Chapter 10

ADVANCED TRIGONOMETRY

EXERCISE 10A

1 a b
by 9 ? 4 i Y J\
| 3
3
- 4 2
2 4 10 12
b x
K ° y 1 é 4
Data exhibits periodic behaviour. Not enough information to say data is
periodic. It may in fact be quadratic.
< d
R ‘ o 9 o ‘ IRY s
! s o 5 °
3 (o)
e ° 6
T 4 o
- z 2 o -
¥ r t 7 24 0 12
Not enough information to say data is Not enough information to say data is
periodic. It may in fact be quadratic. periodic.
2 a b The data is periodic.
‘hcig 1t-above
60 ground /5)\(\ ;/L\‘\ i The minimum value from the table is O
50| (cm and the maximum value is 64.
40 ! X / & . PR 0+64
Y s So, the principal axis is y ~ =5,
30
20 F( }( Sy R 32.
10 j/ \ / \ il The maximum value is ~ 64 cm.
4—6‘/ 50 100 150 200 250 300 350 400 - iii The period is &~ 200 cm.
distance travelled (cm) iv The amplitude is ~ 32 cm.

¢ A curve can be fitted to the data as the distance travelled is continuous.

3 a periodic b periodic ¢ periodic d notperiodic e periodic f periodic

EXERCISE 10B.1

1 a y=3sinz b y=-3sinz
has amplitude 3 and period sz =27 has amplitude |—3| =3
When =z =0, y=0. and period 2T” = 2.

When z =0, y=0.

Yy Y

3 — 3¢ing
y = 3sinz 2 Y= —osma
27 1 K
~1 7T T - 1 ™ o
_9 _9
-3

It is the reflection of y = 3sinz in the
T-axis.

=N W

5Y
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4 y:%sinx d y:—%sin:c
has amplitude % and period QT" = 27, has amplitude i_%| — %
When z =0, y=0. and period 2% = 2.
34y
3%y 9 3.
2 y:%sjnx 1 Y= —3smz
1 T
21 - >
= T 3 -1 ™ 2
-2 -2
-3 _3
It is the reflection of y = £sina in the
T-axis.
2 a y=sin3x b y:sin(g)
3 : 27T
has amplitude 1 and period . has amplitude 1 and period = = 4.
When 2 =0, y =0. When 2 =0, y=0. 2
AY
| Y y = sin3z o ; y= sin(%)
0.5 - >
ANANNN D
ATATAVAVASEE Z
-0.5 —1
¥
-1
= sin(—2
¢ y=sin(—2x) 14y y < sin(=2e)
. . 27 0.5
has amplitude 1 and period —— = 7. _ _
|—2] P o 3 "
When z =0, y=0. —0.5
71‘
It is the reflection of y = sin 2z in the y-axis.
2w 2w 2
3 a period = — b period = — ¢ period = — d period = —
p 1 p 1] p iy p 00
=% -2 ~ or — 2
2w 2w 21 T 2w T
L a —=5mr b —=— ¢ —=127r d — =4 e — =100
b b 3 b b b
™ — 2% _ =m
b:% b=3 bZ% b= % b= 756 = %0
EXERCISE 10B.2
1 a Ay b Ay
3 3
21 21 y = sin(z — 2)
- 1 T 27 ; = > 2 g % ;
-2 /_\/ -2
-3 y = sinz — 2 -3
y y

This is the graph of y =sinz
translated by (f2).

This is the graph of y = sinx
translated by (5)
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4 d 1
3‘ v 3‘ Y y = sinx 4 2
9 . S'm(x N 2) }/_\—/
4 T 1
= 1 T 27 ; = 1 ™ 27 ;
-2 -2
-3 -3
¥ ¥
This is the graph of y = sinx This is the graph of y = sinx
translated by (702). translated by (g)
e 31 Y f 5 b Y
=sin(z —§) +1
2 y:sin(m+%) 2 ! bm( 6)
1 11
e s / - < /:
2 T g 2 x
-1 -1
-9 -2
-3 -3
¥ \j
This is the graph of y = sinx This is the graph of y = sinx
translated by ( _O% ) translated by ( ? )
2 2
a period = — = ¢ b period = Tﬁ =87 ¢ period = T
() |—2]
2
a Z_s b ZX_T ¢ == =100r d < =50
b b 10 b
_ 2 _ _ 2 _ 1 _2n _ x

A translation of ( °.), or vertically down 1 unit.
1 y

A translation of ( g ), or horizontally Z units right.

A vertical stretch of factor 2.
A vertical stretch of factor %

A reflection in the z-axis.

d A horizontal stretch of factor %.
f A horizontal stretch of factor 4.

h A translation of (:g)

A vertical stretch of factor 2 followed by a horizontal stretch of factor %

A translation of ( g )

EXERCISE 10C

Month, t | 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12
Temp, T" | 15 | 14 | 15 | 18 | 21 | 25 | 27 | 26 | 24 | 20 | 18 | 16
30 Temperature (°C) o ° o 4
20 (<) o o
o o © &}
10
y L 23 45 6 7 8 9 1011 12 time (month)

2
The period is 12 months so Tﬁ =12

b=

% {assuming b > 0}.
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max. — min. N 27— 14 N

Amplitude, a~ =~
2 2

6.5

27+ 14

As the principal axis is midway between min. and max., then d = =~ 20.5

When T is 20.5 (midway between min. and max.)

247
c~ Rl 4.5 {average of t values}

T =~ 6.5sin %(t —4.5) +20.5 where <~ 0.524.

b Using technology, 7T ~ 6.14sin(0.575¢ — 2.70) + 20.4
T ~ 6.145in 0.575(t — 4.70) + 20.4

2 a | Month,t | 1 2 3 4 5 6 7 8 9 10 11 12

Temp, T | 15 | 16 | 14 [ 12 | 10 | 71 | 7| 73 | 83 | 103 | 123 | 14

0 Temperature (°C)

2
The period is 7” =12 - b= {b>0}
.—min. 16-—7
Amplitude, a~ max. —mm: ~ 4.5
2 2

o L . 16+7

As the principal axis is midway between min. and max. then d ~ ~ 11.5
7T+14

Atmin.,, t =7 and at max., t =2+ 12 =14 cz+—z10.5

So, T~ 4.5sinZ(t—10.5)+11.5
b Using technology, T ~ 4.29sin(0.533t +0.769) + 11.2  Note: (1) ¥ ~0.524 V
T ~ 4.29sin0.533(t + 1.44) + 11.2 () 1.44 — (—10.5) = 11.94
~ 12

3 | Month, t | 1 2 3 4 5 6 7 8 9 10 11 12
Temp, 7 | 0 | =4 =10 | =15 | =16 | =17 | =18 | =19 | =17 | =13 | —6 | —1

Temperature (°C)
_ 1 2 3 4 5 6 7 8 9 10 11 12
T T T T T T T T T T L]

»
Q [*]
—10 5
20 T ° o o °
¥
H H 27'(' . s
The period is 7:12 sob=% {b>0}
. — min. — (-1
Amplitude, q ~ DX —min: 0 (=19 _g5
2 2
dr max. + min. ~ 0+ (—19) ~—05
2 2
1
Atmin.,, t =8 and at max., t =14 12 =13 28_;3210.5

So, T ~9.5sinZ(t—10.5) — 9.5
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4 Temperature (°C)
ed L 2 3 15 6 7 8 9101112,
=0 ;\ T T T T T T T /c‘), T
—10 S & T~9.5sin%(t — 10.5) — 9.5
N—c/(
720‘
The model is not very appropriate.
4 a Forthe model H =asinb(t—c)+d
2 2
period = T — 12.4 hours b= - ~ 0.507
b 12.4
We let the principal axis be 0, so d =0
the amplitude a = 7, so the min. is —7, and the max. is 47
Let ¢t =0 correspond to ‘low tide’ t = 6.2 corresponds to ‘high tide’
0+6.2
c=T5 3.1 b 7“H H ~ 7sin0.507(¢ — 3.1)
So, H =~ 7sin0.507(t —3.1) +0
H =~ 7sin0.507(¢t — 3.1) ‘ ‘ o
h ¥ 6.2 93 124 -
7 \\
Y
5 Let the model be H = asinb(t — ¢) +d metres
When ¢t =0, H= 2 and when ¢t =50, H = 22
7 T
min. max.
2 2
period:—ﬂ:100 b= L - L
b 100 50
. in. 2242
a =10 {from the diagram} d=22 —2§—m1n = ;_ =12
0+ 50
c= 00 25 {values of ¢ at min. and max.} H = 10sin %(t —25) 4+ 12
EXERCISE 10D
1 a y=cosx+2 b y=cosz—1
Yy Yy
3 2
\/1 - > T
- - —T ™
- _11 i )
This is a vertical translation of This is a vertical translation of
y = cosz through (g) y = cosz through (701)'
¢ y=cos(z— %) d y=cos(z+ %)
Y Y
2
N - T =<7 < —
—1 — T

This is a horizontal translation of

y = cosz through (g)

This is a horizontal translation of

y = cosx through (_OE)
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|
3
wolbo
3
&\
[SI[54
N

-2
This is a vertical stretch of This is a vertical stretch of
y = cosz with factor % y = cosx with factor 3.
g y=—cosx y=cos(x — &) +1

— y \/{r\/

-+ Lt
—T —7 ™ \

-2

This is a reflection of

y=cosz in the z-axis This is a translation of (

= o3
N————

i y=cos(zx+5)—1 ] y=cos2z
Ay AY
2
« L AN Vg
\V‘\/“ e \/71 NS o
-2
] o . Y L
This is a translation of ( 1 ) This is a horizontal stretch of factor .
k y:cos(%) I y=3cos2x

. AN A4
=T T VUV

This is a horizontal stretch of factor 2. This is a horizontal stretch of factor %

followed by a vertical stretch of factor 3.

2 a period = 2= b period =

= =67 ¢ period = — = 100

o]y

. . 2w
3 a controls the amplitude {amplitude = |a|}. b controls the period {period = \b|
c controls the horizontal translation. d controls the vertical translation.

4 a If y=acosb(x—c)+d, then a=2, w:%r Soob=2
c and d are 0 as there is no horizontal or vertical shift. .. y = 2cos(2z)
b If y=acosb(zx—c)+d, then a=1, 47'r:277T b:%
A vertical shift of 2 units, no horizontal shift . d=2, ¢=0
So, y=cos(3z)+2 or y—cos( )+2
21
¢ If y=acosb(z—c)+d, then a= -5, 6:7 Sob=%

c=d =0 {as there is no translation} o, y=—bcos (%:v)
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