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Exercise 6.1

1. Prove the following identities.
(i) cot 0 + tan 0 = sec 0 cosec 0
(itan 4 0 + tan2 O = sec 4 6 — sec2 0

Solution:

(i) L.H.S cot® +tan 0

Il

cos6 sin©
+

sin O cos 0

cos’0+sin’ 0

sinBcosH
1
sinBcosH

= gec O cosec §=R.H.S

(ii)) LHS = tan*0+tan?0

= tan®0 (tan? 0 + 1)

= tan®0 X sec? § ——————- (1)
R.H.S = sect0-sec?0

= gec? 0 (sec?6-1)

= sec?0 x tan? @ ——————- )
From (1) & (2)

LHS=RHS

2. Prove the following identities.
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.. 1—tan®# :
(i) 1& = tan" @
cot"0#—1

cost)

ii
(i) 1+ sinf

= secf — tanf

Solution:

(1)

cos’ B—sin’0

o cos’ 0
cos?0—sin’0
. 8in” 0
_  -€05-0—sino- sin’ 0

"

o
cos’ 0 €05-0—sin’6

sin” @
= s— =tan’0=R.H.S
cos” 0
(ii) Solution
LHS = <086 X 1-sin6

1+sin® 1-sin®

cos6(1—sin 0)
1-sin’@

cos0 (1-sin6)
cosZ,O

1-sin6 1 _sinG
cosB cosO cosB

Sec O —tan 0 = RHS
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3. Prove the following identities.

: 1+siné
(i) /——— =secl + tand
1—sin#
+sinf 1—sinf
(i )J J - = 2sect
1—sinf 1+sinf
o
(i) wzsece—%tanﬂ
1—sin®
iz 1+sin® 1—sinB
il + = 2secO
(i) \jl—sine \/1+sine gidaa
- ,r'_l_tsina 1+sin@
LHS = V1—sin® 1+sin®
——
,(l+sme)
= N 1-sin?0

. 2
(1+sinB)” 1+sin6
cosZ 0 cos©
s | sin ©
+
cosB cos6
= Sec O + tan 6 = RHS.

(ii) Solution

5 \/1+sin9+\/1—sin9
LHS = {1 sine ' Vi+sine

_\/1+SineX1+Sin6
" N1-Sin0~ 1-Sin®

" \/1 — Sind - 1—Sin®
1+Sin® 1-—-Sind

(1+Sin0)>  |(1-Sin6)’
1-sin’e  V 1-Sin%0

_ |(1+sin6)* _ [(1-Sin6)*
e

Cos?0 Cos’6
- 1+ Sin6 - 1-5in® 1+Sin®+1—5ind
Cos6 Cos0 Cosf
2
ot 2 Sec 6 =RHS
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4. Prove the following identities.
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< AnateTy
it~

(i)sece6 @ =tan6 0 + 3 tan 2 O sec2 6 +1

(11) (sin O + sec 0)2 + (cos O + cosec 8)2 =1 + (sec 0 + cosec 0)2

(i) Solution:
LHS = Sec® 6
= (Sec? 9)3
= (1 + tan?0)?
= (1)3+3(1)? (tan 6)?
+ 3(1)(tan? 6)? + (tan®0)®
= 1+3 tan? 0 +3tan* 0 + tan® 0
= tan® 0 + 3tan? 0 (1+ tanz()) +1]
= tan® 0 + 3tan? 0 Sec? 0 + 1
= RHS.
(i) Solution:
L.H.S

= (sin 0 + sec 0)% + (cos O + cosec 0)*

= sin? O + sec? O + 2sin 0 sec O

+ cos2 0 + cosec? 0 + 2cos cosec O

=1+ 2sin O % -~——1~— + 2c0s 0 X
cos®

+ sec? O + cosec? 0

sin® 0+ cos® 0

sin®

=1+2] . | + sec? @
cosBsin B
+ cosec? 0
= - + 2 e + . 2
1+2] prrerT | + sec cosec- 0

= 1+ 2sec 0 cosec 0 + sec? 0 + co
= 1+ (sec 0 + cosec 0)%> = RH.S

sec? 0
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5. Prove the following identities.

(i)sec40 (1 —sin40)—2tan20=1

cotf —cosfl  €OSEC g —1

(ii) cot @ + cos @ B cosec + 1

(i) Solution:
LHS = Sec? 0 (1-sin? 0) - 2tan? 0

1
e (1+sin? 0 ) (1-sin? 0)

cos
sin’ 0
cos’ 0

1
= Tcos20) (1 +sin? 0 ) cos? O

-2

sin” 0

-2 ——
cos“ 0

1 +Sir\ze ) Sinz 6

cos” @ cos’ 9

1+sin*0—2sin* 0

cos® 0
£ l~51:1 g = cosze =1=RH.S
cos® 0 cos” 0

(ii) Solution:
cotO®—cosB6

LHS = &9_4- cos©
C‘,’ig e ohD cosB— cos 6 sin O
_ sin® 5 ¥, suTh
c?s 0 68 cos B+ cos_G sin 6
sin© SO

cos0—cosO sin® _ cos0 (1— sin®)
cos 0+ cosOsin O cosB (1+sin 6)

7 1__sinG_
_ 1-sin6 _ sin® sin@
1+sin® 1 sin @

sin® sin®
3 cosecH—1 ~REHS
cosecO+1
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6. Prove the following identities.

sinA—sinB  cosA—cosB 0

(i) = e
cosA+cosB sinA+sinB
(i) sinA+cos’A | sin®A—cos’A 9
sin A + cos A sin A —cos A
j) SnA-sinB  cosA-cosB _ (i) sin’A+cos’A ¢ sin’A-cos’A _ ,
cosA+cosB  sinA+sinB sinA+cosA  sinA-cosA
(i) Solution:
LHS _  sinA-sinB " cosA-cosB
c0sA+cosB  sinA+sinB
- (sinA-sinB)(sinA+sinB)+ (cosA~ cosB)(cosA+ cosB)
(cosA+ cosB)(sinA+ sinB)
_  sin’A-sin’B+cos’A-cos’B
(cosA+cosB)(sinA+ sinB)
_ (1-cos’A)~(1-cos’B)+cos*A-cosB
(cosA+cosB)(sinA+ sinB)
_ 1005 -1+ 5058 + so5°K - o5’
(cosA+cosB)(sinA+sinB)
= (=RHS
(i) Solution:

[HS = Sin"A+cos’A sin’A-cos’A
_ =

sinA+cosA  sinA-cosA

M(GinzA- SinA cosA+ COSEA) +M(Sin2A+ sinA cosA+ COSZA)
(sinAs-cosA) sinA-c05A)

(sinA-sinAcosA+cos?A) + (sinfA+sinAcosA+cos?A)
1-sinA cosA + 1+sinA cosA
2=RHS
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7. (i) If sin © + cos 6 = V3, then prove that tan 0 + cot 6 = 1.

(ii) If V3sinO — cosd = 0, then show that tan 30 = (3 tan 6 — tan30) / (1 — 3 tan2 0)

(i) Solution:
sin® +cosO = J3

(/3)2

Given

(sin® +cosB)? =

sin20 +cos?0 +2sinBcos® = 3

1+2sin®@ cos® = 3
2sin® cosB = 3-1=2

in® cos® =
S1nNo Ccos g >

sin® cosO S py e A

LHS = tan® +coto

sin® cosO

cosB sin©
sin’ 0+ cos? e
sin B cosO

1
= Toas 1 =R.H.S
(ii) Solution
J3 sin® —cos6 =0
J3 sinB = cosO

given

Sin® 1

Cos® /3

1
tan 0 = f = tan 300

-

tan 3 0
tan 3 (309)

LHS

3tan®—tan’ 6

RHS 3
1-3tan”©

3 tan 30° —tan’ 30"
= 1—3tan”30

()5
(5

1
s afs
1—31'

_"5_
= Undefined -———--—--- 2)
From (1) & (2)
LHS = RHS
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COS x

COS (x

= m and =n

cos 3 sin /3

8. (i) If , then prove that (mz2 + nz )cosz f = n2

(it) Ifcot 0 + tan 6 = xand sec 0 — cos 6 = y, then prove that (x 2y)2/3 —
(xy2)2;3 =1

(i) Solution :

CosoL Coso.
=m =n
Cosp Sin3
mCos
= 5 =n
Cos a = Cos Sinp

m Cos B =nSin

m?2 Cos? B = n? Sin? B

m?2 Cos? = n? (1-Cos? B)
mZ2Cos? 3 = n?-n? Cos? 3

mZ2Cos? B+ n? Cos? = n?

(m2+n?2) Cos? 3 = n?
Hence proved.
(ii) Solution:

given Cot 8+ tan 0 =x Sec 6 - Cos 0 =y
Cos9 o SinB e 1 Rty
Sin® CosO Coso -
Cos*0+Sin’6 3 1—Cos®0
Sin6Cos6 Cos® 7
ey e + Sin?o
=3 - = y
SinB8Cos6 Cos6
1
X = e
Sin6Cos9
2
2 -~
(x2y)? = 1 sw®e
: Sin20Cos0  Cose

_( 1 Js_ 1
Cos*0) Cos?6

(—Wz)g =[ > MF

X
SinBCos8  Cos2e

_(sin®0)® _ Sin%0
Cos’0 Cos?’0

2 2
LHS= (_1,2}/)'3 N (x]/2)3

1 sin’@ _ 1—sin*® _ cos®’®©
cos’8 cos’0 cos® 8 cos? O
=1=R.HS
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9. (1) If sin 6 + cos 8 = p and sec O + cosec O = q, then prove that q (p2— 1) =
2p

(11) If sin O(1 + sin2 0) = cos2 O , then prove that cosé 6 — 4 cos4 0 + 8 c0s2 0 =4

(i) Solution:

Given sin@ +cos6 =P
(sin® +cosB)> = p?
sin%0 + cos?0 + 2sind cos® = p?
1+ 2sinf cos® = p?-—-o- (1)
sech +cosec® = ¢
1 2 1 =
cos® sin@ 9
sin©+ cosB =
sin® cosO 9
tms | IR,
sin® cos® ~ 4
sinO cos® = % --------- (2)
Use (2) in (1)
p
1+2- = p?
q P
2p = q(p*-1)
q(p*1) =2p
Hence Proved
(ii) Solution:
Given sin® (1+sin®0) = cos?

sind [1+1-cos?0] = cos20

sin@ [2-cos?0]
Take square on both sides

sin%@ [2-cos20]2 = cos?0
(1-cos?8)[(2)%- 2(2) (cos?0) + (cos?0)?] = cos*0
(1-cos?0)[4- 4cos?0 + cosB] = cos?O

4 - 4c0s20+ cos?0 - 4c0s20+ 4cos?O - cos®0
= cos*0

4 - 800820 - 4cos?0 - cos®® — cos?B =0
c0s®0 - 4cos?0 - 8cos20 =4

Hence Proved

cos20
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cos 1 a —1

T then prove that —
10.1F - O i

= sin#

Solution:

= cos@
Given e =
1+sin®

cos* 0 1

(1+sin@)* = g

1-sin’@
(1+sin @)’

G+sindy(1-sind) 1
(1+sin 6) =
1-sin® 1

1+sin®@ = g2
a2-a%sinf@ = 1+sinf

a2sind + sind

a2-1
a%-1 = (a%+1)sind
a’ -1

a*+1

sinf =

Hence Proved

EXxercise 6.2

1. Find the angle of elevation of the top of a tower from a point on the ground,
which is 30 m away from the foot of a tower of height 10¥3 m.
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QULN&TL 1q SISTLLO L7

10 \?’» m

30 m

opp
tanO = —f’I'T

adj
tanO

o =30°

. 1 O \,”ré

30

= tan30°

VAZHIKATTI ACADEMY

2. A road is flanked on either side by continuous rows of houses of height 43
m with no space in between them. A pedestrian is standing on the median of the
road facing a row house. The angle of elevation from the pedestrian to the top of
the house is 30°. Find the width of the road.

Solution:

tanB =

tan30°

Width of the

opp
adj
4 \/5

ot
[
43

X
=
4V3 xV3 =1o9m

road = 2x = 2x12 = 24m

3. To a man standing outside his house, the angles of elevation of the top and
bottom of a window are 60° and 45° respectively. If the height of the man is 180
cm and if he is 5 m away from the wall, what is the height of the window? (V3 =

1.732)
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Solution:

& S5m B
oppy
tan@ = -H:
:?d_/
tangs0= X=h
5
x—h
1 = 5
5 = x-h
X = h+5-—~--=(1)
tan60’ = ;
5
R T
I e 5
g Bl )
From (1) & (2)
h5 = 53
h = 5V3-5
= (V3-15
= (1.732-1)5
= (0.732) 5
h = 3.66 m

4. A statue 1.6 m tall stands on the top of a pedestal. From a point on the
ground, the angle of elevation of the top of the statue is 60° and from the same

point the angle of elevation of the top of the pedestal is 40° . Find the height of
the pedestal. (V3 = 1.732)
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Solution:
1.6m
h
op
adj
tand0? = h
X
: h
08391 = ~—
X
h
= ——————— 1
§ 0.8391 @)
6+
tanb0® = 1—6 :
7
B 10N
X
1.64+h :
R AL LS )
% (2)
From (1) & (2)
h - ~L6%h
0.8391 J3
Sh = 08391x1.6+08391h
1.732h-08391h = 1.3426
08929h = 1.3426
1.3426
e =i ===
0.8929
h: = 150m

5. A flag pole ‘h’ metres is on the top of the hemispherical dome of radius ‘r’
metres. A man is standing 7 m away from the dome. Seeing the top of the pole
at an angle 45° and moving 5 m away from the dome and seeing the bottom of

the pole at an angle 30° . Find (i) the height of the pole (ii) radius of the dome.
(N3 =1.732)
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Solution:
i
+
}
[ﬁ\\
r+7
- Op,J
tan = adj
tand5° = .rih
r+7
1 = rth
r+7 = r+h
=h = 7m
—
30°
r+12
tan30° =
an 5
= 5 ’
\/5 x r+12
r+12 = .f3r
J3r-r = 12
(B3 -Dr =12
A-732=1) " = 12
0.732 xr =- 712
5= g
Lo 50752
T = 16.39m
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6. The top of a 15 m high tower makes an angle of elevation of 60° with the
bottom of an electronic pole and angle of elevation of 30° with the top of the
pole. What is the height of the electric pole?

Solution:
A
15-h
5 X 30°
=
L
—
h h
v 60°
X
opp
tan® = 'ﬂ‘
adj
tan30c = 13—-A
x
N T o
\/§ : X
x = (15-h)V3 1)
tan60° = 12
X
\/g = E
X
15
X = e (2)
3
D=
15 e
w
15 = (15-h) 3
15-h = 2 =5
3
15-h = 5
15-5 = h
h = 10m
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7. A vertical pole fixed to the ground is divided in the ratio 1:9 by a mark on it
with lower part shorter than the upper part. If the two parts subtend equal angles
at a place on the ground, 25 m away from the base of the pole, what is the

height of the pole?

Solution:

Let BC be the pole and A be the point 25m
away from the pole.

BD: CD

BD =

tan®

tan20

tan20 =

AABD, tan0 = B—, tanB = —
AB

tan20

2tan©
1-tan’0
2tanfx25 =

502 BD =
I35

%I%D

125 =
BD?2 =
BD?2
BD =
BD =
BC =

-r-‘

=10x10+V3S

1:9

% BC = BC = 10BD
opp
adj
BC
AB
BC
25
D

————— @

BD
25
BC

25

BC

25
BC(1-tan26)

BD Y
1081)[1—(—2?] ]

E [ 625 - BD? ]
625-BD?2
625-125
500
+/500 = /5x5x2x2x5
105
10BD
=100v5m
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8. A traveler approaches a mountain on highway. He measures the angle of
elevation to the peak at each milestone. At two consecutive milestones the
angles measured are 4° and 8°. What is the height of the peak if the distance
between consecutive milestones is 1 mile. (tan 4° = 0.0699, tan 8° = 0. 1405)

Solution:

B 1mile C X D
tanB = _"T’I:’
adj
h
tan40° = e
1+ x
h
0.0699 =
1+x
h = (0.0699) (1+x) —~————m (1)
tan8° = ﬁ
X
0.1405 = &
x
h = 0.1405x —~——mmmmmmmem—(2)
From (1) & (2)
0.1405x - 0.0699+0.0699x
0.1405x - 0.0699x = 0.0699
0.0706x = 0.0699
0.0699
0.0706
x = 0.99
Use in (2)

h = 0.1405x = 0.1405 % 0.99 = 0.139
h~014m
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Exercise 6.3

1. From the top of a rock 50V3 m high, the angle of depression of a car on the
ground is observed to be 30°. Find the distance of the car from the rock.

Solution:
opp
tan® — L
adj
, 503
tan30° =
X
AL - 2S003
V3 x
30°
=)
=
[
Yo}
30°

X

x =50~/3 x 3 =50x3
x =150 m

2. The horizontal distance between two buildings is 70 m. The angle of
depression of the top of the first building when seen from the top of the second

building is 45°. If the height of the second building is 120 m, find the height of
the first building.

Solution:
oppr
tan©O = L
adj
tan45° = 120 — N
70
20—
g e 1T0- W
70
70 = 120 - h
h = 120 - 70 =50
h = 50 m
4 a5°
7
=
= —
[
=
— 45°
70 m
h h
v

70m
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3. From the top of the tower 60 m high the angles of depression of the top and
bottom of a vertical lamp post are observed to be 38° and 60° respectively. Find
the height of the lamp post. (tan 38° = 0.7813, \3 = 1.732)

Solution:
A 0°
5| \A
30°
&
o
O
h h
! 60°
oy
tan® = A
adj
tan3ge = S0=F
A
07813 = S0—h
X
60—h
X = — ————— 1
0.7813 M
tan60® = 92
X
J3 = 90
X
x = 6—2 =20 T s @)

From (1) & (2)

60—h
=203
0.7813 \/—

60-h = 20(1.732) x 0.7813
60-h = 27.06
h = 60-27.06=3294
h = 3294 m
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4. An aeroplane at an altitude of 1800 m finds that two boats are sailing towards
it in the same direction. The angles of depression of the boats as observed from
the aeroplane are 60° and 30° respectively. Find the distance between the two

boats. (V3 = 1.732)

Solution:
300
60°
&
v's}
—
600 300
y X
o
tan6 = (l—}
ad]
1800
tan30° =
X+ y
1 .._1800
NE] xX+y
x+y  =1800 /3
y =1800+3 - x —————- (1)
tanb0® = @9
y
ﬁ 5 1800
; -
180
Voo e OB s 2
) ¥ (2)
(1) = (2) 600/3 =18003 - x
x = 180043 -60043
= 120043
= 1200(1.732)
x = 20784 m
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5. From the top of a lighthouse, the angle of depression of two ships on the
opposite sides of it are observed to be 30° and 60°. If the height of the
lighthouse is h meters and the line joining the ships passes through the foot of
the lighthouse, show that the distance between the ships is 4h/\/3 m.

Solution:
300 600
h
300 600
X Yy
opp
tan6 = _}f}_
adj
tan30° = %
X
e
= &
V3 X
X = A3h ssese (1)
tan60® = /_2
.l“'
h
\'6 SR
Y
h
v = —_—
' \/ 3
Distance = Xx+y
A + h+3
= —= +h+
\,"3
- 3k
V3
4h
xty: = -J—— m
2 3

6. A lift in a building of height 90 feet with transparent glass walls is
descending from the top of the building. At the top of the building, the angle of
depression to a fountain in the garden is 60°. Two minutes later, the angle of
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depression reduces to 30°. If the fountain is 303 feet from the entrance of the
lift, find the speed of the lift which is descending.

Solution:
30°
600
D
Y
K
60° 30°
Y x
tanb adj
90
tan60° = T
90
Jg = TT
90
o e BB e 1)
y NE (
y = 30J§
; : 90
tan30° =
x+y
¢
_:Z; S gy
x+y = 903 ————m- (2)
x+30~/3 = 903 by (1)

x = 90~3 -30+3
x = 6043

distance =x = 60/3
speed X time = 60 J3
speed x2 = 60+/3

60~/3

9

Speed = 30+/3

speed =
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Exercise 6.4

1. From the top of a tree of height 13 m the angle of elevation and depression of
the top and bottom of another tree are 45° and 30° respectively. Find the height
of the second tree. (V3=1.732)

Solution:
tan@ = ad]
tandb°® = _"i
X
1= w8
X
x = h-—- (1)
h
45°
30° X
13 m 13 m
X 30°
13
tan30° = —
X
e
\/3 X
v (GYR e (2)

From (1) & (2)
h = 1343 =13 x1.732

h = 22516m
Height of the second tree = 13+h
= 13+2252
= 36.52 m
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2. A man is standing on the deck of a ship, which is 40 m above water level. He
observes the angle of elevation of the top of a hill as 60° and the angle of
depression of the base of the hill as 30° . Calculate the distance of the hill from
the ship and the height of the hill. (¥3=1.732)

Solution:
_ o
tanB = adj
tan60® = ﬁ
X
B mih
X
h
X = e 1§
\,’6
tan30° = iq
X
ST )
l'\l@ X
g = NG s )
h
60()
300 X
40 40
30°
X
from (1) & (2)
03 = &
V3
h=40J3 x 43 =40 x3 =120
h = 120m

Total height = 120+40 m =160 m
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3. If the angle of elevation of a cloud from a point ‘h’ metres above a lake
Is 61 and the angle of depression of its reflection in the lake is #2. Prove that the

h(tanf + tané,)
tan H,_, -~ tan(i]

height that the cloud is located from the ground is

Solution:
tand opp ,EF=DC=h , AD=b-h
adj AC=RC=b BD=Db +h
AD b-h

te 9 - i "’ 1
D x @
BD b+h

tanf, = = , 2

=S " 3]
1) & (2)

(1) + (2
tan; _ b-h

tanf, b+h
tanf, (b + h) = tan6, (b - h)

b tanf, + h tand, = b tanb, - h tanb,

h tanf,; + htan,=b tanf, -b tan0,

h (tan®; + tanf,) = b (tanB, - b tand,)
= b(tanf, - tanf;) = h(tan6, + tand,)

: ( tanf, + tanb, )
s tan@,+ tanb,
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4. The angle of elevation of the top of a cell phone tower from the foot of a high
apartment is 60° and the angle of depression of the foot of the tower from the
top of the apartment is 30°. If the height of the apartment is 50 m, find the
height of the cell phone tower. According to radiations control norms, the
minimum height of a cell phone tower should be 120 m. State if the height of
the above mentioned cell phone tower meets the radiation norms.

Solution:

tan® OPP
adj

tan30° - ﬂ

ok
9}
o

NS
. = BORS o mmr———— (1)

tan 607 =

\/’§=__

h

30°
h 0

50 m
50 m

30° 60°

from (1) & (2)
h
J3

= 50 \,"':-'3-

h =503 x /3 =50 %3 =150

h=150n1J

Yes, meets the radiation norm.
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5. The angles of elevation and depression of the top and bottom of a lamp post
from the top of a 66 m high apartment are 60° and 30° respectively. Find

(i) The height of the lamp post.
(i1) The difference between height of the lamp post and the apartment.

(iii) The distance between the lamp post and the apartment. (V3=1.732)

Solution:
opy
tan6 = —U-
adj
tan 60° = h - 66
X
Vf3 - h - 66
pe
B h - 66 1
o= e (1)
Vo
66
tan 30 - 2
1 66
I3 = X
R (P - pe— 2)
From (1) & (2)
h - 66 T
= = 66 \,“3
V3
h-66 = 663 % 66x3=198
h = 198 + 66
i) h =264 m

ii) The difference of lamp post and the
apartment

=264 - 66 = 198 m.

iii) The distance between L ampost and

apartment
x = 663 =66x%1.732
x = 114.31m
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6. Three villagers A, B and C can see each other across a valley. The
horizontal distance between AandBis 8 km and the horizontal distance
between Band Cis 12 km. The angle of depression of B from Ais 20° and
the angle of elevation of C from B is 30° . Calculate

(i) the vertical height between A and B.

(ii) the vertical height between B and C. (tan20° = 0.3640, V3=1.732)

Solution: &
tanf = adj
tan20° = _AD_
BD
20°
03640 = _AD
8 D 8 km B
AD = (0.3640 x 8 =291 km
AD =291 km
ce G
tan 30%= =
BE
O
J3 12
12
= = CE 30°
V3 E  12km B

CE=4+3 =4x1732

CE =6.93 km
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Multiple choice questions

1

1. The value of sin20 + 1 +tan" ¢ js equal to
(1) tan2 6

2) 1

(3) cot2 6

(4)0

2. tan6 cosec20 - tan 0 is equal to
(1) sec 6
(2) cot20
(3) sin 6
(4) cot@

Solution:
tan 0 coseo?f - tan®@ = tan 0 (cosec?8-1)
= tan 0 (cot? )
= ;axa’ﬂ/ X ,c@t’B/ X cotB =cotb

3. If (sina+ coseca)2 +(cosa+ seca)2 =k+ tanza + cotea, then the value
of k is equal to

(1) 9
2)7
(35
(4)3
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Solution:

. . 2 2
sin o + cosec?a + M M + cos? o + sec? o + 2 cosusecu = k + tan? o + cot?
1+2+2+1+cosa+1+tan?a =k + tan?a + cot?a

2 2
7+ cot? o+ tan?a =k + tan?a+ cot?a = k=7

4. If sin 0 + cos 6 = a and sec 0 + cosecd = b, then the value of b(a 2 -1) is equal
to

(1) 2a
(2) 3a
(3) 0
(4) 2ab

Solution:
b(a?-1) = (sec 8 + cosec 0) ( [sin 0 + cos 0]> - 1)
= (sec 0+ cosec 0) (sin?0 + cos? 6 + 2 sin 6 cos 0 - 1)

= (sec 0+ cosec 0) (¥ +2sinBcos B - %)

J(2 sin® cos0)

5. If 5x = sec 0 and 5/x = tan 0, then x2 — (1/ x2) is equal to
(1) 25

(2) 1/25

3)5

(4)1
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Solution:
_secd 1 _ tanf
o 5
Y _1_ _ sec’6 tan’f _ sec?f-tan’f _ 1
x? 25 25 25 25

6. If sin 6 = cos 0 , then 2 tan20 + sin26 —1 is equal to
(1) -3/2
(2) 3/2
(3) 2/3
(4)-2/3

Solution:

Sin 9 =.1/ 6 — 450, 2 tanz e -+ 81112 e - 1

cos 0
= 2 tan?45° + sin45 - 1

=2(1)% + (*2)2-1

=2+ Yol =2t o2 o 3

2 2

7.1fx=atan @ andy = b sec 0 then

T

Wit @Hi-L-a
b a° a b
) i @ Et=0
a B a b-
Ans: (1)
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Solution:
X =tanB, Y =gecH
Y b
sec?f-tan20=1
Y. _Xz =1
w2 g2

8. (1 +tan 6 + sec 0)(1 + cot 8 — cosech) is equal to
1o
(2)1
(3) 2
(4) -1

Solution:

¥ (1 s, _1_) (1 Lo J

cosB® cosB sin® sin®

cosB+sinB+1 (Sh‘9+C059—1)
qEee o

cosB

(cos® +sinB) —~17
sinBcosH

2 ,ceszﬁ+§inz€+25in6cosﬂ/f

sinBcosH

9.acotd+bcosecd=pandb cotd+acosec d=qthenp2-g2 isequal to
(1)az2-h2
(2)b2-a2
(3)az2+h2
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(4)b-a

Solution:
p2-q? = (a? cot? O + b%cosec? § + 2ab cot 0 cosec 0

~(b%cot? 8 + a’cosec? § + 2ab cot 0 casec 6)
= -a%cot? + b?cosec? 0 + 2ab cot 0 casec 0

-b2cot? 0 - a’cosec? 0 - 2ab cot B casec 0
= a?(cot? 8 - cosec? 0) + b2(cosec? B-cot?0)

= a%(-1) + b? (1) = -a®+ b2 = b? - a?

10. If the ratio of the height of a tower and the length of its shadow is V3 : 1
then the angle of elevation of the sun has measure

(1) 45°
(2) 30°
(3) 90°
(4) 60°
Solution: ¢
J3
a
. TP
tan’® S di T 1

tanf = -\,6 = tanB = tan60°

0 =60°

11. The electric pole subtends an angle of 30° at a point on the same level as its
foot. At a second point ‘b’ metres above the first, the depression of the foot of
the tower is 60° . The height of the tower (in metres) is equal to

(1) V3b
(2) b/3
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(3) b/2
(4) bA3
Solution:
tanf8 = ipE
adj
h
tan30° =—
X
T
\/g X
x =+ heeeeee (1)
tan60° =i
x
JB e
=
b
x = [3 = (2)

= b
v3h =——
J3
b
h = — = b
\Ex\/3 3

12. A tower is 60 m height. Its shadow is X metres shorter when the sun’s
altitude is 45° than when it has been 30° , then x is equal to

(1) 41.92 m
(2) 43.92 m
(3)43m

(4) 45.6 m
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Solution:
_ @
tanf8 = adj
tand5° =ﬂ—
X
i =22 = =60
X
tan30° = il
xty
L
J3 x+y 20°
45°

x+y =60 V3

X Y

y=60 V3 -60=103.92-60=43.92m

13. The angle of depression of the top and bottom of 20 m tall building from
the top of a multistoried building are 30° and 60° respectively. The height of the
multistoried building and the distance between two buildings (in metres) is

(1) 20, 10V3
(2) 30, 5V3
(3) 20, 10

(4) 30, 103

Solution:
opp
tan 8 = &
adj
h
tan30 =
x
1 =vh
V3 X
x = h~/3
h + 20
tan60 = Sl A
o
h + 20
D T
3
h + 20
h~3 mECES = ae=cugees
3
3h =h + 20
2h = 20 x=h+3
h =10 =103

Total height = 20 + 10 = 30m
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14. Two persons are standing ‘X’ metres apart from each other and the height of
the first person is double that of the other. If from the middle point of the line
joining their feet an observer finds the angular elevations of their tops to be
complementary, then the height of the shorter person (in metres) is

(1) V2 x
(2) x / 272
(3) x/ \2
(4) 2x
Solution:
X
Ay st A0 Tl
tan @ = > h 0
X
7 Lo o dlt
cotB = 2h = 4 = tan 0 = »
X 4} ;
oF it —x2=8h? x=22h
2h X
X
h= =
22
0 90-0
Z2h
1
x &
2 2
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15. The angle of elevation of a cloud from a point h metres above a lake is f.
The angle of depression of its reflection in the lake is 45° . The height of

location of the cloud from the lake is

h(1 4+ tan /3)
1-—tan/j3

(1)

h(1 — tan j3)
l1+tang

(2)

(3) h tan(45° — p)
(4) none of these

Ans: (1)

Solution:
_ _h(tan 6, + tan 6,)
tan OAl - tan 6,

height
h(tan 45° + tan )
tan 45° - tan 3

h(1+tan 3)
1- tan {3

Unit Exercise

1. Prove that

secA -1

(i) cot® A

 |sinA-1
+sec” A =0

1+4sinA 1+ secA

.., tan’@—1 A
iy === l,, - =1-—2cos 6
tan 6 + 1
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Solution: LHS

-~ inA-1
_ cot® A EQCL_I— +sec2A[sln ]
1+sinA 1+secA

cot? Asec A -1)(sec A +1)+sec? A(sinA—1)(sin A +1)
(sinA+1)(secA+1)

cot? A(sec2 A-1)+ (sec2 A)(s;in2 A-1)
= (sinA +1)(secA+1)
k=1

0
= = = () = RHs
(sinA+1)(secA+1) (sinA+T)(secA+1) A

= cotz Axtan® A +sec? Ax (—cos2 A)

Solution: LHS
sin?0__ sin” 6 - cos” 6
= cos® 6 X P"{[ o
sinze 1 sir\2€)+cos2 0
cos® 0 “{[ 9
= sin® - cos? 0
1
= 1 - c0s%0 ~cos?0
=1 -2 cos?0 = RHS

14 sinf — cosf ]2 A= cosf

1+ sin# + cosfl 1 4 cos @
2. Prove that
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Solution: LHS
(1+sin®)—cosO 2
~ | (1+sinB)+cosH

(1+sin 8)2 +c0s2 0 2(1+sinB)cosO
(1+sin 6)2 +cos” 0+ 2(1+sin®)cosO

l+2sin6+sin29+cosz9—2c059—2cose sin®

1+25in9+sin20+c0529 +2cosO+2sinBcosB

1+2sin®+1-2cosB—2cosBsinB
1+2sin®+1+2cosB—2sinBcosB

2+2s8in0—-2cosH—2sinBcosO
2+2sin®+2cos0+2sinBcosH

X Z(1+5sin6—cosO—sinBcosO)
Z(14sin8+ cosO+sin O cosH)

(1+sinB)—cosB(1+sin0)
= (1+sin®)+ cos8(1+sinB)

_ (1+sim0)(1-cos6) _ 1-cos@ _

= RHS
(1+ sur®)(1+cosB) 1+cos@

3. Ifxsin3g+ycossfd=sindcosfandxsinfd=ycos 6O , then prove
that x2 +y2 = 1.

Solution:

= x sin®0 + ycos0 = sinf cosd

= x sin®0 + ycos0 = sinB cosd

= ycosf (1-cos?0) + ycos®0 = sinf cosd

=> ycose—y;oérewpo{{e:sinecose
y = sind x = cosf

LHS = x>+y? = cos’8 + sin0 = 1 = RHS

4. 1facos 6 —bsin @ =c, then prove that (a sin 0 + b cos 0) = + V[a 2 +b2 —¢2 ]
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Solution:

RHS = a% + b? - ¢2
=a? + b? - [a cosO - b sinb)?
= a2 + b? -[acos?0 + b? sin?0 - 2absinBcos
= a?[1-cos?0] + b[1-5in%0]+ 2 ab sinBcosd
= a%sin?0 + b?cos?0 + 2ab sinf cosb
= [asinf + b cosB]?

= [a sin® + b cosB]? = a? + b2 - ¢2

Take square root on both sides

asind+bcosB=+_[ 2 2 he
asinf +bcosb ==+ [ +b2 — 2 hence proved.

5. A bird is sitting on the top of a 80 m high tree. From a point on the ground,
the angle of elevation of the bird is 45°. The bird flies away horizontally in
such away that it remained at a constant height from the ground. After 2
seconds, the angle of elevation of the bird from the same point is 30°.
Determine the speed at which the bird flies. (N3 = 1.732)

Solution:
tand = -(% tan30° = Ef:)
/ ¥ 80 80m

80 m

tan45° = — 1 o &
: J3 xty 300

x = 80
x+y =80 3 X Yy
y =803 -x=80.V3.80
y= (\/5 -1)80 = (1.732-1)80 = 0.732 x 8 = 58.56

Time x speed = distance
2 x speed = 58.56
speed =29.28m/s

6. An aeroplane is flying parallel to the Earth’s surface at a speed of 175 m/sec
and at a height of 600 m. The angle of elevation of the aeroplane from a point
on the Earth’s surface is 37° at a given point. After what period of time does the
angle of elevation increase to 53° ? (tan 53° = 1.3270, tan 37° = 0. 7536)
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Solution:
op
tanb = —I—H
adj
tan 37° o0
x+y
0.7536 = 600 §
xty =
5 - 539"\ 37
(0.7536) (x +y) =600
& Y
tan53° = 600
X
13270 = 990
X
S 600
% | e
1.3270
x = 45215
0. 7536x + 7536y = 600
0.7536 x 452.15 + 0.7536y = 600
0.75.36y =600 - 340.74
0.7356y =259.26
o 259.26
0.7356
y = 344.03
Distance = 344.03
Time x speed = 344.03
Time = 344.00 = 344.05 =1.97 sec
speed 175
Time = 1.97 sec

7. A bird is flying from A towards B at an angle of 35°, a point 30 km away
from A. At B it changes its course of flight and heads towards C on a bearing
of 48° and distance 32 km away.
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(i) How far is B to the North of A?
(if) How far is B to the West of A?
(iii) How far is C to the North of B?
(iv) How far is C to the East of B?

(sin 55° = 0.8192, cos 55° = 0.5736, sin 42° = 0.6691, cos 42° = 0.7431)

Solution:
sinf = -—OIL,COSG e
hyp hyp
o A
=> sin 55° =
30

AC = 0.8192 x 30 = 24.58km.

ol B
= Cc0s 55 = ——
30
BC =0.5736 x 30 = 17.21km
= sin 42° = B—D
32
BD = 0.6691 x 32 =21 41km
= cos 42° = DE
32

DE = 0.7431 x 32 = 23.78km
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8. Two ships are sailing in the sea on either side of the lighthouse. The angles of
depression of two ships as observed from the top of the lighthouse are 60° and
45° respectively. If the distance between the ships is 200 ( (\N3+ 1) / V3) metres,
find the height of the lighthouse.

Solution:
60° [45°
h
60° 45°
e y
ooy
tanB = ﬁ
adj
tan 45° = h
Yy
ol h
Y
y=nh
tan 60° = h
Y
\’,g e h
Y
h
X = \/5
h Jah+h
> el (8 - o U U
V3 J3
\,"'5 +1 \/5 +1
— h R 200 e
\;‘3 \/3

h=200m

9. A building and a statue are in opposite side of a street from each other 35 m
apart. From a point on the roof of building the angle of elevation of the top of
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statue is 24° and the angle of depression of base of the statue is 34° . Find the
height of the statue. (tan 24° = 0.4452, tan 34° = 0.6745)

Solution:

o
tand = adj

34° 35m

35m

h
35
h = 0.4452 x 35

tan24° =

h=1558m

X
35
x =0.6745 % 35

tan34° =

x=23.61m

Height of the statne = x + h = 23.61 + 15.58m
=39.19m
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Points to Remember

e An equation involving trigonometric ratios of an angle is called a

trigonometric identity if it is true for all values of the angle.
e Trigonometric identities

(i)sin?0+cos?20=1

(i) 1 + tan 2 0 = sec? 0

(iii) 1 + cot? 0 = cosec? 0

e The line of sight is the line drawn from the eye of an observer to the point in

the object viewed by the observer.

e The angle of elevation of an object viewed is the angle formed by the line of

sight with the horizontal when it is above the horizontal level.

e The angle of depression of an object viewed is the angle formed by the line

of sight with the horizontal when it is below the horizontal level.

e The height or length of an object or distance between two distant objects can

be determined with the help of trigonometric ratios.
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