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TRIGONOMETRY

In this chapter we intend to study an important branch of
mathematics called ‘trigonometry’. It is the science of measuring
angle of triangles, side of triangles.

Angle : -

(0] 0 >A

Consider a ray OA if this ray rotate about its end point O and takes the
position OB then we say that the angle £ AOB has been generated.
Measure of an angle : The measure of an angle is the amount of
rotation from initial side to the terminal side.

NOTE :

Relation between degree and radian measurement
nradians = 180 degree

17
radian measure = 180 xdegree measure

180 .
degree measure =——xradian measure
T

1°=60’ (60 minutes)

1’=60" (60 seconds)
Example 1 :

Find radian measure of 270°.
Solution :

b2 3n
Radi =—x270=—
adian meausre =0 2
Example 2 :
. 5w
Find degree measure of o
Solution :
180 Sz
degree measure = — x—=100°
Example 3 :

If the arcs of same length in two circles subtend angles of
60° and 75° at their centres. Find the ratio of their radii.
Solution :

C C
T T
600:[60x_] :[_j
180 3) and
c C
75°=[75xij :[5—”)
180 12

T S St s
— = —an d___
3 n 12

T Sr

= g’i:SaﬂdE’é:S
T 5w

= 3iTn

= 4r =51, =>r:1,=5:4

Trigonometric ratios :

The most important task of trigonometry is to find the remaining
side and angle of a triangle when some of its side and angles are
given. This problem is solved by using some ratio of sides of a
triangle with respect to its acute angle. These ratio of acute angle
are called trigonometric ratio of angle. Let us now define various
trigonometric ratio.

A X M X

Consider an acute angle £ YAX = 0 with initial side AX and terminal
side AY. Draw PM perpendicular from P on AX to get right angle
triangle AMP. In right angle triangle AMP.

Base=AM=x

Perpendicular =PM =y and

Hypotenuse = AP =r.

r?=x*+ yz

r=yxt+y7?
We define the following six trigonometric Ratios:
Perpendicular _ y

sin 0=
Hypotenuse  r

Base X
cosf=—=—
Hypotenuse r

Perpendicular

tang=—==
Base X
Hypotenuse  r
cosec 0 = yp— =—
Perpendicular  y
Hypotenuse r
sec0=—"(5—=—
Base X
Base X
cot=——"—"—"—"—"—"—=—

Perpendicular y
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Important formula:-
1. sin?0+cos206=1 2. cosec?0—cot?9=1 3. sec? +tanZ 6 =1
4.
0
0° 30° 45° 60° 90°
T-ratio
sin 0 0 1 1 V3 1
2 NG 2
V3 1 1
0 1 — —_— — 0
o8 2 V2 2
1 Not
tan 6 0 ﬁ ! V3 defined
Not 2
cosec O] j e ql 2 2 5 1
2 Not
sec 0 1 = J2 2 defined
Not 1
cotO NEY 1 i 0
defined \/5
5. sin(90°-06)=cos 0. 6. cos(90°—-0)=sin 0. 7. tan (90° —0)=cot 6 = cot (90° — 0) =tan 6.
8  cosec (90°—0)=secO. 9. sec(90°—6)=cosec 0.
RELATION AMONG T-RATIONS
sin O cos O tan 0 cotO sec O cosec 0
sin O sin 2 tand 1 sec” 01 1
1-cos”6 Jl+tan26 Jl+cot? 6 sec cosec
1
! cotd 1 cosec?0-1
0 2 0 o T
cos 1-sin" 6 cos V1+tan? 0 Jl+cot? 6 sec cosech
sin 8 2 1
__Smu 1-cos” 0 1 S
tan 0 _ tan O [ 2
an 1-sin’ 0 cos@ n cotf sec” 61 cosec?0—1
1—sin? 0 cos 1 1
t 0 - t 0 2
* sin@ V1-cos? 6 tan 6 c Vsec? -1 cosec”0-1
1 1 J1+cot? o cosecO
0 2 - 0
se¢ \/ 1-sin® 0 cosd 1-tan” 6 coto see Vcosec?0-1
1 ! V1+tan® 0 secd
0 N, 2 0
cosec sin@ \/ 1-cos? @ tan @ 1+cot™ 0 Vsec?6-1 cosee




Example 4 :
In a A ABC right angled at Bif AB =
sin A and tan A, cos C and cot C
Solution :

C

12, and BC =5 find

B 12 A

C = \(AB)?*+(BC)?
= V12% +57
= V144425
= 169 =13

When we consider t-ratios of £ A we have
BaseAB=12

Perpendicular=BC=5

Hypotenuse =AC =13

Perpendicular _ 5

sinA =
Hypotenuse 13

Perpendicular 5
Base 12
When we consider t-ratios of ZC, we have
Base=BC=5
Perpendicular=AB =12
Hypotenuse=AC=13

tan A =

Base 5
cosC=——m—=—
Hypotenuse 13
B
corc=—Bse___5
Perpendicular 12
Example 5

3
In aright triangle ABC right angle at B if sin A= 5 find all

the six trigonometric ratios of ZC

Solution :
GinA = Perpendicular _ 3
Hypotenuse 5
S
3
B 4 A

Base = \/ (Hypotenuse)2 - (Perpendicualr)2

_ /52_32
=25-9 =16 =4

Now
. BC 4
sin C = E=§,cosec C=—
3 AB 5
cos C= EZE’ sec C= 3
3

tanC= — AC E’ cot C= Z
Example 6 :

Find the value of 2 sin? 30° tan 60° — 3cos? 60° sec? 30°
Solution :

Z(QZM -3(%12{%]2

1 f 3-2
=2Xx— >< 3x— >< _
V3 473
Example 7
Find the value 0,2sin2 6= /3
Solution :
sin 20= £
2
20=60
0=30°
Example 8 :

Find the value of x.
tan 3x = sin 45° cos 45° + sin 30°

Solution :
. 1 N 1 N 1
tan 3x = \/5 \/5 5
— l £ l =1
2 2
= tan3x=1 = tan3x=tan45°
3x=45°
x=15°
Example 9 :
If 0 is an acute angle tan 6 + cot © = 2 find the value of tan’
0+ cot’ 0.
Solution :

tan O +cos0=2

1
tan0+ ——=2
tan 0

= tan?0+1=2tan0
= tan?0-2tan0+1=0
(tanO—1)2=0
tan 6 = 1
0= 45°
Now, tan’ 6 + cot” 6.
=tan’ 45° + cot” 45°
=1+1=2
Example 10 :

cos37°
sin53°

Find the value of
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Solution :
‘We have
c0s37° cos(90°—53°) sin53° |
sin53° sin53° sin 53°
Example 11 :
Find the value of
sin36° sin54°

cos 54° - co0s36°

Solution :

We have
B sin36° 3 sin 54°
© c0854° c0s36°

_ sin(90° - 54°) B sin(90° —36°)
cos 54° cos36°
_ cos54° _cos 36°

 c0s54°  c0s36°
=1-1=0

Example 12 :

Evaluate the cot 12° cot 38° cot 52° cot 60° cot 78°
Solution :

We have

cot 12° cot 38° cot 52° cot 60° cot 78°

=(cot 12° cot 78°) (cot 38° cot 52°) cot 60°

= [cot12° cot (90° — 12°)] [cot 38° cot (90° — 38°)] cot 60°

=[cot 12° tan 12°] [cot 38° tan 38°] cot 60°

1 1

= Ixlx—=—
NERN

Example 13 :

Iftan 20 = cot (0 + 6°), where 26 and 6 + 6° are acute angles

find the value of 0.
Solution :

We have

tan 20 =cot (6 + 6°)

cot (90° —20) = cot (0 + 6°)

90-206=0+6°

30 = 84°

0 =28°

Example 14 :
Find the value of (1 — sin 20) sec? 0.
Solution :
We have,
(1 —sin? 0) (sec? 0)
= cos® 0 sec? 0
1

cos” 0

=cos2 0 x
=1

Example 15 :

1 1
+
1+sin® 1-sin0

find its value

Solution :
We have

1 1 1-sinO+1+sin0
+ = ; -
1+sin® 1-sin®  (1+sin6)(1-sind)

2 2

= = =2sec? 0.
1-sin® @ cos’ 0
Example 16 :
1-sin®
Find the value of 51.n
1+sin6
Solution :
[1—sin®  |(1-sin6)(1—sin6)
1+sin® (1+sin9) (1—sin6)
B (1-sin 6)2
1-sin% @
71—sin9 3 1 _sine B 0 0
" cos®  cos® cosO secO—tan ©.
Example 17 :

Find the value of [(1 + cot 8) — cosec O] [1 + tan O + sec 0]
Solution :
(1+cot®—cosec0) (1 +tan O+ sec 0)

cosO 1 sin O 1
=|1+———— 1+ +
sin® sin0O cosO cosO

i (sin6+cose—lj(cose+sin9+lj

sin© cosO

B (sin6+cose)2 -1

sin O cos 0

sin® 0+ cos? 0+ 2sinOcosO—1
sin© cos O

1+2sin®cos6—1 3 2sin®cos 6 B

sinOcos 6 sinOcos 6

Example 18 :

If sin6 = %, find the value of sin 0 cos 0.

Solution :

[V

sin 0 =

cos =+1-sin’ 0



e
DISHA 5
/ rrrrrrrrrrr
Example 19 : them easily, we can determine these by using trigonometric ratios.
2sech Line of Sight

1 .
Ifcos 6= 7 find the value if ) The line of sight or the line of vision is a straight line from our eye

e
, *tan”0 to the object we are viewing.
Solution : If the object is above the horizontal from the eye, we have to lift
s :l up our head to view the object. In this process, our eye move
2 through an angle. This angle is called the angle of elevation of
sec0=2 the object.

2secO  2secO 2

l+tan’ 0@ sec’® secH

2
:—:1
2

Example 20 :
12 1+sin 0
If tan 0 = —, find the value of ;
5 1—sin®
Solution : @
tan 0 = 12
5 Eye Angle of elevation
secO=+1+tan? 0 Ifthe object is below the horizontal from the eye, then we have to
turn our head downwards to view the object. In this process, our
12 13 eye move through an angle. This angle is called the angle of
=\tl= =7 depression of the object
5 5 pression of the object.
5
cos=— Angle of depression
13 @

Eye
. 1 Y
sin0 = 1—00526:1—2

12 25
l+sing 1 13 13
th =—=====25
% 1=sin0 2121
13 13
Example 21 :
If sin0=——2—0<0<90° find the value of Ball
2, ;2
a” +b
tan 0. Example 22 :
Solution : A person observed the angle of elevation of the top of a
tower is 30°. He walked 40 m towards the foot of the tower
sinB = a along level ground and found the angle of elevation of the
/ a2+ b2 top of the tower as 60° Find the height of tower.
Solution :
cosO=+1-sin20 Let height of tower AB=xm and BC=ym, DC=40 m.
In AABC,
2 2
a b b
cosO=,[1- = = A
\/ a® +b° \,/az+b2 \/a2+b2
a I
tan =50 _ Va®+b> _a X
cosO b b l
Ja? +p2 30° \60O
HEIGHT AND DISTANCE Dedm—>cy B

Sometimes, we have to find the height of a tower, building, tree,
distance ofa ship, width of a river, etc. Though we cannot measure



X X
AB 60 > 2= y="2 (D)
BC y

x _ 1
40+y 43

=

X
:>\/§X=40+y :>\/§X=4O+E [using (1)]

=3x =403 +x =3x—x =403 = 2x =403

X = 20x/§m

Example 23 :
As observed from top of a light house 100 m. high above
sea level, the angle of depression of a ship sailing directly
toward it changes from 30° to 45°. The distance travelled by
the ship during the period of observation is

Solution :

Let “y’ be the required distance between two positions O
and C of the ship

Inrt. AABC,

""""""""" O L/ A Top

Light house
100 m

O ¢« y—> Cex—B

X

cot 45 =Too = x=100 ()

y+X
22— cot30°
In AAOB, “ oo

= y+x:100\/§ :>y=100\/§—x
= y=1004/3-100 [using (i)]

= y=100(/3-1)

= y=100(1.732-1)=100x0.732=73.20m.

Example 24 :
A 25 m long ladder is placed against a vertical wall of a
building. The foot of the ladder is 7 m from the base of the
building. If the top of the ladder slips 4 m, then the foot of
the ladder will slide by how much distance.

Solution :
Let the height of the wall be h.

p
)
4
\

25

=

. o -

Now, h=+v252 - 72
=4/576 = 24m
QS =+/625-400

=4/225 =15m
Required distance, x =(15-7)=8 m

«— X —>S
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Iftan © =1, then find the value of 5 2
) ) 1 cosec“0—sec” 0
8sin®+5sin0 10. Iftan0= —=> then ﬁ:?
3 3 J7 cosec”O+sec” 0
sin” 6 —2cos” O+ 7cosO
5 3
1 a) — b —
@ 2 (b) 27 @ 3 ® 7
[ © - @ >
(© 3 @ 3 12 4
I @ be a positive acute angle satisfying cos® 0 + cos* 0 =1, _ 2sinq 1—cosol+sinol -
then the value of tan? 0 + tan* 0 is L Ify= 1+cosa+sing P T tsina is equal to
3 @@ Uy (b) vy
@ 3 ® 1 © 1-y @ 1+y
1 12. A person, standing on the bank of a river, observes that the
© = d o angle subtended by a tree on the opposite bank is 60°; when
2
R R o o he retreates 20m from the bank, he finds the angle to be 30°.
;l;})le \glue oftand®. tan43°. tan4ij tar1186 15 The height of the tree and the breadth of the river are —
. (@ 10./3m,10m (b) 10;10/3m
© 3 (d) ﬁ (¢) 20m,30m (d) None of these
8
: 2= —
Iftan 15°= 2 — \/g . the value of tan 15°. cot 75° + tan 75° . 13.  IfOis an acute angle such that tan~ 0 = > then the value of
cot 15°1s.
@ 14 (b) 12 (l+sm 6)(1—sm 9) A
(© 10 (d 8 (1+cos0)(1-cos0)
The value of (sin? 1° + sin? 3° + sin? 5° + ....... +
sin% 85° + sin? 87° + sin2 89°) 7 8
(@) 3 (b) 7
@ 215 ® 22
; © - @ %
o — el
1 1 4 49
© 22- d 23— e
2 2 14.  If 3 cos 6 =5 sin 0, then the value of
7 ind— 3
Ifsin 0 —cos 6 = E and 0 <0 <90°, then the value of sin 6 Ssinf-2 sec3 0+2c0s6 is equal to
5sinB+2sec” 6 —2cos O
+cos 0 is. 71 176
L b) o @ 579 ® 2937
@ 73 ® 77
1 1 (©) 242 (d) None of these
©) I (d) 7 2937
The minimum value of cos 20 + cos 0 for real values of O is—  15. If xsin> 0+ ycos3 0=sinOcos® and xsinB=ycos0,
(a —-9/8 (b) 0
(c) 2 (d) None of these then x%+y? =
5sin@-4cosb _, (@ 1 (b) 2 (¢ 0 (d) None
If 5 tan 6 — 4 = 0, then the value of Ssn0+4c0s0 16. If 1+ sin2 A =3 sin A cos A, then what are the possible
values of tan A?
5 5 (@) 1/4,2 (b) 1/6,3
@ 3 (b — ' ’
3 6 (© 12,1 (d) 1/8,4
1 3 200 _ 3 700
© 0 (d) 5 17.  The value of c?s3 200 c.0s3 200 is
sin — S
The value of tan® 20° — 33 tan* 20° + 27 tan2 20° is : . 1
(@) 2 () 3 - b = 1 d) 2
o] o @5 © 5 © @



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

xcosec230°. sec” 45°
8cos” 45° . sin? 60°

(@ 1 (b -1
© 2 (d 0

=tan? 60° — tan2 30°, then x =?

n
Ifo+ ¢ = o what is the value of (/3 +tan0)

(\/5 +tand)?
(@ 1 (b)) -1
() 4 (d -4

If 0 is an acute angle such that sec? @ =3, then

tan? 0 — cosec>0 .
S 5. I8
tan” 0+ cosec”0

3| w

LR L
@ > O © 5 @ 3
What should be the height of a flag where a 20 feet long
ladder reaches 20 feet below the flag (The angle of elevation

of the top of the flag at the foot of the ladder is 60°)?
(a) 20 feet (b) 30 feet

(¢) 40 feet (d) 2042 feet
If0 & 20— 45° are acute angles such that sin 0 = cos (20—45°)
then tan 0 is equal to

(@ 1 (b -1
1
© 3 (d Nl

If 56 & 46 are acute angles satisfying sin 56 = cos 40 then 2
sin 30 — ﬁ tan 30 =7
(@ 1 (b) 0

1
© -1 @ 5

A vertical pole with height more than 100 m consists of two
parts, the lower being one-third of the whole. At a point on
a horizontal plane through the foot and 40 m from it, the

1
upper part subtends an angle whose tangent is 3 What is

the height of the pole ?
(@ 110m (b) 200m
(¢) 120m (d) 150m
If sec © + tan © = x, then sec 0 = ?

X2 +1 ¥ +1
@) ® =

x
2 2

x“ =1 x“ -1

© = @
x

The correct value of the parameter ‘t’ of the identity
2( sin® + cos®x) + t (sin*x + cos*x) = —1 is:

(@ 0 (b) -1

() 2 d -3
IfacosO—bsinO=c,thenacosO+bsinO="?

(€] i\/a2+b2+c2 (b) i\/az+b2—c2
(©) £+ —d?-b? (d) None of these

28

29.

30.

31

32

33.

34.

35.

36.

37.

tan 0 tan O

secO—-1 secO+1
(@) 2tano (b) 2secO

(¢) 2cosecH (d) 2tan6.secH.

Ifa cos©+ bsin ®=m and a sin 6 — b cos 6 = n, then
a’+ b=

(@) m?—n? (b) m? n?

() n?—m? (d) m2+n?

The angular elevation of a tower CD at a place A due south
of it is 60° ; and at a place B due west of A, the elevation is
30°. If AB= 3 km, the height of the tower is

is equal to

@ 243 km (b) 346 km
© 25 km @ 2 m
2 4
(Za + ﬂj
Ifsin o+ cos B =2 (0°< B < <90°), then sin 3 =
(@) sin% (b) cos %
- 2a
(c) sin 3 (d) cos 3

2
If cos* O —sin* O = —, then the value of 2 cos?0 — 1 is

3
(@ 0 ) 1
2 3
(© 3 (d) 3

Ifsin o sec (30°+a) =1 (0 <a <60°), then the value of
sin o + cos 20 is

243
(@ 1 (b) 3
© 0 @ 2
The minimum value of 2 sin? 0 + 3 cos? 0 is
@ 0 ) 3
© 2 @ 1

1

If cosec 39° =x, the value of 2 =10 tsin? 39°+tanZ 51°
cosec” 51

1

22 o 2 ois
sin” 51°sec” 39

(a) xz -1 (b) N x2
© x-1 d 1-x2
IfA=sin? 0+ cos*0, for any value of 0, then the value of A is
3
(@ 1<A<2 b) 7 =A=<2
£<A<1 d §<A<—3
© Jg=As @ 3 =As7g

Iftan 20, tan 40 = 1, then the value of tan 30 is
@ 3 (b) 0

© 1 (d)

-



39.

41.

42.

43.

45.

47.

2
Iftan (8, +6,)= /3 andsec (0,-6,) = ﬁ , then the value

of'sin 20, + tan 30, is equal to (assume that0 <0, -0, <0,

+0,<90°)
(@ 0 (b) 3
© 1 (d 2

1
IfsecO= x+ ar (0°<0<90°), then sec 6 + tan 0 is equal to

x
@ 5 ®) X
g 1
© x @ 5
Ifx = a secB cos ¢, y=b sech sin ¢, z= c tan 0, then, the
2 2 2
X z° |
value ofa—2+b—2—c—zls :
(@ 1 (b) 4
© 9 (d 0
If secO+tan6 E, then sin O is equal to :
secH—tan @

[ I L

@ 5 ® 3 © 3 @ 3

T

S_TE di & di
(a) [ radian (b) 3 radian
T . T .
() 3 radian (d) o radian
The simplest value of
sin?x + 2 tan?x — 2 sec? x + cos? x is
@ 1 (b) O
(© -1 d 2

A kite is flying at a height of 50 metre. Ifthe length of string
is 100 metre then the inclination of string to the horizontal
ground in degree measure is

@ 9 (b) 60

() 45 d 30

From the top of a light-house at a height 20 metres above
sea-level, the angle of depression of a ship is 30°. The
distance of the ship from the foot of the light-house is

@ 20m (b) 203m
(¢) 30m @ 303m

a’? b’
Ifx =asin 0 and y= b tan0 then prove that x_2 - y_2 is
@ 1 (b) 2
(© 3 d 4

If 2y cosB = x sin® and 2x secO — y cosecO = 3, then the
relation between x and y is
(@) 2x*+)?=2
© P+4?=1

(b) x*+4)°=4
(d) 4x>+y*=4

48.

49.

50.

51

52.

53.

54.

5.

56.

57.

9
If secO+ tan O = /3 , then the positive value of sin® is
(@ 0 (b) L
2 2

NE)
() — (d 1

2
The radian measure of 3°14'51" is

(28117:)0 3811n\¢
@ | 3000 ® {000

(481175)0 i [ssnnjc
© | 3000 @ {3000

4 . 4 4 . 4
If cos «, sm o =1, then the value of cos B + sin 8

2

COSZB sinzﬁ cos“a sin“a

is

1
sin0—cos0+1 [whereeiz). 1
sin®+cos0—1 o |1Sequa to
1+sin© 1—sin®
® cosO (b) 050
1-cosO 4 1+cos0
© sin® (d) Sin©

The angles of elevation of the top of a tower standing on a
horizontal plane from two points on a line passing through
the foot of the tower at a distance 9 ft and 16 ft respectively
are complementary angles. Then the height of the tower is

(@) 9ft (b) 121t
() 16ft (d) 144t
If sin?0L = cos’a, then the value of (cot®o — cot?at) is
(@ 1 (b) 0
© -1 d 2
The simplified value of
(1 +tan® + secB) (1 + cotd — cosech) is
(@ -2 (b) 2
© 1 @ -1
The value of 537 , cot6s is

cos 37° tan25°
@@ 2 (b) 1
(©) 3 d o

cos 60° + sin 60° .
cos 60° — sin 60°

b) 3 +2
@ 3 -2

The value of

@@ -1

© -2++3)

The value of

cot5°.cot10°.cot15°.cot 60°.cot 75°.cot80°.cot 85° s
(cos2 20° + cos? 70°)+2

1 1 NG
(b) 5 (©) NG (d)

@) 5

=
3
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58.

59.

61.

62.

63.

In a triangle, the angles are in the ratio 2 : 5: 3. What is the
value of the least angle in the radian ?

T b1s

(@ % (b) E
21 T

(© < (d) 3

Ifx=acos®—bsin 6, y=bcos0+asin 0, then find the
value of x> + y2

(@ a (b) b
a2
© — @ a’+b’
b
Iftan o + cot o = 2, then the value of tan’a + cot’a is
(@ 2 (b) 16
(c) &4 (d) 128

From 125 metre high towers, the angle of depression of a
car is45°. Then how far the car is from the tower ?

(a) 125metre (b) 60 metre

(¢) 75metre (d) 95 metre

cos> 0+sin°® cos> O—sin> 0

The value of 050+ sin0 050 —sin® is equal to
@ -1 (b) 1
© 2 (d 0

The shadow of a tower standing on a level plane is found to
be 30 m longer when the Sun's altitude changes from 60° to
45°. The height of the tower is

(@) 15(3+\/§)m
© 15(v3-1)m

® 15(\3+1)m
@ 15(3-+3)m

65.

67.

68.

Ifsin 17°= —, then sec 17° —sin 73° is equal to
y v
2 2
@ 2 ¢ (b (X\/y x j
X x2

© (y\/yzj ) @ m

If 8 is a positive acute angle and cosec 6 + cot 6 = /3 , then
the value of cosec 0 is

1

@ 7 ® 3
2 O 1
(© 5 (d)
Ifcos o+ sec o = \/5 , then the value of cos® a + sec3 o is
(@ 2 (b) 1
(© 0 (@ 4
Ifsin © +cos 6= /2 cos 6, then the value of cot 0 is
@ J2+1 ) J2-1
© 3-1 d) B+1
The value of sin21° + sin22° + sin23° + ... +sin289° is
(@ 22 (b) 44
2. ) 44-
© 2 @ 4

ANSWER KEY

1 (a) 11 (b) 21 (b) 31 (b) 41 (a) 51 (a) 61 (a)
2 (b) 12 (a) 22 (a) 32 (c) 42 (b) 52 (b) 62 (¢)
3 (b) 13 (a) 23 (b) 33 (a) 43 (©) 53 (a) 63 (a)
4 (a) 14 (a) 24 (c) 34 (b) 44 (d) 54 (b) 64 (d)
5 (c) 15 (a) 25 (b) 35 (c) 45 (b) 55 (b) 65 (c)
6 (a) 16 (c) 26 (d) 36 (b) 46 (a) 56 (c) 66 (c)
7 (a) 17 (c) 27 (b) 37 (c) 47 (b) 57 (d) 67 (a)
8 (c) 18 (a) 28 (c) 38 (d) 48 (b) 58 (d) 68 (d)
9 (b) 19 (c) 29 (d) 39 (b) 49 (a) 59 (d)
10 (d) 20 (d) 30 (d) 40 (a) 50 (d) 60 (a)




ofsHa

L.

@)

Now,

(b)

or,

or,

gl

(b)

@)

11

HINTS & EXPLANATIONS

tan0=1
sec®=1+tan> 0
=+1+1
2
1
cosO=—
2
sin® =v1-cos’ 0
1_(LJ2_L
V2) 2
8sinB+5sinO
sin® 0 —2cos> 0+ 7cos 0
1 1
X —=+5x—
_ NP
3 3
1 1 1
| —2x| = | 4Tx—=
&) {5
8+5 8+5)
3 2 | 2 _13><2=2
T 2 7 1-2+14 13
7_74_7 ——t-
W2 22 2 22
Given, cos? 0+ cos*0=1
cos*0=1-cos20 [+ sin?0+cos?2 0=1]
cos? 8 =sin? 0.
_sin®0 1
00529.00829
tan20. sec? 6 =1
tan? 0. (1 +tan%0)=1 [-- sec’0—tan?0=1]

tan” O +tan* 0 =1
tan4°. tan 43°. tan 47°. tan 86°

=tan 4°. tan 43° . tan (90° —43°) tan (90° —4°)

=tan 4°.tan 43°. cot43° cot4° [--tan (90 —6)=cot 0]

1
= ° ° —— | cotf=——
tan 4% tan 43° tan 43° ) tan 4° [ tan@}
=1
tan 15° . cot 75°+ tan 75°. cot 15°
=tan 15. cot (90° —15°) + tan (90° — 15°) cot 15°
=tan 15°.tan 15° +cot 15°. cot 15°
= (tan 15)% + (cot 15)2

=(tan 1592+ ——
( ) (tanlS)2

Putting the value of tan 15°= 2—+/3

= (2-3)? +(2—1ﬁ]2

©

(@)

B 1 243
- (2_\/5)242—\/?2%/5}

= (2-3)2 +(2+3)?

= 2|:22 +(\/§)2:| [- (a+b)2+(a—b)2=2(a2+b2)]

=2(4+3)=2x7=14
To find total number of terms
First term = 1, last term = 89, common diff=2.
a,=a;+(n-1)d
89=1+(n-1)>
= 88=(n—1)>?
= n-1=44
= 45terms.
Now, sin? 1° +sin? 3° +sin? 5°+......... +sin? 85°
+ sin? 87° + sin? 89°
= (sin? 1° +sin2 89°) + (sin% 3° +sin2 87°) +..... 22 terms

+sin? 45°
= (sin? 1° + cos? 1°) + (sin? 3° + cos? 3°) + ..... 22 terms
. (LT
V2
1
=(1+1+..... 22terms)+5
= 22+l = 22l
2 2

(sin 0 + cos B)2 + (sin O — cos 0)?

=(sin2 0 + cos?0) + 2 sin 0. cos O + (sin? O + cos? 0)
—2sin©.cos 6.

=1+1=2

So, (sin 0 + cos 0)2 + (sin © —cos 0)2 =2

7 2
or, (sin®+cos0)?+ [Ej =2

ino 92_2 ﬁ:&
or, (sin® —cos0) = 169 169
sin 0 + cos 3 TR

= 2c0s’0—1+cos0

1 1 1
=—1+2 [cos29+—cose+—)——
2 16/ 8

2
=—2+2[cose+l) 2—2
8 4 8

So, the minimum value S=-9/8

Let S=cos 20 +cos0
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8 (c) Given, 5tan6-4=0

= tanO—5
(5sin0—4cos0)

Expression, : cos@ :5tan9—4
(5sinB+4cos®) Stan0+4

cos6

5xﬂ_4

_ s

5><ﬂ+4

5
_4-4 0,
4+4 8

3tan 20° — tan°> 20°

9. (1 +3=tan60° = tan(3x20°) =

9t +t —6t*

2L O tan200 =t
1+9t* —6t2

Squaring, 3=

= t%-33t* 4 27t* =3
= tan® 20°—33tan* 20°+ 27 tan? 20° = 3

1
10. (d) Given, tan 9— —_—

sec = \j1+tan = 1+ \/7
secO _£_\/§
1
7

cosec 0 = ano

cosec?0—sec?0 (Jg)z _(\ET
b

2 20 2
cosec“O+sec” O 2

8_i

T8 1

8+— 8|1+~
7 (+7)

1. (b) 1-cosa+sina  |_coso+sino 1+cosa +sina

1-3tan? 20°

I+sina 1+sina

(1+sin oc)2 —cos’a

1+cosa +sina

- (I+sina)(1+coso +sina)

(l+sin2 o+2sino)—(1— sin? o)

(I+sina)(1+coso +sina)

12. (a)
13. (a)
14. (a)
15. (a)

2sina (1+sina) 2sina

" (1+sina) (1+coso+sina) 1+ cosa +sino -y

Fromright angled As ABC and DBC,
we have

t 60"—E dt 30°—B—
an = 5p ndtan = DB

h
3=—
< h
1 __h
and NE) T x+20
D A B
= h=x3 —>20 Mme— —> x «—
x+20
and h= \/5

\/’ x+20
= XNO = \/7 =3x=x+20=>x=10m

Puttingx=10inh= /3 x, we get h=10./3
Hence, height of the tree = 1(,/3 m and the breadth of
the river= 10 m.
(I1+sinB)(1-sin6) 1- sin? 0
(14 cos0)(1-cos6) P 1-—cos? 0

cosze_ 1 1 7

sin®®  tan2 0 g 8
-

Given, 3cos0=5sin0 =tan 0=

2

secO= \jl+tan = l+ 25+9 34,

5

In expression, dividing the numerator & denominator
by cos 6,

3 Stan@—2sec* 0+2
Stan®+2sec?0-2

4
5><§—2>< @ +2
5 5

4
5x§+2x[\/§74J -2

3251190 5 2312
o625 T 625
3+2x1156—2 1+2312
625 625
_ 8137
2937 979
We have, xsin> 0+ ycos3 0=sinBcosO ..(10)

and xsin®=ycos0 (i)



16. (¢)
17. (¢
18. (a)
or,
or,
19. (¢

Equation (i) may be written as

xsin0.sin® 0+ ycos3 0 =sinBcos O
= ycosesin2 6+ycos3 0 =sinBcos O

= ycos e(sin2 0+ cos? 0) =sinOcos 6

= ycos 0 =sin0cos O

. y=sin0 ..(1ii)
Putting the value of y from (iii) in (ii), we get
xsin 0 =sin 0.cos ® = x =cos 6 -(iv)

Squaring (iii) and (iv), and adding , we get

><2+y2 =cos?0+sin?0=1

In the given equation,

1 +sinZ A=3sin AcosA

Dividing both sides by cos?A,

1 sin® A sin A
+ =3

We get =3.
cos’ A cos® A cos A

= sec’A+tan’ A =3tan A
= J+tan’ A+tan® A =3tan A

= 2tan’ A-3tanA+1=0

= 2tan?A—2tanA—tan A+ 1=0
= 2tanA(tanA—-1)—1(tanA—-1)=0
= (2tanA—1)(tanA—-1)=0

1
tanA=—,1
= 2

cos 20° = c0s(90° —70°) = sin 70°
cos 70° =sin 20°

cos> 20°— cos> 70°

sin> 70° —sin> 20°

sin® 70°—sin® 20°

1
sin 70° —sin> 20°

xx22.(\/§)2 2 1 2
2 7= () - b5
8x(lj X ﬁ 3
2 2
x><4><2_3 1 8_x:9—1
E =3 3
Ex —x—
4
8 8
—X =—
3 3
x=1

Giventhat 6+ ¢= %

= tan(6+¢):tan%
tanO+tan¢ 1

1 —tanOtan ¢ - 3

20.

21.

22.

23.

(d)

(b)

Uul

@)

RO

(b)

= x/gtan6+\/§tan¢ =1-tanOtan¢
(\/g + tan 0) (\/5 + tan §)

= 3+\/§tan6+\/§tan¢+tan9tan¢
=3+1-tanBOtan ¢ +tan Qtan p=4
£ 0=3=secO= 3
tan2@=sec20-1=3-1=2

sec’ 0 _E

tan20 2

cosec? 9 =

tan” 0 —cosec’® 2=,

Now, 2 2
tan“ O + cosec“0

In AABD,

BD
tan 60° = —

AB=— 20

60°
h

AB= 5\6

Now, in AABC
ACZ2=AB?+B(?

» () 2
20 [ ﬁ] +(h—20)
h2+3h%2-120h=0
4h?-120h=0
h(h-30)=0
h=0o0r30
h = 0 not possible
h=301t
sin 6 =cos (260 —45°)
or, cos (90°—0)=cos (20—45°)
90°—-6=20-45°
0=45°
tan O =tan 45°=1
Given, sin 50 = cos 40 = sin (90° —40)
= 50=90°-460
0=10°

2sin 30— /3 tan 30
=25in30°— /3 tan 30°

1
Coxk Bx—=—1i=0,

2 NG)

(D)

13
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24.

25.

26.

©

U

uuy

(b)

(d

Let h be the height of pole, upper portion CD subtend
angleo atA.

1
Then, tan 0 = Y

Let lower part BC subtend angle ¢ at A then
In AABC,

ki
2h/3
c#
5 h/3
> : 40 > Bl
In AABD,
BD
tan(0+¢) = E

tanO+tan¢ _ h
l1-tanOtan¢ 40

1 h

J’_i
2 120 _h

o 40

240

2(60+h) h

(240-h) 40

80(60+h)=240h—h? = 4800 +80h=240h—h?

h?-160h+4800=0 = (h—120)(h-40)=0

h=120

[h =40 is discarded, since h > 100 is given]

Given, sec 0 +tan O =x

sec2 0 —tanZ @ =1

(secO—tan 0) (sec O+ tan B) =1
1 1 .

secO+tan® x (@)

Adding (i) & (ii), we get

1 x%+1
2secO=x+—=
x

sec O —tan 6=

X
2
+1
secf="2
2x
Given identity

2(sin®x + cos®x) + t (sin*x + cos*x )=—1
= 2[(sin®x + cos?x)? — 3 sin?x cos?x (sin?x + cos’x)
+t[(sin®x + cos?x)? —2sin’x cos’x] =— 1
[-(a+b)>=a’+b>+3ab(a+b)
and (a+b)>=a%+b’+2ab
where a= sin2x, b= cos?x]
= 2[1-3sin?x cos?x] +t[1 — 2 sinx cos?x] =— 1

27. (b)
.:.>
=

28. (¢

— 2 6sin?x cos?x +t— 2t sin?x cos?x=— 1

=t (1 -2 sin?x cos®x) =—3 (1 —2 sin®x cos?x)

= t=-3.

(a cos O — b sin 0)2 + (a cos O + b sin 0)2

=a? cos? 0 + b2 sin? O — 2ab sin 0 cos O + a2
cos? 0 + b?% sin? 0 + 2ab cos 6. sin 0.

=a? (cos? 0 + sin? 0) + b2 (sin? O + cos? 0)

=a?x1+b*x1

=a2+ b2

(acos©® —bsin0)2+ (acos0+bsin0)2= a?+ b2

¢+ (a cos 0 + b sin 0)2 = a2 + b2

acosO+bsinO==+ /2 52 2

1 1

tan 0 +
Lec@—l sece+l}

_ tan® secO+1+secH—1 _tane{ 252309 }

(secO—1)(secO+1) sec” 0-1
:tanexﬁzzsecez 2 —

tan” 0 tan 0 cosfx Y

cos0

= Sin0 2 cosec 0.

29.  (d) (acos©+ bsin 0)2+ (asin 60— b cos 0)2 = m? + n2.

or
or
30. (d)
3l (b)

a? cos? 0+ b2 sin 20 + 2ab cos 0. sin 0 + a? sin? O + b2

cosZ 0 +2 ab sin 0. cos 0 = m? + n2.

a? (cos? @ + sin? 0) + b2 (sin? O + cos? 0)
=m?+n?.

2 2

& +b>=m*+n

In AACD, we get AC=hcot 60°=h. (1/~/3), In ABCD,
D
BC=hcot30°=h,/3.
Therefore, from right-
angled triangle BAC,
we have
BC2=AB?+AC?

- (5 -0 ()

302 60°

B 3km A

2
8
= 32 =94 = §h2:9

27
h2= -
= 8

33 36

h=—=km=——km
sino + cosP =2
sina <1 :cosf<2
=a=90°;B3=0°

. (2a+ﬂj . [1800)
C.o S 3 = Sin 3




1 1 3
=sin 60° = g sin0 +cos*0 = 5+ 173
When 6=30°
a 3
cos?:cos30°:7 , A 1 9 13
in2 + =—t—=—
sin” + cos” 0 SRTERT:
(c) cos*@—sin*0=— 1
3 37. () tan20 =—— =cot40
5 tan 40
= (c0s%0 +sin*0 ) (cos20—sinZ0) = 3 = tan 20 =tan (90° —40)
=260=90°-460
=60=90°=0=15°
20 «in20 =2
= cos 6—sm9—3 sotan30=tan45°=1
s 2 38 (d) tan(0,+6,) =./3 =tan60°
= cosf—(I-cos’0) =7 = 0,+0,=60° and sec (6, —0,)
2 2
= 2c0s20 — 1 =3 :ﬁzsec30°
e :§I_3§:30;e 15
(a) T = - | - o an ) — o
c0s(30°+ a) - §in 20, + tan 30,
sin o 1 = sin 90° + tan 45°
= sin(90°-30-a) —1vi=2
. 4x* +1
sina__, 39, (b) secH =——
= sin(60° - a) 4x
= sin o =sin (60° —a) tan0 _ /sec2 -1
= a=60°-a
=20.=60°=a=30° 5 2
.. sin o+ cos 20 = (42 +1) -1
=sin 30° + cos 60° L 4x J
1 N 1 1
— i 2
272 (42 +1)" — (4x)”
(b) 25sin?0+ 3cos%0 = 2
=25in%0 + 2c0s%0 + cos?0 (4x)
=2 (sin%0 + cos?0) + cos20
—9+c0s20 C(2x+1)(2x-1)  4x? -1
.. Minimum value of cosf =— 1 - 4x T 4x
.. Required minimum value=2+1=3
1 2 2 . secH +tan0 4x2+1+4x2_1
————+sin”“ 39°+ tan” 51° . =
© cosec?51° 4x 4x
sin” 51°.sec” 39° 4x
=5in251° + sin?39° + tan%(90° — 39°) 5
8x
1 =——=2x
T2 o o 2400 4x
sin”(90° —39°).sec” 39 40. (a) x=asec.cosd;y=bsecO.sin¢;z=ctan®
=00s239° +sin239° + cot239° ————5—— . X y2 z*
cos? 39 sec? 39° T LT )

bZ 2
[ sin (90° —06)=cos O, tan (90° —0) = cot 0] “ ¢

=1+cot?39°—1 a’sec’Ocos’p  b*sec’Osin’¢ ¢ tan’ O
=cosec?39°—1=x2—1 = 3 + 2 -——
(b) When 0=0° a , ¢
sin20 + cos?0 = 1 =sec? 0. cos? ¢+ sec? 0. sin? ¢ — tanZ O
When 0 =45° = sec? 0 (cos? ¢ + sin? ¢) — tan? O

=sec?0—tan?0=1
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41.

42,

43.

45.

4o.

47.

secH-i—tanO_ 5
secO—tanf 3

=5secO—-5tan0=3secO+3tan O

=2secO=8tan 0
tan9_2

1
= secd S_Z

sin 0 1
= xcosf =—
cos@ 4
o 1
= sinf@=—
4

(b) sec?0+tanZ9=7
1 +tan®+tan?0 =7
(- 1+ tan?0 =sec20)

6
tan2f=— =
an- 0 2 3

tang = +./3

tan 0= /3 ortan6=—./3
As0<0< n/2

0=tan"! f3

==
3

(¢) sin?x +2 tan2 0 — 2sec?x + cos2x
sin?
1-2(1)=-1

(d)

100m 50m

20
(b) tan30° = .

1 _2

NS

x = 20/3m

a? b2_ a? b2
@ 227

X y2 a’sin* 0 - b* tan” 0
= cosec?0 —cot?0 = 1
(b) 2ycosB=uxsin 6O

. 2
= sin6 =—yc056
x

And 2x sec 6 —y cosec 0 =3

X + cos? x — 2 (sec? x —tan? x)

30°

30°

20m

48.

49.

50.

(b)

(@)

(d)

= 2xsecO— .y =3
sin©
2x o

cos® 2ycosH -

:SCosezix:cosezf
2 2

Now sin? 0 + cos2 0 =1

e
=y +—=1
7 4

:>4yz+x2 =4
sec20—tan?0=1

(secO+tan Q) (sec 6 —tan 0) =1

\/g(sece—tane)=l:>sec(9—tanG:L (1)

NG

secO+tan0=+/3 (Given) 2
Adding eqns. (1) and (2)

256062\/§+L3 ZSecezi: secG):i

V3 \3 V3
V3

c.cos0=— [ secH =
2

Therefore, sin0=+1- cos’ 0

3 1
=, /l-===
4 2

1

63° 14'(%} [1 minute = 60 seconds]

= 63° 14+£ = 63° 297 = 63°+ 297
20 20 20x 60

[1 degree = 60 minutes]

o

(75897} 75897 =« . (2811 jc
= = ——radian =

X —
1200 1200 180 8000
costa sin*a
2 5|
cos“f sin“ P
= cos* a sin? B + sin* o cos? B = cos? B sin? B
= cos* o (1 —cos? B) + cos? B (1 — cos? o) = cos? B
(1 —cos?B)
= cos* o — cos* o cos? B + cos? B — 2 cos? a

cos? B + cos* o cos? B = cos? B — cos* B
= cos* a.— 2 cos? a cos? B + cos* B =0
= (cos? o.— cos2 B)2 =0
= cos? o = cos® B
= sin? o =sin? B

4 . 4
cos sin
Then, B + ZB
cos“ o sin“ a



51.

52.

53.

@)

(b)

@)

(b)

2 2

o} sinzﬁ sin” o
* 2
sin” o

cos’ B cos

0052 (04

=cos? P +sin?p=1

sin®—cos0+1

sinf+cos0—1
Dividing Numerator and Denominator by cos 6

sin® _cos 0 1

cos® cosO cos@ _. tanB—1+secH
sinf  cos® 1 tan0+1—secO
cos® cosO cosO

N (tan©+sec 9)—(sec2 0 tan’ 0)
tan0—secO+1
N (tan 0 +secO)[1 —sec O + tan 0]
tan O —secO+1

= tan 0 +secO

sin© 1 1+sin0
+

cosO

cos® cosO

In AABC
h

tano =—
9

In AABD

h
tan =—
P 16

o+ B=90° (given) BI'—9—'C16 D
B=90—a | '

. h
since tanp =—
P 16

tan(90 — o) :£:> cota =£ortanoc =E
6 16 h

(2
From eqn. (1) and (2)

gz%z;ﬁ —16x9 = h=12feet.

If sin? o = cos> a

(D)

tan2 oL =Ccosa
Now consider, cot® o — cot? o

1

1 .
= e T T 5 Since cota =
tan" o tan“ o

Substituting for tanZo. with cos o from (1) above
equation will be

tan o

2

1 1 _l—coszoc_sinzoc_tan o

cos3 o cosa cos3 (0 cos3 a

(1+tan 6+ sec 0) (1 + cot O — cosec 0)

( sind 1 j( cosf 1 j
=1+ + 1+ -
cos® cosHO

sin©
(sin6+cos@+lj(sin9+cos9—lj
= -
sin©

1

cosa

sin O

cos0

55. (b)

=
56. ()
57. (d)

17

_ (sin0+cos0)” —1 _ sin” 0+ cos” 0 +2sin O cosO—1

sinO cosO sinO cos0O
_ 2sin0 cosO
sin 0 cos 0
sin 53° . cot 65°
c0s37°  tan25°
sin53° " tan 25° sin53° 5 tan 25°
cos37° cot65°  cos(90°-53°) cot(90°-25°)
sin53° , fan 25°
sin53° tan25°
[+ cos(90°—0)=sin 6 and cot (90°— 6) =tan 0]
L, NE)
c0s60°+sin60° o o 1443 y 1443
€08 60° —sin 60° 1 ﬁ 1—\/5 1+\/§
2 2
(143  1+43+2\3  4+243
A\ 1-3 -2
22+43) =—(2+43)
2
cot 5°.cot10°.cot15°.cot 60°.cot 75°.cot80°.cot 85°

(cos2 20+ cos’ 70°)+2

cot(90°—=85%).cot(90°—80°).cot(90°—75°).cot 60°.cot 75°.cot 80° cot 85°

58. (d)
59. (d)
60. (a)

(cos®(90°-70°) +cos® 70°) +2

1
cot60°_£_ 1 X\/g_\/g

= = -
1+2) 3

33 B39
Let angles are 2x, 5x and 3x.
2x+5x+3x=180°

(sum of interior angle of triangles is 180°)
10x=18°
x=18°
.. Least angle in degree=2x=2 x 18 =36°

x36°=—

180° 5
x=acosB6—-bsin0O
y=bcos0+asinB
x2+y%=(a cos O — b sin )2+ (b cos O + a sin B)2
= a%cos? 0+ b?sin2 0 —2 ab cos 0 sin O + b2 cos?
0+ a?sin? O + 2ab cos O sin O
= (a®+b?) cos? 0+ (a*+ b?)sinZ O
= a*+ b?* (cos? O +sin20)
= a+b(1)=>d?+b?
tana+cota=2

Inradian =

tan o+ =2 tan?a+1=2tan

tan o
tan?o—2tana+1=0
tan?a—tan o —tan o +1=0
tano(tana—1)—1 (tanaa—1)=0
(tana—1)(tana—1)=0

=
=
=
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tana=1

Now, tan’ o.+ cot” o.=> (tan o)’ + -
(tan o)

6l. (@ Tower

0 =45°

125 m

1 0 =45° C
B Car
In AABC

AB
tan 0 = — :>tan45°:£:>1 _125
BC BC

BC=125m
Hence, car is 125 m from the tower.

(cos 0 +sin 6)(cos2 0+sin’ 0 —sinOcos 0)
(cos0+sin0)

62. (0

(cosO —sin 6)(0052 0 +sin’ 0+ sin O cos 0)

(cos 6 —sin0)
=2 cos? 0 + 2sin? O —sin O cos O + sind cosO
=2
A

63. (a)
45° 60°
D 30m C X

h
In AABC, tan60° = <

h
AN
In A ABD, tan 45° =
t > 30+ x
= =30+
0% orh=30+x
Putting value of x from (1)
h
=30+—
RN
J3-1
or b NG ) _30=h=15 (3+3) m

6. (d) sinl7°=

< =

X
cos 17°= 1__2 =

65.

67.

68.

©

©

(@)

(d)

sec 17° —sin 73°
=sec17°—cos 17°

Il
<
@

I
%

y\/y —x?
cosech + cotd = /3

1 cos0

-5

sin© s1n9

1+cos0
sin©

-5

2 cos2 Q
2

6 =43

2sin§cosf
2 2

0
t— =
ot = f3

1 9

0
tan — = o

2

cosec 0 = cosec 60° = ﬁ

cosa+sec o= 3
taking cube both sides

3

cos?a + sec? o + 3 cosa secal (cosa + secar) = 33
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(sin? 1°+ sin2 89°) + (sin22° + sin? 88°) + ...
+ (sin? 44° + sin? 48°) + sin2 45°
= (sin? 1° +cos? 1°) + (sin? 2° + cos? 2°) + ...
+ (sin? 44° + cos? 44°) + sin2 45°
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