CHAPTER -3

TRIGONOMETRIC FUNCTIONS

KEY POINTS
° 1 radian is an angle subtended at the centre of a circle by an arc
whose length is equal to the radius of the circle.
° n radian=180 degree
1 radian =(@j =57° 16’ 22” (Appr.)
s
° If an arc of length ‘7’ makes an angle ‘0’ radian at the centre of a

. . /
circle of radius ‘r’, we have6 = —.
r

1 th
° | degree is [ﬁj part of a circle. One degree is further divided

into 60 parts called minutes and one minute is further divided

into 60 parts called seconds.

° 360° = one complete revolution
1° =60’ (minutes)
1" = 60" (second)

Quadrant —» I II II1 v
t-functions All sinx tanx CcOSX
which are
. cosecx cotx Secx
postive
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Function Domain Range
Sinx R -1, 1]
Cosx R [-1, 1]
Tanx R—{(2n+1)g}; nez R
cosecx R—{nn};nez R-(-1,1)
Secx R—{(2n+1)g}; nez R—(=1,1)
Cotx R—-{nn};nez R

Trigonometric ldentities:

sin (X + y) = sinx cosy+cosxsiny
sin (X — y) = sinx cosy—cosxsiny
cos (X + y) = cosxcosy—sinxsiny

COs (X —y) = cosx cosy + sinxsiny

tan(x + y) = tanx+tany
1-tanx.tany
tan(x — y) = tanx—tany

_1+tanx.tany

cot x.coty —1

cot(x+y)=
b+y) coty + cotx

cot x.coty +1

cot(x—y)=
coty — cotx
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(xii)
(xiii)

(xiv)

. . 2tanx
Sin2x = 2sinX cosx =

1+tan’x
2
C082x = Cos?X — sin’ = 2c08%X — 1 = 1 — 2sin’x = -2 X tan2 Z
1+tan” x
tan2x = 2ta—n>;
1—tan“x

sin3x = 3sinx — 4sin®x
cos3x = 4cos’x — 3cos x

3tanx —tan®x
tan3x = VY N
1-3tan“x

+y X

X
COSX + Cosy = 2cos > cos XY

2
X+y X

COSX — COSY = 2sinTsin y—

2

sinx + siny = 2sin XY cos XY
2 2

sinx —siny = 2cos > Y gin XY

2 2

2sinx cosy = sin(x + y) + sin(x —y)

2cosx siny = sin(x + y) —sin(x — y)
2C0sXx cosy = cos(x + y) + cos(x —y)

2sinx siny = cos(x —y) — cos(X +y)

sign ‘+’ or ‘=’ will be decided
cosé - 1+ cosA according to the quadrant in
2 2 which angle lies.
A _ 1—cosA
tan— =
2 1+ cosA
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11.

12.

13.

14.
15.
16.
17.

VERY SHORT ANSWER TYPE QUESTIONS
Write the radian measure of 5° 37’ 30”.

Write the degree measure of% radian.

Write the value oftan(%).

What is the value of sin (-1125°).
Write the value of 2sin75° sin15°.

What is the maximum value of 3 — 7cos5x.

Express sin126 + sin46 as the product of sines and cosines.
Express 2cos4x sin2x as an algebraic sum of sines and cosines.
Write the maximum value of cos(cosx) and also write its
minimum value.

Write is the value of tan%.

SHORT ANSWER TYPE QUESTIONS

Find the length of an arc of a circle of radius Scm subtending a central
angle measuring 15°.

If sin 4 :% and g< A < nFind cos 4, sin 24.

What is the sign of cos x/2 — sin x/2 when
(i) 0 <x<m/4 (ii) % <x<nm

Prove that cos 510° cos 330° + sin 390° cos 120° = —1.
Find the maximum and minimum value of 7 cos x + 24 sin x.
Evaluate sin(r + x) sin(r — x) cosec’x.

Find the angle in radians between the hands of a clock at 7 : 20 PM.
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18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

If cota:%, secf :_TS where n<o< 3 © /2 and %<B< n . Find the

value of tan (o + B3).

If cosx = _?1 and T < x < 3?“ . Find the value of cos x/2 , tanx/2

1
a and tan B =

a+1 2a+1

If tan 4 = then find the value of 4 + B

A horse is tied to a post by a rope. If the horse moves along a circular
path, always keeping the rope tight and describes 88 metres when it
traces 72° at the centre, find the length of the rope.

Find the minimum and maximum value of sin*x + coszx; x €R

Find x if tan (x — 15°) =tan (x + 15°)
If secx=\/5 and 3775<x<2n , find the value of

1—tan x — cosec x

1—cotx—cosecx

cotx

Iffix) =

and o +p = Sn then find fla). f(P).
1+cotx 4

Prove that tan 70° = tan 20° + 2 tan 50°

Prove that tan 13x = tan 4x + tan 9x + tan 4x tan 9x tan 13x.

[Hint: 13x = 9x + 4x]

Prove the following ldentities

28.

29.

tan 50 + tan 30

=4 ¢o0s20.cos 40 .[Hint: Break into sin and cos]
tan 56 — tan 30

cosx+sinx cosx—sinx
— =2tan2x.

cosx—sinx cosx+sinx
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

cosdxsin3x—cos2xsin x
=tan2x.

sin 4x.sin x + cos 6x.cos x
[Hint: Transformation formula form product to sum or different]

1+sin©®—-cosO

- = tan9 [Hint: Use half angle formula]
1+sinB+cosB 2

tan o.. tan(60° — o). tan (60° + o) = tan 3a..

\/2 ++/2+2co0s40 =2cos0.[Hint: Use half angle formula]

cos x T X
— =tan| —+—|.
I-sinx (4 2)

cos 10° +cos 110° + cos 130° =0.

sin(x+y)—2sinx+sin(x—y) tan x

cos(x+y)—2cosx+cos(x—y)
. . . . X 3x .
sinx+sin2x+sin4x +sinSx = 4c055.cos?.sm 3x

[Hint: Use transformation formula from sum of product.]

sec80—1 tan80
sec40—-1 tan20

Find the value of /3 cosec 20° — sec 20°

Draw the graph of cosx, sinx and tanx in [0, 2x].

Draw sinx, sin2x and sin3x on same graph and with same scale.

Evaluate: tan [B_nj
12
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43.

44,

45.

46.

47.

1 1
If tan 4 —tan B =x, cot B —cot A =y prove that cot (4 —B) =—+—

Xy

sin(x + a+b tan x
(X)) _ then prove that =

a
sin(x—y) a-b tany b

If
Find the range of 5 sinx — 12 cosx + 7.
Show that cos’+ cos” (x + ZTnj +cos’ (x - 2?75) = %

[Hint: Use cos 2 0 = 2cos’0 — 1]

Show that sino+sinf3+siny —sin(o+p+7y)

=4sin(a;Bj sin(B;y)sin[a;y)

[Hint: Use transformation formula sum to product]

Long Answer Type Questions

48.

49.

50.

51.

52.

53.

' T
Find cos A
1

Prove that sin 10° sin 30° sin 50° sin 70° = E

T 2r 47 dn 1
COS—.COS—.COS—.COS— = —
5 5 5 5 16

c0520°.c0s40°.cos80° = é

Evaluate: cos* = + cos* 3 +cos” (S_nj +cos” (7—nj
8 8 8 8

Jrocj.tan(x_ocj=tan2E
2 2

[Hint: Use cos 20 =2 cos’0 — 1]

If cosx =cosa.cosP then prove that tan ( al
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54.

55.

56.

57.

58.

59.

60.

61.

62.

. 1
If tan(mtcos 0) = cot(nwsin 0) then prove that cos G—EJ =+t——.
(me030) = cot(msin ) then p (0-%)-+~
If sin(B+ o) =aand sin(0+ ) =bthen prove that
cos2(a.—B)—4abcos(a.—B) =1-2a” —2b°

If oo and B are the solution of the equation, atan®+bsecO=c then show

2ac
2 2
a -c

that tan(a. + ) =

Prove that

cos’ x+cos’ y—2cosx.cos y.cos(x + y) =sin’(x + y)
Prove that :
2sin’ B+ 4cos(o + P)sin asin B+ cos 2(a + B) = cos 2a.

sinl6A

Prove that : cos A cos 2A cos 4A cos 8A = —
16.sinA

[Hint: Use transformation formula]

Evaluate: 1—|—cosE 1+cos3—7E 1+cosS—7T 1+cos7—1t
8 8 8 8

Prove that : 4sin a.sin (a +§j.sin (oc +23—nj =sin3a.

[Hint: Use transformation formula of product to sum or diff.]

If sin A + sin B = p, cosA + cosB = q show that

. 2
(i) sin(4+ B) = —LL_
p'+q
2 2
(ii) cos(4+B)=L—L
p'+q
2+ 2
(iii) tan(4+B) =2 "L
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63.  Show that sin® x +sin’ [2% + xj +sin’ [4775 + xj = ?sin 3x

64.

65.

CASE STUDY TYPE QUESTIONS

After retirement, Mr. D. N. Sharma purchased a farm house in
shape of quadrilateral ABCD with LA = 90°, LB =72°, ZC =
108° and ZD = 90°. He also purchased a horse and cow. One
day, he tied the horse with a rope at vertex B and oserved that it
describes an arc of length 88 m when it moves along a circular
path keeping the rope tight.

1

Based on above information answer the following :-
i. Whatis radian measure of £B ?
ii. Whatis length of rope?

iii. What will be the length of arc described by horse if he
doubles the rope length?

iv. What will be the length of arc described by cow if it is tied at
vertex ¢ with the rope of same length as horse?

While playing with this nephew Shashank, Mr. V.S. Malik
observes a vertical pole in park. A wire is tied from top of pole to
a point on ground level. Mr. Malik asks Shashank some
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mathematics related questions. Mr. Shashank is Class-XI
student and very intelligent in Maths. Using some tools he
measure the distance of point at ground where wire is tied as 10

m. and angle between wire and ground level as 75°.

Based on above mformatlon answer the following :-

i. Whatis the value of tan75° ?

J_ 1 ) J3+1
J§+1 J3-1
J3 q V3

(c) NeIT] ( )—\5— y
ii. What is the height of pole?

(a)1o(J§+1) (b) 10(J§—1)
J3 +1 J3 -1
() 10@_1 (d) 1oﬁ+1

iii. Whatis the value of sin75° ?

\E+1 J3 -1 J3+1
@) J3-1 (b) 242 (©) 242 @

¢

&
+
—
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66.

67.

68.

69.

70.

iv. What is the length of wire?

(a)10v2(+/3 +1) (b) 10(+/3+1)
(c) 10v2(V3-1) (d) 10(~3-1)

iii. What is the value of sin105° ?

J3+1 J3-1
(a)—ﬁ_1 (b) YA

The greatest value of sinx cosx is -

a) — b)0 c)1

(a) 7 (b) (c)
tan24E0

The value ofw is -
1+tan“15°

(@) 1

J3
Y

The value of sin50° — sin70° + sin1

(a) 1

© 5

(b) 2
(d) 1/2

(d) Not defined.

........... cos179° is -

(b) V3

(d) 2.

0° is equal to -
(b) O

(d) 2.
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71.

72.

73.

74.

75.

76.

If sin® + cosb = 1, then the value of sin26 is equal to -
(@) 1 b)
2
(c) O (d) 2.
fa+p= % then value of (1 + tana) . (1 + tanp) is -

(@ 1 (b) 2
(c) -2 (d) Not defined.

If cosx = 1(a+1j ,then cos3x is -
2 a

1 1 3( 5, 1
@ 3(=+) ® 3= )

1 3 1 3 3 1
C) —|a —— d —|a ——|.
© 2[ 33) (d) 2[ asj
If P = 2sin®x — cos®x, then P lies in the interval -
(@) 1, 3] (b) 1, 2]

(c) [-1,2] (d) None of these.

If % <X < g then write the value of \1—sin2xis -

(a) cosx — sinx (b) cosx + sinx

(c) sinx —cosx (d) 2.

If sin 6 = —% and tan 6 = 1, then 6 lies in which quadrant
(a) First (b) Second

(c) Third (d) Fourth
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77.

78.

79.

80.

81.

If sin (o —P) :% and cos(oc+[3)=%, where, a and  are positive

acute angle, then

(@) a=45° B =15° (b) a=15° B =45°
(c) a=60°pB=15° (d) None of these
1
If tan 0= ——= and 0 lies in the fourth quadrant, then cos 0 =
J10 a

(@) 1/4/11 (b) —1//11

10 10

— d | —
© [0 @ 0
tan 15° =

1

(@) 3 (b) V3-2
(c) 2-3 (d) None of these

If sina :_—3, where, n<a<37n, then cos%a:

-1 1
a) — b) —
(a) 7o (b) 7o
3 -3
c) — d) —
© o SN
Which of the following number(s) is/are rational
(a) sin 15° (b) cos 15°
(c) sin 15° cos 15° (d) sin 15° cos 75°

Directions: Each of these questions contains two statements,
Assertion and Reason. Each of these questions also has four
alternative choices, only one of which is the correct answer. You have
to select one of the codes (a), (b), (c) and (d) given below.
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(a)
(b)

(c)
(d)

82.

83.

84.

85.

Assertion is correct, reason is correct: reason is a correct
explanation for assertion.

Assertion is correct, reason is correct; reason is not a correct
explanation for assertion.

Assertion is correct, reason is incorrect.

Assertion is incorrect, reason is correct.

cos(T + x).cos(—x)

Assertion: j =cot’x

sin(m — x).cos (z+ X

Reason: cos (n +0) = - cos 6 and cos (—0) = cos 0. Also sin (t —
0) = sin 6 and sin (— 0) = —sin 6.

Assertion: coses x is negative in third and fourth quadrants.

Reason: cot x decreases from 0 to — « in first quadrant and
increases from 0 to « in third quadrant.

Assertion:The degree measure corresponding to (—2) radian is
—114° 19 min.

Reason: The degree measure of a given radian measure

= 180 x Radian measure.

T

Assertion: The ratio of the radii of two circles at the centres of
which two equal arcs subtend angles of 30° and 70° is 21 : 10.

Reason: Number of radians in an angle subtended at the centre
of a circle by an arc is equal to the ratio of the length of the arc
to the radius of the circle.
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| ANSWERS |

1. = 2. 39°22 30
32
1
3. \/5 4.,
J2
5 1
2
6. 10 7. 2sin86 cos460
8. sinbx — sin2x 9. 1 and -1
10. V31
\/§+1
11.70m

12.‘?4, %[Hint: For f(x) = a sin 0 + b cos 6 Max value = v/a* +b*

Min value = — va® +b* ]
13.(i) +ve(ii) —ve 15. Max value 25;
16.—1 Min value —25

[Hint: For f(x) = a sin g
b cos q Max value

Ja*+bh*  Min value

+

Na' +b* ]
17.2% 18. 2
9 11
19.-1/43, -2 oo T4
21.70m 22. min=%, max =1
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23.30° [Hint: Break into sin and cos and use sin(A — B)]
24.1 [Hint: Break into sum and cos and rationalise]

25.1 39. 4
2

40.

42.(i)2—-3 52. %
B V2 +1

45.[-6, 20] 48. = 202
60.-

8
64.i. 2n/5 ii. 70m jii. 176 m iv. 144 m
65.i. (b) ii. (c) iii. (c) iv. (a) v. (c)
66. (d) 67. (c) 68. (c)
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69. (c) 70. (b) 72. (c)
73. (a) 74. (c¢) 75. (c)
76. (c) 77. (a) 78. (c)
79. (c) 80. (a) 81. (c)
82. (a) 83. (¢) 84. (d)
85. (d)
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