Chapter 8: Trigonometry and its application
Exercise: 8.1

Question 1
If cos A= then the value of tan A is
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Solution: (b)
Given, cos A =4/5

Therefore, sin A = V1 — cos?
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Now, tan A = 22
COS A

5
K
5

. . 3
Hence, required value of tan A is "

Question 2:
If sin A =%, then the value of cot A is

(a) \/3

(b) V'
Ve

(c) 1
(d)1
Solution: (a) Given, sin A :%

(9% |

Hence, cos A = V1 — sin?4
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Now, cot A=34=-2 _ /3

sin A

IR

Question 3:

The value of the expression cosec (75° + 0) — sec (15° — 0) —tan (55° + 0) + cot
(35°=0) is

(a) -1 (b) 0 (c)1 (d)3

Solution:

(b) Given, expression = cosec (75° + 0) — sec (15° — 0) — tan (55° + 0) + cot (35° — 0)
=cosec [90° — (15° — 0)] — sec (15° — 0)- tan (55° + 0) + cot (90° — (55° + 0)}

=sec (15° - 0) — sec (15° — 0) — tan (55° + 0) + tan (55° + 0)

[~ cosec (90° — 0) = sec 0 and cot (90° — 0) = tan 0]

Hence, the required value of the given expression is 0.

Question 4:
If sinB = % then cosb is equal to

VbZ-aZ a
@ b2 = () 7=

Solution: (c) Given, sing = =

b
hence, cos 8 = V1 — sin?0

-G =

Question 5:

If cos(a+ B) = 0, then sin (a — B) can be reduced to

(a) cos B (b) cos 28 (c) sin

a (d) sin 2a

Solution:

(b) Given, cos (& + B) = 0=cos 90° [-cos 90° = (]
= o+p=90° |
= o=90°-8 ...Fa)

- Now, © sin{a -B)=sin(90° -B - B) [put the value from Eq. ()]
=sin (90° - 2B)
=co0s2f [ sin (90° — 8) = cos 6]

Hence, sin (& - B) can be reduced to cos2p.

Question 6:
The value of (tanl® tan2° tan3°... tan89°) is

ol | =t

(@0 (b) 1 (c)2 (d)



Solution:
(b) tan1°-tan2°-tan3°... tan 89°

=tanl°-tan2°-tan3°... tan44° . tan 45° . tan 46°... tan 87°-tan 88°tan 89°

=tan 1°- tan2 °- tan 3°... tan 44° . (1)- tan (90° — 44°)... tan (90° — 3°)
tan (90° -2°)- tan (90° -1°) (~ tan 45° = 1)

= tanl°-tan2°-tan3°.... tan44° (1) . cot 44°....... cot3°-cot2°-cotl®

=1

Question 7:

If co:i:. 9a = sin a and 9a < 90° ,then the value of tan 5a is

(a) V3
(b) 1
()1
(d)0
Solution:
(¢) Given, cos9a =sinaand 9a < 90°/.e., acute angle. |
sin(90° - Sa) =sina [-cos A = sin (90° - A]]
= 90°-9%a =0
= 100 = 90°
= o=9° ,
. tan 5o = tan (5 x 9°) = tan 45° =1 [+ tan 45°=1]
Question 8:

If AABC is right angled at C, then the value of cos (A + B) is
(@) 0

(b) ll
(©2
(d) 2
Solution:
(a) We know that, in AABC, sum of three angles = 180° A
ie., ZA+ £B+ £C =180°
But right angled at C i.e., £C = 90° [given]
LA + ZB + 90° = 180°
= A+ B=90° [~ £A=A] -
: cos (A + B)=c0s90° = 0 B C
Question 9:

If sin A + sin? A = 1, then the value of (cos? A + cos* A) is

(@1 (b) 2 (c) 2 (d)3



Solution:
(a) Given, sinA+sin?A=1
= sinA=1-sin?A=cos? A [+sin®@ + cos?8 =1]
On squaring both sides, we get
sin? A=cos* A
= 1-cos? A=cos* A
cos’A+costA=1

4

Questiorll 10:

1

If sina = 2 and cosp = 2 then the value of (a + B) is

(a) 0° (b) 30° (c) 60° (d) 90°

Solution:

(d) Given, sina = % =sin30° [ sin 30° =%
_ o =30° )
and cosP = L cos60° [ cos 60° = 4

2 2

= B:=60°
; o+ B =30°+ 60° = 90°

Question 11:

The value of the expression
sin? 22° + sin® 68°
cos® 22° + cos® 68°

(@3 (b) 2 (c)1 (do
Solution:

+ sin® 63° + cos 63° sin 27° | is

sin®22° + sin® 68°
cos?22° + cos® 68°
_ sin?22° + sin(90° ~ 22°)
" c0s2(90° — 68°) + cos? 68°
. sinz 22° + cos?22° i 63°
sin® 68° + cos? 68°

- % + (sin? 63° + cos? 63°) [+sin? 8+ cos? 8=1]

(b) Given expression, + sin® 63° + cos 63°sin27°

+ sin® 63° + cos 63°sin(90° — 63°)

» 8in(90°-0) =coso
c0s63°.cos63°
¥ [and cos (90° -8)=sin 9]

=1+1=2

Question 12:

{4 sinB® — cosB
If 4 tan® = 3, then s1.n - is equal to
4 sinB® + cosO




2
(@) 3
1
(b) 3
1
(c) 2
3
(d) 4
Solution:
(c) Given, 4tan6 =3
= tan® = 3 .0
4
sin® 2
4sin®-cos® - cos 6
4sin @+cos® 4 SIN6
cos @
[divide by cos 8 in both numerator and denominator]
= M:.l s tanf= _Sﬂg
4tan® + 1 cos
i (g) "1 31 2 4
=4/ _3-T_2_1 _ [putthe value from Eq. ()]
4 (:_3) 41 3+1 4 2
4
Question 13:
If sin@ — cosB= 0, then the value of (sin* 6 + cos* 0) is
@1
3
(b) 4
1
(c) 2
1
(d) 4
Solution:
(c) Given, sin@-cos®=0
= sin@=gos8 = M8 _4
cos 6
= tan@ =1 [ tan® = L) and tan 45° = 1]
cos 9
= tan 8 = tan45°
¥, 0 = 45°
Now, sin®® + cos* @8 =sin® 45° + cos® 45°
4 4
=( L ) + (L) [-:sin45° = c0845° = — ]
2 2 2
1.1 2 1



Question 14:

sin (45° + B) — cos (45° — 0) is equal to

(a) 2 cosB (b) O (c) 2 sinb (d)1

Solution:

(b) sin(45° + B) — cos(45° — B) = cos[90°- (45° + B)] — cos(45°- 6) [~ cos(90° - B) =
sin0]

= cos (45° —0) — cos (45° - 0)

=0

Question 15:

If a pole 6 m high casts a shadow 2V3 m long on the ground, then the Sun’s
elevation is

(a) 60° (b) 45° (c) 30° (d) 90°
Solution:
(a) Let BC = 6m be the height of the pole and AB=2+/3 m be C3Sun

the length of the shadow on the ground. let the Sun’s ‘makes

an angle 8 on the ground.

Now, in ABAC, tan® = % 6m

= tan0=-2—6\/-§-=73_§'7‘/:§ A ezxﬁmfa

= tan® = —§§ = /3 = tan60° [ tan 60°= /3]
8 = 60°

Hence the Sun’s elevation is 60°.

Exercise 8.2 Very Short Answer Type Questions

Write whether True or False and justify your answer.

Question 1:

tan 47°
cot 43°

Solution:
True

tan47° _ tan (90° - 43°) _ cot43°

=1 [ tan (90° - 8) = cot6]
cot 43° cot 43° cot43°

Question 2:

The value of the expression (cos? 23° — sin? 67°) is positive.

Solution:

False

€0s223° — sin? 67°= (c0s23° — sin67°)(c0s23° + sin67°) [~(a? — b?) = (a—b) (a + b)]
=[c0s23° — sin (90° — 23°)] (c0s23° + sin67°)



= (€c0s23° — c0s23°) (c0s23° + sin67°) [~sin (90° — 0) = cos 0]
=0.(cos23° +sin67°) =0
which may be either positive or negative.

Question 3:

The value of the expression (sin 80° — cos 80°) is negative.

Solution:

False

We know that, sine is increasing when, O°<6<90° and cosB is decreasing when,
0°<6<90°.
sin80°-cos80°>
0 [positive]

Question 4:
\/(1 — cos® ©) sec’® = tan®
Solution:
True
Vr(1 — cos?6)sec?8 = Vsin?8-sec?® [-sin’6 + cos?@ = 1]
in® |
= [sin®@- -»-1-—— =+tan’f =tan® |- sech= —--1—, tan@ = .,S_lwﬂ@*
cos’8 cos 0 cos 0
Question 5:
If cosA + cos? A =1, thensin?A+sin*A=1
Solution:
True

cosA+cos?A=1

e cosA=1-cos? A=sin’ A [+sin® A+ cos? A=1]
= cos? A=sin‘ A

- 1-sin A=sin* A

- sinf A+sin*A=1 [+cos? A =1-sin? A]
Question 6:

(tanB + 2) (2tan6 + 1) = 5 tan® + sec? 6

Solution:

False

LHS = (tan® + 2) (2 tan® + 1)
=2tan° 0+ 41tand + tan® + 2

=2(sec’9-1)+ 5tan@+2 [-sec? @ - tan® 8 = 1]
=2sec? 0+ 5tan@=RHS

Question 7:
If the length of the shadow of a tower is increasing, then the angle of elevation of the



Sun is also increasing.

Solution:
False
To understand the fact of this question, consider the following example
. A tower2+/3 m high casts a shadow 2 m long on the ground, then C
the Sun's elevation is 60°.
AB 243
- tan @ = /3 = tan60° 4
9 =60° A 5 B
Il. A same hight of tower casts a shadow 4m more from preceding
point, then the Sun's elevation is 30°.
AB AB
In AAPB, tanf= — = ———— A
PB PC+CB
_ 243 _243
= tan9-4+2—T 2V3m
- tane:ﬁ%é:ﬁ. p A6 60°
? 3 3 “«—4m—>C<+2m->
= tan8 = — = tan30°
J3
6=230

Hence, we conclude from above two examples that if the length of the shadow of a
tower is increasing, then the angle of elevation of the Sun is decreasing.

Alternate Method

False, we know that, if the elevation moves towards the tower, it increases and if its
elevation moves away the tower, it decreases. Hence, if the shadow of a tower is
increasing, then the angle of elevation of a Sun is not increasing.

Question 8:

If a man standing on a plat form 3 m above the surface of a lake observes a cloud
and its reflection in the lake, then the angle of elevation of the cloud is equal to the
angle of depression of its reflection.

Solution:

False

From figure, we observe that, a man standing on a platform at point P, 3 m above
the surface of a lake observes a cloud at point C. Let the height of the cloud from the

surface of the platform is h and angle of elevation of the cloud is Hl.

Now at same point P a man observes a cloud reflection in the lake at this time the
height of reflection of cloud in lake is

(h + 3) because in lake platform height is also added to reflection of cloud.
So,angle of depression is different in the lake from the angle of elevation of the
cloud above the surface of a lake



tan®, = — = —
In AMPC, 6, oM PM
tang _ 1 N0
N i EM OC+OM _h+3
CM _0OC + L
in ACPM, tan®, = M PM PM
tan© 1 -
= (1))
= h+3 PM
From Egs. (i) and (i),
tan@, _ tan6,
h h+3
= \ tan02=(h;3)tane,
Hence, 6, #06,
Question 9: X

The value of 2 sin@ can be a + a where a is a positive number and a # 1.
Solution:

False

Given, a is a positive number and a # 1, then AM > GM

a+ o] 1
- ——as lga.—- = (a+-)>2
2 a a

[since, AMand GM of two number’s aand b are (@ ; b) and Vab, respectively]

; 1
= 2sin8>2 [-.-23m9=a+ ;]
= sin®>1 [s—1<sinB< 1]
Which is not possible.

Hence,the value of 2 sin6 can not be a + %

Question 10:
2 2
cosf = % where a and b are two distinct numbers such that ab > 0.

Solution:
False
Given, a and b are two distinct numbers such that ab > 0.



Using, AM > GM
i a+b

[since, AM and GM of two number a and b are 5 and /ab, respectively)

2 p2
= , - ;b > Ja? - b?

N a’ + b%>2ab
2 2 2 2
= e L >1 +cos =2 +b]
2ab
= cos 6> 1 : [o-1<cos@<1]
which is not possible.
0 a® + b?
Hence, COS0 # ———
2ab
Question 11:

The angle of elevation of the top of a tower is 30°. If the height of the tower is

doubled, then the angle of elevation of its top will also be doubled.
Solution:

False

Case | Let the height of the tower is hand BC = x m

In AABC,
tan30° = ..AE = .’1
B %
1 h y
= = - o ()]
N
Case |l By condition, the height of the tower is doubled. i.e., PR = 2h. B
In APQR, tane=fﬁ=2_'1
QR «x
' 2. X x
= tanf == x — [‘.’h=_...
x /3 NE
2
tan@ = =115
- W]

B, 8 =tan™' (115) < 60°
Hence, the required angle is not doubled.

Question 12:

If the height of a tower and the distance of the point of observation from its foot,

h

A 30°
T C
, from Eq. (i)]

both.are increased by 10%, then the angle of elevation of its top remains unchanged.

Solution:
True



Case |

Case |l

=

Let the height of a tower be h and the distance of the point of A

observation from its foot is x. T

in AABC, ’11
AC _h
tanf, = — = —

% BC «x l

: : ) =
= 8, = tan™ (ﬁ) ) B
X

1 11h
Now, the height of a tower increased by 10% = h + 10%0ofh=h+ h x § .

10

and the distance of the point of observation from its foot = x + 10% of x

In APQR,

=

From Egs. (i) and (ii),

- 8, =9,

Hence,the required angle of elevation of its top remains unchanged

Exercise 8.3 Short Answer Type Questions

= 2 cosecO

Question 1:
sin® 1+ cosH
1+ cosH sind



Solution:

P
LHS = __Sin® +1+cose=sin26+(1+cose)" 11h
1+ cosH sin® sin 6 (1+ cos 6) 1f
2 2
_ sin 9+.1+cos 0+ 2cos® ['.'(a+b)2=a2+b2+2ab] i ol
sinB(1+ cos ) T1x
e
o TlrEfons [+sin? 0 + cos?8 = 1] 10
sin8(1+ cos6)
- 2(1+cos®) _ 2
sin8(1+cosB) sind
= 2cosec 8= RHS [-.-cosecﬁ: _1_]
sin®
Question 2:
tanA tanA
- = 2 cosecA
1+secA 1-—secA
Solution:
LHS = tanA tanA  _ tanA (1 - sec A — 1 -sec A)

- 1+secA-1—secA (1+ sec A) (1-sec A)
_fan A(-2sec A) _ 2tanA-secA

@+ b)(a-b)=a® - b°
(1-sec? A) (sec? A-1) Blareplarepl=g !

tan® A cos 0 cos 6

~25CA_ 2 _5cosec A=RHS /086C 8= ——

tanA  sinA sin®
Question 3:

If tan A = E,then sin A cos A = =
4 25



Solution:

Given, tan A= 3 = P _ Perpendicular
4 B Base
Let « . P=3 and B=4k
By Pythagoras theorem, "

H2 = P? + B? = (3k)? + (4k)?
= 9k? + 16k = 25K

3k
= H=5k [since, side cannot be negative]
SinA=£=-—3f(—=-§ and CosA:.B-=ﬂk_=5 A 8 I—B
H 5k 5 5 5§ 4k
Now, sinAcosA=§~f=1_2- Hence proved.
5§ 5 25
Question 4:
(sina + cosa) (tana + cotf) = seca + cosecP
Solution:
LHS = (sin o + cos a) (tana + cot o) ;
= (sina + cos o) ol +09sa -.-tanB:i'lgandcote=°c.)—sg
cosa sino cos o sin@
2 2
=(sina + cos a) [sm‘ Lo S a]
sina-cosa -
=(sino + cosa)- .—-1—-— [ sin? 8 + cos?9=1
(sinc. - cos &)
. +-—1— sece=——1—andcosece=;
cosa sina . cos6 sin®

=sec o + cos o = RHS

Question 5:

(3 + 1) (3 — cot 30°) = tan® 60° — 2sin60°
Solution:

RHS = tan® 60° - 25in60° = (v3)° _2¥3_3/3-3-243
LHS = (V3 + 1)(3 - cot30°) = (3 + T - V3) _
[tan 60° = /3 sin 60° = -‘/E—eiand = (3 +1)V/3 (/3 -1)cot 30°= /3]
=3 (32 -1)=/3(3-1)=2V3

LHS =RHS Hence proved.

Question 6:

cot?a
1+ = Cosecol
1+ cosec O




Solution:

2 2 2
cos?a/ sin® o
Lhig wd g S0 o, 008 €1
1+ coseca 1+ 1/sina
cos’o.  _sina(1+sina)+ cos® a

sina (1+ sina)
_sina + (sin? o + cos® )
sina (1+ sina)

sino (1+ sino)

(sina+1) _ 1
sina (sina+ 1) sina

=coseco = RHS

Question 7:
tanb + tan (90° — 6) = sec 6 sec (90° — 0)
Solution:

LHS = tan6 + tan (90° - 0)

w tan @+ cothm 209, 4. 0089
cos6 sind

_sin®6 + cos?6

"~ sinBcos®

_ 1

~ sin@cos

= sec 6 cosect

= sec 9 sec (90° - 6) = RHS

[ coto= w and cosec 0 = —1~]

sin@ sin®

[ sin® 6 + cos?0 =1

[ coseco = ——1--]
sin 6

[-tan (90° — 6) = cot 6}

wtand = e andcot 6 = C?—SO
cos® sin®

[sin® 8+ cos® =1

-+secH = iy andcos 8= ——-,1
cose sin®

[*-sec (90° - 8) = cosecH]

Find the angle of elevation of the sun when the shadow of a pole h m high is V3 h m

Question 8:
long.
Solution:
A
h
A [
] s &

Let the angle of elevation of the sun is 6.
Given, height of pole =h

Now, in triangle ABC, tan 6 =

1 _ 0
tane—\/g—tan30

h
\V3h

AB _

BC



8 = 30°
Hence, the angle of elevation of the sun is 30°

Question 9:
If V3 tan® = 1, then find the value of sin? 6 — cos? 6
Solution:
Given that, J3tanf=1 :
tan® = —- = tan30°
= 73
= 0= 30°
Now, sin?@ — cos?8 = sin? 30° — cos? 30°
2
. (1) (B
2 2
_1.8_1-38_2__1
4 4 4 4 2
Question 10:

A ladder 15 m long just reaches the top of a vertical wall.If the ladders makes an
angle of 60° with the wall,then find the height of the wall.

Solution:

Given that,the height of the ladder = 15 m

Let the height of the vertical wall = h

and the ladder makes an angle of elevation 60° with the wall i.e 6 = 60°

PR h

0860° = — = —

In AQPR, c 50" 15
L),
= 2 15
15

h=—m.

B 2

Hence, the required height of the wall ]2—5 m.

Question 11:

Simplify (1 + tan? 8) (1 — sinB) (1 + sinB)

Solution:

(1+ tan?8) (1 - sin8) (1 + sin®) = (1 + tan® 6) (1 - sin?6) [+(@a-b)(a+ b)=a® - b?]

=sec?6-cos’0
[+1+ tan? 8 = sec? @and cos?8 + sin® 6 = 1]
1

- .c0s20 = 1 OO0 = e
cos? 6 cos 8




Question 12:

If 2 sin2 @ — cos? B = 2, then find the value of 6.
Solution:

Given, 25in?0 — cos’H =2

- 2sin%0 — (1 —sin® 8) =2

= 2sin? @ + sin°9 —1=2

= 3sin®0=3

- sin® =1

= sin® = 1=sin 90°

. 8 = 90°

Question 13:

cos®(45° + ) + cos® (45° — )
Show that =
tan (60° + 0) tan (30° — 6)

Solution:

LHS = C0s% (45° + 6) + cos® (45° - )
tan (60° + 0) - tan (30° - 8)
_ cos? (45° + 8) + [sin {90° — (45° - )}
tan (60° + 6) - cot {90° - (30° - )}

[-sin? 8+ cos® 6=1]

[+sin 90° = 1]

[+ sin (90° - 8) = cos 8 and cot (90° - 8) = tan 6]

_ cos® (45° + 6) + sin® (45° + 6)
tan (60° + 6) - cot (60° + )

- 1 1 =1=RHS
tan (60° + 0) » —— -

tan (60° + 6)

Question 14:

[ sin? 8 + cos?0 = 1)

[-cot8=1/tan6)

An observer 1.5 mtall is 20.5 m away from a tower 22 m high. Determine the angle
of elevation of the top of the tower from the eye of the observer.

Solution:

Let the angle of elevation of the top of the tower from the
eye of the observe is 8

Given that, AB=22m, PQ=15m=MB
and QB=PM =205m
= . AM = AB - MB
=22 -15=205m
X AM 205
Now, in AAPM, tane-mzé-agJ
= tan @ = tan45°
0= 45°

which may be either positive or negative.Hence, required angle of elevation of the

top of the tower from the eye of the observer is 45°.



Question 15:

Show that tan* 8 + tan? 6 = sec* 8 — sec? 6.

Solution:

LHS =tan* @ + tan? 6 = tan? 0 (tan? 6+1)
=tan? 6.sec? 0

tan? 6+1]

= (sec? 6-1) . sec’ 0

1]

=sec* 0 —sec? 6 = RHS

Exercise 8.4 Long Answer Type Questions

Question 1:
If cosec B8+ cot 6 = p, then prove that cos8 = pz
p
Solution:
Given, cosec O +coté=p
— _L — M =
sin® sin®
1+cosb _p
E4 sin® 1
(1+cos®)} _ p°
sin“ @ 1
1+cos?0+2cos8 _ p°
=4 ) = —
sin“ @ 1

Using componendo and dividendo rule, we get

21

(14 cos® 6+ 2cos8) —sin® 0 _ p* -1
(1+cos?@+2cos@) +sin° 0 p°+1
1+ cos? 8+ 2cos 8 - (1 - cos?6) _ p° -1

= : 2 -2 -
1+2c0s0+ (Cos’0+sin°8) o7 +1
2cos? 0+ 2cos6 _ p -1
= 2+2cos@ p° +1
- Zcose(cos9+1)=p2—1
2(cosB+ 1) p° +1
2—
cose=‘°2 |
p°+1

Question 2:

Prove that +/sec26 + cosec?6 = tan 6 + cot 6.

[ sec?® =

[tan?0 = sec?® 6 —

_cos@

rcosec o= —1— andcotf = _——]

sin@ sing@

(take square on both sides]

[ sin? 8 + cos® 8=1]

Hence proved.



Solution:
LHS = y/sec?8 + cosec?d

- \’__1 + I sec 0= S and cosec 6 = —_1
cos’® sin’@ cos 8 sin®
_ sin®@ + cos®® _ | 1

[+sin?0 + cos?0 = 1]

~ Y sin?8.-cos?6 —\Jsinze'cosze
. 2 2

e N STOFT0B 0 [:1=8in?8 + cos® §]
sinB-cos O sinB8-cos 6

__sin’® cos?6
sin®-cos® sin B-cosB

_ sing _ cos® { i SINB i cose]

T cos®  sin@ cos @ sin®

=tan® + cot 8 = RHS

Question 3:

The angle of elevation of the top of a tower from certain point is 30°. If the observer
moves 20 m towards the tower, the angle of elevation of the top increases by 15°.
Find the height of the tower.



Solution:
Let the height of the tower be h.

also, SR=xm, ZPSR =6 3
Given that, QS =20m
and ZPQR = 30° -I-
Now, in APSR, h
tan 8= .gg = ﬁ l
e # 30 =
) tan® = = Q= 20m—8 <—xm—
= gL ()
tan®
Now, in APQR,
tan30° = ﬁ = PR
QR QS +SR
= tan30° = h
+ X
’ h h
20+ xr= ———=
= e 1/43
= 20+ x =hJ3
= s LY (i) ffrom Eq. ()}
tan @

Since, after moving 20 m towards the tower the angle of elevation of the top increases by
15°.

ie. ZPSR =0 = ZPQR + 15°
N 9 =30°+ 15 = 45°
20+ h =h3 [from Eq. (i))
tan45°
- 20+?=n\/§
= 20=hJ3-h
- h(x3-1)=20 s
20 3+1 . e
h= ——- rationalisation
J3-1 J3+1 [oy ]
S _20(3+1)_20(3+1)
3-1 2
-~ =103+ 1)m

Hence, the required height of tower is 10 (/3 + 1)m.

Question 4:

1
If 1 + sin? 8 = 3 sin0 cos0, then prove that tan0 = 1 or 2



Solution:

Given, 1+ sin @ =3sinB-cos O
On dividing by sin? 8 on both sides, we get
1 +1=3.cote [g-cmp=§?i9]
sin’ 8 sin®
1
= cosec?@+ 1=3-coth [coseoe = —}
sing.
= 1+cot? @+ 1=3-cot® [-cosec” 8 -cot? @ =1
= cot?’0-3cot@+2=0
= cot?’9-2cotf-cote+2=0 [by splitting the middle term)
= cotf(cot8-2)-1(cot®@-2)=0
= (cot@-2)(cot8-1=0 = coté=1 or 2
1 : 1
=10k = tand = —eee.
= tan® 0 5 [ = e]
Hence proved.
Question 5:
If sin@ + 2 cosB = 1, then prove that 2 sin@ — cosB = 2.
Solution:
Given, sin@+2cosB=1

On squaring both sides, we get
(sin®+ 2 cosO)f =1

= sin @+ 4cos? O+ 4sinB.-cosB=1

= (1-00s?0)+ 4(1-sin’ 8)+ 4sinB-cos O =1 [+ sin® 8+ cos® 8 =1
= - cos? @ - 48in°0 + 4sinB-cos B = - 4

N 4sin® 0+ cos? - 4sinB-cos O =4

— (2 sin® - cos O = 4 [a? + b? ~2ab = (a - bY’]
= 2sinB-cosB=2 Hence proved.
Question 6:

The angle of elevation of the top of a tower from two points distant s and t from its

foot are complementary. Prove that the height of the tower is st.
Solution:

Let the height of the tower is h.

and <ABC =6

Given that, BC=s, PC=t

and angle of elevation on both positions are complementary.
ie, £APC =90°- 6



C.‘L

4

[if two angles are complementary to each other, then the sum of both angles is equal to

90°]
AC h i)
[ tang= — = - .
Now in AABC, ol
and in AAPC iy
tan (90° —8) = A€ [-+tan (90° -8 ) =cot 8]
PC
= cotf= -?
L +cot 0= -‘—] i)
= : tan® t [ tan®
On, multiplying Egs. (i} and (i}, we get -
tan®: ——=—- -
tan® s
n2
: ;t— -
= h? = st
Ry h=4st

So, the required height of the tower is Vst.
Hence proved.

Question 7:

The shadow of a tower standing on a level plane is found to be 50 m longer when
Sun’s elevation is 30° than when it is 60°. Find the height of the tower.
Solution:

Let the height of the tower be h and RQ =x m

Given that, PR =50m
and ZSPQ = g%‘; ZSRQ = 60°
i : tan60° = =——
Now, in ASRQ, ( 70
= el @ x=ll {0

x V3



sQ _ sQ h

and in ASPQ, tan30 =.I$—PR+RO=50+x
SlOSun
hm
& b Al
P 50m R xm Q
A M
= J3 50+ x
= J3-h=50+x
= v@»h=50+-hF [from Eq. (i)]
V3
= (ﬁ-—.‘_é)mso
= g:a_l)h=50
h= 503
2
h=25V3m

Hehéé, the required height of tower is 25V3 m.

Question 8:
A vertical tower stands on a horizontal plane and is surmounted by a vertical flag

staff of height h. At a point on the plane, the angles of elevation of the bottom and
the top of the flag staff are a and (3 respectively. Prove that the height of the tower

b tano
. tand—tano
IS
Solution:

Let the height of the tower be H and OR = x
Given that, height of flag staff = h = FP and zPRO = a, zZFRO =

PO _H
RO, tanot = — = —
Now, In APRO 2
= x= H ()]
tana
' FO _FP+ PO
i tanp=—-=
and in AFRO, B =5 =0
h+ H
1 =
X
59 e 1) (i)
tanp b
From Eqs. (i) and (i),
0 H _h+H ] l
tana  tanP A% = o
= Htanp = htana + Htana
= Htanp — Htana = htana
H tano) = htanae = H= htana
= fEn=tana = tanf - tana
Hence the required height of tower is Hiang Hence proved.

tanp - tana



Question 9:

21

If tan © + sec 8 =1, then prove that secB = 2i .

Solution:
Given,

(tan® + sec 0) (sec 6 — tan B) w

tan 6+secO=1 ()

[multiply by (sec 8 ~ tan 8) on numerator and denominator LHS]
(sec® 8 —tan” 8) _ !

=

On adding Egs. (i) and (i), we get

Question 10:

(sec 6 — tanB) (sec 6 - tanB)
. N [+sec? @ -tan? B = 1)
sec 0~ tan®
sece-tane=ll .
1
2sec 8=/+ 7
2
sec o= ek

Hence proved.

If sin® + cosB = p and sec 6 + cosec 6 = q, then prove that g(p?-1) = 2p.

Solution:

Given that,
and

=

sin@+cosb=p ()

sec 6+ cosec 8=q

1 4 1 =g -.-sece=_‘_andcosece=;]
cos® sind cos 9 sin®

sin® + cos_j 23
sinB.cos 6

p
_._.___.=q
sin®.cos B

[from Eq. (i)]
sin@-cos B = qB [from Eq. (i)]...(ii)

sin@ + cosd = p

On squaring both sides, we get

Ly 4 8

Question 11:

(sin®@ + cos8) + 2sin 8.cos 8 = p°
1+ 2sin®-cos 8 = p

(sin® + cos 8)° = p°
[+(a+ b)? =a° + 2ab + b?)
[sin’® + cos®6 = 1]

1+2. 2= p? [from Eq. (ii)]
q
q+2p=pg = 2p=pq-q
q(e? -1)=2p Hence proved.

If a sin6+ b cosB = c, then prove that a cos® — b sinB = \/ﬂ-g + bg - "32.



Solution:
Given that, asin@+ bcosb=c
On squaring both sides,
(a-sin® + cos - b)? =c?

a?sin?@ + b2cos?0 + 2absin@-cos8=c2  [(x + Y =x° + 2xy + y?)

1
— a2(1 - cos?0) + b?(1-sin®8) + 2ab sin@- cos 8 =c? [+sin®® + cos?8 =1]
=  a°—a2cos?0+ b - b2sin?@ + 2absin®-cos 8 =c?
= a2 + b? -c? =a%cos?0 + b?sin’H - 2absin®-cos ©
- (@2 + b? -¢?)=(acos 6 — bsin6f [+ @ + b® -2ab =(a - b))
= (acos ® - bsin@)? = a? + b® -¢c?
= acos 8 - bsin® = yJa? + b® -c? Hence proved.
Question 12:
1+sec®—tan® 1-sind
Prove that =
1+ secH + tan@ cosO
Solution:
LHS = 1+secO-tand
1+ secB+ tan®
81+1/cos6—si'ne/cose e 1 At D sin®
14 1/cos6 + sinB/cos cos 6 cos 0
’ 20 5.0 .0
- _Cos@+1-sinB _(cosB+1)-sind _ 208 2 25'”'2" weg
cos 8+ 1+sin® T {cos8+ N)+SiN8 2002 ® 4 2ind.cos®
2
20 0

[ 1+cos 8 =2c0s

—and sin®=2sin—Ccos— 9]
2 2 2

2c0s2® —26in?. ¢ os? Zcosg(cosg —sing)
e 2 2 o . 2 2 2
20082 ? + 2sind. cos® 2cosg(cos9 + sing)
2 2 2 2 2 2
COS—e- e sing ((2089 - sing)
= g % x g g [ by rationalisation]
CcOSs - + sin- Gos - - sin—)
2 2 2 2
2
(cos -~ —8in ) :
- 20 2 : [(a-b) =a° + b?-2aband (a-b) (a+b) = (a° - b?)]
(cos"’ - sin? --]
2 2
(cos 20 | sin 9) (23in9-cos9)
= 2 2 2 2 ! [ cos --sm2-=cos9]
cos 6 2
= l:L"e. [ sin? = 29 + cos® 0 1]
cos 6 2 2

=RHS _ Hence proved.



Question 13:

The angle of elevation of the top of a tower 30 m high from the foot of another tower
in the same plane is 60° and the angle of elevation of the top of the second tower
from the foot of the first tower is 30°. Find the distance between the two towers and
also the height of the tower.

Solution:

Let distance between the two towers = AB =xm

and height of the other tower = PA=hm

Given that, height of the tower = QB = 30 m and 2QAB = 60°, £PBA = 30°

Now, in AQAB,  tanéoe = 25 = %0 Q_
AB «x
= \/'_ :@ p
o I3 30m
x=.3£-.'y.'==gqv__r3;=10\[§m T
3 43 3 h"m
and in APBA i
' 1 ,1A60° 3 |
tan30° = FA LD A i B
AB «x
= _1_:= h,-— {x =10“\1{§ m]
J3 1043 . e
= h=10m

Hence, the required distance and height are 10v3 mand 10 m, respectively.

Question 14:

From the top of a tower h m high, angles of depression of two objects, which are in
line with the foot of the tower are a and B (B > a). Find the distance between the two
objects.

Solution:

Let the distance between two objects is x m,

and CD =y m.

Given that, zBAX = a = £ABD, [alternate angle]



£CAY =p =+£ACD [alternate angle]

Now, in AACD, T
tanf = ;AQ = Q
CD y
h ,
= = — (1)
Y tanp hm
and in AABD, - .
tano = — =
BD BC+CD
= tano = =X+ y= L o~
x+Yy tano
h "
= = -% ()]
tan o
From Egs. (i) and (i},
gs. () (i} ho_h
tanB tanao
h h
X = — =
tanoe  tanB
=h (_1- - L) = h (cota ~ cotp) wcotf = —1—1
tano.  tanP tan GJ
which is the required distance between the two objects Hence proved.

Question 15:

A ladder against a vertical wall at an inclination a to the horizontal. Sts foot is pulled

away from the wall through a distance p, so that its upper end slides a distance q

down the wall and then the ladder makes an angle B to the horizontal. Show
p _ cosd—cosn

that E stno—sin i



Solution:

Let OQ=xandOA=y ;

Given that, ‘BQ =g, SA = P and AB = SQ = Length of ladder
Also, ZBAO =a and £QSO =B

Now, in ABAO, ] (wall)
A B
S =
cos & 5 1
= i cosa = ALB g
= y=ABcosa =0A () (ladder) ’
and sina = 9—8-
AB o :
= OB=BAsina ...{ii) S Al-—-y——*l
P
Now, in AQSO & 3]
COSPD = ——
P SQ
= 0OS =SQcos P = ABcos B [-AB = SQ]...(iil)
: oQ
np=——
and sinp 30 |
= 0Q =SQsinp = ABsinf [-AB=SQ...(IV)
Now, SA=0S - AO
P = ABcosp - ABcos o
=5 P = AB(cosf —cosa) (V)
and BQ=8B0-QO
= q = BAsina - ABsinB .
= q = AB(sina - sinf) .. (Vi)

Eq. (v) divided by Eq. (vi), we get

p _ AB(cosp —cosa) _cosf —coso
6 B AB (sina. - sinB) sina -sinB
p _cosp-cosa

5 " sina-sinB

Hence proved.

Question 16:

The angle of elevation of the top of a vertical tower from a point on the ground is 60°

From another point 10 m vertically above the first, its angle of elevation is 45°. Find
the height of the tower.
Solution:

Let the height the vertical tower, OT = H



and OP=AB=xm

Given that, AP =10m
and ZTPO = 60°, LTAB = 45°
Now, in ATPO tano° = 2L = H
' ' OP «x
= f:d
X
- wwitl
V3
78 H-10
in ATAB, tan4s5®° = — =
andin A AB =
= 1=H“10 = x=H-10
X
H
=H-10 [from Eq. {OF
= J3
H 1
H-—=10 = H|1-—1|=10
= 73 ( Jé)
J3=1
M 2SS =10
- (ﬁ
10v3 ~3+1 - o
H = e« [by rationalisation]
J3-1 J3+1
_10V3(W3+1) _10V3(3+1)
3-1 2
= =5J3 (3 + 1)= 53+ 3)m.

Hence, the required height of the tower is 5 (V3 + 3) m,

Question 17:

A window of a house is h m above the ground. Form the window, the angles of
elevation and depression of the top and the bottom of another house situated on the
opposite side of the lane are found to be a and p, respectively. Prove that the height
of the other house is h(1+tana cot )m.

Solution:



Let the height of the other house = 0Q = H 5

and OB=MW =xm -
Given that, height of the first house = WB = h = MO =
and ZQWM =a, ZOWM =B = ZWOB o~
[alternate angle] T
NOW. in AWOB, ta-nB = @ = Q (w.ndow) w q’ ............. M H
__h ~
: — ranTp‘ e (') h h
. QM _0Q - MO [
And in AQWM, tano = — = ———— 3
: WM WM BF z 40~
H-h
= tana =
X
” PO o (i)
tano
From Egs. (i) and (ii),
o Hi=h
tanf tana
= htana =(H - h)tanB
= htano = Htanp — htan
= Htan B = h{tana + tan ).
H=h tana + tan B
tanf
=h|1+ tana'-1—- =h(1+ tano-cotf) |-cot@= —1—-
tanp tan®
Hence, the required height of the other house is h (1 + tan c.-cot §) Hence proved.
Question 18:

The lower window of a house is at a height of 2 m above the ground and its upper
window is 4 m vertically above the lower window. At certain instant the angles of
elevation of a balloon from these windows are observed to be 60° and 30°,
respectively. Find the height of the balloon above the ground.

Solution:

Let the height of the balloon from above the ground is H.

A and OP=w2R=w1Q=X

Given that, height of lower window from above the ground = w2P =2 m = OR
Height of upper window from above the lower window = wiwz2 =4 m = QR



BQ=08B - (QR+RO)

=H - (4 + 2)
=H -6
and £Bw, @ = 30°
= £Bw,R = 80°
Now, in ABw,R,
tan60°=B—R=BQ+QR
w,R x
" J3=H-61+4
H-2
= s .. (i)
and in ABw.Q,
tan30° = -@9-
wQ
o_H-6_1
tan 30° = =
= x=3(H-6) i) p ot 4
From Egs. (i) and (i), _— b x m———|
= _(H-
v3(H-6) 7
3H-6)=H-2=3H-18=H-2
— 2H=16 = H=8

So, the required height is 8 m.
Hence, the required height of the balloon from above the ground is 8 m.



