n=>56
(2)x2 6x+7y=-4 3) 8 a d=-1-(-5)=-1+5=4
MH+G) 7x=7 b u,=-5+124)=-5+48=43
%=1 ¢ u=-5+@n-1)4)=75
y=-3 ~5+4n—4=75
Exercise 7A 4n =84
1 a u,=3+(8-1)4=3+28=31 n=21
b u,, =3+ (150 — 1)4 =3 + 596 = 599 9 a d=10.5-8=25

b u,=8+11(2.5 =355

2 a u +2d=8andu, +8d=26 ¢ u =8+ (n—1)2.5) =188
b usingthe GDCu =2andd=3 8+ 251 —25=188
3 u=-12 2.5n=182.5
u, +8d=16 n=73
~12+84=16 10 a u =12+7(1)=19
84 = 28 u, =12+ 7(2) = 26
g3 26-19=7=4d
Uy, = 19 + 24(7) = 187
4 a yu=u+m-1)d=3+m-1)}4
=3+4n—-4=4n-1 Exercise 7B
b u,=4(50)—1=199 1 a 26
5 a u=42-3(1)=39 b ”5025})”9(5):246
u, = 42— 32) = 36 c 8,=20@x1+49x5)=6175
b 42— 3= -9 2 a 515kk+22)—5]§k+44)=(10k—2)—(5k+2)
—3n_=51—9 - 42 =-51 p=9
n=—y=17 b 2+4=6
c utu, =u+k-Dd+u+(k+1-1)d 52)+2=12
=39+ (k= 1)(=3) + 39 + (k)(-3) 102)-2=18
=78 -3k+3-3k=281-6k c d=12-6=6
_6k;;’§_81:_48 d u, =6+ 24(6) = 150
£=8 e SZS=§(2><6+24><6):1950
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3 a i u=u+5d=20
u, =u +10d =50
Using GDC, d=6
i u =-10,
b Sm,=%(2x—1o+99x6)=28700
4 a u=12+@n-1)(-4)
=12 -4n+4=16-4n
b S, =U2x 12479 x —4)

=-11680
5 a i yt+td=2andu,=u +8d=-19
7d =-21
d=-3
i u =5

b 560=%(2x5+59x—3)=—5010
6 u=u+n-1)d=-7+n-1)>5
=—7+5n-5=238
5n= 250
n=>50
S50=52£(2x—7+49x5):5775
7 u =u+(n-1)d=26+@n-1)(-15)
=26—-15n+15=-175
—1.5n=-45
n=30
So=2(2 % 26 +29 x ~1.5) = 127.5

8 a 6k—(3k+4)=(3k+4)— (4k—2)

3k—4=-k+6
4k =10
k=25

b 42.5)-2=38
32.5)+4=115
6(2.5) = 15

c d=115-8=35
d u, =8+14(3.5) =57

e SIS=§(2X8+ 14 x 3.5) = 487.5

Exercise 7C
1 a u,=50+17(25) =475
b Sm:%(Z x 50 + 17 x 250) = 4725

2 a 2.5 minutes =2.5 % 60 seconds = 150 seconds

u, = 150 + 2 x 10 = 170 seconds
= 2 minutes 50 seconds

Sm=§(2 x 150 + 9 x 10)

(-

= 1950 seconds = 32 minutes 30 seconds
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3 u=ad=p

WORKED SOLUTIONS
u, = 2 X U,

a+ 5p=2a+2p)
a+5p=2a+4p
p=a
u,=a+9p=4000
a + 9a = 4000
a =400
p =400
4 a u,=150+9 x 250 = 2400
b Slo=§(2 x 150 + 9 x 250) = 12750

c Option A gets 1200 x 10 = 12000

Therefore Option B gives 750 more than
Option A
5 a u,=100+9x10=190

b Sﬁ:%(z x 100 + 14 x 10) = 2550
6 a u,=18+9x2=36

b 525=§(2><18+24x2):1050
Exercise 7D
1 a r=2-7 b u,=42)"=2097152
_2_1 (1Y _ 2
2 a r=2=1 b uw_e[gj_o.oooms_ﬁ

3 a ,——__g5 b u =1280(-0.5)=-10

4 a u1=5u3=572=20

r2=@:4
5

r=2
u7:5(2)6=320
5 a u,=ur=13 u4=u1r3:%
w81, 1 595
mr 2 18

=225
r=1.5

u, = 12(1.5)" = 205.03125
6 a a=—16><%=—8

b u8=—16(1) =—0.125
2

u,=ur=138 u,=ur =238

wr _E:é
wr 18 9
rzzé

9
yo?

3




a u=12u,=ur*=48

1272 =48
r=28_y
12

r=2
b u,=12(2)" =24576

Exercise 7E

1
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a p=8x05=4

b u =16(0.5° =025
16(1-0.5"
c § =" =320 3sh)
a u =2u,=ur=2=32
P=16
r==x4

b Forr=4, S 22(17110)

=699050

Forr=—4,§ =29 _
014

-419430
a r=5%=23
-2
b § = -3
10 1_(_3)

U, =ur= 21
u,=ur =525

= 29524

_ _ 21 _
b Forr=0.5,u = 05" 42
_ 42(1-05°) _ 83.9
10 1-05

For r=—0.5, u1=%=—42

_ -420-091") _ g
10 1-(-0.5) ‘

u, /"Y'= 8192

2(2)* D= 8192

200 = 8192 _ 4096
2

Using GDC, n=13

= 20-2% _ 14382
13 1-2

=-96r=28 =_05

u=-96(-0.5" =2

(=0.5) = (g) =L =0.00390625
8o 1=
Using GDC, n=9

— —96(1-(-0.5°) _
5,= L0 = —64.125

Exercise 7F

1

1.02 each time.

So, after 10 weeks the plant is 0.8 (1.02)° = 0.956 m
Multiplying factor is 0.92. So, after 5 years the car

is worth 75000 x 0.92* = 53729.47 GBP
=10,r=2

L= 10220 = 10230 BGN

a u =80andr=1.05
u,= 80(1.05)" = 112.57 Dinar

b § =801-105%) _ 1937 37 Dinar
12 1-1.05

r=1.04, u, = 210000

In 2013, the population is
210000(1.04)* = 236221

a 140000 » = 145656
2= 145656 — 1 0404
140000
r=1.02

so, population at end of 2007
=140000(1.02) = 142800

b Atend of 2012 population
=140000(1.02)° = 157663

a y=%%=105
6000

b § =9000-L05) — §40811.48
6 1-1.05

a y=8and 2 =3and 72 =3Sor=3
8 24
b u =8(3)"=648
c §=80-30-g744
1-3

Exercise 7G

1

2

3500
032% =10815.82 ringgits

a 500 x0.783 = 391.50 euros
b 391.50 — 328 = 63.50 euros

6350 — 54 18 GBP

1 172
a 800 x 0.758 = 606.40 euros
b 8940 = 776.23 CAD

0.835

c 800 -726.23 =73.77 CAD
8000 x 0.111 = 888 euros

b 08188 = 7338.84 SEK

c 8000 — 7338.84 = 661.16 SEK
a 500 x3.984 = 1992 ZAR

b 2% =12550 BRL
3.984

WORKED SOLUTIONS

If it grows 2% each week then we multiply by

Worked solutions: Chapter 7




10

11
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250 — 4 = 246 GBP
246 x 1.173 = 288.56 euros

2.25 x 10 = 22.5 euros per kg

225 -19.18 GBP
1.173

2500 x 1.319 = 3297.50 USD
3297.50 — 2050 = 1247.50 USD

1247.50 — 939 38 EUR
1.328

1247.50 >< —— =7.485 USD commission
100

She changes 1247.50 — 7.485
=1240.015 USD

1247.50 — 983 36 EUR
1.261

983.36 — 939.38 = 3.98 EUR was lost by
changing in the US

2550 x 0.08086 = 206 yuan

2190 — 174 655 yen
0.01231

1 JPY =0.009261 EUR = 0.007897 GBP

So, 1 EUR = 2007897 _ ( 85 GBP
0.009 261

3000 x 12 = 45 EUR
100

3000 — 45 = 2955 EUR

2955 x 0.8524 = 2518.84 GBP
2518.84 — 2100 = 418.84 GBP
418.84 x 1.161 = 486.27 EUR

500 x 44.95 = 22475 IDR
500 x % = 10 USD commission
Jose exchanges 500 — 10 = 490 USD
490 x 468.9 = 229761 CLP

1 USD = 0.759 EUR so,

1EUR = ﬁ =13175=p

1JPY = 0.00926 EUR so,
1 EUR = =107.99 = ¢

000926
i 1EUR =0.852 GBP so
150 GBP = ﬁ x 150 = 176.06 EUR
ii 2.4% of 150 = % x 150 = 3.60
150 — 3.60 = 146.40 GBP

WORKED SOLUTIONS

12 a 3000 x % = 75 USD commission

She exchanges 3000 — 75 = 2925 USD
2925 x 0.652 = 1907.10 GBP

b 550x1.18 =649 EUR
She only gets 629 EUR, so 649 — 629
=20 EUR is the commission.

% = 16.95 GBP commission

Exercise 7H

1

o 0 » W

a 3000 x (1.065)"* = 7715.52 JPY
b 3000 x (1.065)" = 6000, using GDC, n = 11 years
a Andrew has 3105.94 euros

Billy has 3090.54 euros

Colin has 3067.47 euros
b 9.21 years c 16.2 years
a $6110.73 b r=3.79

a 23348.48 EGP b 22.4 years
a 61252.49 SGD b 75070.16 SGD

Mr Lin has 11698.59 CNY
Mr Lee has 11707.24 CNY
Mr Lee has earned most interest
a 1348.85 GBP
2965 GBP
11.6 years

a (1+:5"+(8000- a)(1 + 120)" = 8430

b 1.06a + (8000 —a)1.05 = 8430
1.06a + 8400 — 1.05a = 8430, 0.01a = 30,
a = 3000
3000 euros in Bank A, 5000 euros in Bank B

Exercise 7I

1

If inﬂation is 2.3% then the multiplying factor is
1 + =1.023

In 2013 a bag of potatoes will cost
3.45 x 1.023° = 3.69 euros

The multiplying factor is 1 + =1.032

After 5 years the house is worth
3200 000 x 1.032° = 3 745 833 MXN




3 The car depreciates so the multiplying factor is

1-8 =092
100

After 4 years it is worth 12300 x 0.924
= 8811.63 USD

4 Price increases so multiplying factor is

L+ 2% =1.0203
After 6 years the gold is worth
45 x 1.0203° = 50.77 CAD
5 Shares depreciate so multiplying factor

1-15 -085
100

After 2 years the shares are worth
18.95 x 0.85%2 = 13.69 KRW per share.

6 Price increases so multiplying factor is
1 + = =1.018
After 10 years the vase is worth
24 000 x 1.018' = 28 687.26 GBP

7 The price depreciates so the multiplying factor is

1->2=0.958
100

After 8 years the yacht is worth
85000 x 0.958% = 60303.57 USD

8 The rate increases so the multiplying factor is

1+ =1.031

After 5 years she should insure the contents for
103 000 x 1.031° = 119 985.99 euros.

Review exercise

Paper 1 style questions

1 a Letxbe interest rate.

Then 500 X x* = 625
_ 625
~ 500

x=11.8%

b 500 (1.118)"= 1000
using GDC, n = 6.21 or 7 years

2 a Increase in price so multiplying factor is
1+ T =1.023
240000 x 1.023%*= 256 943.80 USD
b 200000 x 7 =214 245

pr o= 214245 1 071225
200 000

r =x/1.071225 =1.0232

So the percentage increase is 2.32%
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WORKED SOLUTIONS

a 1200 x (1.043)* = 1420.10 GBP

So Joseph earns 220.10 GBP
interest

b 1200 x (1.043)" = 1450
using GDC, n = 4.7 years
~.must invest for 5 years.

c 1200 x (1.043)" = 2400
using GDC, n = 16.5 or 17 years.
125 x 0.753 = 94.125 EUR
610 EUR = 800 AUD, so
1EUR =% - 1.3115AUD

610
0.753 EUR =1 USD so,
1EUR = m =1.328 USD

1.328 USD = 1.3115 AUD so,
1USD =L 33“5 0.988 AUD

a Increase is 3.5% so multiplying factor is

1+=232-1.035
100

In 2012 the fees will be 1500 x 1.0352
= 1607 GBP

b The total fees for 5 years,

— 15000-1035) _ 843 70 GBP
s (1-1.035)

a Use formula for compounding quarterly:

45 Y&
18000(1+ 4X100)

= 35219.61 = €35220
b Use Finance Solver on GDC: 19862.21

(4xn)
= 180001+ 505

= n = 26.4 or 27 months

a u +3d=15and u +9d =33
Subtracting, 64 =33 - 15=18Sod =3
andu =6

b u,=6+49x 3= 153
¢ 5,=2 (2x6+49x3)=13975

u=-15+mn-12=-15+2n-2=27
2n=27+15+2=44
n=22

S, =2 (2x-15+21x2)=132

22

Worked solutions: Chapter 7




10

11

12

13

u,r=230and u 7 =120
Womp=024 or=42
ur 30

And ur = 30, so

i whenr=2,u ="-=15

i whenr=-2,u = 5= 15
sou, ==x15

u, = 15(2)° = 480 or —15(~2)° = 480
S, =152-D = 3825 or 7—15(“;2):)—1) = 1275

So,r=%0.5and u, = 8
u, = 8(0.5)°=0.25 or —8(—0.5)> = 0.25

6
_805 -1 _ —8((-0.5° -1 — _
Sé_ 05-1) 15.75 or —05 5.25

200 + 10 x 25 = 450

200 x 1.15°=809.11

200 x 1.15*> 200 + 25x

Using GDC, x = 3.21

So, after 4 times John will have more money
than Mary

u,, =8+ 35%x8=288
u,=3°=8+11x8=96

7‘5:9:76:32
r=\5/372:2

Paper 2 style questions

1
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i 1000+ 7 x 250 = 2750 for Option 2
ii 15 x 27=1920 for option 3
total for option 2 = % (2 x 1000 + 9 x 250)

=21250
Option 1 total = 10 x 2000 = 20000

Option 3 total = 152" -1 _ 15345
2-1

Option 2 has the greatest total value

" Q 060 O

Choice A: 12 x 150 = 1800

: . 1+10) _
Choice B: 1600 {50 = 1767.54

Choice C: 2 (2 105 + 11 x 10) = 1920

: . (1.05% -1 _
Choice D: 120 5D 1910.06

C, because it has the largest total.
Using the GDC, r=6.27%

i 2250 and 2500
ii 2000 + 19 x 250 = 6750

i % (2 x 2000 + 19 x 250) = 87500

i 2800 x 1.05=2940
i 2800 x 1.05* = 3403.42

28000.05" - 1) _ 97584 67
(1.05-1) .

92584.67 — 87500 = 5084.67 will be saved by
choosing Option 1

6k +4 — 5k =5k — 3k + 1)

k+4=2k—1

5=k

3(5)+ 1 =16, 5(5) = 25, 6(5) + 4 = 34
25-16=9

=16+ 14x 9 =142

S, =2 (2% 16 + 19 x 9) = 2030

28000 x 1.04%= 31496.19

i 24000 x 1.05*> 28000 x 1.04*
Using the GDC, x = 16.1
So, in the 17th year his spending will be
more than his salary.

i 24000 x 1.05'7 — 28000 x 1.04"7
=467.23

24°-1) — 11184 810
@-1

Using GDC, n=12
5
r=J)=1=02
2 5

21-02") _ 5 5
1-0.2) )

Worked solutions: Chapter 7

WORKED SOLUTIONS



WORKED SOLUTIONS

Sets and probability

Answers
Skills check

1 a 5isan integer, real and rational [since it can
. 5
be written as T
b 1875= 1% is not an integer, but is both real
and rational, since it can be written as %

333 . . .
¢ 0.333 =, is not an integer, but is both real

and rational. Note that 0.333 # %
0.3030030003... is real, but not rational.
e 05625 = % is both real and rational.

£ Y2.744 —14=" is both real and rational.
g n?isreal, but n(S)t rational.
2 ad -2,-1,0,1,2,3
3 a i 1,2,346,12
i 1,2,4,8
i 1,17
iv 1,5,25
v 1,2,3,4,6,8,12,24
b i 2,3
i 2
i 17
iv 5
v 2,3
c 17 is prime.

d zero has an infinite number of factors.
zero is an integer, it is rational and it is real,
but it is not prime.

Exercise 8A
1 M=1{2 3,4 nd)=3
N=1{1,2,3,4,5 nB)=5
P=1{1,2,3,4, 5} n(C)=5
§=1{(1,4,2,3),3,2),4 1)} nD)=4
T=1{(0,5),(1,4),(2,3),3,2),4,1),(5, 0}
n(E)=6

V={}torF=0 n(F)=0
wW=1{1,2,4,5,10,20} n(G)=6

X is an infinite set and so elements cannot be
listed. n(H)=oo
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{4,5, 6} b {2,4,6}
{7,9, 11} d {59 13,1721}
{2,2), 4,4), (6, 6), (8, 8), (10, 10)}
1(6, 3), (10, 5);

= 0O O o

Exercise 8B

1 Nc M False
P c M False
Nc P True
O < W True

Sc T True
W< X True
Pc NTrue
W< W True

N O W
0o O A DN

D, {a}

D, {a}, b}, {a, b}

D, {a}, {b}, {c}, {a, b}, {a, c}, 1b,c}, {a, b, c}
There are 16 of these!

2n

32

7

a 0 o o

There are none.

{a}, {b}

{ap{b{ich{a, b} {a,c} {b,c}
There are 14 of these!

2n—2

62

8

a 0 o o

Exercise 8C

Consider the sets below.
M={x|2<x<5,xeZ}
N={x|0<x<5x€ Z}
P={x|-2<x<6,xe Z*}

S={x,y |lx+y=5x€ Z',ye 7}
T={(x,y |x+ty=5,xeZ,ye Z}

V= {p | pis a prime number and a multiple of 4}
W = {x | x1is a factor of 20}
X={x]x<200,xe R}

State whether the following are true or false:

a Nc M False b Sc T True
¢ Pc M False d WcX True
e McP True f Pc NTrue
g D cT False h Vc W False

Worked solutions: Chapter 8




Exercise 8D
1 a PuQ

-

~
p)
Q

-

P uQ’

-

P NnQ’

-

(PUQY

-

EnQy

-

2 a H

l:':

WORKED SOLUTIONS

HNN’

U
'
NI
U
'
H UN’
U
'
HANN’
U
'
HUN’
U
'
W‘I
U
@O
W' NR’
U
v@@
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Worked solutions: Chapter 8
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<

@
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@)

(WUR)

<

o

(W' N RY

<

()

Exercise 8E

1 a

m o O

N
]

(2]

3 a
c

Fc G False b
n(G")=8 False d
HuU F=G’ False f
n(G’ N H)=5 False h

U {b? C’ d? e? f’g, h? k}
R’ {c,g,h,k}
T’ {b,f,g h}

A {q’ t? X’ W}

b i
u
ii
u
n(F'u G)=06 True
n(Fu H)==6 False
c i

F’ c H False
n(F" N G)=>5 False
b R {bd,e/f}
d T {cdek}

b A4 {pr}

AU B {p,qrtx,w} d ANB {q,x,w}

A"V B’ {p,q,1,x,W}

Exercise 8F

1 a

i AuB)uC

A

WORKED SOLUTIONS

Au(BuC(C)
u
A B
c
ANnB)nC
u
A B
c
AN(BNC)
u
A B
c
A4ulC)nB
u
A B
c
Au(CNB)
u
A B
c
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Worked solutions: Chapter 8




d i Cn(AUB)
A B
ii BU(CNA
A B
e i AuB)u(C
A B
ii AuBul)
A B
f i UnB)nC
A B

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 8

WORKED SOLUTIONS

ii ANn(B ' NnC)

u U
A B
c
gi Aul)nB
u A B v
c
ii AU(CNB)
U
u A B
c
2 a AUB)NC b AnB'UC)
c UnNnB)YNC d AnBNC)
v e UNnC)UB f An(C’UBY
g ANnBUCY h AnC)uAuBuUO))
i AUBYNC j AnBuUCY
3 a 1 b 3
c 4 d 2
e 7 f 6
g 5 h 8
4 a 1,24 b 3,67
U c 1,47 d 2,56
e 3,4,7 f 2,68
g 2,36 h 4,78

Exercise 8G

1 6 study Biology only (that is “Biology, but not
Chemistry”)




N

w

4

Exercise 8H

1

14 study exactly one science (that is “Biology or
Chemistry, but not both”)

21 study at least one science (that is “Biology or
Chemistry, or both”)

21 study one science (that is “Biology or
Chemistry, or both”)

13 do not study Biology

11 do not study Chemistry

7 Chemists study Biology

6 Biologists do not study Chemistry

14 science students do not study both Biology
and Chemistry

[o~]
(]

F

=

6

c o

(2]

7 study French only.

19 study Malay or French or both.
6 study neither subject.

15 do not study both subjects.

D

U

=

1

b
c

d

28 are in the class.

11 do not study History.

10 study Geography but not History.

17 study Geography or History but not both.

3 Let x be the number of students who play both
piano and violin.
Then 18 — x play violin only

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

16 — x play piano only

WORKED SOLUTIONS

So(18—x)+x+(16 —x)+7 =232

41 —x =32
x=9

<

o

7

Qa 0 o o

9 play the violin but not the piano.

14 do not play the violin.

7 play the piano but not the violin.

16 play the piano or the violin, but not both.

(72

u

o

2

Let x be the number of students who have
studied both probability and set theory.
Then 20 — x studied probability only

14 — x studied set theory only.

So(20—x)+x+(14—x)+2=30
36 —x =30
x=6
6 have studied both topics.
22 have studied exactly one of these subjects.
8 have studied set theory, but not probability.

>

U

1

b

(o4

Let x be the number of girls who have taken
both aerobics and gymnastics.
Then 13 — x studied aerobics only

17 — x studied gymnastics only

So(I13-x)+(17-x)+1=25
31-x=25
x=6
6 have taken both activities.
11 have taken gymnastics but not aerobics.
24 have taken at least one of these activities.

Worked solutions: Chapter 8




Exercise 8l

0 A

e

G 15

1 a 70]liked exactly two of the three flavors of
juice.

70 did not like orange juice.

55 liked one flavor of juice only.

25 did not like either orange or apple juice.

" Q 0 O

25 did not like orange juice and did not like

apple juice.

75 liked at least two of the three flavors of

juice.

g 70 liked fewer than two of the three flavours
of juice.

h 35

i 55

i 25

k 45

=h

a 100 passed at least one subject.

b 45 passed exactly 2 subjects.

(3]

20 passed geography and failed Mathematics.

Q.

15 passed all three subjects given that they
passed two.

e 30 failed Mathematics given that they passed
History.

3 4 are not fulfilling their responsibilities.

U
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WORKED SOLUTIONS

25 take part in one activity only.
24 take part in exactly 2 activities.
29 do not take part in at least 2 activities.

5 take part in chess given that they take part
in dominoes.

14 take part in backgammon given that they
do not take part in dominoes.

U

50 ordered more than one type of rice.

65 did not order a rice dish from Fatty’s
Delight.

103 did not order chicken rice.
15 ordered duck rice and one other rice dish.
65+40+x+10—-x+35+x+17=170
167+ x=170
x=3

o Q 060 T 9

129 take up one activity only.
24 take up at least two activities.
146 take part in fewer than two activities.
15 boulder given that they climb.
9 take up one other activity given that they swim.
Let x be the number that suffer from all
3 diseases.
Then29+9+x+11-x+8+x=65

57 + x =65

x=8
8 suffer from all three diseases.
u

Worked solutions: Chapter 8




b 15 suffer from at least two diseases.

3 suffer from lung disease and exactly one
other.

d O suffer from heart disease and lung disease
but not kidney disease.

e 17 suffer from lung disease only.

7 | History English |V

o

A 0

a 3x+89=116
3x=27
x=9
b 18+39+15+17=289
Exercise 8J

1 a A=1{1,4
b B={l1,2, 3,6}

c u
A B
5

2

4
e PB)=-

6 4
f P(not a square number) = B

= 0

P( either a square number or a factor of 6 or
h) ==
both) = p
i PU)=2=1-2=1-PW)
6 6
5 2 4 1

PAUB)="="+"-_-
(U)6666

= P(4) + P(B) - P(4 N B)
2 a A={3,57
= (4,6, 8,10}

d P(A)zg
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P( both a square number and a factor of 6) = —

WORKED SOLUTIONS

e P(B)=§
F oz
8
4
g _
8
h 0
R 7
l .
8 5 3
i PUAY="=1->=1-PU)
8 8
PBY="=1-2=1-P®B)
8 8
k P(AuB):z=i+ﬁ_9
8 8 8 8
= P(4) + P(B) — P(4 N B)
t !
8
m 1
n P(UB)=1="+"_"
8 8 8
=P(4) + P(B') - P(4’ N B’)
a A=13,579 [, 2|y
B= {4, 9}
d P(A)—g 8
e P(B)—z 6
P
8
5
g _
8

h PAUUB)=_="+2_"
8 8 8 8

=P(4) + P(B) - P(4 N B)
A random experiment is: toss two unbiased coins.

a {HH, HT, TH, TT}

11
b —,—, -
2 4

N

A random experiment is: toss three unbiased
coins.

a {HHH, HHT, HTH, THH, HTT, THT, TTH,
TTT}

b

) )

oo | W
oo | W
0 | =

1
8

A random experiment is: toss four unbiased

coins.
1 1
a — b —
16 16
4 4
c d
16 6

Worked solutions: Chapter 8




HHHH, HHHT, HHTH, HTHH, HHTT,
HTHT, HTTH, HTTT,THHH, TTHH,

f
THTH, THHT, THTT, TTHT, TTTH,
TTTT
Exercise 8K
23 5 5
1 a 20 b o < o
15 8 8
d % e g f 23
14 8 6
2 a % b ) c o
8 4
d % e E f
8 2 8
3 a 7 b 7 c
7
12 16 28
4 a 3*4 b 3z C ﬁ
12 6 12
d » e 18 f2
13 4 8
5 a % b 2 c o
17 7 12
d % ¢ u fu
9
& u
5 18 10
6 a 5 b % c
d 3
8
12 4 4
7 a - b 3 c %
3 12
d % ©
12 12 z
8 a 2 b 20 c o
d 2 e 12
7 17
Exercise 8L
AnB= {1} .. NOT mutually exclusive
2 AnB=C .. mutually exclusive
3 AnB={2} .. NOT mutually exclusive
4 AnB=C .. mutually exclusive
5 AnB=1{9} .. NOT mutually exclusive
6 AnB=C .. mutually exclusive
7 An B={6} .. NOT mutually exclusive
8 AN B=C .. mutually exclusive
Exercise 8M
_5 -3-1 =2
1 P(A)—§ P(B) = 5=3 P(Ar\B)—9
% # g x % .. not independent.
_3_1 _2_1 _1
2 I:(A)l—lg—g P(B)—g—g P(Ar\B)—6
s=o%3 independent.
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WORKED SOLUTIONS

3 P =+ PB)=2=! PU~B)=!
9 9 3 9
é # g X % .. not independent.
=6_1 —8_1 =2_1
4 P(A)_24 4 P(B) 24 3 P4 B) 24 12
L_1yx! . independent.
12 43
—10_5 =11 -8
5 P(C)—18 5 P(B) 3 P(CNB) =g
3 23x . not independent.
1879718
_20_1 _lo_1 =8 _1
6 P(C)—%—2 P(P) 01 P(CNP) 05
1,11 .
s#5%X5 w.mot independent.
Exercise 8N
1 2%
3
Blue 2
1
0 1 2 3 4
Red
6 3 6 3
a o or ¢ b 6 % 3
4 1 9
€ 5 O 7 d 16
2 4
4
3
2
1
0 1 2 3 4 5 6
6 13 6
a o, b 1 c
11 4
d % ©
3
3
2
1
0 2 3 4 5
2 4 9
a - b D c 5
5 8
d 3 e .
4
4 5
4
3
2
1
0 1 2 3 4 5
6 23 26
a o b 3 c %
13 27
d % € 3

Worked solutions: Chapter 8




=N W A~ o

20

30
10 24
30 30

Exercise 80
1

=lo

5
1 B

6
a P(onered)=ﬁ><ﬁ TRST

b P(atleast one blue)
= 0D 43645585
no1 1T s 121
60

121

5+5><6—

22
30

60
121

d P(B second | one of each color)

__ P(Bsecond M one of each color)

P (one of each color)
6_5
7X7
— 11 11 _ 1
U
121
e P(Bfirst | at least one blue)

_ P(Bfirst natleastoneblue)

- P(atleastoneblue)

3,6 .55

1711 11711 =55 _ 11
85 8 17
121

o1|w

I
olw g
o

p'

ol

2 :
5 P

a P(exactly one prime)
_342,2,3_12

505 5 5 25

b P(at least one prime)
_12 ,3,3_21

25 575 25
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WORKED SOLUTIONS

c P(two primes | at least one prime)
_ P(twoprimes N atleast oneprime)

P (atleastone prime)
9
_25_9 _3
21 21 7
25

d P(prime first | at least one prime)

_ P(prime firstand at least one prime)

P (atleastone prime)

=W 2 0)_15_5
21 1 7
25
3 D
5
7 D
10
2 1
5 D
3 D
3 5
10 D'
2 1
5 D
Sixth Dover
avenue road

a P(delayed once only)
72, 343_23

T1075 1075 50
b Pmodelay) =3 x2-06_3
( y) 105 5 25
c P(delayed at S.A | delayed exactly once)
_ P(delayedatS.A.ndelayed exactly once)

P (delayedexactly once)

7.2

=10 5 _14
23 23
50

d DP(delayed at S.A | delayed)
_ P(delayedatS.A.Ndelayed)

P(delayed)
T3, 7.2
—10"5 10" 5_35
-6 44
50
1 D(3
3 (3)
2 D)
7
2
)
1 D(3)
5 3
7 DY0)
2
3 DO
5.2_10
=—-X-=—
a P(no delays) X3
2.2 ,5_1_9 _3
==X+ X-=—==
b P(one delay) ZXgtoXg=a=3

P(delayed)
2 1 2 2
— X =+ =X=
_7 3 7°3_6
10 11
1- 2
21
, 2.1 ,5.,1_1
SIX-+Ix-—==
d DDorD'D Xyt oXS=3

Worked solutions: Chapter 8




5 015 R
R
0.2
0.85 F
R
0.8 01
F
0.9

F

a P(atleast one fine day)
=1-0.2x0.15=0.97

b P(fine today | at least one fine day)

_ P(finetoday Matleast onefine day)

P(atleast onefineday)
_08x01+08x09 _ 80

0.97 97

c P(both fine | at least one fine)

_ P(both fineatleast onefine)

P(atleastonefine)
_08x09 _72
0.97 97

Exercise 8P

1 5 R

10

6 R

11
5
0 B
6 R

5 10

11 B
4
0 B

a P(exactly one red)
6,5 5,6 _60

1710 11710 110

b P(atleast one blue)

—1-64> _380
11710 110

60

c P(one of each colour) = 10

d P(blue second | one of each colour)

6.3
_11 10 _1
6 2
110
El
e P(blue first | at least one blue) = %
110
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WORKED SOLUTIONS

4 F
11
5 F
12 7
1 W
5 F
7 11
12 W
6
1w
Boy Girl
a PQfaulty) =3 x4 -20_5
( ) 251 132 33
11 ,6_15
b P(at least one faulty) =1 TRETRET)
c¢ P(Girl F | exactly one F)
7.3
= 12711 =3»_1
S, 1.7, 5 10 2
2711 12 11
025 D
K
0.6
0.75 D'
D
0.4 05
S
0.5
D"
a P(delayed)=0.6 x0.25+0.4x 0.5
=0.35

b PSNAD)=04x05=02

_ P(KND) _06x025_3
c PKID)= P(D) 035 7
A _ P(SND) _04x05_20_ 4
d PS|D)= P(D) 0.65 65 13
07 S
S
0.9
0.3 s
S
01 0.6
g
04,

a P(S§S)=09x%x0.7=0.63
b P(oneS)=0.9x0.3+0.1x%x0.6
=0.33
¢ P(snow today | exactly one snow)
_09%x03_27_9
033 33 11
d P(snow today | at least one snow)
- 09 _%N_1
1-01x04 96 16

5.3 ,3.,2_21_3
RR X4 I X I =2
BR. or 8§ 7 8 7 56 8

Worked solutions: Chapter 8




Review exercise
Paper 1 style questions

1 a i 6 i 5 iii 10 iv 24
b 1]
G T
GnNnS
S
2 a,b 1]
c 3
3 a F b T
c T d T
e T f T
4 a A B c u
AU BN C)
b 4+6+5=15
i 5,10,15,20
ii 10, 20, 30
5 For example:
a 3,4
3
b Z’ﬂ
2 -7
© 30
15
d 2%
e T2
f w2
60 15
b 1-1=1
15 15
c lo_4
20 5
7 a i:i
15 15
3
b
4 3 2
© 5 U
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WORKED SOLUTIONS

8 a 12
b lxl=1
2 2 4
c 2.1
6 3
9 a 3400<w< 3700
5 1
b %=1
c B5_9
50 10
d 20_4
45 9

Paper 2 style questions
1 a U={8,9,10,11,12}

b, e U
P

L=}

X

10

)
—-
—-

c i none
ii none

d numbers that are either multiples of 4 or
factors of 24.

2 a i 1]
D S

0

ii 48—-x+x+44—-x=70
92-x=70
x=22
iii Members who did not attend both Drama
and Sport

iv P(DorS)= [487_022 p—

44—22}_48_24

30

3

&:‘c\ =N w

3Is

-
=]

[

b 50-45=5

Worked solutions: Chapter 8




WORKED SOLUTIONS

© Oxford Universi

i »_7 5 a 4 ¢
50 10 10
w29
i 22 c
50 m 6
10 P
i 61 10
24 4 4 ¢
3,2_3 8 9
50 29 1225 o P
i P=1{2,3,5711} % P
i 0={1,2,3,69}
. 44 _ 16
Tl — — X — =
i R=1{3,6,9,12} b i %% = 100
iv PnQNR={3} i Ax6 46,448
10 10 10 10 100
U c i a=8 b=9
ii 0
i 1
d x40, 1_5_1
2 10 2 10 20 4
6 a i L
60
i 1
60
. e 42
i {2,3,5,6,7,9 11} i oo
i {1,4,8,10} b i 2474102
60 60 60 60
i {4, 8,10} i 2
13
i 5 i 3 3635 _ 21
i = i = c i x4
12 12 60 59 59
e 4 .2 i B 4_33
mo v 3 60" 59 59
ty Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 8




WORKED SOLUTIONS

Answers
Skills check
- /@ i )
ANB AUB
c A: EE :B v d A B
A UB (4u BYy
e @ |
ANnB)Yu( nB)
2 a 1]
A B
C
ANnBnNC
b A B v
C
(AUuB)NC
[od U
A B
C
AUu(BnNCO)

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

d 1]
A B
c
AuB)nC’
e u
A B
c
ANnB)Yu(A'NnB)

Exercise 9A

The following are statements:

1,4,5,6,7,9,10, 11, 12, 13, 14

Exercise 9B
exclusive

inclusive

inclusive

0 O A N

exclusive
inclusive
exclusive

exclusive

1
3
5 inclusive
7
9

exclusive

11 exclusive

Exercise 9C

10 exclusive

12 exclusive

The student is not a council member.

She does not own a mobile phone.

n 1s not a prime number.

ABCD is not a parallelogram.

Surabaya is not the capital of Indonesia.

This word starts with a consonant.

There is an odd numbers of pages in this book
This price is exclusive of sales tax

This shape is a triangle or has more than 4

1 a
b
c
d
e
2 a
b
c
d
sides
e

He walked at a variable speed.

Worked solutions: Chapter 9




3 a
b
c

4 a
b
c
d

5 a
b

6 a
b
c
d
e

7 a
b
c
d
e

8 a
b
c
d
e
f

i No, the negation of p would be that Chihiro 2
obtained any mark other than the highest.

it No, the test could be not difficult without
being easy.

iti No, Sahana could have scored 50% on the
test.

iv Yes

v No, Nishad could have scored the average
mark on the test.

No

Yes, Yes 3
x 1s less than or equal to five

y is greater than or equal to seven

z is less than ten

b is more than 19

zero is neither positive nor negative.

x 1s greater than or equal to zero.

Courtney was present in school on Friday. 4
This chair is not broken.

The hockey team won or drew their match.

The soccer team did not win the tournament.

The hotel has running water.

His signature is legible.

James is either younger than or the same age
as me.

The class contains at least eight boys.

Her family name begins with a letter other
than P.

He has fewer than two sisters.

X is a male doctor

X is female but she is not a doctor

X is a married woman

X is a single man

R is a positive rotation of at most 90°

R is a positive rotation of at most 90° or a
negative rotation.

Exercise 9D

1 a
b

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

Susan speaks French and Spanish

Susan does not speak French and does speak
Spanish.

Susan speaks French and does not speak
Spanish.

Susan does not speak French and does not

speak Spanish. 10

Susan does not speak both French and
Spanish.

T o o Qa 6 o 9

(2]

Q.

WORKED SOLUTIONS

Jorge speaks Portuguese and Mei Ling speaks
Malay.

Jorge does not speak Portuguese and Mei
Ling does speak Malay.

Jorge speaks Portuguese and Mei Ling does
not speak Malay.

Jorge does not speak Portuguese and Mei
Ling does not speak Malay.

It is not true that both Jorge speaks
Portuguese and Mei Ling speaks Malay.

All dogs bark and all flowers are yellow.
Not all dogs bark and all flowers are yellow.
All dogs bark and not all flowers are yellow.

Not all dogs bark and not all flowers are
yellow.

It is not true that both all dogs bark and all
flowers are yellow.

China is in Africa and Rwanda is in Asia.
China is not in Africa and Rwanda is in Asia.
China is in Africa and Rwanda is not in Asia.

China is not in Africa and Rwanda is not in
Asia.

It is not true that both China is in Africa and
Rwanda is in Asia.

Chicago is the largest city in Canada and
Jakarta is the largest city in Indonesia.

Chicago is not the largest city in Canada and
Jakarta is the largest city in Indonesia.

Chicago is the largest city in Canada
and Jakarta is not the largest city in
Indonesia.

Chicago is not the largest city in Canada
and Jakarta is not the largest city in
Indonesia.

It is not true that both Chicago is the largest
city in Canada and Jakarta is the largest city in
Indonesia.

Yes, since x could equal 5.

b

(all rectangles are parallelograms)

If ABC is right-angled at C then
AB? = AC? + BC?

a,band ¢ cannot be true,

aandd cannot be true,

d and e must be true

e must be true.

P |=P| pPA=p
T|F| F
F F

Worked solutions: Chapter 9




11 r=pA—gq

il R

m|H|m|d
—|m|-|T
MM T~

12 r

20

12

15

MM

Nl le s

M M| M| |~

11

Exercise 9E

1 a
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i x<36orx=36

il x <36 orx=36but not both
i

i pvyg ii
iv (rvg)Aa—p
No, since as 2 statements cannot both be true.
i pvg i pvg
iv gvr v pvgvr vi(pvgAa-r
i 1,2,3,4,6,9,12,18, 24, 30, 36

i 1,2,3,4,9, 24,30

ili 1,4,6,9, 12,16, 18, 24, 25, 30, 36

iv 2,3,6,12,16, 18, 25

v 1,2,3,4,6,9,12, 16, 18, 24, 25, 30, 36
vi 2,3,6,12,18, 24, 30

pVvgq b
pv—q b

pvg iii gvr

iii pvr

rvq c pVvr d

—pATg

x ends in zero or x is not divisible by

5 (eg.10, 13)

x ends in zero or x is not divisible by 5 but not
both (eg.10, 13)

x ends in zero and is not divisible by

5 (necessarily false)

rng

x ends in zero and is divisible by 5 (eg.10)

x does not ends in zero and is not divisible by
5 (eg.13)

i pnrg ii
iii pvg

v = (pVvy)

vVii—pA—g

pvq
iv —pVv—=q

vi = (pArQ)

i statementi
ii statement iii
iii statements v and vii

iv statements iv and vi

WORKED SOLUTIONS

Exercise 9F

1

vi

vii

i pnrg
P49 prq
TI|T T
T|F| F
FIT| F
FIF| F
prvyq
P |49 |pvq
T|T| F
T F| T
FIT| T
FIF| F
pvyq
P|la|pvg
T|T T
TIF| T
FIT| T
FIF| F
—pV —q
P | q|-p —q|-pVvgq
T|T|F|F F
T F F I T T
F I T T F T
F F T T T
—(rVvq)
P | q|(pva) —(pva)
T T T F
T F| T F
FIT | T F
FIF| F T
—(rnq)
P9 |(prqg) —(PAq)
T|T T F
T|F F T
FIT F T
F|F F T
—p AN (g
P|q|—ap|q|apAq
T|T|F|F F
TIF|F | T F
FIT| T|F F
FIF| T | T T
I am not studying both French and Chinese.
P |=p|—(=p)
T F T
F| T F

The 1st and 3rd columns are identical,
therefore —(—p) © p

Worked solutions: Chapter 9




b lp|p|l(pap

T|T T
FIF| F
The 1st and 3rd columns are identical,
therefore p Ap < p
c
P|ga| (pArq) [pv(PAQ)
TI|T T T
T|F F T
FIT F F
F|F F F
The 1st and 4th columns are identical,
thereforepv(p A q) ©p
d | plq| pvqg |=p|(=pra)|pVv(=pAra)
TI|T T F F T
TIF] 7 |F F T
FI|T T T T T
FIF] F [T F F
The 3rd and 6th columns are identical,
therefore pv(mpArg) & pvg
3 [pla[-p[-a[(pr=a)[(=Pra) [(PA=G) V(=PA Q)
TIT| F|F F F F
TIF| F | T T F T
FIT| T F F T T
FIF[T]T F F F
(Pr-@Vv(prg&pyg
43 I plap|pv-r
T| F T
F| T T
p Vv —pis atautology
b I'p[=p|pa-p
T/ F| F
FI T | F

P A —pis a contradiction

c P| p| (pPAP)| PA(PAP)
T| T T T
F| F F F

p A (p A p) 1s neither a tautology nor a

contradiction.
d Pla|(pv q)—=p—q|(=pA-q)((PVQq)V(=pA-Q)
TIT T F|F F T
T|F T FI|T F T
FIT T T|F F T
F|F F TI|T T T

(pVv q) Vv (=p A—=g)is a tautology

Exercise 9G

1 [p|q|r|(gan | pv(gaD
T| T |7 T T
T|T|F F T
T|F | T F T
T|F|F F T
FITI|T T T
FIT|F F F
FIFI|T F F
FIF|F F F

p Vv (g A7) is neither

2 ([ plq|r —=q((pv-q)|(pv—aq) vr
T|T|T|F T T
T|T|F|F T T
TIF | T|T T T
T|F|F|T T T
FIT|T|F F T
FIT|F|F F F
FIF|T|T T T
FIF|F|T T T

WORKED SOLUTIONS

e
P q|=p[=q|(PV—q) |[(=PAQ) | (PVY-Q)V(=PAQ)
T|T| F F T F T

TIF| F| T T F T

FIT| T F F T T

FIF| T T T F T

(pVv =9 Vv (=p A q)is a tautology

f

P q9|=p|=q[(PV—Q) |[(=PA—Q)|[(PVaQ) A(=PA—Q)
TIT|F|F T F F
TIF[F]T T F F
FITIT[F F F F

FIF| T | T T T T

(pv —=g) A (=p A —g)is neither a tautology nor a
contradiction

g

P q|—=p[(=pVvq)|(pArQq) | (=pVag) A(PAQ)
TIT| F T T T

TIF| F F F F

FIT|T T F F

FIF| T T F F

(=p Vv @) A (p A g) is neither a tautology nor a
contradiction

h

P a[(pAQ) |—p|[—q|(=PA=Q) [ (PAG) A(mPA=Q)
TIT| T |F|F F F

TIF| F |F|T F F

FIT) F | T|F F F

FIF| F |[T|T T F

(p A g A (= pA—g)is a contradiction

(p v —q) v ris neither

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute
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WORKED SOLUTIONS

B3 |plq|r|=r| paq |pAa=r|(pAa@ vV (PA=A| 7 |p|q|r|=p(=pVva) (pvD |[(=pvaAlpvD
T|T|T|F T F T TIT|T|F T T T
TIT|F| T T T T TIT|F|F T T T
TIF|T|F F F F TIF|T|F F T F
TIF|F| T F T T TIF|F|F F T F
FITIT|F F F F FITIT|T T T T
FIT|F|T F F F FITIF[T T F F
FIF|IT|F F F F FIF|T|T T T T
FIF|F|T F F F FIF|F|T T F F
(p A q) Vv (p A—7)is neither (=p Vv @) A (pv7)is neither
4 p|q | r|(pva)|-q|(ra-q)(pvaVv(ran=qg) 8 |pjq r|(pvqe | (pvD) | (PVaA(pvD)
T|T|T] T F F T TIT|T T T T
T|T|F| T F F T TIT|F T T T
TIFIT) T |T| T T TIRT T T T
TIF|F| T |T F T TIFIF] T T T
Flrit] 1 [F] F T FiTyT) T T T
FlTIF] 7 [F| F T FITIFL T F F
FIF|T| F |T T T FIFIT F T F
FIF|F F F F
FIF|F| F | T F F
< neith (» Vv g A (p Vv 1) is neither. It is equivalent to
(pv q) Vv (r A —g)is neither PV (g7
S |plq|r|(pan|ar(ga=an|(panA(gAa—D) .
T1T1T1 T |El F F Exercise 9H
T|T|F F T T F 1  p|lq|r|(paq (PAQ) AT
TI|FIT| T |F F F T|rjrp T T
TIF[F[ F [T] F F L L L F
FlTiT] F [F| F F L L F
FITlFr] F [T 7 F T|FIF] F F
FIF|T| F |F F F FITT F F
FIT|F F F
FIF|F| F [T F F
FIF|T F F
(p A7) A (g A—7)is a contradiction FIlFI|F F F
6 |plg|r|=pl(=pva)(pan|(=pvavVv(pan o (gl (@nn NI
Tt F] 7 T T .| R
T|T|F|F T F T LI L ! !
T | T|F F F
TIF|T|F F T T T T F T = =
T|F|F|F F F F T TETE = =
FIT|{T|T T F T FElT T T =
FIT| F| T T F T F T F F F
FIF|T|T T F T F FI T F F
FIF|F| T T F T F|lF|F F F
(=p Vv @ Vv (p A7) is neither (» A @) A7 p A (g A7) and brackets are not
required.

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 9




o
=]

R

PNQNR=PNn(@QnN

R)

o
=]

(PUQQUR=PU(QUR)
p|laq| r | (qvn |pv(gvy
T|T|T T T
T|T|F T T
T|F|T T T
T|F|F F F
FIT | T T F
F|T]|F T F
FIF|T T F
F|F|F F F

Pl q| r (pPAq) (pAQ)vr
T|T|T T T
T|T|F T T
T|F|T F T
T|F|F F F
FIT | T F T
F|IT|F F F
FIF| T F T
F|I|F|F F F

The statements p v (g v 7) and (p A ¢) Vv 7 are not
equivalent therefore brackets are required.

P Q

U

PA(QUR)

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute

WORKED SOLUTIONS

P Q v
R
PNQYUR
PN(QUR#(PNQUR

Pl q| r |(qgaD pv(gAan
T | T|T T T
T | T|F F T
T F|T F T
T|F|F F T
FIT|T T T
F|IT|F F F
FIF| T F F
F|F|F F F
plag|r (pva) (Pva)ar
T | T|T T T
T | T|F T F
T F|T T T
T|F|F T F
FIT|T T T
F|IT|F T F
FIF| T F F
F|F|F F F

The statements p v (g A7) and ( p Vv g) A 7 are not
equivalent therefore brackets are required.

u
P Q
R
PU(QONR)
u
P Q
R
(PUQ)NR
PU@NR)#PUQNR

Worked solutions: Chapter 9




WORKED SOLUTIONS

(=pAQ) (—mqAD (=rAp) [(pAQ) V(=AY (arAp)
F

J
<
]
°
]
2

e e A A R A R R -
i N R i R F e AR R
M| A ||| A A=
—| | ||| m|m|m
| A |74 4|77
|| A4 n| |7
M| | ||| M
M| | m|m| ||
M| | M|
| A4 H 4

-~

(=pvaq) (—qvn) (=rvp) [(=pV A A(=gV ) A(aryp)
T

J
<
J
ey

Mm-S
mH|[H|m M|
—A|TH|T|H| ||~
|| |m|m| M
M| ||| ||
m|{m|m|m|m|m

IR
—|n|=|m|=|7 a[n|d
Y . -
e

-n
-n
-n
-

T T

The statements (—p A q) vV (—gA7) vV (—m7rAp)and (—p Vv @) A (—g Vv 7r) A (=7 Vv p) are not equivalent.

Exercise 9l 4

Agq= A
1 p PAG|(PAG=p) [(P=>PAQq) =

q  P=PAq (P=>pPAQq)
T T T

©
S

pP=>pAqis
invalid

M| |
n|l4|n|4|a
M| >
—| =]

| m| 4|4
m| | M|
M| M| M| -

T F F
T T T
T T T

q p=>pvg (@Arqg=p) A= pAq)isinvalid

(PAq=p) Vv
(p=pPAQq)
T T T

T F T
T T T
T T T

p=>pvVvgqgisa
tautology

pAq(pAq=p)(p=PpPAaq)

mm| s
M4 M| 4|
M| =44 <
—||

=4 .
M| |4 >

q| PAG=Pp

@'n'n—|—|'c

pAg=pisa
tautology 6

Ag=p) Vv (p=pAq)is atautology

—(pAqg) =
=pVv-=aq
T

PAG|=(PAQ)|—p —q—pV—q

m|mH s
M| 4|9
MM 4>
— ||

q| pvg=p

pvg=pis
invalid

M4 s
M| M| 4| Q
M| >
—| A 4|
—A | H| |
—A| M| 4|
—| A 4|

T
T
T

iR EEEEEERE -
M4 |m| 4|9
M| =A<
—|m |

—(p A q) = —p Vv —qis a tautology

(pva=p) | (P=>pPAq) | (PVva=>p)A(P=PAQq)
T T T
T
F
T

Q

MM S
M| 4| Hd|

M4 4[<L

M| M= >

— ||

F
F
T

(pvg=p)A(=pAqg) isinvalid

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 9




WORKED SOLUTIONS

7
pla|lpvqg|=(pvqg| =p | —=q | =pv—aq|=(pVve=>-pVv-q
T(T| T F F | F F T
TIF| T F F T T T
FIT| T F T F T T
FIF| F T T | T T T
—(p Vv q) = —p Vv —qis atautology

8
P|q|=p —q =pv—=q| pAq | =(PAQ) | =pV—-q=>=(PAQ)
T|T|F|F F T F T
TIF|F|T T F T T
FIT| T|F T F T T
FIF| T T T F T T
—p Vv —aqg= —(p A g)is a tautology

9
pla|pvqg| =(pvq|=p| =q |apA=q| =(pVg=>-pAr-q
TIT| T F F| F F T
TIF| T F FloT F T
FIT] T F T| F F T
FIF| F T T T T T
- (Vv q) = —p A—qis atautology

Exercise 9J

1 p Madeline plugs the CD player in
g Madeline blows a fuse
The argument is [(p = q) A =p] = —¢q

Pl aq p=>q|—p|(P=29A=p| —q [[(p=29 A=pl=-q
T(T| T F F F T
T|F| F F F T T
FIT] T T T F F
FIF| T T T T T

The argument is invalid

2 p Muamar applies weed killer
g yield increases
The argumentis [(p = @) Aq] = p

Plaip=q|(p=>9Arq [(p=>aAq=p
TIT| T T T
T|F| F F T
FIT, T T F
FIF| T F T

The argument is invalid

3 p Isaac passes the Maths test
g Isaac drops out of the IB diploma
The argumentis [(pV @) A—q] = p
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P q| pvqg | —=q | (pva)a—q | [(PVv@A-q=p
TlT] T F F T
TIF| T T T T
FIT|] T F F T
FIF| F T F T

The argument is a tautology and is valid.

4 p you like music
p you go to tonight’s concert
r you buy some CDs.
The argumentis [(p = Q) A(g= 1) A—1] = —p

WORKED SOLUTIONS

plq|r| p=>q qg=>r|ar| (P=>9A@=>DA=r | ap | [(P=>9A@=>NDA=r=>=p
T T|T T T F F F T
T/ T|F T F T F F T
TIF|T F T | F F F T
T|F|F F T | T F F T
FIT|T T T | F F T T
FITI|F T F T F T T
FI F|T T T F F T T
F| F|F T T T T T T

The argument is a tautology and is valid.

5 p aperson has an annual medical

g many illnesses can be detected early

r many lives can be saved

The argument is [(p = @) A (g= 1] = (—p= —7)
pl g r p=>qq=>r (p=>9A@=>D | ap | ar|ap=>ar| [(P=29A@=>0]=Ep=n
T|T|T T T T F F T T
T|T|F T F F F T T T
TIFI|T F T F F F T T
T|F|F F T F F I T T T
FIT|T T T T T F F F
F|T]|F T F F TI|T T T
FI|FI|T T T T T F F F
F| F|F T T T T T T T

The argument is invalid.

6 p you are involved in a car accident
g your insurance premiums go up

r you have to sell your car

The argumentis [p = Q) A (g=7)] = (—p= —7)
Truth table-see question 5
The argument is invalid.
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7 p Doctor underwood gives difficult tests
g the students fail
r the students complain to Ms Smart
s Doctor underwood is dismissed
The argumentis [p=> QA (=1 A (r=3)] = (=s= —p)
e e e R R el vt i
TIT|T|T T T T T F F T T
TIT|T|F T T F F T F F T
TIT|F|T T F T F F F T T
TIT|F|F T F T F T F F T
TIF|T|T F T T F F F T T
TIF|T|F F T F F T F F T
TIF|F|T F T T F F F T T
TIF|F|F F T T F T F F T
FIT|T|T T T T T F T T T
FIT|T|F T T F F T T T T
FIT|F|T T F T F F T T T
FIT|F|F T F T F T T T T
FIF|T|T T T T T F T T T
FIF|T|F T T F F T T T T
FIF|F|T T T T T F T T T
FIF|F|F T T T T T T T T
The argument is a tautology and is valid.
Exercise 9K
1ip|q|prg|=(PAg)| =P | =q | (=PV—0G)| =(PAG) & (=PV—Q)
T T| T F F | F F T
T|F F T F T T T
F|T F T T F T T
F|F F T T T T T
—(p A @) © (—p Vv —q) is a tautology.
2| p| q |pvqg =(PVve | =P | =q | (=pA=q) | =(pVq) & (—pA-Q)
T T T F F F T
T F T F F T T
F T T F T F T
F F F T T T T
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3 p 9 | prq |(Prg)ep

T T T T

T F F F

F T F T

F F F T

p| q | pvg|(pvagep
T T | T T

T F| T T
FIT | T F
F|F F T

The statements are not equivalent.

' p| q |-a| pr-g —(pPA—Q) | —p -pVvVq
T | T |F F T F T
T | F | T T F F F
F| T |F F T T T
FIF|T F T T T

The columns for —(p A —¢q) and —p Vv g are identical so the
statements are equivalent.

5 P | q@ |=q| pv=q | =(pv=q) | =p | =PAQq
T|T|F T F F F
T|F | T T F F F
F T F F T T T
FlF | T T F T F
The columns for —(p v —¢) and —p A g are identical so the
statements are equivalent.
6
Pl a|—-q|(pv=q) |=p [(=PAQ) | (PV-Q & (mPAQ)
T|T|F T F F F
T|F|T T F F F
FIT|F F T T F
FIF| T T T F F
The statement is a contradiction.
7
P| g |(pva | —(pvae | (PArg) |=(PVe) & (mPAQ)
T T T F T F
T F| T F F T
F | T T F F T
F|F F T F F
The statement is neither a tautology nor a contradiction.
8
P qa =g (pr=q | —p | =(pvae|(PAr=g &—=(pV Q)
T| T |F F F T F
T F|T T F F F
FI T |F F T T F
FIF | T F T T F

The statement is a contradiction.
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Exercise 9L
1

P q|Pp q=p
T|T|T T
T F I T T
F T F F
F F | F T

2 |p|q|ap|nq| ~p=>-q
T T F F T
T F F T T
FIT T F F
F F T T T

3 P| q |—q|—ap|l —qg=-—p
T T F F T
T F T F F
F I T F T T
F F T T T

Exercise 9M
a Valid

Converse: If ABCD is a quadrilateral then
ABCD is a square. This is invalid. Counter
example: a rectangle.

Inverse: If ABCD is not a square, then ABCD
is not a quadrilateral. This is invalid. Counter
example: a rectangle

Contrapositive: If ABCD is not a quadrilateral,
then ABCD is not a square. This is valid.
b Valid

Converse: If ABCD is a parallelogram, then
ABCD is a rectangle. Invalid. Counter example:
a parallelogram without right angles.

Inverse: If ABCD is not a rectangle, then ABCD
is not a parallelogram. This is invalid. Counter
example: a parallelogram without right angles.

Contrapositive: If ABCD is not a parallelogram,
then ABCD is not a rectangle. Valid.

c Valid
Converse: If an integer is divisible by 2 then it is
divisible by 4. Invalid. Counter example: 6.

Inverse: If a integer is not divisible by 4 then it is
not divisible by 2. Invalid. Counter example: 6.

Contrapositive: If an integer is not divisible by
two then it is not divisible by 4. Valid.
d Invalid Counter example: 6

Converse: If an integer is odd then it is divisible
by 3. Invalid. Counter example: 5.
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Inverse: If an integer is not divisible by three then
it is not odd. Invalid. Counter example: 7.

Contrapositive: If an integer is not odd then it is
not divisible by 3. Invalid. Counter example: 6

Valid

Converse: If an integer is even then it is divisible
by 2. Valid.

Inverse: If an integer is not divisible by 2 then it is
not even. Valid.

Contrapositive: If an integer is not even then it is
not divisible by 2. Valid.

Valid

Converse: If an integer is divisible by twelve
then it is divisible by both four and by three.
Valid.

Inverse: If a integer is not divisible by both four
and by three then it is not divisible by twelve.
Valid.

Contrapositive: If an integer is not divisible by
twelve then it is not divisible by both four and by
three. Valid.

Invalid eg: 4

Converse: If an integer is divisible by eight then it
is divisible by both four and by two. Valid.

Inverse: If an integer is not divisible by both four
and by 2 then it is not divisible by eight. Valid.

Contrapositive: If an integer is not divisible by
eight then it is not divisible by both four and by
two. Invalid eg: 4.

Invalid eg: 1 and 3

Converse: If two integers are both even then the
sum of the two integers is even. Valid.

Inverse: If the sum of the two integers is not even
then the two integers are not both even. Valid.

Contrapositive: If two integers are not both even
then the sum of the two integers is not even.
Invalid eg: 1 and 3.

Invalid eg: 2 and 3

Converse: If two integers are both even then the
product of the two integers is even. Valid.

Inverse: If the product of the two integers is not
even then the two integers are not both even.
Valid.

Contrapositive: If two integers are not both even
then the product of the two integers is not even.
Invalid eg: 2 and 3.

Worked solutions: Chapter 9




j Valid
Converse: If one integer is odd and one integer is

even then the sum of the two integers is odd.
Valid.

Inverse: If the sum of the two integers is not odd,
then the integers are either both odd or both even.
Valid.

Contrapositive: If two integers are either both
even or both odd then the sum of the two integers
is not odd. Valid.

k Valid

Converse: If two integers are both odd then the
product of the two integers is odd. Valid.

Inverse: If the product of the two integers is
not odd, then the two integers are not both odd.
Valid.

Contrapositive: If two integers are not both odd
then the product of the two integers is not odd.
Valid.

L Valid

Converse: If ¢ + b? = ¢? then triangle ABC is
right angled. Valid

Inverse: If triangle ABC is not right angled, then
a’ + b? # ¢ Valid.

Contrapositive: If ¢> + /? # ¢? then triangle ABC
is not right angled. Valid

m Direct argument: If an integer is odd then its
square is odd. Valid.

Converse: If the square of an integer is odd, then
the integer is odd. Valid.

Inverse: If an integer is not odd then its square is
not odd. Valid

Contrapositive: If the square of an integer is not
odd then the integer is not odd. Valid.

n Valid

Converse: If triangle ABC has three equal sides
then triangle ABC has three equal angles. Valid.

Inverse: If triangle ABC does not have three
equal angles then triangle ABC does not have
three equal sides. Valid.

Contrapositive: If triangle ABC does not have
three equal sides then triangle ABC does not have
three equal angles. Valid.

o Invalid eg: a thombus

Converse: If quadrilateral ABCD has four equal
angles then ABCD has four equal sides.

Invalid eg: a rectangle
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Inverse: If quadrilateral ABCD does not have
four equal sides, then ABCD does not have four
equal angles. Invalid eq: a rectangle

Contrapositive: If quadrilateral ABCD does not
have four equal angles then ABCD does not have
four equal sides. Invalid eg: a rhombus

Invalid. eq: x = =5

Converse: If x = 5, then x* = 25 valid
Inverse: If x2 # 25, then x # 5 valid
Contrapositive: If x# 5, then x? # 25 Invalid
eg:x=-5

Valid

Converse: If x = 3, then x3 = 27. Valid
Inverse: If x3# 27, then x # 3. Valid
Contrapositive: If x # 3, then x® # 27. Valid.
Invalid. eq. x < =5

Converse: If x> 5, then x? > 25. Valid
Inverse: If x2 <25, then x < 5. Valid
Contrapositive: If x< 5, then x2 < 25. Invalid
eg: x< -5

Valid

Converse: If x < 3, then x* < 27. Valid
Inverse: If x3 > 27, then x > 3. Valid

Contrapositive: If x> 3, then x3 > 27. Valid.

Review exercise
Paper 1 style questions

1 a

=pv| =(pva
P|la|pvq|=(pva | —-pP|-q _q |=apvag
T|T| T F F|F F T
TIF| T F FIT F T
FIT| T F T|F F T
FIF| F T T|T| 7 T

Since every entry in the root column is T —(p v q)
= —p A —¢1s a valid argument.

b She does not dance well and she does not sing
beautifully

a If the train leaves from gate 2, then it leaves
today and not from gate 8.

b —r&@Eve

® 'pla|p=>q|-p —q|-qvp| -pvy
i1 1 [FIF| T T
TIFl F [F T T F
FlT| 1 | T|F| F T
FIF| T | T |7T]| T T
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b p=9(—pvy ii Using the Venn diagrams the regions

4 a|p q|-p|—-pvya representing p v —q and —p A ¢ do not
overlap hence the truth values of (p v —¢q)
T T F T
& (=p A q) are all false.
T| F F F . ..
e A logical contradiction.
FIT T T . . .
7 a xisamultiple of 3 or a factor of 90 and is not
FIF| T T :
a multiple of 5
b i Ifx>3andx2?$?,plsTandq1sFFrom b r=(pv—q)
the table —p v gis F.
i If x#3and > 9, pis F and ¢is T. From clpjalr| aqvr | ~p | (@vA-p
the table —p v qis T. T T F F
T|T|F T F F
5 ab v TIFIT| T F F
T|F|F F F F
FITI|T T T T
FI T|F T T T
FIFI|T T T T
€ i —g=>-p Wi —pvg FIF|F F T F
iii —g=p iv pA—g
. .. .. plq|r -q |pv=aq| r=((pv-g
d Proposition i since it is the contrapositive of
. T T|T F T T
the given statement
. . . . . T|T|F F T T
6 a i Picasso painted picture A or van Gogh did
not paint picture A. TRT T T T
ii Picasso did not paint picture A and van TIFIF T T T
Gogh painted picture A. FIT|T F F F
5 FIT|F| F F T
Pl q| —p —q pPvV—q | —pAgq K = = =
LI LI F ! F FIF|F| T T T
T F| F T T F
F T T F F T d plq|Tr X
FIF| T T T F FlT|T] 3
F| T|F 12
[ U
p q FI F|T 2
\
VDA
e plq|r v r=(pv-q)
-p
pva TIT7T F T
pv—1 T|T|F F T
u TIF|T F T
p q
\ T|F|F F T
< > > FITI|T T F
FI T|F T T
FIFI|T T T
o FIF|F F T
PG
) The statements are equivalent only in the cases
d i (pv—-g) | (~pAqQ) | (PV-q) & (—pAQ)
T F F Ll I
T F F FITF
F T F FIFLT
T F F i.e x is not a multiple of 5 and is either a

multiple of 3 or a factor of 90 (but not both).
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Geometry and trigonometry 2

Answers
Skills check
1 a sin20°=2
= 2 ’
sin 20°
x=5.85m (3s.f)
b tany= %

y=tan™ (7)
5.6

y=51.3°(3s.f)

2 a use the sine or the cosine rule.
120 _ 95

sin100°  sinx

sinx = 95sin100°
120
x = sin! 95sin100
120

x=51.2°(3 s.f)

b 180°-51.22..°-100°=28.77...°
A =%x95x 120 x 5in28.77...
A=2740m? (3 s.f.)

3 to convert between units of area multiply or divide by
102 to convert between units of volume multiply or
divide by 103

2.46 cm? = 2.46x10° mm’ = 246 mm’
32000 m® = 32000 x10°dam’ = 32 dam’
13.08 km? = 13.08x10° m* = 13 080 000 m?
0.0230 m® = 0.0230x10°cm’® = 23000 cm’

Qa 60 o o

Exercise 10A
1 a i triangular prism;
ii 5 faces; 9 edges; 6 vertices;
iii 5 plane faces.
b i rectangular- based pyramid;
it 5 faces; 8 edges; 5 vertices;
iii 5 plane faces.
c i hemisphere;
ii 2 faces; 1 edge; no vertex;
ili 1 plane face, 1 curve face.
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Exercise 10B

1 (Mark first the three vertices of the triangle.w

a C G
B F

D H
A E

b C G
B F

D H
A E

c C G
B F
\

D H
A E

d C G
B F

D H

M
A E

2 (Mark first the three vertices of the triangle.)

/o

FN
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3 a DB isthe hypotenuse of triangle ABD.

DB? = AB* + AD?
DB’ =4%+6’
DB=+/52 cm or 7.21cm (3 s.f.)

b ED is the hypotenuse of triangle ADE.
ED* = AD* + AE?
ED*=4’+9’
ED=+/97 cm or 9.85 cm (3 s.f))

¢ DG is the hypotenuse of triangle DCG.
DG’ =DC* +CG?
DG*=6>+9°
DG=+117 cmor 10.8 cm (3 s.f))

d DF is the hypotenuse of triangle DBF.
DF? = DB’ + BF?
DF? =(/52 )2 +9?
DF =+/133 cm or 11.5 cm (3 s.f.)

4 a AC isthe hypotenuse of triangle ABC

AC? = AB* + BC®
AC*=(0.6)" +(0.6)"
AC=10.72
AC=0.849 m (3 s.f)

b EOD is a right-angled triangle and OD is half
of DB.

ED? = EO* + OD?
ED* =E02+[%j
ED? =(1.5)2+(J"?)
ED=1.56 m (3 s.f.)

¢ EOM is a right-angled triangle.
EM’ = EO® + OM*
EM? :(1.5)2+(%)

2

EM=1.53m (3 s.f)

5 Let A be any point on the circumference of the
base. VOA is a right-angled triangle.

VA* = AO* +OV?

9’ =4 +0V?

or:=9"-4’

OV’ =65

OV =+/65 cm or 8.06 cm (3 s.f)
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ABC is a right-angled triangle.

AC* = AB’ + BC®

AC?=(0.9)" +(0.7)’

AC=1.14m (3s.f)

The length of the longest fitness bar that can

fit in the cupboard is the length of AG (or HB
or CE or DF).

AG*=AC? +CG?
AG? =(1.1401...)" +(1.5)°
AG=1.88m (35s.f)

138.8m

230.4m B

The base is a square.

AC? = AB? + BC?

AC* =(230.4)" +(230.4)°
AC =326 m(3s.f.)

let M be the midpoint of BC
EM? =EO* +OM’

EM? =(138.8)2+($)2
EM?* =180 m (3 s.f.)

On the diagram EB is an inclined edge and
EOB is a right-angled triangle.

EB’ = EO* + OB®
EBZ:EOZ+(%J
EB* =(138.8)" +163*
EB=214m (3s.f)

Exercise 10C
1 a Identify the plane and the line. Their point of

intersection will be the vertex of the angle.
c G

I
F |
|
)
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d Identify both lines. Their point of intersection c
will be the vertex of the angle.
c G
F
B
D L! H
A E 4 a AO is perpendicular to the base.
e identify both lines. Their point of intersection will N
be the vertex of the angle.
c G
B ’// F
2 a F G
E o
p Y H T
~_ @
Bl |
A 8 ¢ They are the same angle.
c A
b F G /\
»
£ H
A D PAT is an isosceles triangle.
N Exercise 10D
/e 1 a i ABCisaright-angled triangle.
AC® = AB + BC?
/g AC* =4* +10°
I/ C 2
h 5 AC” =116
d F 6 AC=+/116 cm or 10.8 cm
E ii the angle is GAC
" tanGAC =%
c4
tanGAC=—>_
B c 116
_ a3
A D GAC =tan (ﬁ)
It is a 90° angle. GAC=15.6° (3 5.f)

3 a Mark clgarly the base and EC. b i ADH is a right-angled triangle.

AH? = AB* + BF*

AH? =4° +3°
o> -
/B A =5 cm
A D . ..
ii The required angle is in one of the angles
b Mark clcEearly the edges EC and AE. of triangle AHG.
G
A A
ANN E
c B ¢
A v ) >
A D
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tan FAG =%
AF
tan HA =%
HAG=tan™ (?)
HAG=63.4°(3s.f)
2 a ABCD is asquare and BD is its diagonal.
BD* =27 +2?
BD? =8
BD=+/8 mor2.83m(3s.f)

b The required angle is in one of the angles of
triangle BHD.
F G

E \H
5 C

A D
tan HDB =12
BD

_ 2

tan HDB =%
= -1 72
HDB=tan ( Jg)

HDB=35.3°(3 s.f.)

tan MDB =P
BD

_ L
tan MDB = NG

_ 1
MDB=tan [ﬁ)
MDB=19.5° (3 s.f)
3 a i BD*=AB*+AD’
BD? =6" + 47
BD=4/52 cmor 7.21 cm (3 s.f.)

ii F G

A D

tan BDH =22
DH

tan BDH = @

BDH =tan" [Jg_z]

BDH =38.7° (3 5.£)
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H G

A B

tanAHD=g—§

tan AH. =g

AHD =tan™ (g)

AHD=33.7° (3 s.f.)

i AH is the diagonal of ADHE.
AH’* = AD* + DH®
AH* =6" +9?
AH =+/117 cm or 10.8 cm (3 s.f)

(HC is the diagonal of CDHG.W

HC? = HD® + DC?
HC*=9"+4*
HC =97 cm or 9.85 cm (3 s.£.)

H G

A B

2 2 g2
2xAHx HC

(VIT7) +(07) (452
2x/117 /97

cos AHC =0.76033...

AHC =cos™'(0.76033...)

AHC =40.5° (3 s.f.)

AC is the diagonal of ABCD.

AC? = AB’ + BC?

AC* =4*+3

AC=5cm

AE is the hypotenuse of triangle AEO.

AE* = AO* + OE?

AE? :(%) +OE”

cosAHC =

AE? :(§)2+72
AE =~/55.25
AE=7.43cm (3 s.f.)
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AEC is an isosceles triangle.

(V55.25) +(\/35.25) -5
2x+/55.25x+/55.25

COSAEC =

cosAEC=0.77375...
AEC =cos™'(0.77375...)
AEC=39.3° (3 5.f)

E

D C
0

A B

tan OAE = £9
0OA
tan OAE = 7
2.5
OAE =tan™' (L)
2.5

OAE =70.3° (3 5.f)

E

B C
0

A D

tan EMO =£9
OM

tanEMO=%
EMO=tan"' [g]
EMO=74.1° (3 s.f.)
ATO is a right-angled triangle.
AT? = AO* +OT?
AT?=5"+3’
AT =34 cm or 5.83 cm (3 s.f.)
tan ATO =49

oT
tanATOzg
ATo:tan-l(g)
ATO=59.0° (3s.f)
PAT is an isosceles triangle and
ZATO = LATP
PAT +2x ATO=180°
PAT +2x(59.036...)°=180°
PAT =61.9°(3 s.f)

© Oxford University Press 2012: this may be reproduced for class use solely for the purchaser’s institute Worked solutions: Chapter 10

WORKED SOLUTIONS

The base is a circle.
A=nr*
5=nr

_[5
r—\/; mor 1.26 m (3 s.f.)
/PAT =2 x LZOAT.

tanOAT =10
04

tanOAT =120

OAT=tan‘1(1'2615“')
2

OAT =(32.243...)°
PAT =2x(32.243...)°
PAT =64.5° (3 s.£)

Exercise 10E
1 a Allthe faces are congruent.

Surface area = 6 x (2x 2)
Surface area = 24 cm?

Surface area = 2 X (2.5x1.5) + 2 x(2.5% 2)
+2x(1.5%2)
Surface area = 23.5 m?

The three rectangles are congruent.
Surface area = 2 X Area of triangle ABC +

3 Area of rectangle BEFC
Surface area = 2 x (% X4 x4 x sin60°)
+3x (4 X 5)

Surface area = 73.9 cm?

Area of ABC = x3x3xsin120°

Area of ABC =3.90 cm? (3 s.f.)

AB’ = AC* + BC* —2x AC x BC x cos ACB
AB* =3 +3% —2x3x3xc0s120°

AB=+/27 or 5.20 cm (3 s.f.)

Surface area = 2x Area of triangle ABC + 2 x
Area of rectangle ACFD +

Area of rectangle ABED

Surface area = 2x 3.8971...+2x(4x3)+4x~/27
Surface area = 52.6 cm?

EOM is a right-angled triangle.

EM? = EO*+OM?*

EM? =6%+(2.5)"

EM=6.5cm

EM is the height of triangle BCE.

Area of triangle BCE =% X5X%6.5

Area of triangle BCE =(16.25)cm’

Surface area =4x16.25+ 5*
Surface area =90 cm?




4 The cube has 6 congruent faces.

Let x be the side length of the cube.

6x> =600
, 600
X =—

6

x* =100

xX=

5 a

10

Surface area = 6 X (5.4)2

Surface area=174.96 m> or 175m?(3s.f)

175=1.75x10° m?

Surface area to be painted =2 x (3 x 2.5)+
4x254+3x4+4%x25-2x1.3+1x1)

Surface area to be painted = 43.4 m’
Amount of paint=1.2x43.4

Amount of paint = 52.08 litres = 53 litres
when rounded up

Cost in paint =4.60 x 53
Cost in paint = USD 243.80 (2 d.p.)

Exercise 10G

1 a
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Volume of cuboid=I/xwx A
Volume of cuboid=12x1.3x1.5

Volume of cuboid =23.4 dm?
Volume of cuboid=/xw x A
Volume of cuboid=15x3x 2

Volume of cuboid =90 m’

Volume of cube =/

Volume of cube = 20’

Volume of cube = 8000 cm’

Volume of prism = area of cross section X
height

Volume of prism =G X 8 x 8 x5in30° ]xlO

Volume of prism =160 cm’

AB’ + AC* =CB?

AB*+3* =5’

AB? =5 -3

AB=4 cm

Volume of prism = area of cross section X
height

Volume ofprism=% X(3x4)x2

Volume of prism =12 m’

Volume of prism = area of cross section
X height

Volume of prism = % X (5x7)x12

Volume of prism =210 cm’

WORKED SOLUTIONS

tan ACB=42
AC
tan40° =48
6
AB=6tan40°

AB=5.03m (3s.f)
Area of triangle ABC=_ x (5.03x6)

Area of triangle ABC =15.1m?* (3s.f))

Volume of prism = area of cross section X
height

Volume of prism=15.1x10

Volume of prism =151 m’ (3 s.f.)

cop=3"
6
COB=60°
COB is an equilateral triangle.
CO=0B=BC=5cm

Area of triangle COB =% X 5% 5 sin60°
Area of triangle COB=10.8 cm?® (3 5.f))
Area of regular hexagon=6x10.825...
Area of regular hexagon =65.0 cm?® (3 s.f))

Volume of prism =area of cross section x
height

Volume of prism=65.0x13.5
Volume of prism =877 cm® (3 s.f.)
Volume of cuboid =/ xw X A

Volume of cuboid = 2x X x X 0.5x
Volume of cuboid =2x0.5X x X x X x
Volume of cuboid = x°

Volume of cuboid =/ xw X h

Volume of cuboid = x X x X 3x

Volume of cuboid = 3x°

(ﬁnd first the area of the cross section.)

area of cross section = % (x%x)

area of cross section = % (%xzj

area of cross section = %xl

Volume of prism = area of cross section X
height

Volume of prism = (2 x? )x %

Volume of prism = §x3 or equivalent

Worked solutions: Chapter 10




d the cross section is a trapezium.

area of cross section = (B + b) %

area of cross section = (3x +2x) %

area of cross section = 10x

Volume of prism = area of cross section X
height

Volume of prism = (10x) X x

Volume of prism =10x"

5 a Volume ofcuboid=/xwxh

Volume of cuboid = x X x x 25

Volume of cuboid = 25x>
b Volume of cuboid = 25x>

Volume of cuboid =11025

Therefore 25x* =11025

c 25x=11025

2 = 11025
25

x* =441
x =21
6 a Letxbe the side length of the box.
x’ =9261
x =3/9261
x =21
Therefore the side length is 21 cm.

b Surface area = (5 x 217 ) cm?

Surface area = 2205 cm?

Exercise 10H
1 a Volume of cylinder = z7*h
Volume of cylinder = 7 x 34% x 65

Volume of cylinder =(751407) mm® or
236000 mm? (3 s.f.)

1
b r=-m
2 4
Volume of sphere = 57[73

_4_ (1Y}
Volume of sphere = 37 [EJ

Volume of sphere = [éﬂ') m?® or 0.524 m?
(3s.f)

¢ Volume of cone = % wrth
Volume of cone = %7; x2.52%x5

Volume of cone = (%ﬂ') m’or 32.7 m® (3 s.f.)

d Volume of cone = % zrth

Volume of cone = %n X 62 %30

Volume of cone =1130 cm® (3 s.f))
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WORKED SOLUTIONS

Volume of hemisphere = Yolume of sphere

Volume of hemisphere = 37

4 3
. —rx2.5
Volume of hemisphere = 3 5

Volume of hemisphere =32.7 cm’ (3 s.f.)

(this is a rectangular based pyramid.)

Volume of pyramid = 1 (Area of base x
vertical height)

Volume of pyramid = %(2 X3x4)
Volume of pyramid = 8 dm’

Volume of cylinder = 77h

Volume of cylinder = 7 x1.20° x 3
Volume of cylinder =13.6 m’ (3 s.f))
13.6 m’ =13.6x1000 dm® =13600 dm’

1 litre = 1 dm?®

13600 dm® =13600 litres

Volume of pyrmid = % (Area of base x
vertical height)

Volume of pyramid = %(x2 X h)

Xh

Volume of pyramid = % or equivalent

Volume of cylinder = z7° 4
Volume of cylinder = 7 X x* X 2x
Volume of cylinder = 27 x x
= 6i = 3 X

2
Volume of cylinder = 77/
Volume of cylinder = 7 (395)2 X x
Volume of cylinder = 97x°
r= 373(

2
Volume of sphere = %7[7’3

_4 _(3Y

Volume of sphere = 3 7[(7)

Volume of sphere = 4.57x”
Volume of pyramid = %(area of base X )

84=1 (area of base x 7)
3

area of base =

84 %3
7

area of base =36 cm?

Area of AQB = Area of base
6

Area of AOB= %5

Area of AOB =6 cm’

Worked solutions: Chapter 10




AOB =%
6

AOB =60°

Let x be the length of AB.

Area of AOB =6 cm®

Area of AOB = x xx x xsin60’
Therefore

. o

6=%><x><x><s1n60
. o

6=%x2><s1n60

6 =%x2 x sin60°
x=3.72
AB =3.72cm (3 s.f)

Volume of sphere = §m3

200= gms

200>

7:]’3

’200x3
r={—*%
r=3.63 cm (3 s.f)

r=3.63 cm =3.63x10 mm=36.3 mm

36.3 mm = 36 mm correct to the nearest
millimetre.

Volume of cylinder = z7%A

Volume of cylinder =7 x 152 x 30

Volume of cylinder =(6750)z cm’or
21200 cm?® ( 3 s.f)

Volume of cuboid=/Xxw X h

Volume of cuboid =60 x 20 x 17

Volume of cuboid =20400 cm?

There is not enough space as 21200 >20400.

Review exercise

Paper 1 style questions
1 a Surface area of ABCDEFGH =

2x(20x42) +2x(20x34) +2x(34x%x42)
Surface area of ABCDEFGH =5896 cm?
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WORKED SOLUTIONS

Volume of cuboid=/xw X h
Volume of cuboid =34 x 42 x 20
Volume of cuboid =28560 cm?
28560 cm?®=28560x10-3 dm?*=28.56 dm?
AH is the hypotenuse of a triangle.
AH?=AE?*+EH?
AH?=10%+42
AH =+/116 cm or 10.8 cm (3 s.f.)
c G

A E

-5
tanHAG—\/l_

16
HAG=tan“(ﬁj
HAG=24.9° (3s.f)

AC is the diagonal of the base.
AC?* = AB? + BC?

AC* =42+ 52

AC =41 cm or 6.40 cm (3 s.f.)
EC*=EO*+ 0C?

EC?=E0? +(§)

EC? =8 +(m]z
2

EC=A+/74.25 cm or 8.62 cm (3 s.f.)

AEC is an isosceles triangle.

2 2 g2
2x AEXEC

(V7225 +(V74.25) -(a1)
2x+/74.25x/74.25

[ (V7a25) +(V7a25) - (Vai)
2x/74.25x+/74.25

CoSAEC =

AEC =cos

AEC =43.6° (3 s.f)

Let the midpoint be M

EO?* + OM?* = EM?

92+ 32=EC?

EC=+/90 cm or 9.49 cm (3 s.f)
Area of triangle BCE =% X 6% /90

Area of triangle BCE=28.5 cm? (3 s.f.)

Surface area of pyramid

= 4 x area of triangle BEC + Area of base
Surface area of pyramid = 4 x 28.46....+ 6?
Surface area of pyramid = 150cm? (3 s.f.)

Worked solutions: Chapter 10




5 a Letxbe the edge length of the cube.
Volume of cube = x*
512=24°
Y512=x
x=8cm
b AC is the diagonal of the base.
AC? = AB? + BC?
AC*=8%+ 82
AC? =128
AC=+128 cmor 11.3 cm (3 s.f.)
c AG?*=AC*+ CG?
4G*=(V128 )2+82
AG?* =192
AG =192 cm or 13.9 cm (3 s.f)

13.5 < 13.9, therefore the pencil fits in the
cube.

6 Triangle AOB is a right-angled triangle.

a 2.5¢m

<>
« B

[ T

8cm

cosOBA = 2—;
OBA=cos™ (%5)

OBA=71.8° (3s.f.)
b i AB?=A0?+ OB?
82=A0%+2.52
AO0*=82-2.52
A0=+/57.75 cm or 7.60 cm (3 s.f.)

ii Volume of cone= %7[7’2}1
Volume of cone =%nx2.52 x~/57.75
Volume of cone=49.7 cm?® (3 s.f.)
7 a Area of triangle ABC :%x2.4><2.4><sin1 10°

Area of triangle ABC=2.71 m? (3 s.f.)
b Volume = area of cross section X height

Volume = 2.706... X 3.5
Volume = 9.47m? (3 s.f))
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WORKED SOLUTIONS

Review exercise
Paper 2 style questions

triangle FGO is
isosceles and OM
is its height.

26m
OM? + MG* = GO?
OM? + 13% =302
OM?* =30%-13?
OM =731 m or 27.0 m (3 s.f)
The height of the tower is the addition of the

height of the pyramid and the height of the
cuboid.

Let P be the midpoint of the base of the
pyramid.

OP> + PM>? = OM?
OP? +13* =(\/7 1)2

op? =(\/731)2—132
OP? =562
0P=/562

Height of the tower = OP + height of
cuboid

Height of the tower = /562 + 70
Height of the tower = 93.7 m (3 s.f.)

13
cosOMP—ﬁ
— 1 13
OMP =cos (7_731]

OMP = 61.3° (3 5.£)

Surface area = 4 X (26 X 70) + 4 x
Gx 26 \/731)

Surface area = 8685.9246...m?
Cost of cleaning = 78 x 8685.9246... m?

Cost of cleaning = USD 677502 (correct to
the nearest dollar)

Worked solutions: Chapter 10




Volume of hemisphere = 57:

é7r><33

Volume of hemisphere = 3 5

é><33

Volume of hemisphere = 3 T

Volume of hemisphere = (187) cm?

b Volume ofcone=%><7r><32xh

Volume of hemisphere = (187) cm?
Therefore

2(Lyrx32xh|=187
3[3 )

lxﬂ'x32xh:18l
3 2

3

TX3xXh=27n
h:277r

%3
h=9cm
c ?=32+9
=90
/=90 cm or 9.49 cm (3 s.f)

!

2N

Let the angle be a.

tana = 2
3
a=tan! [gj
3

o=71.6°(3s.f)
e Volume of sculpture = Volume of hemisphere
+ Volume of cone
Volume of sculpture= 187 + %x;rsz x9

Volume of sculpture = 187 + 277
Volume of sculpture = (4571)cm?

Weight of sculpture = 457 x 10.8
Weight of sculpture = 1530 grams (3 s.f.)
Therefore

1530 grams = 1.53 kg

3 a Volume of pyramid = % (area of base x height)
Volume of pyramid = %(52><7)

Volume of pyramid =% cm? or
58.3 cm® (3 s.f.)
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WORKED SOLUTIONS

175

b Weight of the pyramid=--x 8.7 = 507.5 grams

507.5 grams = 508 grams (3correct to the nearest
grams)

EB is the hypotenuse of EOB.

DB = DA* + AB?

DB =52+ 5?

DB=4/50

Now we find EB

EB* = EQ* + OB

EB’ =T +(MJ
2

EB=+61.5=7.842 cm (4 s.f.)

7cm
B c
0
A 5cm D
SinODE =—_
7.842

ODE =sin! (L]
7.842

ODE=63.2° (3 s.£f.)

E
\
\
\
\
\
\
\
\
I
i
\
!
0

A 5cm D

2 2 2
COSDEC=DE +EC*-CD
2x DEXEC

2 2 2
COSDEC=7'842 +7.842° -5
2x7.842x7.842

DEC =cos™! 7.842° +7.842% - 5°
2x7.842x7.842

DEC=37.2° (3s.f)
Surface area = 4 x Area of DEC + Area of base

Surface area

—4x (% % 7.842 % 7.842)>< sin37.18° + 52

Surface area = 99.3cm? (3 s.f.)

Worked solutions: Chapter 10




tan65° =72
4
VO = 4 tan65°
VO =28.58 cm (3s.f)
b i in triangle VMO
c0s65° =2
VM

4

" Cos65°

VM =9.46 cm (3 s.f))
iit ZDVC=2x«£MVC

Vi
S

A D
tan MVC =M
MV
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WORKED SOLUTIONS

tan MVC=-%_
9.46

MVC =tan™ (i)
9.46

MVC=22.92...
DVC=2xMVC
DVC=2x2292...
DVC =45.8°

c Surface area of the pyramid = 4 x Area of DVC
+ Area of base

Surface area of the pyramid
:4><(%><9.46><8)+ 8

Surface area of the pyramid = 215cm?

d Volume of pyramid =% (Area of base x Height)

Volume of pyramid =% (8 x8.58)

Volume of pyramid = 183cm?






