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Chapter#11

Trigonometric Ratios

Discussion Topics:

1.Trigonometric Ratios

2.How to find unknown sides
of Right angled triangles

3.How to find unknown angles
in right angled triangles

4.Application of Trigonometric
Ratios in real world




Trigonometry definition
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Trigonometry (from Greek trigonon, "triangle" and
metron, 'measure’) is a branch of mathematics
that studies relationships between side lengths
and angles of triangles.
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Trigonometric Ratios
Definition

[t is defined as the values of all the
trigonometric function based on the
value of the ratio of sides in a right-
angled triangle. The ratios of sides
of a right-angled triangle with
respect to any of its acute angles are
known as the trigonometric ratios of
that particular angle. Consider a
right-angled triangle, right-angled at
B.
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Trigonometric Ratios

SIn, cos, tan, sec, ¢s¢, cot
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Trig Ratios = SOH CAH TOA

0

Al e ot | Expresion
‘? Sne ~ O/H Sind

2 Cosine A/H  CosB

0
]
E Tangent O/A  Tand
0

Adjacent - ADJ - A

- We use "SOH-CAR-TOA" o help us remember the Ratios

SOH isshortfor  Sine = Opposite / Hypotenuse =0 /H
CAH is shortfor Cosine = Adjacent / Hypotenuse =A/H

TOA is shortfor Tangent = Opposite / Adjacent =0 /A
e
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Angles in
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Exercise 11A
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(n) (1)

(b} (i)

P is the hypotenuse,

PR is the side opposite Za.
(R is the side adjacent 1o Za,
XY is the hypotenuse,

XZ is the side opposite Za.
YZ is the side adjacent to Za,
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ad
() cosQ=1"

(vi) tanQ = —-

M @ sinP ="

(ii) cosP =

i) anp = o

(iv) sinQ =

(v) cos(=—

o
(vi) tanQ = adi

4. (a) Sequence of calculator keys:

[l (s ]~
L tand7 =107 (o 3s.1)
(b) Sequence of calculator keys:

oaaRan

~ 8in 75.3° =0.967 (10 3s.f.)

(c) Sequence of calculator keys:

ZooRnon

s cos 30.19° =0.864 (1o 3s.f)
(d) Sequence of calculator keys:

i (3 JC JCe Jeol (o JCo <

Sosn35% +cosd9°=123(todsf)
(e) Sequence of calculator keys:

(2 oo Ce L)L ] e Csnl Lo eI I

A 2c0542.3% 4 Jsin 168°=235(to 3 s.f)
(N Sequence of calculator keys:

i ()L )l (o] LD

S o8in 71.6° X tan 16.7° = 0.285 (to 3s.f.)

. (a) Sequence of calculator keys:

D 00EnEB=nnNDe

. Stan6]4°
" 2c0s10.3°

(b) Sequence of calculator keys:

()] C2]C2]C L0 ][]
Soaman

. 4(sin225°)
" cos675°
(c) Sequence of calculator keys:

aEnEa=aannn
DEaoBRon

. tanl5° + cos33°
sin 78 4°
(d) Sequence of calculator keys:

DnaRDBEnEnn
(]l

tan47.9°
" cos84° - sin63°
(e) Sequence of calculator keys:

I 3 3
[ ORI

. cos67" + sin BY”
" tan634° x cos15.5°
(N Sequence of calculator keys:

[CJfsa]lz )L JC 0 I JeorlCe 2]
nEnCanaE=nnne

. sin24.6° + cos62.1°
tan21° + cos14°

=466 (to 3s.f)

=1.53(to 3sf)

=113 (to 3s.f)

=-141(lo 3s.f.)

=0.723 (to 3 s.f.)

=0.657 (to 3 s.1.)



(g) Sequence of calculator keys:

NDARERaananes
noepRhnaenne

. sin57° - cos73°
" tan153° x sin83 4°
(h) Sequence of calculator keys:

n=BanEoRRaaEn
DAL el s 1= 51D

. €0s24.7° x sin35.1°
tan 57° - cos15°

=201 (to3sf)

=0910(to3sf)

Exercise 11B

1. (a) sin67°= 2
(a) E

s a =15 sin 67°
=138 (to3sf)
®) sin15° = 27
b

97
sinl5°
=375(to3sf)

4
135

soa=135cos 36°
=109(to3sf)

2. (a) cos36° =

b ‘51"‘—E
(b) cos =3

17
coshl®

=35.1(to3sf)

d
3. tan 28° = —
(a) tan ¥

. a=14tan 28°
=74 (to3sf)
(b) tan 62.5° = ;

13
tan62.5°
=677 (to 3sf)

4. (a) sin3e=2
12

S a =12 sin 34°
=671 (to3sf)
s b=12cos 34°

=095 (to 3sf.)
b) cos43° = £
(b) 6

& ¢ =16 cos 43°
=11.7(t03sf)

sind3°= 9
16

s d =16sin43°
=109(to3sf)

(c)

(d

—

(i)

(ii)

e
tan44.2° = 3
soe=Ttan 44.2°
=681 (to3sf)
. 7
cos442° = ?
: 7
=976 (to 3sf)
tan215° = L.
g

—

7% @n2l5°
=226(to3sf)
89

h
89
sin21.5°
=243 (to 3sf)
In AABH,
AH
89
- AH = 8.9 sin 56°
=738 m (o 3sf)
Method 1:
In AABH,

cos 56° = E
89
- BH =89 cos 56°
=497 m (w0 4sf)

In AARBC,

sin21.5° =

2=

sin 56° =

89
BC
89
cos56°
=1592 m(to4sf)

S HC=BC-BH
=1592-4977
=109 mto 3 sf)

Method 2:

In AABC,

ZACB = 180° - 90° - 56° (£ sum of AARC)
=34

In AAHC, ZACH = 34",

From (i),

cos 56° =

L BC =

7378
HC

7.378
tan 34°

109 m (to 3 sf)

tan 34° =

L HC =




6,

(i) In AQST, £T = 180° - 90° (ad). £s a str, line) 1.

= 0)°
sin 60° = %

& TQ =25 sin 60°
=21.7em (to 3 s.f)
(ii) Method 1:
In AQST,

TS
ros 60 = —
e 3

TS =25 cos 60°
=125cm
In APQT, 20 = 180" - 90° (adj. 25 on a str. ling)
= 90°

25
cos0’= —
PS

y 25
& PS = v
=50 ¢m
L PT=PS-TS
=50-125
=375cm
Method 2:
In APQS,
ZPQS = 180° - 90° (adj. Zs on a str, line)
=90°
LQPS = 180° - 90° - 60° (£ sum of APQS)
=30°
In APQT, LQPT = 30°,
From (i),

tan 30° = 2165
P

21.65
=375¢cm(to 3s.f)
(iii) In APQOR,

~PT=

tan 60° = £€
%

. PQ =25 tan 60°
=4330cm(to 4 sf) 8
In AQRS,

o . OR
tan 45° = £

& R =25 tan 45°
=25cm

& PR=PQ+0R
=4330+25
=683 cm (o 3s.f)

(i) In AVWX,
cos 63° = E
154
s WX =154 cos 63°
=699l m

. cap_ VX
sin 63° = m
& VX =154 sin 63°
=137.22¢cm
In AVXY, 2Y = 180 - 90° (adj. Zs on a str. line)
= 90°
Using Pythagoras’ Theorem,
VX' = XY + VY2
137.22° = XY* + 88°
XY = 13722 - 88’

5 XY = 137.22% —88° (since XY > 0)

=105.29
In AVYZ,

88
tan 46° = —
YZ

_ 88
= 34..‘)3
sin 46° = E
VZ
88
= 12233
. Perimeter of the figure
=WX+ XY+ YZ+VZ+ WV
=69.91 + 10529 + 84.98 + 122.33 + 154
=537 em(to 3s.f)
(ii) Area of the figure
= Area of AWXV + Area of AVXZ
1

L VE=s

:-cWXxVX*-%xXZxW

%6991 x 13722 4 % % (10529 + 84.98) x 88

b3 = r3|

= 13200 m’ (to 3 s.f)

. Since y is inversely proportiona to (tan x)’,

theny= L —, where k is a constant.
(tan.x)
Whenx=30°,y=2,
k
(tan 30°)°
k =2(tan 30°)°

2

= e
-
n

Whe 2(30%) = 60°,

]
n
x

:I!

—
-
=
=1
-
=
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ol wir wirs
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Exercise 11C

1.

(a) Sequence of calculator keys:

[z sn] o] . J{5 ] 2] ][]

& LA =sin'(0527)
=31.8°(to 1 dp.)

(b) Sequence of calculator keys:

ElREOEEEE

& LB =cos'(0.725)
=43.5° (to 1 dp.)

(€) Sequence of calculator keys:

[z #] ] 2] 5] 6] =]

& L€ =tan'(2.56)
=68.7°(to 1 dp)

g 12
{a) sina” = T

Sod” =sin '[E]
26
=275%(to 1 dp.)
La=215

10
h) P=_
{b) cos 7

o B0 | E
& bP =cos (”]

=540° (to 1 dp.)
wb=540
27

{c) tanc® = i

¢ 0 - IE
S07 =tan [“]

=678%(to 1d.)
Lec=6718

176
d gt
(d) cosd 0

& d* =cos '(”'b]

20
=284° (o 1 dp.)
~bh=284

{e) sine” =

27

& E° =gin '[i]
22.7
=414°(to 1 dp.)
Le=414

w _ 115
t — el
® nf = 2

125
. fO 1
& f° =tan [ 13 ]

=418°(to 1 dp.)
s f=418

147
t gl — Pkl
® tang" =175

o 14.7
o g =tan {F]
=48.7° (to 1 dp.)
s R=487
158

21.

s h® =cos '[

(h) cos h® =

(3]

158
212

=418°(to 1 dp)
S h=418
O
4162
& 0 =sin '[32'?5 ]
41.62
=519%(to 1 dp.)
&1=519

. (i) Let the point where the perpendicular line from A to CD meets

CDbeX.
In AAXD,
LAXD =90 and XD =(7-4)=3m

cos LADC = -
B
& LADC =cos ](;]
=646° (to 1 dp)
(ii) In AAXD, £ X=90°,
Using Pythagoras™ Theorem,
AD' = AX 4 XD
T=AX"+3
M: — ?: . 33
=49-9
=40
LAX = m (since AX = 0)

=632 m(to3sf)
s BC=AX
=632m

. (i) In AHMN,

cos 38° = ﬂ
92

s MN =92 cos 38°
=7250cm (to4 s.f)
In ALMN,

sin ZMLN = 120

155

. _ . 7250
o £ZMLN =sin {—15.5 ]

=279°(to 1 d.p.)




(ii) In AHMN,

sin 38° = f;—g
& HN =92 sin 38°
=5664cm (todsf)
In ALMN, £N =90
Using Pythagoras’ Theorem,
LM =MN’ + IN?
155" =7.250° + LN*
IN' = 155" -7.250°
= 240.25 — 52.5625
= | 87.6875
s LN = 1876875 (since LN >0)

=1370cm (to4s.f)
S HL=IN-HN
=13.70 - 5.664
=804 cmto3sf)
. (i) In APQR,
: 76
LPOR = —
il hf 7
. 76
5 LPOR =sin™| —
b [I'M]
=2590" (to2d.p.)

In APQK,

ZQPK = 180° - 137° - 25.90° (£ sum of APQK)

=17.1°(to 1 d.p.)
(ii) In APKR,
L PRK = 180° - 137° (adj. £ s ona str. line)

=43°
16
tan43° = —
an KR
“KR= 18
tan 43°

=8.150mto4sf)
In APOR, £ R =9%0°.
Using Pythagoras' Theorem,
PO’ = QR + PR’
174 =0R +16
QR =174 -8
=302.76 - 57.76
=245
S 0OR= J245 (since QR>0)
=1565m(to4s.f)
A QK=0R-KR
=15.65-8.150
=750m(to 3s.f)

TH
6. TH . 100% = 120%
"

n
HU

-

6
~TH =
546

xTU

Exll

T
=6cm
HU=11-6
=5cm
In ASTH,
Area of ASTH=121
% X 6% SH =21

SH=17

tan £5TH =

(=]

-
& LSTH =tan L[E]

=49.40° (o 2dp)
In ASUH,
tan ZSUH = ;

7
s £SUH =tan '(?)

=5446° (0 2dp.)
In ASTU,
LTSU = 180° - 49.40° — 54 46° (£ sum of ASTU)
=76.1° (to 1 d.p.)
WK i

7. @ VK.
ol T

~wk =29 x718
3

=36m
In AKWZ,

tan 62° = 1—6

. i6
L v L A
tan62°

=194 mtodsf)
Let the point where the perpendicular line from X to ZY meets
ZYbe L.
LY=78-1914-47
=1.186m

In ALXY,
tan 2XVL = 35

1.186

i6

tan ZXYZ= —
1.186

36
& LXYZ =tan™ | o
- [].lﬂﬁ]

=718 (to 1dp)




(ii) In AKWZ,
3.6

sin62° = ——

WZ
36

A WE S
sin6h2”

=407 mtodsf)

In ALXY,

36

g
6

sin71.77

sin 71.77°

N XY =

=WX+ XY+ V24 W2

=474+ 3790 + 78 +4077

=04 mto3st)
B. Let AH be hunits,
In AABH,
h

tan 35° = —
BH

h
tan 35°
2h
tan 35°
In AACH,

& BH =

HC =

h
2h
tan 35°

tan 35°

tan LACH =

tan ZACH =

an 35°
S LACHE =tan |[l.m ]

2
=193 (to 1 d.p)

Exercise 11D
1. tan 32°= E
34

5 TH = 34 tan 32°
=21.2mto 3sf)

The height of the Christmas tree is 21.2 m,

7.7
2, tan2P=s—

AQ
17
tun 27¢
=151 mto 3sf)
The distance AQ is 15.1 m,
J. cos5¥= ﬁ
120
S AR =120 cos 53°
=122mto 3sf)

The distance AR is 72.2 m,

N AQ =

3190 m(o4dsl)
& Perimeter of the trapezium WXYZ

4 tan LPRQ = E
; 62

62
=529°(to 1 d.p.)
5. (i) Letthe height of the nail above the ground be h m,

S LPRQ = 1an '[E]

sin 60° = ‘,—'
5

& h = 5sin 60°
=433 (o 3sf)
The nail is 4.33 m above the ground,
(i) Let the distance of the foot of the ladder from the base of the
wall be f m.
cos 60° = i
3
&l = 5 cos 60°
=215
The distance of the foot of the ladder from the base of the wall
is2.5m.
6. Let the angle the rope makes with the water be o,

sing®= %
35
A a° =sin '[I—i—]

17.0° (to 1 d.p.)

The rope makes an angle of 170° with the water,
7. Let the point where the horizontal line from Lixin's eyes meets the

status be X,
MX
705

S MX =705 tan 42°

=6.M48modsf)
& Height of the statue = 6,348 + 1,55
=790 m(to 3 s.f)

The height of the statue is 7.90 m,

8. In AHRW,

tan 42° =

tan 24.3° = l
HR
8
S HR s
tan 24.3°

=172 mtodsf)
WO =HR=1772m
In APQW,
PQ
tan 354° = l?.%i
soPQ =172 tan 354°
=1259m(odsf)
+ Height of the flagpole PR
= PO+ QR
=1259+8
=206m(to3sf)




10.

Let the angle the plank makes with the wall be a°.

=500° (to 1 dp.)
The plank makes an angle of 50.0° with the wall.

Let the height in which the pendulum rises above ¥ be hcm.

ms[@_‘*]:n-n
2 45

45
45¢cos 15° =45-h
s h=45-45cos 15°
=153 mto3sf)

os 15°

The height is 1.53 cm.
In the figure, AP and BQ represent the two positions of the ladder
and PQ represents the window.

In AAPR,

. PR
sse= PR
- 25

o PR =25 sin 55°
=2048 m(to 4 s.f.)
In ABQR,

sin 38° = _2‘3;1

= QR =25 sin 38°
=159 (todsf)
. PQ=PQ-QR
=2/048-1539
=0.509 m (to 3 s.f.)
=509 c¢m
The height of the window is 50.9 cm.

12. (i) In AACH,

sin 35° = 2]

~ CH = 36sin 35°
s CD =36s5n35°+18
=38.6m(to 3s.f)

(ii) In AACH,

AH
cog 15 = —
36

5 AH = 36 cos 35°
L AF=AH-FH
=AH-GD
=36cos 35°-20
In AAEF, LA =90°.
Using Pythagoras” Theorem,
AE’® = AF® + EF*
36" = (36 cos 35° - 20" + EF°
EF*® = 36" = (36 cos 35° - 20)°

o EF = 36" - (36c0s35° - 20§ (since EF > 0)

=MTmo3sf)
(iii) In AAEF,
36c0s35° - 20
36
36¢0s35° - 20 ]

cos LEAF =

36
=7472° (to 2d.p.)
~ Angle in which the jib has rotated
= LEAC
=74.72° - 35°
=397 (to 1 dp.)
. Let the height of the tree be h m,
the distance QB be d m.
In ATBQ.,

& LEAF = cos '[

h

tan 32° = —
d

h
d= = (1)
tan 32°

In ATBP,

h
d+10
h
tan 23°
h
M2 — =10 =2
O @

(1)=(2):

tan 23° =

d+ 10 =

h  _ h
wn32®  tan23°
htan 23° = h tan 32° - 10 tan 32° tan 23°
htan 32° = )i tan 23° = 10 tan 32° tan 23°
hitan 32° - tan 23°) = 10 tan 32° tan 23°
_ 10tan32°tan23°
tan 32° - tan23°
=132(to3sf)
The height of the tree is 13.2 m.

L




