Trigonometry ~ / “_
I HiNTS 2 SoLuTIONS I

TOPIC: TRIGONOMETRY

EXERCISE # 1

PART - |
Section (A)
Al 180°=nr°

A-2.  7®=180°
A-3. (i) 2x1—2x1:0
4 4
. 1
(i) 3 +2+3x §:6

A4 () cos 210° = cos(180 + 30) = %

(—cos0)cosO
sinBx(—sinB)
(i) €0s6 — cos6 + cosd — cosd =0
(iii) sinB x cosH [tanb + cotb] = 1

A5 () ot? 0

A-6. tane:—i 3—n<6<27c = sine:—i and cotB:—E
12 2 13 5
> _12
LHS = _— sin—cotd  _sinB+cot6 _ 43 5 _ 181 _ RHS
—cosec —cosed 2 cosecH 2% 13 338
Section (B)
y y

B-1. (i N I I v i A
() . _”/WO o “’Wn x (i) w2 710 w4l
-3
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B-3.» tan® + secoO =§
secO—tand=> =  2seco= 2 +5> =279 goep= 13
2 3 2 6 2
B-4. (i) sin (20° + 40°) = sin 60° = g
(i) cos (100° — 40°) = cos 60° -1
B-5. 1 cos@+cos§—cos@—cos§ :lx23in59 . sin@
2 2 2 2 2 2 2
B6 A+B=45 =  tan(A+B)=tan(ds9) =  _onArtanB
1-tanA tanB
= tanA + tanB + tanAtanB =1 = (1 +tanA) (1 +tanB) =2
o
put A=B= 2212:>(1+tan22— 2=2 = tan 22— =J2-1
B-7. asec6=1-btano .. (D
a? sec?0 = 5 + b? tan?0 .. (2
(1)2is a?sec?0=1+b?tan?0 —2btan 0
From equation (2)
2
5+b%2tan20 =1+ b?tan20 - 2btand = tand = —% = sec?0= b b: 4
2
o) a? @- 5+4 = a?b? + 4a2 = 9b?
Section (C)

c-1. (i) sin (750 + 159) . sin (75° — 15%) = sin 90° . sin 60° =+/3/2
(i) sin (450 + 159) . sin (45° — 159 = sin 60° . sin 30° = /3 /4

C-2. ) 4 sin 18° cos 36° =4 (EX\EHJ =4 (i) =1

4 4 16
(i) c0s2 72° —sin2 54° = cos (126°) cos (18°) = — sin 36° cos 18°
_J10-25 y J10425 _ 45 _ 5
4 4 16 4
(i) We have, L.H.S. = cos? 48° — sin? 12°
= cos (48° + 12°) cos (48° — 12°)[cos? A — sin? B = cos (A + B) cos (A — B)]

= c0s 60° cos36° = 1 \/§+1 \/_+1 =RHS.
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C-3.» wehave acos6+bsinf=c (1)
=acosf=c—bsin®d = a2cos?6=(c—bsin0)?= a?(1 — sin?0) = c2 — 2bcsind + b2sin0
= (a2+ b?) sin20—2bcsind+ (c2—a?) =0 ()]
Since a, B are roots of equation (i). Therefore, sin o and sin 3 are roots of equation
2 2

sina sinf = Y +22 (i)
Again, acosb + b sin6=c¢
= bsind = ¢ — acos6
= b? sin? 6 = (c — a cos 0)?
= b? (1 — cos?0) = (c — acos0)?
= (a% + b?) cos?0 — 2ac cosO + c2—b?=0 . (iv)
Itis given that a, B are the the roots of equation (i), So, cos a, cosp are the roots of equation (iv).

2 2
COS o COS B = 22 +Ez (V)

Now, cos(a + ) = cosa cos B —sin a sin 3
c?-b? c?-a’® _a’-b?

= cos(a + B) = - =
a’?+b? a’+b? a?+b?

C-4. LHS = sin {g+é+£—é} sin {£+A—E+A}: sin % sinA:isinA: RHS

2 8 2 NA

C-5.» LHS =cos? a + cos (a + B) {cos a cos B — sin a sin  — 2 cos a cos B}
=cos? a — cos (a + B). cos (o — B) = cos? a — cos?a + sin? B = sin?2 B = RHS

ce () sin® A —sin’B _ sin(A+B)sin(A -B) _ 2sin(A+B)sin(A-B) _ (A+B)
sinAcosA —sinBcosB %sinZA —%sinZB 2cos(A+ B)sin(A- B)
(ii) cot (A + 15°) — tan (A — 15°) = c9s(A+150) 3 sin(A —15°)
sin(A +15°) cos(A —15°)
_ cos(A +15°)cos(A —15°) —sin(A +15°)sin(A —15°)
sin(A +15°)cos(A —15°)
_ (cos® A—sin®15°)— (sirf A—sirf 15°) _ 2cos2A _  4cos2A
%(sin2A+ sin30°) sin2A+% 2sin2A+1
C-7. o<e<% = LHS = \/2+\/2><20032 20 = J2+2|cos20 |
0<o< > -~  0<20 <X
4 2
cos20is+ve = 2|cos 6] = 2 coso
0 € (0, n/4)
3N _ 3 in3 A _ 4aind a2 i
C8. cos® A—4cos® A+3cosA L sin A+3S|.nA 4sin” A _ 3c0SA (1—cos A)+3sinA(1 §|n A)
COsA SinA COSA SinA

=32-1)=3
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1—tan? (a;n] o
c9. () LHS = |- +cos%cot4a sec 7“

cosgcos4a
_ o—T a 9a _ .o 2 9a
= {—Cos +cos— cot 4o, SeC —= {—sin—+—% % sec —
2 2 2 2 sin4a 2

1 a . .o 9a
=— cos4o.cos— —sindosin— [sec —
2 2 2

sin4a
= ,1 X COS 9—a . Sec g_a = cosec 4a = RHS
sin4a 2
cosacos3a sinasin3a

(i) , : - : .
sin3a.coso —sinacos3a  cos3asino —cosasin3o
cos3acosa sinasin3a  cos(3a.—a)

. . = - = cot2a
sin(2a.) —sin2a sin2o

sec8A -1 _1-cos8A cos4A _ 2sin® 4A cos4A_ Sin8A sin4A  tan8A

i =
(i) sec4A—1 1-cos4A cos8A Zsm 2A cos8A 2sin? 2Acos8A  tan2A

. COoSA+sinA  cosA-sinA 4sinAcosA 2sin2A
(iv) —— — = = =2 tan 2A
cosA-sinA  cosA+sinA  cos?A—sin?A  C0s2A
C-10. sin36  _ 3sind 4s_|n2 6 _ sin6@3 A_ls;n 6) _ sin 6. Now put 0 = 159
1+2c0s20  1+2(1-2sin”0) 3-4sin“ 0
C-11. LHS =4 (cos 20° + cos 40°) (cos? 20° + cos? 40° — cos 20° cos 40°)
=4 (cos 20° + cos 40°) [1+ coz 40 + 1+ C(;SSO —% (cos60° + cosZOO)J

I\Jl-h

(cos 20° + cos 40°) (2 + cos 80° + cos 40° — % —cos 20°)
=2 (cos 20° + cos 40°) (2 + 2 cos 60° cos20° — % — cos 20°)
= 2 (cos 20° + cos 40°) (2 + cos 20° — % —cos 20°)

=2x % (cos 20° + cos 40°) = 3 (cos 20° + cos 40°) = RHS

(1 costj
tan3 tan2 BT tan2
c-12. () I_HS:tanBX _ 3tanx tan2 X _ 3—tan 2x _ 1+cos2x (v cost:1 tan2x
tanx  tan(1-3tan"x) 1-3tanx ,_5f1-C0s2X 1+tan? x
1+cos2x

3+3cos2x —1+ cos2x _ 2cos2x+1
1+cos2x —3+3cos2x 2cos2x—1

2sinx tanx(1—3tan? x)

(i)

sinx(3—4sin’x)  tanx(3 —tan®x)
2 cos X —3sin? X _ 2 1—S|rFx 3sirf x _2+1- 4sin’ x
3 4sin® x 3COSZX sif x 3—4sirf x 3-3sif x—sif x 3-4sin’x
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C-13. tan6 tan(60° + 0) tan(60° — 0) = tan 30

_ on2 _4an3
LHS = tano \/§+tan6 \/5 tano _ tano 3 tan26 =3tan6 tazn e:tanse
1—\/§ tano 1+\/§ tano 1-3tan“0 1-3tan“ 0
Put 0 =20°
: tan 20° tan80° tan 40° = tan60° =
C-14. (i) L.H.S = (cosec 0 — sin 6) (sec 6 — cos 0) (tan 6 + cot 6)
 ain? ane2 2 2 F20 2
_ 1 _sm 01)[1-cos“6 S|r? B+cos”6 |_ sin 6 - cos“0 —1=RHS
sin® cos® sind cos6 sin?6 - cos?0
; _ ; 2
(ii) LHS = 2sin® tan® (1 tane)2+25|n9 sec” 0
(1+tano)
2sin® tan0+2sin® (sec’® —tan?0) 2 sin® (1+tand) _ 2 sind _ RHS
(1+tano)? (1+ tano)? 1+tan6
(i) LHS = \/1—s.|nA _ I1—s!nAX(1—s!nA) _1-sinA
1+sinA \[1+smA (1—sinA) |cosA|
=+ (secA —tanA) = RHS.
(v)  COSAcOsecA-sinAsecA _ cos® A —sin® A _ cosA—sinA
COSA +sinA sinAcosA(cosA +sinA)  cosAsinA
1 1 _ coso 1 cos’a—1+sina _ sino-sin®a _ sino

(v) -

seca—tana cosa 1-sino coso  (1—sina)coso  (1—sina)coso  COS o

. 2 . . .
Now taking RHS 1 f:osa =smaJT1 cos” o _ Slna.('|+S|n0L) _ sina
cosa sina+l (l+sina)cosa  (l+sSina)cosa  cosa

3 3 3 3
. cos® A+sin® A cos®—sin® A . . . .
(vi) - + . cos? A + sin?A — sinA cosA + cos?A + sinZ? A + sin A CosA = 2
cosA +sinA cosA —sinA

Section (D)

D-1. LHS = cosa + cosp + 2 cos (@j cos (OLTJFBJ

=2 cos (OLTJFBJ {cos [OLT_BJ +CO0sS (GTJFBJF yﬂ

=4 cos (G_Jrﬁj cos {G_BJFOHBJFZ Y}cos{a—ﬁ—a—ﬁ—z y}
2 4 2

=4 cos [OLTJFBJ cos (aT”J cos [B—;yj: RHS

D-2.» LHS = 2sin (g—zjcos (x—y)+2sinzcosz; x+y:(g—zj

= 2cosz{cos(x—y)+cos(x+Vy)} (wz==—-(X+Y))

r

2
= 2 COS Z x 2C0SX COSYy = 4 COS X COS Y COS Z

D-3.  LHS =sin% + sin (y + z) sin(y — z) = sin® + sin(y+z) sin(r — X) = sinx [sin(r — (y —z)) + sin(y + z)]
= sinx. 2 siny cos z = 2 sinx siny cosz
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D-4» cos(S—A)+cos(S—-B)+cos(S—-C)+cosS

2S-A-B B-A 25-C —C
=2cos | —— | cos + 2 cos Cos | —
2 2 2 2

C B-A A+B C C A B
=2cos |—| cos + 2 cos COS — =2C0S— | 2C0S—COS—
2 2 2 2 2 2 2

D-5. LHS = 2sin(A + B) cos(A —B) + 2 sin C cos C (-A+B=-0C)
= 2sinC {— cos(A — B) + cos(A + B)} = 2sinC { 2 sinA sin (— B)} = — 4 sinA sinB sinC
1 [0)
. . . . SN (20+(n-1)¢
D-6. LHS =sin 6 + sin (6 + ¢) + sin (6 +2¢) + ............ +sin(®@+ (n-1) ¢) = . sm( j
sing 2
2
2n
¢ =— (External angle of regular polygon)
n
sinE(Zn/n) 204 (N=D2m
So LHS= 2 sin Nn__|=0=RHS
sin(r/n) 2
D-7.» LHS =sin20 + sin2 20 + sin2 30 + ....... +sin2 no = (1—cgszej+(1—czs4ej+ .............. J{ﬁ)
= 2—% [(cos20 + cos40 + cos66 + ........ + cos 2n0)]
sinn(ze)
_n 1 29  cos (29+2n6j _n 1 {smn 0 3 cos(n+1)e}: RHS
2 2 sin 2 2 Sin®
. . . 2 3 et sin2"A
D-8. (i) By using Series formulae cos Acos2Acos2°Acos2’A.......... Cos2 A= T SnA
sin
. 8m
2n 4n 6n T 2n 4 sin—= 1
LHS =cos — cos — c0S — =-C0S — C0S — C0S— =— ——=—=RHS
7 7 7 7 7 23 i 8
.sin=
(i) LHS = cos—~ cos Ecos 3—“ cosﬂ. cosS—7t
11 11 11 11 11
2 4 8 165 _ SN = Sin(sn_ﬁj 1
= cos = cos <X cos L cos °F cos—F = 11 - =— =RHS
11 11 11 11 11 5gp ™ 32 sin.™ 32

Section (E)
E-1. Let y = cosx .cos (% + xj cos[% - xj

_1 4n _1 -1+ 2cos2x
y= Ecosx cos?+0052x = y= Ecosx _

y :%[Zcos 2XCOSX —COSX | = y= %[cos 3X + COS X — COsX]
1
= — cos 3x
Y=12
—1<cos3x<1
1 1
Ymin=— Z and Ymax _Z
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E-2. () y = €0S 2X + c0S?X = y=3cos>x -1 = 0<cos?x<1
Ymax = 3—1=2 = Ymin=0—1=-1
(ii) y = cOs?2 [%+ xj + (sinx — cosx)? = cos?2 [%+ xj +2 (cos2 (%+ij
y = 3 cos? [%+xj + 0<cos?0<1 = Ymax = 3-1=3 = Yimin = 0
E-3. (1) y = 10 cos?X — 6 sinx cosx + 2 sin?x =5 (1 + cos 2x) — 3 sin 2x + 1 — cos 2Xx
=4cos 2x —3sin 2x + 6 + — a2 +b? <acosd + b sind <yaZ +b?
ymax:5+6:11 = ymin:_5+6:1
(i) y= 3cos(9+gj+5cose+3 = yZSCOSG.%—3§Sin9+5COSO+3
y= gcose—§ sin6+5cosb+3 = y:% coso —§ sin + 3

ymax: @+£+3 =7+ 3=10 = ymin:_ @+£+3 =— 7+3=-4
V4 "2 Va2 " s
Section (F)

F-1. Obvious

F-2. 0) sin90 =sin® = sin99—-sin®6=0=2cos50sin46=0 = cos56=0 or
sin46:0:>59:(2n+1)gor 46:mn:>6:(2n+1)% ore:%.

cos 0O sin® 2
" _

(i) cotd + tan® = 2cosec6 = — =—
sinO cosO sino

cos?0+sin’0 2
= - =—
sin6coso sin®

:>1=20059:>9:2nni§
(iii)  sin 20 = cos 30 = cos [g-29j=00539:> g—zezznnise :sg—zeisezmn
T 5 2nm n(1l
—0=2nm-2,2 _ —pg=2m-L, X[ Z_on
2" 5 5
(iv) coto = tan80 = tan86 = tan(g—e] = 80= nn+g—6:>6 = (2n+1)%

cos®0-sin’0

(V) coto—tan6=2 23200t26:2:>26:mc+£:>9:n—ﬂ+E :g[n-i-l)

sin0coso 4 2 8 4
(vi) coseco = coto + \/5
_i— C(_)SO =J3 = 1-cos0 =+3sin6= 2sin2 2 =3 2sin2cos®
sin6 sinoO 2 2 2
:sinQ:O or tan 9:\/5 :Q:nn or 9:nr:+E
2 2 2 2 3
= 0=2nx or 9:2nn+%
But for 8 = 2nn, cosecO is not defined 6 = 2nn cosecO
0= 2nn+@
3
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(vii) tan20tan 6 =1 = sin 20 sin 6 = cos 26 cos 0

:>0=cos36:>36:(2n+1)g:>e=(2n+1)%.

(viii) tan®+tan 20 + /3 tan6tan 20 = /3
= tan 6 + tan 20 :\/5 (1 —tan 6 tan 260)
tan® + tan 26
- =43
1-tan6tan26 \j_

= tan39:tan£:>36:nn+£ :>6):n—n+E
3 3 3 9
F-3. 0) sin 6 + sin 30 + sin 560 = 0 = sin®+sin50+sin30=0
2sin30cos20+sin30=0 = sin36:0and00526:—%
9=n—n ,hel 0= nil mnel
3 3
(i) cos 6 + sin = cos 20 + sin 20 = €0S 6 — cos 20 =sin 20 —sin 6
:>25in§sing:2cosﬁsing = sing :Oortanﬁzl
2 2 2 2 2 2
:>E=nn0rﬁ=nn+£ = (9:2n7c0r(9:ﬂ+E
2 2 3 6
(i)  cos?x + cos? 2x + cos? 3x =1 = 1+C252X + 1+C;S4X +1+C256X =1
= C0S2X + c0s4x + cosbx = —1 = 2C0S4X C0S2X = —2C0S%2X
= cos2x =0 or cosdx +cos2x =0

= 2x=(2n +1) g or 2cos3x cosx =0

T T T
=x=2n+)—,@2n+1)—, (2n+1) —
( )4 ( )6 ( )2

Now X = (2n + 1)%=n?n+ g may also be written as

T T T T T T

x=Bk+1) — +=,Bk+2) —+=, (3k) —=+—
( )3 5 ( )3 5 ( )3 5
kit E k2" ke Em (k1) - ke ©
2 6 6 6 6

(kn+g is same as (2n + 1) g) =mn =

ol a

(iv) sinZn® — sin?(n — 1)0 = sin0
= sin(2n — 1)0 sinb = sin0
= sin® =0 or sin (2n — 1)0 = sind
= 0=mmx, sin(2n—-1)0 —sin6=0

(2n-2)

= 2cosndsin 0=0

—no=(2p+1) g (-1 0=nn

AT 1\ n
= 0=mr ,— ,|p+=-|—
1 ( Zjn
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F-4. (i) tan2®—(1+ 3)tan 0 ++/3 =0

After factorization we get = tan 6 = 1, \/5 = 0=nxn +% , nm +§ .

3 _ 2sin®
coso coso
=4-4sin?0-3=2sin0=4sin20+2sin0-1=0

-(5+1) B

— +\/ 24+ 1+
2% 84+l6 = 2_82\/5 = 1_4\/5 =sin0= 2 — = —cos 36°, sin 18°

=4c0s?0-3=2sin6

(i) 4cosO—-3secO=2tan 0 =4 cosO—

= sind =

= —sin 549, sin 18° = sin -3 S|n—:> 0 =nm+ (-1)" T ornn - (-1)r 37 .
10 10 10 10

(iii) tanx.tan[x+gj.tan(x+—j \/_:>tan {tanxh/?:}{tanx \/_}

1—\/§tanx 1+J_tanx

=\/§ = —tan3x :tan§:> tan3x = tan (—gj

tan®x —3tanx
1-3tan®x
nm

T
= 3X=NT —— => X=— -—
3 3

©ol|a

2

F-5.5 (i) J3sin—cos0=2=2 (‘/gsme—acoseJ 2
i -1 _gn
:>25|n[9——] \,/_ = sin [e—g] = \E sm4

(i) 5sin6+2cos6=5= S sin 6 + 2 cos(i)—i

&5 " s 75

= sin ¢ sin O + cos ¢ cos 6 = 5 = C0S (e—d)):sind):cos(g—q)]

—=0-1 =nr+ (1)l
6 4

N

J29
:>e—¢=2nni[g—¢] :>G=2nnig$ o+ :>9=2nnig ,2nnig+2¢

36=2nn+g,2nn—g+ 2¢Fore:2nn_g + 24,

We have 6 = 2nn+2 (q) - %j =2nm+2 (tan‘lg —tan™ 1}

S}

=2nn+2tant| 2 =2nn+ 2tan! (Ej
5 7
1+—
2

0=2nx +g or 2nn + 2o where tan-! =a

~N | w
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Section (G)

G-1.

G-2.

G-3.

G-4.

G-5»

tanx €[-1,1] = X € {nn—%,nwr%} ‘nel

(2sinx + 1) (sinx—1)>0

. 1
= sinx < —=
2

6

\jﬁcote <1

1
= 0<cotb <—
\iS

= 0 e (Nt + /3, Nt + 1/2]

B D
h h
In AABC ; = tan60° =/3

h= \/5 X

In ACDE 60h— < = tan30° =%

IS E,g 2nn+7—n, 2nm +
6 6

lin
6

\/§h=60—x: 3X=60—-x=>x=15m

h= 15\/5 meter

A
h
90-0
0
B3 C D
<+« b »>
h )
InAABCtan6=— ... @
a
h .
In AABD tan (90 — 6) :E ............. (i)
L . h
By equation (i) and (ii) tan 6.cot 6 = — -
a
= h?=ab
= h=4ab

A& Resonance.

Educating for better tomorrow
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E
h-25
o
G-6. A D
25 25

Be——x—»C

In AABC tan a =§
X

In A ADE tan o, = h-2525 _h-25

X X X

= h =50 meter

PART - I
Section (A)
A-1.  cos (540°—0) —sin (630°—0)=—cos O +cosH=0

A-2. tan 1° tan2° tan3° .... tan45° .... tan 87° tan88° tan 89°
=tan 1° tan2° tan3° .... tan45° ...... cot3° cot2° cotl® =1

1 1 X _y _z
A-3. x= —=|=z|-= —===—=A(sa
y[ 2} [ )2 , =5 M)

XYy +YyzZ+2zX=—-2)2+4)2-2)0?=0

3 ,
A-4.  0°<x<90°&cosx=— = log,, sinx +log, cos x + log,, tan x

J10

=log,, (sin x cos x tan x) =log,, (1 — cos? x) = log,, (1 —9/10) = log,, [%) =—1 Ans.

A-5.  tano + cota = a = tanZa + cot?a. + 2 = a2 = tan‘a + cot*a = (a2 —-2)2-2=a*-4a2 + 2

Section (B)
y-axis
N
B-1. sin2 .74.-?..}\
sin3
\\ .
Ea 2 3 > X-axIs
2
B-2. cosecO — cotd = a
coseco + cotb :1 = cotd :i i -
0 2\ a

B-3. square & add a?+b? =9+ 16=25

(—cotx)sinx +cos®x _ —cosx
sinx(—cot x) —COoSX

B-4.

(1 — cos?x) = sin?x
B-5.  3{cos‘a + sin‘a} — 2{cos’a + sin®a}

= 3{1 — 2 sin? a cos?a} — 2 {1 x (cos*a + sin*o — Sin%a COS%aL)}
= 3 — 6 sina cos?a — 2 {1 — 3 sin? a cos?a} = 3 — 6 sina. cos?a. — 2 + 6 sina. cos?a. = 1
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B-6.» |1+cos ——||1+cos 3t 1 cos 27| [1-cos ™| =[1-cos? * |[1-cos? 3
10 10 10 10 10 10

.zs_n:(ﬁ—1 _ ﬁHT_(iT:%

Sin? I . sin
10 10 4 4 16

B-7 sin24°cos6°—sin6°cos24° _ sin(24°—6°) _ sinl8° 1
' sin21° cos39°—sin39°cos21°  sin(21°-39°)  sin(—18°)

B-8. tanA+tanB=a = tan AtanB=Db :>tan(A+B):ﬁ
2 2
SiN(A + B) = 2 =2
(a2 + (1-b)? a’ +(1-b)
B-9. tanA —tanB =X = cotB - cotA=y :M =y
tanA tanB
1 l+tanAtanB_ 'y 1 1
= tan A tanB = X Now cot (A-B)= ==* ne__¥_=-,=
y tan(A-B) tanA-tanB X X
—tan 25°+ 1 2
B-10 tan(180° —25°)—tan(90° +25°)  _ tan 25° _1-x
" 1+(tan (180°—25°) tan(90°+25°) 2 2 X
B-11. - cot (A + B) = cot 225° = 1 COtA cotB-1_,
CotA +cotB
=cotAcotB=1+cotA+cotB
Now cot A . cotB _ l+cotA+cotB _ 1
1+cotA+cotB+cotA cotB 2(1+cotA+cotB) 2
B-12. 203° + 22° =225° = tan (203° + 22°) =tan 225° =1
_, _an208°+tan2® 4003 + tan22° + tan 203°. tan22° = 1
1-tan203° . tan22°
Section (C)
—tan?15°
C-1. % = cos (2 x 15°) = cos 30°
1+tan”15°
4
C-2. tanA :E = A — llI© quadrant

5 sin 2A + 3 sinA + 4 cosA = 10 sinA cosA + 3 sinA + 4 cosA = 10 sinA cosA + 3 sinA+ 4 cosA =0

sinA =— 5
5

CosA=—
5
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C-3.  cosA -% — 16 coS? % —32sin %sm 5A w

—16 (cos 2A —cos 3A)

- 16(1+COSA) 45120082 A1) — (4 cos? A—3 cosA) = 8] 14> | —16 12x 2 —1—4x 2l +3x3l=3
2 4 16 64 4
C-4. tan®9=2tan’¢+1 ()]
2 2 _ 2
cos 26+S|n2¢—ﬂ sin%zw + sin? _Lnd;{_ sinZg = —sin?¢ + sin?¢p = 0.
1+tan®0 1+2tan“¢+1 2 (1+tan®¢)

Which is independent of ¢
Ch5n ae E, rl =% e E, I
2 2 4 2

2

Jl+sina —+1-sina —\/[sm—+cos%j \/(sm——cos 2)
o
2

o T T .oa o
= S|n—+cos— - S|n—+cos— =2 cos o for —e|—, —=|, sin—>cos—
2 2 4 2 2 2

. a
= |sin—+cos—| —
2 2

. QA a
sin——cos—
2 2

1 1 1 1
+ = -
cos (270°420°) \3sin (270°-20°) sin20° /3 cos20°

2[\/25 cos 20°—%sin 20°J

i o 3 sin40° 3
Zﬁsinzo0 cos20° \ﬁsmélo ”E

C-6.

_ 4sin(60°-20°) _ 4 sin40° _ 443

C-7. 3A=2A+A = tan3A =tan(2A + A)
tan 2A +tanA
1—tan2A tanA

= tan3A — tanA tan 2A tan3A = tan2A + tanA
= tan3A — tan2A — tanA = tanA tan2A tan 3A

= tan3A =

C-8m. €0s20°+8sin70°sin50°sin10° _ cos20°+4 {(cos60° —cos80° )sin50 }

sin® 80° sin? 80°
_c0s20°+2 (1-2 cos80°)sin5® _ cos20°+2 sin50°-2 (sin130°-sin309
sin” 80° sin®80°
_ €0s20°+2 sin50° —2sin (180 —50 ¢+ 2sin30 _ 1+cos20 X 2 -+ sin? (80°) = cos? 10° = 2
sin® 80° 1+c0s20°
cC9 = (2 sin 12° .sin48° .sin 54°) == [(cos 36° — cos 60°) sin 54°] = % [sin2 54° — % sin 54°]

2
21 (\/§+l) (\/_+1 5+1+2\/_ (\/§+l) _ 1 B oy 1
_Z{z } 4{ T_E[mzf 245 2= 3

16 8

/\ Resonanrp“' JEE-ADVANCED XI MATHEMATICS TRIGONOMETRY # 82
Educating for better tomorrow




Trigonometry ~ / m—

C-10.=». A =tan 6° tan 42° ; B = cot 66° cot 78° = %= tan 6° tan 42° tan 66° tan 78°

A _tan 6° tan (60°-6°) tan (60°+6 ).tan 78° tan 42°
B tan 54°

A_tan 18° . tan (60°-18°) tan (60°+189 _tan 54 :Azle:B

- B tan 54° tan 54° B
Section (D)
D-1= tanA+tanB+tanC=6,tan Atan B =2

Inany A ABC,

tanA+tanB+tanC=tan AtanBtan C

= 6=2tanC = tanC=3

tanA+tanB+3=6
= tanA+tanB =3 & tan A tanB =2

Now (tan A—tanB)’= (tanA+tanB)? —4tan A tanB=9-8=1

= tanA-tanB==%1
tanA-tanB=1 or tanA-tanB=-1
tanA+tanB=3 tanA+tanB=3
on solving on solving
tan A=2 tanA=1
tan B =1 tan B =2

D-2.» Add & subtract cot a.
(tan o — cota) + 2 tan 20 + 4 tan 4o, + 8 cot 8a + cota
=—2cot2 o + 2 tan 2a + 4 tanda + 8 cot 8a + cota
=—4cot4 o + 4 tan 4a + 8 cot 8a + cota

=—8 cot 8a + 8 cot 8a + cot a = cota

D-3. 1+ cos Iz + cos E + COoS 3—n—cos 3—“ — Ccos E — Ccos I 1
7 7 7 7 7
s 2n 47 8n 16x
D-4.». cOsS —C0S —C0OS — COS — C0S ——
10 10 10 10
i 5 T o 32n sin |3 +@
M2 1M e 1 7 TM0) 1
Psin L 32 gp ™ 32 g (™ 32
10 10 10
. T T
2 Sin—Ccos— 1 . 1
10 10 - 2 cos F= = 10+2£
16 10 64

. T
sin—
10
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s 3 5n 17=n
D-5. c0s —+Cc0S — + C0S — +...... +cos —
19 19 19 19
here A = I ,D= E n=9
19 19
cos A +cos (A + D)+ cos(A+2D) +...... +cos (A+ (n-1)D)
. (nD . 17w . 97
sm(] Sin9x -~ T 2T it
=_\2) cos (2A+(;_1)DJ: 19 xcos |19 19 |- _ 19 xcos%
sin— sini sini 19
2 19 19
sin[ 18% sin ™
_1 19)_1 719 1
2 sinl 2 sini 2
19 19

Section (E)
E-1.  f(0) = sin“® + cos?0 = sin?0 (1 — cos?0) + cos?0 = sin%0 + cos?0 — sin%0 cos?0

fe)=1- % sin220
0<sin20<1
=1=1() :1—%:3/4

min

f(0)

Range is{é, 1}
4

E-2. COS?X + sec>X + 3secx >2+3 >5
E-3. y=1+2sinx + 3 cos?X = y =1+ 2sinx + 3—3sin?x

y=1-—(3sin’x — 2 sinx — 3) = y=1—3(sin2x—§sinx+é—é—1)

2 2
y=1-3 sinx—l _10 =-3 sinx—E +E
3 9 3 3

1 16 13
= —, =3 | = |+ —===-1
ymax 3 ymll’\ ( 9 j 3

E-4. 12 sin 6 — 9 sin?0 = 4 — (3 sin 6 — 2)2 whose maximum value is 4 when sin6 =§

E-5. y=10cos’x—6sincosx +2sin>x =5 (1 + cos2x) —3sin2x + 1 —cos 2x =4 cos 2x — 3 sin 2x + 6

\Ja? +b? —<acoso + b sind < \a? +b?
y =5+6=11
ymin:_5+6:1

Section (F)
F-1. 4sin6.coso — 2cosO — 2\/§sine + \/5: 0 = 2cosb (2sind -1) — \/§ (2sin6-1)=0
= (2sin0 —1) (2c0sH —+/3 ) = 0 = sind :1, cos 6 :ﬁ = 0= E, 5—n 1in
2 2 6 6 6
. . 1 1 2n
F-2. 2sing+tan®=0=sin6=0o0r2+ =0=>0=ngor2=—-——— =cosO=——=0=2nt+t—.
cosH cosH 2 3
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F-3. sin X . tan 4x = c0s X = Sin X Sin 4x = cos X ¢cos 4x = cos 5x = 0 = five solutions.

F-4. sin 7x +sin4x +sinx=0 = 2sin4xcos3x+sin4x=0
:sin4x:00rcos3x:—% = 4x =nw or 3X:2nni%
x=® 2Mm, 2% _,momo2n A

4 3 9 4 2 9 9

F-5.=. sinx + sin5x = sin2x + sin4x = 2sin 3x cos 2x = 2 sin 3x €os X
sin3x =0 or co0s2Xx = cosx = 3X=nmt or 2X=2nmkxX
= X= nS_n 2nm, % = X= r;—n (It includes all three possible)

F-6. 2cos2x=6c0s?X—4 = 2(2c0os?x—-1)=6c0s?X—4 = 2C0s?2X=2=C0s?X=1=X=nm.

F-7. 2cos? (m+x)+3sin(n+x)=0 = 2cos?x—-3sinx=0=2-2sin2x-3sinx=0

=2sin?X+3sinx—2=0=sinx=-2, i :>sinx:1 :>x:£, i
2 2 6 6
cos 360 1
F-8. — = _—_=2(4cos?0—-3cos0)=2(2cos0—1)—1=8c0s*0 -4 cos’0—-6cosH+3=0
2cos20-1 2
= (4cos0—-3)(2cos6-1)=0 = cos():%,ig

B

But when cos 0 =J_r7 then2cos20-1=0

.. rejecting this value, cos 6 = % isvalidonly =6=2nn+ g nel

+

— +«/
F-9. 00526+3cose=0:200526+3cose—1=0:>cose=3_ 9+8= 31/

4 4
As-1<cos6<1
cosG:_3+T 17 only = 6 = 2nn + o where cos o = ‘174_3
ot 7(1—t2)
F-10. sin6+7cos0=5= s+t——= =5
1+t 1+t

where t = tan [gj :2t+7—7t2:5+5t23tang isrootof 12t2—-2t—2=0o0r6t2—t—1=0.

F-11. tanf=-1 = 0-"" i 27
4’ 4

coso = 1 = G:E, 7—Tcin [0, 27]
2 4" 4

. n L n
common value is x = 7 general solution is 2nn+T, nel
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F-12. sin (2A + B) =% —2A+B=30° or 150°

AB,Carein AP = B =60°
oo 2A=—30°0r 90° = 2A = 90° = A = 45°
.. C=180°-A—-B=75°

Section (G)
G-1. tan?3x <1
—1<tan3x <1

s T
nt—— <3X< —+nn
4 4

G-2. (cosx—3)(2cos—1)<0
2cosx—1>6

1
COSX > —
2

2nw — E<x< Iy 2nm
3 3

G-3. COS2X <COSX =2C0S?X—C0SX—1<0=>2c0s?X—2CcosX+cosx—1<0
= 2cosx(cosx—1)+1(cosx—-1)<0 = (cosx—1) (2cosx+1)<0

51
=>cosxe|—, 1
2

T Xe {—E %} General soltutionis x e {Znn—%, 2nn+—}

G-4.» tanzx—tanx—\/§tanx+ \/5 <0
tanx(tanx—l)—\/g (tanx—1)<Oz(tanx—l)(tanx—\/§)<0

= tanXE(l ﬁ)
T T
L wem )

. . T T
general solution isx e (nn+z, nn+—] ,nel

3
. X \/§ X
G-5. sin 60° = = — = =12 — 43 X=2X
12 -x 2 12-x \/_ \/_
123 2-3

x(2+3)=12{3 = x=—N2 x2TNT o x=12(23-3
( ) 2e03 2 ( )
x=12(2x1732-3) = X =12 x 0.464 = X = 5.568 m

A

12-x
X
B 60° c
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6. AP_2_ ap-2k AB=k AC=N
AB 1 2
tan(a+B):£:£,tana:£:l
AP 2 P 4
+tanf
tan (o + B) = tana +tanf :1: N 1 _1+4tanf
1-tanatanf 2 1- ~tanp 2 4-tanp

=> 4—-tanpf=2+8tanp = tanﬁzé = B:tan-l(éj

G-7.  Let height of centre of balloon is OA = h and P is eye of observer men h = OP sin BOP =r cosec%

C
h - 200
30°
D
B go° X
200 200
G-8.
A X TE
h
be

h-200

In ABCD = tan30°
X
In ABDF h+200 _ tan 60° = h-200_1 = h = 400 meter
X h+200 3
B
G-9.» h
45° 30°
< X >
A< y >C D

tan4 O:E,tan30°:L: \/§:y+x = X 3-1
y y+X y y

speed :% m/miny = (\'E;lJ x. Now taken to cover distance CA=—Y =12 ¥ =¢ (/3 +1) min.
X X
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PART - 1ll
1. (1) tan9° — tan27° —tan 63° + tan81° = (tan 9° + tan81°) — (tan 27° + tan 63°)

_ sin90° sin90° 2 B 2

€c0s9° cos81° c0s27°cos63° 2sin9°cos9°  2sin27°cos27°
2 2 2 2 8 (5B+1-B5+1)
— " — " = — —_— = 4

sin18° sin54° 51 5+1 4

4 4
1

><E =4
2

(i) cosec 10° — /3 sec10° = 2 1cos10°—£sin10° X———
2 2 sin10° cos10°

(i)  2J2sin 10° (secS | Sos40 —23in35°j
2 sin5°

o o o o o o
:2\/5(23'”5 cos5%sec5 +2$|n5 cos5°cos40

> = —25in35°sin10°j

= 2\/5 (sin5° + 2c0s45° + cos 35° — cos 25°) = 2\/5 (sin5° + 2c0s45° + 2sin 30° sin (— 59))

=242 (2)=4

o o 0 qj (o] (o] i (o)
(iv) cot 70° + 4 cos 70° = cos70 €c0s70°+4cos70°sin70 _ €c0s70°+2sin140

- +4co0s70°= - -
sin70° sin70° sin70°

(cos70°+5sin140°)+ sin140°  (sin20% sin140°) sin40°
sin70° sin70°

2sin80°xc0s60°+sin140°  2sin120°xc0s20° _ 2 x ﬁ NS
sin70° sin70° 2

2. (A) By usingAM.>G.M. = x+1=20039220rs—2 =cosb=1or-1
X

(B) sin © + cosec 6 = 2 = By using A.M. > G.M.
sin6+,i22ors—2 butgiventhatsine+cosece=2:>sin9+,i =2
sin® sin®

which is possible only when sin 6 = 1

, , 1
Sin?%Q + cosec®®) =sin®® 0+ —_—— =1+1=2
Siﬂ2008 0

© sin*d + cos*0 = (sin?0 + c0s?0)?2 — 2 sin? 6 cos? 6 = 1—% sin220

0<sin?20<1
ig 1—1 sin220<1
2 2
maximum value = 1
(D) 2 sin?0 + 3 cos?0 =2 sin?0 + 3—-3sin?20 =3 —sin?0
0<sin?6<1
2<3-sin?60<3
least value = 2

/\ Blginsgemt?gf;sm JEE-ADVANCED XI MATHEMATICS TRIGONOMETRY # 88




Trigonometry ~ / m—

3. (A) sin?0 + 3cos 6 =3 = 1 — co0s?0 + 3cosH = 3
= c0s?0—3cosb +2=0=cosO =1, 2
= cosb=1(cosb=2) = 0=0in[-m, 7x]
No. of solution =1

(B) sin x. tan 4x = cos x

sin4x

= sinx. = COSX
cos4x

= sin4x sinx — cos4x cosx = 0
= cosbx =0
=5x=(2n+ 1) n/2
= x=(2n+ 1) n/10
o 3t 51 71 on
10" 10 10 ' 10 ' 10
So there are five solutions.

in (0, )

NGO

y=x*—1

(C) (1 —tan?6) sec?d + 2% = o

= (1—tan*0)+ 20 = ¢

= (1-%x?)+2x=0 where x =tan?0
=>2=x2-1 =>x=3

from graph number of solutions = 4

(D) [sin x]+[ﬁ cosx]=-3
= [sinx]=-1 and [cosx]=-2
= nt<x<2r and —2§\/§cosx<—1

1
= —2<COSX<——=

NA

1
= —1<cosx < ———

2
= TESX<% for x €[0, 2n];n£x<%, X €[0,2x]
5n
TMKX < —
4

= 2n<2x<5?n

=0<sin2x<1

= [sin2x] =0
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EXERCISE # 2
PART - |
1. tanA<O and A+B+ C=180°
= A >90° = B+ C<90° = tan(B+C)>0
M = l-tanBtanC>0 = tanBtanC< 1
1-tanB tanC
2. Clearly o= 30° and 6 € (60°, 90°).
Hence 6 + o lies in (90°, 120°).
3. SI_nA:£,COSA:£,O<A,B<n/2
sinB 2 cosB 2
= tanAzﬁ sinB
J5 cosB
tan A= E tanB ..... (1)
J5
SiNACOSA \/1_5:> tanA .sec’B A5
sinBcosB 4 tanB .sec’A 4
from (1)

Y3 (1+tan’B) 15

= 5 = =4+4tan’B=5+5tan’ A
J5 (1+tan’A) 4

= —1+4tanZB=5><%tanzB:>tanB=il

= tanB=+1(':0<B<g)

Now tanA + tanB =£+ 1 =M Ans.
N3 N3
4. AC=2y2 P = - =D _iane
AD P
AD+DC=22 P = +Ptand =22 P
tano
2 -2
o' 9+sin" 8 _ = sin20=~ = =2
2sin® coso 2 8
T T 3n
So - | =+= = =
b= (2 sj 0=
5. 3cosx+2cos3x=cosy ... 0]
3sinx+2sin3x=siny ... (i)

()2 + (ii)? gives
9+4+12cosxcos3x+12sinxsin3x=1
=13+ 12 (sinxsin 3x + cosx cos 3x) =1
=13+12cos2x =1

=12 cos2x =-12

=cos2x=-1
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6. COS369:4c0526—3:2(1+c0526)—3=2c0526—1=2cos(oc—[3)—1
cos
(cos? a + sin? o) + (cos? B + sin? B) + 2 cos (o — B) = a2 + b?
2cos(a—B)=az+b?-2=> M:a2+b2—3
cos0
7. %<a<n, then [ 2cota+— =cosecZa +2cota =vcot? a+1+2cotal :\j(1+cotoc)2
sin“ o
%<a<n:—(1+cota)
8 < T sin0+sin20  _ sind (I+ 2co® _ sind (& 2co8 _ tan o
' 2 1+c0s0+cos20 2cof0+ co® cosO (k+ 2co¥
.. Range € (-, )
ACOS0O
/-‘n/2 0 2 >0
£ C0S 0% X for 0 e -t
2 2 2
9. a, +a,cos2x+a,sin’x=0 =a +a, (1-2sin*)+a,sin’x=0

= (a, +a,) +sin* (a,—2a,) =0isanidentity >a +a,=0&a,-2a,=0

> —= =% = — .. infinite triplets are possible
+

10 A+B+C= S?R = c0s 2A + cos 2B + cos 2C = 2 cos (A + B).cos (A-B) + 1 -2 sin?C
3n . 3n
= 2cos 7—0 .cos(A-B)-2sin2C+1 (-:A+B+C=?)

= -2 sin C{cos(A—B) +sin C} + 1 = -2 sin C {cos(A — B) + sin (3?7t -(A+B)}+1
=-2sinC{cos(A—-B)-cos(A+B)}+1=1-4sinAsinB sinC.

sinB sinC _ 2

= x sin B sin C
cosB cosC 2Co0sA

11. As cosA=cosBcosC,so =tanBtanC =

= 2 (cos(B—C)—-cos (B+C)) = (cos(B—C)+cos(B+C)—-2cos (B+C))

2C0sA 2C0sA
= 2 {(ZcosA—Zcos(B+C)}:4COSA:2
2COSA 2C0sA
— +./ . +
12. tan2a+2\/§tana—1:0 =Stana = 2\/§_2 12+4 = 2J2§_4 =—\/§ 2
T -5 i 5n
=2-43,-(2+4/3)=tan 15° —cot 15° =tan —,tan| — | > a=nNn+—, N —
V3. (2+45) 12 (12} TR T
T T T _2nt =« T T _nn T
ornt+ —,(2n-1) —+ — =>a=—+—,(2n-1) =+ — o= — + —.
12 2 12 2 12 2 12 2 12
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13.». tanx +tan x+E + tan x+2 =3:>3tan3x=3:>tan3x=1:x=n—n+l,ne1
3 3 3 12
_Secz(;j 2 1
14. 1+2coseCx= ——"2 =1+ - =— —
2 sinx 1+cosx

= (2 +sinx) (1 + cos x) =—sinx = 2 + 2 €0S X + Sin X + Sin X COS X = —Sin X
= 2(sinx+cosx)+sinxcosx+2=0
Put sinx+cosx=t = 1+2sinxcosx="1

-1

2t + +2=0=>t+4+3=0

L. cos %
2 4

=X - % =2nw * 3% =X=2nnt+ w, 2nxw —g = X = 2nn + «© at which cosec x is not defined

=t=-1,-3=sinx+cosx=-1= cos (X_%j =

x:2nn—£.
2

15. 2cosx = 2+2sin2x = +2cosx=1+sin2x = |sinx +cosx|

. T
sin| X+

= COSX = (sinx+cosx) | = cosx =

%

= see from graph or we can put values given in options to verify.
A

. ’ T
sin| x +—
x3)

COSX
- N k1Y
1T sinl X+ —
4]

/f
’

w1 374 2n

v

I8 lh

16. |cos x| = cos X — 2 sin X
Case-l : cosx>0=>cosx=cosx—2sinx=>sinx=0=x=nn=2mnor (2m + D)x
Ascos x>0
SoX=2mz
. T
Case-ll : cosx<Oz—cosx=cosx—23|nx:>tanx=1:>x=nn+z

3x:2mn+%or(2m+1)n+% Ascosx<0

Lx=02m+ ) +%.

17. 4ex_32ex+2<0 = £2—3t+2<0, t=2ex
(t-1) (t—2)<0 . te[l 2] =>1<2mx<2
- 20 < anx < 1 - O<tanx<l = XE|:0, ﬂ

e
Xelnmg nNnu+—|,nel
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18w Clearly5-2sinx>0
case-| : If 6sinx—1<0=-1<sinx s%then inequality is true
case-ll : If % <sinx<1lthenwe have5—-2sinx>36sin?x—-12sinx+1

1=

4.

/\

Educating for better tomorrow

36sin?x—-10sinx—4<0=18sin2x-5sinx-2<0
18sin?x—9sinx+4sinx—-2<0=9sinx(2sinx—-1)+2(2sinx—-1)<0

= ((2sinx-1)(9sinx+2)<0

. 2 1 . 1 1
=sinxe|-=, = sosinxe|l=, =
53 5 3

PART - I

oa+p
[ 29 sina+sinp _ 48 fan 2
S —_— = —— = =04.80

19 sino =29 sin = — = = - — =
sin B 19 ~sina—sinf 10 an (a—[}j

5-12tan06=11sec 0 = 25+ 144tan?0 —120tan 6 = 121 + 121 tan®

23tan26—120tan6—96=0:tanoc+tan[3=% :>tanatanB=—%
120
_ 23 _120 . _ 120
tan (o +pB)=—-5-—=— =sin(a+p)=——.
(o P55 119 (a+p)=-To
23

4cos? | E_2| + Jasin®x +4sin?xcos?x = 4 cos?| =~ 2 |+ |2 sinx| = 4 cos? | £ — 2 | -2 sinx
4 2 4 2 4 2

= 2{1+cos (g—xD—Z sinx = 2

c0sA cosB cosC = A (cos 3A + cos 3B + cos 3C)

= COsA cosB cosC = )\ (4 cos®A — 3 cosA + 4 cos®B — 3 cosB + 4 cos*C — 3 cos C)
= COsA cosB cosC = A (4(cos® A + cos® B + cos®C) — 3 x 0)
COSA + cosB + cosC = 0 = cos® A + cos® B + cos®C = 3 cosA cosB cos C
= CcOsA cosB cosC = 12 A cosA cosB cosC= A= %
Resonancex:
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5. —-5<20+1<5= -6<2A<4= —-3<A<2
A=-3,-2,-1,0,1,2
22=9,4,1014

6. a cos®a + 3a cosa Sino. =m ()]
a sin®o. + 3a cos?a. SinoL = n ... (i)
then(m + n)?® + (m —n)?*
= (a (cos®a + sin®a) + 3a cosa sina (cosa + sina) )2
+ (a (cos®a — sin®a) + 3a cosa sina. (sina — cosay) )
= a?® [{cos®a + sin®a, + 3c0s a sin a (cos a + sin a)}?? + {cos®a — sina. — 3cosa Sina (Cosa — sina)}??]
= a?® [{(cosa + sina)}?? + {(cosa — Sina)}??]

= a?® [(cosa + sina)? + (cosa. — sina)?] = a?® [1 + 1] = 2a??

7. 2cosx+sinx=1 ... (1)
4 cos?x = (1 — sinx)? = 4—-4sin?’x=1+sin?Xx—2 sin x
5sin?x—-2sinx-3=0= (sinx—1)(5sinx+3)=0= sinx = 1, sinx:—%
cos x = L=SINX (from equation (1) )

whensinx=1
1-sinx

7cosx+65inx=7( )+6sinx=7[%1j+6><1=6Ans.

3
5| 6x3_ 28-18
5 5

1+
= 2 Ans.

and when sinx =_?3 then 7cosx+ 6sinx =7

8.» cotx = Iz + X; Xe| -, 3—Tc
2 2

lety =cotx & y=g + X

-T

N a

3 solutions.
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9. 2tan’x—-5secx—-1=0=2(sec2x—1)—-5secx—-1=0=2sec2x—-5secx—-3=0
6 -1 -1 -1
=>secX=—,—=3,— —=>secx=3|secx#—
2 2 2 2

1 \\ )\ L)

£\
h S A (Y AN S AR
CAAwAR WL

= COS X :% = 7 solutions in |:0, @:|

2
. n=15.
10.m cos2x+asinx=2a—-7 = 1-2sin>x +asinx =2a—-7
= 2sin’x —asinx+2(a-4)=0.......... Q)
+,f2_ _ ,f —8)y _ _
:>sinx:a_ a“ —16(a 4):ai (a—18) :aJ_r(a 8) :2a 8 g
4 4 4 4 4
:sinxza;zll: —1£a_4£1:>2$as6 =a=223,4,5,6

11. [sinx| = | cos3x|

|cos3x|

v

Number of solutions in [0, ©] = 6
Number of solutions in [-2r, 27] = 24

COSA + cosB + cosC
sinB sinC sinA sinC sinA sinB
_cosAsinA +cosBsinB +cosCsinC _ sin2A+sin2B+ sin2C _ 4sinAsinBsinC

sinAsinBsinC 2sinAsinBsinC  2sinAsinBsinC
(using conditional identity) = 2

12. ZCOSA cosecBcosecC=

13=» A+B+C=n
sin(A +B)

LHS =tanC (tanA + tanB) + tanA. tan B = tanC +tanAtanB
cosAcosB
_ _sinCsin(r—C) N sinAsinB _ sin® C +sinAsinBcosC _ 1—cos? C +sinAsinBcosC
cosAcosBcosC cosAcosB cosAcosBcosC cosAcosBcosC
_ 1-cosC(cosC —sinAsinB) _1-cosC(— cos(A+B)-sinAsinB)
- cosAcosBcosC - cosAcosBcosC
1+cosAcosBcosC

= =1 + secA secB secC = RHS.
cosAcosBcosC

14 4cos®Xx —4cosX +cosXx—1=0=(4cos’x + 1) (cosx—1)=0=cosx=1

X =2nm
solutions in the interval [0, 315] are O, 2n, 4n, ....., 1007
arithmatic mean = 0+ 2n+47;.... +100m =50n
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15 a-p=0,-2n or 2=n

a—B=0 = a=f= cos2p =

D |-

This is true for '4' value of ‘o, 'B'

fa-p=-2n = ao=—mandB=mxn

and cos(a+pB)=1 = (No solution)
similarlyifa-f=2r = o=nandB=-=

again no solution results

16. sec?0. cosec?0 + 2 cosec’0 =8 = L + 2 =8 =1 + 2 cos?0 = 8 sin?0 cos?0

sin0cos®0  sin’0

= 8sin?0 c0s?0 — 2c0s?0 -1 =0
= 8(1 — c0s?0) c0s?0 —2 c0s?0 — 1 = 0 = 8co0s*0 — 6c0s?0 + 1=0

4 2 _1 1 _ 1 1 _ 7 m 2r 3r 4r 5rm 5Szm Ix
=>Cc0shH=—,— ==, -=c080=+ —, + = =0=—, =, —, —, —, —, —, —
8'8 2 4 2 2 433 47343 4
17. C0s60 + cos 40 + cos26 + 1 =0 = 2c0s46 c0s20 + (1+ cos40) =0
= 2¢0s40 c0s20 + 2c0s?20 =0 = 2c0s20 (cos46 + cos20) =0
= €0s26 (2c0s36 cosb) = 0 = 0=(2n+1) g (2n+1) %,(2n+1) %
18. tan 6 +tan 20 + tan 36 —tan 6 tan 36 tan 20 = 0 ()
—tan(6 + 20 +30) =0 =tan 60=0= 60 =nx = 0 = %“
19. cosx.siny=1 = Eithercosx =1 andsiny=1

or cosx =—1 and siny = -1 = (Xy)= [0, Ej , (0, ﬁj , (Zm Ej , (27:, ﬂj

2
3n 3n
or X! = ) ~ | 3 ’ T~
: Number of pairs = 6

20. sin 30 =4 sin 0 sin 20 sin 40 = sin 30 = (2 sin 0) (2 sin 20 sin 40)
= 3sin0—4sin*0=2sin 0 (cos 20 — cos 60) = 3 —4sin?0 = 2(cos 20 —cos 60) or sin®=0
=3-2(1-cos20)=2cos20—-2cos60orsino=0

:1:—200366300366:%1 orsin6=0

sin0=0 or cosGG:_—1

=0=nmor = L
6 3 9

=0 g TgR 2F.m T
9 3 9 3 9 9

So eight solutions.
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_ 2
21. cos 6x (1 +tan*x) =1 —tan?x or cos 6x = 1ta—n2x
1+tan® x
nmt nx
or cos 6x = cos 2x or 6Xx=2nm+£2X = x=7,T
= x=0,£,3—n,n,ﬂ,7—n,2n (At,x:E,3—n,tanxdoesnotexist)
4 4 4 4 2 2
22, tane+sin¢:g ..(1)

7 3 .Y 7 9 . . 7
Astan29+cosz¢—2:> E—sm¢ +COSZ¢_Z:> Z+sm2¢—3sm¢+cosz¢—z

3 . . 1 -
= 2=3sind=>sind== =d=nn+ (-1)"=
5 ¢ o > d=nn+(-1) 5

3 . 3 1 T
from (1) ((1)),tan 6= — —sin¢= ——==1=0=nn+— .
(1) (1) > ¢ >3 2
23. Let sin x(sin x + cos X) = n = sin?xXx+sinXcosx=n = 1 —-c0s 2x + sin 2x = 2n

=sin2x—-cos2x=2n-1 = - 232n—1s\/§ =n=0,1

31—£/§§n§1+2\/§

So number of integral values of n = 2

1 4tanx
tanx 1+tan®x
SE+3+t-1=0= (t+1)E+2t—1)=0 =>t=-1,-1+2=-1,-1-2,-1+2

24, cotx—2sin2x=1 = —1=1+t2-4t2=t+ t?where t=tanx

T T T T T T T I
=Stanx=tan |-—|,~tan | =—=|,tan — =>X=nNn— —, N+ —, N+ — ——
[4] [2 8] 8 4 8 8 2
:x=nn—£, @+E,(2n—1) T T o2 . myz
4 2 8 2 8 4 2 8

25.»  sinB + 2sin26 + 3sin360 + 4sin46 = 10 = sin® = sin26 = sin30 = sin40 = 1 is (0, ) which is not possible

43)@3)-4_8_,

26. RHS = 3x2 + 2x + 3; Minimum value =
4(3) 3
whereas LHS < 2 no solution.
27. sin X cosx —3 cosx +4 sinx—12—-1>0= (sinx-3) (cosx +4) —1>0 = (—ve) (+ve) -1 >0
(which is not posible) = xed
PART - 1lI
o
1. randD _ on (450 + 119 = tan 560
1—tan11°
t 5t
1 2 tan E+1—tan 5 1 t t t
2. sint+cost==—- = n = - =10tan —+5-5tan? —=1+tan? —
5 1+tan? L 5 2 2 2
2
t t t t t
=6tan? — —10tan — -4=0=3tan? — —6tan — +tan— —-2=0
2 2 2 2 2
t t t t t
=3tan — |[tan—-2 |+ 1|tan—-2 |=0=tan—=2,tan — = ——
2 2 2 2 2
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3. w = tanx sec2x + sec = sec3x (1 + tanx) = (1 + tan3x) (1 + tanx)
cOoSs” X
4, 1 =[(sec A —tan A) (sec B —tan B) (sec C — tan C)J?

= (sec A-tan A) (secB—-tanB) (secC—-tanC)=%1
So each side is equal to + 1

5. 1 radian ~ 57° (approx.)

sinx

X

0

T e \\_/

sinl > sinl°
COsSX

X

0

cosl® > cosl

6.m sinx+siny=a ... (1) cosx +cosy=b ..... (2)

2sin| XY |cos| X =Y
2 2 _a X+y) _a
) b = tan > b
Zcos(xzyjcos(x yj

2

. x+yj_ a [ B
=N sin = , =
[ 2 VaZ +b? 2 VaZ +b?

. . [ xX+y X+Yy 2ab
= sin(X+y)=2sin | —=—| cos =
() ( 2 j ( 2 j a® +b?

Now fortan [X;Zy) (tan [X—;)/]) = (1)2+(2)2=1+1+2cos (x—Yy)=aZ+b?

a’+b%-2
2

tan? X-y :1—cos(x—y)
2 1+cos(x-vY)

cos (X —y) =

1_[a2+b2—2j
_ 2 _ _ 2_ 2
N tanz[xzqz tan(x_zyj , [A-at-b®

2, .2
1+a +bc -2
2

7. cos(A —B) :% &tan AtanB=2
. : 3 3
cos A cos B +sin A sin BZE = (1 +tan Atan B) cosAcosB:g

:>(1+2)xcosAcosB:% :cosAcosB:% .'.sinAsinB:%—

gl| =
(LR

cos(A +B)=cosAcosB-sinAsinB = %—— = —.
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8. P —P_,=c0s"0 +sin"0 — cos™ 0 — sin™20 = cos™20 (cos?6— 1) +sin™20 (sin?0 — 1)

= cos™20 (-sin?0) +sin™20 (- cos?6 ) = (-sin? 6 cos?0) {cos™* O +sin™*0 } = (-sin? 6 cos?6) P_,
putn=4 =P,—P,=(-sin?0 cos?0) P, = P, =P, -2 sin? 6 cos?0 = 1 — 2 sin? 6 cos?0

similarly we can prove the other result also.

9. tan?o + 2 tana . tan 2 = tan? + 2tan B . tan 2o
1 1
= (tan?a. — tan?p) + 4 tan o tan B > 5 =0
1-tan“pf 1-tan“a

2n 2
= (tan?a. — tan?p) + 4 tan o tan B (tan 2[3 tan a)2 =0
(1-tan® o)(1—tan-p)
4tanotanf }

(1-tan? a)(1—tan?p)

= (tanza — tan?p) {1—

= (tan?a, — tan?p) (1 —tan 2a. . tan 2p) =0

= tan?a =tan?p  or tan 2a. tan 2 =1

L.H.S.=tan?a+ 2tana 1 . = tan?a + 2tana . (I-tan?a) =1
tan2a 2tana

R.H.S. =tan?3 + 2 tan B. 1. tan?p + M. 1-tan?p)=1
tan2p 2tanf

10. h:\/{0052a+c052[3+2cos (a+B)}? +{sin20.+sin2B + 2sin (o +P)}°

= h =[4 cos? (o + B) (cos (a0 — B) + 1)2+ 4 sin? (o + B) (cos (o — B) + 1)2]*?
= h =[4{cos (o — B ) + 1}? {cos? (a + B) + sin? (o + B)}]*?

= h=2(1+cos(a-B) = h:2x2c032[°‘T_Bj

= h = 4 cos? (OLT_BJ

tan20 + tan6
1-tan20 tan6
= tan 30 —tan 6 tan 26 tan 36 = tan 20 + tan 6
= tan 306 — tan 20 — tan 0 = tan 6 tan 260 tan 36
= tan 30 + tan 36 = tan 0. tan 26 tan 30
(- given that tan 6 + tan 26 + tan 30 = 0)
=tan 30 (2—-tanbtan 20) =0 = tan 30 =0 or tan 6 tan 26 = 2.

11. 0<0<n/2=tan 30 =tan(20 + 0) =

12. Let tan % =t

= @+2)2t+(Ra-1)(1-¥)=QRa+1)(t2+1)
= at+4t+2a—-2at?—1+t2=2a+1+2at?+1t?
= 4att-2t(2+a)+2=0 = 2at?-2t—at+1=0
= 2t (at-1)—-1(at—-1)=0 = t=1/2,t=1a
= tano = —Ztanglz = tan o = 2x1/2 =4/3
1-tan“a/2 1-1/4
2/a 2a
or tan o = =

1-1/a2 a2 -1

. : 2b
13. y=acos?x+2bsinxcosx+csin?x & tanx = ——
a-c
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Z =asin?x — 2b sin X CoS X + € C0S2 X = y+z=a+c

andy-z=(a-c) (coszx—sinzx)+4b sin x cos x

= (a—c) cos 2x + 2b sin 2x (- 2b=(a—c)tanx)
= (a—c) [cos 2x + tan x.sin2x] = (a — ¢) {ZCOSZX +Sl—nxsin2x} - (8=¢) cos(2x=x) _ (a-c).
COS X COS X
A+B A-B\)" . (A+B A-B\)"
2cos| —— | . cos | —— 2sin . COsS | —
2 2 2 2
14. +
A+B) . (A-B . A+B) . (A-B
2cos .sin -2sin .sin
2 2 2 2

0:ne odd
= cot (A;Bj +(=1)" cot (—A_Bj —

2 )N, _.[A-B
2 cot 5 |ineeven
15. Sin®x + cos®x = a2
= (sin?x + cos?x) (sin*X + c0s*X — Sin?X C0s?X) = a2
= (sin?x + cos? x)? — 3sin? x cos? X = a?
= 1-3sin?x cos?x =a?
= 1—§sin2 2X = a2
4
2
= M: sin? 2x
4
1-a2>0 and 4—-4a2<3
az<1 and ls a2
4
—-1<a<1 and az%or as—%

e [-3 3

16.m sin(x-y)= % and cos (X +Y) =%

n 57 n 57
> X—-y=—,— andx+y=—,—
6 6 3 3
Adding 2x = I or7—7t or lin
2 6 6
T n  1ln T T
=>X= —o0or — or— whenx=—,y=—
4 12 12 4 12
when x = I—; no value of y is possible.
1ln = 3¢
whenx=—"—,y=— .
12 4
15
17. = 2(sec? o — cosec?a) + (cosec?a + sec?a) (cosec?a — sec?a) = i
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15

= (cosec?a — sec?a) [cosec? a + sec?a — 2] = i
= 4(cot? o —tan?a) (cot? a +tan?a) =15 = 4(cot* o —tan* a) = 15
= 4(1 -tan®a) = 15 tan* a = 4tanfa+15tan‘*a—-4=0
= 4tan® o+ 16tan‘a—tan*a—-4=0 = (4tan*a—1) (tan*a+4)=0
= tan* a =% or tan* a = — 4 (not possible) = tan2a == >
= tan? o= +5 [ tan?a e —x = tan o= + =

2 2 2

18. 3sin B =sin (2a + B), (Given) = tan (o + B) — 2 tan a
sin (a+P) sin a

=tan (o +B)—tan o —tan o = —tan o
cos(a+p) cosa
sin@+B-a) _ sinf _sina _sin—sina.cos(a +B)
cosa  cos(a +B) cos(a.+B) cosa COSa cos(a+p) cosa
_ 2sinB—[sin(2o0. +B)—sinB] _ —[sin(2a.+P) —3sinf] _ 0
2cos(a.+p) cosa 2cos(a +p)cos a
19. gJrEJrl:Tc:> gJrE:r:—y = tan —+E = tan| n—~
2 2 2 2 2 2
tan% +tan P " B o B
> —2 2 - @ntstanditan rant = tanZanfant
1—tan—tang 2 2 2 2 2 2 2

20.»  COS?X + €c0Ss?y + €0S?Z — 2 COSX cosy cosz (Given X +y = 2)
=1+ cos (X +y)cos (X —Yy) + c0s?z — 2 COSX COSY COSZ
=1+ cosz [cos (X —y) + cos (X +y)] — 2 COS X COSY COSZ
=1+ c0Sz . 2C0SX COSy — 2 COSX COSy C0SZ =1 =cos (X +y —2)

21. tanA+tanB+tanC—-tan AtanBtanC=0

= sin A cos B cos C + sinB cos A cos C +sinC cosAcosB —-sinAsinBsinC=0
= sin(A+B+C)=0
= A+B+C=nn,nel
_ 2
22. Lety=2sint = = 122)(—+5X
3x°—-2x-1

By-5)x2-2x(y-1)-(y+1)=0

1
R-11 -=
xe {l 3}

D>0 = y2—y—-1>0

1+\/§

> or <
y 2 y 2
= sintzlh/g or sintsl_\/g
4 4
. T T 3t =©

range of tis | ——, —— | U |—, =

5w e 3

23. 2sin2x = sinx + sin3X = 2sin2Xx = 2sinx2x cosx => sin2x =0 or cosx=1
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=2X=NnOorxX=2mn = X= n%c 2mm. options (A), (B), (C), (D) are all a part of x = %n

24. sinXx+sin2x+sin3x=0=2sin2xcosx+sin2x=0 =sin2x=0 or cosx= 7.
25. €C0S4x c0S8x — coshx c0os9x = 0 = 2c0s4x c0S8X = 2€0S5X €0S 9X = €0S12X + cos4x = coslax + cosdx
= 14x =2nm £ (12X) = 2x = 2nn or 26X = 2Nt = X =N Of 2—2

sinx =0 orsinl3x=0

26. LetE=sinx—cos?2x—1=>E=sinx—-1+sin?x—1=sin?x+sinx—2

1Y 9 . 1 n
= smx+§ —Zassumes least value when sin x = —5 = X=ng+ (-1) aryk

27. (X cosb + Ysin® )2 +4(X cosd+ Ysind )(X sin@— Ycose )+ (Xsind—Ycos6)’ = ax? + bY?
= (1 + 2sin20) X2 + (1-2 sin20) Y2 — (c0s20) XY = aX? + bY?2
= cos20=0= 0=45°= a=3,b=-1

28. sin(nxz) = sin(n(x? + 2x)) = 2 =nm+ (-D)"(x% + 2X)

Case- | nis even = n = 2m then x? = 2m + x?+2x =X=-m

This gives positive root as 1, 2, 3, .... correspondingtom=-1,-2, -3, ......

-1+ 43 +4m

Case-llnisodd=>n=2m+1 = X2 = (2m+1) — (x>4+2X) => X = >

This gives poistive roots 1443 , 147 , Vi

2 2 2
= positive roots in increasing sequence are
—l+\/§, —l+\ﬁ,1, —l+\/1_l , —l+\/1_5, —l+\/1_9, —l+\/£ 2
2 2 2 2 2 2
= 8 term of sequence is 2
29. COSX. COS6X = —1

= Either cosx = 1 and cos6x —1 or cosx =—1 and cos6x = 1
= X = 2nm and cosbx =—1 or x = (2n + 1) = and cos6x = 1

If x = 2nn then cos6x cannot be —1
However if X = (2n +1)r then cos6x = 1
x=(2n+1) =«

= X =(2n -1) nis also as above.
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30.

/\

(1) sin3x<sinx=3sinx—4sinPx—-sinx<0=2sinx(1-2sin2x)<0

. sinx (sinx+%) (

-1 0
= sin {—

1

-1

2

[

sinx—ij >0

N

%
-

p

g
V2

£ ool ) e O B %

. General solution x e (Znn—%, 2nnju [2nn+%, 2nn+%j U (2nn+n, 2nn+%}

(i) tanzx—tanx—\ﬁ tan x + \/5 <0
tanx(tanx—l)—\/§ (tanx—1)<0:>(tanx—1)(tanx—\/§)<0

= tanXE(l xE)DXE(%, EJ

3

. . T T
general solution is x e(nn+z, nn+—j ,nel

(iii) Clearly5-2sinx>0

3

case-l: If 6sinx—1<0=-1<sinx< % then inequality is true

case-ll:lf%<sinx<1thenwehave5—25inx236sin2x—123inx+1

36sin?x—-10sinx—4<0

= 18sin2x—-5sinx—-2<0
18 sin2x —9sinx+4sinx—2<0
= 9sinx(2sinx—-1)+2((2sinx-1)<0

:(25inx—1)(95inx+2)s03sinxe{—g, 1}

2

IS

Resonance.

E]

A

Educating for better tomorrow
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31. Zsing. COS?X + sin3x = 2 sing. sin? + cos’X = Zsing (cos?x — sin2x) = cos?X — Sin3
= c0s2x =0 or 2sin 2: 1
=sin2x=1or —1 andcosx=1 —Zsinzg =1-2 (%) :%

COS2X = 2Cc0s? X — 1 = 2x 1_ 1 :_1
4 2

32.».  cos 15x = sin 5x = cos 15x = cos (g—ij or cos(?’?7T + 5xj

15x = 2nx t(g—ij or 15x = 2nn i(% + 5xj

nn s nt 3n
= = —+ —,nel, x= —+ —,nel
10 40 5 20
and x:n—n—i,nel and x:n—n—?’—n,nel
5 20 10 40
33. 5sin? x +4/3 sinx cosx + 6 cos’x =5

Case-l cosx=0=5+0+0=5
T
X=nw+—
2

Case -ll cosx=0

. Stan + \/5 tanx + 6 =5 (1 + tan*) = tanx =—%
34. sinfx+2sinxcosx—3cos2x=0

case-l: cosx=0
Stan?x+2tanx—-3=0

=>tanx=3,1 = x=nn+tan*(-3), nx +%

case-ll : cosx=0=1+0-0=0 not true.

35. sin® X cos X > c0s® X sin X
= sin X COS X (0032 X — sin® x) <0

:>sm2x .c0s2Xx<0=sin4x<0

0] T 2t 3n An
4W4 4 4 \\
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36. 4sin*x+ (1 —sinx)?=1= 5sin*x—-2sin>x=0
sin’x (5sin’x-2)=0 = sinzx = 0; sin? = %

. 4

= X=nm;nel or cost:1—25|n2x=1—E

1
costzg =CcoSs a
2X=2ntt o

1 1
X=nn+t—=cos?t|—=|;nel
2 5

37. 2 sin 2X cos X + sin 2x = 2 €0S 2X CO0S X + C0S 2X
sin 2x (1 + 2 cos x) = cos 2x (2 cos x + 1)
= (2cosx+1)(sin2x—cos2x)=0
= cosx:—1 or tan2x =1
2
= x:2nn12—n,nel or x:n—n+£,nel
3 2 8
PART - IV
1. tanAtanBtanC:tanA+tanB+tanC:E
q

sinA sinB cosC+cosA sinB sinC+cosB sinC sinA
cosA cosB cosC

2. tan AtanB+tanBtan C +tan Ctan A=

_ sinB.sin(A+ C)+ cosB sinC sinA _1-cos’B+cosB sinC sinA

q q
_1+cosB (sinC sinA-cosB) _1+cosB cosC cosA _1+q
q q q
3. = (tan A + tan B + tan C) {(tan A + tan B + tan C)? — 3(tan A tan B + tan B tan C + tan C tan A)}

)

2, .3 _ 2 3
q q q
4, 4sin3x + 2 sin?x — 2sinx —1 = (2sinx + 1) (2sin2x —-1)=0
sinx = —1 , ii there are 6 solutions.
22
5. 3:cos4x+10tizxzcos4x+55in2x
1+tan” x
i.e 3=1-2sin22x + 5 sin 2x
i.e sin 2x :1
2
2X :E , 5_7'C
6 6

Thus there are two solutions.
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6. (i) when tan x > 0, then the equation becomes tan x =tan x + 1 i.e 1 - 0 (not possible)

COS X COS X

(i) when tan x < 0, then the equation becomes —tan x =tan x +

. . 1
i.e sinx=-=
COS X 2

:% is the only solution.

. 7 . 7 . 3 . 3
7. sin®x + cosfx <E = 1 —-3sin?x C0s?X < — = SiN?x C0S2X >— = sinZ2x >Z

w>i = 1-cos4x > 3 = c0s4x < 21 = Principal is value 4xe 2z A
2 4 2 2 3 3

= General value is 4XE[2nn+ﬁ, 2nn +%j

nmw T nTC T
= Xe|l—+—, —+—
(2 2 "3

/i\ 2n/3 47[/3

8. Cos2x+5cosx+3>0 = 2c0s?X + 5cosx +2 >0 = (cosx + 2)(2 cosx + 1) >0
= 2cosx+1>0 (- cosx +2>0)
1 2n  2mn
= COSX>2—= =Xe|-——, —
2 3 3

9. 2 sin? [x+%) + 4/3cos2x>0

/—\%/zi /6 76 § 32

= 1-cos (2x+g j+\/§0052x2 0

= \/§c052x+sin2xz -1
= £0052x+%sin2x2—l
= sin 2x+E Z—E

3 2

= 2X+£e 2nn—£, 2nn+ﬁ
3 6 6
b4 5r
= 2Xe|2nt——, 2nm+—
2 6
5n

= X e nn—E, nm+-—
{ 4 12}

—7n n  5¢n 3n .
= Xe|-n, —|U|——, —| U |—, T In[—n, n]
12 4 12 4
/\ Resonance. JEE-ADVANCED XI MATHEMATICS TRIGONOMETRY # 106
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EXERCISE # 3
PART - |
L ) = 1 1 _ 2
' Sin? 01 3sin0COS015c0s20  1- 0520 4 3Bainop 4 21+ €OSM)  6+3sin20+4c0s20
2 2
2
fo) =-S_=2
()max 6—5
5 2T . T
1 1 o1 feos s 4n o 3n
2.m, - = ; = ; SIn— =sin—
LT . 3n . 2n . T . 3T . 2n n n
sin— sin—— sin=— sin—sin~—  sin—
n n n n n n
471; 3n

=(- 1)k— +kn, kel
1 .
lfk=2m= Z=2mn — = 2m, not possible
n n
n
fk=2m+1l= —=2m+Lr=>n=7m=0
n

3xn tan@ = cot 56
sin® _ cos56
cosf  sin50
5 = _momon 5n
12° 4’ 12'12'4' 12
sin20 = cos460

:>cos69:0:>6(9:(2n+1)g:>6:(2n+1)g;n el

= sin20 = 1 — 2 sin 20 = 2sin220 + sin20—1=0 = sin20 = — 1,%

=  20=(4m-1) E,pn+(—1)p£

= e=(4m—1)7T +()P 2om, pel

l 57‘C

........... )

T
- :—_
4’

12 '
From (1) &(2)0el-=, =
4’ 12’ 12
Number of solution is 3.
4, P:{e:sine—cose:\ﬁ cos 0}
sinG:(\/E +1)cose:tane:\/§+139:nn+ 3%;nel

Q {6:sin6+cos6= \/§S|n9}
cose—(ﬁ 1)sin©

= tanG:—: 2 +1
J2 -1
= O:nn+ﬂ;nel
8
P=Q
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\/BT 3n

5.* As tan(2x - 0) > 0, —1<sm6<—7 0 € [0, 2n] = ?<9<?

Now 2cos6(1 — sing) = sin?6( tan 6/2 + cot 6/2)cosd — 1
= 2c0sH(1 — sing) = 2sin6 cosp — 1
= 2co0sb + 1 = 2sin(6 + ¢)

As O e [%%) =2c0s0+1e(1,2)=1<2sin(®+p)<2=<sin(@+¢) <1

T 57 13n 17=
As O + 0,4n] =0+ oro+ ,
o0 a0 pe (55 ros 2205
:>__9<(I)<5_Tc_eorl?’_fc 9<¢<17_ﬂ_e:>¢ _ﬁ,ﬁuﬁ,ﬁ
6 6 6 6 2 3 3 6
correct option is (A, C, D)
6. sinx +2sin2x —sin3x =3.sinx (1 +2cosx—3+4sin?x) =3
(4 sin> + 2 cos x — 2)—i
sinx

2—4coszx+2cosx:_i

sinx
2
—— (Zcosx ——j = i
sinx
9
L.H.S. < " R.HS.>3
No solution.

5 . .
7.3 ZCOSZ 2X + €0s* X + sin* X + cos® X + sin®x = 2

= E00522x +1- 1sin22x +1- isin2 2x=2
4 2 4
= C0S22X = Sin?2x = tan?2x = 1
Now 2x €[0,4n] =>x = Eﬁs—nﬁg—n&n—n 15n
8 8 8 8 8 8 8 8
so number of solution = 8

Sin|:(n+knj - (n+(k - 1)75]}
3 4 6 4 6 13 K

> kz‘;sing(sin(2+kg)sin(2+(k—1)765D i Zé[co{g+(k_1)gj_c’°t[%+€n
—2[cotz—cot[z 12“)} 2[1—cot(2192njj 2[1—00{12)] 2 (1~(2-3)) =2 (-1 +4/3)
=2(3-1)
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9. /3 secx + cosecx + 2 (tanx — cotx) = 0 = /3 sinx + cosx + 2 (sin> — cos?x ) = 0

3 sinx + cosx — 2cos2x = 0 = sin [x +gj = coS2X
cos (m/3 —X) = cos2x = 2x =2nn + (/3 —X) X :%4-% orx= Znn—g.

—100°—-60° + 20°+140°=0

10. coso = [1—_&1) : a=tan?>
1+a 2

cosp = 1-b : b = tan2 2

1+b 2

(6 ()R-

= 21-b@d+a-@Q-a@+b)+(1-a)d-b)=@Q+a)(l+b)

= 2l+a-b-ab-(1+b-a-ab))+1-a-b+ab=1+a+b+ab
= 4(a—b)=2(a+b)

= 2a—2b=a+b

= a=3b

tan?2 < = 3tanZE
2 2

tang=i 3 tan E
2 2

11. \/§acosx+2bsinx=c

(1—t2\ 2t X
\/§a +2b( ]=c,wheret=tan—
L1+t2J 1+t 2

J3a(l-t?)+4bt=c (1 +1?)

2 (c++3a)-4bt+c-+3a=0

OL+[3_£
2 6
tan[a+ﬁj:i
2 )"
o, Lt 1
1-tt, 3
L _1b_1
c+3a-c+3a 3 a 2
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o (k+1 J [k+2 J _ ( n (2k+3j j
ZSII’] ——m (SN T Z COS————CO0S T
n+2 n+2 n+2 n+2

12. f(n) = k=2 =

n n
ZZQHZ(M)H ZZSinz(k+1jn
e n+2 = n+2
n+3) . (n+l
co > nsin — T
(n+1Dcos - n+
(n+2) sin——
= n+2
. (n 1}
(n+D- .
n+2
(n+1)cos " _tco n+3 n (n+1)cos T Jicos "
_ (n+2) n+2) _ n+2 n+2 _cod ™
(n+DH+1 n+2 n+2
(A) f(4) = coszzﬁ correct
6 2
(B) o = tan(cos™ f(6)) = tan|cos™ (cosg)| = tang
. 2tan’ 2.
tan— = 8 1= 5 = o+ 20— 1=0 correct
1-tan? * 1-a

(©) sin(7cos™ (5)) = sin(7cos™ (cos%)) = sinm = 0 correct
(A), (C), (D) correct
(D) lim f(n) = cos (L) =1 Incorrect
n+2

n—oo

(13to 14)
f(x) =0 = sin (r cosx) =0

=D ncosXx=nn =>cosx=nh=cosx=-1,0,1 = X={nm, (2n+1) g} = {ng, nel}
f'(X) = 0 = cos(n cosx) (—n sinx) =0 = mwcosx = (2n + 1) gor X=nn

1 1 T 27
:cosx=n+§ orx=nn:cosx=i§ orx=nn=Y= 2nni§,2nni?,nn,nel

= Qe —ﬁ,—ﬁ, 0, E,E,n, ﬂ ......... which is an arithmetic progression
3 3 33 3
g(x)=0 =cos (2nsinx) =0 = 2msinx = (2n + 1) g

2n+1 3

:iiﬁ_r—z Z= nnisin‘ll,nnisin‘lg,n el
474 4 4

g'(xX) = 0 = —sin(2x sinx) (2n cosx) =0 = 2x sinx =nm or x =(2n + 1) g

=sinx=— =0, %

N |~

o ,tlorx=(2n+1) I Sws= nn,(2n+1)£,nni£,n el
2 2 2 6
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PART - |

3 5
tan(a+p)+tan(a—P) _ 4 12 _ (9+5)4 _14x4 _56

1-tan(o + B)tan(o. — B) 1_§ 5 48-15 33 33

1= tan 2o, =tan ((a + B) + (o —B)) =

4 12
Hence correct option is (1)
1V .3 _3
2. A =sin2x + cos*x = sin?x + (1 — sin? x)? = sin*x —sin>x + 1 = (sin2 X —Ej +Z :Zg A<l
3= 3sinP+4cosQ=6 (D)
4sinQ+3cosP=1 (i)
Squaring and adding (i) & (i) we get sin (P + Q) :%
= P+Q:£ OrS_Tc = :5_7'C OI'E
6 6 6 6
IfR:5—7t then0<P,Q<£
6 6
. 1 . 11
= cosQ<1and smP<E = 3 sinP + 4 cosQ <7
SorR=L1
6
4, Given expression
_ sinA y SinA COsA “ COsA
COsSA SinA —cosA sinA CosA-sinA
_ 1 siff A—cos®A| _ sin? A+sinAcosA+cos?A _
= — - = - =1+ sec A cosec A
SINA—-COSA | cosA sinA SinA cosA
1, .
5. f. (X) =E (sin kx + cos*x)

f—f = 1(sin4 X + cos? x) —E(sin6 X +cos® x) =1 (1 — 2sin? x cos?X) 21 (1 — 3sin?x cos?x)
M | 6 4 6

11 1
4 6 12
6 @30’ =  AD=h3
' AD
BD=h:CD=_"
' NG
h
30°445° A60°
A B C D

AB _AD-BD _ J§—1_3—¢§_ﬁ
BC BD-CD ,_ 1 3-1

3
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/\

60

30

y B

tan30° = X 1

y+z 3

By=y+z

Z

=— = J3X=y+z

= tan600:§:\/§:x:\/§y:y+z

= 2y=1z

for 2y distance time = 10 min. so for y dist time = 5 min.

0<x<2n

COS X + €c0S2X + c0s3X + cos4x =0

(cosx + cos4x) + (cos 2x + cos3x) =0

5x 3x

2cos7cos7+2c055—xcos£:0

2 cos 5—X 2c;osxcosi =0
2 2

cosS—X=0 or cosx=00rcos£=0
2 2
x=M orx=(2n+1) %orx=(2n+1)n

w

°n
2

5(tan®x — cos?x) = 2c0s2x + 9

2
5 (tanz X — ;) =2 m
1+tan®x 1+tan® x

} Number of solution is 7

j+9

5(tan*x + tan®x — 1) =2 —2tan?x + 9 + 9tan’x

Stan*x — 2tan®x — 16 =0

5tan®x — 10tan®x + 8tan®x — 16 = 0
5tan?x (tan’x —2) + 8 (tan’x —2) =0

(5tan®x + 8) (tan’x —2) =0

tan?x= 2
1—
1+

N

1

3

COS2X =

N

Ccos4x =2c0s?2x —1 = —g

Resonance.
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B
N
x/2
y
x |t C
x/2 0
10. o
= P
A 2X
tano :1, tana:l, tanf =y =tanb = tana +tanp l= 4 = 1 = 1+dy 4—-y=2+8y 2
2 4 1-tanatanf 2 ;Y 2 4-y 9
4
2 T .2 1 1
11. 8cosx || cos®*——-sin“x |——= |=1 = 8cosx ——sm x -—
6 2 2
6 cosx — 8 cosx (sin?) —4 cosx = 1
6 cosx —8 cosx (1 —cos?x)—4cosx-1=0
8cos® x —6cosx—-1 =0
2 (4cos® x =3 cosx) = 1
COS3Xx = 1
2
3x=2nn + X
3
T
x=(®Bnzxl) —
( ) 9
n=0, x= E
9
n=1,x :7_7t, 5_7'C
9 9
13=n
s= —
9
< R
12. M
Let height of the tower is TM = h and QM = MR = x
40000— —tanaso= Mo N 1o 40000-52
PM /40000 — x?
= h?+x? =40000 .. @)
@an30° = ™M —x=3h (ii)
QM

by (i) and (2) 4h? = 40000 = h = 100. m

A& Resonance.

Educating for better tomorrow
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13. sin%20 + cos*20 = % = 1 - c0s%20 + cos*20 = "

Letcoszze:t:tz—H%:O

N | =

2
= t—1 =0:>t:1:>005226:
2 2

— 2c05220 —1 =0 => c0s40 =0 = 40 = (2n+1)g

:9:(2n+1)£:>9:£,3—n IS 0,E
8 8 8 2

. T
sum of values of 0 is >

. 9 s
sm[z 'zloj

oL o o . T . 1
14. COS —.C0S — ....Cos —.sin —= .SIN — = —
2 3 10 10 10 9
2 20 e g T 20 2
510
15= AM> GM
=4 4 l
sin” o+ 4cos [3+1+12(48"140“:054[3)4
4
so AM = GM = sin* o= 4cos*B =1
. b 1 T
sinfa=1 =D a== =coSPf=—x = P==
2 =% TP

hence —2sina sinf = -2 x 1 x . NA)

N

16. 1+ sin* x = cos? 3x
— - —

>1 <1

Hence for equality to hold sin*x=0 & cos?3x = 1
sinfx =0=>x=-2n-mx, 0, &, 2%

All of which satisfy cos?3x = 1 = 5 solutions.

17. (sin30°) (sin10°) (sin (60°—10°)) (sin(60°+10°)) = (%sinSO"j = %

N | =

18. 2,/(sinx—1)2+4 S4.sir?y
2sin?y > 4/(sinx—1% +4

- 2sin?y € [0, 2]

JEnx—12%+4 e [2, 2¢2]
Hence 2sin?y =/(sinx—1)*> +4 ,

for [siny| = 1 and sinx = 1 = [siny| = sinx
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19. Height of two towerare 20mc 80 m .....

60

20 80

A
x
v

x
hx hx h
—_—t — =X = —
20 80 20 80 20 80

5h=80 = h=16
20.  (k+1)tan?x — 2\ tanx + (k=1) = 0

N k-1

tana + tan = —— = tana tanf = —— = tan (at+p)=
k+1 k+1

V2

kel _N2n_ A

k=12 2
k+1

2
tan? (a+p) = 7‘? _50=1=10

T 3T T T . . 3 T T T T
21. cos® g 4cos §_3C°5§ +sin’g 33‘”5_45'” 8 = 4cos® g — 4sin®g — 3cos* g + 3sin*g

_4lcos?E_sin2||||sin* L 4 cos? X4 sin? Zcos? X _3 cos? L _gin2 =
8 8 8 8 8 8 8 8

_ i Lo T 2T 1 { 1}_ 1
=cos —|4/1-sin“—=cos“— |-3| = —= |1-=|= —
O e A

22. logusz |sinx| = 2 — logwz [cosX|

logusz |sinx cosx| = 2

. 1
[sinx cosx| = =
4

D
%

Number of solution = 8.
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Bl ALP Solutions|

1. (@) L.H.S.=sec* A (1 +sin? A) (1 —sin? A) —2 tan? A
=sec? A+ sec? Asin? A—2tan? A
=l+tan? A+tan? A—-2tan? A
=1 =R.H.S.

cot?0 (secH-1) (1-sinB) (1+sech)

(i) LHS = . .
(1+sinB)(1-sinB) (1+secH)

2 2n_ o Qj
_ cot“0(sec“06-1) (1-sin0) — sec? 0 (1-sin®) _

= . = . R.H.S.
cos? 0 (1+seco) (1+seco)

2. The given expression is equal to \jsin4 X +4(1—sin? x) — \/cos4 X +4(1—cos? x)

= \/(2 —sin®x)? — \/(2 —cos? x)? = (2 — sin) — (2 — cos?X) = cOS? X — Sin? = cOS 2X

3. Two given equation as
sina—8sind= 4sinc-7sinb,
cosa—8cosd= 4cosc—7cosbh.
By squaring the above two equalities and adding them, we obtain
1+ 64 —16(cosacosd+sinasind) =16 + 49 — 56 (cos b cos ¢ + sin b sin c), and the conclusion
follows from the addition formulas.

4, We have cos3x =4 cos® X —3 c0S X, SO 4 cOS? X — 3 = cos 3x for all x = (2k + 1). g ,keZ
COS X
(o] (o] (o]
Thus (4cos? 9° — 3) (4cos? 27° - 3) = cos27 . cos8L = cos8l =tan 9°
C0s9° cos27° cos9°
0<a, /4
5. COS(a+B)=i,Sin(a—B)=i , <o P<m
5 13 = O<a+B<mn/2

= tan 2o = tan {(a. + B) + (o — B)}
_ tan(o+B)+tan(a—B)
Tl tan(a + pB)tan(o. —B)
here  tan (o + p) = 3/4, tan (oo — B) = 5/12

3.5
= tan 2o = 4 _12 _ 56 3tan2a:% Ans.
1—§><£ 48 -15 33
4 12
6. atan0+bsecO=c

= (bsece)zz (c —atane)2 = b2 (1+tan2 6) =c2+a2tan?6—2actan 0

= tan2 0 (b? — a2) + 2ac tan 0 + (bz—cz) =0

-2ac
tano +tanp 2_52 2ac
= tan (o + B) = = bzazzz 5
l1-tano tanf b -c a“-c¢
1_bz—az
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_sin(o.— ZB) y— [2 . 2
sin4p " sin 4[3>< p +q

(v a=6p)

If a=sin(0 + o), b = sin(6 + p)
2ab = 2sin (6 + o) sin (0 + B)

2ab = cos (o — B) — cos (20 + a. + B)

Multiply both sides by 2cos(c. — B)

= 4abcos (o — B) = 2c0s? (o — B) — 2€0s (26 + o + B). cos (a — P)
=1+ ¢0s2 (o — B) — c0s2(6 + o) — cos2 (6 + )

= c0s2(c.— B) — 4ab cos (a — B) = cos2(6 + &) + coS2 (6 + B) —

=1-2sin?(6+a) +1-2sin?(6+pB)—1=1-2a>-2b?

cos?10 2c052710
) cot?l——tan821—— 2 - - 2 - 1+,00515
2 2 1° sin15° sin15°
sin7 =
2
\/§+1
_ 1+cos(45° - 30°) zf 2\/5 +3+1
sin(45° - 30°) ﬁ_l J3-1
22
- QB DB . L B2 B =B E VB (V7 44B) (2
Resonancex:

-

Trigonometry ~ /
7. tan o =2
q
2 2
LHS =2 (p cosec 25 — g sec2p) x 29 =1 P cosec2B———1sec2Bx\p? +
2 \/pz + qz 2 \/pz + q2 jpz + q2
p*+q°
P
a
q
sino=—P . Ccoso = q :1(S|naco§2B—003a sm2[3Jx 7
P2+ \/pZ cP@ 2 sin2p cos 2B
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(o] o
(ii) tan142%=—cot52% -1 = -1

1° °
tan52 — tan [45 s7t ]
2 2

(o] (0] (o]
1—'[an71 cos?1 —sin71
2 2 2

[0} [0} [0}
1+tan71 cos?1 +sin7l
2 2 2
1° 1Y)
cos7— —sin7= 1_\5_1
_ 2 2 1-sinis® _ 22 | . (@22-B+)RB-1
cos15° cos15° J3+1 2

22
22 (J3- 1) (3-171_ [2V2 (f3- 1) (4-243)]

= - N2(3-1)- (2 V3) =-6+V2+2- V/’ =2+2-3-6

2(tana +tany)
LHS. singp=—22nf . (+tanatany)
Lean’p ) [ tana+tany
l+tanatany
2(tana +tany)(l+tanatany) _ 2(sin(a +y)cos(o—7))

"~ (1+tanatany)? +(tana +tany)®  cos?(o.— )+ sin?(o + )
_ sin2a.+sin2y
1+sin20 . sin2y

sin2A — sin?B = sin(A + B). sin (A — B)

=RHS

acos20+bsin20=c

a(1-t?

(1) b2y _
1+t? 1+t?

wheret=tan 0

= (c+apr-2bt+(c-a)=0=>t +t, 2_b_tlt2:c—a
c+a c+a
. COS? a+ COS? P = 1+cos2o+1+cos2f _ 1+_ [cos 20 + cos 2] = 1+_ 1- tl 1— t2
2 2 2| 14182 1+t2
o . ac a’+b? +ac
simplifying and using values for t, t, we get cos? o +cos?f =1+ 5 = >
a“+b a“+b

4sin27° =(5++/6)Y2 —(3-/5)"?

16 sin2 27 = 8(1 — cos 54°) = 8 [1—10_72‘5] =2 (4— 10—2@) =8-2 10-25

=(5+5)+(3-V6)-2y(5+5) (3-15) :{\/5+«E—\/3—£}2
= 4 sin 27°:(\/5+\/§)—(\/3—J§) Ans.
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13. Letx=tan A,y=tanB,z=tan C

tanA +tanB + tanC —tan AtanBtanC
1-tanAtanB —tanBtanC —tanCtanA

tan(A+B+C)=

Xy+yz+zx=1
= l-tanAtanB-tanBtanC —-tanCtan A=0

= tan (A + B + C) = does not exist.
= A+B+C:(2n+1)g,nel

So 2A+2B+2C=(2n+ 1)n
= tan A+ 2B +2C)=0
= tan 2A + tan 2B + tan 2C = tan 2A tan 2B tan 2C

N 2tanA + 2tanB + 2tanC  _ 8tanAtanBtanC
1-tan’A 1-tan’B 1-tan’C  (1-tan’A) (1-tan?B)(1 —tan?C)
N LS +_Z _ 4xyz
1-x2  1-y?> 1-72 (1-x%) (1-y?) (1-Z%)
14. (®) sin23a — sin? a = (sin 3a + sin a)(sin 3a — sin a)

= (2sin 2a cos a)(2sin a cos 2a)
= (2sin 2a cos 2a)(2sin a cos a)
= sin 4a sin 2a = sin 2a sin 3a,

as desired. The last identity is evident by noting that 4a + 3a = n (and so sin 3a = sin 4a)

(b) cosec a = cosec 2a + cosec 4a
= sin 2a sin 4a = sin a(sin 2a + sin 4a)
R.H.S. = sin a(sin 2a + sin 4a)

=sin a (2 sin 3a cos a) = sin 2a sin 3a = sin 2a sin 4a = L.H.S.

[2a+ 6aj . (3(2a)
[o{0 1 5 Sin

2 j(-.-7a=n)

(©) " C0S a — cos 2a + cos 3a =— (cos 6a + cos 2a + cos 4a)= —

_ cosdasin3a _ 2sin3acos3a _ 1
sina 2sina 2
(d) Because 3a + 4a =, it follows that sin 3a = sin 4a.
sinaz0asa= =~
= sina (3—4 sin?a) = 2 sin 2a cos 2a = 4 sin a cosa cos 2a,
= 3—-4(1-cos?a)=4cos a (2 cos?a-1). It follows that
= 8cos*a—-4cossa—-4cosa+l=0 ... 0]

From equation (i), we can say that cos ais a root of 8x* —4x2—-4x+1=0

(e), (f), (g) & (h)Because 3a + 4a =, it follows that tan 3a + tan 4a = 0.
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tana+tan2a+ 2tan2a _
1—tanatan2a 1—tan?2a

or tana+3tan 2a—3tanatan’2a—-tan®2a=0
Let tan a = x. Then tan 2a = 2tan§1 = 2x2 . Hence
1—-tan“a 1-x
3 3
X + bx _ _12x 8x =0 or (1-x2)+6(1-x3)2-12x3(1-x3)—-8x2=0

1-x2  (1=x22 (1-x2)F

Expanding the left-hand side of the above equation gives

X6—21x*+35x2—7=0 ... (i)
Thus tan a is a root of the above equation. Note that 6a + 8a = 2nx and 9a + 12a = 3x, and so
tan [3(2a)] + tan[4(2a)] = 0 and tan [3(3a)] + tan [4(3a)] = 0. Hence tan 2a and tan 3a are also the roots
of equation (i).
putting X2 = tin (i), we get t®—-21t?+35t-7=0. ... (ii)
Therefore tan? ka, k = 1,2,3 are the distinct roots of the cubic equation (ii)

tan? a + tan? 2a + tan? 3a = 21
tan? a tan? 2a + tan? 2a tan? 3a + tan? a tan?3a = 35

tan?a.tan’2a.tan?3a=7 = tanatan2atan3a= \/7

cofa + cot2a + cot'3a = tan” atan” 2a + tan® 2atan” 3a + tan” 3atan’a _ 35

tan? atan? 2atan® 3a 7
L.H.S.=2sin A+B cos A-B + COS T C
2.2 2.2 2 2
=2 sin n-C cos A-B +1—2sin? = C
4 4 4 4
. n-C A-B . n C
=2sin cos | ——|-sin |——— || +1
4 4 4 4
. (n-C A-B n C
=1+2sin cos | —— |—cos| —+—
4 4 4 4
. n—-C . A+C+n-B) . n+C+B-A
=1+2sin |——|]|2sin sin
4 4.2 4.2

=1+ 2sin (%) {ZSinz(ng_B)sinz(n_A)} =1+4sin (n;Aj sin (n

=5

8

_BJ sin[n;Cj =R.H.S.

Let P denotes the desired product, and let Q = sin a sin 2a sin 3a....... sin 999a.

Then 2%° PQ = (2 sin a cos a)(2 sin 2a cos 2a)......... (2 sin 999a cos 999a)
=sin 2a sin 4a .....sin 1998a
=(sin2asin4a......... sin 998a) [-sin(2n — 1000a)]. [-sin(2x — 1002a)]........ [-sin(2n — 1998a)]
=sin2asinda........ sin 998a sin 999a sin 997a ....... sina=Q.

It is easy to see that Q = 0. Hence the desired product is P = P
We have to prove that

2sin2°+4sin4°+......... + 178 sin 178° = 90 cot 1°

which is equal to
JEE-ADVANCED XI MATHEMATICS TRIGONOMETRY # 120




Trigonometry

18.

19.

20.

21.

/\

Resonance.

Educating for better tomorrow

2 sin 2°. sinl° + 2(2sin 4°.sin1°) +......... + 89 (2sin 178° . sin1°) = 90 cos 1°

We know that

2 sin 2k° sinl1® = cos(2k — 1)° — cos(2k + 1)°

We have 2 sin 2°. sin1° + 2 (2sin4°.sin1°) + 3 (2 sin 6° sin 1°) + 4(2 sin 8° sin 1°) +....+ 89
(2sin178°. sinl1°) = (cos1® — cos3°) + 2(cos3° — cos 5°) +........ + 89(cos 177° — cos179°)
=cos 1° + cos 3° + cos 5° + cos 177° + 89 cos 1°

=cos1°+89 cos 1°+ (cos 3°+cos5° +...... + cos 177°) =90 cos 1°+ 0 =90 cos 1°
tan 20 = tanE
0
20 = nx +E
0

29—E -nt=0
0

202 -nn6 -2=0

0= nrt+n’n? +16

,hel
4

We have
5sinxcosy=1and4tanx =tany
= 5sinx cosy=1and 4 sin X cosy = sin y cos X

. 1 . 4
= sinxcosy = c and cosxsmy:E

. : . . 3
= sinxcosy+cosxsiny=1and smxcosy—cosxsmy=—g

= sin (x +y) =sin g and sin (x —y) = sin{sin‘1 [—gj}
= X+y=nn+ (—1)n gn e Z and X—y=mn+ (_1)msin1(_§j ‘meZ
= x=m+n) X+ Ze ) Zsint [-2]imnez

2 4 2 5 ’ ’

T b 1 . 3
andy=(n-m) —+ (-1)" =+ (-1)™ = sin! |—-—|;m,neZ
y =( )2 -1) 2 -1 > (5] €

. X X . X X
sin—-cos— || 1+ sin—cos—
[siny ~cos3 |[1+sin cos |

COS X ¢ X 2
= or sin —— coS— = —CO0S X
. X X 2 2 3
2| 1+sin—cos—
2 2
or 1—sinx:icoszx or isinzx—sinx+ 1—i: 0
9 9 9
or 4sin’x—-9sinx+5=0 or (4sinx=5)(sinx—1)=0
or sinx=1 = x:2nn+g
We have,

2n 3
X+y= ?andcosx+cosyzz
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Now, cosx+cosy:§ = 2cos| Y | cos [ X2Y =3
2 2 2 2
= cos [ XY |=3 [using : x +y =2 ]
2 2 ' 3

Clearly, cos [X—;)/]: % is not possible.

Hence the given system of equations has no solution.

Let 4snx = u and 3*%o°sy=v, Then, the given system of equations reduces to

u+v=2121 L ()
S5v2-2v=2 .. (ii)
Eliminating v between (i) and (ii), we get 5u? — 22 + 2u = 2
= buz—-22+2u=2 = BGu+12)(u-2)=0
= u-2=0 [+~ u=4s~>0forall x .. 5u+12 > 0]
= u=2 = 4six = 2
= 22 s = 21 = 2sinx=1
. 1 . 1
= sinx == = sinx ==
2 2
. . T I
= smx:smE = x:nn+(—1)”g;nez
putting the value of u in (i), we getv=19
= Jfeosy = 32 = . 2
cos y
= cosy = 1 = oSy = oS =
Y 2 Y 3

= y=2mni§;nez
Hence, x = nn + (-1)" %andy=2mn ig ,wherem,neZ

cos 0 + sin 6 = cos 20 + sin 20

or C0s 0 — cos 20 = sin 20 — sin 0
.30 . 6 __. . 06 30
or 2sin — sin —=2sin — cos—
2 2 2 2
.0 .30 _ 36
= sin —=0 or sin — =cos—
2 2 2
= 0 =2nmn or 0= 2nn +I
3 6
8 sin?x cos x = \/5 sin X + cos X. = 4(2 sin X cos X) sinx:\ﬁ sin X + cos X.
= 2(23in2xsinx):\/§ sin X + COos X. :Zcosx—2c033x:\/§ sin X + cos X.
= COS X —+/3 sin X = 2 cos 3X. :cosBx:cos[x+gj :>3x:2nni£x+gj,nel
) by taking positive sign X = nxt +% ,hel
(i) by taking negative sign x = % - % nel

. . 3
Sin3x cos 3x + cos3x sin 3x + § =0

= sin®x (3 cos®x — 3 cos X) + cos®x (3 sin X — 4 sin3x) + % =0
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. . 3
= 3 sin x cos x(cos?X — sin?x) + 3 =0
= 8(sinxcosx)cos2x+1=0
= 2sindx=-1
= sin 4x = — 1
2
x:n—n+(—1)”*1. i;neI
4 24
J3 sin x = 2(cos x + cos?x)
Squaring both sides, we get
3 sin?x = 4(cos?X + cos*X + 2 cos®X)
= 3(1 — cos?x) = 4 cos®X + 4 cos*X + 8 cos*X.
= 4 cos*x + 8 cos®x + 7cos>x—3=0
= (cosx+1)(2cosx—1)(2cos>x+3cosx+3)=0
= cosx=-1 = x=(@n+1n:nel
1 i
or COS X =— = Xx=2nt+ —,nel
2 3
. . 3 .
sin*x + cos*x — 2sin?x + 7 sin?2x =0
= (sin?x + cos?X)? — 2 sin?X cos?X — 2 sin?X +% 4 sin?x. cos’x =0
= 1-2sin% + sin?x cosx =0
= sin®x +sin’x —=1=0
o _\B5-1
= sin?x = ——
2
cos2x =2 - \/g
= X=nnilCOS‘1(2—\/§),neI

28.

29.

/\

2

13 -18tanx =6tanx—-3  ..........

=13 — 18 tanx = 36 tan®x + 9 — 36 tanx

2 1
=>tanx=—, ——
3 6

Putin (1) = tanx = % is correct

= X =nr + tan™?

w|N

3-2c0s0—-4sin®—cos 20 +sin 20 =

“nr+aoa=o, T+,

-+ o, =27 + ain (=27, 27)

0

= 3 —2c0S0 —4 sind® — 2c0s20 + 1 + 2sin® cosd =0
= 4 — 2c0S0 — 4 sin® — 2c0s20 + 2sind cosd = 0

= 2 —2c0S 0 —4 sin 0 + 2sin?0 + 2sin0

cos0 =0

= 2 — 2(cosb+sinB) —2sin6+2sin6d (sinb+cosb) = 0

Resonance.
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= (sin®+cosB) (—2+2sin@)+2-2sin6=0 = (sin®+cosO-1)(—2+2sin6) =0

=sin0=1 orsind+cosd =1= 9:2nn+g or cos(e—gj = cos%

= 6:2nn+E or O—E = 2nr:iE = 6:2nn+£, 2nn
2 4 4 2

Sin?4x + cos?x = 2 sin 4x . cos*X = sin?4x — 2sin4xcos*x + cosx =0
= (Sin4x — c0s*x)? + cos?>X — cos®Xx =0 = (Sindx — c0s*x)? + cos?x (1— costx) =0
= sindx-cos*x=0 ... Q)
and cos*x (1-cos’x)=0 ... (2)
From (2) cos’x =0, 1
Case-I cosx=0 = X=Nxn ig = 4x = 4nn+2n
sindx =0
= equation (1) is also true
Case-II cos’x =1 = sin’x=0
= X=nx equation (1) becomes
0-1=0 false solution is x = nnig

We have cos 5A = cos(3A + 2A) = cos 3A cos 2A — sin 3A sin 2A

(4 cos® A—3cos A) (2cos?A — 1) — (3sin A — 4sin®A)(2sin A cos A)
(4cosBA — 3cosA) (2cos? A — 1) — (3 — 4 sin?A)(2sin?A cos A)

(4cos® A — 3cos A)(2cos?A — 1) — {3 — 4(1 — cos?A)} {2(1 — cos?A) cos A}
(8c0s°A — 10cos®A + 3cosA) — 2cos A(1 — cos?A)(4cos?A — 1)

1 1 (1Y
€0s 30 = 4 cos®0 — 3cosO = cosb (4 cos?0 — 3) = > a+— 4XZ a+—| -3
a a

T O P G P
2 a a2 2 as

cose=1 [a+£j =a=1lor-1
2 a

ak

so k must be odd integer.
k=1,35,..... , 49.

cos 30 =% (ak+ij —sa=lor—1

N

2
2
(sin29+J§cosze) 5= cos(g—ze] -4 (%sin29+700529J - cos(%—ze) 5=0

-

(8cos°A — 10c0s®A + 3c0sA) — 2cos A(5c0s8?A — 4cos*A — 1) = 16c0s°A — 20c0s®A + 5c0sA = RHS

= 4 cos? (g—ze] — coS (g—ze]—5:o = CO0S [%—26) = %,—1 = CO0S [g—29J2—1:COSTc

T 20=2nmtn=20=" —2nn T n36:@+ii£ :>6:7—n,19—n.
6 6 2 12 2 12 12

JEE-ADVANCED XI MATHEMATICS TRIGONOMETRY # 124



