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NELSON SENIOR MATHS Specialist 11

8as b 13 c 25 d V2
e 53 f 35 g val+16 h 36+b
9 a 53.1° b 112.6°
c 343.7° d 225°
e 105.9° f 296.6°
10 The vectors in your answer should be in the same
direction but the scale could be different.
a A b 3
[« A d 4
Y
€ 3
11 a (5,306.9°) b (7.07,135°)
c (12.21,235.0°) d (12.65,71.6°)
e (18.87,122.0°)
12 a (17,61.9°) b (13,22.6°)
¢ (15,233.1° d (13.9,239.7°)
e (11.3,315%)
13 a AB=(7.3,74.1° b RB=(5.8,211.0°
¢ MB=(10.8, 123.7°)
14 a —uhasa magnitude of 8 and is in the direction

60° south of east.
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d The total displacement is 0.
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14 east

23 east

73 east

60 N up

26 N up

110 N east
(7.21, 146.1°)
(10.93,9.3°)
(16.93,77.7°)
(13, 67.8°)
(6.1,274.7°)
(24.1, 265.4°)

N~
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57 east
7 west

9 N down
103 N down

(4.50, 12.6°)
(10.82, 276.3°)

(6.4, 292.7°)
(20.4, 220.3°)

7 About 16.8 km on a bearing of 075.4° (14.6° north

of east).

8 About 668 N at 14.9° to the vertical.
9 About 1433.2 m on a bearing of 347.6° (77.6° north

of west).

10 About 9.6 km on a bearing of 089.8°.
11 About 37.1 km on a bearing of 062.8° (27.2° north

of east).

12 22.4ms ™" on a bearing of 167.2° (12.8° east of south).

IS

74.1°
102.5°

5

11.40
(5,306.9°)
(122, 235.0°)
(18.9, 122.0°)
(13,22.6°)
(13.9,210.3°)
(15,53.13°)
(17.49, 120.96°)
(26.25,220.37°)
(14.30, 296.46°)
(4.33,2.5)
(0,24)

(~14, -24.25)
(35,0)

83.7°
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15.26
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146.3°

= s = B © = T = T = L R = M ©

58.0°
337.4°
11.70
13.15

63.4°
221.2°
6.32

g 13.89
(7.1,135°)
(12.7,71.6%)
(17, 61.9°)
(15,233.1°)
(11.3, 315°)
(20.25, 57.09°)
(22.20, 324.16°)
(18.56, 27.95°)
(12.26, 108.60°)
(5, -8.66)
(-11.31,11.31)
(0, -70)
(-22,0)

0o a o
O o T o

6 a (3,5.20)
¢ (10.47,13.40)
e (-9.37,-10.40)
g (-18.11,-15.75)
i (-3.76,-1.37)

7 a (1,5)
c (3,8)
e (-3,-10)

8 (10.63,311.2°)

;

W N =
[ociile~]

- 0 O w— O " aoT

(-6, 10.39)

(-22.32, 5.56)
(4.39, -14.34)
(41.12, -12.57)
(4,-6.93)
(3,9

(7,7)

(6,-11)

[ 54
4 a = 6}
[ 6
€ |4
M9
¢ -6
[12
9 |-
(18, 47°)
(15, 47°)
(30, 227°)
(42, 227°)
(8,28)
(-14, 31.5)
4
(= -3)
3 3
g (_3) 62)
7 a (12,195°
c (7.5,69°
e (2.5,249°)
g (20,249°)
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L 24_
[115.2
—76.8}
457
-30

o
L 48_
(24,227°)
(6,227°)
(60, 47°)
(3,47°)
(-9, 36)
(19.4, 67.9)

(13.-6)
(-4, -14)

(4, 124°)
(16, 15°)

(2,304%)
3
(20, 15°)
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3 a (@ @) b (ﬂ —SJHJ

13713 a1

8

cla+b)=clx; + x5y, +y,)
= (cx) + cxy, €Yy + Cy)
= (cxp, €y + Cxyp, + CY,)

—J10 -3410
c (—1/0_ 1\(/)—) d (0.411,-0.912) = c(x;, yy) + €00 1)
) =ca+cb
-3V10 [-5
10 13
T -]
L10 L13 1D
- 2 B
24
24 ) 3 a -m=(5-8) b —d=(11,4)
g 25 h 0.869 3
=7 | 0.496 ¢ -r=(0,6) d fq:[ }
L25 1
. . . -14 12
i (1,86% j o (1,-165°) e *g=[ _3} f —h:[_n}
2 77
k (L) L (172) L 2, 4,
3 5 g —a=-4i+9j h —-p=-Zi-—j
4 a 5i-3 b -6+ 4j ¢ -4i-7j i —n=024i + 1.06j 303
d 6i+5j e -32i-94j fi-4j 4-6 Demonstrations using procedure similar to
g -2i-8  h -3i+5 i 7.59 + 3.68 Example 15.
j 007i+0.195 k 1.93i-6.73j | -516i+737) 7.9 Proofs using procedure similar to Example 16.
m 9.53i-55j n -8i-13.86j 0 -2.33i-4.20j
A 4
5 m=(-2.2] W 108
1 About 12 340 N at 11.6° to the passenger’s side
2465 4265 o passens
6 - forward direction.
65 65 2 6.262 km at 153.2°
3 282.8N
E 4 About 696 N at an angle of 46.6° to the shoreline.
1 a (-13,13) b (18,-14) c (=5,-1) 5 About 26.9 rln/s at 042.0°.
3 .13 6 84.85kmh™ at 045°.
d (10,-11.8 4.17,-4.22) f (1-,2—
( ) el S TY 7 About 181.8 knots at 066.5°.
2 a 23 b -12 c 6 d 33 8 About 10.7 m/s at 082.5°.
-17 -2 8 -13.3 9 vy2[1-cos(0)]
L1 61
e f 4
—6.44 52
a 7i-13j b -17i+ 10j 1D
c -5i+5j d -3.4i-12j ) A
1 5
e -823i+515  f -10—i-92j 3B
10 8 4D
a (-4,5) b (0,10) c n
¢ (5,20) d (12,-2) 6 A
e (9,14 f(=30,24) 7D
g 5-1 h (0,0)0r0 g A
i (-34,69) i (-4-32) 9 C
5 a (14.33,41.1° b (38.65, 104.6°) 10
¢ (9.32,324.9° d (173.28,271.7°) y ]
e (6,130° 54
6 a AB=(2,7) b RB=(-5,-3) 4
¢ MB=(-6,9 d QP=(0,-18) b 150° 3 A
e BX=(814) f FG=(8 -11) >
7 lcal = J(ex,)’ +(c,) 6 "
N ) 765432 -1] 123 4 5%
45°
= e[y 2
= —c|a| (to make it positive).
516 Specialist 11 9780170250276
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12

13

14

15

16

17

18

19

20

[« I B S T S = N R = N T = )

o L ® N0 O o

DE = -2i + 6]
TS = 8i + 5
GJ = -4i + 4j
RK = -2i + 4j
YZ=7i- 12
(9-4) b (9-49 c (0,00r0
(3,10) e (15,-1)
(9.434, 58°) b (5,126.9°)
(11.662,239°)  d (9.487,341.6°)
(4, 180°)
[3‘/5,3] b (-4v/3,4)
2 2
(2,-243) d [%%)

(~5.785, —6.894)
(5.831, 59°)
(4.123, 284°)
(8.246, 104°)
26 b 5 ¢
J106 = 10296 e 244 ~15.621

b (6.325,251.6°)
d (5,90°)

T T
-7 -6 -

=)

a
c
e

9

=2
7 _24)
25" 25
i-3j b 4i+5j
-2i + 5§ d 4i-3j
—2i - 5§ f  3.36i +4.97j

-7.52i - 2.74j h -3i

. 5.3
-7.88i+6.16) ] —2.51+T‘/_j

5
21 a 12i-5 b (-6,-2) ¢ [4}
22 a (29 b (-5-8 c (-8 -1)
d (21,34) e (0,6)
-6 8 7
malf] e fs] < [f)
E -1
-3 6
24 a (10.39,121.1° b (10.92,176.1°)
¢ (4.99,158.8°) d (9.85,55.9°)
e (7.13,275.8°)
25 a (9.43,208°) b (16.86,52.1°)
c (2.43,166.6°) d (9.43,92°)
e (7.36,155.4°
9780170250276
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26
27
28

29
30
31
32

Demonstration.
Proof.
a -a b -a+c¢c c a+c

1 1 1
d (a+¢c) e —(-a+¢c)f —(-a+c
2( ) 2( ) 2( )

Approximately 41 N at 10.7° to the horizontal.
1082 m on bearing 146.3°.

About 53 600 N in the direction N 14.5° W.
0.4013 m/s at 151.2° to the original direction.
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1

10

b deductive

d by contradiction
PQRS has an interior angle sum of 360°.
Sea temperatures will always rise.

b necessary

a inductive
¢ deductive

a necessary
C necessary d ifand only if

a False, other plants may be prickly as well.

b False, the first premise is not correct.

Inductive, but the conclusion is wrong, Mary may
have a girl.

This number is divisible by 4. .. It is composite.
Other shapes may have equal diagonals as well.
Corrected: This shape is a square.

- it has 2 equal diagonals.

It may be a coincidence that they have blond hair
and scored well. Maybe all students in this class
decided to dye their hair blond for a charity event.
Mandy may have more understanding than Dennis or
may have done her homework through the term.
Dennis may have had a bad day or lost his calculator.

- 202

a x=-3
Not true for x = 3

0 o

In 3D space, skew lines are not parallel and do
not meet.

octopus, some crustaceans

false, rectangle b false,y=-2
false,a=-1,b=2 d false n=0

false — could be similar

Yes, the statement is false for x = 4.

oL 0O N 0 A

No, the statement is about where fish live so it is
not a counterexample.

False, try a = 0.

No, only if n is positive.

No, in 3D a vertical edge of a cube and an edge
through one of the other vertical edges are neither
parallel nor intersecting.

No, the intersections for an obtuse-angled triangle
are outside.

No, just make a quadrilateral by choosing a fourth
point that is not on the circumscribing circle of a
triangle.

Yes, because it is necessarily convex.

No, draw a concave quadrilateral.

Answers
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1 a Ifyousurf at the beach, then you live in

Queensland.
b If you like Maths, then you are an interesting
person.
¢ If you went to school in Darwin, then you are
the Premier.
If an animal has big teeth, then it is a lion.
If you sweat, then you do a lot of exercise. False.
If your Maths improves, then you study hard. False.
If a boy has learnt to drive, then he has a P-plate.

N T o o

False.

o

a If3x=15,thenx=5 x=5iff 3x=15.
b If a quadrilateral is a parallelogram then it has
two pairs of opposite sides equal.
A quadrilateral has two pairs of opposite sides
equal iff it is a parallelogram.
¢ Ifa®> b% then a > b. False. Trya=-3.
d If you have big shoes, then you have big feet.
False. (you may be a clown)
Converse: If students get a better job, then they
study more maths. Bob has negated the statement.
In a way, they were both right. Female is the
opposite gender to male, but the converse of male is
either female or neuter. Bees are divided into queens
(female), drones (male) and workers (sexless).

- 204

a Ifyou don't live underground, then you don’t
live in Coober Pedy.

b If you don't have a licence, then you cannot
drive a car.

¢ Ifyou don't need hearing aids, then you are not

old.

If x* # 4, then x # 2.

If an animal is not an amphibian, then it is not a

cane toad.

If you are not mortal, then you are not a man.

If it is sunny, then the sky is blue.

If a student passes his exams, then he studies.

If you live in the desert, then you live in Alice

Springs.

If a number is a counting number, then it is

n T o

o

positive.

If a vehicle has four wheels, then it is a car.

If you have money, then you have a job.

If x2 %9, then x %3.

If a quadrilateral does not have diagonals equal

in length, then it is not a rectangle.

¢ Ifpeople do not live in Australia, then they do
not live in Tasmania.

o o o

d Ifan animal is not a marsupial, then it is not a
koala.

a Ifx? %9, then x ¥ —3. False.

b If an animal cant fly, then it isn’t a bird. False.

Specialist 11

If an animal lives in a tree, then it is a koala. False.

6

7

¢ Ifyou will not get a good job, then you have not
been to university. False.
If a number is not real, then it is not rational. True.
If they are not similar shapes, then two triangles
do not have matching equal angles. True.

b Ifa quadrilateral is not a rhombus, then it does not
have diagonals that meet at right angles. False.

¢ Ifan animal does not have a trunk, then it is not
an elephant. True.

The contrapositive is: If a quadrilateral is not a

square, then it does not have four equal sides. False.

D
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1

2
3
4
5
6
7
8

a a=35 b x:ZZ% ¢ x=10

d x=140 e w=9 f y=81

a Proof b Proof

Proof

a AAS b SSS ¢ SAS d RHS
Proof

a Proof,SAS b Proof

Proof

x=72

. 206

1
2

~N o~ o

Proof

a Ifitisarhombus, then the diagonals of a
parallelogram meet at right angles.

b Proof
Proof

d The diagonals of a rhombus bisect each other at
right angles.

a (a+ba-0b)
(a-b,-b-a)

¢ The vectors are the same length as they only
differ in sign or direction.

Proof

Proof

Proof

a Ifaline is parallel to one side of a triangle and
half its length, then it bisects the other two sides.

b Proof

¢ Proof
8,9 Proof
10 a,b Proof

¢ Both pairs of opposite sides parallel (or equal).

- 207

2
3

VxeR x>0

dwe Qsuchthat2<w<7

V adult human beings 3 a perfect match
VYa,beR,Ice Rsuchthata<c<b

V x € Rsuch that x> 0,3 y € Rwhere y >0
such that y = Jx.
a Proof

Proof

o o 0 T ow

b Proof

9780170250276
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o~ Ol BN WN =

© 3

Proof
Proof
Proof

O» O wWUg

b False, let x = -3.

d False, the number 2 is prime.
Elsie improves her playing.

There will be floods every 2 years in Queensland.
a Ifyou tell the truth, then you are a politician.
b If the square of a number is positive, then the

a True
¢ True

10 a

11

12 a

13

14

15
16

17
18
19

20

a
b

a

number is positive.

If a student must resit an exam, then he/she has
failed the exam.

If an animal can swim, then it is a fish.

If you do not tell the truth, then you are not a
politician

If the square of a number is not positive, then
the number is not positive.

If a student does not have to resit an exam, then
he/she has not failed the exam.

If an animal cannot swim, then it is not a fish.
No

A number is composite iff it has more than two
factors.

A quadrilateral is a rhombus iff it has diagonals
that bisect each other at right angles.

No

Contrapositive: If a quadrilateral does not have
two pairs of adjacent sides equal, then it is not a
kite. Yes, the statement is true.

Contrapositive: If a® £b%, then a £b. No.
Contrapositive: If a triangle does not have two
equal sides, then it does not have two equal
angles. Yes, the statement is true.
Contrapositive: If a vehicle does not have wheels,
then it is not a bike. Yes, the statement is true.
Proof, let 2x + 2y = 180

Proof, AAS ¢ Proof, AA

d=a+c-b b m:%(a+c)

Proof

swimming = wet, shower = wet. There is more
than one way of getting wet.

‘if and only if’, converse is also true.

1
Try x=—-—.
¥ 3

If a triangle is isosceles, then a median of the
triangle is perpendicular to the side it intersects.
Converse is true.

If

1 1
,}g’ then a <0 or a > 3. True.
a

9780170250276

21

22

a use SSS test

b matching angles of congruent triangles equal,
alternate angles

¢ matching angles of congruent triangles equal,
alternate angles

d two pairs of opposite sides parallel

Proof

:

0 g o 01 N WN =

24

25
26

27
28
29

30

31
32
33

D

B

456 976
67 600
26° % 10*
260
26'0%x 10"
1000

1 000 000
300

64

Yes

Yes

6

6840

360

7 880 400
210

271252 800
3

10 000
a 84

a 10000000
1

67 600 000
1

5184
a 9900 b
1 9900
720
7
a 60
64
17 576 000. More number plates are possible with
3 letters.
72
36
a 25 b 20

b 720 c 30240

. 502

N ool W N -

36

7

9

22
960
a 84
a 840
d 480

b 504
b 480 c 480
e 240 f 720

Answers
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1"

12
13
14
15

1680
120
120
18
10
1680
840

4096 c 720

1560 g 18000
48

d 720

6720 [
4200

5400

o0 oo o 0 o
[ - 2 T - i~ e T -
(o)}

a
'S

a 24 256
a 5 b 6 c 12
288

o

:

O 0 00 ~JOoN 0l &N WN =

-

"

12

13

a 5 b 14

3

366 unless it is a leap year, when it is 367.

27

16

17

21

169

16

The 200 numbers can be divided into 100 pairs
such that the second is double the first: 1\2, 2\4,
3\6, 4\8, 5\10, ..., 100\200. By the principle, from
101 numbers between 1 and 200 there must be at
least 2 that belong to the same pair, so there is at
least one number that is double one of the others.
The 200 numbers can be divided into two separate
groups: 66 pairs such that one is triple the other:
1\3, 2\6, 3\9, ..., 66\198 and another 68 that are not
triple any other number from 1 to 200. If 66 + 1 =
67 of the first group are placed into 66 boxes, then
at least one box must contain a pair. The other 68
can be placed separately, making 67 + 68 = 135
numbers that must be chosen to ensure that at least
one number is triple another.

If all the integers are the same value, then that value is
the average and it is trivially true. Otherwise, assign the
integers to two groups: those with values equal to the
greatest value, and all others. By the pigeonhole
principle, there must be an integer in each group,
otherwise, revert to all values being the same. The
average of the values lies between the greatest value
and the least value, so it must be less than the greatest
value. Hence, combining both parts, one of the integers
must be greater than or equal to the average value.
Consider, say, Mary. There are 5 others, so by the
principle she is either friends with 3 of them or
there are 3 that are strangers to her. Of 3 friends,
either 2 are friends with each other and Mary or the
3 are mutual strangers. Of 3 strangers, either 2 are
strangers to each other and Mary, or the 3 are
mutual friends. Either way, there are either 3
mutual strangers or 3 mutual friends.

Specialist 11

14

a N WD -

~N o~

10
1"
12
13
14

15

16
17

Suppose there are 1 people. If they all have at least one
friend, then they all have from 1 to (1 - 1) friends, so
by the principle at least 2 must have the same number
of friends. If someone has no friends, then there are

(n - 1) left. If one of them has no friends, then there
are 2 people in the whole group with no friends.
Otherwise, the remaining (n — 1) people have between
1 and (n - 2) friends, so by the principle there must be
2 of the (n - 1) with the same number of friends.

B

C

C

E

a 120 b 362 880 c 3628800
d 24 e 479001 600

5040

4.03 x 107

a 6 b 60 c 42

d 362880 e 1680 f 120
g 110 h 30240 i 592620
i 240240

a n=10 b n=3 c n=15
d n=29 e n=>5 f n=10
24

5040

720

a 18 b 192

a 720 b 6840 c 24360
a 24 b 720 [ L

1 30

8
n+D)!-nl=n+1)xn'-nl=nln+1-1)

=nx(n-1Dxn=(n-1)!n

. 505

No~Oo1l R WN =

10

1
12

13
14

B
a 300 b 1080
a 9% b 261 c 93
a 720 b 4320 c 720
2880
a 3628800 b 362880 c 28800
a 6 b 720 ¢ 5040
d 362880 e 3628800
362 880
a 720 b 240 c 480 d 144
2
9
86 400
a 181440 b 19958400
c 20160 d 1814400
e 239500800
205920
a 120 b 150
9780170250276



15
16
17

a 20! b 5!8!7!3!
a 40320 b 30240 c 21600
4680

G

1 a 60480 b 2520 c 907200
d 151200 e 60 f 453600
g 1995840 h 3360 i 83160
i 145297 152 000

1

2 a 60 b 48 c 36 d -

3 48 >

4 100

5 151200

6 5040

7 About 4.22x10"

8 12600

9 a 6840 b 8000 c 7980

10 About 8.72 x 10", as you could start anywhere
around the walls when viewing and in an exhibition,
none of the paintings would be the same.

11 a 64 b 15 c b

64
12 a 3 7 C 2
8 64 16
184
d a 184756 =0.176
64 1048 576

1 L
336

2 1
32760

3a L b L ¢ L d

120 210 150 7350

L L
30

5 1
15 400

s L
140

;72
325

g L
56

1

9 ————=0.000 000 28
3628 800

1 E

2 E

3B

4 D

5 D

6 456 976 000

7 20160

9780170250276

10 14400

11 6

12 9

13 9

14 362 880

15 30240

16 720

17 256

18 576

19 420

20

4080

21 24

22 20160

23 Separate the speakers by brand. Then if 12x 8 - 8 +
1 = 89 speakers are placed in each group, by the
strong pigeonhole principle (with m; = 12) at least
one group must contain at least 12 speakers.

24 64

25 1260

Multiple choice

0 g o0 O~ WN =
gwwOoOO0OwOOmy

~o

Short answer
1 (8.54,290.6°)
2 Sample answers:
a Monkeys, people, dolphins or whales
b Any number between 0 and 1, e.g. 0.5 = 0.25.
¢ A kite with angles of 90°, 110°, 50° and 110° is
not a rectangle.

3 a 18 b 2
4 (2,4) or2i+4j 19
5 Sample answers:
Inductive logic uses examples to reach a conclusion:
e.g. Holdens have four wheels
Falcons have four wheels
Toyotas have four wheels
Thus all cars have four wheels
Deductive logic uses logic to proceed from one (true)
statement to another:
e.g. Reptiles lay eggs with soft shells
Goannas are reptiles
Thus goannas lay eggs with soft shells
6 2184

Answers
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Application d Parallel

1 (77.9, 81.5°), 77.9 km at the bearing 081.5° e DPerpendicular

2 About 39.3 knots at a bearing of 167.4°. f Neither

3 Use a counter example, of which 10 is the first: 7 a=2!
10410+ 11=121=11x11. 8 b=84

4 Proof 9 Maximum value = 20 when m and n are parallel.

5 ~0.000 004 Minimum value = -20 when m and n are parallel
245157 but in opposite directions.

6 & 10 49.4°
77

. 405

1a 1212 b 55 c 2828 d -887 1D
e 0 f 30 g -3588 h 6374 2B
2 a3 b 2425 ¢ 2828 d -4555 3 C
e 0 f 27 g 2379 h 108.12 4B
3 a -24099 b -10231 ¢ 3247 d 808 5 16.18
e 4.89 f 5906 g -8354 h -61.52 6 1261
4L a -25885 b -14138 c¢ 23341 d -2631 7 =221
e -1535 f 16877 g -39.6 h -28.17 8 29.67
5 a 16 b 56 c 8 9 0 (perpendicular)
d 18 e -29 £ _60 10 19 (parallel)
1 43
202 9
12 5=
13

12 c 5

18 13 —
46.36 57 ‘/5—39
23
18
14
2

28 14 —

-11

27.59 11.31

(3]
[N I - TV R < W R - TV R~ S R - T VR R - T 1)
|
—
~

b

e

b c

b C

e f

b c

e f

b 0 c -96

-30 e -85 f 73 E

b c

e f

b [

e f

b c

e f

11.19 1 A
-8.12 31.89 -8.03 2 D
7 a 1425° 8.13° 167.9° 3 a i 3.04i+228 i 0.96i - 1.28j
135° 147.53° 145.49° b i 0.224i+0.168j i 0.276i - 0.368j
8 49.4° 97.7° 170.84° c i 16i+12j i o0
99.73° 147.53° 31.33° d i -0.4i-03j i 0
9 cos(8) =0,506 =90°. e i -4.64i - 3.48j i ~0.36i + 0.48
10 cos (A - B) =[cos (A), sin (A)]-[cos (B), sin (B)] f i -8i-6j i 0
= cos (A) cos (B) + sin (A) sin (B) 4a i -692i-462 i 6.92i - 10.38j
b i 2.88i-0.58] i —2.88i - 14.42j
- oo ci g i o
di o0 i -15

1-4 Demonstration by substitution.

5 About 1008 N at 13.4° towards the 500 N side of the
5-9 Proofs
400 N force.
6 About 977 N each.
E 7 The component of the wind in the direction of the
1B sprint is about 3.16 km/h.

2-3 For each pair of vectorsaand b,a - b =0.

4 Fora,c f,a-b=]|a|b|,forb,d, e a-b=-(|a|b]).
5 Fora,c e f,a-b=]a||b],forb,d,a-b=-(|a]|b]).

About 1097 N parallel and 8933 N perpendicular to
the slope.

9 About 1.25 N parallel and 5.87 N perpendicular, so

the friction was about 0.55 N.

6 a Neither
b Parallel (in opposite directions) 10 About 96 N
¢ Neither 11 About 743 N

Specialist 11
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N

ol

O 00 3 o

10

11
12
13
14
15

C

B

a 500] b 400] ¢ 6007

d 1200] e 50000] f 9007

a About22.4N b About40.3]

a 16] b -10] c 75]

d -29] e 0 f 0

7071 N

About 9888 ]

727

a 76.53 N at 9° to the 50 N force.

b i 458.79] i 231.8] i 257.1]

c 488.9=231.8 + 257.1, but because of the angles,
the contributions of the 30 N and 50 N forces
are almost the same.

a 8567 N perpendicular and 749.5 parallel to the
slope, so about 250 N each.

b 89.94k]

7713 ]

2.88 M]J

28.16 kJ

Proof

Proof

W 408 ]

0 N0 o~ WN =

[ N e Y
N W DN - O

0 N0 0N WN -

~0

10
11
12

C

A

About 9.6 km at 089.8°.

520 m

About 181.8 knots at 066.5°

About 7.8 knots at 120.6°.

About 9.3 knots at 216.1°.

About 124.9° and 10.1 knots.

About 314.9° and 119.8 knots.

About 12:31:39 p.m.

About 9.8 knots.

9.434 knots at 32.01° upstream from the heading.
103.2 knots at 215.6°.

028.17°, to give a ground speed of 105 knots and an
ETA of 1:35 p.m.

A

C

B

C

B

A

E

D

B

a 20.54 b 14.65
a -32 b -26
63.4°

9780170250276

13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32
33
34
35

37.5

38

a -55 b -41 c 6

a 19.86 b -48.75
a 10.3° b 176.8°

Demonstration by substitution.

a,b  Scalar product =0

a a-b=|a||b b a-b=-|a||b
a Perpendicular b Neither

¢ Parallel but opposite in direction

17.10

7.23

a 1.10i+2.76j b -3.10i + 1.24j
181.26 N (north) and 84.52 N (east)

a 3007 b 19047

Proof

123.69°

28.81 N at 10.7° to the right.

1476 N (parallel) and 8371 N (perpendicular).
675.3 N, 663.58 N

3236]

About 149.5° and 7.7 knots

225° and 95 knots

Proof

B

1T a 15 b 1 c 25
d n(n—1)(n—2) (n+1)n
6 2
2 a 56 b 210 c 495
d 1287 e 1287
3 a 28 b 84 c 462
d 5005 e 38760
4 a n=4 b n=2 c n=10
d n=6 e n=12 f n=16
5 2598 960
6 a 45 p Mn=D
2
7 10
8 252
9 15504
10 210
11 296010
12 792
13 3838380
14-15 Proofs
. 5.02]
1 a 15504 b 816
2 60
3 7260
4 a 120 b 112
5 935
6 a 45 b 120
7 a 100947 b 462 c 924 d 36300
e 26334 f 74613 g 27225
8 $105

Answers
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9 a 2042975 b 55 ¢ 462462 d 30030 3 1440
10 a 3003 4 1422
b i 2450 ii 588 iii 56 iv 1176 5 4020
11 a 1.58x 10" b 286 6 a 21x19!'=2433%x10"
¢ 15682524 d 5311735 b 3!x18!~3.842x 10"
e 12271512 ¢ 41x17!=8.537x 10"
12 a 395747 352 b 32332300 d 20-(6xa-4xb+c)=1.118x10"
c 4084080 d 145495 350 7 2C,x 7! x 3! = 14 968 800
e 671571264
13 a 170544 b 36 c 20160
14 a 7 b 27132 c 13860 32
1 == ~0.04827
d 20790 e 27720 663 0.048
7
15 a5 b 360 c 126 2 a - ~006863 b —— ~0.02288
16 a 715 b 495 c 330 d 1287 102 306
¢ L -o04118
M 505 ] v
6
3 -
1-5 Proofs 4165
3_,3,.3, .3 2 2 7371
6 (x+y+2°=x"+y +2z +3xy+2xz 4 a 33 b RS c B 02278
+ 3%y + 3x2° + 3y°z + 3y2°+ 6xyz | 16660 899 3235501
7-8 Proofs 5 g
6 a 0.0976 b About0.9785
M. 5.04] c 28
1 17
7 a — b — c —
167 3 24 24
2 627 8 0.7
3 700 9 1
1
4 713 10 —— =~0.000 83
5 600 1200
1 7
6 600 11 a —=0.00395 b —— ~0.0277
7 642 253 253
1 1
8 6600 12 a — ~0.02857 b — ~0.047 62
9 188 35 21
10 1
10 440 ¢ —=~0.04329 d —=0.07692
11 978 231 13
12 43
M 505 ) e
1 a 44 b —=~36% 2 B
, 2 11 3D
3 4L B
1 5 E
3 ?6?0.03846 1 6 78
4L a — b — 7 420
6 3 8 a 2600 b 4032
1 3
5a _=004167 b =037 9 32930
1 1 10 == ~0.209
6 a — ~0.04167 b —=025 110
24 4 11 150
1
c 2:0.375 d S=05 12 4;(;’
13 —
M 5.06 | =
1 500
2a 22 b 84 c 270 d 690

524 Specialist 11 9780170250276
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14 ﬁ(”*lcr_l)

B
n (n=1)!
r [(n=1)—(-1)(r-1)!
_ n(n—1)!
_(n—l—r+1)><!r(r—1)!

n!

(n—r)r!
="C, QED
15 "C = n(n—l)-~~(n—r+1).
r!
For n prime and 0 < r < n, there is a factor of n in
the numerator, and no factor in the denominator
divides n, as it is prime. Thus, there is a factor of n
in the number "C,. QED
16 a 2898 b 21252 ¢ 33649
17 568

I

1 a x=68° b y=97°
c p=40° d x=y=39°
2 a x=112°%y=56°%2=34" b x=49°
c x=166°%y="7° d x=62°p=31°
3 a x=5° b y=102°
4 x=30° (L at centre is double the £ at the
circumference)

y=75° (£ sum of isosceles A)
5 360°-x=2x 110° (£ at centre is double the £ at
the circumference)
x = 140°
y =70° (similarly)
6 ZOAC = 30° (Base Zs of isosceles A\)
ZBAO = 25° (similarly)
s LCAB =30° + 25°
=55°
x =2 x LCAB (£ at centre is double the £ at the
circumference)
=2 x55°
=110°
7 Obtuse ZBOD = 20 (£ at centre double £ at
circumference)
Reflex ZBOD = 360 - 26 (angle of revolution)

1
Z/BCD = 5 ZBOD (Z at centre double £ at
circumference)
1
=—(360-20
5 ( )
=180-6
So ZBCD and ZDAB are supplementary (add to
180°)
1Ta x=18 b o=83°p=42°
c x=97° d m=136°
2 a a=65°(L atcentre = twice £ at circumference
standing on arc ED)
9780170250276

b = 65° (s at circumference standing on arc ED
are equal)

b ZPRQ =41° (s at circumference standing on
arc PQ are equal)
w=33° (ZLsum of AQRT)

¢ ZNKM = 28° (s at circumference standing on
arc NM are equal)
a = 56° (exterior £ of ANPK = sum of 2 interior
opposite £s)

d ZDEC = 141°(Zsum of ADEC)
m = 141° (vertically opposite £s)
ZACB =31° (s at circumference standing on
arc AB are equal)
x = 110° (exterior £ of ABEC = sum of 2
interior opposite £s)

a ZDCE =ZACB (vertically opposite Zs)
ZEDC =/BAC (/s in the same segment)

Z/DEC = ZABC (similarly)
.. Since all pairs of Zs are equal,
AABC ||| ADEC.

b x=55cm

ZLSTV = ZWUV (Zs in the same segment)

LTSV = ZUVW (similarly)

ZLTVS = ZUVW (vertically opposite £s)

.. Since all pairs of angles are equal,

ASTV ||| AWUYV.

x=24cm

ZECB = 33° (s in the same segment)

ZEBC = 180° - 114° + 33° (Lsum of AEBC)
=33°

~. ZECB=ZADE

These are equal alternate angles.

-~ AD|| BC

Proof

. 6.05

0=29°

x=10cm

x=15°%y=150°%z=75°

x=47° y=43°,z=94°

x=55%y=43°

x=y=232°%2z=58%v=32°%w=17°

x=57°30, y=32°30

x=75%y=77%2=13°

ZABC =90° (£ in semicircle)

. ZBAC =90° (ZLsum of AABC)
=61°

.~ x = 61° (s in the same segment)

Proof.

Prove RS = SP. ... Sis centre of circle.

Proof. Use isosceles AOAC and AOBC.

/B =90° (Lin semicircle)

AC? = AB* +BC?

= 6% +3?

=36+9

=45

o N T w o n oo

Answers
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ZAC =+/45
=35

Radius = %AC

35
=——cm
2
a x=52%y=76°
b AC=BD (equal diameters)
Diagonals are equal so ABCD is a rectangle.
~. AD = BC (opposite sides of a rectangle)
a ZAOB=90° (given)
ZABC =90° (angle in semi-circle)
.~ ZAOB =/ABC
.. ZA is common
. AAOB||| AABC (AAA)
(Note 2 pairs of angles equal means 3 pairs will
be equal by angle sum of triangle.)
b AO = BO (equal radii)
AB=\r 41
=v2r?
=2 x
By similar triangles
AO _BO
AB  BC
But AO =BOso AB=BC
SoBC=+2r

™ 6.04]

o U1 N W

a 0=32° b x=8cm c 0=0=6830
d 6=31° e x=9mmf 06=45°
a x=5cm b y=15cm c x=42°
d z=90° e x=6m,y=3m
f m=134cm
J41 em
144 mm
25.6 cm
CE=+115"-69"
=92
CD =2 x 9.2 (perpendicular from O bisects chord)
=184
=AB
OB=83cm
Proof
Proof

. 6.05 ]

x=24m b x=103m
y=>5cm d a=14
x=47m,y=18m
x=44m,0=78%p=380=064°

x=2 b y=4 c z=6

ZECD = ZACB (vertically opposite angle)
ZA = ZE (angle in same segment)

. AABC ||| ACDE (AAA)

L O T oL 0 o

Specialist 11

b

By similar triangles
AC_BC

CE CD
ACxCD=BCxCE

. 65,06

1 a 0=47° b x=5m
¢ y=113cm d x=y=26°
e a=64°b=32° f 0=57°
g p:\/m*sIZcm h y=10mm
i x=579cm j x=33%y=33°
2 a x=67° b y=75cm
c x=63%y=126° d x=89m,y=62m
e x=98° f x=57°%y=57°
g x=72%y=15° h x=61°%y=70°%z=>52°
3 a x=26°%y=74°2z=48°
b x=68°%y=44° z=68°
C x=y=z=45°
d x=70%y=31°
e x=20°%y=57°2z=103°
f x=54cm
g x=71cm
h x=77°y=13°
i x=12cm,y=2.1cm
j x=55°2z=57°
4 AB=13m
5-6 proofs

_ I

1

QT e o N T TToue "o an oo

x=107°%y =94°
0=134°y=90°
x=112°%y=112° z=68°
x=92°%y=114°

B=73° a=107%y = 107°
x=141°%y =63°

X =65°%y=43°
w=289°%x=286°y=54°%z=35°
w=69°%x=111°%y=82°2z=98°

x=118°

x=62°%y=31° b x=75°%y=105°
x=88°%y=065° d x=62°%y=82°2=36°
x=90°%y=113° f x=38%y=71°
x=85%y=95° h x=48°%y=78°

x=107°y =73°
a=81°b=>55%¢c=283°d=16°¢e=28°

ZA =180° - 58° (LA and ZB co-interior angles,
AD || BC)

Z£D =180° - 58° (£C and £D co-interior
angles, AD || BC)

So ZA =180° - ZCand £D = 180° - £ZB.

Since opposite angles are supplementary, ABCD
is a cyclic quadrilateral.

ZB = £D =90° (given)

- ZB=180° - 4£D.

Let ZA=x

9780170250276



ZC=360°-90° + 90° + x (Lsum of quadrilateral)
=360°-180° - x
=180°-x
=180° - ZA
Since opposite angles are supplementary, ABCD
is a cyclic quadrilateral.
¢ ZCDA = 180° - 0 (straight angle)
.. £ZB=180°-ZCDA
Let ZA=x
ZC=360°-90°+90° + x (Lsum of quadrilateral)
=360°-180° - x
=180°-x
=180°-ZA
Since opposite angles are supplementary, ABCD
is a cyclic quadrilateral.
d ZDAB =90° (tangent L radius)
ZDCB =90° (tangent L radius)
Now £ZDAB + ZDCB = 90°+ 90°
=180°
Since opposite angles are supplementary, ABCD
is a cyclic quadrilateral.
4 Proof

. .08 |

1 a x=58°%y=116%2=58° b x=5mm
2 a x=10cm b x=64°%y=26°
c x=13cm d x=27°y=>54°
e y=5cm f x=32%y=7°
g x=72°%y=42° h x=35°%y=90°
i m=23°n=67°p=067°q=23°
j x=71°%y=62°

3 .. ZOAB = 90° (tangent Lradius)
z=90° - 48° (£Lsum of AABC)
=42°
OA = OC (equal radii)
s ZOAC =Z£0OCA =y (base Zs of isosceles )
y=(180° - 48°) + 2 (£ sum of AOAC)
=66°
ZACD =180° - ZAED (opposite Zs of cyclic quad.)
Sy +u=180° - 62°
66° +u=118°
u=>52°
ZBAC = LOAB - ZOAC
Sox=90° - 66°
=24°

Y= 5 ZAOC (£ at centre twice £ at circumference)
1
=—x48°
2

=24°
4 21 cm
5 AC*+ BC*=3.9%+5.2
=42.25
AB?=6.52
=42.25
. AB*= AC* + BC?
. ZACB = 90° (by Pythagoras’ theorem)
.. A lies on a diameter of the circle. (tangent L radius)

9780170250276

6 a x=72°%y=121° b x=63°%y=063°
7 4ZDAC = 63° (Lsum of ADAE = 180°)
o ZDAC = ZDBC = 63°
. A, B, C, D are concyclic (equal Zs at
circumference standing on chord CD)
8 OA=r
AC= % (perpendicular from the centre bisects a

chord)

2
oC= r—(gj (Pythagoras’ theorem)

9 4BDE=/ABD + ZBAD
so200=ZABD + o
o= ZABD
.. ABAD is isosceles with AD = BD.
ZCDE = ZACD + ZCAD (ext. £ of ABAD)
~ 2B =ZLACD + B
f=~ZACD
.. ZCAD is isosceles with AD = CD.
.. AD=BD=CD
So a circle can be drawn through A, B and C with
centre D.

10 Let ZODC = xand ZOAB = y.

Then you can find all these angles (giving reasons).
ZAOC+ ZCOB + £BOD + ZAOD = 360°

(Zof revolution)

90° -y +x+ ZCOB +y +90° - x + LAOD = 360°
ZCOB + ZAOD + 180° = 360°

.. ZCOB + ZAOD = 180°

11 Let ABCD be a quadrilateral with opposite angles

supplementary.

ie. ZA+ £ZC=180°and ZB + £D = 180°.
Assume the points are not concyclic. Draw a circle
through A, B and C, cutting CD at E.

Now ABCE is a cyclic quadrilateral, so ZAEC + ZB
= 180°. (opposite Ls are supplementary)

Also, ZD + £B = 180° (given)

4D = ZAEC

These are equal corresponding angles, so DA || EA
(this is impossible!)

. A, B, Cand D must be concyclic.

. ABCD is a cyclic quadrilateral.

Answers
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0 No0oN 0T WN -

13
14

15

16
17
18
19
20
21
22
23
24

25

26

27

28

SO OmgwEO

x=y=12cm
z=19° (s in same segment)
y=180° - (131° + 19°) (Lsum of A)
=30°
x =30° (s in same segment)
x=10cm
o=3° B =44° y = 136°
a= 5 x 100° (£ at centre twice £ at circumference)

=50°
ZOCA =90° (tangent perpendicular to radius)
o b=90° - 83°
=7°
OC = OE (equal radii)
.. AOCE is isosceles.
.. ZOCE=Z0OEC=c¢
2¢ + 100° = 180° (£ sum of A)
c=40°
Reflex ZCOE = 360° -100° (£ of revolution)
=260°
d =360° - (260° + 50° + 7°) (£ sum of quadrilateral)
=43°
17 cm
53m
a=101°b=98°
o =61°p =29°
14.9 cm
x=49m
18 cm
o =127° B = 53°
Z£D =180° - (80° + 53°) (Lsum of A)
=47°
<. y=47° (£s in same segment)
x = 47° (s in alternate segment)
x=55%y=>56°z=54°
ZC is common.
ZA = ZCBD (s in alternate segment)
= ABCD ||| AABC (AAA)
a ZOCB=Z0OCA=90° (given)
OA = OB (equal radii)
OC is common.
- AOAC= AOBC (RHS)
b AC = BC (corresponding sides in = As)
.. OC bisects AB.
Proof

Specialist 11

29
30

Proof
Proof

Multiple choice

0 go0 01 WN -

~0

WHmHEE R >® g

Short answer

1
2
3

a 14 b 2758
20 have all three.
ZLMN = 90° (angle in a semicircle)
x =41 (complementary angles in ALMN)
3.13
496
14 259
IK x KG = HK x KF (product of intervals on chord
IG = product of intervals on chord HF)
yx12=18x8
12y = 144
y=12

= 3.479%

Application

1

2
3
4
5

About 74.1°
1.839 M]
264
1885
1287
3p = 360 (revolution)
p=120
.. ZBAD + ZBCD = p + 60
=120+ 60
=180
.. ABCD is cyclic (opposite angles of quadrilateral
supplementary).
Perimeter = 2x + 2y + 40 = 2(16) + 40 = 72 cm

_ R

1
2
3

4
5

2a+1+2b+1=2(a+b+1)
2a(2b + 1) or 2(ab + a)

mo o g

12,18

a 1+2+4+8+16+32+64+128+256+512+
1024 + 2048 + 4096 + 8191 + 16 382 + 32 764 +
65528 + 131 056 + 262 112 + 524 224 + 1 048
448 +2 096 896 + 4 193 792 + 8 387 584 + 16
775168 = 33 550 336

b 212(213_1)
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6

7
8

9
10
11
12

1+2+4+8+16+32+37+74+ 148 +296 +592 =
1210,1+2+5+ 10+ 11 +22+ 55+ 110 + 121 +
242 + 605 =1184

No, as 2 is prime.

2,3,5,7,11,13,17, 19, 23, 29, 31, 37, 41, 43, 47, 53,
59, 61, 67,71,73,79, 83,89 and 97.

a No b Yes

Yes

6

a 2'° b 2% - 1is not prime

a i 65 i 17 i 31

b i 2,3,57,11,13,17,19, 23,29, 31, 37, 41, 43,
47,53,59,61,67,71,73,79, 83,89 and 97

i 7919 iii 107 iv No
ais5 i 4 i Yes
b i show that i 28x31,2°x127

n
-1
¢ 2?7 ! x prime, use S"=M,2‘°’lwill have
127 -1
pfactors,1,2,22,...,2P’1,SP:¥:21’ ,
2-1

there will be p remaining terms which are
multiples of the prime number, b, 2b, ..., 27~ x b,
S, =2 -1)b, S, +S, =27 ~1)+ (2" ~1)b =
2x2P xb=2Pb, 2" ~1-b=0,b=2F -1

Is2?°'2’-1)a
Perfect number?

p  Is2”-1prime?

2 Yes Yes
3 Yes Yes
5 Yes Yes
7 Yes Yes
11 No No
13 Yes Yes
17 Yes Yes
19 Yes Yes
23 No No
29 No No
31 Yes Yes
e i No, the only proper divisor of a prime is 1, so

there is no prime equal to the sum of its
proper divisors.
ii If a Mersenne prime exists, a corresponding
perfect number exists.
f 47 (the same as the number of Mersenne primes)

9780170250276
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0 g o U1 N W

10

1"

12
13
14
15
16

W | =

a
b

—~

2a+1)2b+1)=4ab+2a+2b+1
=22ab+a+b)+1
a i Yes ii No iii No iv. No
b i Closedii -1-(-2)=1
iii-1x(-2)=2

iv —=0.5
2

No, 1+2

a No b Yes

a 2 b 0

2k+1+2k+3=4k+4=4(k+1)

(k+ 12—k =K +2k+1-K=2k+1

Letg=p+2,thenpqg+1=p(p+2)+1
=p*+2p+1=(p+1)% which is divisible
byp+1.

2p+2_pHPF2_pHA it icthe
2 2 2’

average of p and q.

a n*=Qk+1) =4k +4k+1=20k*+2k) + 1

b Show that if n? is even, 7 is even (9a) and if  is
even, n* is even (Example 5a).

a 2a+2b+1=2(a+b)+1

b Showl0aand2a+1+2b+1=2(a+b+1),
2a+2b=2(a+b)

(2a+1)2b+1)=4ab+2a+2b+1

=2Qab+a+b)+1

2a(2b + 1) =2(2ab + a), 2a x 2b = 2(2ab)

Proof

Proof

Proof

Proof

pt+l=

e

1

L o 260530 287
200 500 000
b i -707.375 i 62258
C —_— — —
a 5127 b 18384615 ¢ 3142857
1 7 3097
a — b — c —
9 12 990
g 1714284 3
999 999 2
a 09 b =
a 616,18 1

1
b — where p is a prime has p — 1 recurring digits
P

1 _
¢ —=0.09
11
a 0.142857,0.285714, 0.428571, 0.571428,
0.714285, 0.857142

b The recurring digits are rotating.

Answers
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8 a 0.076923,76 + 923 =999

1 J—
— = 0.09 =
b 11 ,0+49=9,

%:0.0SS 823529 411764 705 |
05882352 + 94117647 =99 999 999
c L =0.012987 > 12 + 987 =999
77
5 375 _ 3
ta Sorz 1000 8
5670 g 2 4
1 1000 500
0 11
e — f —
1 4
2 D
29 -9 9 10
3a = b —=—o =
21 10 -10 21
17 14
27 e —
2 15
L 2 _ac_¢
b d bd f
5 a_c ad—bc _ e
b d bd
6 a ¢ axd ad b Y
a —+— = —X—=— s
b d b be ¢
1 1 3 1 1 1
7ai —+—=— i ———=—=
2 4 4 4 2 4
1
we 2
iii 1—2
1

2
8 (E) - Z(E)+5 is rational
b b
9 Proof
10 Proof
11 Many possibilities, like x* — 8x> + 15 = 0, which
factorises to (x> — 3)(x* — 5) = 0. It has x-intercepts
3, 45, y-intercept 15.
Its roots are V3, +\5 which are not rational.

a 1.5,1.4,1.416,1.41379... converging to
V2 =1414132562...

b i 0+

=0.01, 0+%=0.0IOOI

99+~ 99+ ——
1 1
1+—

9

530 Specialist 11

i 0+ =0.010010001

1 [37,151,292,1,1,1,2,1,3,1,...]

1+
292

d Square roots eventually yield repetitive sequences,
but cube roots and higher powers yield random
sequences.

Number Ene

5

o_
.
&

4 No, 7 cannot be written as a fraction.
5 ¢" ¢% Other answers are possible.
a
6 J5==,4%=51°
b
a
z > 4,
8 Solvea+b+c=2,4a+2b+c=59a+3b+c=9
U NS U S
10> 10° 10" i

a

7 log,(3)= be 752t =320=3"

10 1,2 4,8, +L+
102 10° 10° 10" L3,

1 b2—4ac>0andh2—4ac¢m—2,n¢0,m,ne VA
n
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b

i —= , — in simplest form,
s m-—s s m-—s

simpler

Taid i 243 i 1 iv 7+43
b i Z'orN
i Q'
i Z*
iv Q'
2 a Yes b Yes c Yes d Yes
3 a 1 1 c L d 1
9 2 3
4 Proof
5 Proof
6 Proof
7 a Proof b a=3,b=4,c=5
8 c:—i—g,b¢0,a,be Zanchl
b 4

9 e=\/5,f=x/§,g=\/g

- 707

1-6 Proofs

o~ WN -
oNel-"Nole)

a 2k+1+2k+1+2k+1=23k+1)+1
b (2k+1)°=2(4K> +6k* + 3k) + 1
117 # 100

a 2°-1,9isnot prime b divisible by 7
2.1 b 12-9=3
4 2
Proof

Proof

—-101
12 9 LOS7P b 0.3376
15 625

13 a 934.714285 b 0.012345679
14 9463

2475

15 a — b 7 c 723
6 8 10 000
2

- O v 0 3
7]

_

16 a ——

17 Proof
18 Proof

b % undefined

9780170250276

19 Proof
20 Proof
1 1 1 1
21 —S+—+—p+ -+ —+
10> 107 10 3 n
10 2 2
22 Proof
2
23 a 2} b 3xy3=3
24 ¢c<0
25 Proof
26 Proof
27 a i 1,2,4,8,16,31, 62, 124, 248, 496
i 31, prime
iii 62,2 x 31

iv 124, 248, 496, 2" x 31

v A perfect number
b i 2*2°-1) i 16 iii 31
1(27 -1)

C 1+2+4+--+207 1= =2r_1

2_

d P-4+, (x-1) (1 +x+x7), (x-1)
Q+x+22+2), x-D @ +x+x2+x° +xY,
-DA+x+x7+x+--+x"7 1),

ii If p is not prime then 2f - 1 is not prime,
2’")"—1,m,ne Z\1}x=2"24,x"1=
(x-DA+x+ x>+ +x"h,
x-1>Land (1 +x+x°+-+x"DH>1

iii For p =11, 2" - 1 = 23 x 89 s0 it is not prime.

_IEN

1 a,ef
2 a xp=2 b x=1 ¢ x3=-2
d x,,=-5 e x;3,=3
3 a ry =1y b 2r,=r1,
C 13,=2r5 d ry,=-3ry
e ry5=—4r3, f ry5=-5ry
4 a 2 x2square matrix with all elements 1
b 1 x 3 row matrix with all elements 2
¢ 2 x 1 column matrix
d 3 x 3 diagonal matrix with diagonal elements

of 3
e 3 X 4 matrix with elements of 1 and 2

324150 3 61
181718 05 8

SaM=, (56450917
79201110 91

b 0

c 1

d 0

e 4x9

6 a USD $1.05664

1 1.05664 0.65720 94.3892
0.94642 1 0.62192 89.3362
1.52148 1.60769 1 143.625
0.01060 0.01120 0.00696 1

1
c 893362 d 1.60769 e € =—

Answers
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7 a 7x6 b 50.7 c 1948
d maximum temperature range = 72.7

00 0 O 1 a [—4 4:‘ b '8 —l:l |:_3 10 :|
g4 po|3 000 |7 -12 6 -2 17 -13
5200 M3 6 (19 4
0640 ' 4|4 —13} ¢l —7}
b Mosquito larvae do not eat the other animals. 5 8 9 58 9 01 5
¢ Water beetles do not eat each other.
05 10 0 5 10 2 -1 5
1000 Zals 6 15|56 1| “la s 6
9 D={2 1 0 0
01 :75—2 17 5 -2 3 -3 -2
§ 2333 12 11 13
¢ 1 5 24 7 23 16 9
6 o : < 5 30 :28 5 -2 6 9 -10
tal, —6} bl 6| © [45 —15} 4 4 2 3
- ? —g 3 a 2 -2 2 =5
5 0 - -1 7 =2 7
d 14 8} € [3 —1] 7 -1 7 -8
- . } b |-4 10 -10 —4
) - 2 3 4 12 4 8
8 6 =2 3 30 -15 8 -1
29| 0 © 712 bl T3 3 c (17 8 -15 10
-0 002 2 1 2 8 29 —6 31
0 -10 4 L
- o 3 37 =21 21 -16
L 2 _ d |2 34 —40 6
1 4 3 12 9 3 18 44 -12 38
|23 g |0 918 (-3 -39 -1 11
4 2 4 150 =3 e |-10 32 36 37
L4 3 2 L0 15 -6 |17 19 6 23
15 0 -5 10 r—g 4 -2 13 9 =2
3a|25 20 15 5 baly _8} [12 _4} [_1 —7]
-5 10 0 20] [7 -6 -1 32
-3 -12 9 15 d |1y —7} € [33 -1
b|9 -6 3 18 - ;
o 1 o 3 2 7 3 2 -7
L J 0 -1 -2 0 1 2
2 .0 -4 8 Y3l 6 3 b5 6 3
C 20 —-16 12 4 7 -5 2 -7 5 -2
-4 8 0 16 -
L . -2 -9 -11 0 17 31
-5 -20 -15 25 » 5 _3 0 5 10
d |15 -10 5 30 S 4 4 > d 1 5 2 o9
L0 =25 10 15 -1 -3 -2 28 -5 2
408 833 1428 —12 -7 77
L o | 714 1343 2006 4 11 -8
646 1428 18.70 el o 16 15
11003 20.06 24.48 | 1
449 916 15.71 2 4 —4 7 5 -9 1 2
b 7.85 14.77 22.07 6 a 8 —6 4 7 b |2 6 -8 8
711 1571 20.57 13 21 4 2 0 2
11.03 2207 2693 L
- - -6 15 -16 17 5 25 9 -13
7000 240 c |23 -40 39 -2|d |-4 -6 10 -30
5 :g(s)g b 46200 Total sales = $37 070 e~ e R
a c otal sales = r
8050 120 I
c620 150 e [-10 -8 -38 37
L | 17 -19 6 -23
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300 400 200 150
7 a |400 220 300 200
(250 150 400 150

(30 70 20 20
b |20 30 40 30
40 10 50 10

50 100 40 15
c |15 50 30 10
130 25 20 40

(320 430 220 145]
d 395 240 290 180
1240 165 370 180
[10 1 4
6 0 9
4 3 8
8 a F+tM+L b 8 2 5
4 29
|9 0 6
¢ Team 1 (1st team)
5 6 —2 4
1 M b [-7 4 ¢ |9 3 -6
12 -4 8
1 16
o [53] « [¥
-7
2a[4 8 -1 b | -2
-10

; } a [7 31

21
3 5 4 0:', not usually expected

-11 7 -11
4 Both| 7 13 7 |, notusually expected
-11 7 -11
5 Proof
6 Proof
12 10 8

10 10 10
12 12 4
[117.80
b |155.00
[ 190.00
[4483.60
3767.00
4628.00
| 4033.60

9780170250276

ol N
[= T R« N R ORI ] 3]

~
[}

Diagonal zeros mean that there is no trucking
from a city to the same city.

0 4 4 4 4
4 0 4 4 4
H=|4 4 0 4 4
4 4 4 0 4
4 4 4 40

0 14.80 13.80 10.40 9.00
14.80 0 11.20 2040 19.40
13.80 11.20 0 20.20 18.40
1040 20.40 20.20 0 15.00
| 900 1940 1840 15.00 0

=
Il

Delivery for medium parcel = 1.5C + H
Delivery for large parcel = 3C + 2H

3
P=|1
_0
12 10 9
9 3 6
4 5 6
FP = 7 P MP = 9 b LP = 10
3 7 4
9 9 9
31
18
. |15 . . .
Both give 2% | Team 1 wins with 31 points, also
14
27

it shows that matrix multiplication is
distributive over addition.

—
g

o
[

o

| »—l‘,_‘
Uip— V|
e sk, Sl vio

Does not exist.

nilpotent b no ¢ nilpotent
idempotent b no ¢ idempotent
34 b 58 c -12
—42 e 21
53 b -175 c 165
112 e 43
SRR

2 5 5 2 1

N L AR B [ }
12 5 75 53

2 1
11 1 | & Does not exist.
2 T2

Answers
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10-12 Proofs
25 20 50 25 30 50 50

13 a P=(35 35 80 35 40 70 75 1B
45 40 100 40 40 90 85 2 E
(1] 3 A
1 4 C
1 5B
b A=|1 6| 0 2
1 -2 0
1 o S[4 5 405
1 1 -8 -7 -8 -7
- ! 11
25 20 50 25 30 50 50] |1 3{ : }
¢ PA=[35 35 80 35 40 70 75|x|1 22 3
45 40 100 40 40 90 85| |1 33 3 37V [3 1
1 7alg o=>[s 9] T|22 1
250 1] —4 10 _ _
—| 370 b o 5 =0, so no inverse exists.
440 10 PP +QQ
B=[1 111111 IR
BP=[1 1 1]x nl2
25 20 50 25 30 50 50 Ly
35 35 80 35 40 70 75 L 4
45 40 100 40 40 90 85 10 -4t
BP=[105 95 230 100 110 210 210] 12 . 12
f C=[750 11.00 15.00] =21 7
I =CxPA -
g ‘ncome 250 13 Proof
_[750 1100 15.00]| 370 14 a [125 132 150 164 175 180]
=$12 545 440 3 2 4
125
E 230
bz
1Ta (M+4DM b (7G-DX ¢ A(B-3I) 130
02 2

d H(HG +4G)G e no factors

r19 37 11 7 ¢ George = $147.40, Frank = $201.30 and
223 —26} bl2 2] [1} Maria = $168.40
L 0 -1
K 25 25
OB F .
25 25
5276 34 3D
3 a } b ] c |72 4 D
|22 -3 -5 2 0 5 C .
4 3 -
4 3 11 6 a -1 b —/2 c — d 2
32 54 1 4 13 e 3 f 2 g2 h 3
Lo > _ 7 a sec(0) b -sec(0) ¢ —cosec(0)
4L a -0 b -2 9 ¢ Le -18 d cot(6) e -cosec(f) f —cot()
122 3 |16 -13 86 -12
i , L [-0.65 —4.7 79
d 20 e|o15 77 -99
-1 -3 |-0.65 123 -17.1
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3 Rl T T oq
2 = S
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M -~
9 m a o«
< R
~ Z &
=
e N = L0
Bl &
N . 3 &
o] L
2 S ® o o @ _________| e = —
|
™ <
= =
A
=
““““““““““ B ... Bl
“““““““ F&----------- TR 2 + o Blx
n — 8 g
~ ] e I K S RB|w
X 3 = Ty
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o
=
)
<
N
a
®

_IENE)

a sin(2x) cos(y) + cos (2x) sin(y)

b cos(4x) cos (3y) + sin (4x) sin (3y)

¢ sin(3p) cos(59) — cos (3p) sin (59)

tan(2e)—tan (f)

1+ tan(2e) tan( f)

e cos(3a) cos(2p) — sin(30) sin (2f)
sin (4m) cos (n) + cos (4m) sin (n)

tan(w)+ tan(3x)

1—tan(w) tan(3x)
sin (2D) cos (5E) — cos (2D) sin (5E)
cos (P) cos (4Q) + sin (P) sin (4Q)

9
h
1
a
d sec(x) e tan(x) f —cosec(x)
9
2

e b cos(64) =2 cos*(3A) - 1

4
| _ 2tan(2y)
/\ c tan(4y)= ()

d cos(y)= cos’ (%j _sin? [%]

2tan (2x)
1—tan?(2x)

2 sin(x) b —cos(x) ¢ cot(x)
—sin(x) h -sin(x) i tan(x)
‘ ‘ 3-12 Proofs
| |
| |
| |
: : M 9.04]
| |
! ! ‘ 1-5 Proofs
0 ] T — f T 6 a sin(4x) = 2 sin(2x) cos (2x)
I T Y 3r T X
| L2
| |
| |
| |
| |
| |

e tan (4x)=
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7 a 4cos’(x)sin(x) - 4 cos (x) sin® (x)
b cos®(A) - sin®(A) - 15 cos” (A) sin® (A) +
15 cos® (A) sin* (A)
4tan(y) — 4tan’(y)
tan4(y) - 6tan2(y)+1

(Other answers are possible.)

8-14 Proofs
1a 293 b Zgﬁﬂg;ﬁ ¢ (243)
d */EZ‘/E e —2+3) f JEZ‘/E
e+2 h J6+-/2 , V26
4 4 4
2 2+43
3 a \/E;\/E b \/§2+2 c\/§+2
d 2-+2 e Jo—\2 fV2-1
2 4
063 b 0133 ¢ 0112 d 0754

1
2 sin (12x) — sin (2x)

4 cos (6x) — 4 cos(12x)
3 cos(10x) + 3 cos (2x)

2 sin(11x) + 2 sin(x)
1 1
—sin (16x) — — sin (4
e S (16x) 5 (4x)

o N0 T oo o

£ 11 cos(24x) + 12 cos (4x)
2 2
2l cos (x) — 2l cos (5x)
95 2
h 3% cos (20x) + 3% cos (2x)

i %sin (9x) — % sin (7x)

. 9.7

1 a i 10sin (x+ 0), where 6 = arctan (%)

i 10 cos (x + 0), where 6 = —arctan

3
or 21 — arctan (Z)

)
Jo

| W

iii 10 sin (x — 0), where 6 = —arctan

4
21 — arctan (E)

[SSHIN

iv 10 cos (x — 0), where 6 = arctan(

| W
~

b The graphs are identical as:
y

10 4
5-/_\

3 ﬁcos(x —gj

Y
N2

(=]

2n X

ST
a
)
a

J3+1 J3+1
3 a b
4 4
J3-1 V3-1
c — d ——
4 2
4-9 Proofs

1 1
10 Write as 4 cos (x) sin (6—x) cos(;xj. Graph shows
the sizes clearly.

° T v el

9780170250276
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w
a
)
a

®
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5 13 sin(x + 0), where 6 = arctan (%)

Y
154

10
54
0

01
\

54
~104
~154

6 17 sin(x — 0), where 0 = arctan (%)
y
20
15
10
5

b
1
SIEE
|

a 2 sin(5x) cos (2x)
b 2 cos(5x) sin (3x)
¢ 2cos(7x) cos (2x)
d -2 sin(9x) sin (2x)

1 1
e 2sin (Gfx) cos (fo)
2 2

1
-2 cos (3lxj sin (l—x
2 2
2 cos (3x) cos (2x)
2 sin (7x) sin (4x)

. 1
i 2sin (1lxj Ccos (Ex)
80 2

J6

-

o«

2
10 2

11-14 Proofs
15 a 2cos x+lh sin(lhj
2 2

. sin lh
b cos (x+fh] 2
2 1

~h
g
¢ cos(x), withz= 5 h

. 905 |

1-4 Proofs

4
5 3 sin® (x) - 2 sin® (x) + sin (x) + 1

Specialist 11

6 4cos*(x) - 6 cos®(x) +2

7-10 Proofs
1 C
2 A
3 E
4L C
5 A
6 E
7 E
8 B
9 a sec(0) b cosec(0)
¢ —cot(0) d -sec(0)
e cot(0) f —cosec(0)
10 a cosec(0) b -sec(0)
c tan(0) d cosec(0)
e tan(0) f sec(B)
11 y=3cosec(x)for0<x<2nm
y | |
61 : :
41 1 l
3 | |
Ll n oxm & 4 st o«
3 3 ' 3 3
—4 1 1 1
61 i i

12 y=2sec(x)-1for0<x<2m

Yy

6.

4.

2.

JE R R w o
4 3 3 3 3
_6 m
13 Proof
15 YorV2

4

15 2-3
1% Je+2

17 4sin (x)cos’ (x) - 4 sin® (x) cos (x), or equivalent
18-21 Proofs
22 -6 cos® (x) + 6 cos® (x) + 2 cos’ (x) - cos (x)

Multiple choice
1T A
2 C
3D
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© 9 o ol &~
>mw o O0OUu

9

Short answer

1

2

3

5

a LHSis even, but the RHS is odd.
b (5,5)or(10,2)

12 28 2 28] i
15 35— > SO 15 35 as No 1mverse.

sin (x) sin (2x)

= sin (x) x 2 sin (x) cos (x)
=2 sin? (x) cos (x)

=2[1 - cos? (x)] cos (x)

=2 cos(x) - 2 cos® (x)

11 1 1

2x10 2x10*  2x10° Loy
2x10%2 2

ne N

B

6 a cos(x+2x)
= cos (x) cos(2x) - sin (x) sin (2x)
= cos(x) [2 cos? (x) - 1] - sin (x) x 2 sin (x) cos (x)
=2 cos’ (x) - cos (x) - 2 sin®(x) cos(x)
(Alternate answers are possible)
b 2 cos’(x) - cos(x) - 2 sin(x) cos (x)
= cos(x) [2 cos®(x) - 1 - 2 sin(x)]
=cos(x) [2{1 - 2 sin? (%)} - 1 - 2 sin? (%)]
=cos(x) [2 - 2sin®(x) - 1 - 2 sin®(%)]
= cos(x) [1 - 4 sin?(x)]
Application
1 Proof
2 a 2n+7=11,n=2
b 2Q2k)+7=4k+7,2Qk+1)+7=4k+9
¢ Proof
d n=1,n=7,n=49
3 [—4 3}
7 =5
-8 0
4 X= [22 3}
5 Proof
6 Proof

1 a 5i b 6i c 2i5  d 2’;/5
2 a +i b +3i ¢ 47 d J_ré
3a -1 b —i 1 d i
4a 1 b -1 - d -45
5a 2 b -6+ 15i

6 1+i

7 (x-4i)(x + 4i)

8ao0 b 1+i

9780170250276

9 a -i b i
d -i e -1
10 a (x-2i)(x+2i)

M 10.02]

1 a complex

¢ real

e purely imaginary
9

complex

¢ Re(z) =-6, Im(z) =

2

d Re(z)= s
@)=
w=>5-4i
1 i3
C w=——+——
2 2

oyt

x4+ y?

x=+7i b

d x=-2+i e z=

x=1%i3

Re(z) = -2, Im(z) =
b Re(z)=£, Im(z)=z

Im(z)=—2—

z=+i

h z=3+i i

b (x-9i)(x+ 9)

purely imaginary
real
real
real

o "o T

-4

V2

2

xz+y2

b W:\E'Fl'\ﬁ
d w=-2v2-5i\2

x1
1+i7

2

Re(z) =x+3,Im(z) =y -2

Re(z) =-x+4,Im(z) =5 -y
Re(z) = 4x - y, Im(2) = -(3x - 2y)

9
a
b Re(z) =x-3y,Im(z) =2x+y
c
d

2
e Re(z)=1,Im(z) = zxyz
P4y
34 —-3+/3)i
6 a z= 3+iy/23 b z—( )
4 3
c z=a+bi
1 a z=-1+i b z=2_"
2
¢ z=-i3-1 d x—y—(2x-3y)i
xz—iy2
x*+y? X
2 as b 72 c 14

3 (x+1—iﬁ)(x+1+iﬁ)

(x+2-i)(x+2+1)
(x-1-9)(x-1+1)
x:—liz\/ﬁ

2

4 a
c

c x=-3%i

CH+2x+2=0

c x2—2\/§x+4=0
—itif5

x=

2

b (x-3+2i)(x-3-2i)

3+i3
X=—"-"
2
—1+i31
d x=——1""-
2
b x¥*-2x+10=0
x=1i c x=1i,-2i

Answers
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8 a ... if complex, must be complex conjugate pairs

b ...are not complex conjugate pairs

9 a Proof b Proof
1a a=7,b=-4 b a=9,b=6
c a=1,b=-1
2 a 3-2i b 3+i
c 21+25i d 2-24i
3 a 13+10i b -3+5i
c -5+12i d 16+ 11i
e 16-11i f 48+ 14i
g 21+20i h 4+4i
4a i Ly p 24 o 51
2 2 5 5 13 13
g L4 12
17 17 5 5
5 a —l—gi b -8 Lc 2 Ei
5 5 13 13 25 25
§ 3 2.
13 13
6 a 18-4i b 25+ 28i
7 4, 9 13 .
S+ =i -+ =
5 5 25 25
7 X—E,Yz—2
25 25
X y x
8 a 7.2 2, 2! b .2
x“+y x4y X" +y x4y
xz—yz 2y ;
(x2+y2)2 (x2+y2)2
y x .
d - 2, 2 7. 2!
x4y x“+y
x*+y* -1 2x .
2 2 2 7!
x“+(y+1) x“+(y+1)
9 Substitutez=1+iinto 2> -2z +2=0.
10 Substitute each solution in the LHS.
11 Substitute each solution in the LHS.
12 a, b Expand the LHS.
1 i aA®,2) b B(3,-1)
¢ C(-3,-4) d D(-2,2)
y
4 4
3
Do 24 10\
14
4535 00 123 47
-1 o
B
24
-3
° -4 4

2 z=3+i,u=-3+3i,v=-4-4i,w=2-4i

Specialist 11

a A
Zz=\3+i
z=v3-1i
b A
1 i
Z= — + —
2 2
_ 1 i
= = — —
2 2
A
C 4
z=-3+2i
z=-3-2i
Y
a z=4+i,n=-2+2i,k=-5-2i,m=2-3i
b z=4-i,n=-2-2i,k=-5+2i,m=2+3i
c

y A
4

3
24
14

<

-4

T T T

-3 -2 —110_ 1
2
-3

44
Y

V4
4

3
2 -
14

g
Ry

A

T
-4

-2
-3
4+

o~
il 4
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y A
4

34
24

A

-5 -4

T
3 -2 -10
3 10

N

5 a z=3+i

b owe-l i
2

¢ v=1-2i2

T T T
-4 -3 -2 7110_ 1

-2
-3
—4

il 4

9780170250276

YA
4

3
2
14

< T T T T T T >
4 -3 -2 1001 2 3 4%
2
A PE B
4
6 a i w=-2+3i i v=-3-2i
iliu=2-3i
b A
Im (2)
4 4
w 3
2 z
J Re (2)
<71 T T T T T >
-4 -3 -2 _1_1234
v -2
-3 u
4
Y

¢ Multiplying a vector by i rotates the vector 90°
anticlockwise.
7 z+Z=2Re(z).. Re(z) =0, i.e. z is purely imaginary.
8 z+z=2Re(z)soz+Zzisrealifz+Z #0.
9 zmust lie on the real axis.

M 10.06]

1 a 34 b /5 c 2
d V3 e 1 fl
1 1
2 a V13 b — c — d 13
V13 Ji3
3 a 2 b 3 c L d 1
10
4 a 217 b 221 c 2J15
d 1 e 1 f 3
2
5 a Proof b Proof
¢ Proof d Proof
[2, 2
+
6 a Jx*+y* b N2 c 1

x2 + y2
7 |z|=|z| because the modulus is the length of the
vector. The vectors z and z are reflections so have
the same length.
8 Show LHS = RHS.
9 Show LHS = RHS.

10 a Proof b Proof

541
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1 a , . P
,\Q f
z/ 45 //
/
/WYIW
b
w
N
2 N
) e p
Z
c
_-aP
N A
\
\
,S \
W &N
A/
2 a 7
z
WV
=
-z
P
b
P
W
-z
W
N
Q z
Z
c
W
N
P/
“{ >
p
W
Q

NELSON SENIOR MATHS Specialist 11
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5a u+v b v-u c -u-v
1
d u-v —(u+v)
6 1+3i
7 a z3=2,-12, b z,=2,+1,
8 a N
A
wy ~
& \
* Wy
Ry \
< \
\
L&)
b
wy W\,W'L
W

The sum of the lengths of any two sides of a triangle

is greater than the length of the third side.
9 z,=2z,+w,etc.

W 10.08]

1 Proofs

2 a —z=-x-yi b z'= i—ylz
x“+y
c 0=0+0i d 1=1+0i

3-7 Proofs
8 Yes, since \z\z :‘zz‘ ifz#0.

1a z=-1%i\/3 b z=1++5
C z=-2%2i d z=_1il\/ﬁ
2 x=-1+3i 3
3 _T7+i5
3 -
4 substitute, B= -5 + i
5 m = -4, other root 2 + i

6a i (x-1-2)(x-1+2)=0
i 2-2x+5=0
b i (x—ﬁ—i)(x—ﬁﬂ):o
i x2—23x+4=0
¢ i (x+4-iV2)(x+4+iV2)=0
i X*+8x+18=0
d i (x—i—iij(x—iﬂ'Lj—O
V22 V22

i xz—\/zx+1:0

9780170250276

C 2,=2,-17;

10

1"

0 3 o8 Ol N W N —

(]

i (x+5-6i)(x+5+6i)=0
i x*+10x+61=0

f (f][f]
2 2 2 2

i x2=3x+1=0

( 3 21)( 3 21’)
g i|x+=—— | x+-+—|=0
5 5 5 5

i x +6x+—3 0
5

i x24+—=x+1=0
\/5
a k=l,n=-4,p=5b k=1,n=-2,p=4
¢ k=2,n=1,p=2 d k=13,n=-10,p=13
a (z-1-i)(z-1+1i)
b (z+1—i\/§)(z+l+i\/§)
c (z+2-i)(z+2+1)
d z+l—£ z+l+£
2 2 2 2
1
a z:1,—fii£
2 2
a Ifm:—l+£then(02:—l—£:03
2 2 2 2
1 3
b Proof.\w\:4/f+f
4 4
¥y A
NN
2
w
< T T >
SRR T
2 2 2
SEN
2
Lo,w? are symmetrically placed around O.
C
A
B
D
C
a 9i b 3v2 ¢ 43 d 6iv6
a z=46i b z=%3i ¢ z=+-
. . 2
a -i b 1 c i
d -1 e -i

Answers
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9 a Re(z)=5,Im(z)=—\/§ 20 a J13 b 1 c 1
1 NG 2 V7
b Re(z):E,Im(z):7 21 \J5x% +2xy+2y°
c Re(z)=x-2y,Im(z) =3y +x 22 y
3
5+i11 —14i7 +
10 a xe—2tif3 b xo2ENAL 12T 13 "
3 2 w15 N
M a -4-7i b 2-5i C 2x+y+yi-3xi N
12 a (x+2-d)(x+2+1i) i z
b (z-5-2i)(z-5+2i) S I g
1 3. 1 V3, L1
C | wHt———i || wt—+—i )
2 2 2 2
13 a ¥-6x+10=0 r-3
b x¥*-2x+7=0 -4
2 _
C 4 -8x+7=0 23 a U(1,-2), V(-2,4)
14 x=24,y=-0.8 b
15 a —2+2i b 31+5i ¢ 5-12i Ve Z
16 a 3 p V2o 2 13
5 3
17 T2
7 1
..3 ) ) ) ) ) )
12 39 1 |07 2 3 x
5 32 1| _11 2 3
11 °
e . 2
321 |91 2 3 0« )
-1 .
. 2
w -3 24
v ¢ 4 z-w
18 y
+3 VA
z
..2 ]I
..1 l|
et i e !
3 2 1 /%1 2 3 x Y
+-1
~ )
z
-3
-4 1+iv2 1
250 W2 Lo
19 3 2
26 a Proof b Proof
3 27 a x=+2i,imaginary b z:l,3real
. ¢ w=1=icomplex 3
] 28 4+i
:7 29 (z+3—ix/5)(z+3+ix/5)=0
. 30 a 44 +23i b 10
1 .
! [« 1+21\E d 3+4i
Y 3
31 a J§—1—i(1+J§) b /31
¢ -1-3 d 2\2
Specialist 11



32 a

b
IS
-1+
2+ -
z
34
4+
c
3 2 _ 0
-1+
2+
-z
-3 +
4+
d
4 4 2z
3..
PRt
1..
0l 1 2 3 4 5 6
33 a z=+5i b z=5+3i
2
¢ w=0orw=-3 d u:—Zigi
-7 +iv11
z=+‘r fow=13,42i
34 a(+4z+8)
3+ivV11
35 x= ’2‘/_

36 z=2,-1+i/3
. 3 5,
37 X(2+4z),M(7+fzj
2 2

—3—2—110_ 1 2 3 x

9780170250276

b y
)
Q
3 2 —_?_\1~2 3
_2- ,
3] Q
C
y
4
A
3- A
21 7 A
A
11 /)
’
S 09 1 4 3 «x
;-\/
B 4, |
_3- B,
_4 ]
d Yy F
4
3
/
G
FS 1
— — x
—3-2—1_1\9 1 23 4
B,
G
_3-
-4
e
2 a A(-5-2) b B(-2,6) ¢ C'(-4,3)
d D'(-3,0) e E’(-7,9)
3 a A(2,2) b B(-6,-6) c C(3,-5)
d D'(5,-5) e E'(-5,6)
4 a A1) b B8, -9) c C(=3,-4)
d D'(-2,-11) e E(3,-10)

(3]

o~
|—||—||
Lok

7

_ 4}, 7 right and 4 down

Answers
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[ 4
7\ 6} 4 across and 6 down

1 a+c
0areH b [6 [

vy ol
ez

12 ForS= [ }andT C}

d
=T-S QED
1 a Proof b A’(6,-5), B'(2,-5), C'(2,3)
¢ A right-angled triangle
2 a Proof
b A’(17,-13), B(6,0), C(-10,-11), D'(1, -2)
¢ A parallelogram
3 a Proof
b A’(15,-20), B'(10, -10), C'(30, 0), D’(35, -10)
¢ A parallelogram
(2 —4
4 a 4 3 :| b A’(-14,5), B'(-16, 23), C'(18, 3)
11
5 a 4 _J b A’(3,-3),B(8,-8),C(1,-1)
S
6 a ) b A’(-7,1),B(8,10), C'(-1,1)
:_2 3:
7 a L4 3
b A’(-5,-17), B'(-1,-7), C'(12, -6), D'(8, -16)
5 o7
8 a 5 4

b A’(-5,23), B'(-16, 6), C'(33, -1), D'(23, 45)

Specialist 11

9 a A(2,5),B(4,-5),C(5-19), D’(3,-9) and
A’(3,8), B(11,-4), C'(18, -22), D’'(10, -10)
b Both parallelograms.
A’(2a + 3b, 2¢ + 3d), B'(3a + 6b, 3¢ + 6d),
C'(5a + 4b, 5¢ + 4d), D'(4a + b, 4c + d)
b Proof

W 11.03]

1 a (xy) —(4x3y)
¢ (x5 — (3x,0.5)
[15 0
2 a o 2}
b A’(4.5,8),B'(6, 16), C’(10.5, 12)
¢ Atriangle
[04 0
3aly 048}
b A’(-4,-6.4),B(-2,3.2),C(7.6,-4.8), D'(5.6, -14.4)
A parallelogram

[07 0
baly 0.9}

b A(-7,-7.2),B(-2.8,1.8), C'(4.2,-3.6), D'(0,-12.6)
A parallelogram

30
5 a -1 2}
A’(-6,2),B'(0,8), C'(9,8),D'(9,-2), E'(3, -4)
A pentagon
A’(-1,-3),B'(1, 1.5), C'(2,-1.5)

Y

b (x,y) > (1.2x,1.2y)
d (x,y) — (0.25x, 3y)

oo N o

4
34
21 B
F 14

¢ They are triangles with different angles.
7 a A’(-6,-12.5), B'(4, 17.5), C'(28, 5), D'(18, —25)
b

¢ The square has changed to a parallelogram.

9780170250276



8 a A’(-6,6), B'(-3,12), C'(6,0), D(3, -6)

b

(o

They are similar.

.. 11.04]

1 P(3-3V3,-(3+33))

2 P(0,-4)

3 A’(-0.83, -2.70), B'(-1.60, ~7.65), C'(~5.77, ~1.93),
D'(0.83,2.7)

4 A’(0.64, -7.59), B'(-3.25, -13.05), C'(=5.71, -4.17),
D'(~1.46, 4.88)

5 a

b

[0.80 0.60
| ~0.60 0.80}

A'(6.2,1.59), B(9.61,2.78), C'(4.99, -5.01)
[-0.73 —0.68

| 0.68 —0.73}

A(1.56, -4.19), B'(-2.63, -5.75),
C'(-8.38,-3.12), D'(~7.75,~0.98), E'(~5.55, -3.02)

[ 2 2
2 2
V2o 2
L2 2

A'(2N2,0), B'(-2v2, —2), C'(-6v/2,3V2),
D'(-24/2,442)

b -60°or 300°

G- oGy l=
w

> |

|
NM—‘N‘&‘ N‘HN‘&
] L

9780170250276

V2o
2 2 VB
9 a b ——or—
INCRR) 4
L 2 2]
2 2]
¢ |2 2
V2o
L 2 2 ﬁ 1
11
10 a -5 = 3000r330° b Rg=| 2 2
il 143
- 1105] 2
1 a P(-11,2) b P(7,3)
c P(9,-3) d P(15,20)
2 A'(2,-1), B'(3,1), C'(-0.4, -2.8)

w

10

A’(1,-7), B'(-4, 3), C'(-4.4, -4.2)

A’(12.4,6.8), B'(3.4,-6.2), C'(-9, -13),
D'(-11,-2)

A’(-6.2,1.6), B'(-11, 3), C'(-12.4, -1.8),

D’(-6.2, -3.4), E'(-4, -3)

A’(6.33,0.96), B’(10.79, 0.70),

C'(7.56, -0.90)

A’(6.36, 0.71), B'(7.07, 14.14), C'(14.14, 14.14)
A’(-4.23,-3.33), B'(-6.56, 2.63), C'(-16.49, 1.44),
D'(~15.89, -3.53)

A(-1.12, -4.97), B'(1.82, ~10.66), C’(11.57, -8.43),
D'(10.46, -3.56), E'(6.59, ~7.31)

Proof

W 11.06]

1

a ToT,:(xy) = (1+x-3+y)

2
b TyeTy=| o

¢ A'(5,0),B(6,6), C(13,8)
d
14 )

12 7

Answers
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2 a ToT,: (%) > (1 +x-2+Y)

7
b T3oT2=M

c A’'(-1,2),B(1,8),C(5 11),D'(6,4)

d
y
14
12 1
10 1
8 -
-4 10 12
3 a (x ) — (0.1045x - 0.9945y, 0.9945x + 0.1045y)
b (x,y) = (0.1045x — 0.9945y, 0.9945x + 0.1045y)
c Yes
d A’(-3.66,3.4), B'(-2.46, 5.29), C'(-0.79, 2.09)
e
6 y
5 .
4 .
3 .
2 .
1 .
S5 1533
_2 4
_3 4
_4 4
-5
4 a (xy) =@ -x b (x,y) = (-p %)
¢ No
d A’(5,-1),B'(3,-2),C(1,2),D'(4,3)
e

6
5

Y

-5 -4

32 -1 0 1 A\
-2 4
-3 4
4 4
-5

NELSON SENIOR MATHS Specialist 11

6 o [09 -12 09 -16 N
116 12 12 12 ¢ o

d A'(-46,7.2), B(-8.9,4.8),C(-5.9,-1.2), D’(0.9,1.2)
e

6 —0.7431 0.6691 0.9272 —-0.3746
a 0.6691 0.7431 -0.3746 —-0.9272
¢ No

d A’(-2.9,1.26), B'(-3.05, 4.09), C'(-5.8, 2.53),
D’(-4.98,0.45)

e y
7
6.
5.
4.
3.
2.
1-

T T T T T T, T T /I\' X
8-7 -6-5-4-3- 2-14 1 2 4 5\6 7

-2 4
-3 4
—4 4
54
-6 1
-7 4
-8

7 -1 0 b -1 Y

a 0 -1 0 -1 Cc Yes
8-10 Proofs

5] [ et e |0
b T___4_,T __4,T T!=T T—[O
¢ T= 2 ,T = :|,ToT"1—T"10T=l:O]
L—6] 0
d T=|"/ T = 7 ToT ' =T 'oT= 0
15 ] |5 0
9780170250276



L
T=|3 T—I:F 0} TOT-IZT—'OT:[1 0
o L 0 2f 0
L 2
2— 0 E 0
T=| 2 T =0 |
o 2L 0o 2
L 2 5
Tor' =T or=|! ©
0 1
1\ 1\
2 2 || 2 2
T= I ,
INERNE RERR
L 2 2l L2 2
ToT =T or=|! ©
0 1
RERE] RN
2 2 -1 2 2
T= T \
NER IRERN
L2 2 L 2 2
ToT !'=T!oT= 1.0
0 1
2 2 2 2
2 2 | 2 2
T= T ,
2 V2 N2 V2
2 2 2 2
R PO
ToT'=T T—[O X
4 3 4 3
T=| 5 5|25 5
3 4 3 4
5 5 5
IR P
ToT'=T T—[O X
Je—2 —J6-2
4 4
8 a T,°T,= R
P ez Vo2
4 4
Je—2 Je+\2
T,oTy) 5 4 4
RS _G_yz -2
4 4

_ T2—1 OTlil _ Tl—l OTZ—I

The composition of the inverses is the same in
either order.

9780170250276

_ 0 1
(T1°T2) = [_1 O:IZTZ_IOTI_I’

0 -1

-1 -1

[0 7]

The composition of the inverses is different
when the order is reversed.

9 a BothlI b BothI c T,
d T2'1 e Proof
10 Proof
1 a 182 b 360 c 300

2 A reflection in the line y = -x.

3 A rotation of -45°.

4 A dilation with factors 8 and 6 in the x and
y directions.

5 A reflection in the line y = -x.

1 2
6 a 4 b [2 3}
c A’(3,-8), B'(-2,10), C'(0, 14)
28 e 7

f The area of the image is det T (= 7 in this case)
times the area of the object.
-2 1

7 a 26 b [ ) _2} c 52
8 a 140 b 100 c 1080

cos(50°) —sin(50°)
a sin(50°)  cos(50°)
b A rotation through an angle of 50°.

~o

1 0
11-12 Proofs

0 -1
10 a [ } b A rotation through an angle of 90°.

'(4,2), B'(8,4), C'(11, 0), D’(15, -5)
Proof
A’(-3, 4), B'(18, 18), C'(3, 0), D'(~18, ~14)
A parallelogram

(%, y) = (3x, 1.5y) b [3 1(.)5}

A’(-9,-3), B(9,9), C'(-3,13.5)
A non-right-angled scalene triangle

© o U WN =
B - )

~o
[o}]

o 0

Answers
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1"

12
13
14

15
16
17
18

_y3 1
2 2
1l s
2 2

b A[2+\/§’2\/§—1} B(1-243,2+3),
2 2

c —(5+4+3) 4-53 b J3-5 —(1+53)
2 7 2 T 2 02

¢ They are congruent.

A’(-4.95,-0.71), B'(-6.36, -4.95), C'(-3.54, -6.36),
D(0.71, -4.95)

A’(5,6), B'(14,4), C'(12, 3)

a A’(1.6,6.6), B'(-4.4, -6.9), C'(2.4,-5.1) b No
a A translation 3 right and 4 down

2
b A dilation with x factor 2 and y factor —
, 4n 3

¢ A rotation of ——.

d A reflection in the line through the origin with
inclination 25°.

225

Proof

a 55 b Proof

Proof

a Y
14
T n 3n
14
b y l | | |
30 1 1 1
i i i i
2 i i i i
i i i i
11 /. ; ; ;
i i i i
. . . .
o/ L /n 0 Sfsn o S X
/7 /7
-2 | | | |
i i i i
S : : :
i i i i
¢
34
24
1.
T T
1 T T 3n 27 x
B 2 2
-2
_3

Specialist 11

0.4 4

0.2

SIER
I

-0.2 4

-0.4

2 a y=sin(2x)

1A
®

¢ y=cos(3x)
Yy

A

; r : r T 0
R 3n 2n Y _E 4
054 2 2 -1 -

d y=sin(2x) +3

14
S S
2 2
3 a y=2sin(x)
y
2
0 T T >

T T 3n X

2 2
-2

9780170250276



1 1
b y=—sin(x) d y=—sin(8x) +4
2 3
Yy
1 1
2 1
43
0 T T > 4
T T 3n T x 5
2 2 33
1 3
2 O T T 3| 7
T T b T x
¢ y=3cos(x ad = 2 =
Y ) 16 8 16 4
y
3 5 a x—E,x—3—n
4 4
0 T > ) | |
T E ~us 21 x 10 1 1
2 2 l l
-3 5 | |
| |
| |
| | x
LN S n
6 ' /3 2 3 /6
d y=2sin(x)+1 -5 | |
y | |
3 -10] | |
1 b
0 T T T > b x:g’x:E
a0 w3 2nx
2 2 J I I I
3 1o | | i
| | |
4 a y=3sin(4x) 5 i i i
l l l
] ] ] x
y X T x S am s n
3 6 3 2 3 3
S t P
| | |
0 T T > 10 : : :
s T 3n T X B 1 1 1
8 4 8 2
-3 T 3n
c x==,x="*-
2 2
y
10
1
b y=—cos(3x)
2 5
y
1 x
2 T R T 2n St n
6 3 2 3 6
-5
0 . —
T pd T 2n x
) 6 3 2 3 -10

o~
[)
=
1]
<}

5
7~ N\
®
|
v a
N———

¢ y=5sin(2x)

—_

w
(=]

o
LR
NP
‘w
-
a
2V
|
—
NIFl;
:‘_
w
?
[
a
®

9780170250276 Answers | 551
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T
b y=sin| x+=
y=sm (X 2)

=

Y
1
T
0 (I)II LN I B R | T T
T n 3 21 x
. 2 4
T
d y=cos| x+—
Y ( 6)
y
1
1171
0 6
T m 3n 21 x
1 2 4
b
e y=2sin| x——
g ( 3)
Y
2
T
! 3
0 /1T 17 1T 1771 LI B B
—1 T T U 2T x
5 2 2
b
f yzZsin(x+f)
Y
2
51
3
0 L LN I B R | T T
T b 3 21 x
) 2 2
b
=3cos| x——
0 y=3cos(x-1]
Yy
3
T
0 Lll T T T T T T
T b 3 21 x
3 2

NELSON SENIOR MATHS Specialist 11

T
h y=3cos| x+—
g ( 4)

y
3
7n
4
O T T T T T T T
T T 3n 21 x
-3 2

12 Ipr;l I6 plml 1I2 al.mi I6a.lm.l 1I2 pl.m.
Time

About 6:42 p.m.

About 5 h 16

About 12h 34 m

About 25 minutes

L ®©O o 0 T

Sales

3
100

S (hundreds)

4 S =548 +32.5cos (T%t)

T T T T |
1 23 456 7 8 9101112 t(months)
b Jan, Feb, Oct, Nov and Dec

9780170250276



Y
7
> 4
T x
2
1
0 T T T T T T T T ke
T T 3n T x
8 4 8 2
3 a
y Y
5 A
3
1 T
0 T T T T T T T T T T T kg
T T 3T T ox
4 2 4 t > X
-2 -1 1 2
b y=3cos(4x+m) -2
y -7
1
0 T T T T T T >
T T x b
-2 1 y
A
=5
3
3n
c y=4-3 sin(6x+—)
2 t t t > X
y -2 -1 1 2
7
-3+
4
4 a
(1) T(°C) A Temperature investigation
T T T T =
LA n T ox 314
12 6 4 3 ;2 1 T=25+6sin (0.1 1)
3n
d y=5cos 2x——)—3 25 1
4 23
21
Y
2$ 19 =
O N e e OT’
X
3 H 2 - (10am)2 4 6 8 101214 16 18 20 t(h)
8 b 31°C, 19°C ¢ 3pm,lam.
d i 11:05am,6:55p.m, ...
- i 11:08 p.m., 2:52 am, ...
e y=3-5cos (3x - g) e Because the period was not 24 hours and it is
unusual to have the maximum so early in the
Y day.
3 Y-
3
0 T T T T T T T T T T T T >
S i\Jn/ T oom 2nx
6 3 2 3
9780170250276
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5 T=23.875+5.575 cos (’E]
6

Mean monthly temperature
in Calcutta

6
t (months)

—- N W

/_{2 sin (x) -1 /

Solutions: x = 0.52, x = 2.62

2 x=0
Y -
y=x
44
2
y=sin (x)
T T T T
I e e "
-2 3 3 3 3
4 |
3 x=15
Y y=2x-3
4 4
24 y=cos (x)
T T T T T T
R 27 n 410 S 2n X
-2 3 3 3 3
—4 4
4 x=0,45
6
Z_ y =tan (x) y=x
2
0 T T T T T T T
i T 3n 2n x
-2 2 2
—4
—64

Specialist 11

5 a

There are 2 points of intersection, so there are
2 solutions to the equation.

There are 3 points of intersection, so there are
3 solutions to the equation.
6 About1.4m

W 12.04]

From 4 onwards, n € Z.

14 F 21 7m 191 3ln 437
6" 6 24”247 24 24
4n 5t 10m lin lém 17m
9°97 97979 9
2 a x=-M,T b x=— C x=—7—ﬂ,—3—7T
2 47 4
3n 5
d x=0,2n e x=-n,mt f x:E,—ﬂ,—7T
27272
n 3n T 57 mT m 5w
g x=——,— h x=—, — i x=——7, =, —
4’ 4 6 6 37373
. 11 13m
jox=——
6 6
3 a 0=45°225° b 6=30°150°
¢ 0=150°210° d ©=225°315°
e 0=90° 270° f 0=60°240°
g 6=120°240° h ©=150° 330°
i 6=50°130° i 0=115°245°
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b 4T
a x=2nm——,2nm+—
3 3

b x:2m'ciE
6

b
C x=nn+—
6

a x=0.3398,2.8018 b x=1.8235
¢ x=0.3805 d x=2.1518
e x=0.4429, 2.6987 f x=17197

n 5m 13n 17n
x=

oL 3m
127127 127 12 2

>

m 5m 7 1lm 19m 23n
x=—, — d x=—, —, —, —
4 4 12 12 12 12
m 5m m 4n
e x=—,— X=—=,—
4 4 33
a x=——+nnor —+nn
T 2nm 5m  2nm
b x=—+—or —+—
18 3 18 3
57 17
C xX=—+nnor — +nn
24
7m

3n
e x=mnmor T+nn

a -2.46,-0.16,0.68,2.98

b -2.40,-1.35,-0.30, 0.75, 1.79, 2.84

¢ -1.95,-1.59,-0.38, -0.02, 1.19, 1.56, 2.76, 3.13

d -3.12,-1.45,-1.02,0.64, 1.07,2.74

e -2.46,-2.11,-1.20, -0.86, 0.06, 0.40, 1.31, 1.66,
2.57,2.91

x=0.47,-1.51

a 034m

b 0.37m

¢ 0.38 m when tzg

y y = cot (x), 1
I

2 1
y=tan!(x)
|

EEE
- = = — 8
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\

:y =sec (3x) :
I I

I
\y =cos (3x) 1
\ﬁ\/ x
4

|
e e WYt - - — — — -
|
"’><
|
—_
Il

VA
2

- - - —

! 1
[ 1
Iy = cosekc (4x)
[ 1

!/\: y=sin (Ux)
0 )
%

X T 3m, T ox
—1- 4 2 4 |
1 1 I 1
2 I I ! I
1 1 | 1
Y 1 1 ! 1
1 1 ' [ 1 1 1 1
| 1 1 I I | 1
i\ : p2d\ 0 [y=tan (2x)
| 1 | 1 I I I 1
| 1 | 114 I I I 1
| 1 | 1 1 1 =cot (2x)
T
- | T | | T ! T X
| | 2 1= | 2 | |
| 1 | 1 I I I 1
| 1 | 1 Lo\ I | I 1
| 1 | 1 I I I 1

[SER= B
=Y

Answers
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,'V‘ L T y 1 1
[y = cosec | x+ ‘ \ 5 | \
5 | | 5] (y=sec|2x- =)
| 1 | |
1 [ ( n) | 14 1 |
YyESsin| x + = | I I
0 T T T ) T > 0 T : T T : T >
T 3n 1 2m x T T 3t mox
-1+ 2 ! -1+ 4 2 4
1 |
| |
=24 ! : =2 I I
! ! | |
A ! ! ] 1
7
t(x43) '
=cot|x+ = |
4 I\ =t (x+ ) 1a J5sin(0+26°34) b 2sin(6+60°
1 : ¢ ~/2sin(0 +45°) d /29 sin(6 +21°48")
< ' —> e /17 sin (8 + 14°2) f /10 sin(0 + 18°26")
T T x
-1 4 g 13sin(0+56°19")  h /65 sin (6 + 60°15")
I
by | i V4lsin(0+38°40") ] /34 sin (0 +59°2)
] ! 2 a /2sin(0 - 45°) b /5 sin (0 - 63°26)
¢ 2sin(0 - 60°) d 2sin(0-30°)
8
e /29 sin(0 - 21°48")
V1 : ' 3 J10 cos (0 - 18°26")
2 Y= cosec (x + g) : 4 2 cos(B+60°)
I | 5 a +/85sin(0 + 12°28") b /85 cos(6 - 77°28")
1 1 1
I I
0 T T T T T T >
T oz 3t 2mox
14 2 : 2 : 1 r=5,5sin(x+ o) =5 [sin (x) cos (o) + cos (x)
4 3
—27 : I sin(00)] =5 [sin (x) x A + cos (x) x H
I
y 1 3
I Where tan (o) =—, .. oL = 36.87°.
9 4
JA . , y=5sin(x + 36.87°)
I I I
5 I I y
1 1 1 6
| | | ]
19 I y = sec 3x+ 41 y=5sin (x + 36.87°)
1 I 1 4 2
0 T T T T —>
Tz 3 T ox 0 Mo 2o Z00 oo X
14 2 4 oy 90 180 270 360
| I |
24 1 1 1 -4 4
| |
y 1 : 1 —6
10 2 y=5sin(x - 36.87°)
y A 1 1
I ! y=cot (Zx - T—E) 4
24 ! | - 4 6
: : 4] y=5sin (x - 36.87°)
14 I I 2
0 | | 0
T T T T T T
fﬁ T i.'LE T ox 90° 180° 270° 3600~
—14 4 2 4 24
I I 44
-2 I |
I I =6 1
A ' 1
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3 r=+29,v29 cos(x+0L)=\/E [cos (x) cos () -

sin (x) sin (o)]

2 5
=429 [cos(x) X —— - sin(x) X ——
N (%) > (%) >
5
Where tan (o) = —, .". o0 = 68.20°.

y= V29 cos (x + 68.20%)

y
6
4 y= V29 cos (x + 68.20°)
2
0 y ' T Tox
oy 90° 18 270° 360°
44
64
4 a 0=126°52,306°52"
b 6=35°58",189°16"
¢ 06=60°240°
d 6=180°270°
e 0=240°43",327°21"
f 0=90°180°
g 0=90°340°32"
h 6=56°34,176°34"
i 0=51°2,190°5
j 6=160°32",270°

5 0=2mk+1.451,06= 2nk+3545,keZ
6 0=21k 0= 2nk+ keZ

7 a h:9sin(n—tj+cos(n—tj
4 4

tan (o) = l,cos(oz) \/Z_,sm((x :f =82,

9
1 C
tan (o) = 5 =0.1107
Using r sin (nztﬂ;xj =
. (Tt
r SIH(I) cos (o) + cos( ) sm(oc)]
gives
t t
\/ﬁsin(“— + 01107) = 82 sin (l) 2
4 4) 82
+ cos(n—t) X L
4) 82
This gives h=9 sin nt Hcos n
4 4
82 sin o +0.1107
4
b 1 metre
\/—251n£I+01107 soatt=2,h=9
metres.

d Solutionst=0,¢t=3.718,t=8,t=11.718,
t=16,t=19.718, t = 24; therefore: returns at
12:43 p.m., 5 p.m.,, 8:43 p.m., 1 a.m. (next day),
4:43 a.m. (next day), 9 a.m. (next day).

9780170250276

W 12.08]

1 a 1300
b i 1600 i 1010
¢ Amplitude 300, period 10 years
2 a
18
16 —
14 —
12
10
8
6
4
2
0
January February March  April May  June July  August

b It may be periodic - hard to tell from this data.
Period would be about 10 months.
¢ Amplitude is 1.5 if it is periodic.

NAVAVAVAVAVA

SV

VA

05
0 T T T T T T T T T T T
S & & & £ £ & & & & & «©
8% &% oV @ ST ¥ WY ¥ T o WY R
S EEFS IS F S S
b Period 12 hours, amplitude 1.25. c 25m
4
X

NANYAS
IAVAVA

ANVANY/
SV
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6 a x=4cos(2t)

X

NANA
VARV

b t=0,m2m,...,x=4

7at—£5—n9—1t b 2n [

IV

CHAPTER 12 REVIEW

x=2

g N wWN =
oo ow

o~

QO

—

Sla
~N
N——
N
w|a
S
~———
V)
— N
Nl,:l
—
N——o—
/N
o|d
P
/N
—| =
N|§“
~N
N——

7 a y:SSin(2x+%)—4

T T
n n EL] T
4 2 4
b
ERER I
12 12 4 12 12
y

y
4 4
24
. on ot amn x
-2 3 2 6
4
y=-2-2 sin(Zx - g—t)

NELSON SENIOR MATHS Specialist 11

%

b y=4cos(3x+gj -5

¢ y=4cos(x)+ 2 cos(2x) + cos (4x)

N/

\_/I\,-\./

x=0,x=0.948

x=0.785, x = 3.927
n 71 5m 1971

4’12747 12
a o=m2n b oc=5—JT c oc=5—JT
3 4
d o=m2n e oc=11—n f ocznTTr
5m 4n . 157
g a=— h o=— i o=—
3 8

j No solution in the domain

a
y | I\ y=sec (x + E)
I I 6
24 | |
| |
14 I I
| |
0 | T T | T T
| T n o 3n m x
-1+ | 2 | 2
| |
-2 |A|
b
y | | |
| | | |
2 | | | |
| | | |
1 | | | [
| |y =cosec (2x+ ZL)
. . | |
O T T | T | T
I I 3T 2m o«
-1 | | | 2 |
| |
5 | | | |
h | | : :
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13a§ b V2 c%

14 4 cos(x) +3 sin(x) =5 cos(x — o), where

(3
o =tan — |
4

15 6 cos(x) + sin(x) =+/37 cos (x — o), where
o=tan”" (é) x=90° x = 288.92°,
16 a Maximum = 12 m, minimum =2 m

b 120
cC a=5b=4m,c=7

d 331%
3

17 a a=200, b=50, m=2m, g(t) =200 + 50 sin (27t)
b =200, d=>50, n=4m, b(t) =200 - 50 sin (47t)

1

c t (years) 1 — 2
4 3 2 3
. 243 157
Population (240) 200 (160)
t (years) 4 3 5
3 2 3
. 243 157
Population (240) 200 (160)
d 12 days
Multiple choice
1B
2 D
3 D
4 C
5D
6 B
7 A
8 D
9 E

Short answer
1 (x-2-i)(x-2+1)
2 A’(-6,2),B'(6,8), C'(21,4), D'(12, -6)
3 13 cos (8 - o) where o, = tan ™! (%) =~ 33.69
4a 3-7i b 37 3
5 A,( 2+3 1—2\/3]

27 2

B,[3+2\/§ 3\/5—2]

272
C,(4+7\/§ 4\/5—7J

2 72

9780170250276

2

200

200

6

2
44
—6
—84

—10

VA
10

8
6
4
2
0

x
y=2tan (5)

4

Appllcatlon

1
2
3

a AD=v- z,AB w-z b u=v+w-z

u=-1+2i

A reflection in the line through the origin with

inclination 40°.

Proof

a /26 sin (x + o), where 0 = tan”! (5) = 78.69°,
equals J26 sin (x + 78.69°).

b x=nx360°-84.32°or x=n x 360° + 106.94°

where n € Z (other answers are acceptable).
c

30 60 90°, \20° 150° 180° 210° 240° 2707 300° HU 360

-1
2
-3
4
5
6

a y

Graph oscillates in symmetry about the average
position and the motion can be expressed in the
form of SHM using

a sin (x) — b cos (x) = r sin (x —01)

2
b amplitude = 5, period = ?n

¢ 2.236 metres either side of the origin.

Answers
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