


ANSWERS

UNIT THREE

A WO -

11
14
17

20

23

24

25
27
28

29

PAGE 3
a 8 b 227 ¢ J10i d 37
a -5 b 3
a 12 b -5
a %+73i,%—73i b —2+3,-2-3i
1 @i,l—@i d —0.8+0.4i—-0.8—0.4i
6 [ 6 6
5+ 61 6 2 7 10—
9+3i 9 8-2i 10 2;
7 — 6i 12 17+6i 13 2
-5 15 16+11; 16 7+9;
5 18 53: 19 —0.8—-1.4/
D22 9y T.26, 22 02404
13 13 25 25
a 7+2i b -3+4; ¢ -10+19;
d 13+13; e 24-10; f l+£i
26 26
a 4+7i b 8
c 65 d —ﬁ—&i
65 65
a=-34andb=5 26 s=10and b =25
b p=—4,4=13 ¢ d=—6,e=13
a 2,3 b (-3,0)
¢ 42 (-]
169 169

a=6andb=050ra=1andb=3

0 U1 b W —

10
11

12 «

13

o U h W

p:
a
a
4

PAGE 8
-38 2 4=2,b=1,c=5,d=8
-3 b -3
8 b 8
6 -5 7 a=1,b=3

a f(-1)=-16,f(1)=0.

b x=1,x=1+2ix=1-2i

€ x=0,x=1,x=1+24,x=1-2i.

a f(-2)=0,fQ2)=-36, f(-5) = 1140, (5) = 0.
b x=-2,x=5x=1+2,x=1-2.

a f(1)=2,£0.5)=0.

b

x=05x=—,x=1i.

x=—l+ix=-1-4,x=1-2i,x=1+2i.

ge=l,w=0,5=

1,x
4

a 58

d 24-10;
a -1+

d 7-24i
g ¢g=—4+4
-4 -4

18

a o6

0

_1e3VT 12347

4
3+3i N 3-3i
3 7 3
PAGE 9
b 26 ¢ 12-5i
4 7. 1 2.
e —-——i f ——+=i
55 5°5
b 8+31i 3+4i
e 8-31i f 8-31i
b 8
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7 a=-1,b=2,c=-3,d=6 n .
216 = Sﬁ(cos(—z)+isin(—z))

8 p=q=-11
9 a 6i-2j b V2(+2) ¢ d=#3 215 = 13(cos 1.1760 + isin 1.1760)

d 2 e 82° 215 = 53/2(cos 1.4289 +isin 1.4289)
10 b=-a c=2a d=0.5a zw:Sﬁ(cos(—1.4289)+isin(—1.4289))
e=-05a f=15a g=-1oa 220 = 54/2(c05 2.9997 + i 5in 2.9997)

11 r=p+q s=0.5p+q t=p+2q
u=-1.5p-q z21=10(cos£+isinﬁ)
12 x=2,0=—4+2ix=—4-2i. 6 6
13 4=+2 b=2 c=- z22:4(cos£+isinﬁj
d=1 e=5 f=-5 . 2
253 = 4(cos 0 + sin 0)
PAGE 15 254 =4(cosT + isinT)
1as5 b 13 ¢ V13 ), (T
im  em i wa=3{on( S )essn(-3))
24 & b -~ c 3n 256 = 3(cos0 + isin 0)
4 4 4 5 z,,=2+2, Zyg = —213 + 2i,
4 " e T P 2y9=2— 243, 230 =-3 = 33,
4 3 3 25, =5 +0i, 2, =0—i
3 z1=3(cosg+ising) PAGE 17
2, = 3(cosT + isinT) 1 z,= 3cis & 2= Scisz—n
3 3

( 37:) - ( 37:)
23 =4| cos| —— |+isin| ——
4 4 ( 511) ( n)
23 =4cis| —— z4=5cis| ——
24 =2(COST + sinT) 6 2

25 =6(cos 1 +7sin 1)

z6=5(c053—n+isin3—nj
4 * Z —5(:is37t oy = 3cis( 3“)
7= - g = ==T

4 4

z7=8[cos(—%j+isin(—%n 5
2 2cis~ 3 7cis?7c 4 9cis§

= —— |+ —_—
%8 cos 2 rem 2 . b . b1 . 2m
5 3cis| —— 6 Scis| —— 7 4cis—
6 2 3

29 = 6(cos2 +7sin2)

zs =4cis0 z6:5cis§

Z10 = HcosT + isin) 8 2cist 9 2cisn 10 7i
3m) .. 3n 3
2y, =5| cos| —— |+isin| —— )
4 4 11 -5i 12 -1 13 3
( ( n) . ( n)j 14 52+52i 15 —2+23
21,="7| cos| —— |+isin| ——
6 6 16 —2-23i 17 —6+63i
a ansﬁ(congrisin%) 18 25cis(1.8546) 19 13cis(1.9656)
0 .
214= 5(c0s2.2143 + isin2.2143) 20 f5cis(1.1071) 21 Scisy

215 = VA1(cos (=2.2455) + i sin (~2.2455))
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22

23
2

o

29

F

N

)

14

17

18
19
22
25
28

29

b

2 cis (=30°)

10cis(-160°) 27 ZCis(—gj 28

5cis(=0.5)

16 +11:

9 cis (—90°)

SCiS(—E)
2

Im

g

| w8

=7, cis (—or)
w =7,cis(—P)

PAGE 20
2

5

> Re

X1}

24 7cis(-120°)

30 Scis”
2

7 +4i

9cis (—50°) 6

3 15cis80°

2(cos110° + 7sin 110°)

6(cos (—40°) + 7 sin (—40°))

1.2 +0.67

cis130°

Z.S(COSE + isinzj
4 4

0.4 (cos0 + 7sin 0)

2 cis40°
2cis120°
cis 120°

a
C
e

12 cis40°
12 cis 70°
6¢is130°

%cis (-10°)

32cis [_7_11)
12

12
15

20
23
26

4cis20°

. T
CIS —

5

3cis 100°

cis 160°

2 cis 80°
b
d
f

10 1.2+0.6i
13 Scis(-30°)

16 2cisw

21 2cis(-90°)
24 2 cis(-140°)
27 2cis(-100°)

6¢is30°
12 cis 70°
2cis120°

1
— cis (—40°
5 cis ( )

32cis [_7_11)
12
2cis(—£j
12
4cis(—3—n)
4

25 4cis(-30°)

SCisg—TC
4

100is7—7r
12

PAGE 25
1 D 2 A 3 E
4 H 5 K 6 L
7 M 8 P
9 _Im
5
Re
_I5 E
_5_:
#=5
10 _Im
5
Re
TTT ] T
-5 1 5
=5
y=-4
11 _Im
5
1 /=
1/\3 Re
T T yT T T
-5 1 5
_5_:
y=Bx,x>0
12 _Im
5
] Re
_'_'_'_|_'_'_'_'_-
-5 IVE s
1 \3
-5
y=—\/§x,x>0
13 _Irn
N
5]
Re
PN AN
_5_:
x+y=6
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14 _Im

15 _Im

16 _Im

Re

-2 +(y+3Y=16
18 _Im

19

20

23

Im
Re

9Sx2+y2S25

B

P

Sy<x\/§ x>0

Im
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24 > Im 6 Im
N ] 44
\\\5_: -3 +2i - 2+ 3
\j N Re b
1 A T T T T T T T T Re
So1 -4 d 4
=5 1 322
] N 4 - 2i
h 2-3i 4]
y+x<2
(Note the use of the dashed line in question 24 Yom b —7+24i
because the question involved < rather than <.) candd
25 a 1 b 5 ¢ 3W2-2 . Im
d 3/2+2 e 3W2+2 Lo
- 7
26 a 1 b ¢ c 7 §
| 2+1
d 3 e 0.23 rads f 1.06 rads -
27 Points z = x + iy satisfy the equation -4 4
(x—6)* + (y+ 5)? =20, i.e. a circle, centre (6, —5), —2-i
. 1 1-2
radius 24/5. N
28 Points z = x + 7y satisfy the equation
(k= 1>+ (y+ 4)? = 18, i.e. a circle, centre (1, —4), 8 % =32cis100°. The other solutions are 2 cis 92°,
it 2B, 2cis 164°, 2 cis (—52°), 2 cis (—124°)
9 4+2,-2-4,4-2i
PAGE 30
5 PAGE 34
1 1cisOGe. 1), 1cis(§), lcis(TTc), 1 cis, 1cis(—§), (an N (ZE)
. ( 2m 2 cos| — |+isin| —
1c1s(——). 3 3
’ 5
2 1lcis0, 1cis45°, 1¢is90°, 1cis135°, 1 cis 180°, 3 326is(?n)

1cis(—135°), 1cis(=90°), 1 cis (—45°).

3 lciSO,lcis(z—n), 1cis(4—n), lcis(é—n], 1015(_2_"),
7 7 7 7
4

»

{ol-5)om(5)

5 c0s20=cos’6 —sin’ 0,sin260 = 2sinOcosO

6 c0s30=cos’0—3cosOsin’6,
a sin36:3coszesin6—sin36,
c0s30 =4cos’ 0 — 3 cos O
7 cos50=cos’0—10cos’0 sin’0 + 5 cos O sin46,
sin50 =5 cos'@sin® — 10 cos’ Osin’ O + sin’ O
8 8cis(—£) 9 32cis(5—nj 10 ¢* cis(z—n)
2 6 3
11 2cis(—£),2cis(5—nj,20is(—7—n)
9 9 9
5 12 ZCiS(EJ,2cis(5—nj,2cis(—7—n),2cis[—3—n)
V2 cis99° 8 8 8 8
J2 cis27° 13 2cis(i—16t),2cis(%),2cis(—ll%n), 2cis(—i—16tj
V2cis171%e__ |

Re 14 */ECiS(E)’ﬁds(g_n)’ﬁds(_%)’ ﬁds(_gj

V2 cis(-45°)
Answers @

V2 cis(-117°)
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5 a 4-9 b 16x+5
(T . (T
15 zlzﬁcls(g),zzzﬁcls(gj,ﬁ ¢ 242 d 81
' 1 e 8x—11 f 227 -1
16 a rcis(n—6) b —cis(-9) g 4%—12x+10 h 4245
1 | i 1607 +8x+2
¢ —cis(n—0) d —cis(n-26) 342
r 7 6 a 4w+15 b 9x+4 c
x+2
PAGE 36
d 6r+7 e 6x+16 f 7+i
1 a s5-i b 1-7i c 18+i v
6 17 6 17 2x+7 h 6 3(x+1)
—7 =24 _— L 4L 4+ —
d -7-24 0 == f e 9 5.5 - et 1
1 3 7 {xe R:x>4} 8 (reR:x<4)
2 ac b - ¢ —c
4 9 keR:-2<x<2} 10 {xe R:4<x<4}
5 1 11 xeR:x=>2) 12 xe R:x>3}
d Zc € atce f atze 13 a 12 b 12 ¢ 05
1 d 4 e 025
9 a+5c h a+Zec f Domain R, Range {y € R:y >3}
) g Domain {x € R: x # 0}, Range {y € R: y # 0}
3a 6cis(——nj b —4/3-4i 1
3 h Domain R, Range {ye R: 0<y< g}
4 a (0,2 b (-5,0) c (242,-22) .
I Domain {xr € R: x # 0}, Range {y € R: y > 3}
5 ﬁcis(ﬁ),ﬁcis(s—n),ZCisn,cis(—Ej 14 a 0 b 0 c 2
4 4 2
d 21 e 3
/Gl )= 0= f Domain R, Range {y € R: y <25}
b x=3,x=z+£i,x=z—£i g Domain {x € R: x>0}, Range {y € R: y >0}
+ 4 + 4 h Domain {xre R: -5 <x <5}, Range {y e R:0<y <5}
i Domain {x € R: x>0}, Range {y € R: y <25
PAGE 46 . { : gely ) }
15 a Domain {x € R: x# 1}, Range {y € R: y # 0}
1 a {-1,1,357 b {-2,0,2,4,6 b Domain {x € R: x # 3}, Range {y € R: y = 2}
¢ {9,-5,-13,7} 16 a Domain {x € R: x>0}, Range {y € R: y > -1}
2 a {9,16,25} b {3,52,679) b Domain {x € R: x>0.5}, Range {y € R: y > 0}
¢ {729,4096, 15625} 17 a Domain {x € R: x # 0}, Range {y € R: y > 0}
3 a DomainR Range R b Domain {x € R: x> 0}, Range {y € R: y > 0}
b Domain R Range R 20 a Domain{re R:x =13},
¢ Domain R Range R R B 1 = 0
d DomainR Range {y € R: y = 10} ange {y e Riy<-glulye Riy>0)
e Domain R Range {y € R: y >-25} where U means the two sets are united to give
f Domain{re R:x=5) Range {y € R:y # 1} thecor.npleterange.
4 a gf b /f(x) b Domain {x € R: x # 0}, Range {y € R: y > -9}
e ghx) f hg(x) ] . ;
a, 7C) b
g /1 h Jih) S .
N x + 2, Domain R, Range
i) ¢
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10

11
12

13

14

17

20

23

x+5
2

, Domain R, Range R

x—2

5

, Domain R, Range R

1 +4, Domain x # 0, Range y # 4
x

L 3, Domain x # 0, Range y # -3
x
1+ 5x

5

L 2, Domain x # 1, Range y # -2
x—

, Domain x # 0, Range y # 2.5

%-k 1, Domain x # 3, Range y # 1
=5

1 1
+=,
B=4 2

%, Domain x > 0, Range y > 0

Domain x # 4, Range y # 0.5

«* — 1, Domain x> 0, Range y > —1

2
r e 3, Domain x > 0, Range y = 1.5
x—5 15 x—1 16 2
2 3 x—1
x 18 « 19 & +5
x—1
x=17 21 x—17 29 2x+13
6 6 3
a A function y )
one-to-one / 7
A
b Not a function
¢ A function, not one-to-one
d Not a function
e Not a function
f A function, y
one-to-one 7]
21 ///
7 MR

24

25

26

27

For f(») restricted to & > 0 then £ (x) = Vx -3,
domain x > 3 and range y > 0.

(Or restrict f(x) to x < 0 then £ (x) = —/x =3,
domain x > 3 and range y < 0.)

For f(x) restricted to x > =3 then £ !(x) = =3+ /x,
domain x > 0 and range y > -3

(Or restrict f(x) to x <=3 then f'(x) = -3 — Jx,
domain x > 0 and range y < -3)

For f(x) restricted to x 2 3 thenf_l(x) =3++x-2,
domain &« > 2 and range y > 3

(Or restrict f(x) to ¥ < 3 then f '(x) =3 — Jx - 2,
domain x > 2 and range y < 3)

For f(») restricted to 0 <x < 2 then f'(x) = V4 — %2,
domain 0 <x <2 and range 0 <y <2

(Or restrict f(x) to =2 <a < 0 then f () = —V4 — 2%,
domain 0 <x <2 and range -2 <y <0.)

PAGE 64
YA
5-
1 y=|r+1]
_|5 T T T T | T T T T é x
y
104
1 y=[2x-2]
_|3 T T ] T T T T T 6|Vv
J y=3+|x-2|
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y=‘(x—1)2—1‘

-2 | X
YA
4_
v y=1f)
_|5 T T T T | T T T T T ’|7 x
—4
y =|af +]x = 3]
y =l
1 y=|e=3|
_|3 T T | T T T % x
a y
4_
1 r=lr®)
-
_|4 T T T | T T T 4|- ¥
4
b y
4_
1 y=rx
_|4 T T 4 T T 4|. x
4

y=|f&)
T T T T T 6'}
_5-
b 7
5_
1 y=f(x)
_|6 T T T T T é}

9 In the Ist and 4th quadrants (see the diagram below)
the graph of y = g(|x|) will be the same as that of
y=g).

However, in the 2nd and 3rd quadrants the graph of
y = g(x|) will be those parts of y = g(x) that lie in the
Ist and 4th quadrants, reflected in the y-axis.

YA
2nd Ist
quadrant quadrant
3rd 4th
quadrant quadrant

10 a The function g(¥) = (x + 1)* has domain R and
range {y € R:y>0}.
The function f(x) =2 + Jx has domain
{x € R: x>0} and range {y € R: y > 2}.

Thus g(x) is defined for all real x and the output
from g(x) consists of numbers that are all within

the domain of f(x). Thus f[g(x)] is defined for all

real x.

R—|gw)=@+1)}|>yeRiy=0
S| f@W=2+Jx |[syeRiy>2

Thus fg(x)] has domain R and range
{ye Riy=2}.

MATHEMATICS SPECIALIST Units 3 & 4
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b f[g(x)]:2+\¢(x+1)2 14 a,bandec.

Y =|x+2|+|x -3

=2+|x+1] ] e
C YA
8_

y=fle@]
4 :2+\x+1\ \/
_|5 T T T T 1 T T T T ;x — — T T
_5 | 6~

11 a The function g(x) = (x — 2)* has domain R and

range {y € R: y 2 0}. —t=x<5 .

The function f(x) =1 - Jx has domain 15 x=-7,x=-5 16 No solutions
fre R:x 20} and range {y € R: y < 1}. 17 x=8 18 x=3,x=19
Thus g(x) is defined for all real x and the output 19 x=1 20 x=-5.5,x=15
from g(x) consists of numbers that are all within 21 -5<x<3 22 x>8
theldomain of f(x). Thus f[g(x)] is defined for all 23 r<-1 24 R

e 25 x<3 26 R
R—|g@)=@x-2)|-oyeRiy20 27 >a=11,b=-8 28 <=7

29 <=1 30 #2=-05,b=8,c=3
el yene

Thus f[g(x)] has domain R and PAGE 75
range {y € R: y<1}. 1 =0 2 x=1
b fle@]=1-x-27 = 1-|x-2] 3 x=3andx=0.5 4 =3
. i 5 Cannot have y=0. 6 Cannot havey=2
3 7 Cannot have y =0. 8 Cannothavey=1
| 9 As x—>+4oo, theny— 0"

x—> —oo, theny— 0"

10 x —+oo, theny—1"
x—> —oo, theny— 1"
11 x — +oo, theny— 5"

x—> —oo, theny— 5"

As
As
12 As x> 4o, theny— 3"
As
As
As

12 a x=3,x=7 b x=-2,x=6 ¥ — —eo, theny— 3~
€ x=4x=8 13 x— 3% theny— +e
13 Graph not shown here. x—37, theny——e
a yx=-4x=1 b x=-6x=2 14 x— 1%, theny— —eo
x— 1, theny— +eo
¢ x=—4,x=0 d x=-3,x=-1 .,
15 x— 0", theny— +eo
x— 07, theny — +eo
16 a y=— ' Lo
(x=3) (x+3)(x-3)
¢ o]
y_x—3
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=
— =
I
|
=
—
W ~
| — _’
L\l < g
| on
: < ~
: S
I o
: QL
= I All\\.
| =
I
I
I
| -
~_ 1  ___Z |l v
& I
o\
1!
I
I
[x¢] <
N N
—x
/ )
a=x ’\
1=x .
— =
N /Mvv
1_,d I=x
— / ““““““““
= — = —~
e s 9~ T
® =) — |
(=] ~ _ ~
~— .h?
\\\\\\\\\\\\\\\\\\\\\\\\\ ~———
v=x
-] =)}
— —

X

21

#,2)

22

y=2

©,2)
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28 Miscellaneous exercise three PAGE 79
1 x=-1,x=-3-2i,x=-3+2i
| 2 4=-3,b=1,C has coordinates (-1, -0.25).
|
| 3 2 =—f(x)
,4: y
L] ‘ N
i 3,0 |\ x *
:
:
29 y
‘N\
' 2= f(-w)
|
l ] y
i 6, _j
@1 | ( 9 /
P
- [4,0) x
|
|
~1,-1.25 !
1, ) i \/ x
|
30 y=|f(2)
J 7|
Horizontal \
inflection
“x
x y=fl«])
A
31

Horizontal
inflection
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5 a f(x): Domain2 <x <4, Range-1<y<3
b /' (v): Domain -1 <x<3,Range2<y<4
¢ Sketch of f(x) and f ' (x) shown below.

6 a r,()=(28-80i+ @5,
rp(t) = 61 + (24 + 21)j
b At 10a.m.and again at 10:30 a.m.

y / 7 Collision. 1 p.m., (47i + 21j) km.
44 y=f 6,9 o 8 No collision.
/‘/// 9 Collision. 3 p.m., (31 + 3j km.
30,3 P ALE) 10 Collision. 2 p.m., (12i + 17j) km.
» 2 /// 11 No collision.
h2) X y=f) 12 a QandR,10:30 a.m., 37i + 5j) km
/// 3.0) b 17 km.
A R PAGE 92
// —1'
o @2,-1) 1T r=Q2+50)i+(3-MN)j 2 r=G+NMi+(A-2)j
d flw=2+Jx+lfor-1<x<3 3 r=5i+(3-2N)j 4 r=3Xi+(5-10n)
6 a p=¢=0 b p=3,4=0 5 r:( 2+7~J 6 r:[ 57»}
c p=-2,9=1 d p=3,9=-2 —3+4) 9
e p=4,4=-1 f p=-3,4=1 7 r=(5i+3j)+M3i-4)
7 a 3a-3b b —3a+2b ie.r=(G-30i+ (3 -4
3 1 8 r=(6i+7j)+A-11i-5j)
¢ 5a-2b d Ja-7b i 1= (6= L1 + (7 — SM)j
8 a 1-3i b ZCiS(—E) 9 r=| 6 |ia| 8 e = OTER
3 3 1 3+ A
9 §+i% 10 p=iz,q=—2,w=—iz

10 = Lleal
3 4

11 a 2ci55—n b 2cis~ C leoise 1 )
12 12 3 11 r= 4 + A 5 ie. r=

. 3w [ o= . T
d 8c1sZ e 1c1s[—5] f 512c1sZ 12 o[ ]+k( _6J N _67“J
L 0 -4 —4%
123 s, 25 (B 13 a 2i-§j b V17 wits ¢ 2:1
14 a r=G+70i+QA- 1)
PAGE 86 b x=5+7Ay=2A—1
1 r,(t) =[5 + 109i + (4 - )j] km, ¢ Ty=2x-17
r5() = [(6 + 20)i + (87 — 8)j] km 5
e e o 15 a r= _Hj;j b x=2-3ky=—1+4\
rp(®) = [(19 + 108)i + (62 — 4)j] km ¢ 4x+dy=S5
rp(?) = [(20 —4t)% + ¢4+ 3t)]:] km,r>1, ot
rp(7) = [(12 — 4)i + (7 — 82)j] km, 7> 0.5 16 a r= 3—8%) b x=7\y=3-8)
2 a (10i+14j) km b (13i+18j) km
¢ (19 +26j) km d 5km/h G )=l
e 29 km 17 a r= ?;;;j b 2x+3y+11=0
3 (Ji+24)km @ 25km b 13km
4 a Jis5km b 65 km ¢ JB3km
5 a 13km b 17km

@ MATHEMATICS SPECIALIST Units 3 & 4
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(-]

19

20

21
22

23

25
27

28
30

32

0oL hWOWN =

-1 3
a [ 3) b [_9) c 310
d 3:1 e 3:-1 f 3:1

r=(7—-2Mi+ (6A—2)j. B and C lie on the line,
D and E do not.

-9+ 2\
a=-9,b=21,c=-17,d=-12,e=11,f=15
r=0G+Mi-(6+MN)j

rz[ 4-4 ] H and I lie on the line, G does not.

6+ 3\
= 24 =46
r [5—47»] Sx+3y=4
6i, 12j 26 -3i,-7
r:(2+37»)i+(3—7k)j,g,ﬂ
73
8, 19 29 7,%

Set (1). The other two both give the Cartesian
equation 2y = x + 4 but (1) gives 2y =x + 5.

r=[ ‘; ]w( ‘§ ] 33 77°

PAGE 97

2 (1) (3]

Paths of particles do not cross in the subsequent motion.
(If A was moving with the given velocity prior to =0
then, when # = —3 particle A was at 7i — 6j and particle
B reaches that point when 7 = 4.)

—i+11j

In the subsequent motion the paths of the particles
do meet with both particles reaching the point with
position vector 25i + 10j when # = 6. A collision is
involved.

In the subsequent motion the paths of the particles do
cross with particle A reaching the point with position
vector 15i + 12j when 7= 7, particle B being there
when ¢ =4. A collision is not involved.

PAGE 100
r.(i+4j)=18
r.(5i—j)=-12

Points A, B, E and F lie on the line, C and D do not.
u=2,v=10,w=11,x=8,y=0,2=—4

a r.(5i+2j)=7 b Sx+2y=7

a r.Q2i+5j)=-1 b 2x+5y=-1
8x+5y="7

©0

10

12
13
14

15

16

PAGE 105

a y=2x-8 b y= 1
x
c =4« d y=@"+1)4 x>0
1
a y=10-2 b y=
4 * YT
12
c y=x2+2x+5 d (x—2)2+[y—) =1
P . . x =2cos6
tr tons:
arametric equations y=3sin®
Cartesian equation: ~ 9x% + 4% =36
. . { x =-3secO
Parametric equations:
y=2tan6
Cartesian equation: ~ 4x” — 9y =36
B,D, E.
a |f|=25

b A lies outside, B lies on, C lies inside, D lies on.
& +y*=65% a=39,b=—60.
|t +7i—4j| = 4/5. A lies on.

a |r-i+5j|=9 b |r+3i-4j| =10

¢ |r+12i-3j|=23 d [r+13i+2j|=4

a +y-4de-6y=12 b 2+ +8xr—4y=-13
¢ +y —8r+6y=24

a 5,6i+3j b 6, 2i-3j ¢ 3,3i-4
d 20,0i+0j e 1250i+0j f 7,2i-3j
g 53i+9 h 11,-10i +j

13

r=Q2+3Mi+ (5 +7N)j

10. The circles have just one point in common
because the distance between the centres equals the
sum of the radii.

24/26. The circles have no points in common because
the distance between the centres exceeds the sum of
the radii.

S 17 i+ 6
12 9
PAGE 109
V5 km at 10:36 a.m. 2 25 m,2.25

Approximately 1.8 metres. The snake probably
catches the mouse.

513 cem, 5 5 313 km
J17 m 7 3429 units
S units 9 442 units
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PAGE 111 d

iy
2 a y=|x+3 b y=|x-3 i
c y=|3x—6] d y=|2x+4] 5:
3 a 5(@-1) b 6,71 8
¢ 3v2,(0,0) d 543, (1,-8) |
e 10,(-1,7) f 15,(5,7) i
4 a y -10 —5 -\/ﬁ 10 ¥
5 -7
||||||| T T T T T T T 5 a 4=3.b=5,¢c=-2 b EI"‘ZZI—ZZ
-10 . 5 10 * o 3’ 2
. 6 a 08 b 05
5] ¢ [xeRix<4) d {yeR:iy<1}
1 e flw=4- %, domain {x eR: w < 1},
1 (1-x)
range {y eR: y < 4}.
: 7 a 3+i b ZCis(—z?n)
: ~ c 4c1s( j —4i d cis[s—n), —£+li
i 2 6 2 2
i 8 a Line cuts circle in two places,
LA . 7 ) ) position vectors 20i + 30j and 40i + 34j.
B i / 3 0% b Line neither touches not cuts the circle.
¢ Line is a tangent to the circle,
s : point of contact —2i + 4j.
i PAGE 120
P 1 a y b =
: X X
5-
| z
] <y
_iol T T |_|5| T T I- T T T T é T T T |1|0x &y
T |LZ
=5 2 a Si+145+2k b -i-2j+4k
. ¢ 7i+20j+5k d 10i+28j +4k
L e 51 f si1
g 7 h 15

MATHEMATICS SPECIALIST Units 3 & 4 ISBN 9780170395274



1 -3 0 2
3 a 4 b 4 | ¢ 8 | d 8 27
7 =l 10 14
e 10 f 10 g V26 h 66
4 a <2,2,-3> b <30-3>
¢ <1,10,-6> d <0,6-3>
e 7 f 42
g 17 h V17 2
5 a i-j+5k b -8i- 3 4
¢ Ti+4j-5k d —7i-4j+5k 6
7 6
6 a 1 b | -1 c 57
4 4 7
7 a7’ b 15 c 3 3
d 85.6°(to 1 dp)
8 101° 9 80° 10 73°
11 a %(2i—3j+6k) b ;(Zi—3j+6k) !
¢ LGi+ak) d 31°
S 2
12 a Parallel b Neither
¢ Neither d Perpendicular 3
e Perpendicular f Neither
g Perpendicular 4
13 21N
14 3i-8k 5
5 2
15 a= ,b=| -1 6
-1 3
16 p=2,=-4,r=6 7
17 a 2i+% b 4j+7k ¢ 93 m d 45 8
1 9
19 | ¢
2 11
20 s5i-4j+3k
21 8i+4j -6k 12
23 To1dp:57.7°,36.7°,74.5° 13
24 d=a-b+2c,e=a-2b+c,f=-2a-b+c 15
—> —> —>
25 a DC=10i, DB=10i +4k, DI =3j +k
b 83°
26 Toldp: a 60.8° b 73.0°

— 6 — -1 — 5
a AB=| 2 |,BC=| 2 |, AC=| 0
1 3 4

c 41

d To nearest degree: ZA=34°, /B=2/C=73°

PAGE 126
axb=6i—j+9% 3 cxd=-i-4+5k
pxq=06j+9%k 5 ixj=k
a axb=2j+4k [axb|=25
b |axb|=2/5
1
B
1

Ny

_ L

(i+j+k) [or NG

(i+j+k)]

(2i+2j+3k) (2i+2j+3Kk)]

[or ———
Ny

PAGE 134
r=3i+2j -k+AQ2i-j+2k)
x=3+2Ny=2-Az=-1+2A
r=4i+2j+3k+AG+j +2k)
x=4+Ay=2+Az=3+2%
r.3i—j+5k) =19

a
b
a
b

r=2i+3j-2k+A2i+j)+pGi-4j+6k)
-3 2 1
0 [+p| -3
-1 -3 2
a==7,b=4
3v+2y—2z2=21
r.2i-3j+7k)=5
=2
Point of intersection has position vector | 2
4
Point of intersection has position vector
—4 + 13j + 13k.
b 3i+6j -7k, 90°
Collision occurs when ¢ = 7, at point with position
25
=50
30

vector
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16 Can be written in many ways.

17
18
19
20
21

W NOULDAOWDN-—

NOU =09

0

21

22

One possibility is r =

Cartesian equation:

Scalar product form:

9i - 8j + 15k
3.25

1 1 1
2 |+A] O |+p| -3
0 1 =5
x+2y—z=95
r. =5

(720i + 600j — 6k) km/h

b The planes are 9 units apart.

Minimum separation distance is 7 metres and it occurs

when 7= 10.
PAGE 138
Centre (0, 0, 0), radius 16
Centre (0, 0, 0), radius 10
Centre (1, 1, 1), radius 25
Centre (2,-3,4), radius 18
Centre (3,-1,2), radius J10
Centre (-4, 1,0), radius 5
Centre (0, 4, 0), radius 5v2
Centre (1,-3,0), radius 5
Centre (0,3,-1), radius 11
Centre (-4, 1,-1), radius 5
Outside 12 On
Outside 14 Inside
Outside 16 On
Inside 18 On
2 6
a=4b=6,c=4 20 6 |and| -4
3 7
10i —j and 6i — 2j + 9k
4
7i—-j+k 23 -2
5
PAGE 141
T, I g uE
7 15 26

(o]

6
7

b f(-3)=-11
e f65)=13

PAGE 142

g Graphofy=f(x),i.e.y=3x-2

a f(3)=7
d g(=3)=7
y
10

I
-10

Graph of y = f(|x|), i.e.y=3|x|-2

Y
10
;-
L T
-10 -5 \ 5 107
_5_:
104
a P has coordinates (5, —1).
b The circle has a radius of 5 units.
¢ The vector equation of the circle is |r —(5i- ])’ =5
a 7,3,-2) b 11,2,7)
c 4,(3,-2) d 25,¢1,-7)
e 5,42 f 10,(-3,7)
75°
a {yeR:y=0} b {yeRy>3}

¢ {yeRiy=0}
e {yeRiy=3}
a<26

d {yeR:y>0}
f {(yeR:y=0}

fogl)= L, Domain {x € R: x # 0.5},
2x—1

Range {y € R:y # 0}

goflw)= 6 1, Domain {x € R: x # 0},
&

Range {y e R:y #-1}

foglx) = Va? +4, Domain R, Range {y € R:y > 2}

gof(x)=x+4, Domain {r € R: x >-3},

Range {y e R:y > 1}

MATHEMATICS SPECIALIST Units 3 & 4
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(™) b s (n 17 13,52m
9 a 8‘“(‘3) ARG SC‘S(E) 19 ~56m, (-192i+216j + 16k) m/s

d 64cisO e 1cis(§) PAGE 155
10 a 1 b 7 ¢ 442 -3 1 x=3,y=-2,z=5 2 x=4,y=7,2=-2
d 42+3 e 442+3 3 x=-1,y=5,2=1 4 x=1,y=4,2=-3
5 x=3,y=4,2=6 6 x=1,y=-2,2=-3
11 a 6cis 2 b o6cis _2n ¢ Geis| X r r
6 3 6 2 [3 210 g [ 15 12
. . TE 1 4 8 2 3 2
d 15cis| = 3cis| -— | £ 2cis| = - -
Cls(z) © Cls( 3] 015(3) 1 4 3 18 20 3 14
. o . = . ' - 9 31 2 11 10 4 1 -1 O
g 3cis|-—| h 6cis|-= i Gcis| —— S 21 12 21 6 26
6 6 6 L L
72c1s[—£ (32 0 8 13 =5 2
11 10 2 8 12 2 1 7 37
0 2 -1 -1 -1 0 1 3
3c1s - -
13 x=7,y=9 14 x=5,y=-2
15 x=3,y=1,2=2 16 x=4,y=3,2=-1

17 x=7,y=0,z2=-2 18 x=3,y=-1,2=-2
i 19 x=5,y=1,2=-38 20 x=3,y=1,z=3
SCIS 305(6] 21 x=2,y=-3,z=4 22 x=3,y=1,z=-2

() 3 (2 23 x=-5,y=11,2=0 24 w=1,x=-3,y=2,z=1
13 2_4C15 3 ) 2—4(315 3 25 5x+3y=270,x+2y=110,2=30,y=40
26 5p+10g+4r=160,2p+q+4r=94,p+2¢+2r=>56

14 a Im
5 4 P tablets, 6 Q tablets and 20 R tablets.
i 27 a S5x+3y+82=6100,x + Sy + 2= 1800,
E 4x + 2y +2=2100
— Re b x=300,y=200,z=500
B 5
! PAGE 165
b I
P 10 2 2 3 05
i 4 3 5 15 6 k=2
] 7 2 8 -1 9 3
7 Re
p 10 -5 11 3 12 ¢
. 13 0 14 -0.5 15 2
. Im 16 0 17 0
\; 18 Infinite solutions for all values of k. Thus k can take
y any value.
'R\ 19 -1 20 3
13 Re
'_ T ¥ T |5| 2] a p=15,q=10 b p=15,q¢10
g ¢ p# 1.5 no restriction on q.
15 9]+k 22 a p=6,q=9 b p=6,q¢9
16 a 'The lines are parallel. b The lines are skew. € p¥6,noestriction onlq.

¢ Thelinesintersect. ~ d The lines are parallel.
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23 p=9,q=1 24 p=-1,q=5
25 p#-1 26 p#5
27 Infinite solutions
28 a k#0.5,no restriction on m
b k=05 m=#-1 ¢ k=05m=-1
29 a no solution b infinite solutions
¢ unique solution:x=3,y=-1,2=4
30 a k#2,no restriction on m
b k=2,m#-> ¢ k=2 m=—2
3 3
PAGE 167
2 a 8<ua<?2 b —Sor2
3 a P, (0,a),P,0,b) b 4>b
¢ P,(0),P, (25,0
d P;(Za—zb,Zb—a),Ps(Zﬂ;er,—Zb;ﬂ)
e AEG f C
g BF h D
4 A Im
5_
- °
T T T T T T T T Jr T T Re
-3 i 8
_3_
. Smn .
5 a IOCIST b -3/2+3J2i
7 a zzﬁcis(—%) b 128
8 s5i+45j-k
9 a Im
P4
w
Re
=

b Im W _ -2
P
’
/7
Z// z+w
7/
7/
/
4
N Re
AN
AY
\
N ol
z N\ z+w
AN

z+ w is the reflection of (z + w) in the real axis.
But, from the diagram, Z + @ is a reflection of
(z + w) in the real axis.

Hence z+w =2 + w.

¢ Justification not shown here. Compare your
answer to those of others in your class.

10 16c¢is160°, 2 cis 130°, 2 cis (=50°), 2 cis (—140°)
11 a Domain {x € R: x> 3}, Range (y € R: y > 4}.
b = % + 3, Domain {x € R: x > 4},
(x—4)
Range (y € R:y >3}
12 cos46 = cos'0 — 6cos’ 0 sin> O + sin'6,
sin40 = 4 cos’ Bsin® — 4 cosOsin’ O
13 The planes are 8 units apart.
14 The shortest distance from the line to the origin
. N26 .
is == units.
15 10
PAGE 175
1 ajm b (54i+3j)m/s
¢ 1513 m/s d 36im/s’
2 a 10m/s b 12m
3a 5 b =L
V5t -2t +1
4 a -0.25i+2j b 0.25i
c 2.5i+5j
5 a7 b 25
6 a 2i+g b 0.1¢
¢ 20i+ 10¢j
7 a I5m b (8i+6j) m/s
¢ 10m/s d 37°
8 a 4/13m/s b (18i+ 4j) m/s’
c 176 d 153°

MATHEMATICS SPECIALIST Units 3 & 4
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9 a J10 m/s b V46 m/s e With k> 0, the acceleration is always directed
¢ Qi+ 12) m/s d (17i+ 124 - 9K) towards (0, 0), the centre of the circle.
i j) m/s i j — 9k) m
10 a 38 b 3 c 1S 7 a —55in(gt)i+5cos(gt)j
11 (3i+4j+6k)m, 2j m/s, 2k m/s* .
12 a [2i+Qr-8)j] m/s 3
b [2r+ )i+ —8+20)] m ¢ 20
¢ J74m
d 25w/ t=1$ ?t=3
e 4,4m
f 4y=+"-18x+97
13 a2 d Gi-Sj)m. Thisis the vector from r(0) to r(3).
b Does not cross the y-axis. It is the displacement vector
14 [2ni+n’j+ (" —n— Dkl m forr=0tor=3.
] T 542 m. This is the magnitude of the
5a 6 5 displacement from =0 to = 3.
T . .
b (6cos3ti— 6sin3tj) m/s, (~18sin 3ti — 18cos 34j) m/s? - This is the distance travelled from
16 $m t=0tot=3,
i.e. three quarters of the circumference.
PAGE 179 8 a t=0
1 velocity = (u + at)i m/s,
position vector = (ut + 1 at? )i m
2 -9
2 [14ti+ (35t - 4.9/ m, 87.5 m,y = Spo Ly
. 5 2 40
3 a -10jm/s
b (40i +4043j) m/s b 02 s 4
¢ [40ri + (4043 - 510)j] m ot ‘Z =36
¢ 1.20 rads
A el d Acceleration is always towards (0, 0). k = Ll
e 320/3m 4 e 36
4 a [42tcosbi+ (42tsin6 — 4.9£)] m 9 %t(wﬁ )i+ %t(lO NG
b 20.9° 69.1° o .
5 a [u#cosB°i+ (usin®° — gr)j] m/s 10 a (-sinf)i+ (1 - cosy);
1 b 2m
b [utcose"i+(utsineo_5gﬂ)i]m ¢ i r=0i+0j v =0i + 0j
i e i r=05n-Di+j, v=i+j
c . seconds i r=mi+2j v=2i+0j
e iv r=(15n+ i+, v=i-j
d ———— metres
g PAGE 182
e 45 5
6 a v(r)=—sin(0.50i + cos (0.5, 1 2cis?n 2 32432
a() = -0.5 cos (0.50)i — 0.5 sin (0.50)f
b 1 4x for x <0
=il
¢ 0, velocity always perpendicular to acceleration. 3 W= Vx for O<w<9
d 025 x +3 for x 29
ISBN 9780170395274 Answers



4 All of them.
5 () =(-3)-1,Domain {x € R: x> 3},
Range {y € R: y>-1}.
6 a p=2i+3j-2k
b q=-2i+4j+3k
¢ 85° (to nearest degree)
d 61° (to nearest degree)
e 42° (to nearest degree)

2
- ZaaZy Ly 8 | -10
3173073 13

9 Domain {x € R: 0 <x <0.64},
Range {y e R: 0<y<2}.
10 (6 + 8j) m/s, 10 m/s, 2j m/s*

11 (Graph not shown here — check with a graphic
calculator display.) =7 <x <7

12 a 2 b 2 c 2+
a* — b ; 2ab
a* + b 2t + b
-3
13 2
1

14 fog(x)=x—9, Domain {x € R: x 29},
Range {y € R: y 2 0}.
goflw) = Va? =9, Domain {x € R: |x =3},
Range {y € R: y 2 0}.

15 fog(x)=9 -« Domain {x € R: x <9},
Range {y € R: y > 0}.

gof(x)=v9—«?, Domain {x € R: -3 <x <3},
Range {ye R: 0 <y<3}.

16 a Im <
5 e
7/
7’
N 7/
7’
. 7/
7’
d
- 7/
/7
7/
- /7
y Re
T T T T T ’ T T T T T
/’- 5
7/
7’
, i
7’
‘ =
7’
7/
7/ -
/7
7/
/7 =
V4

(Note the use of the dashed line to imply

the line itself is not included.)

b Im
5 -
/_\ Re
/ 5
C Im
6 -
Re
6

17 Points z = x + iy satisfy the equation

(i)
3) "0 T3) T

S 1 4\ .. 22
i.e.a circle, centre | —=, — | radius ——.
373 3
1 0
18 Many possible answers, for example —| -1 |,
y P p \/ﬁ h
1 1
5 4 |, but all must be of the form
-8
1 a

b | with—-8z+4b+c=0.

Nal +b% + ¢
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19 a 1 b 16 c 17 2
d 9 e 0.082 £ 0.708 &7 {”tcose”(msin@—%)i} m
20 1, and L, do not intersect. p b 34.9°or 76.9°
21 4=3,b=5,c=3,AG,1),B (5’ E) 38 Student’s conclusion is incorrect. The last equation,
5 Ox + Oy + 0z = 0, is true for all values of x, y and =,
29 r=| -1 perhaps suggesting infinite solutions. However,
1 looking to the other lines we still have three other
equations involving three unknowns so a unique
23 1=9,b=—4,c=7,d=12,e=9,f=-10 solution may still be possible. Indeed from these we
24 -a+2b-3c obtain x =1, y=—1 and z = 3 (and of course these
25 rp=i+3j-2k,c=0,d=9,¢e=4 values also fit Ox + Oy + 0z = 0). The conclusion the

student should have made is that the system has a
unique solution of x =1,y =—-1 and z = 3.

39 a [30i+Q24-100j]m/s b [30d + 24z 5/)j] m

26 a 1.07 radians
b 3i+3j-2k
¢ r.(i+2j-2k)=13

€ 24s d 45s
28 8cos'6—8cos’ 0+ 1 e 288m £ 675
29 —b+ai,—a—bi,b—ai a1 6%
< [alllmsithed] csoults e e, [satling (0 42 If looking for x, y and z values that satisfy all of the
a x=3,y=0,2=4 b »=3y=12=-1 equations, the first equation, x + 3y — z =3, and
31 40’ -y =16 (Forx>2.) second equation, —x — 3y +z =3 (l.e.a + 3y —z=-3)
32 (-40i- 16§ — 12k) m/s, 670 m are cqntradictory. Her}cc; no solution. The two
33 i a=0 o 0 equations represent distinct parallel planes, hence
a ta= a9 no points in common.
b x:2q+().35,y=0.51,z=—q 43 a p=-4,q=-1
c x=1,y:§,z=—§ b p=-4,q=-1
¢ m=-1,n=2,p=-2,q=5
34 a 2i+(Qn-1) 44 No. Closest distance to light is v/42 m which is
b 3 m/s, [4i+(0.75n - 1)jl m greater than 6 m.
36 The shortest distance from the line to the given point
is 3 units.
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ANSWERS
UNIT FOUR

& _ 23
dx 3

11

13
15

17

19
21

22

23
24

PAGE 199
_y+8 2 6x—y+4
x+2 x+1
2(1+ 3xy) 6xy+5
2_ 2 4 3
3y =% 2y —x7)
2¢x+2y-3 6 2v+2y-1
26y =) 2Gy —x)
9-2x 8 2x
2y 9-2y
9y —2x 10 9y +1-2x
2y—9x 2y—-9x -1
cosx 2(xcos y—5y)
sin y 10x +x” sin y
8 14 0.125
-1.2 16 -32
489
= 18 —
I 212
2xy + 'y 20 (1,1.5),1,-3)
(17 _3)a (3> _3)
b _ 2“12.At(1,0),@:3.
dv  1-3y dx
2 _2.2)2 2
d_QZ/ZZ(l 3y%) +62y§2x+1) At (1, 0),
dx 1-3y9)
6y=4Sr+n-43
dy _ sinx ﬁ_(Zy—chosx—Zsinzx
de 2y-3" dx? 2y-3)

dzy
e

25

26

=2.

13

d_y_x+1
b

cos y

At (—2, E),
6

d*y 3 cos® y+ (v +1)*sin y

di® cos3y
2
(2 2) £ 108
6) dx 9
B33 NEREEENG)
—, —|and | -—, -—
2 2 2 2
PAGE 201
a 6cos2t b —10sin5t ¢ —250%
3cos 2t
a 2sintcost b —3sin3z PR XL
sin 2t
2 a i 5 2(t+21)
2t 15¢
1 -1 2 -1
6(t +1)° t (t+1)°
-1.5 10 36
(14, -16), (2, 16)
cos 2t 1
a b 27 3 s TS
COSt ( \/—) \/?_’
¢ T3 oSm
4’ 47 47 4
22 10£°
a ) 2
2t +1 27 +1)

@ MATHEMATICS SPECIALIST Units 3 & 4
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PAGE 206 5
1 200 2 15 3 2
4 a 05 b 36
5 0.15 6 0.25 7 0.36
8 -8 9 0.25 cm’/s 10 L cm¥s 6
' NG
11 Decreasing at 0.075 cm/s 7
12 0.16 cm®/s 13 6cm’/s
14 603 cm?/min
15 04w’ ecm’/s a 10mem’’s b 10em 3
16 a 12 cm’/s b 30cm’/s
17 a 80 cm/min b 40 cm/min
¢ 16 cm/min
18 a 37 cm’/s b 4.87cm%s
19 a 1.6cm/s b 0.8 cm/s
20 a 4x(2+’ -3)m/s’ b 5m/s, 40 m/s?
21 23 ecm’/s
22 a i 4cm/s ii 1cm/s 1
b 22 mm/s
23 a L m/min b L m/min
32n 4n 2
24 1090
25 a mcem’/s b 2.5tcm’/s 3
26 a 4.8tcm’/s b 14w cm’/s
25 4
27 o cm/s 28 27 mm/min
29 a shorteningat0.6m/s b 2m/s
30 a lengtheningatlm/s b 3 m/s
1 180 I
31 ——— e/ 32 — m/s(=13.8m/
;i cm/s T m/s ( s)
89n 3
5
PAGE 212
1 0.7,£(5.01) = £(5) = 0.701 501 7
2 0.015, f(g + o.o1j - f(g) =0.0146 (to 4 decimal 9
places)
11
3 0.01125, f(§+0.001)—f(§j =0.0112659
(to 7 decimal places) 13
10
4
Va 15
a $2 per unit b $1 per unit

¢ $0.50 per unit

2
750 - 30+ 2

10
a $120 per tonne b $30 per tonne
¢ $750 per tonne

$10 per unit. It will cost approximately $10 to produce
the 11th item.

a 12cm’ b 15cm’
PAGE 213
a x*(1+Inx) b 2x*(1 +Inx)
c x°%*(cosx — asin x In x)
a
SR
Gx+1D(B3x—1)°
PAGE 214
8 )
— b 6sin” 2x+ 1)cos(Qx + 1)
(B3-2x)
5~ 6xy 443
3%+ y%) 2t +3
4y=-3x+25
30 3
a 2 b 2 (35 y})
2y +5)
? m/sec T, %ﬁ m/s* T.

b 40 m/sec T, 4\/§ m/s’ T,

PAGE 219
5% =3)+¢ 2 —(1-2x)%1+8x)+¢

%(3x+1)6(18x—1)+c 4 i(sz —DC e

%(3x2+1)6+c 6 %(x—2)6(3x+1)+c
—(4x+3)B -2 +¢ 8 —%(5—2x)6(12x+5)+c
1 . 4 =

Z(2x+3) Bx-3)+c 10 E(3x+l)2(9x—2)+c
3P +5+¢ 12 —(x+1)V1-2x +¢
gsin62x+£ 14 —2c0583x+c

3 8

“3cos(x® +4) +¢ 16 %(2x+1)6(24x+19)+c
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PAGE 220

1 lacz —lcos3x+v
2 3

2 2x+c¢
1

3 ——cos8x+c
8

4 %sin2x+c (or %(cosx+sinx)2+c)

5 3

5 §x§+§x§+c 6 —2cos(x’)+c
, 16 !
7 —4cos(x"—3)+c 8 ?(1+3x)2 +c

3
9 §(1+3x)2(9x—2)+c 10 %sin52x+c

11 i(2x+7)6(12x—7)+c
28
1 6 3
12 E(2x+7) +c 13 ¥ -2x+¢
1.5 g 1
14 —(Bx"-2°+¢ 15 sinw— =cos2x+c¢
12 2
16 %(3x—2)8(12x+1)+c
17 lac2+c 18 6V1+2x +¢

2

19 2(x-DV1+2x +¢ 20 é(x2+x+l)9+c

4
21 —12cos(x? +3)+¢ 22 %(x—5)§(8x+37)+c
6
23 %(\/;+5)6+c 24 (2x3—1) +e

RPN
25 42(Zx D°(12x+1)+¢

4
26 _coz46x +c 27 6VxP-3+c
.2
28 _cos4x+€ L Sin 2x+c
29 %(Zx —1)%(84a% +12x + 1) +¢
PAGE 222

1 160 2 1136

3 125 4 2

5 9.28 6 12%

7 8 square units 8 72.9 square units

10

13

14

15

17

19
21
22

11
12
13

PAGE 225

1 . 1.
—sm9x+§smx+c

18

isinéoc—isin8‘9c+c

12 16

lsin’—x +c 4 Esin4x +c
5 2

1 U
—COS.X'+§COS X +c 6 smx—gsm X +c

2.5 1.
slnx—gsm x+§sln X +c

x sin2x x  sin2x
—+—— +¢ e

2 4 2 4

3x —2sin2x + isin4x +c

1.
x+c 12 Esm2x+c

sin2x «x
+= 4o
2

1
—Ccosx + gcos3 X+

cos 2x ) )
———— + ¢ (or sin” x + ¢ or —coS” x + ¢)

1

——c053x+1cossx+c 16 lsin3 3
3 5 3

1.
x——sin’ x +¢
5

%tan3x—x+c 18 tanx+c¢

1
tanx —x + ¢ 20 Etansx+f
21 square units
a r=0+2t—sin27i+ (1 -7+ tanz)j

b r(5)=(2 +E)i+(z _E)j
4 2 4

PAGE 231

7ln|x|+¢ 2 x3—4ln|x|+c

4In (% +6)+c¢ 4 —%ln|c052x|+c

x+21n|x|+c 6 x—21n|x+2|+c

2x = 3In|x|+c 8 §+%ln|2x—3|+c

2
%+x—21n|x+3|+c 10 3ln|x|+2Infx+1|+c
31n|x+2|+ln|x—3|+c

3In|x — 1) + In(x® +6) +¢

51n|x+1|+ln‘x2+x—l‘+c

MATHEMATICS SPECIALIST Units 3 & 4
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14

15

12

15

18
20
21

22

3ln|x+1|+21n|x—1|+i+c
x—1

Zln|2x+l|+2ln|x—3|+i+c
x—3

PAGE 233
E2 units’ 2 i units’ 3 Ly units’
5 5 2
1097 0. 3
units
a = units b T units’
2 6
8n 03 03 5.3
— units 7 18m units 8 27 units
2
T units’ 10 2n units’ 11 24n units’
2 15 5
4m® units’ 13 %1‘51’3 14 % weh
21 units’ 16 Z—? units’ 17 108n cm’
2 2
L units® 19 = m’, Tl
2 16 16
160 units’
b
an xy dx — units’ b 199m units’
a
b .3 T .3
an xy dy a 2m units b — units
a
PAGE 239
6Q2x + 1)? 2 —12sin3x+ 12 cosx
sin® x(4x cos x — sin x) 2+sinx +2cosx
x? (1+cosx)*
2cos2x 6x—5y
1+ sin 2x)° Sx+6y°
y
—12¢ COS y — yCOS X
6t -5 sinx + x sin y

ﬂ=1,b=6,ln|x—1|+61n|x+l|+c
a lsin8x+c

2

1 246
b g(3+x) +c

4
¢ 2—38(x+3)3(41—12x)+c

11
12

15

17

13
14
15
16

17

O h ON -

d isin6 2x+c¢
12

1 1.
e —x-——sinx+c¢
2 2

X
24
2

f ZSing—gsin

g %cos3 Zx—%c052x+c

h —4cos’x+¢

i —4cos’ x+6cosx+c

a y=1752-05 b 9y+4r=35
(r In 4) units® 13 24 cm’/s
—0.5+1In3 16 icm/sec
Sm
a Em/s b Em/s c im/s
3 3 3
PAGE 246
3
y=4x’ —Sx+c 2 y=4x?+c
2
4 =247 —x+c 4 3L:——+c
2 x
7y2=—l+c 6 2cosZy=i+c
x x

Y -3y=4 +x+c 8 2 —Sy=a'-2+¢

siny=—1+c 10 P+ 1)°=3x"+¢
%
13 5
=37 +1 12 y=—-—
I S

2y+siny=a’ +3x+71—3
Y +3y=at+44? +5
When s=3,v =47

a z=1

1
b b=13+3, gradient -———.
2J3+43

a When ¢ =20 the volume is 30 cm’.

b Pumping ceases when ¢ = 48.

PAGE 248
a 448 b 180804
a 17452 b 2590064
a 81873 b 60653

Approximately 680 grams.
Approximately 7.36 kg.
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N O

11
12

13

N

~1733 years

a 0.5kg b 0.25kg
98.6% 9 -~22%
Approximately 4200 years.

¢ 0397kg

Approximately 117 years.

b Easier to divide into 72 mentally as it is an integer
with many factors.

12.9 minutes, i.e. approximately 13 minutes.
Compare your answer regarding the forensic
possibilities of this idea with that of others in your class.

PAGE 252

a 0.885
b Approximately 18.122 million.
Approximately 53 500.

Various ways of writing the answer, two of which are
shown below.

150¢%0% 300

V1505805 ~ 14 2006%

a According to the model, the limiting value of L
is 200.

"This means that when fully grown the length of
the animal is 2 metres (or as near as makes no
difference.)

b Various ways of writing the answer, three of which
are shown below.

_10200¢™*

149 + 51%%

~ 10200

514149704
200

1+2.9216¢7%4°

the last of these being in the IL_‘” form.
+ Ce

¢ Approximately 189.8 cm

o po_ 2500

1+14.625¢7%
b 2500
¢ Approximately 839
Approximately 17175

PAGE 255

Ey =1, Graph F. 2 % +2 =0, Graph]J.
LI 4-2x,Graph D. 4 b _ x(x —3), Graph L.
dx dx

Ey = (x+ 1)(3 - «), Graph E.
& = Jx, Graph G.
dx

& _ 2%, Graph H.

dx
ﬂ=£,GraphC.
dx 2
y
\ \ 2 / /
\ AN 1 / /
A R A
/ VA N\ \
/ /=2 \ \
PAGE 260
%:y—x, slope field B.
D _ % ope field C.
de y
b _ —1, slope field A.
dx_y , slop 5
&y = 0.055
a 2cosx b 2sinxcosx
. 19
¢ cos(sinx).cosx —
(5-3x)
e 6Qx+3) g sl
2x +3y
202 — (5=3y)(1+2y)
x(nx—6y) 32xy +x—-2)
Zyzzezx+17
y:—%x—% [at the point (1, -7)]
and y:—§x+? [at the point (1, 2)].
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7 67 units®

2 o8
8 a 85 ..
48
o8
b Bx+5)(x-Y5) e
72
c 8Jxl-3+¢
4 3
d —Gxe-2)2015x+4)+¢
75
e —4cos(x® —5)+c¢
x\5
g Ate)
5
8
g g\/x—3(x+6)+c
S5+4x
-+
2x +2)°
9 w’cm’/s a 100ncm’’s b 16cm
10 0.006 rad/s
11 ﬁcm/s
16m
13 a -~76.6 million tonnes b ~17.9 years
PAGE 267
1 a 24w/ b 130m
2 03m/s
3 a -1m/s b 0m/s’
4 a 4w/’ b 7m
5 a 45m/s b 5+4—n—£
3 4
6 12w/
7 8m/s
8 a 05 b 0.1¢
9 1 7 /s, — 3 :
(2t +3) (2t +3)
b 0.4m,0.04 m/s,—0.032 m/s’
10 7,41 m/s
11 a 24m/s b 8 64m
¢ 40m d 3m
12 -10m/s
13 a 2m/s b (4cos2) m/s’
c 4m/s d (1-cos2t)m
e 2m

14 a (9r+6) m/s’ b
15 0.5In(8.5) metres
PAGE 275
1 a 5m,nseconds b
¢ 2 m,0.57 seconds
2 a mnseconds b
¢ 0.4w seconds
3 a x=sin0.5¢ b
¢ x=3sin2t d
4 a x=2cos2t b
¢ x=0.5cos4nt
5 a x=+2.5sin2t b
6 a 34 m,04rs b
7 b 20seconds,4m c
8 b 6seconds,2 m C
9 b mseconds,3 m C
10 a x=4sin(nt+%n) b
11 a x=25in(5t+§) b
¢ 50m/s’
12 a ﬁ m b
10
. T
c i — i
12
13 a —ﬁ m b
2
C 3_71' m/s d
2
14 a 0.96 seconds
b 0.19 seconds
¢ 0.42 seconds
d 0.84 seconds, 2.30 seconds
15 0.72 seconds
16 a x=2sin2t b
17 a 2cm b
¢ L seconds d
16
e -~ seconds
48
18 a 4m b
¢ 1498 m

14 m/s, 42 m/s’

4 m, 0.47 seconds
21 seconds

x=-sin0.5¢
x=—0.5sinmt
x=1.5cos4t

2.5m/s

V58 m, s
235m

4-+3)m
2.76 m

41t m/s

10 m/s

x=4cos2t

T
— seconds
4

16 cm/s
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19 b 2seconds,4m ¢ 3m
d 7m
20 b nseconds,3m ¢ Sm
d 2m
21 a 021m b 027m
22 g seconds,25 m
2

23 ?ﬂ: seconds, 0.65 m

PAGE 279
- 2
1 a 6y b 15 4y+8c;)s Y
4x+5y
2 Approx 34.7 years
3 a 0m/s b (3sin2¢) m/s*
c g d (1.5:-0.75sin2f) m
2n-33
———m
8
4 a 6x(3x°-2)m/s’ b 1m/s, 6 m/s’
5 y=4"-3
6 0.04rad/s, 1.6 m/s
7 1287 units’ 8 %units2
9 a 2—38 units’ b units’
¢ 247 units’
10 10 m/s
11 a g seconds, 0, 0 m b 2775 seconds, 5,0 m
2n
¢ mseconds, 2,0 m d 5 seconds, 1, 1 m

12 ¢=5,d=6,k =2,k =0.5 Time period for A is
1 seconds and for B is 47 seconds.

PAGE 293

1 The sample means will be approximately normally
distributed with a mean of 3.5 and a standard
1.71

Nek

If instead a sample size of 150 were used the

deviation of 0.24 (i.e.

distribution would still be approximately normal with

a mean of 3.5 but with a smaller standard deviation
1.71

7150

than before, now 0.14 (i.e.

2

n

10
11

12

The sample means will be approximately normally
distributed with a mean of 2.375 and a standard
0.696

J60

If instead a sample size of 100 were used the
distribution would still be approximately normal with
a mean of 2.375 but with a smaller standard deviation

0.696
than before, now 0.07 (i.e. .
RN
The 100 sample means will be approximately

normally distributed with a mean of 7 and a standard

deviation of 0.40 (i.e. ils).

36
If instead a sample size of 120 were involved the
sample means would still be approximately normally
distributed with mean of 7 but with a smaller standard

deviation of 0.09 (i.e.

2415
deviation than before, now 0.22 (i.e. —=).
( V120 )
0.946 5 0.040 6 0.685

a Y will be normally distributed with mean 5 and
standard deviation 0.2 i.e. ¥ ~ N(5, 0.2%).

b 0.006

Y~ N30, 0.24), i.e. normally distributed with mean
30 and standard deviation \/074

a 04% b 25% c 0402

a 0.006 b 0.202 c 0938

We would expect the mean length of samples of ten

adult male lizards of this species to be normally
distributed with mean 17.4 and standard deviation

2.1 . .. .
—— cm, i.e a standard deviation of approximately

J10

0.664 cm. Thus a sample mean of 19.4 cm is just over
three standard deviations above the mean. Whilst not
impossible this is very unlikely. We would expect less
than 0.13% of such samples to have a mean length
this high. Hence, whilst it is possible that the sample
of ten could be a ‘freakish’ sample we would be wise to
consider other possible reasons for the surprising
sample mean. Was the sample really a random sample?
Perhaps the lizards were caught in a region where
larger than normal lizards of this species were found.
Perhaps the scientists’ confidence in the assumption
of a normal distribution or in the given population
mean and standard deviation was misplaced. Were all
of the lizards in the sample really adult males of this
species? Etc.

a % b 3 ¢ 0.023
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13 a Sample means are normally distributed with mean PAGE 303
513, standard deviation ? 1 110 2 372
1.96 standard deviations either side of 513 gives O & (Uaymlmen samp lelless than ?O as sample is
. taken from a normally distributed variable so sample
interval of 506.63 — 519.37. . .
) T means will be normally distributed.)
505 is not in this interval. 4 43 5 200 6 35
Significant difference at the 5% level.
b Sample means are normally distributed with PAGE 304
... 26
mean 513, standard deviation e 1 a 7 b 4+2x
2
1.96 standard deviations either side of 513 c X 24,4800 d 2 + w
gives interval of 507.90 — 518.10 4 Vr oo«
510 is in this interval. g _¥Gr+4y)
There is not a significant difference at the 2x% +3y°
5% level. 3 _
3al 33’ b 7
x+y 3
PAGE 300 4 Slope field A, y" =y. Slope field B, y’ = «.
1 The 90% confidence interval has the smaller width. Slope field C, y" = (x — 3)(y — 2).
(If you want to be more conﬁd.ent of catching the 5 3x+lnfv+1]+ ln‘xz B 2‘ ‘e
population mean you need a bigger net.)
. . . 0. D
2 The 95% confidence interval has the smaller width. 6 a sin’kunits’ b (2 —sin’ k) units
3 The bigger size sample will give the narrower 95% 7 a 032m/s’ b 50V -30
confidence interval. 8 a 3+1 b 3¢+1 c 0.06
4 565cm<pu<581cm 9 a 6.93 years b 1386years ¢ 20.79 years
5 2512kg<u<27.16kg 10 a 52.19 < population mean < 54.29
6 1651 cm<u<17.89 cm b 51.99 <population mean < 54.49
7 Note that we can assume that the sample mean is ¢ 51.59 < population mean < 54.89
from a normal distribution of sample means because, 10 2174 bemms (e 2266 hems
though the sample is small, the population the sample e
. . L o We can be 95% confident that the mean life time of
is taken from is normally distributed. The 95% . . . . .
ot el e 5.8 @S M E 7547 @ the population of triple A batteries of this brand will
. T lie between 217.4 hours and 228.6 hours (because
We can be 95% confident that the mean length of 95% of such 95% confidence intervals will contain
;? ;r;onth((l;ld babyggsilgs lifeshbe;vsve/en 73f.~7d3 cm and the population mean).
.47 cm (because 95% of the 95% confidence
intervals constructed in this way will contain the 122 BAlam w6 pim. Ue) G033
population mean). 14 0.4 m/s 15 s rad/sec
8 17.18cm<u<18.42cm 41
We can be 90% confident that the mean length of 16 a 0.0334 b 0.5889 c 03085
three month old seedlings of the particular plant type 1
will lie between 17.18 cm and 18.42 em (because 90% 2 e, o e
of the 90% confidence intervals constructed in this ) ) )
way will contain the population mean). 18 About 5 minutes to 8 that morning. (The mathematics

9 17.93 cm<p <18.67 cm, 17.99 cm < p < 18.61 cm SEE fs )
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19 a 62 (or more).

b If we use the standard deviation of the population
as 65 we could be 95% confident that the
population mean lies in the interval 1787 hours to
1813 hours (i.e. 1800 * 13). The claimed mean of
1850 hours is well outside this range and casts very
serious doubt about the legitimacy of the claimed
mean value.

20 2x+Injx+1|+3In|a+2|-In|x-3|+¢

6250
21 @ T 1424670
b Ast— o, ¢ 0andso N — 6250.
c i 1970 i 5220
23 a sinly+c

o

._l(x)
sin” | = [+¢
5
1._1(2.76')
€ —sin | — |+¢
2 3
d %sin_lx+%x\/1—x2+c
e 25in‘1(§j+%x\/4—x2+c

f % 4 — o? —2cos’1(%)+c
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