RD Sharma Solutions for Class 11 Maths Chapter 9 — Values of
Trigonometric Functions at Multiples and Submultiples of an Angle

EXERCISE 9.2

Prove that:

1. sin 5x = 5 sin x — 20 sin® x + 16 sin’ x
Solution:

Let us consider LHS:

sin 5x

Now,

sin 5x = sin (3x + 2x)

But we know,

Sin (x +y)=sinx cosy + cos X siny.....(1)

So,
sin 5x = sin 3x cos 2x + cos 3x sin 2x
= sin (2x + x) cos 2x + cos (2x + X) sin 2X........... (i1)
And
cos (X +y)=cosXCcosy—sinxsiny...... (111)

Now substituting equation (i) and (iii) in equation (i1), we get
sin 5x = (sin 2X cos X + cos 2x sin X ) cos 2x + ( cos 2X cos X — sin 2X sin X) sin 2x
= sin 2x c0s 2X coS X + cos” 2x sin x + (sin 2x ¢os 2x ¢os X — sin? 2x sin X)

=2sin.2x cos 2X ¢0s X+ cos? 2x sin x — sin®2x sinx'...... (iv)
Now sin 2x = 2sin X COS X......... v)
And cos 2x = cos’x — sin’x......... (vi)

Substituting equation (v) and (vi) in equation (iv), we get
sin 5x = 2(2sin X cos X) (cos’x —sin®x) cos x + (cos?x — sin’x)? sin x — (2sin x cos x)? sin x
= 4(sin x cos® x) ([1- sin?x] — sin’x) + ([1-sin?x] — sin*x)? sin x — (4sin® X cos’ X)sin
X
(as cos’x + sin’x = 1 = cos’x = 1 sin’x)
sin 5x = 4(sin x [1 — sin?x]) (1 — 2sin?x) + (1 — 2sin?x)?sin x — 4sin’ x [1 — sin’x]
= 4sin x (1 — sin?x) (1 — 2sin?x) + (1 — 4sin?x + 4sin*x) sin x — 4sin’ x + 4sin’x
= (4sin x — 4sin’x) (1 — 2sin’x) + sin X — 4sin’x + 4sin’x — 4sin’ x + 4sin’x
= 4sin x — 8sin’*x — 4sin’x + 8sin’x + sin x — 8sin’x + 8sin’x
= 5sin x — 20sin’x + 16sin°x
=RHS
Hence proved.

2. 4 (cos® 10° + sin® 20°) = 3 (cos 10° + sin 20°)
Solution:
Let us consider LHS:
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4 (cos® 10° + sin? 20°)

We know that, sin 60° = \3/2 = cos 30°
Sin 30° =cos 60° = 1/2

So,

Sin (3%20°) = cos (3x10°)

3sin 20°— 4sin*20° = 4¢0s°10° — 3cos 10°

(we know, sin 30 = 3sin 0 — 4sin’ 0 and cos 30 = 4c0s°0 — 3cos0)

So,

4(cos>10°+sin320°) = 3(sin 20°+cos 10°)

= RHS

Hence proved.

3. cos® x sin 3x + sin® x cos 3x = 3/4 sin 4x

Solution:

We know that,

cos 30 = 4c0s0 —3cos0

So, 4 cos*0 = cos30 + 3cos0

cos® 0 = [cos30 + 3cos0]/4 ...... (1)

Similarly,

sin 30 = 3sin 0 — 4sin’ 0

4 sin*0 = 3sin0 - sin 30

sin*0 = [3sin0 — sin 30]/4 ........... (i)

Now,

Let us consider LHS:

cos® x sin 3x + sin® x cos 3x

Substituting the values from equation (i) and (i1), we get

cos® x sin 3x + sin® x cos 3x = (cos 3x + 3 cos x)/4 sin 3x + (3sin x — sin 3x)/4 cos 3x
= 1/4 (sin 3x cos 3x + 3 sin 3x cox x + 3sin X cos 3x — sin 3x cos 3x)
= 1/4 (3(sin 3x cos X + sin x cos 3x) + 0)
=1/4 (3 sin (3x + X))
(We know, sin(x +y) =sin X cos y + cos X sin y)
= 3/4 sin 4x
= RHS

Hence proved.

4. sin 5x = 5 cos® x sin x — 10 cos? x sin® x + sin® x
Solution:

Let us consider LHS:

sin 5x
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Now,

sin 5x = sin (3x + 2x)

But we know,

Sin (x +y)=sinxcosy+cosXxsiny.....(1)

So,
sin 5Xx = sin 3x cos 2x + cos 3x sin 2x
= sin (2x + X) cos 2x + cos (2x + X) sin 2X.......... (i1)
And
cos(X+y)=cosxcosy—sinxsiny...... (111)

Now substituting equation (i) and (ii1) in equation (i), we get
sin 5x = (sin 2X cos X + ¢os 2x sin X ) cos 2X + ( cos 2X ¢0s X — sin 2x sin X) sin 2X ... (1v)

Now sin 2x = 2sin X COS X......... (V)
And cos 2x = cos?x — sin’x......... (vi)
Substituting equation (v) and (vi) in equation (iv), we get
sin 5x = [(2 sin x ¢0s X) cos X + (cos’x — sin’x) sin x] (cos*x — sin’x) + [(cos*x — sin’x)
cos X — (2 sin X ¢os X) sin x)] (2 sin X cos X)

= [2 sin x cos® X + sin x cos’x — sin®x] (cos*x — sin?x) + [cos’x — sin’x cos X — 2
sin? x cos x] (2 sin x ¢os x)

= cos’x [3 sin x cos® x — sin’x] — sin’x [3 sin x cos’ x — sin’x] + 2 sin x cos*x — 2
sin® x cos” x — 4 sin® x cos® x

=3 sin x cos” X — sin’x cos*x — 3 sin® x cos? x — sin’x + 2 sin x cos*x — 2 sin® x
cos® X — 4 sin® x cos? x

=5 sin x cos* x —10sin’*xcos*x +sin’x

= RHS
Hence proved.

5. sin 5x = 5 sin x — 20 sin® x + 16 sin® x
Solution:
Let us consider LHS:
sin 5x
Now,
sin 5x = sin (3x + 2x)
But we know,
Sin (x +y)=sinx cosy + cos X siny.....(1)
So,
sin 5x = sin 3x cos 2x + cos 3x sin 2x
= sin (2x + X) cos 2x + cos (2x + X) sin 2X.......... (i1)
And
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cos(x+y)=cosxcosy—sinxsiny...... (111)

Now substituting equation (i) and (ii1) in equation (ii), we get

sin 5x = (sin 2X cos X + cos 2X sin X ) cos 2x + ( cos 2X cos X — sin 2X sin X) sin 2X
= sin 2x cos 2xX cos X + cos? 2x sin x + (sin 2x cos 2x cos X — sin? 2x sin x)

= 2sin 2x cos 2x cos X + cos? 2x sin X — sin? 2x sin X ....... (iv)
Now sin 2x = 2sin X COS X......... (V)
And cos 2x = cos’x —sin’x......... (vi)

Substituting equation (v) and (vi) in equation (iv), we get
sin 5x = 2(2sin x cos Xx) (cos’x —sin’x) cos x + (cos*x — sin’x)? sin x — (2sin x cos x)? sin x
= 4(sin x cos? x) ([1- sin?x] — sin’x) + ([ 1-sin?x] — sin*x)? sin x — (4sin” x cos’ x)sin
X
(as cos’x + sin’x = 1 = cos’x = 1 sin’x)
sin 5x = 4(sin x [1 — sin?x]) (1 — 2sin’x) + (1 — 2sin’*x)*sin x — 4sin’® x [1 — sin’x]
= 4sin x (1 — sin?x) (1 — 2sin?x) + (1 — 4sin’x + 4sin*x) sin x — 4sin’® x + 4sin’x
= (4sin x =4sin’x) (1 — 2sin’*x) + sin x — 4sin®x + 4sin’x — 4sin’® x + 4sin’x
= 4sin x — 8sin’*x —4sin’x + 8sin’x + sin x — 8sin’x + 8sin’x
= 5sin x — 20sin’x + 16sin°x
= RHS
Hence proved.

7.tanx + tan{% + x) — tan [; — x) = Jtan 3x

Solution:
Let us consider LHS:
tanx + tan{% + x) — tan {% — X)

T
tang + tanx tang— tanx
1-— tanxtan§ 1+ tanxtan§
We know that,
tan(A+ B) ( tan A + tanB ) dtan(A— B) ( tanA —tanB )
an = and tan(A — =
1—tanAtanB 1+ tanAtanB
50,
wﬁ +tanx wﬁ —tanx
=tanx + —
1 —+/3tanx 1+ +/3tanx
: N (1 + n@tanx)(\,@+ tanx) — [1 — n@tanx)(wﬁ — tanx)
=tanx

(1 —tanx (wﬁ )) (1 + tanx(wﬁ))
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Simplify and cancel the similar terms of different sign in the above expression
we get,

(0+6tanx+2tanx +0)
(1—3tan2x) )
8tanx
(1— 3tanZ x))
tanx(1— 3tan’x) + 8tanx
- ( (1—3tan?x) )
(tanx — 3tan®x) + 8tanx
N ( (1—-3tan?x) )
9tanx — 3tan®x
N ( (1—-3tan?x) )
3tanx — tan®x
- ({1— 3tan3x))
= 3 tan 3x (since, tan 3x = (3tan x — tan® x)/(1-3 tan® x))

=RHS
Hence proved.
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