JEE(Adv.)-Mathematics Trigonometry

TRIGONOMETRY

L0
1. INTRODUCTION TO TRIGONOMETRY :
The word 'trigonometry' is derived from the Greek words 'trigon' and 'metron' and it means
'measuring the sides of a triangle'. The subject was originally developed to solve geometric problems involving
triangles. It was studied by sea captains for navigation, surveyor to map out the new lands, by engineers and
others. Currently, trigonometry is used in many areas such as the science of seismology, designing electric
circuits, describing the state of an atom, predicting the heights of tides in the ocean, analysing a musical
tone and in many other areas.
(a) Measurement of angles : Commonly two systems of measurement of angles are used.
() Sexagesimal or English System : Here 1 right angle = 90° (degrees)
1° = 60' (minutes)
1' = 60" (seconds)

(ii) Circular system : Here an angle is measured in radians. One radian corresponds to the
angle subtended by an arc of length 'r' at the centre of the circle of radius . Itis a constant
quantity and does not depend upon the radius of the circle.

(b) Relation between the these systems : g radian = 90°
(c) If 6 is the angle subtended at the centre of a circle of radius ',
n /€
by an arc of length '/'then — =0 .
r
Note that here /, r are in the same units and 0 is always in radians.
SOLVED EXAMPLE
Example 1 : 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 : Letr, andr, be the radii of the given circles and let their arcs of same length 's' subtend angles of 60°

and 75° at their centres.

T T T STC
o—| 60x—— —_ o
Now, 60 ( 180} (?Jand 75 —(75)(—18 J—(—l J

T_s Om_S
3 1 and 15 L,
T T T on
= 51‘1 =S and Ik =S = 51‘1 _Erz = 41, =51, = r,:r,=5:4 Ans.
Problems for Self Practise - 01 :
)] The radius of a circle is 30 cm. Find the length of an arc of this circle if the length of the chord of the

arc is 30 cm.
Answers : )] 10 rcm
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L0
2. T-RATIOS (OR TRIGONOMETRIC RATIOS):
In a right angle triangle
P b p h h B b
sin0==; cosO=—; tanO==;cosecO=—;sec6=— andcot® =—
h h b p b p A n
b
'p'is perpendicular ; 'b' is base and 'h' is hypotenuse.
Note : The quantity by which the cosine falls short of unity i.e. 1 — cos9, is called the versed sine 6 of 6 and
also by which the sine falls short of unity i.e. 1—sin6 is called the coversed sine of 6.
L0
3. BASIC TRIGONOMETRIC IDENTITIES :
(a) sin@ +cos?20=1 orsin?60=1-cos?® orcos?6=1-sin?0
1
(b) sec?0—tan20=1 orsec?’6=1+tan?0 ortan?6 =sec?26—1or secb +tand = ——
secO—tan 0
(c) cosec? 0 —cot?20 =1 or cosec?0 =1+ cot?6 or cot? 6 = cosec? 6 —1
1
or cosecO + cotf = ———
cosecO—cotH
SOLVED EXAMPLE
Example 2: If sin®+sin” @ =1, then prove that cos'> 0+ 3cos'’ 0+3cos’ 0+cos’6—1=0
Solution : Given that sin@ = 1 — sin’0 = cos®0
L.H.S. =co0s’9(cos’® + 1)* — 1= sin’0(1 + sinB)’ — 1= (sin® + sin*0)’ - 1=1-1=0
Example 3: 4(sin®0 + cos®0 ) — 6 ( sin“0 + cos*0 ) is equal to
(A)O (B)1 (C)-2 (D) none of these
Solution: 4 [(sin?0 + cos?0 )® — 3 sin? 6 cos?0 ( sin?0 + cos?0 )] — B[ (sin%0 + cos?0 )? — 2sin?0 cos?0]

= 4[1 — 3 sin? 0 cos?0] — 6[1 —2 sin20 cos?0]
=4 — 12 sin?0 cos?0 — 6 + 12 sin%0 cos?’0 = -2 Ans.(C)

Problems for Self Practise - 02 :

4
1 If cotO = 5 , then find the value of sin®, cosb and cosect in first quadrant.
2 If sinb + cosecH = 2, then find the value of sin®0 + cosec®0
A 1 345 2 2
nswers : SRR A
M 553 @
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NEW DEFINITION OF T-RATIOS :

By using rectangular coordinates the definitions of trigonometric functions
can be extended to angles of any size in the following way (see diagram). A
point P is taken with coordinates (x, y). The radius vector OP has length r
and the angle 6 is taken as the directed angle measured anticlockwise from 0
the x-axis. The three main trigonometric functions are then defined in terms ' \

of r and the coordinates x and y. O >
sind = y/r,
cosO = x/r

tano = y/x,
(The other function are reciprocals of these)
This can give negative values of the trigonometric functions.

5 <

P(x, y)

SIGNS OF TRIGONOMETRIC FUNCTIONS IN DIFFERENT QUADRANTS :

90°, /2
II quadrant [ quadrant
only sine All +ve
& cosec +ve
180°%n 0°, 360° 2n
only tan & cot | only cos
+ve & sec +ve
Il quadrant IV quadrant
270° 3n/2

TRIGONOMETRIC FUNCTIONS OF ALLIED ANGLES :

If 0 is any angle, then — 0, g 0,70, 32—n 1 0, 2n + 0 etc. are called allied angles.

(a) sin (2nw + ©) = sin 0, cos (2nw + 6) = cos 6, where n € |
o Trigonometric Ratios of (-6 ):
sin (— 0) = —sin O, cos (— 6) = cos 0, tan (—6) =—tan 6, cot (— 8) = —cot 0,
sec (— 0) = sec 6, cosec (— 0) = — cosec 6.
° Trigonometric Ratios of (x—0) :
sin (1 —0) = sin 6, cos (t— 0) = —cos 0, tan (1 —0) = —tan 6, cot (xr—0) = — cot 0,
sec (m—0) = —sec 6, cosec (n — 0) = cosec 0.

L] Trigonometric Ratios of [g - 9] :
Y T T T
inl —— = ——0|=gj ——0|= ——0| =
sm[2 6] cos 0, 003[2 j sin 0, tan[2 j cot 0, cot[2 ] tan 0,

T T
sec [E— 9] = cosec 0, cosec [E— 9] = sec 0,
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° Trigonometric Ratios of [g + 9] :

E: T _ T T
sm[5+9j= cos 0, cos[Eerj: —sin 0, tan[§+9j= — coto, cot[§+9j= —tan 0,

Y Y
sec| 5 * 0| = — cosec 0, cosec >+ 0 |=sec o,

® Trigonometric Ratios of (x + 0) :
sin (t+ 0)=—sin 0, cos (n + 6) =—cos O, tan (n + 6) = tan 6, cot (x + 0) = cot 6,
sec (n + 0) = — sec 6, cosec (n + 6) = — cosec 0,

° Trigonometric Ratios of [— - 9}

3n . 3n 3n
sin 7—9 = — cos 0,cos =—sin 0, tan 7—9 = cot 0, cot 7—9 =tan 0,

3r 3n
sec 7—9 = — cosec 0, cosec 7—9 =—secH

. . . 3n
° Trigonometric Ratios of - 0

3 3 3
sin [7n+9] = — cos 0, cos (3—2R+6]= sin 0, tan (7n+9]=—cot 0, cot (7n+9]=—tan 0,

3n 3n
sec 7+9 = cosec 0, cosec 7+9 =—secH

7. VALUES OF T-RATIOS OF SOME STANDARD ANGLES :

Angles | (° 30° 45° 60° 90° 180° 270°
T-ratio 0 /6 /4 /3 /2 T 3In/2

sin 0 0 12 1/32 NEYD) 1 0 -1
cos 0 1 NEYR) 1/~2 172 0 -1 0
tan O 0 1/-/3 1 NE) N.D. 0 N.D.
cot O N.D. 3 1 1//3 0 N.D. 0
sec O 1 2/03 2 2 N.D. -1 N.D.
cosecd | N.D. 2 2 2/3 1 N.D. -1
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N.D. — Not Defined
(@) sinnn=0; cos nt=(—1)"; tan nt = 0 wheren €|

T
(b) sin(2n+1)5= —1)"; cos(2n+1)— =0where n el

|3

SOLVED EXAMPLE

Example 4: cos (540° —6)—sin (630° — 6) is equal to

(A)O (B) 2 cos 6 (C)2sin6 (D) sin 6 —cos 6

Solution: cos (540° — 0) — sin (630° — 6) = — cos 6 + cos 6 = 0 Ans. (A)

Problems for Self Practise - 03 :

=
L

8.1

8.2

1 3n
(1 If cos6 = _E and T<0< ? , then find the value of 4tan20 — 3cosec?0.

2 Find value of cos570° sin510° + sin(—330°) cos(—-390°)
Answers : )] 8 ) 0

TRIGONOMETRIC RATIOS OF THE SUM & DIFFERENCE OF TWO ANGLES :
(a) sin (A+ B)=sin A cosB + cos Asin B. (b) sin (A—B) = sin A cos B — cos A sin B.
(c) cos (A+B)=cosAcosB-sinAsinB (d) cos (A—B)=cosAcos B + sin Asin B

an (A + B tan A +tan B an (A B tan A —tan B
+ = -B)=—7m

() an ( ) l-tanAtan B ® an ( ) 1+tan Atan B
(AR cotBcotA -1 h CA_B cotBcot A +1

+ - -_— -

@ cot ( ) cotB+cotA (h) cot ( ) cotB—cotA

Some more results :
(a) sin? A —sin? B = sin (A + B). sin(A - B) = cos? B — cos?A.
(b) cos? A — sin? B = cos (A+B). cos (A - B).

Trigonometric ratios of sum of more than two angles :

(a) sin (A+B+C) = sinAcosBcosC + sinBcosAcosC + sinCcosAcosB — sinAsinBsinC
= XsinAcosB cosC —ITsin A
= cosA cosB cosC [tanA + tanB + tanC — tanA tanB tanC]

(b) cos (A+B+C) = cosA cosB cosC — sinA sinB cosC — sinA cosB sinC — cosA sinB sinC
=TIcos A —XIsinAsinBcos C
=cosAcosBcosC[1—-tanAtanB-tanBtanC—-tanCtan A]

tan A+tanB+tanC—tan AtanBtanC S, —S,
I-tanAtanB—-tanBtanC—-tanCtanA 1-S,

(c) tan (A+B+C) =

(d) tan (0, +6,+0,+....... +0)=

where S, denotes sum of product of tangent of angles taken i at a time
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SOLVED EXAMPLE

Example 5: Prove that \/3 cosec20° —sec20° = 4.

Soluti LHS \/5 1 \/§c0s20°—sin20°
olution : H.S.= - =
sin20°  cos20° sin 20°.c0s20°
3 1 .
_ 4 (\/2_ c0s20° — 5 sin 20°j _ 4(sin 60.c0s20° —cos 60°.sin 20°)
2sin 20°cos20° sin 40°

n sin(60° —20°) _4 sin 40

. =4 =R.H.S.
sin 40° sin 40°

Example 6: Provethattan70° = cot70° + 2cot40°.

tan 20° + tan 50°
1—tan 20°tan 50°
or tan70° —tan20° tan50° tan70° = tan20° + tan50°
or tan70° = tan70° tan50° tan20° + tan20° + tan50° = 2 tan 50° + tan20°
= cot70° + 2cot40° = R.H.S.
Example 7: Prove thatsin (45° + A) cos (45° — B) + cos (45° + A) sin (45°— B) = cos (A—B)
Solution : Clearly sin (45° + A) cos (45° — B) + cos (45° + A) sin (45° - B)
= sin (45° + A + 45° — B) =sin (90° + A—B) = cos (A—B)

Solution : L.H.S. = tan 70° = tan(20° + 50°) =

_.2[£+A] .2[£_Aj_ ).
Example 8: Show that : sin g 2 )—sin“ g )= ﬁ sin A
A A n A n Al 1
Solution : LHS = sin {%+E+E——]}sin {—+———+— b =sin — . sinA = 5 SNA=RHS

Problems for Self Practise - 04 :

. 3 9 T
(1) If sin A = 5 and cosB = e 0<A,B< 5 then find the value of the following :

(@) sin(A+ B) (b) sin(A—B) (c) cos(A + B) (d) cos(A—B)
) If x +y=45°, then prove that :
(@) (1 + tanx)(1 + tany) = 2 (b) (cotx — 1)(coty — 1) =2

(Remember these results)

A A
(3) Prove that 1 + tan A tan > = tan A cot o 1=secA

187 —-133 -84
Answers : )] (@) =—— - -

o 156
205 ®) 05 © 505

@ 205
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9. FORMULAE TO TRANSFORM THE PRODUCT INTO SUM OR DIFFERENCE :
(a) 2 sin A cos B = sin (A+ B) + sin (A - B).
(b) 2 cos A sin B = sin (A + B) —sin (A—B).
(c) 2 cosAcos B =cos (A+B)+cos(A-B)
(d) 2 sin Asin B = cos (A— B) —cos (A + B)

10. FORMULAE TO TRANSFORM SUM OR DIFFERENCE INTO PRODUCT :

C+D C-D
(a) sin C + sin D = 2 sin ( jcos ( j

2 2
_ _ C+D) (C-D
(b) sin C —sin D = 2 cos > sin >
C+D C-D
(c) cos C +cos D =2 cos T cos >
C+D —
(d) cosC—cosD=23in( 7 jsin(chJ

SOLVED EXAMPLE
Example 9: Prove that sin 5A + sin 3A = 2sin 4A cos A

Solution : L.H.S. sin 5A + sin 3A=2sin4A cos A =R.H.S.
C+D C-D
[ sin C+sin D =2sin cos ]
2 2
Example 10 : Find the value of 2 sin 36 cos 6 — sin 40 — sin 20
Solution : 2sin 30 cosO—sin40—sin20=2sin30cos0—[2sin30cos0]=0

Example 11: Provethat

sin80cosO —sin60cos30
cos20cos0—sin30sin40

(@ tan 20
tan50 + tan30

®) tan50 _tan3e _ 7 €08 20 cos 40

2sin86cos 0 — 2sin 60 cos 30
2c0s20cos 0 —2sin 30sin 460

Solution : (@)

_ sin90+sin70-sin90-sin30  2sin20cos 560  tan 26
= c0s30+cos0—cos0+cos70  2cos50cos20 "

b tan56+tan30  sin50cos30+sin30cos50  sin80 - 4 c0s26 26
(b) tan50 —tan30 _ sin50cos30 —sin30cos50  sin2p ¢ COS<Y €OS
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Problems for Self Practise - 05 :
) Prove that :
sin A +sin2A . A b sin A + 2sin 3A + sin5A B sin 3A
(@) cosA-cos2A %' 7o (b) sin3A +2sin5A +sin7A _ sin5A

M

1.
11.1

11.2

11.3

) Prove that :
(@) cosAsin (B-C)+cosBsin(C—-A)+cosCsin(A-B)=0
(b) (sin3A + sinA)sinA + (cos3A — cosA)cosA =0

TRIGONOMETRIC RATIOS OF MULTIPLE ANGLES :

Trigonometric ratios of an angle 20 in terms of the angle 6 :

2tan O
(a) sin 20 = 2'sin 0 cos 6 = —————
1+tan” 6
. , 1—tan’ 0
(b) cOS 20 = c0s2 0 —sin26=2cos?§—1=1-2sin2h =———
1+tan” O

(c) 1+ cos 20 = 2 cos? 0
(d) 1 —cos20 = 2 sin2 0

1-cos20  sin20

tan 0 = =
(e) sin20  1+c0s20
2tan 0
tan20 = —
® 1—tan’ O

Trigonometric ratios of an angle 36 in terms of the angle 0 :
(a) sin36 = 3sind — 4sin%0.
(b) cos30 = 4cos®0 — 3coso.

B 3tanO—tan’ 0

tan 30
(© an 1-3tan’ 0

Trigonometric ratios of sub multiple angles :

Since the trigonometric relations are true for all values of angle 0, they will be true if instead of 6 be

0
titute —
subS|ue2

0

0 ) 2tan5
(a) S|n9=2$|n2 cos =%
1+tan” —
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1—tan® 2
(b) cosb = cos? — sinzg =2 cos29 -1=1-2 sin29 =L
2 2 2 , 0
1+tan” —
2
(c) 1+ cosb =2 coszz
0
(d) 1—cosf =2 sin?—
2
0 1-cosO sin©
(e) tan —=— =
2 sin O 1+cos6
2tan —
® tan@ = ——=<—
1—tan® —
-0 I—cos0
-4
(@ siny =% >
h cosg—-i- 1+cos 0
(h) )T >
0 tan9=i 1—cos6
2 1+cos6
11.4 Important results :
(a) sin 0 sin (60° — 0) sin (60° + 0) = isin 30
1
(b) cos 0. cos (60° — 0) cos (60° + 0) = ZCOS 30
(c) tan 0 tan (60° — 6) tan (60° + 6) = tan 36
(d) (i) cotA —tanA = 2cot2A (ii) cotA + tanA = 2cosec2A

11.5 Trigonometric ratios of some standard angles :

(a) sin18° = sin — = @ =c0s72°= cos%
10 4 5
n 5+1 3n

(b) c0s836° =cos— = = sin 54° = sin—
5 10
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(c) sin 72° =sin 2%{:1()%2\/§:cosl8ozcosl
(d) sin36° = sing = 10+2\/§ =c0s54° = cos3—n
-1
(e) sin15°:sin£=\/§—=c0s75°=coss—7c
12 242 12
1
() c0s15°:cos£=\/§—+=sin75°:sinE
12 242 12

Bl
Bl

\/_+1

(@) tan15°—tan£:2— 3= —cot75°=cot%

(h) tan75°—tani——2 +3 = —cot15°=cot%

(i) tan(22.5°) = tang =J2-1= cot (67.5°) = cot%

() tan(67.5 )—tan%:x/a+l —cot(22 5°) cotg

SOLVED EXAMPLE
2cos2A +1

Example 12: Provethat: ————— =tan(60°+ A) tan(60° - A) .
2cos2A -1
Solution : R.H.S. =tan(60° + A) tan(60° — A)
tan 60° + tan A tan 60°—tan A ) x/§+tanA x/g—tanA
“{1-tan60°tan A )\ 1+ tan 60°tan A 1—\/§tanA 1+\/§tanA
sin® A
_ 3—tan’ A 7 o2 A 3cos’A—sin® A 2cos’ A+cos’ A—2sin’ A +sin’ A
“1-3tan’ A 1-3 sin?A  cos®’ A—3sin’ A 2cos’ A—2sin’ A —sin’ A —cos® A
cos’ A

B 2(cos* A —sin”* A) +cos® A +sin* A _2cos2A+1
2(cos* A —sin* A)—(sin®> A+cos* A) 2cos2A -1

=L.H.S.



Trigonometry

JEE(AdVv.)-Mathematics
Example 13 : Prove that:tanA+ tan(60° + A) + tan(120° + A) = 3tan3A
Solution : L.H.S. = tanA + tan(60° + A) + tan(120° + A)
= tanA + tan(60° + A) + tan{180° —(60° — A)}
=tanA + tan(60° + A) — tan(60° — A) [*- tan(180° —6) = —tan6]
tan60°+tan A  tan 60°—tan A \/§+tanA \/g—tanA
=tan A + — =tan A + —
1-tan60°tan A 1+ tan60°tan A 1-3tanA 1++3tan A
3+tanA+3tan A ++/3tan? A —/3 +tan A +3tan A —+/3 tan2 A
=tan A +
(1-+/3 tan A)(1++/3 tan A)
8tan A tan A —3tan’ A +8tan A
=tan A + —= >
1-3tan” A 1-3tan" A
_ 3 _ 3
_ 9tan A 3tzan A _3 3tan A tazm A —3tan3A = RILS.
1-3tan” A 1-3tan” A
Example 14 : Show thatsin12°.sin48°.sin54° = 1/8
. 1 1 1
Solution : LH.S. = 5 [c0s36° —cos60°]sin 54° = 5 [cos 36°sin 54° — Esin 540}

=%[2 c0s36°sin 54° —sin 54°] = %[sin 90° + sin 18° —sin 54°]

i[l —(sin54°—sin18°)] = i[l —25sin18°cos36°]

) l[l— 2sinl8 c0518°c0s36°} Zl[l_ sin36°cos 36 }
4 cos18° 4 cos18°
: l[l_2sm36 cos36 }1[1_ sin 72 }1[1__} 1 _rus
4 2cos18° 4 2sin 72° 4 8
Problems for Self Practise - 06 :
) Prove that :
sin 20 1+sin206+cos26
@) —— —=tan0 (b) : =cot0
1+cos20 1+sin260—cos260
) Prove that :

(@)
(b)
(©)

cot 6 cot (60° — 0) cot (60° + 6) = cot 30
cos50 = 16c0s°0 — 20 cos®0 + 5 cosO
sin 40 = 4sin0 cos®0 — 4cos0 sin®0

1
(3) Prove that : cos20°cos40°cos60°cos80°= 16

1 1

(A)- 1 ©)-3

Answers :

“) (A)

If 3 cos x + 2 cos 3x =cosy, 3 sin x + 2 sin 3x = sin y, then the value of cos 2x is

©) 5
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12. CONDITIONAL TRIGONOMETRIC IDENTITIES :
IfA+B+ C=180° then
(a) tanA+tanB+tanC=tanAtanBtanC
(b) cotAcotB + cotB cot C+cotCcotA=1

A B B C C A
(©) tan—tan—+tan—tan5+tan5tan5:1

A B C A B C
(d) cot— + cot — + cot — = cot —cot —cot —
2 2 2 2 2 2

(e) sin 2A + sin 2B + sin 2C = 4 sinA sinB sinC
4] cos 2A + cos 2B + cos 2C =—1—4 cosA cosB cosC

. . , A B C
(9) sin A+ sin B + sin C =4 cos ——COS—COS—
2 2 2

. A. B.C
(h) cosA+cosB+cosC=1+4 SIn—Sin—Sin—
2 2 2
(i) (i) IftanA+tanB +tanC =tanAtanBtan C,then A+B+C=nn,n el
b
(ii) If tan Atan B + tan B tan C + tan C tan A =1, then A+B+C=(2n+1)§,neI

SOLVED EXAMPLE

Example 15: Forall values of a, B, y prove that,

+ + +
003a+cosﬁ+005y+cos(a+B+y)=4cosa2B.cosﬁzy.cosyza.
. 2y+o+p o+p
Solution : LHS = cosa + cosp + 2 cos > cos |

_ a+p a—p o+p
_2003[ > j|:COS( 5 j+COS[ 5 +yj:|

- 2 B —B—
=4 cos [OLTJFBJ cos {a B+O;+B+ ﬂfcos {a P 0; b ZHJF

=4 cos [OLTJFBJ cos [OLTHJ cos (%} = RHS

Example 16: Ifx+y+z= g show that, sin 2x + sin 2y + sin 2z = 4cosx cosy cosz.

Solution : LHS = 23in[g—zj cos (x—y)+2sinzcosz; x+y= [g—z]

= 2 cosz{cos(x —y) +cos(x +y)} (. z= g - (x+y))

=2 C0S Z X 2C0SX cosy = 4 cOS X COS Yy COS Z
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Example 17 : If x+y = n + z, then prove that sin?x + sin?y — sin?z = 2 sin x sin y cos z.
Solution : LHS = sin% + sin (y + z) sin(y — z) = sin® + sin(y+z) sin(n — x) = sinx [sin(rx — (y —z)) + sin(y + z)]
= sinx . 2 siny cos z = 2 sinx siny cosz

Problems for Self Practise - 07 :

) If ABCD is a cyclic quadrilateral, then find the value of sinA + sinB —sinC — sinD

T
) IfA+B+C= E , then find the value of tanA tanB + tanBtanC + tanC tanA

(3) IfA+B +C =180°, prove that

@ sin(B + 2C) + sin(C + 2A) + sin(A + 2B) = 4sin 5 sin 5 sin 5
b sin2A +sin2B + sin2C -85 A B  C
(b) sinA+snB+sinC o ong SNy SNy

Answers : ) 0 ) 1

M

13. TRIGONOMETRIC SERIES:
13.1 Addition series

sin™B —1
@) sino + sin(a+ B) + sin(a+ 2B ) +...... + sinfa + (n—-1) p} = sin[o“rn B]

sin% 2
SinLB n-1
(b) cos o + cos (a.+ B) + cos (o + 2B ) +.... + cosfo + (N—1) B} =~ cos| * + TB
sins
2
where : B =2mn, m e
13.2 Product series of cosine angles
sin2"0
cos 0 . cos 26 . cos2%0 . cos2%0 ...... cos2™'0 = ——
2"sin®
SOLVED EXAMPLE
Example 18 : Prove that:
(@ cos 2n cos an cos bn _ 1
7 7 7 8
(b) If ¢ is the exterior angle of a regular polygon of n sides and 6 is any constant, then prove that
sin 6 + sin (0 + ¢) + sin (6 +2¢) + ............ uptonterms =0
H n
Solution : @) By using Series formulae cos Acos2Acos22Acos2A.......... cos2" A = ;lnn2 ::
sin
sin 8r
B 2n 4n 6n T 2n 4n 7 _1
LHS = cos 7~ €0S —= COS —~ =—C0S - C0S —~ €OS —~ =~ =3 =RHS

23.3inE
7
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(b) LHS =sin 6 + sin (0 + ¢) + sin (0 +2¢) + ...

. no
sin—>- [2e+(n—1)¢j
_ . sin
- sinﬁ 2
2

2
o= 7“ (External angle of regular polygon)

......... +5sin(0 + (n-1) ¢)

n—1)2n
sinE(Zn/n) 29+%
So LHs= —2_ _ _“sin 5 =0 =RHS
sin(n/n)
Problems for Self Practise - 08 :
Find the summation of the following series
1 2_7‘5 + ﬁ + %
(1 cos— cos — cos—
2 1 + 3_7'C + 5_7'C + 7_7'C + Sg_TC
2 cos11 cos11 cos11 cos11 co 1
3 L 3n + o1 + to n term
3 COs 53 +00S 5" +COS o up to n terms.
@) sin2a + sin3a + sindo + ... + sin na, where (n + 2)o = 21t
A : 1 1 2 1 3 1 4 0
nswers: () -2 @ 5, @ 5 @
L0
14. GRAPH OF TRIGONOMETRIC FUNCTIONS :
(i) y = sinx (ii) y = cosx

MY

vY' Y'
(iii) y = tanx (iv) y = cotx
Yo :
_3n _I 1 &t
xed 2L 2L 2 L ey
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(v) y = secx (vi) y = cosecx
/Y YA
\J L N/ N
2nl) 0.1) 2n1) Y=1 (529 (59
-5m/2,0| _35, -, b T T ' -n,0 .0 S
X< 3n/2,0) /2,0 = /2,0 3n/2,0 | 57/2,0 X X 5 X
o _ —i,—1 3_".,1
Y vY'

DOMAINS, RANGES AND PERIODICITY OF TRIGONOMETRIC FUNCTIONS :

T-Ratio Domain Range Period
sin x R [-1,1] 2n
COS X R [-1,1] 2n
tan x R—{(2n+1)w/2 ; nel} R T
cot x R—{nn:nel} R T
sec X R—{(2n+1)/2:n eI} (—o0,~1] U[1,0) 2
cosec X R—{nm:nel} (—o0,—1] U[1,0) 2n

MAXIMUM & MINIMUM VALUES OF TRIGONOMETRIC EXPRESSIONS :

(a) E=asind+bcos6

a . b ]
- E= /.2 12 sino + cosO }
a“+b {\/az+b2 \/a2+b2 |J
b a
Let 7——— =sina & ——— =cosa
a®+b a? +b?

b
= [42. 12 g e
= E =,/a*+b* sin (0 + o), where tan o a

Hence for any real value of 6,
—yJa2+b? < E < {Ja?+b?

Hence acosb + bsind will always lie in the interval [—\/32 +b? ,\/a2 +b?] i-e. the maximum and minimum

values are \/a2 +b?, —\/a2 +b? respectively.

(b) Minimum value of a2tan?6 + b2 cot?20 = 2ab where a, b >0
(c) In case a quadratic in sin 6 & cos 6 is given then the maximum or minimum values can be obtained
by making perfect square.
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SoLVED EXAMPLE
Example 19 : Find the maximum and minimum values of trigonometric functions cos 2x + cos2x
Solution : y = CcOS 2X + COos?X = y=3cos’x—-1 = 0<cos?x<1
=3-1=2 = Ymin =0—1=-1

ymax

T
Example 20: Provethat: —4 <5c0s0+3cos (9 +§j +3 <10  forall values of .

13

T T
Solution : We have, 5cosb + 3008(9 + gj =5cos0 + 3cosecos§—3sin6 sing :7 cosO — T sind

2 2 2 2
Since, _\/(Ej +(—£j Sﬁcose—ﬁsineﬁ\/(gj +[—£j
2 2 2 2 2 2

13 33

= —7<—c0os@———sinB <7
2 2
T
— —7£5c0s6+3cos(6+§j£7 for all .
T
— —7+335c0s9+3cos(9+§j+3S7+3 for all 0.
T
— —4£5c0s6+3cos(6+§j+3310 for all 0.
Problems for Self Practise - 09 :
) Find maximum and minimum value of 5cos6 + 3sin (9 + gj for all real values of 0.
) Find the minimum value of cos6 + cos26 for all real values of 6.
(3) Find maximum and minimum value of cos” 0 —6sin cos0+3sin* 0+2 .
9
Answers : ) 7 &7 ) - g 3) 4++10 & 4-4/10

17. TRIGONOMETRIC EQUATION :

An equation involving one or more trigonometric ratios of an unknown angle is called a trigonometric equation.

17.1 Solution of Trigonometric Equation :
A value of the unknown angle which satisfies the given equation is called a solution of the trigonometric
equation.
(a) Principal solution :- The solutions of a trigonometric equation which lie in the interval [0, 2x) are
called Principal solutions.
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17.2

e.g.

1
Find the Principal solutions of the equation sinx = 2"

Solution :

(b)

(©

. 1 on I
sinx = - 6 6

there exists two values O‘

b 5n o o1
5 and 3 which lie in [0, 27t) and whose sine is 2

L . . . 1 n 5=
Principal solutions of the equation sinx = — are —, —

2 6’ 6
General solution :- Since all the trigonometric functions are many one & periodic, hence there are
infinite values of 6 for which trigonometric functions have the same value. All such possible values of
0 for which the given trigonometric function is satisfied is given by a general formula. Such a general
formulais called general solution of trigonometric equation.
Particular solution :- The solution of the trigonometric equation lying in the given interval.

General Solutions of some Trigonometric Equations (to be remembered) :

(@)

(b)

(©
(d)

Note :

(@)

(b)

(©

(d)

(e)

(f)

(9)

If sin 6 = sin o, then 6 = nnt + (—1)"o. where ae[%,ﬁ} ,nel
IfcosO=cosoa,then0=2ntxa,nel, acl0n]

—-T T
Iftan® =tan o, then0=nn+ o, n e, Oﬂe(?,Ej

If sin?0 = sin? o or cos?0 = cos? o ortan?0 =tan® o, then0=nn+a,n el

sind = 0 = 0 = nm, nel

. T

sing = 1 = 6=(4n+1)5,nel

. s

sind = —1 = 6=(4n—1)5,nel
s

cost =0 = 6=(2n+1)5,nel

coso = 1 = 0=2nm,nel

cosh = —1 = 0=(2n+ 1), nel

tan6 =0 = 0 = nm, nel



JEE(Adv.)-Mathematics

Trigonometry

SOLVED EXAMPLE

Example 21 :

Solution :

Example 22 :

Solution :

Example 23:

Solution :

Example 24 :

Solution :

Solve sin0 = ﬁ
2
sin @ = ﬁ = sind = sinE
2 3

n
O=ng+ (1) 5,nel

3 b
Solve : sec 20 = — i
' V3
NE)
sec 20 = - — = c0s20 = — —
V3 2
5TC 511;
= 00326=cos? = 20=2nn + ?,nel
0=nrnz 5—“ nel
= =nret 12" e
Solve tan0 =2
tan0=2 (i)
Let 2 =tana = tano = tana
= 0 =nn+ a, where a =tan'(2),n el

Solve 4 tan?0 = 3sec?0
4tan’9=3sec®® = (i)

For equation (i) to be defined 6 = (2n + 1) g nel
equation (i) can be written as:

4sin0 3
cos?®  cos?0

6¢(2n+1)g,nel

cos?0 =0
2
. . V3
= 4sin0=3 = sin?0 = >
= sin26)=sin2£ = E)=n1r+E nel
3 -3’
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Problems for Self Practise - 10 :

Note :

(1)

Find general solutions of the following equations :

. 1 30 30
@) sin0 = 5 (b) COS(7J =0 (c) tan (Tj =0 (d) cos?20 = 1

0
(€) V3sec20=2 0 cosec (Ej =-1

Answers: (1)  (a) G:nn+(—1)“g,nel (b) e=(2n+1)§,nel

nm
(c) e:ﬂ,nel (d) 0=—,nel
3 2

T
©) G:nnia,nel ) 0=2nn+(-D"'n,nel

Important points to be remembered while solving trigonometric equations :

(@)

(b)

(©

(d)

(e)

(f)

Many trigonometrical equations can be solved by different methods. The form of solution obtained in
different methods may be different. From these different forms of solutions, the students should not
think that the answer obtained by one method are wrong and those obtained by another method are
correct. The solutions obtained by different methods may be shown to be equivalent by some
supplementary transformations.

To test the equivalence of two solutions obtained from two methods, the simplest way is to put values
of n=....... -2,-1,0,1,2,3....... etc. and then to find the angles in [0, 2x]. If all the angles in both
solutions are same, the solutions are equivalent.

For equations of the type sin 6 = k or cos 6 = k, one must check that | k| < 1.

Avoid squaring the equations, if possible, because it may lead to extraneous solutions. Reject extra
solutions if they do not satisfy the given equation.

Do not cancel the common variable factor from the two sides of the equations which are in a product
because we may loose some solutions.

Some necessary restrictions :

If the equation involves tanx, secx, take cosx # 0. If cot x or cosec x appear, take sinx = 0.

If log appear in the equation, i.e. log [f(0)] appear in the equation, use f(6) > 0 and base of
log >0, =1.

Also note that /[f(0)] is always positive, for example /gin2g = |sin 6], not £sin 6.

Verification : Student are advice to check whether all the roots obtained by them satisfy the equation
and lie in the domain of the variable of the given equation.
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17.3 Different strategies for solving trigonometric equations :

17.3.1 Solving trigonometric equations by factorisation or by reducing them in quadratic

equations.

SOLVED EXAMPLE

Example 25: Solve: tan? —(1+ /3 )tan6 + J3 =0

Solution : tan20—(1+ ,/3)tan0+ /3 =0
After factorization we get

= tan@=1,ﬁ:>6=nn+%,nn+§.

Example 26 : Solve: 4 cosb — 3 secb = 2 tan6

3  2sin®
cosO®  cosO

Solution: 4cos0—-3seco=2tan 6 =4 cos 0 —
=4-4sin’0-3=2sin0 =4sin?0+2sin0-1=0

~2444+16 _ -2:2y5 _ —1:45 ~(V5+1) V5-1
4 4 4

=sino= 8 = 3 =sind =
- H 540 1 180— 1 [_3nj 1 i e— + 1ni 1n3_n
= —sin 54°, sin =sin |~y ),sin gy = 0=nn -1) 10 ©°F n— (1) 10
Example 27 : Solve 2 cos?x + 4cosx = 3sinx
Solution : 2cos?x + 4cosx — 3sin®>x = 0
= 2cos?x + 4cosx — 3(1—cos*) =0
= 5cos?x + 4cosx —3 =0
—2+419 )] ~2-419)|
COSX —| ——— | }dCcOoSX —| ——— | } = i
= { { 5 ]UF{ { 5 ]U> =0 (i)
cosx e [-1,1 ¥VxeR
~2-419
COSX # —————
5
-2++19
equation (ii) will be true if cosx = +T\/_
—2+\/E

= COSX = Cosa, where coso = 5

—2+«/@J
T ,hel

= X=2nt+ a where o = cos™ (

=4c0s?0—-3=2sin0

= —cos 36°, sin 18°
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Example 28 :

Solution :

Example 29 :

Solution :

Example 30 :

Solution:

Example 31 :

Solution :

. . 4 4 7 .
Solve the equation sin“x + cos™ x = 5 Sinx . cosx.
7 7
-4 4, — — i 2 2,\2 s 2 2, —— @
sin"x + cos'x = > sinx . cosx = (sin“x + cos“x)* — 2sin“x cos“x = > sinx . cosx

1 . 7, .
= 1—E(Sln 2x)* = Z(Sm 2X) = 2sin?2x + 7sin2x —4 = 0

1
= (2sin2x —1)(sin2x +4) =0 = sin2x = E or sin2x = —4 (which is not possible)

b

= 2x=nn+(—1)”g,nel
e, x=-TL(-1)" nelAns.

2 12
The general solution of the equation 2cos2x = 3.2cos?x — 4 is
(A)x=2nm,nel (B)x=nn,nel C)x=nmw4,nel D)x=nm/2,nel
2 cos 2x =6 cos? x — 4
= 2(2cos?x—1)=6cos’x—4
= 2cos?x=2=cos*’x=1=x=nm Ans. (B)

If 2 cos?(n + x) + 3 sin(n + x) vanishes then the values of x lying in the interval from 0 to 2w are
(A*) x = /6 or 51/6 (B) x =n/3 or 5n/3 (C)x =n/4 or 5n/4 (D) x = n/2 or 5n/2
2cos?(m+x)+3sin(n+x)=0 =2cos?x—3sinx=0=>2-2sin?x—-3sinx=0

5n

1 1
=2sin?x+3sinx—-2=0=sinx=-2, - =>sinx = 5 =>X= % 3 Ans. (A)

2

The number of values of x in the interval [0, 57] satisfying the equation 3 sin®x — 7 sinx +2 =0 is-
(A)O (B)5 (C)6 (D)10

3sin?x — 7 sinx +2=0
= (3sinx — 1)(sinx —2) =0
sinx # 2
. 1 .
= sinXx = g =sina (say)

where a.is the least positive value of x

) 1
such that sino = g

T
Clearly 0 < a < E . We get the solution,

X=ao,t—a,2n+a, 3n—a, 4n+o and 5t —o.
Hence total six valuesin [0, 57] Ans. (C)
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Problems for Self Practise - 11 :

1

) Solve c0s20 — (v/2 +1) (cose——

72

) Solve the following equations :
@) 3sinx + 2cos?x = 0 (b)

Answers : )

2) (@)

(b) o=""ora kn
2
() eznnig,nel

sec?2a = 1 —tan2a (c)

2nm g,neloanni %,nel

T
x=nn+(—1)”+1g,nel

0

7cos20 + 3sin20 = 4

3n
:—+—,
8

nkel

17.3.2 Trigonometric equations which can be solved by transforming a sum or difference
of trigonometric ratios into their product or vice-versa

SOLVED EXAMPLE

Example 32: Solve cos3x + sin2x —sindx =0
Solution: : cos3x + sin2x —sindx = 0
= cos3x — 2cos3x.sinx = 0
= cos3x =0
= 3x=(2n+1)g,nel
T
= x=(2n+1)g,nel
solution of given equation is
(2n+1) g, nel
Example 33: Solve sin5x.cos3x = sin6x.cos2x
Solution: x sin5x.cos3x = sin6x.cos2x
= sin8x + sin2x = sin8x + sin4x
= 2sin2x.cos2x —sin2x =0
= sin2x =0
= 2x=nm,nel
X = o I
= =5 ,he
cnrt E onel
= X=nnz 6" ne

Solution of given equationis

nm I
—.,Nn
2 "€

SRR

or

or

or

cos3x + 2cos3x.sin(—x) =0
cos3x (1 —2sinx) =0

1-2sinx=0
o1
sinx = 5

x—nn+(—1)”— nel

n
nm+ (-1 )”g,nel

2sin5x.cos3x = 2sin6Xx.c0s2x
sindx —sin2x =0
sin2x (2cos2x—1)=0

2cos2x—1=0
1
COS2X = E

b1
2x =2nw g,nel

ntt <,nel
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1
Example 34 : Solve : cosf cos26 cos36 = Z ; where 0<0< .
1
Solution : 5 (2cosb cos36) cos26 = Z
=  (cos20 + cos46) cos20 =§

1

1
= 5 [2c0s?260 + 2c0s46 cos20] = 5

= 1+ cos40 + 2cos40 cos20 = 1

cos40 (1+ 2co0s20) =0

cos40 =0 or (1 +2co0s20)=0
Now from the first equation : 2cos46 = 0 = cos(n/2)

40 = (n+ljn:> 9=(2n+1)£, nel
2 8

for n=0, ezg; n=1, 92?; n=2 0=—";n=3, 0=— (- 0<0<m)
and from the second equation :
1
c0s20 = _E = —cos(n/3) = cos(n—n/3) = cos (21/3)

20=2kn+27/3 ... 0=kntn/3,k el

21
again for k =0, ezg; k=1,8="7( 0<0<7)
n n 3n St 2n Un A
= s s> — ANS.
8 38 8 3 8
Problems for Self Practise - 12 :
) Solve  sin76 = sin36 + sind
) Solve  5sinx + 6sin2x +5sin3x + sindx = 0
(3) Solve cosO — sin36 = cos20
nr nt n
Answers: (1 3,neI or 7ia,nel
nm T
2 ?,nel or 2nn 3 ,nel
3 CALE 2ni- =, nel + X onel
(3) 3 ,ne or nn—z,ne or nm 4,ne
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17.3.3 Trigonometric Equations of the form a sinx + b cosx = ¢, where a, b, ¢ € R, can be

solved by dividing both sides of the equation by a? +b? .

SOLVED EXAMPLE

Example 35: Solve sinx + cosx = V2

Solution :

sinx+cosx=+2 . (i)
Here a=1,b=1.

divide both sides of equation (i) by V2, we get

1

. 1 . LW b
Sinx . ——= + cosXx.—— =1 = sinx.sin— + cosx.cos— =1 = cos
V2 V2 4

L [ =x=2nm+ = nel
X=g =20 nel =x=2nt+ ;. ne

Solution of given equationis 2nn + % nel

(

X__

L g
7 =

Note: Trigonometric equation of the form a sinx + b cosx = ¢ can also be solved by changing sinx and cosx into
their corresponding tangent of half the angle.

Example 36: Solve 3cosx +4sinx=5

Solution :

Let

3cosx + 4sinx=5 ... (i)
1—tan25 2tan%
cosx = —= & sinx = x
1+tan? > 1+tan® =
2 2

equation (i) becomes

1—tan25 2tan5
3— 2|44 |—2 |25 . (i)
1+tan2 > 1+tan2 X
2 2
X -
tan > =t

o 1-t? 2t
equation (ii) becomes 3 +4 =5

1+12 1+ 2

A2—4t+1=0= (2t—1=0

X
t=tan—

] .
T2 : 2
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=

=

t x_1 tni—tn
an2—2 = a 2—aa,
X

E=nn+a = X =2nm + 20,

1
where tano = E

1
where o = tan™’ (5) ,hel

Example 37: Find the number of distinct solutions of secx + tanx = ﬁ , Where 0 <x < 3m.

Solution : Here, secx +tanx = /3

=

or

1+ sinx = /3 cosx

/3 cosx — sinx = 1

dividing both sides by /a2 + b2 i.e. /4 =2, we get

As

NG

1
Tcosx — —sinx = 5

T LT 1 T
COS—COSX —SIN—SINX =— = cos| x +— | =
6 6 2 6

0<x<3n

T TT TT
gSX+—S3n+—

n wm St In
X+_:_,_,_

6 3 3 3

n 3t 13=w
X=—y — —/——

6 2 6

3n
But at x = ? , tanx and secx is not defined.

Total number of solutions are 2. Ans.

Problems for Self Practise - 13 :

Solve the following equations :

(1) sinx +./7 = cosx.
2 cosech = 1 + cotb.

Answers :

(1) x=2nn—£,nel
4

) 2mn+g,mel

1
2
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17.3.4 Trigonometric equations of the form P(sinx * cosx, sinx cosx) = 0, where p(y, z) is a
polynomial, can be solved by using the substitution sinx * cosx =t.

SOLVED EXAMPLE

Example 38: Solve sinx + cosx = 1 + sinx.cosx
Solution : sinx + cosx = 1 + sinx.cosx ... (i)
Let sinx + cosx =t
= sin?x + cos?x + 2 sinx.cosx = t2
. t2 -1
= sinx.cosx =
2
Now put sinx +cosx=t and sinx.cosx =
= t2-2t+1=0
= t=1
t = sinx + cosx
= sinx + cosx=1 ... (i)

divide both sides of equation (ii) by +/2 , we get

, 1 . 1 1
= sinX.—— + CosX.—= = =
V2 2 2
cos| x-= cos—
= 4) " %%
= X— % =2nt %
(i) if we take positive sign, we get x =2nn + g nel
(ii) if we take negative sign, we get
x=2nt,nel
Problems for Self Practise - 14 :
)] Solve sin2x + 5sinx + 1 + 5cosx = 0
) Solve  3cosx + 3sinx + sin3x — cos3x =0
(3) Solve (1 —sin2x) (cosx — sinx) = 1 — 2sin?x.
Answers : ) nn—%,nel ) nn—%,nel
(3) 2nn+g,nel or 2nmt,nel

-1 in (i), weget t=1+

t2 -1

+ = I
or nt+ —,ne
4
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17.3.5 Trigonometric equations which can be solved by the use of boundness of the
trigonometric ratios sinx and cosx.

SOLVED EXAMPLE

Example 39: Solve sinx[cos%—Zsin xj + [1+sin %—ZCosx]cosx =0

. . X . . X .
Solution : smx[cos Z—2smxj + (1+sm Z—2COSXJCOSX =0 . (i)
. X . . X
= smx.cosz— 2sin®x + cosx + sz .cosx — 2cos’x = 0
. X . X
- sin X.cos 2 +smz.cosx — 2 (sin% + cos?x) + cosx = 0
) .
= smT +cosx=2 (i)

Now equation (ii) will be true if sin54—x =1 and cosx =1

= 5—X=2n1r+E,nelandx=2m1r,mel
4 2
8n+2
L (i)
5
andx=2mn,meI .. (iv)
Now to find general solution of equation (i)
2 5m -1
Bt 2T o omm=8n+2=10m=n= —n
5 4
if m = then n=1
if m=25 then n=6

if m=4p-3,pel then n=5p—-4,pel

‘ general solution of given equation can be obtained by substituting either m = 4p — 3 in
equation (iv) or n=5p—4inequation (i)
general solution of equation (i) is (8p—6)r, p €1

Problems for Self Practise - 15:
)] Solve sin3x + cos2x = — 2

) If x?—4x+5—siny=0, yel0,2n), then -
A)x=1,y=0 B)x=1,y=mn/2 (C)x=2,y=0 (D)x=2,y=n/2

, 1
) If sinx + cosx =, |y +—,y >0, x €[0, n], then find the least positive value of x satisfying the given
y
condition.

Answers: (1)  (4p-3) =, pel @ © (3 @ x= %

2
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18. TRIGONOMETRIC INEQUALITIES :

Solutions of elementary trigonometric inequalities are obtained from graphs in intervel [0, 2r) if the period is
2n. Then we add 2nr to the solution and if the period is n. Then we add nx to the solution.

SOLVED EXAMPLE
Example 40 : Find the solution set of inequality sin x > 1/2.

Solution : When sinx = % , the two values of x between 0 and 2r are =/6 and 5n/6.

From the graph of y = sin x, it is obvious that between 0 and 2,

sinx > — for n/6 < x < 5n/6

2
Hence, sin x > 1/2
= 2ne+ /6 <X <2nm+ 57/6,n e |
y
1
/\ 1/2-/\
i AN 2n Sy
- 0 I I T
- i I \/
-1

. . . T 5w
Thus, the required solution set is UI 2nn+g,2nn+? Ans.

b
Example 41 : |If the set of all values of x in (—g,g} satisfying |4Sinx+\/§| < JE is (;—Z,z—IJ then

find the value of T

a—b‘

Solution: |4sinx+x/§| <J€

= — 6<4sinx+\/§<\/g:>—\/g—ﬁ<4sinx<\/g—\/§
_(\/84‘\/5) . \/g—\/z 5m TT T TC
T<SIHX<T = — X

am b
Comparing with ﬂ <X< ﬂ ,weget,a=-10,b=2
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an

19.

19.1

19.2

HEIGHTS AND DISTANCES

introduction :
One of the important application of trigonometry is in finding the height and distance of the point which are not
directly measurable. This is done with the help of trigonometric ratios.

Angles of Elevation and Depression :
Let OP be a horizontal line in the vertical plane in which an object R is given and let OR be joined.

R 9) P
angle of depression

angle of elevation

Fig. (a) Fig. (b)

In Fig. (a), where the object R is above the horizontal line OP, the angle POR is called the angle of elevation
of the object R as seen from the point O. In Fig. (b) where the object R is below the horizontal line OP, the
angle POR is called the angle of depression of the object R as seen from the point O.

Remark :
Unless stated to the contrary, it is assumed that the height of the observer is neglected, and that the angles

of elevation are measured from the ground.

SOLVED EXAMPLE

Example 42: Find the angle of elevation of the sum when the length of shadow of a vertical pole is equal to its

height.

Solution : Let height of the pole AB = h and

length of the shadow of the Pole (AC) = h

B

In AABC t e—ﬁ—hﬂ
n anb= - ~=1 =

= tan 0 =1
= tan 6 =tan 45°
= 0 =45°
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Example 43 :

Solution :

Example 44 :

Solution :

The shadow of the tower standing on a level ground is found to be 60 metres longer when the sun's
altitude is 30° than when itis 45°. The height of the tower is-

(1)60m (2)30(J§—1)m (3)60J§m (4)30(\/§+1)m.
P
h
45° 30°
A B 60m C

AC=hcot30°=+/3h
AB =hcot45°=h

BC=AC-AB=h (/3 -1)
= 60=h (/3 -1)

60 603 +1)
h= - -
A1 3.1 30 (V/3 +1)

The angle of elevation of the tower observed from each of the three point A,B,C on the ground,
forming a triangle is the same angle a. . If Ris the circum - radius of the triangle ABC, then the height
of the tower is-

(1) Rsina (2) Rcos a (3) R cota (4)Rtan o

The tower makes equal angles at the vertices of the triangle, therefore foot of the tower is at the
circumcentre.

From A OCP, OP is perpendicular to OC.

Z/0CP=qa

t _OP OP =0At
sofano =g+ = = an o

OP=Rtana
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I £xercise # 1

PART-l : SUBJECTIVE QUESTIONS

Section (A) : Allied angle

A-1. Find the radian measures corresponding to the following degree measures
(i) 75° (ii)210° (iii) 860°

A-2. Find the degree measures corresponding to the following radian measures

(i) o (i) 8n (iii) 3 (iv) ==

A-3. Findthe value of :

LT , 2T , 3 __2_27n L
— + _— J— _— _— p—
(i) sin g +cos 3 tan 1 (i) 2 sin 6 cosec 6 cos® 3
) S5m 41 , T P 5m 3 tan? 11w
— + — + - + —-— + —
(iii) 3 cos 4 sec 3 5 tan 3 (iv) co g +cosec an 6
A-4. Findthe value of :
(i) cos 570° (i) sin 675° (iii) tan (=390°) (iv) cot 585°
A-5. Provethat
0 cos(3n+6)cos(2nn—6) - cof2 6.
sin(57t—0)cos (2 + 6]

(i) cos6 + sin (270° + B) — sin (270° — 6) + cos (180° + 6) = 0.

(i) cos [%’He] cos (21 + 0) {cot(%—ej+cot(2n+9)} =1,

sin(180°—0) + tan(90° +0)
—sec(90°+0) —cosec(—0) -

A-6. Iftan 0 =-5/12, 0 lies in the second quadrant, then find the value of

Section (B) : Addition/Subtraction of T-Ratio, sum into product/vice versa
B-1. Show that:

(i) sin 10° . cos 50° + cos 10° . sin 50° = /3 /2
(i) cos 100° . cos 200° — sin 100° . sin 200° = 1/2
B-2. Findvalueof:
(i) cos? 15° — cos2 75° (i) cos? 45° — sin? 15°
B-3. If cos25° + sin 25° = k then find value of cos20° in terms of k.
B4. Show that : cos?a + cos? (o + ) — 2cos a. cos B cos (a + ) = sin?P .
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90 0 50
B-5. Show that : sin7 cos 30 — sin 20 cosE =cos56 sin7.

10
B-6. If A+ B =45 prove that (1 + tanA)(1 + tan B) = 2 and hence deduce that tan 225 =J2-1

B-7. Eliminate 6 from the relationsasec 6 —xtan 0 =y and b sec 6 + ytan 6 = x

Section (C) : Multiple & sub-multiple angle formula

C-1. Provethat:
(i) (cosec 6 —sin 0) (sec 6 — cos 0) (tan 6 + cot 6) = 1

2sin0 tan® (1-tan0)+2sind sec? 0 _ 2sin®

(ii)

(1+tan0)? (1+tan®)
.. cosAcosecA -sinAsecA
(iii) ; = cosecA—-secA
cosA+sinA
1 1 1 1

iv) - =

seco—tana  coso  cOsa  seco +tana
C-2. Prove that

sin® A —sin’B
sinAcos A —sinBcosB

(i) =tan (A + B)

4cos2A

i o) _ _ 10\ = — 7
(i) cot (A + 15°) — tan (A —15°) 17 2sin 2A

sin 3A _cos 3A

- =2
sinA  cosA

C-3. Prove that

C-4. Provethat

1- cotz(Hj
4

i ———=
1+ cotz(wj
4

|

J

+cos%cot4a }sec%x = cosec 4a.

) 1 1
) an3e-—tana ~ cot3o_ooter Ot 20

... Sec8A-1 tan8A
(i) sec4A-1  tan2A

cosA +sinA cosA —sinA
cosA—sinA  cosA+sinA

=2tan 2A)



JEE(Adv.)-Mathematics Trigonometry

C-5. Provethatsin® =L39 and hence deduce the value of sin 15°.
1+2co0s 20
C-6. Provethat:
tan3x 2cos2x +1 . 23inx+ tanx

(ii)

U tanx  2cos2x -1 sin3x tan3x

C-7. Provethat:

1 3
sin 0 sin (60° + 0) sin(60° — 0) = Z sin 36 and hence deduce that sin 20° sin 40° sin 60° sin 80° = E

C-8. Findthe value of
(i) 4 cos 72° cos 36° (i) sin272° — sin? 54° (iii) cos? 48° — sin? 12°

Section (D) : Trigonometric series and conditional identities
D-1. Provethat:

) T 3n 5w T On 1

i) cos -—+cos — +cos T +cOos — +COS T = —

0) 11 11 11 11 112

" no 2 3 4n St 1

(i) cos11 cos » cos » cos 11 cos 1 - 32

. . . , n sinnbcos(n+1)0
D-2. Prove that sin2 0 + sin220 + sin230 + ....... +sin2no= - — -
2 2sin®
sin 80°sin 65°sin 35°

D-3. Findexact value of — i i
NASXact Ve Ol Gin20°+sin 50° +sin110°

D4. I[fA+B+ C=mnthan prove that

é B C (n-A) (n-B) (n-C
sin | 5 +sm2+sm2 =1+ sin —4 sin 1 sin 1

D-5. If x + y =+ z, then prove that sin?x + sin? — sin?z = 2 sin x sin y cos z.
D-6. IfA+ B+ C=2S then prove that

A B C
cos (S —A) + cos(S — B) + cos (S—C)+cosS=4cosE cos 5 cos &

COSA cosB cosC
+ +

D-7. IfA, B, Care angle of triangle then show that —; : 3 3 3 3 =2
g g sinBsinC sinAsinC sinAsinB

Section (E) : Range and graph of trigonometric function
E-1. Sketch the following graphs :

(i) y = 3sin 2x (i)y = 2tanx (iii)y=sin§

2n 2n
E-2. Find the extreme values of sin x sin 3 + X/ sin 3
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E-3. Find the maximum and minimum values of following trigonometric functions

1
H 2X + 4 sin x i - iii cos2x sin2x
(i) cos 2x sin (i) 3sinx+4cosx+6 (i) 27°.81
E-4. Find the greatest and least value of y
T
(i) y =10 cos®*x — 6 sin x cos x + 2 sinx (i)y=3 cos[9+§] +5cos6+3

E-5. If the equation sin*x — 3 sin2x + ? —a = 0 has atleast one solution then the number of integral value(s) of a
is

E-6. The number of roots of the equation cot x = g + X in {— I, %} is

Section (F) : Trigonometric Equations and Inequations

F-1. What are the general values of 6 which satisfy the equations :
(i) cosd = E (ii)cot (x—=1) = \/§ (i) tan6 = 2 (iv) coseco = 2.

(v) 2cot?0 = cosec?0

F-2. Solve
(i) sin96 = sin360 (ii) cotd + tan6 = 2cosecH (iii) sin46 = cos360
(iv) coto = tan100 (v) cotb —tanb = 2. (vi) cosechH = cotb + J3.
(vii) tan20 tan36 = 1 (viii) tan6 + tan26 + \/§ tano tan26 = \/§ .
F-3. Solve the following equations
(i) (2 sin x — cos x) (1 + cos x) = sin®x (i) 6 — 10cosx = 3sin?x
(iii) 5sin®x — 7sinx cosx + 16cos® x = 4
F4. Solve

(i) sind + sin36 + sin50 = 0.
(i) cosO + sin6 = cos26 + sin26.
(iii) cos?x + cos?22x + cos?3x=1.
(iv) sin®n6 — sin?(n — 1)0 = sin?0, where nis constantand n = 0, 1
F-5. Solve
(i) 3 sind — cosd = 2 (i) sin x + cos x = 1 + sin x. cos x.
(i3 cosx+4sinx=5
F-6. Find the values of o lying between 0 and = for which the inequality : tan o > tan® o, is valid.

F-7. Solve 2sin?x —sinx—1>0

1 NE)
F-8. Solve: smx—z cosx+7 >0
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Section (G) : Heights and Distances

G-1.

G-2.

G-3.

G-4.

Two pillars of equal height stand on either side of a roadway which is 60 m wide. At a point in the roadway
between the pillars, the angle of elevation of the top of pillars are 60° and 30°. Then find height of pillars -

: . . : . .5
At a point on level ground, the angle of elevation of a vertical tower is found to be such that its tangent is 12

3
On walking 192 metres towards the tower, the tangent of the angle of elevation is a1 Find the height of the

tower.
Avertical tower stands on a horizontal plane and is surmounted by a vertical flag staff of height h. At a point on
the plane, the angle of elevation of the bottom and the top of the flag staff are o and  respectively. Prove that

htana

the height of tower is M :

From the top of a cliff 25 m high the angle of elevation of a tower is found to be equal to the angle of depression
of the foot of the tower. Then find height of the tower -

PART-Il : OBJECTIVE QUESTIONS

Section (A) : Allied angle

A-2.

A-3

A-4.

A-5

when simplified reduces to:
T 3n
cos(X - j . tan (+X)

(A) sinx cosx (B) —sin?x (C) —sinx cosx (D) sin?x

. T ) ) 3n .
The expression 3 {sm“ (E + Oﬁj +sin*(5m+ Ot)} -2 {Slfﬁ (7 - Olj +sin°(3m + Ot)} is equal to

(A)O (B) 1 (C)3 (D) sin 4a + sin 6a.
1 1
If sin 0 = _E andtan 6 = ﬁ then 0 is equal to -
(A) 30° (B) 150° (C)210° (D) 120°
The value of tan 1° tan 2° tan 3° ... tan 89° is
1
(A)1 (B)O (C) o (D) 5

2n 4n .
If x =y cos 3 =2z cos ?,thenxy+yz+zx is equal to

(A)-1 (B)0O (C)1 (D)2
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3
A6 If0°<x<90°&cosx= ﬁ , then the value of log, sin x + log, , cos x + log, tan x is

(A)O (B) 1 (C)—1 (D)2

A-7 Findtheval ftanﬁ—Zsin9—n—§coseczﬁ+4coszl7—n-
- ind the value o 3 3 4 1 o s

A)3—2\/§ (B)3+2\/§ (C)\/§+1 \/5—1

2 2 2 2

Section (B) : Addition/Subtraction of T-Ratio, sum into product/vice versa

€c0s66° cos6°—sin 6°cos24° _
sin21° cos 39°—sin39° sin 69° '°

(A)-1 (B)1 ()2 (D)0
B-2. If tanAand tanB are the roots of the quadratic equation x2 — ax + b = 0, then the value of sin?(A + B).

B-1. Thevalue of

a® a? a® a?

S rof ®) 3 ©

(A)

B-3. Iftan A—tan B = x and cot B — cot A =y, then cot (A — B) is equal to

1 1 1 1 c 1 1 b 1
-_1 L AL
Ay - ®) - €~ *y ©) iy
. tan155°-tan115°
B-4. Iftan 25° = x, then 1+tan155° tan115° 'S equal to
1-x? 1+ x°2 1+ x2 1-x?
A B C D
) 2x ®) 2x ()1—x2 ()1+x2
o cot A cotB ).
B-5. IfA+ B =225° then the value of (m] (1+cotBJ is
A)2 B 1 C)3 D 1
(A) (B) 5 (©) (D) 3
, , tan(A + B)
B-6. Ifsin2A =X sin2B, then value of ————=
tan(A — B)
A A+l 5 r—1 c & b l
() ®) © 7 ©)
B-7. If cosec A + cotA =11/2 then tanA is equal to
111 44 44 117

(A) Yy (B) 117 () 125 (D) 125
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BS. Ifa- T " I fsin230c—sin30c _ o
. o= 9 en value o Sin 160+ sin 4o is equal to :-
1

(A)1 (B) 3 (C)-1 (D)2
B-9. Value of expression cos? 73° + cos2 47° + cos 73° cos 47° is equal to :-

A ! B)2 C & D)1

A 5 ®) © 7 (D)
B-10. Ifacos6 +bsin06 =3 & asin0-b cosO =4 then a2 + b2 has the value equal to :-

(A)25 (B)14 C©)7 (D)10

Section (C) : Multiple & sub-multiple angle formula
C-1. If Aliesin the third quadrant and 3 tan A—4 = 0, then 5 sin 2A + 3sinA + 4 cosAis equal to

A)O B 2 C 2 D 48
(A) (B)- (©) 5 (D) &
C-2. If cos A= 3/4, then the value of 16cos? (A/2) — 32 sin (A/2) sin (5A/2) is

(A)—4 (B)-3 (C)3 (D)4
c3 sin 50+ sin20—sin 0 _ "

. is equal to -

0850+ 2¢0s30+2c0s’ 0+cosh 0

(A)tan 6 (B) cos 6 (C)cot 6 (D) sin6
C4. Iftan?6=2tan?¢+ 1, then the value of cos 20 + sin? ¢ is

(A)1 (B)2 (C)-1 (D) Independent of ¢
C-5. The value of tan 3A—tan 2A—tanAis equal to

(A)tan 3Atan 2Atan A (B) —tan 3Atan 2Atan A

(C) tan Atan 2A —tan 2A tan 3A—tan 3Atan A (D) none of these

1 1
C-6. Thevalue of sin 20° ~ \/g cos 20° 'S
23 43
(A) —— (B) =5~ (C) 3 (D)1
i 1+ cos—— 1+cosﬂ 1+cosE 1+cos% i

C-7. The value of the expression 10 10 10 10 )18

A 1 B 1 C L D)0

() 5 (B) 7g © 5 (©)

C-8. sin 67%°+ cos67%° is equal to

4422 (B) 4-242 (C)i( 4+2\/§) (D)l( 4—2\/5)

1
2

1
(A) 3
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C-9. Find exact value of sin78° —sin66° —sin42° + sin6° is :-
A l B i C —l D)1
()5 ®) © (D)
C-10. If A= cos 6° cos 42° and B = sec 66° sec 78°, then
1 1
(A)A=8B (B)A=Z B (C)A=EB (D)3A=2B

Section (D) : Trigonometric series and conditional identities

D-1.

D-3.

D-4.

3n
IfA+B+C= ? , then cos 2A + cos 2B + cos2C is equal to-

(A) 1 —4cosA cosB cosC (B) 4 sinA sin B sinC

(C) 1 + 2cosA cosB cosC (D)1 -4 sinAsinB sinC

In any triangle ABC, sin A — cos B = cos C, then angle B (where B > C) is

(A)n/2 (B) /3 (C) /4

The value of Zy 2—ﬁ+ 3—ﬁ+ ﬂ+ 5—n+cos%is
e value of cos= +cos—= +Ccos—- +Cos—- +Ccos— Z

(A)1/2 (B)-1/2 (©)o

2 4 8n 167

T .
The value of COSE cosm cos% cosm cosw is:

A) V10 +2y5 ®)- cos(n/10) ©) cos(n/10)

64 16 16

i 3n 5n 17
The value of cos 7 + cos—— +cos-— +...... + cos—~ is equal to:

19 19 19 19
(A)1/2 (B)0 (C)1

Section (E) : Range and graph of trigonometric function

E-1.

STATEMENT-1:sin2>sin3

STATEMENT-2: If X,y € [g nj , X<y, then sinx >siny

(A) STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is correct explanation for

STATEMENT-1

(B) STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is not correct explanation for

STATEMENT-1
(C) STATEMENT-1 is true, STATEMENT-2 is false
(D) STATEMENT-1 is false, STATEMENT-2 is true
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E-2. Iff(0) =sin*6 + cos? 0, then range of f(0) is

(A) B 1} (B) B%} (C) {% : 1} (D) None of these

T T
E-3. Find the maximum value of 1 + sin (Z + e} +2cos (—— e} -

4
(A)1 (B)2 (C)3 (D)4
E-4. The difference between maximum and minimum value of the expressiony = 1+2sinx + 3cos?x is
16 13
A > (B) 5 ©)7 (D)8

E-5. If cosx (sin x + cosx) = k then find maximum value of k for which equation have a solution:-

J2+1
(A)2 (B) V2 (©)1 0) =
Section (F) : Trigonometric Equations and inequations

1
F-1. The most general solution of tan® = — 1 and sin6 = E is :

7 3n 3n 7
(A)nt+ — ,nel (B)nm+ (—1)" ,nel (C)2nn+ — ,nel (D)2nn+ —,nel
4 4 4 4
F-2. The solution set of the equation 4sin6.cos6 — 2cos6 — 2 \/5 sing + \/5 =0intheinterval (0, 2n) is
ﬂﬁh {E ﬁh {ﬂ nﬁﬁ]> {Eﬁﬁh
Ala g CAFNEY ©Ola "33 ©Olee 6
) . tan 3x —tan 2x i
F-3. Number of values of x in (0, 2r ) for which =1is
1+ tan3x.tan 2x
(A)O (B)1 ()2 (D)3
L > 1 :
F-4. Number of values of 6 satisfying for sin“6 — cosf = Z for0<6<2nis:-
(A)1 (B)2 (©)3 (D)4
F-5. If g sin®, cosO and tano are in G.P. then the general solution for 6 is -
T T T T
(A) 2nni§,ne| (B) 2nnig,nel (C) nnig,nel (D) nniz,nel

F-6. Total number of solutions of equation sinx . tan4x = cosx belonging to (0, 2x) are :
(A) 4 (B)7 (C)8 (D)10
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F-7. Ifxe [O , Tc] , the number of solutions of the equation sin7x + sin4x + sinx = 0 is:

(A)3 (B)8 (C)6 (D)4
cos 30 1
F-S. 2c0820-1 2 if

T

T T T
(A)6=nn+§,nel (B)6=2nnt 3,neI (C)6=2nnig,nel (D)6=nn+g,nel

F-9. Ifsin 6+ 7 cos 6 =5, then tan (6/2) is a root of the equation
(A)x2-6x+1=0 (B)6x2-x-1=0 (C)yex2+x+1=0 (D)x?-x+6=0

F-10. The solution of inequality cos 2x < cos x is

(A)x e 2nn—= 2nm+ = (B)x e ZHR—E,ZI’]TC+2—TC
3 3 3 3

(C)x e {Znn, 2nn +%} (D)x e {2nn —2—;, ZHR}

F-11. Complete set of values of x in the interval [0, 2x] for which 4sin?x — 8sinx + 3<0
T om T om 0.2~
(A) 373 (B) 6" 6 <)Y 3 (D) None of these

F-12. Which of the following set of values of x satisfy the inequation tan?x — (1 + ﬁ )tanx + ﬁ <0

A) [(4n:1)n, (3n;1)n]’ ne2) B)[(Zn;r’l)n, (Zn;r’l)nj’(n .2
C)[(4n:{1)ﬂ:a (4n;1)nj ,(neZ) (D)x e [%, g}

Section (G) : Heights and Distances

G-1. Atower subtends an angle of 30° at a point on the same level as its foot, and at a second point h m above the
first, the depression of the foot of tower is 60°. The height of the tower is.

(A)hm (B)3hm (C) /3 hm (D) % m.

1
G-2. Let o be the solution of 165" ° +16°° = 10in (0, n/4). If the shadow of a vertical pole is ﬁ of its height,

then then the altitude of the sun is-

(Ao ®) 5 ©20 ©) 3

G-3. A vertical lamp-post of height 9 metres stands at the corner of a rectangular field. The angle of elevation of its
top from the farthest corner is 30°, while from another corner itis 45°. The area of the field is-

(A) 81+/2 m2 (B)9/2 m? (C)81+/3 m2 (D) 9+/3 m?
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G-4. Around ballon of radius r subtends an angle o at the eye of the observer, while the angle of elevation of its
centre is 3. The height of the centre of ballon is-
. B . B .o o .
(A) r cosec a sin 5 (B) r sin o, cosec 5 (C) rsin 2 cosec f3 (D) r cosec 5 sin B
G-5. A man on the top of a vertical tower observes a car moving at a uniform speed coming directly towardsiit. If it
takes 12 minutes for the angle of depression to change from 30° to 45°, then the car will reach the tower in
(A) 17 minutes 23 seconds (B) 16 minutes 23 seconds
(C) 16 minutes 18 seconds (D) 18 minutes 22 seconds
PART-IIl : MATCH THE COLUMN
1. If  and B are distinct roots of the equation, a cos 6 + b sin 6 = ¢ such that o — 8 # 2nz then match the entries
of column-I with the entries of column-II
Column -1 Column-lI
A [ [ P 2b
sina + sin B =
() sino + sin p I
5 . _ Q c—a
sina - sin B =
B) sino-sinp @
C tan ¢ + tan B_ R 2be
©) ) > R) a2 +b’
a. P ¢’ —a’
D tan —tan— = S
(D) 5 an > (S) 21 b
2. Column-I Column-lI
) 1
(A)  If for some real x, the equation x + X 2 cos 0 holds, ) 2
then cos 6 is equal to
(B) If cos 6 + sec 6 =2, then cos®®® 0 + sec®%9 is equal to @
(C) Maximum value of sin“6 + cos*0 is ) 0
(D) Least value of 3 sin%0 + 2 cos?0 is (s) -1
3. Column - | Column - I
(A) tan9°-tan27°-tan63° +tan81° P) 1
(B) cosec 10° — V3 sec 10° Q) 2
. sec5° cos40° .
2+/2 sin10° + —2sin35°
© 22 2 sin5° M 3

(D) /3 (cot 70° + 4 cos 70°) (s) 4
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I £xercise 2 I

PART-l : OBJECTIVE

10.

1.

12.

sinA 3 cosA .5

If SnB - - and cosB - 0<A, B<n/2, thentanA + tan B is equal to

(A) V3145 (B) V5/43 (C)1 (D) (v/5 +4/3)/+/5
2cosP—-1 o %

If cos o= 2—cosp then tan > cot < has the value equal to {where a, 8 € (0, n)}

(A)2 (B) V2 (C)3 (D) /3

tanoa+2tan2a+4tand4a +8cot8 a =

(A) tan a (B) cot a (C) cot 16a (D) 16 cota

The value of (cos* 1° + cos* 2° + cos* 3° + ... + cos* 179°) —(sin* 1° + sin* 2° + sin*3° + .... + sin* 179°) equals

to :-

(A) 2 cos 1° (B)-1 (C)2sin 1° (D)0

In a right angled triangle the hypotenuse is 2 V2 times the perpendicular drawn from the opposite vertex. Then
the other acute angles of the triangle are

b T b 3n TN n  3n
W3 &% B) g% ©787 )5 &30
. . cos 36
Ifcosa+cosB=a,sina+sinp=banda-p =20, then =
cos0
(A)a?2+b2-2 (B)a2+b2-3 (C)3—-a2-b? (D) (a%+b?) /4
If x+y=3-cos40 and x—y=4sin20 then
(A)x +y4=9 B)Vx+yy=16  (©xX+y=26¢+y) (D) Vx+\y=2
2 A 2 2 C
In triangle ABC, the minimum value of S€C 3 +Ssec 5 +Ssec E isequal to
(A)3 (B)4 (C)5 (D)6
The number of all possible triplets (a,, a,, a,) such that a, + a, cos 2x + a, sin’x = 0 for all x is
(A)O (B)1 ()2 (D) infinite
i -H* 1 is equal t
— sin®(k +1)°—sin? 10 ' ®44& %0
A) tange B) cot 2° sin2° 5 cot2°
(A)tan (B) co ) cot2° ©) sin 2°
Equation kcosx — 3sinx = k + 1 possess a solution iff
(A) k & (=0, 4] (B) k €[4, ) (C)k & (-, 6] (D) k & (-, 6) U (8, x)

Number of solution of the equation tan? o +2 \/5 tana=1in|[0, 2] is :-
(A)3 (B)5 (C)4 (D)2
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i 27
13. The general solution of the equation tanx + tan (x + Ej + tan (X + 7} =3is

NATLT o emmom o amomo o onmom
A +pne B3 *g:ne C) 3 1pne (B) 5=+ 4ne

14. Number of solution of equation (sinx + cosx)'*">*=2 in 0 < x < nis :-
(A)1 (B)2 (C)3 (D)4

X 1
15.  The number of solution(s) of 2cos? (Ej sin’x = x>+ —, 0 <x<n/2, is/are -
X

(A)O (B)1 (C) infinite (D) none of these

1

16.  Value of x and y which satisfy 9 cos’x \/y2 —y+1/2<1 is -

A ! I B i l I
()x—nn,y—z,ne (B) x = 2,y—2,ne
C 2n+1 i 1 I D 2nt + T ! I
= + - = —— = - =
(C)yx=(2n )2,y 2,ne (D) x nn_3,y 2,ne
17.  General solution of equation : tan?0 + sec?0 + 3 =2 (\/5 sec 0+ tan O)is :-
T T T T
(A)nr + Z (B) 2nxm + Z (C)2nr + E (D) 2nnig
18.  The solution of inequality 4™ — 3.2+ 2 <0 is
(A)X€|:n1t,n1t+§:|;nel (B)Xe{nn,nn—%};nel
(C)X€|:n1't,n1't+g:|;nel (D)Xe{nn,nn—%};nel

PART-Il : NUMERICAL QUESTIONS

tanm

1. If 3 sina. =7 sinp, then find the value of ——=—-.
a—p
tanT

1 1 1 1
2. If cos 0 =E (a’L _aJ and cos 30 = 5 [ak + a_kj then number of natural numbers 'k' less than 50 is

(givena e R)

3. If three angles A, B, C are such that
cos A+ cosB + cos C=0and if
cos A cos B cos C = \(cos 3A + cos 3B + cos 3C), then value of 3r is :

4, Given 2y cos 0 = x sin 6 and 2x sec 0 — y cosec 0 = 3, then find the value of (x? + 4y?)
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.
20.

K

Z cos(3n+1)—cos(3n +2)x
) 1+2cos(2n+1)x

T
then find 2f10 (Zj +5

Letf, (x) =

If 76 = =t then find exact value of cos@ + cos? 150 + 2 cos® 80

nm
If 2tan®x — 5 secx — 1 = 0 has 7 different roots in {0’ 7} , n e N, then find sum of all posible values of n.

Greatest integral values of a for which the equation cos 2x + a sin x = 2a — 7 possesses a solution.

If M and m denote maximum and minimum value of \/49 cos’0+sin’0 *+ \/49 sin” 0 + cos’ § thenfindthe

value of (M + m)

In any triangle ABC, which is not right angled 3 cosA .cosecB.cosecC is equal to

mT
Value of x satisfying equation log > (sin3x +sinx) = log (sin 2x) is — T where m, n are coprime

x2—6x

10 10

m .
then ; is equal to

Number of values of x in [0, 6] satisfying trignometric equation 2sin (11x) + cos (3x) + ﬁ sin (3x)=0is

—an
The sum of all solution of the equation 2 (cos x + cos 2x) + sin 2x (1 +2 cosx) =2sin X (—n<x <) is T then

ly It
- isequal to
b q

Arithmatic mean of all solution of trignometric equation tan?x - tan? 3x - tan 4x = tan?x — tan?3x + tan 4x in

k

km
[0, t]is — find —.
m m

Number of solutions of equation tan?x — 3tanx + cot?x — 3cot x + 4 = 0 in [-507, 50x] is :-

Sum of all the solutions of the inequation —cos’ x<sin®® 2l v intheinterval [-2r, 27] is :-
2—cos' x<sin~ X+cos” X

., 0 0
Find the number of values of 6, 0 < 6 < 2x such that the graph of f(x) = (2 sin® EJ X2 + (COtEJX —1 and

0
g(x) = (2 cos’ g} x* — (tan EJ X 4+ cot” O has exactly one point in common.

km
If sum of all the solutions of the equation cot x+ cosec x + sec x = tan x in [0, 2n] is 7 then find z

Number of value (s) of x € [0, 4] satisfying the equation cos x —tanx = cot x is
In (=3x, 3n), find the number of solutions of the equation tan6 + tan 26 + tan 36 = tan 6.tan20.tan36
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21. If 0<x<4n,0<y<4nandcosx.siny =1, then find the possible number of values of the ordered pair

(x,y)
22. Find the number of values of 0 satisfying the equation sin36 = 4sin 0. sin26. sin40in 0 <06 <2xn

i kr
23. Consider the equation for 0 <0 < 2m; (sin 20 +\/§cos2e)2 -5=cos [E—ZGJ . If greatest value of 6 is ?

k
(k, p are coprime), then find ; .

24. Find the number of solutions of sin6 + 2sin26 + 3sin36 + 4sin46 = 10 in(0, 6m).
25.  Find the values of x satisfying the equation 2 sin x = 3 x2 + 2x + 3.
26.  Number of solution of sinx cosx —4cosx + 6 sinx =25 > 0in [0, 4n] is :-

L1
sin®® sin’ O

1/8
27.  Number of solution of the equation (1 +sin 0)"® +( j =2"%(sin0)"* in [0, 2n] is :-

PART - 1ll : ONE OR MORE THAN ONE CORRECT

(cos17°—sin17°)

1. The value of (cos17°+sin17°) is
(A)tan 332° (B) tan 28° (C) cot 242° (D) cot 62°
sinx cos*x 1
2. If 5 + 4 = 5 , then which of the following is/are TRUE ?
4 4
A) cot’~ g B)tan?x = —
(A) cot?x= 5 (B) 5
64 125 125 64
2 -1458 St =5 =1458
COs’ X Sin” X COs’ X sin’ X
1+cos2x X
3. If ————+3| l+(tanx) tan— | sjn x = 4, then the value of tanx can be equal to
sin 2x 2
A)1 B ! C)3 D !
(A) (B) 3 (€) (D) 3
4, If sin x + siny =a and cos x + cos y = b, then which of the following may be true.

2 2
: _ _2ab Xy _ /u

(A) sin (X+Y)-m (B)tan—= =" 2 2
_ 4-a%-p? 2ab

X-y _ /— _ 2a
(C)tan—== = =" 2 2 (D) cos (x +y) = 221 p?
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5. Which of the following is correct ?
(A) sin 2° > sin 2 (B) sin 2° < sin 2
(C) cos 2° > cos 2 (D) cos 2° < cos 2
6. If cos x + cosy =a, cos 2x + cos 2y = b, cos 3x + cos 3y = c, then
b a’> (b+2
2 + 2 = + — B . - — | —
(A) cos?x + cos?y = 1 > (B) cos x - cos 'y > 1
(C)2a®+c=3a(1+b) (D)a+b +c=3abc
7. If P_ = cos"0 + sin"0 and Q, = cos"0 — sin"0, then which of the following is/are true.
(A)P, —-P _,=-sin6cos®0P__, (B)Q,-Q, ,=-sin*0cos®0Q, _,
(C)P, =1-2sin’0 cos®0 (D) Q, = cos®0 —sin%6
8. If 2 cos 0 + sin 0 = 1, then the value of 4 cos 0 + 3 sin 0 is equal to
7
(A)3 (B)-5 (€) 5 (D)-4

4 3n -5 3n
9. If cotx = g ,xe | T andtany= —_,y e —>2T | then which of the following is(are) correct?

"2 12 2
Asi -56 5 -33 C)sin 3 -117 b ) 119
+ = — —_— = = = —
(A) sin(x +y) 65 (B) cos (x —y) 65 (C) sin 3x 125 (D) cos 169
10. If tan%a + 2tana. tan2p = tan?p + 2tanf. tan2aq, then
(A) tan?a + 2tana. tan2p = 0 (B)tan o + tan § =0
(C)tan?p + 2tanp. tan2a. = 1 (D) tan o =tan f
1. IfA, B, Careangle of AABC and tan Atan C = 3, tan B tan C = 6 then :-
T 1
(A)A= Z (B)tan (A+B)=-3 (C)tan (B-A) = g (D) cot (C-A)=2
12. If the sides of a right angled triangle are {cos2a + cos2f + 2cos(a + )} and
{sin2a + sin2p + 2sin(a. + B)}, then the length of the hypotenuse is:
(A) 2[1+cos(o.— B)] (B) 2[1 — cos(a+ B)] (C) 4 cos? = 5 b (D) 4sin?= 2+ b
13. (@+2)sina+(2a—1)cosa=(2a+1)iftana=
A 3 B 4 2a b 2a

T
14. Let S =sec?0sec?) + 4 sec?0 cosec? ¢ + 9 cosec?0 where 0, ¢ € (O’Ej . Which of the following statements is/

are true?
(A) The minimum value of S is 36
(B) The minimum value of Sis 18

T
(C) The minimum value of S occurs at 6 = Z , d=tan™’ \/5

T

(D) The minimum value of S occurs at ¢ = 1 0 =tan™ \/5
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

2b
Iftanx = ——, (@a=c)
a-c

y = a cos?x + 2b sin x cos X + ¢ sin?x
Z = a sin?x — 2b sin x cos x + ¢ cos?x, then
(A)y=z (B)y+z=a+c (C)y-z=a-c (D)y—z=(a—c)>+4b?

5
Ifa= , then a can be

. 1 .
sm4x+cos4x—551n2x+l

(A)2 (B)3 (C)4 (D)5
The equation sin®x + cos®x = a2 has real solution if

1 1 11 1 1
(A)ae(-1,1) (Blae|~h75 Cae|™ 55 (D)ae |3
If 2 sec? a. — sec* o — 2 cosec? a + cosec* o = 15/4, then tan o is equal to
(A) 112 (B)1/2 (C)1/24/2 (D)-1/4/2

COSX + C0S2X + c0S3X +cos4x +CcoSs5X + cos6X +cos7x

Lety=— : . . . . X , then which of the following hold good?
ey sin X +sin 2x + sin 3X + sin 4x + sin 5X + sin 6X +sin 7x 9 9

(A) The value of y when x = /8 is not defined. (B) The value of y when x = /16 is 1.

(C) The value of y when x =7/32is \/5 -1. (D) The value of y when x = n/48 is 2 + \/5 .

In AABC if sin Asin (B — C) = sin C sin (A— B), then (where A= B = C)

(A) tan A, tan B, tan C are in AP

(B) cot A, cot B, cot C are in AP

(C) cos2A, cos 2B, cos2C are in AP

(D) sin 2A, sin2B, sin 2C are in AP

If x +y =z, then cos? x + cos? y + cos? z — 2 cos X cos y cos z is equal to

(A) cos?z (B) sin? z (C)cos (x+y—2) (D)1

The equation sin x + cos (k + x) + cos (k — x) = 2 has real solution(s), then sin k can be :-
32 oL oL 53
A ®) © ©) 7

If sin x(3 — 2 cos 2x) = 6 sin?x — 1, then (cos 2x + sin x — 1) is equal to :-
-1
2

If the quardratic equations x? + (sin 0) x + cosec 6 = 0 (0 € (0, nr)) and 2x2 + x + ¢ = 0 (where c € R) have a
common root, then:-

(A)c=4 (B)c=2

(C)sum of all values of B is 1t (D) number of solution of 6 is 4

If the equation 2(1 + a2) = sin 26 + 2a (sin 6 + cos0) has real solution, then which of the following statements
is (are) true ?

(A) Sum of all possible value of 'a' is zero

(B) 'a' can take only two real values.

(C) Number of values of 0 satisfying the equationin [0, 4 «] are 4.

(D) Number of values of 6 satisfying the equation in [0, 4 «] are 2.

3
(A) 1 (B)-1 © 35 D)
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26.

27.

28.

29.

30.

31.

If (sin x + 2 cos x) (cos x + 2 sin x) = 5 , then x can be equal to :-
R B~ 02" oy =T
)7 ®) © ©)

If the expression (cos 36 + sin 30) + (2 sin 20 — 3). (sinb — cos0) is positive, then 6 equal to :-
3n T T T
2nt——,2nw+— |,nel 2nt——,2nnt+— |,nel

o (20m- 2 20 %) @) (205- 2 20m+
2nm T 2nm+ T | nel 2nm T 2nm+ 37 nel
(C) 3 ) 3 ’ (D) 4 2 4 4
The general solution of the equation cosx . cosbx =—1, is:
(A)x=2n+ 1), nel (B)x=2nm,n el
C)x=@2n-Nm,nel (D) none of these
Which of the following set of values of x satisfy the inequation sin 3x < sin x.
8n -1 8n -1 8n+1)r
A)[( 4)na2n“],nel (B) [( 4)’{,( 4)],nel
8n+1 8n+3)n
C) ( )n’( ) ,nel (D) (2n+’|)1'c,M ,nel
4 4 4
Solution set of inequality sin® x cos x > cos® x sin x , where x e (0, ), is
T T 3n 9 ¥ n 37
A \73 B)| 7™ © % 7 O3 7
4 sin*x + cos*x = 1 if
1 1
(A)x=nm ;(n el (B)x=nniEcos*1 [gj;(nel)
(C)x=”—2“;(nel) D)x=—nx ; (n eT)

PART - IV : COMPREHENSION

Comprehenssion #1

Let p be the product of the sines of the angles of a triangle ABC and q is the product of the cosines of the
angles.
In this triangle tan A+ tan B + tan C is equal to

(A)p+gq B)p-q (C) % (D) none of these
tan Atan B + tan B tan C + tan C tan A is equal to
1+q 1+p
(A)1+q B 4 C)1+p ®) 5
tan® A+ tan®B + tan® C is
3 2 3 3 3
W ® 5 © o
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Comprehension # 2

4,

Let f(x) = sin® x + cos® x + k (sin* x + cos* x) for some real number k.
All real number k for which f(x) is constant for all values of x is :-

A= = Byk= = Ck—é oy k="
(A) k=3 ®) k= k=7 0 k=~
All real number k for which there exists a real number 'c' such that f(c) = 0, is :-

-1
| b= (B)[-3,~1] (C)[2,~1] (D)[0, 1]
If k = —0.7, then all solutions to the equation f(x) = 0, is
Ax= Tk nel (B)x=nmEs | (C)x=nT-= nel  (D)x= |
()x—2—6,ne B)x = —6,ne (C)x= 6,ne (D)x=nm,ne

Comprehension # 3

To solve a trigonometric inequation of the type sin x >a where |a| < 1, we take a hill of length 21 inthe sine curve

1
and write the solution within that hill. For the general solution, we add 2nr. For instance, to solve sinx > — o

3

T 7
we take the hill {— 57} over which solution is — % <X < ?n . The general solution is 2nnt — % <x<2nm+

n
5 nis any integer. Again to solve an inequation of the type sin x < a, where |a| < 1, we take a hollow of length

2nin the sine curve. (since on a hill, sinx < a is satisfied over two intervals). Similarly cosx >aorcosx <a, |q|
<1aresolved.

7
Solution to the inequation sin®x + cos® < — must be

16
A nT+ = <x<nm+ = B) 2nm+ = <x < 2nn+ ~
()n1r3xnrr2 ()nrc3xnrr2
(C) EJFE <X <E+E (D) none of these
2 6 2 3

Solution to inequality cos 2x + 5 cos x + 3 > 0 over [ =, 7] is

-5t 57
(A) -7, 7] (B) { 5 ,ﬂ (©)[0, 7 (D) [ 5 3
Over [- =, «], the solution of 2 sin? [X +§j + J3 cos2x>0is

-5t 57
(A) - 7] (B)[ 5 ,ﬂ

-7 5 3
@0 o[ o[ 5[]
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I £xercise 3 I

PART -1 : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

1
5 - 5 Is
sin“ 0+ 3sin6cos 0+ 5cos“ 6

1. The maximum value of the expression

[IT-JEE-2010, Paper-1, (3, 0)/84]
2. The positive integer value of n > 3 satisfying the equation

1 1 1 _
.[n]_ . [2n]+ . [3“J is [IT-JEE 2011, Paper-1, (4, 0), 80]
sin| = | sin|=| sin|—

3. The number of values of 6 in the interval [—ggj such that 6 = % forn =0, £1, £+ 2 and

tand = cot 50 as well as sin 20 = cos 40 s [IT-JEE-2010, Paper-1, (3, 0)/84]
4, LetP={0:sin6—-cos6= /2 cosB}and Q ={0:sin6+cosO=_[2 sin 6} be two sets. Then

[IIT-JEE 2011, Paper-1, (3, 1), 80]
(A)PcQandQ-P= @ B)Q « P
(C)P ¢ Q (D)P=Q

0 0
5. Let©, ¢ [0, 2n] be such that 2cosO(1 — sing) = sin20 [tan5+cot5j cosd — 1, tan(2x — 6) > 0 and

-1 <sind<- g . Then ¢ cannot satisfy [IIT-JEE 2012, Paper-1, (4, 0), 70]
b T 4r
(A)0<o< 7 B) 5< o<
4r 3n 3n
€ 5 <o<5 () - <p<2n
6. For x € (0, n), the equation sinx + 2 sin 2x —sin 3x =3 has [JEE (Advanced) 2014, Paper-2, (3,—-1)/60]
(A) infinitely many solutions (B) three solutions
(C) one solution (D) no solution
7. The number of distinct solutions of the equation

5 . . . . .
Zcos2 2x + cos* x + sin* x + cos® x + sin® = 2 in the interval [0, 27] is

[JEE (Advanced) 2015, P-1 (4, 0) /88]



JEE(Adv.)-Mathematics Trigonometry

b b
8. Let —g< 0 < - E Suppose a, and B, are the roots of the quation x> — 2x sec 6 + 1 = 0 and

a, and B, are the roots of the equation x>+ 2xtan 6 —1=0.If o, > B, and o, > B, then a, + B, equals
[JEE(Advanced)-2016, Paper-1, (3, —1)/62]
(A) 2(secH — tano) (B) 2secb (C)-2tan6 (D)0

Al

9. Let S:{xe(—n,n):x;to,izjr. The sum of all distinct solution of the equation

/3 sec x + cosecx +2(tan x —cot x) = 0 in the set S is equal to -

[JEE(Advanced)-2016, Paper-1, (3,-1), 62]

A _7_n B _2_n C)o D ﬁ
(A) 9 (B) 9 (€) (D) 9
13 1
10. Thevalue of is equal to IIT-JEE 2016, Paper-2, (3, —1), 62
kzz‘{ .(m (k-Dm). (n k= [ ( .62
sin| —+ sin| —+—
4 6 4 6
A 33 (B) 23-+/3) (©) 2(3-1) (D) 22 ++3)
1. Let a and B be nonzero real numbers such taht that 2(cosp — cosa) + cos a cos B = 1. Then which of the
following is/are true? [JEE(Advanced)-2017]
a
A) J3tan [Ej—tan [gj =0 (B) tan[ j 3 tan (gj

oy 2+ un(] o o {22 -

T T
12. Leta, b, c be three non-zero real numbers such that the equation \/ga cosx+2bsinx =c, x e [—_,_}

T
has two distinct real roots c.and B with o + = E . Then the value of ; is

[JEE(Advanced)-2018, 3(0)]
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PART -1l : AIEEE PROBLEMS (LAST 10 YEARS)

1. AB is a vertical pole with B at the ground level and A at the top. A man finds that the angle of elevation of the
point A from a certain point C on the ground is 60°. He moves away from the pole along the line BC to a point
D such that CD = 7 m. From D the angle of elevation of the point A is 45°. Then the height of the pole is-
[AIEEE 2008 (3,-1), 105]

7 1 1
1) qf J <2>£(ﬁJm (3)§<\73+1>m 4>£ V3 -1)m
2, Let A and B denote the statements [AIEEE 2009 (4, 1), 144]

A:cosa+cosB+cosy=0
B:sina+sinB+siny=0

3
If cos (B —7) + cos (y—a) + cos (o —B) = — E,then :
(1)Aisfalse and B is true (2) both Aand B are true

(3) both Aand B are false (4)Ais true and B is false

4 5
3. Let cos(a + B) = gand let sin(a.—B) = 13 where 0<q, B < % Then tan 2a. =

[AIEEE 2010 (4,-1), 144 JEE Mains-19]

56 19 20 25
™) 33 @) @) = ) T
4, If A =sin? x + cos* x, then for all real x : [AIEEE 2011 (4, —1), 120]
3 13 3 13
Z <AL —<A<1 — <AL
(1)4_A_1 (2)16 (3)1<A<2 (4)4 16

5. Ina APQR, if 3sinP +4 cos Q=6 and 4 sin Q + 3 cos P =1, then the angle R is equal to :
[AIEEE-2012, (4, -1)/120]

5n T s 3n
) 25 @) Oby
6. ABCD is a trapezium such that AB and CD are parallel and BC L. CD. If /ADB=6,BC =pand CD =q, then
AB is equal to : [AIEEE - 2013, (4, -"4),360]
1 (02 +2)sin 0 , p2 +q%cosO 5 p*+q° A (p* +9°)sin®
(1) pcos O +qsin 0 () pcosO +qsin 0 (3) p?cos 0+ g2 sin® 4) (pcos 0 +qsin)?
) tanA cotA .
7. The expression + can be written as : [AIEEE - 2013, (4, —"4),360]

1-cotA 1-tanA

(1) sinA cosA + 1 (2) secA cosecA + 1
(3) tanA + cotA (4) secA + cosecA
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1
8. Letf, (x) = K (sin*x + cos*x) where x e Rand k > 1. Then f,(x) — f (x) equals

[JEE(Main) 2014, (4, — %), 120]

1 L 2 1 3 1 4 u

(1) 5 @ = @5 4) 3

9. If the angles of elevation of the top of a tower from three collinear points A, B and C, on a line leading to the foot
of the tower, are 30°, 45° and 60° respectively, then the ratio, AB : BC, is [JEE(Main) 2015, (4, — ), 120]
(1) V/3:1 (2) V3 :42 (3) 1:43 4)2:3

10. If 0 <x < 2x, then the number of real values of x, which satisfy the equation
cosx + cos2x + cos3x + cosdx = 0, is :- [JEE(Main)-2016, (4,— 1), 120]
(1)5 (2)7 3)9 (4)3

11.  If 5(tan2x — cos2x) = 2cos 2x + 9, then the value of cos4x is :- [JEE(Main)-2017, (4,— 1), 120]

’ 7 5 3 5 1 4 2

() -5 () —3 33 O

12. Letavertical tower AB have its end Aon the level ground. Let C be the mid-point of AB and P be a point on the
ground such that AP = 2AB. If Z/BPC = §, then tanp is equal to

6 ! 2 o4
()7 @ 35 Ok

13. If sum of all the solutions of the equation 8 cos X'(COS[%-FX).COS(%—X)—%j: 1in [0, =] is km,

then k is equal to : [JEE(Main) 2018]
0o 2+ @2 w2
M5 @75 9 3
T
14. Forany6 e 17 the expression 3(sinb — cosB)* + 6(sind + cosb)?2 + 4sintd equals : [JEE(Main)-Jan 19]
(1) 13 —4 cos®0 (2) 13 — 4 cos?*0 + 2 sin20cos20
(3) 13 — 4 cos?0 + 6 cos*0 (4) 13 — 4 cos?0 + 6 sin20cos20

15. If0<x«< g , then the number of values of x for which sin x — sin2x + sin3x = 0, is
[JEE(Main)-Jan 19]
(1)2 (2)1 (3)3 (4)4
16. Let o and B be two real roots of the equation (k + 1) tan2x — \/5 . A tanx = (1 —k), where k(= —1) and A are real

numbers. If tan2 (o + B) = 50, then avalue of A is ; [JEE(Main)-2020 (Jan)]

M5 )10 3) 532 (4) 1082
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Trigonometry

Exercise # 1

SECTION-(E)

PART -1
SECTION-(A)
, Sn ) In
A1 () D (ii) 6
(iii) 9
A2, () 150° (ii) 1440°
iy~ -120° iv)  165°
A3 () -05 (ii) 0
iy  14.5 iv) 6
A4 () {ﬂJ iy -
: 5 5
i) - iv) 1
V3
as, 181
" 338
SECTION-(B)
B2 () V372 (i V3/4
B3 =
2
B-7. x2+y2=ga2+Db?
SECTION-(C)
V3 -1
c5
cs. () 1 i) -5/4
(il 58+1
SECTION-(D)
D-3. 1/4

E-1. (i)
y
a2l
(ii) 2, |0 x4 ini2
Yy
./
(|||) 3‘:[ 4m
E.2 11
T4y
E-3 3,-5 1 i
-3. (i) , — (ii) 11
243 L
(i) ' 243
E-4. (i Ymax = 115 Ymin = 1
(”) Ymax = 10; Ymin =~ 4
E-5. 2 E-6. 3
SECTION-(F)
F1. (i) 2nm+ %,nel
. Tc 1
+ —+
(ii) nm 6 ,nel
(iii) ne+tan™(2),n el
. 1 n
+(=1) —
(iv) nm+(—1) 6,neI

v) nni%,nel
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F2. ()
(ii)
(ii)
(iv)
v)
(vi)
(i)
(viii)
F3. ()
(ii)
(i)
F4. ()

m7 I Cm+Drw I
3 m e or 5 , Mme
2nmt = 1

nm+ 3 ne

271
2nm + ?,nel

T
2n+1)—
( )lo,nel

1) =«
n+—| —
[ 3j 3,neI
T
kn+(—1)kg,(2k+1)n,ke|

1
2nz + cos™! (EJ ,nel

nt+tan”' 3ornt+tan' 4, nel.

nmw 1
?,nelor[nigjn,nel

T T
2nwt,nel or +g,neI

n
3
x=(2n+1)§,nel

T
or x=(2n+1)5,nel

b
or x=nnxz—,nel
6
Y
mmn meIor—1,meI

Trigonometry
27
F-5, (i) 2nt+ —,nel
3
(ii) 2nn,(4n+1)g,nel
1
(iii) 2nm+ 2tan~'— ,n el
2
CHEESY
F6. oe|0, —|U|l—=,—
4 2’ 4
F-7. [2nn+%,2nn+%j,n el
2n7c+E 2nm +E
F-8. 6 6 |ne |
SECTION-(G)
G1. 1543 m G-2. 180 metres.
G-4. 50m
PART - I
SECTION-(A)
A1. (D) A2. (B)
A-3 ©) A4, (A)
A5 (B) A6 (C)
A7 (A
SECTION-(B)
B-1. (A B2. (A
B3. (C) B4. (A
B-5. (B) B6. (A
B-7. (B) B-8. (C)
B9. (C) B-10. (A)
SECTION-(C)
c1. (A c2. (C)
C3. (A c4. (D
C5 (A c6. (B)
c7. (B) c8. (A
c9. () c-10. (C)
SECTION-(D)
D-1. (D) D-2. (A
D3. () D4. (B)
D-5. (A)
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1. 8 2. 15
E1. (A E2. (C) 23. 158 24. 0
E-3. (D) E<4. (A 25. 0 26.  0.00
E-5. (D) 27.  1.00
SECTION-(F) PART - lll
1. (B,C,D) 2. (A, C)
:Z_; gg i_i g 3. (A, D) 4. (A,B,C)
F.5. ) 6. 0) 5. (B,C) 6. (A, B, C)
7 B) Fs8. ®) 7. (A,B,C,D) 8. (A, C)
F.o. ' 9. (B, C, D) 10. (B,CD)
9. (B F-10. (B)
F11. (@) F12. () 1.  (AB,CD) 12.  (AC)
' ' 13.  (B,D) 14. (A,C)
SECTION-(G) 15. (B,C) 16. (B, C, D)
17.  (B,D) 18.  (AD)
G1. (D G2. (O 19. (B, D) 20. (B, C)
G3. (A G4. D 21.  (CD) 22. (BC)
G-5. (B) 23. (B,D) 24. (AC)
25.  (AB,C) 26. (ACD)
] 27.  (AB) 28. (AC)
PART -1l 29. (ACD) 30. (AB)
1. (A)—>r,(B)—>s; (C)—p; (D) —>q 31. (A,B,D)
2. (A) = (q, s), (B) > (p), (C) = (a), (D) — (p)
3. (A)> () (B) > (), (C) > (s) (D) > (1) PART -li
1. (@) 2. (B)
Exercise # 2 3. ©) 4. (B)
5. (A) 6. (A)
PART - | 7. (© 8 D)
1. (D) 2, D) 9. (D)
3. (B) 4. (B) Exercise # 3
5. (B) 6. (B)
7. D) 8. (B) PART -1
9. (D) 10. (D) _
1. @A 12 © ; 2 i' EB)_ "
13.  (C) 14. A 5 ACD) 6 D)
15, @) 6. () 7 8 8 ()
17. (B) 18. (A) 9. () 10. C)
PART - I 1. (B,C) 12. 05
1. 2.50 2. 25.00 PART - I
3. 0.25 4. 4.00 1 ) 2 )
5. 6.41 6. 0.25 3. ) 4 )
7. 42.00 8. 6.00 5. ) 6. 1)
9. 18.00 10. 2 7. 2) 8. )
M. 1660r1.67 12.  42.00 9. (1) 10.
13. 0.50 14. 0.46 1. (1) 12. 3)
15.  100.00 16.  0.00 3. (1) 14. (1)
17. 4.00 18. 250 15. (1) 16. (2
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10.

1.

12.

13.

b 21 8m
Let a. = 4 sin? 10° + 4 sin? 50° - cos20° + cos 80° and B = cos? S + cos? 5 + cos? 15 find (o + B)

Simplify the expression +/sin* x + 4cos? x — v/cos* x + 4sin2 x
Let a, b, ¢, d be numbers in the interval [0, ] such that
sina+ 7 sinb = 4(sin c + 2sin d),
cosa+ 7cosb= 4(cosc+ 2cos d)
Prove that 2cos (a—d)=7cos (b-c).

Find the value of o for which the three element set S = {sin a, sin 2q, sin 3a} is equal to the three element set
T= {cosa,cos2a,cos3a}

If a sind + b cosd =a cosec 6 —b sech = 1, prove that a2 + b2 = 1 + b23 — p*3,

q+pcos2aj

. _ = _ = — -1 .
If p (sina. - cosa tan® ) secO = g tan6 . sec(a — 0) then prove that 6 5 cot ( psin 2a

p .
If tana = a where a = 6 3, o being an acute angle, prove that;

1
2 (pcosec 2B — gsec 2B) =4p?+q? .

0?529 + 0_0569 + 09S189 =l[cot29—cot549]
sin60 sinl80 sin540 2

Prove that

Ifsin(@+a)=a&sin(6+p)=b (0<a,,0<n/2)then find the value of cos2 (a.— ) — 4 ab cos(a.— B)

Show that: 4 sin 27° = (5+/5)"2—(3-/5)"/2

tana +tany sin 2o + sin 2y

If tan B = 1+ tanotany ° prove that sin 23 = 1+sin2a.sin2y °

Prove that in an acute angled triangle ABC, Z tanAtanB > 9.

+ Y + z = 4xyz
1-x2  1=y2 T 1222 T (1-x3)(1-y3)(1-2?)

If xy + yz + xz = 1, then prove that
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14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

T
Leta= -
eta= -

a) Show that sin?3a — sin? a = sin 2a sin 3a

b) Show that cosec a = cosec 2a + cosec 4a

c) Evaluate cos a— cos 2a + cos 3a

d) Prove that cos a is a root of the equation 8x® + 4x2—4x+1=0
e) Evaluate tan a tan 2atan 3a

f) Evaluate tan?a + tan?2a + tan? 3a

g) Evaluate tan? a tan? 2a + tan? 2a tan? 3a + tan? 3a tan?a

~ o~ o~ o~ o~ o~ o~ o~

h) Evaluate cot? a + cot? 2a + cot? 3a

If cos 2x — cos x = sin 4x — sin x (where tan x = 1), then find the value of cos 3x — sin 3x.

61
Prove that tan (-314°)> ——

59 °
T
Evaluate cos a cos 2a cos 3a.......... cos 999a, where a = 1999
Prove that the average of the numbers
2sin 2° 4 sin 4°,6sin 6°, ......... 180 sin 180° is cot 1°

1
If \/5 cos A = cos B + cos® B, \/5 sin A = sin B — sin® B, prove that sin (A-B) = ig .

. . . . 1
If A,B,C and D are angles of a quadrilateral and Sin Esm Esm Esm E = Z , prove that

A=B =C=D=m2.

2
Solve tan26 = tan o

. 3X 3 X

Find number of solution which are common to —2 =
2+ sinx

and 2 sin’x —3sinx +1=0in

x € [0, 27]
Solve the system of equations :

2 3
x+y:?n,cosx+cosy=5forx,ye[0, 67)

Solve the following system of simultaneous equations for x and y:
4sinx+ 31/cosy =11
5.16s — 2.3%osy = 2 for x,y € [0, 2x]

The least positive angle measured in degree satisfying the equation
(sinx + sin2x + sin 3x)3 = sin3x + sin32x + sin33x is
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26. Solve the following system of equations forx andy:

5((:0sec2x—3sec2 y) — 1 ’ 2(2cosecx+«/§|secy|) — 64

3 +

COS X sinx

27. Find number of solution of equation 8 sin x = inx e [0, 2x]

28.  Solve: sin 2x > +/2 sin” x + (2 —ﬁ) cos?x

29. Solveforxandy:
x cos®y + 3x cos y sin?y = 14
x sindy + 3x cos? y siny = 13

30. Solve for x, the equation /13 — 18tanx =6tanx—3,where - 2n<x<2rx.

. new =«
1. 4 2. cos? X — Sin?x = cos 2X 4, 7+§,nel 9. 1-2a2-2b?
1 1
14. (c) E; (e) J7;(f)21;(9)35; ()5 15. 1 17. ZQW
21, My g mm I 22 =X 23
. 2t 16 ne . X = > . o)
04 T Sm y T Sm 05 27
. X =""5s"_> =, . -
6 6 3 3 5
T T
26. x=nm+ (-1)" g andy = mnt g ;wherem, n e | 27. 6.00
T T 1
2. nmto<x<nm+onnel 29. x=+ 5\/§,y=nn+tan‘15,n el
2
30. a—-2m;, a—T1, o, oo+ 7, where tan a.= 5



