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EXERCISE 10.3 - DOUBLE ANGLE IDENTITIES
Complete Solutions

Question 1: Find values of sin2, cos2 and tan2

(i) sin =%

Step 1: Find cos a:

cosaz\/l—sin%zzﬂ: %:%

Step 2: sin2a = 2sinacosa = 2 - % . % = %
. — 20 —siny — 16 _ 9 _ 7
Step 3: cos2a = cos“a —sin“a = 52 — 5z = 3¢
. _ sin2a __ 24/25 _ 24
Step 4: tan2a = 55 = 7/ = 7
Answer: sin2a = g—g, cos2a = %7 tan 2a = %

Step 1: Find sin a:

16 9 3
sina=V1—cos?2a=4/1——=4/—=—

25 25 5
. si = 9gj —9.3.4_24
Step 2: sin2a = 2sinacosa=2-¢-¢ = 5
) —eo2m winZa — 16 9 _ 7
Step 3: cos2a = cos“a —sin"a = 5z — 50 = 5=
. _ sin2a _ 24/25 _ 24
Step 4: tan2a = 55 = T = 7
wers Qi — 24 — gl _ 24
Answer: sin2a = 5z, cos2a = 5, tan2a = %
Question 2: Prove the following identities
(i) cot —tan = 2cot2
. __ cosa __ sina __ cos2a—sin®a __ _ cos2a
Step 1: LHS = sin o cosa ~ sinacosa  sinacosa

Step 2: Since sin 2a = 2 sin « cos a:

vcosQa — 2c.0520¢ = 92 cot 2a
sin a cos v sin 2«

(ii) 1ii:0252 =tan

Step 1: sin2a = 2sina cos a
Step 2: 1+ cos2a = 1 + (cos?a — sin’a) = 2cos®a

Step 3: LHS = 2sinacosa __ sina __ tan a

2cos?a cos

ceen 1 o
(iii) 52> =tany

Step 1: 1 —cosa = 2sin?

csing = 25in & a
Step 2: sina = 2sin § cos 5

o
2

2sin? & sin &
Step 3: LHS = Iy =4 =tang

in & 3 o
2sin § cos § cos 5
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(iv) €850 —gec2 —tan2
cos +sin

Step 1: Multiply numerator and denominator by (cos a — sin «):

N . .2
(cosa —sina) cos?a — 2sinacosa + sin“«
.2 -
cos?a — sin“a o8 2«
_ 1-sin2a __ 1 _ sin2a __ sec 2a — tan 2«
cos2a cos 2o cos2a

1+sin __ sing
(V) V1—sin = sing—coss

Step 1: Let t = 5,50 a =2t

1 +sin2t = (sint + cost)?1 — sin 2t = (sint — cost)?

. _ (sini&Jrcost)2 _ (sintchosiE)2
Step 2: LHS = \/(sintfcost)z ~ |sint—cost|

Step 3: The given expression has sint — cost in denominator, so assuming positive:

(sint + cos t)2

sint — cost

.2 . 2 .
. __ sin“t+2sintcost+cos®t _  14sin2t
Step 4: LHS = sint—cost sint—cost

This doesn't match the given RHS. The problem statement may have a typo.

Cos cos +2¢os sin

(Vi sec

=cot 3

Step 1: LHS = cosalcos®i2sinf) _ s (cos f + 2sin §) cos 6

sec 6

= cos a(cos?6 + 2sin 6 cos 6)

This involves @ which doesn't appear in the RHS. The statement is incomplete or has a typo.

(vii) 1+tan tan2 =sec2

. _ 2tana
Step 1: tan2a = TRy
. _ 2tance __ 1—tan’a+2tan’a __ l+tan’a
Step 2: LHS =1 +tana 1—tan?a 1—tan®a T 1-tan?a
. 1+tan’a sec?a _ 1 _
Step 3: 1—tan?a ~ cos2a/cos?a ~ cos2a sec 2o

ss+)  2sin sin2 __
(Vlll) m—taHZ tan

Step 1: cosf + cos 30 = 2 cos 26 cos §
Step 2: LHS = 2sin0sin20 _ sinf . sin20 _ 5y . tan 29

2cos20cosf ~ cos® cos20

Summary Table

i i — 24 - — 24
1(1) sin ;a i cos ga =% Ean ga -7
(ii) sin2a = 5z, cos2a = 5, tan2a = =
2(i) Proven
2
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2(ii) Proven
2(iii) Proven
2(iv) Proven
2(v) Typo suspected
2(vi) Typo suspected
2(vii) Proven
2(viii) Proven

EXERCISE 10.3 - DOUBLE AND HALF ANGLE IDENTITIES (Continued)

(ix) 28 —cos3 =2

sin 30
sin 6

Step 1: This appears to be a typo. The expression

— cos 30 = 2 is likely intended.

Let's verify: Ssiﬁl?’: = 3 — 4sin?0 and cos 30 = 4cos®0 — 3 cos 6

These are not equal to 2 in general. The statement as written is not correct.

cos3 sin3 __ .
(X) cos + sin = 4cos2

Step 1: cos 360 = 4cos0 — 3 cos b, so CCOOSSSQO = 4cos?0 — 3

Step 2: sin36 = 3sinf — 4sin39, so 830 — 3 4gin?g

sin 6
Step 3: LHS = 4cos20 — 3 + 3 — 4sin®0 = 4(cos20 — sin®) = 4 cos 20

( ) tang+cot 3z

=secC
cotz —tanz

Step 1: Let t = tan . Then cot § = 2

Step 2: LHS = t; — tfjt%

1+tan2% 1
Step 3: tanf = cosd — sec 6

(xii) 3teost —1(tan? +cot? )

Step 1: Let t = tan6

Step 2: cos46 = 11222233 — This gets complicated.

Step 3: Alternative: Use cos 46 = 8cos*f — 8cos?6 + 1

But the given identity is not standard. Using the identity: cot?6 + tan?0 = —2 2

2,5
sin“260
3+cos46 __ 3+cos46
And 1—cos46 — 2sin?20

This doesn't simplify to the given expression in general. There may be a typo.

2 23 25 27 _
(xiii) cos®g+cos?g+cos?F+cos? =2

. 5w o 3m 25m _ 23m
Step 1: cos 78 = — 08 5, SO 00278 —coz s

. mo_ T T T
Step 2: cos 3 = —COS g, S0 COS8“-TF = Ccos” g

Step 3: LHS = 20052§ + ZCOSQ%’T

. 237 _ :.2
Step 4: cos”<F =sin” g
Step 5: LHS = 2(cos?Z +sin”Z) = 2
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. 2 _1
(xiv) cos®g=3
vz
. 2r _ 14cosi _ 145 242 4 1
Step 1: cos”§ = —5= = —5% = == 4 5
The statement is incorrect.
2 _ 1—sin2
(xv) cos®g=1=5n3

Step 1: The RHS = 1 (since numerator = denominator).
So cos?Z =1 — This is false since cos?Z ~ 0.8536.

The statement is incorrect.

. i 2
(xevi) 22 —tan® (5 + )

Step 1: tan(% +0) = %

. tan2 _ (Llitan0)\? _ (1+tan6)®
Step 2: tan” (] 4 0) = (17227)" = (1—tan6)®

Step 3: Multiply numerator and denominator by cos?6:

(cos H+sin 9)2 _ 1+sin26
(cos O—sin 9)2 1—sin 26

Question 3: Show that 2cos =+/2++v/2 + 2cos4

Step 1: RHS = \/2 +v2+2cos40
Step 2: 2cos46 = 2(2c0s%20 — 1) = 4cos?20 — 2

2 4+ 2cos 46 = 2 + 4cos220 — 2 = 4cos?26

Step 3: v/2 + 2cos 40 = V4cos220 = 2 cos 26 (assuming positive)

Step 4: RHS = /2 +2c0s20 = /2(1 + cos 20) = V/4cos26 = 2 cos 0
Question 4: Reduce sin® to first power

. «in2p _ 1—cos26
Step 1: sin"0 = —5=

w4y (1-cos20\2 _ 1-2cos20+cos226
Step 2: sin"§ = (1=5922¢)" = L

. o290 — licosdd
Step 3: cos“20 = ==

. 4, 1-2cos20+1teesdl 5 405901 14cos40 _ 3—4cos 20+cos 40
Step 4: sin 0 = T = s = 2

3—4 cos 20+cos 40

. 4
Answer: sin" 0 = 5

Question 5: Values of sin and cos for special angles
(i) =18

Step 1: Let z = 18°. Then 5z = 90°, so 2z = 90° — 3z

Step 2: sin 2z = sin(90° — 3x) = cos 3x

Step 3: 2sinz cosx = 4cos®c — 3cosx

Step 4: 2sinx cos z = cos x(4cos’x — 3)

Step 5: Since cosz # 0: 2sinz = 4cos?x — 3 = 4(1 — sin’z) — 3 = 1 — 4sin’z
Step 6: 4sin’z + 2sinz — 1 =0

—Qi\ém _ 7222\/5 _ 71?/5

Step 7: sinx =
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Since sin 18° > 0, sin 18° = \/54—1

Step 8: cos18° = V1 —sin’18° = M

Answer: sin 18° = %, cos 18° = 10%2\/5
(i) =36°
Step 1: sin 36° = sin(2 x 18°) = 2sin 18° cos 18°
_, V-1 Viots | VI0-2V5
4 4 4
Step 2: cos 36° = cos(2 x 18°) = cos?18° — sin’18° = @
Answer: sin 36° = @, cos 36° = @
(iii) =54°
Step 1: sin54° = cos 36° = @
Step 2: cos54° =sin36° = 10%“
Answer: sin54° = @’ cos h4° = NJ%?\/E
(iv) =72°

Step 1: sin72° = cos 18° = 10+2\/5

. o ur o _ /51
Step 2: cos72° = sin 18° = *%

@, cosT2° = l\/i‘l

Answer: sin72° =

Prove: COS36°COS72°C081080C08144°:1‘16
Step 1: cos108° = —cos 72°, cos 144° = — cos 36°
Step 2: Product = cos 36° cos 72°(— cos 72°)(— cos 36°) = cos?36°cos?72°

) o _ 3B o \/B-1
Step 3: cos 36 —%,COSW - /51

. o o (VBHD(WE-1) 521 4 1
Step 4: cos36° cos 72° = % = =i =1

Step 5: Product = (i)2 =4

Summary Table

() Proven
(xi) Proven
(xiii) Proven
(xvi) Proven
3 Proven
4 3—4cos20+cos4f
8
5(1) sin 18° = Y321 cos 18° = Y10+2V5
5(ii) sin 36° = @, cos 36° = 7‘/5:1
5(ii) sin 54° = 7\/5:1, cos H4° = 10%2\/5
5(iv) sin 72° = VAU 5790 — Vo1
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Product

sl
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