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EXERCISE 3.3

1. Prove that: 1) sin?m/6 + cos?m/3 —tan?mw/4 = -1/ 2

Solution:

We know that :

cos /3 = 1/2, sin 1/6 = 1/2, and tan 11/4 = 1 (by trigonometric table).
Substituting these values in the LHS,

LHS = sin?1/6 + cos®T1/3 — tan?m/4

= (1/2)%+ (1/2)?- (1)?

=(1/4) + (1/4) - 1

=-1/2

= RHS.

2. Prove that: 2. 2sin?1r/6 + cosec?71/6 cos?1r/3 = 3/2

Solution:

We know that:

cos T1/3 = 1/2, sin T1/6 = 1/2 and cosec 711/6 = -2 (by trigonometric table).
Substituting these values in the LHS,

LHS = 2 sin?11/6 + cosec?711/6 cos*11/3

=2 x (1/2)*+ (-2)* x (1/2)?

=2 x (1/4) + 4 x (1/4)

=(1/2) + 1

=3/2

= RHS

3. Prove that: 3) cot?>m/6 + cosec 51r/6 + 3tan®mw/6 = 6
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Solution:

We know that:

cos T1/6 = \/3, cosec 511/6 = 2 and tan T1/6 = 1/N3 (by trigonometric table).
Substituting these values in the LHS,

LHS = cot’11/6 + cosec 511/6 + 3tan?11/6 = 6

= (V3)2+ 2. 3 x (1/\3)?

=3+ 2+ [3x(1/3)]

=3+2+1

=6

= RHS

4. Prove that: 4) 2sin?31r/4 + 2cos?m/4 + 2sec?*w/3 =10

Solution:

We know that:

cos T1/4 = 1/N2, sin 311/4 = 1/N2 and sec T1/3 = 2 (by trigonometric table).
Substituting these values in the LHS,
LHS = 2sin?311/4 + 2cos211/4 + 2sec?11/3
=2 x (122 + 2 x (1N2)2+ 2 x (2)?
=2x%x(1/2)+2x%x(1/2)+2x4

=1+1+8

=10

= RHS

5.Find the value of: (i) sin 75° (ii) tan 15°
Solution:

(i) sin 75°
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sin 75° = sin (45° + 30°)

= sin 45° cos 30° + cos 45° sin 30° [~ sin (x+y) =sin X COS y + cOS X Sin Y]
= (1N2) x (N3/2) + (172) x (1/2) (by trigonometric table)
=~3/(242) + 1/(2V2)

= (V3+1)/(272)

(i) tan 15°

tan 15° = tan (45° - 30°)

= (tan 45° - tan 30°) / (1 + tan 45° tan 30°)

[ tan (x-y) = (tan x - tan y) / (1 + tan x tan y)]

= [1-(1N3)] / [1+ 1 x (1/7/3)] (by trigonometric table)

= [(V3-1)/N3] / [N3+1/N3]

= (V3-1)/(N3+1)

= [(V3-1)/(N3+1)] x [(V3-1)/(N3-1)]  [By rationalizing the denominator]
= (V3-1)2/ (3-1)

= (3+1-2V3) / 2

= 2(2-V3)/2

=2-\3

Prove the following:

6.cos(1/4 - x) cos(1r/4 - y) - sin(1r/4 - x) sin(1r/4 - y) = sin(x+y)
Solution:

LHS = cos (11/4 - X) cos(11/4 - y) - sin (11/4 - X) sin(17/4 - y)

= cos (11/4 - x + 11/4 - y) (Using the sum and difference identities, COS X COS Yy - Sin X Siny =
cos (x +y))

= cos (11/2 - (x+y))

=sin(x +y) [Using cofunction identities, cos(11/2 - A) = sin A]
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= RHS

7. Prove the following: tan (1r/4 + x) / tan (/4 - x) = [(1 + tan X) / (1 - tan Xx)]?
Solution:

LHS =tan (11/4 + x) / tan (11/4 - Xx)

= [(tan 11/4 + tan x) / (1 - tan 11/4 tan x)] / [(tan 11/4 - tan X) / (1 + tan 11/4 tan x)]
[because tan (A £ B) = (tan A+ tan B) / (1 + tan Atan B) ]

=[(L+tanx)/ (1 -tan x)] / [(1 - tan X)/(1 + tan X)] [(by trigonometric table, tan 11/4 = 1]
=[(1 +tan x) / (1 - tan x)] x [(1 + tan x)/(1 - tan x)]

=[(1 +tan x) /(1 - tan x)J?

= RHS

8. [cos (r + Xx) cos (-x)] / [sin (1 - X) cos (11/2 + x)] = cot’x

Solution:

LHS :

[cos (11 + X) cos (-x)] / [sin (1T - X) cos (T1/2 + X)]

= [(-cos x) x (cos x)] /[ (sin x) x (-sin X)]

[Since cos (1T + X) = -cos X, cos(-X) = cos X, cos (11/2 + X) = -sin X, and sin (17-X) = sinx]
= -c0s?X / -sinx

= cot?x

[because cot X = cos x / sin X]

= RHS

9. Prove the following: cos (311/2 + x) cos (21 + x) [cot (311/2 - x) + cot (2 + X)] =1
Solution:

LHS:

cos (311/2 + x) cos (211 + X) [cot (3T1/2 - X) + cot (21T + X)]

= cos (11 + 1/2 + X) cos (211 + Xx) [cot (311/2 - X) + cot (217 + X)]



theboardstudy.coms |Page
= -cos (T1/2 + x) cos X [tan X + cot X]

[Since cos (2n1T + A) = cos A, cot(2nTT + A) = cot A, cos (1T + A) = -cos A, and cot (11/2 -
A) =tan A]

= - (-sin X) cos X [tan x + cot X]

[Beacuse cos (11/2 + A) = -sin A]

= sin x cos X [(sin x / cos X) + (cos x / sin X)]

= sin X cos X [ (sin®x + cos?x) / (sin X cos X) ]

= sin®X + Cos?X

= 1 (By trigonometric identity)

= RHS

10. Prove the following: sin (n + 1)x sin (n + 2)x + cos (n + 1)x cos (n + 2)X = cos X
Solution:

LHS =sin (n + 1)x sin (n + 2)x + cos (n + 1)x cos (n + 2)x

=cos (n+ 2)xcos (n + 1)x + sin (n + 2)x sin (n + 1)X

=cos [(n + 2)x - (n + 1)X]

[By trigonometric formulas, cos (A - B) = cos A cos B + sin A sin B]
=cos[(n+2-n-1)X]

= COS X

= RHS

11.Prove the following: cos (311/4 + x) - cos (31/4 - x) = -2 sin x
Solution:

LHS = cos (311/4 + Xx) - cos (311/4 - X)

= -2 sin [{(311/4 + x) + (31/4 - X)} / 2] sin [{(31/4 + Xx) - (311/4 - X)} / 2]
[Since cos A-cos B =-2sin[(A+B)/2]sin[(A-B)/2]]

= -2sin (311/4) sin (2x/2)
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= -2sin (1T - 11/4) sin x

= -2sin (11/4) sin x

[As sin (1T - A) =sin A]

= -2 x 12 x sin x

(by trigonometric table)

= -\2 sin x

= RHS

12. Prove the following: sin?6x - sin?4x = sin 2x sin 10x
Solution:

LHS = sin?6x - sin?4x

= (sin 6x + sin 4x) (sin 6x - sin 4x)

[Using a2 - b2 formula]

= [2sin {(6x + 4X) / 2} cos {(6x - 4x) / 2}] x [ 2 sin {(6x - 4x) / 2} cos {(6x +4x) / 2}]
[Since sin A+ sin B =2sin[(A+B)/2]cos[(A+B)/2]]
= [2sin 5x cos X] x [2 sin X cos 5X]

= [2sin 5x cos 5x] x [2 sin X cOs X]

= [sin (5x + 5%) + sin (5x - 5x)] % [sin (X + X) + sin (X - X)]
[Since 2sin A cos B =sin (A + B) + sin (A - B)]

= [sin 10x + sin 0] x [sin 2x + sin O]

= sin 10x x sin 2x

[by trigonometric table sin 0 = O]

= sin 2x sin 10x

= RHS

13. Prove the following: cos22x - c0os?6x = sin 4x sin 8x
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Solution:

LHS = cos?2x - c0s?6x

= (cos 2x + cos 6x) (cos 2x - cos 6x)

[Using a2 - b2 formula]

= [2cos {(2x + 6x) / 2} cos {(2x - 6x) / 2}] % [ -2 sin {(2x + 6x) / 2} sin {(2x - 6x) / 2}]

{Since cos A+cosB=2cos[(A+B)/2]cos[(A-B)/2]and cos A - cos B =-2sin [(A +
B) /2] sin [(A - B) / 2]}

= [2c0s 4x cos (-2x)] x [-2sin 4x sin (-2X)]

= [2c0s 4x cos 2X] x [-2sin 4x (-Sin 2X)]

[By trigonometric formulas, cos (-A) = cos A and sin (-A) = -sin A]

= [2co0s 4x cos 2x] x [2sin 4x sin 2X]

= [2co0s 4x sin 4x] x [2cos 2x sin 2X]

= [sin (4X + 4X) - sin (4x - 4x)] % [sin (2x + 2X) - sin (2X - 2X)]
[Since 2cos A sin B =sin (A + B) - sin (A - B)]

= [sin 8x + sin 0] x [sin 4x + sin O]

= sin 8x x sin 4x

[by trigonometric table sin 0 = Q]

= sin 4x sin 8x

= RHS

14. Prove the following: sin 2x + 2sin 4x + sin 6x = 4c0s?x sin 4x

Solution:

LHS = sin 2x + 2sin 4x + sin 6x

= [sin 2x + sin 6x] + 2sin 4x

= [2sin (2x + 4X)/2 cos (2x - 6x)/2] + 2sin 4x

[Since sin A + sin B = 2sin [(A + B) / 2] cos [(A - B) / 2]
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= [2sin 4x cos (-2x)] + 2sin 4X

= 2sin 4x cos 2x + 2 sin 4x

[because cos (-A) = cos A]

= 2sin 4x (cos 2x + 2)

= 2sin 4x (2cos’>x - 1 + 1)

[Using double angle formulas, cos 2x = 2c0s?X - 1]

= 2sin 4x (2cos?x)

= 4c0s?X Sin 4x

= RHS

15. Prove the following: cot 4x(sin 5x + sin 3x) = cot x(sin 5x - sin 3x)
Solution:

LHS = cot 4x(sin 5x + sin 3x)

= cot 4x [2sin (5x + 3x)/2 cos (bx - 3x)/2]

[Since sin A+sinB=2sin[(A+B)/2]cos[(A-B)/2]

= (cos 4x / sin 4x) [2 sin 4x cos X]

= 2c0s 4x cos X

= 2€0S 4x cosx X (sin x / sin x)

[multiplied and divided by sin x]

= (cos x / sin x) % [2cos 4x sin X]

= cot x [sin (4X + X) - sin (4x - X)]

[Using product to sum formulas, 2 cos A sin B = sin (A + B) - sin (A - B)]
= cot x(sin 5x - sin 3x)

= RHS

16. Prove the following: (cos 9x - cos 5x) / (sin 17x - sin 3x) = -sin 2x / cos 10x

Solution:
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LHS = (cos 9x - cos 5x) / (sin 17x - sin 3x)
Using trigonometric formula,

Sincecos A-cosB=-2sin[(A+B)/2]sin[(A-B)/2]and sin A-sin B=2cos [(A+B)/
2] sin[(A-B)/2],

= [-2sin (9x + 5x)/2 sin (9x - 5x)/2] / [2cos (17x + 3x)/2 sin (17X - 3x)/2]
= [-2sin 7x sin 2x] / [2cos 10x sin 7X]

= -sin 2x/ cos 10x

= RHS

17. Prove the following: (sin 5x + sin 3x) / (cos 5x + cos 3x) = tan 4x
Solution:

LHS = (sin 5x + sin 3x) / (cos 5x + cos 3x)

Since cos A+cosB=2cos[(A+B)/2]cos[(A-B)/2]andsin A+sinB
=2sin[(A+B)/2]cos[(A-B)/2],

= [2sin (5x + 3x)/2 cos (5x - 3x)/2] / [2cos (5x + 3x)/2 cos (5% - 3x)/2]

= sin 4x / cos 4x

= tan 4X

= RHS

18. Prove the following: (sin x - sin y) / (cos x + cos y) =tan (x - y)/2
Solution:

LHS = (sin x - siny) / (cos x + cos y)

Sincesin A-sinB=2cos[(A+B)/2]sin[(A-B)/2]and cos A+ cos B =2cos[(A+B)/
2] cos [(A-B) /2],

=[2cos (X + y)/2 sin (x - y)/2] | [2cos (X + y)/2 cos (X - y)/2]
=[sin(x-y)/2]/[cos (x-Y)/?2]
=tan (X-Yy)/2

= RHS
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19. Prove the following: (sin x + sin 3x) / (cos x + cos 3x) = tan 2x
Solution:

LHS = (sin x + sin 3x) / (cos x + cos 3X)

Sincesin A+sinB=2sin[(A+B)/2]cos[(A-B)/2]

andcos A+cosB=2cos[(A+B)/2]cos[(A-B)/2,

= [2sin (X + 3X)/2 cos (x - 3x)/2] / [2cos (x + 3X)/2 cos (X - 3x)/2]
= sin 2x / cos 2x

= tan 2X

= RHS

20. Prove the following: (sin x - sin 3x) / (sinx - cos?x) = 2sin x
Solution:

LHS = (sin x - sin 3x) / (sin?x - c0s?x)

= [2cos (x + 3X)/2 sin (x - 3x)/2] / -[c0s?X - Sin?X]

[Sincesin A-sinB=2cos[(A+B)/2]sin[(A-B)/2]]

= 2c0s 2X sin (-x) / -cos 2x

[By double angle formulas, cOS 2x = c0S?X - SinX ]

= 2c0s 2x (-sin x) / (- cos 2x)

[As sin (-A) = - sin A]

= 2sin X theboardstudy.com

= RHS

21. Prove the following: (cos 4x + cos 3Xx + cos 2x) / (sin 4x + sin 3x + sin 2x) = cot 3X
Solution:

LHS = (cos 4x + cos 3x + cos 2x) / (sin 4x + sin 3x + sin 2x)

= ([cos 4x + cos 2x] + cos 3x) / ([sin 4x + sin 2x] + sin 3x)
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Since cos A + cos B =2cos [(A+B) /2] cos [(A-B)/2]and sin A + sin B = 2sin [(A + B)
/2] cos [(A-B)/2],

= {[2cos (4x + 2x)/2 cos (4x - 2x)/2] + cos 3x} / {[2sin (4x + 2X)/2 cos (4% - 2X)/2] + sin 3x}
= (2cos 3x cos x + cos 3x) / (2sin 3x sin X + sin 3x)

= [cos 3x(2cos x + 1)] / [sin 3x(2cos x + 1)]

= cos 3x/ sin 3x

= cot 3X

= RHS

22. Prove the following: cot x cot 2x - cot 2x cot 3x -cot 3x cotx =1
Solution:

LHS = cot x cot 2x - cot 2x cot 3x - cot 3x cot X

= cot X cot 2x - cot 3x(cot 2x + cot X)

= cot x cot 2x - cot (2x + x) (cot 2x + cot x)

= cot x cot 2x - [(cot 2x cot x - 1) / (cot 2x + cot x)] (cot 2x + cot X)  [As cot (A + B) = (cot
AcotB-1)/(cotA+cotB)]

= cot x cot 2x - [cot 2x cot X - 1]

=cotxcot2x-cot2xcotx+1

=1

= RHS

23. Prove the following: tan 4x = [4tan x(1 - tan3x)] / [1 - 6tan®x + tan*x]

Solution:

LHS = tan 4x

= tan 2(2x)

= (2tan 2x) / (1 - tan?2x)  [By double angle formulas, tan 2A = (2tan A) / (1 - tan?A)]
=[2(2tan x) / (1 - tan®X)] / [1 - {(2tan X) / (1 - tan®*x)?}]  [Again by the same formula]

= [(4tan X) / (1 - tan?x)] / [1 - (4tan?X) / (1 + tan*x - 2tan®x)] [Since (a - b)? = a? + b? - 2ab]
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= [(4tan x) / (1 - tan®X)] / [(1 + tan®x - 2tan?Xx - 4tanx) / (1 + tan*x - 2tan?x)]

= [(4tan x) / (1 - tan®X)] x [(1 + tan*x - 2tan?x) / (1 + tan*x - 6tan?x)]

= [4tan x(1 - tan®x)?] / [(1 - tan?X) (1 + tan*x - 6tan®x)] [As a2 + b2 - 2ab = (a - b)?]
= [4tan x(1 - tan®X)] / [1 - 6tanx + tan“x]

= RHS

24. Prove the following: cos 4x = 1 - 8sin2x cos2x

Solution:

LHS = cos 4x

= cos 2(2x)

=1 -2sin’2x  [By double angle formulas, cos 2A = 1 - 2sin?A]

=1 -2(2sin x cos x)? [By double angle formulas, sin 2A = 2sin A cos A]

=1 - 2(4sin?xc0os?X)

= 1 - 8sin®x cos?x

= RHS

25. Prove the following: cos 6x = 32cos®x - 48cos*x + 18cos®x - 1

Solution:

LHS = cos 6x

= c0s 3(2x)

= 4c0s32x - 3cos2x  [As cos 3A = 4c0s°A - 3cosA]

= 4(2cos?x - 1)* - 3(2cos?x - 1)  [By double angle formula, cos 2A = 2c0s?A - 1]
= 4(8cos®x - 1 - 12cos*x + 6c0s?X) - 6c0s?’X + 3 [Because (a - b)3 = a3 - b3 - 3a2b+ 3ab?]
= 32c0s°X - 4 - 48c0s*X + 24c0s’X - 6C0S*X + 3

= 32c0s°x - 48cos*x + 18cosx - 1

= RHS
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