RD Sharma Solutions for Class 11 Maths Chapter 7 Values of
Trigonometric Functions at Sum or Difference of Angles

1. If sin A = 4/5 and cos B = 5/13, where 0 <A, B < 11/2, find the values of the following:
(i) sin (A + B)

(ii) cos (A + B)

(iii) sin (A-B)

(iv) cos (A - B)

Solution:

Given:

sin A =4/5 and cos B = 5/13

We know that cos A = V(1 — sin? A) and sin B = V(1 — cos? B), where 0 <A, B < 11/2
So let us find the value of sin A and cos B
cos A = (1 —sinz A)

=~(1 - (4/5))

= (1 - (16/25))

=((25 — 16)/25)

=(9/25)

=3/5

sin B = V(1 — cos? B)

=1 - (5/13))

=~(1 - (25/169))

= (169 — 25)/169)

=(144/169)

=12/13

(i) sin (A +B)

We know that sin (A +B) = sin A cos B + cos A sin B
So,

sin (A+B)=sin AcosB +cos AsinB
=4/5 % 5/13 + 3/5 x 12/13

= 20/65 + 36/65

= (20+36)/65

= 56/65

(ii) cos (A + B)



We know that cos (A +B) = cos A cos B —sin A sin B
So,

cos (A +B)=cos AcosB-sinAsinB

=3/5x5/13 —4/5 x 12/13

= 15/65 — 48/65

=-33/65

(iii) sin (A —B)

We know that sin (A — B) = sin A cos B—cos A sin B
So,

sin (A —B) =sin Acos B—-cos AsinB
=4/5x5/13 - 3/5 x 12/13

= 20/65 — 36/65

=-16/65

(iv) cos (A —B)

We know that cos (A -B) =cos Acos B +sin Asin B
So,

cos (A-B)=cos AcosB +sinAsinB

=3/5x5/13 +4/5 % 12/13

= 15/65 + 48/65

= 63/65

2. (a) If Sin A =12/13 and sin B = 4/5, where 1/2<A < 1r and 0 <B < 11/2, find the following:
(i) sin (A + B) (ii) cos (A + B)

(b) If sin A = 3/5, cos B =-12/13, where A and B, both lie in second quadrant, find the value of
sin (A +B).

Solution:

(a) Given:

Sin A =12/13 and sin B = 4/5, where 11/2<A <11 and 0 <B < 11/2
We know that cos A = — V(1 — sinz A) and cos B = V(1 — sin? B)
So let us find the value of cos A and cos B

cos A =—(1—-sin? A)

=—(1-(12/13))

= —(1-144/169)

= \((169-144)/169)

= —/(25/169)



=-5/13

cos B = V(1 —sin2 B)

= (1 - (4/5)?)

=(1-16/25)

= ((25-16)/25)

=V(9/25)

=3/5

(i) sin (A +B)

We know that sin (A + B) = sin A cos B + cos A sin B
So,

sin (A +B) =sin Acos B + cos Asin B

=12/13 x 3/5 + (-5/13) x 4/5

= 36/65 — 20/65

=16/65

(i) cos (A + B)

We know that cos (A +B) = cos A cos B — sin A sin B
So,

cos (A +B) = cos A cos B—sin Asin B

=-5/13 x 3/5 - 12/13 x 4/5

= -15/65 — 48/65

=—63/65

(b) Given:

sin A = 3/5, cos B = —-12/13, where A and B, both lie in second quadrant.
We know that cos A = — (1 —sinz A) and sin B = V(1 — cos? B)
So let us find the value of cos A and sin B

cos A =—(1-sinzA)

=—(1-(3/5))

= —(1- 9/25)

= —((25-9)/25)

= —(16/25)

=—4/5

sin B = V(1 — cos? B)

=(1 = (-12/13))



N(1 — 144/169)

V((169-144)/169)

= (25/169)

=5/13

We need to find sin (A + B)

Since, sin (A + B) =sin Acos B + cos Asin B
=3/5 x (-12/13) + (-4/5) x 5/13

= -36/65 — 20/65

= -56/65

3. If cos A =-24/25 and cos B = 3/5, where 1 <A < 311/2 and 3m/2 <B < 2m, find the following:
(i) sin (A + B) (ii) cos (A + B)

Solution:

Given:

cos A =—24/25 and cos B = 3/5, where 11 <A < 31/2 and 311/2 <B < 211
We know that A is in third quadrant, B is in fourth quadrant. So sine function is negative.
By using the formulas,

sin A = — (1 — cos? A) and sin B = -J(1 — cos? B)

So let us find the value of sin A and sin B

sin A=—(1—-cos?A)

= —\(1-(-24/25))

= —(1-576/625)

= —((625-576)/625)

= —/(49/625)

=-7/25

sin B = (1 — cos? B)

= —(1-(3/5))

= —/(1-9/25)

= —((25-9)/25)

= —(16/25)

=—4/5

(i) sin (A +B)

We know that sin (A + B) = sin A cos B + cos A sin B

So,



sin(A+B)=sinAcosB +cosAsinB

= -7/25 x 3/5 + (-24/25) x (-4/5)

=-21/125 + 96/125

=75/125

=3/5

(ii) cos (A + B)

We know that cos (A + B) = cos A cos B — sin A sin B
So,

cos (A+B)=cos AcosB-sinAsinB

= (-24/25) x 3/5 — (-7/25) x (-4/5)

=-72/125 - 28/125

=-100/125

=—4/5

4. If tan A = 3/4, cos B = 9/41, where Tm<A < 3m/2 and 0 <B < /2, find tan (A + B).
Solution:

Given:

tan A = 3/4 and cos B = 9/41, where 11 <A < 31/2 and 0 <B < 11/2
We know that, A is in third quadrant, B is in first quadrant.
So, tan function And sine function are positive.

By using the formula,

sin B = V(1 — cos? B)

Let us find the value of sin B.

sin B = V(1 — cos? B)

=~(1- (9/41))

=~(1- 81/1681)

=/((1681-81)/1681)

=/(1600/1681)

= 40/41

We know, tan B = sin B/cos B

= (40/41) / (9/41)

=40/9

So,tan (A+B)=(tan A+tan B) /(1 —tan A tan B)

= (3/4 +40/9) / (1 — 3/4 x 40/9)



(187/36) / (1- 120/36)

(187/36) / ((36-120)/36)

(187/36) / (-84/36)

=-187/84

5. If sin A=1/2, cos B =12/13, where 1/2<A < 1 and 31/2 <B < 2m, find tan(A — B).

Solution:

Given:

sin A =1/2, cos B = 12/13, where 11/2<A < 11 and 31/2 <B < 211
We know that, A is in second quadrant, B is in fourth quadrant.
In the second quadrant, sine function is positive, cosine and tan functions are negative.
In the fourth quadrant, sine and tan functions are negative, cosine function is positive.
By using the formulas,

cos A = — V(1 —sin? A) and sin B = -J(1 — cos? B)

So let us find the value of cos A and sin B

cos A =—(1—-sinzA)

=—(1-(1/2))

=—(1-1/4)

= —((4-1)/4)

= —(3/4)

= 3/2

sin B = -V(1 - cos? B)

= —(1-(12/13))

= —(1- 144/169)

= —((169-144)/169)

= —(25/169)

=-5/13

We know, tan A = sin A/ cos A and tan B = sin B/ cos B

tan A = (1/2)/( -V3/2) = -1/A3 and

tan B = (-5/13)/(12/13) = -5/12

So,tan (A-B) = (tan A—tan B)/ (1 + tan A tan B)

= ((-1N3) = (-5/12)) / (1 + (-1N3) x (-5/12))

= ((-12+5V3)/112V3) / (1 + 5/12V3)

= ((-12+5V3)/12V3) / (123 + 5)/123)



= (53— 12)/ (5 + 1243)

6. If sin A = 1/2, cos B = V3/2, where 1r/2<A < 1 and 0 <B < 11/2, find the following:
(i) tan (A + B) (ii) tan (A - B)

Solution:

Given:

Sin A = 1/2 and cos B = V3/2, where 11/2 <A < T and 0 <B < 11/2

We know that, A is in second quadrant, B is in first quadrant.

In the second quadrant, sine function is positive. cosine and tan functions are negative.

In first quadrant, all functions are positive.

By using the formulas,

cos A = — (1 —sin? A) and sin B = V(1 — cos? B)

So let us find the value of cos A and sin B

cos A =—(1—-sin?A)

=—\(1-(1/2))

=—(1-1/4)

=—((4-1)/4)

=—(3/4)

= \3/2

sin B = V(1 — cos? B)
(1-(\3/2)7)

=~(1- 3/4)
(

We know, tan A=sin A/cos Aandtan B =sin B/cos B
tan A = (1/2)/( -V3/2) = -1/\3 and

tan B = (1/2)/(N3/2) = 13

(i) tan (A +B) = (tan A +tan B) / (1 — tan A tan B)

= (13 + 1A3) / (1 = (-1/43) x 143)

=0/(1+1/3)

=0

(ii) tan (A—B) = (tan A—tan B) / (1 + tan A tan B)

= (((1N3) = (1A3)) 1 (1 + (-143) x (1V3))



((-2N3) 1 (1 =1/3)
((-2IN3) 1 (3-1)/13)
((-2N3) 1 2/13)
=-13

7. Evaluate the following:
(i) sin 78° cos 18° — cos 78° sin 18°

(ii) cos 47° cos 13° — sin 47° sin 13°
(i) sin 36° cos 9° + cos 36° sin 9°

(iv) cos 80° cos 20° + sin 80° sin 20°

Solution:

(i) sin 78° cos 18° — cos 78° sin 18°

We know that sin (A — B) = sin A cos B—cos A sin B
sin 78° cos 18°— cos 78° sin 18° = sin(78 — 18) °

= sin 60°

=+3/2

(ii) cos 47° cos 13° — sin 47° sin 13°

We know that cos A cos B — sin A sin B = cos (A + B)
cos 47° cos 13°—sin 47° sin 13° = cos (47 +13) °

= cos 60°

=1/2

(iii) sin 36° cos 9° + cos 36° sin 9°

We know that sin (A +B) = sin A cos B + cos A sin B

sin 36° cos 9° + cos 36° sin 9° = sin (36 + 9) °

= sin 45°

=1h2

(iv) cos 80° cos 20° + sin 80° sin 20°

We know that cos A cos B + sin A sin B = cos (A — B)
cos 80° cos 20° + sin 80° sin 20° = cos (80 — 20) °

= cos 60°

=%

8. If cos A =-12/13 and cot B = 24/7, where A lies in the second quadrant and B in the third
quadrant, find the values of the following:
(i) sin (A + B) (ii) cos (A + B) (iii) tan (A + B)

Solution:

Given:



cos A =-12/13 and cot B = 24/7

We know that, A lies in second quadrant, B in the third quadrant.
In the second quadrant sine function is positive.

In the third quadrant, both sine and cosine functions are negative.
By using the formulas,

sin A = (1 — cos? A), sin B = — 1/\(1 + cot? B) and cos B = -(1 — sin? B),
So let us find the value of sin A and sin B

sin A = (1 — cos? A)

=~(1 = (-12/13))

=(1 - 144/169)

=((169-144)/169)

= (25/169)

=5/13

sin B = — 17(1 + cot2 B)

=—1N(1 + (24/7)?)

=— 11 + 576/49)

= -1N((49+576)/49)

= -1/\(625/49)

= -1/(25/7)

=-7/25

cos B = -\(1 — sin? B)

= N(1-(-7/25))

= -\(1-(49/625))

= -\((625-49)/625)

= \(576/625)

= -24/25

So, now let us find

(i) sin (A + B)

We know that sin (A + B) = sin A cos B + cos A sin B
So,

sin(A+B)=sinAcosB +cosAsinB

=5/13 x (-24/25) + (-12/13) x (-7/25)

=-120/325 + 84/325



=-36/325

(ii) cos (A + B)

We know that cos (A + B) = cos A cos B —sin A sin B
So,

cos (A+B)=cosAcosB-sinAsinB

=-12/13 x (-24/25) — (5/13) x (-7/25)

= 288/325 + 35/325

= 323/325

(iii) tan (A + B)

We know that tan (A + B) = sin (A+B) / cos (A+B)

= (-36/325) / (323/325)

=-36/323

9. Prove that: cos 71/12 + cos /12 = sin 51/12 — sin /12
Solution:

We know that, 711/12 = 105°, /12 = 15°; 511/12 = 75°
Let us consider LHS: cos 105° + cos 15°

cos (90° + 15°) + sin (90° — 75°)

-sin 15° + sin 75°

sin 75° — sin 15°

= RHS

~ LHS = RHS

Hence proved.

10. Prove that: (tan A + tan B) / (tan A —tan B) = sin (A + B) / sin (A-B)
Solution:

Let us consider LHS: (tan A + tan B) / (tan A —tan B)



sinA sinB
tanA + tanB _ tosA + 0SB

tanA — tanB  sinA __ sinB
cosA cosB

sinA cosB + cosA sinB

— cosA cosB
5inA cosB — cosA sinB
cosA cosB
We know that sin (A +B)=sin AcosB+tcos AsinB
_sin(A + B)
~ sin (A - B)
= RHS
~ LHS = RHS

Hence proved.

11. Prove that:
(i) (cos 11° + sin 11°) / (cos 11° — sin 11°) = tan 56°

(ii) (cos 9° + sin 9°) / (cos 9° — sin 9°) = tan 54°

(i) (cos 8° —sin 8°) / (cos 8¢ + sin 8°) = tan 37°

Solution:

(i) (cos 110+ sin 11°) / (cos 11° — sin 11°) = tan 56°

Let us consider LHS:

(cos 110+ sin 11°) / (cos 11°—sin 11°)

Now let us divide the numerator and denominator by cos 11° we get,
(cos 110+ sin 11°) / (cos 11°—sin 11°) = (1 + tan 11°) / (1 —tan 11°)
= (1 +tan 11°)/ (1- 1xtan 11°)

= (tan 45° + tan 11°) / (1 — tan 45°x tan 11°)

We know that tan (A+B) = (tan A + tan B) / (1 — tan A tan B)

So,

(tan 45° + tan 11°) / (1 —tan 45°x tan 11°) = tan (45° + 11°)

= tan 56°

= RHS

~ LHS = RHS

Hence proved.

(i) (cos 9° + sin 9°) / (cos 9° — sin 9°) = tan 54°

Let us consider LHS:



(cos 9° + sin 9°) / (cos 9° — sin 9°)

Now let us divide the numerator and denominator by cos 9° we get,
(cos 9 + sin 9°) / (cos 9° — sin 9°) = (1 + tan 9°) / (1 —tan 9°)
=(1+tan 9°) /(1 -1 x tan 9)

= (tan 45° + tan 9°) / (1 — tan 45° x tan 9°)

We know that tan (A+B) = (tan A + tan B) / (1 — tan A tan B)
So,

(tan 45°¢ + tan 9°) / (1 — tan 45° x tan 9°) = tan (45° + 9°)

= tan 54°

= RHS

~ LHS = RHS

Hence proved.

(iii) (cos 8° —sin 8°) / (cos 8¢ + sin 8°) = tan 37°

Let us consider LHS:

(cos 8° —sin 8°) / (cos 8° + sin 8°)

Now let us divide the numerator and denominator by cos 8° we get,
(cos 8°—sin 8°) / (cos 8° + sin 8°) = (1 —tan 8°) / (1 + tan 8°)
=(1—tan 8°) /(1 + 1xtan 8°)

= (tan 45° —tan 8¢°) / (1 + tan 45° xtan 8°)

We know that tan (A+B) = (tan A + tan B) / (1 — tan A tan B)
So,

(tan 45° —tan 8°) / (1 + tan 45° xtan 8°) = tan (45° — 8°)

=tan 37°

= RHS

~ LHS = RHS

Hence proved.

12. Prove that:

(M)
sin (E — .a') n.’.'{)-‘ﬂ:i +x) + f:()x[I — ) miul:i +r)=1
3 6 3 6
(i)
oo AT T AT T V3
sin(— +T)ecos(—+T7) —cos(— +T)sin(—+7T) = —
9 9 9 9 2



(iif)

=

3T 7
sin I[EI —5) cas[g +5) + cos |

=

—’]sin[é-l—ﬁ]:

Do|§f

Solution:
(i)

sin (g — .r) ms[% +r) + ms[g — 1) sm[% +r)=1

Let us consider LHS:
m

sin (g — .1‘) ms[g +x) + cas[g — 1) sm(% + )

We know that sin (A +B)=sinAcosB +cos AsinB

T

sin (g — .1‘) cos[g + ) + cos{

o]

=sin 90°
=1
= RHS
~ LHS = RHS
Hence proved.

(ii)

Sm[;l—ﬂ_ +7) cas[i +7) —r:c::s[;l—ﬁ—i—rf’] sin [I +7) =

9 9 9 9
Let us consider LHS:
sin [%T +7) cos [g +7)— ms[%ﬂr + 7) sin [g +7)

— ) sm[% +7) = sin (

&

2




We know that sin (A - B)=sin A cos B—cos Asin B

S0,
(o +7) cos (5 +7) = cos (G +T) sin (5 +7) _ (47
sin 5 Cos 5 cos 5 sin 5 =sm[?—|—T—
AT
—sm(?
LT
= sin(—
)
= sin 60°
=3/2
= RHS
~LHS =RHS
Hence proved.
(i)
n (X —5) cos (X +5) + cos (2 — 5) sin (T +5) = 1
sin(— —d)cos(—+ D) +cos(— — D) sin[—+d) =
8 8 3 8
Let us consider LHS:
3T T 3T T
sm[gl—5]cas[é-l—ﬁ]l—|—cas[?—5}lsm[§l+5]
We know that sin (A+B)=sin AcosB+cos AsinB
3T T 3T T
y = ¥ = = y = BT
sm[g—a] ms[g-l—o]—i—cos[g—a] Sm[g"““‘]:sm[gl—ﬁ—k
9T+
= sin
5
47
= sin|—
3
. il
—Sm[E]
= sin 90°
=1
= RHS
~LHS =RHS

Hence proved.
13. Prove that: (tan 69° + tan 66°) / (1 — tan 69° tan 66°) = -1

Solution:



Let us consider LHS:

(tan 69 + tan 66°) / (1 — tan 69° tan 66°)

We know that, tan (A + B) = (tan A + tan B) / (1 — tan A tan B)
Here, A = 69° and B = 66°

So,

(tan 69 + tan 66°) / (1 — tan 69° tan 66°) = tan (69 + 66)°

=tan 135

= —tan 45°

=—1

= RHS

~ LHS = RHS

Hence proved.

14. (i) If tan A = 5/6 and tan B = 1/11, prove that A + B = /4
(ii) If tan A = m/(m-1) and tan B = 1/(2m - 1), then prove that A - B = /4
Solution:

(i) If tan A =5/6 and tan B = 1/11, prove that A + B = /4
Given:

tan A =5/6 and tan B = 1/11

We know that, tan (A + B) = (tan A + tan B) / (1 — tan A tan B)
=[(5/6) + (1/11)]/ [1 — (5/6) x (1/11)]

= (55+6) / (66-5)

=61/61

=1

= tan 45cor tan /4

So, tan (A + B) = tan /4

~(A+B)=m/4

Hence proved.

(ii) If tan A = m/(m—1) and tan B = 1/(2m — 1), then prove that A — B = 11/4
Given:

tan A=m/(m-1)and tan B = 1/(2m - 1)

We know that, tan (A—-B) = (tan A—tan B)/ (1 + tan A tan B)

m_ 1
_ m—1 2m—1
- m 1
1+ m—1 X 2m—1




2—m-m+1)/(2m>—m—-2m+1+m)

=(2m
=@2m2-2m+1)/(2m2—-2m + 1)
=1

= tan 45¢ or tan /4

So, tan (A - B) =tan /4
~(A-B)=1/4

Hence proved.

15. prove that:
(i) cos? /4 — sinz /12 = 3/4

(ii) sin?2(n + 1) A-sin’nA =sin (2n + 1) Asin A
Solution:

(i) cos? /4 — sin> 1/12 = \3/4

Let us consider LHS:

cos? /4 — sin? 11/12

We know that, cos?A — sin2B = cos (A + B) cos (A —B)
So,

cos? T1/4 — sin? /12 = cos (11/4 + 1/12) cos (11/4 — 11/12)
= cos 411/12 cos 211/12

= cos T1/3 cos T1/6

=1/2 x \3/2

=3/4

= RHS

~ LHS = RHS

Hence proved.

(ii) sin?(n + 1) A—sin?nA =sin (2n + 1) Asin A

Let us consider LHS:

sinz2(n + 1) A — sinnA

We know that, sin?A — sin?B = sin (A + B) sin (A — B)
Here, A=(n+1)Aand B =nA

So,

sinz(n + 1) A—sinln A=sin ((n + 1) A+ nA) sin ((n + 1) A—nA)
=sin (nA +A + nA) sin (nA +A — nA)

= sin (2nA +A) sin (A)



=sin(2n+1)Asin A

=RHS

~ LHS =RHS

Hence proved.

16. Prove that:

(i)

sin(A+ B)+sin{A— B)

cos A+ B)+cos(A— B) = tan

(ii)

sin(A—B) sin(B—-C) sin{C— A)

cos A cos B ros B cosC rosC cos A

(iii)
sin(A—B) sin(B-C) sin(C—A)

sin Asin B sin B sin(C sinC sin A

0

0

(iv) sin2B = sin2A + sin?(A-B) — 2sin A cos B sin (A-B)

(v) cos?A + cos2B — 2 cos A cos B cos (A +B) = sin?(A + B)

(vi)

tan (A + B) tan’A — tan’ B
cot (A — B) " 1 tan?A tan’B
Solution:

(i)




sin (A + B) + sin (A — B)
cos(A+ B) +cos(A— B)
Let us consider LHS:

sin (A + B) + sin (A — B)

cos (A + B) + cos(A— B)
We know that sin (A +£B)=sin A cos B+ cos AsinBandcos (A+B)=cos A
cos B+sin AsinB

sin (A + B) + sin (A — B)

cos (A + B) + cos(A— B)
sinA cosB + cosA sinB + sinA cosB — cosA sinB

cosAcosB — sinA sinB + cosAcosB + sinA sinB
B 2sinA cosB

" 2c0sA cosB

= tanA

=tan A

= RHS

- LHS = RHS

Hence proved.

(i)

sin (A — B) . sin (B — ) N sin (C'— A) _
cos A cos B cos B cos ' cos (' cos A

Let us consider LHS:
sin (A — B) N sin (B — ') - sin (C'— A)
ros A cos B cos B cos C' cosC' cos A
We know that, sin (A —B) =sin A cos B —cos A sin B
sin (A — B) N sin (B — C) N sin (C'— A)
ros A cos B ros B cos (' cos(C' cos A
sinAd cosB — cosA sinB sinBcosC — cosB sinC' sinC cosA — cosC' sinA
cosA cosB N cosB cosC N

cos(C' cosA

_ sinAcosB  cosAsinB _ sinB cosC  cosB sinC  sinC cosA  cosC sinA
cosA cosB  cosAcosB  cosB cosC  cosB cosC  cosC cosA  cosC cosA

=tanA-tanB+tanB-tan C +tan C —tan A
=0
=RHS



~ LHS =RHS
Hence proved.
(iii)
sin(A—B) sin(B-C) sn(C—A)

+ + — =10
sin A sin B sin B sin sinC' sin A

Let us consider LHS:
sin(A—B) sin(B-C) sin(C—A)
sinAsin B sin B sinC sin (' sin A

We know that, sin(A—B)=sin Acos B—cos AsinB

sin(A—B) sin(B-C) sin(C—A)
sin A sin B sin B sin C sinC sin A

sinl cosB — cosAsinB  sinB cosC — cosB sinC

sinC cosA — cosC sinA

sinA sinB sinB sinC

sinll cosB  cosAsinB  sinB cosC  cosB sinC .

sinC sinA

sinC cosA  cosC sinA

= cotB — cotA + cot C — cotB + cotA — cot C

=0

= RHS

~ LHS = RHS

Hence proved.

(iv) sin?B = sin?A + sin?(A-B) — 2sin A cos B sin (A - B)
Let us consider RHS:

sin?A + sin?(A -B) — 2 sin A cos B sin (A —B)

sin?A + sin (A -B) [sin (A —B) — 2 sin A cos B]

We know that, sin (A —B) = sin A cos B — cos A sin B
So,

sinzA + sin (A -B) [sin A cos B — cos A sin B — 2 sin A cos B]
sin?A + sin (A -B) [-sin A cos B — cos A sin B]

sinzA — sin (A -B) [sin A cos B + cos A sin B]

We know that, sin (A +B) = sin A cos B + cos A sin B
So,

sinzA — sin (A — B) sin (A + B)

sin?A — sin2A + sin2B

sinAsinB  sinAsinB  sinB sinC  sinB sinC

sinC sinA  sinC sinA



sinzB

=LHS

~ LHS = RHS

Hence proved.

(v) cos?A + cos?B — 2 cos A cos B cos (A + B) =sin?(A + B)
Let us consider LHS:

c0s?A + cos®B — 2 cos A cos B cos (A +B)

cos?A + 1 —sin’B — 2 cos A cos B cos (A +B)

1 + cos?A — sin’B — 2 cos A cos B cos (A +B)

We know that, cos?A — sin?B = cos (A +B) cos (A -B)
So,

1+ cos (A +B) cos (A —B) — 2 cos A cos B cos (A +B)
1+ cos (A +B) [cos (A —B) — 2 cos A cos B]

We know that, cos (A — B) = cos A cos B + sin A sin B.
So,

1 + cos (A +B) [cos A cos B + sin A sin B — 2 cos A cos B]
1 + cos (A +B) [-cos A cos B + sin A sin B]

1 —cos (A +B) [cos A cos B — sin A sin B]

We know that, cos (A +B) = cos A cos B — sin A sin B.
So,

1—cos?(A +B)

sin2(A + B)
=RHS
~ LHS = RHS

Hence proved.

(vi)



tan (A + B) tan*A — tan’ B
cot (A — B) " 1 —tan’A tan’B
Let us consider LHS:

tan (A + B)

cot (A — B)

We know that,

tanA + tan B
tan (A + B) = 1+ tanAtan B

tanA + tan B
fﬂﬂ(A-l—B) __ 1-tanAtan B
1 1
tan (A—B) tanA —tan

1+ fan A tan

_ tanA+tanB tanA —tan B
"~ 1—tanAtanB 8 1+ tanAtan B
We know that, (X +v) (X —y)=x2 -2
S0,

tanA + tan B tanA — tan B tan’A — tan’B

W =
1 —tanAtanB 1+ tanAtanB 1 — tan®A tanB
=ERHS
~ LHS =RHS
Hence proved.

17. Prove that:
(i) tan 8x — tan 6x — tan 2x = tan 8x tan 6x tan 2x

(ii) tan /12 + tan /6 + tan /12 tan /6 =1

(iii) tan 36° + tan 9° + tan 36° tan 9° =1

(iv) tan 13x — tan 9x — tan 4x = tan 13x tan 9x tan 4x
Solution:

(i) tan 8x — tan 6x — tan 2x = tan 8x tan 6x tan 2x

Let us consider LHS:

tan 8x — tan 6x — tan 2x

tan 8x = tan(6x + 2x)

We know that, tan (A + B) = (tan A + tan B) / (1 — tan A tan B)
So,

tan 8x = (tan 6x + tan 2x) / (1 — tan 6x tan 2x)



By cross-multiplying we get,

tan 8x (1 — tan 6x tan 2x) = tan 6x + tan 2x
tan 8x — tan 8x tan 6x tan2x = tan 6x + tan 2x
Upon rearranging we get,

tan 8x — tan 6x — tan 2x = tan 8x tan 6x tan 2x
= RHS

~ LHS = RHS

Hence proved.

(ii) tan /12 + tan /6 + tan /12 tan T/6 = 1
We know,

/12 = 15° and 11/6 = 30°

So, we have 15° + 30° = 45°

Tan (15° + 30°) = tan 45°

We know that, tan (A + B) = (tan A + tan B) / (1 — tan A tan B)
So,

(tan 15 + tan 30°) / (1 — tan 15 tan 30°) = 1
tan 15° + tan 30° = 1 — tan 15° tan 30°

Upon rearranging we get,

tan15° + tan30° + tan15° tan30° = 1

Hence proved.

(iii) tan 36° + tan 9° + tan 36° tan 9° =1

We know 36° + 9° = 45°

So we have,

tan (36° + 9°) = tan 45°

We know that, tan (A + B) = (tan A + tan B) / (1 — tan A tan B)
So,

(tan 36° + tan 9°) / (1 — tan 36° tan 9°) = 1

tan 36° + tan 9° = 1 —tan 36° tan 9°

Upon rearranging we get,

tan 36° + tan 9° + tan 36° tan 9° = 1

Hence proved.

(iv) tan 13x — tan 9x — tan 4x = tan 13x tan 9x tan 4x

Let us consider LHS:



tan 13x — tan 9x — tan 4x

tan 13x = tan (9x + 4x)

We know that, tan (A + B) = (tan A + tan B) / (1 — tan A tan B)
So,

tan 13x = (tan 9x + tan 4x) / (1 —tan 9x tan 4x)
By cross-multiplying we get,

tan 13x (1 — tan 9x tan 4x) = tan 9x + tan 4x

tan 13x —tan 13x tan 9x tan 4x = tan 9x + tan 4x
Upon rearranging we get,

tan 13x —tan 9x — tan 4x = tan 13x tan 9x tan 4x
= RHS

~ LHS = RHS

Hence proved.

EXERCISE 7.2 PAGE NO: 7.26

1. Find the maximum and minimum values of each of the following trigonometrical
expressions:

(i) 12 sin x — 5 cos x

(ii)12cos x+5sinx +4

(iii) 5 cos x + 3 sin (/6 — x) + 4
(iv) sinx —cos x + 1

Solution:

We know that the maximum value of A cos a + B sin a + C is C + V(A? +B2),
And the minimum value is C — (a2 +B?).

(i) 12 sin x — 5 cos x

Given: f(x) = 12 sin x — 5 cos x

Here,A=-5,B=12and C=0

—V((-5) + 122) £ 12 sin x — 5 cos x < V((-5)? + 12?)

—(25+144) < 12 sin x — 5 cos x < (25+144)

—169 < 12 sin x — 5 cos x < V169

-13=12sinx—-5cosx<13

Hence, the maximum and minimum values of f(x) are 13 and -13 respectively.
(ii) 12 cos x +5sinx + 4

Given: f(x) =12 cos x + 5sin x + 4

Here,A=12,B=5and C=4

4 -(122+52) <12 cos x + 5sin x + 4 <4 + (122 + 5?)



4 —\(144+25) < 12 cos x + 5 sin x + 4 < 4 + \(144+25)

4 169 <12 cos x + 5 sinx +4 <4 + V169

-9<12cosx+5sinx+4=<17

Hence, the maximum and minimum values of f(x) are -9 and 17 respectively.
(iii) 5 cos x + 3 sin (T1/6 —x) + 4

Given: f(x) =5 cos x + 3 sin (T1/6 — x) + 4

We know that, sin (A —B) =sin Acos B—cos AsinB

f(x) =5 cos x + 3 sin (11/6 — x) + 4

=5 cos x + 3 (sin 11/6 cos x — cos 1/6 sin x) + 4

=5cos x + 3/2 cos x — 3V3/2 sin x + 4

= 13/2 cos x — 3v3/2 sin x + 4

So, here A=13/2,B=-33/2,C=4

4 —\[(13/2)7 + (-3V3/2)] < 13/2 cos x — 3V3/2 sin x + 4 < 4 + \[(13/2)" + (-3V3/2)]
4 —\[(169/4) + (27/4)] < 13/2 cos x — 3V3/2 sin x + 4 < 4 + \[(169/4) + (27/4)]
4-7<13/2cos x—3V3/2sinx+4<4+7

-3<13/2cos x—3V3/2sinx + 4 < 11

Hence, the maximum and minimum values of f(x) are -3 and 11 respectively.
(iv) sin x—cos x + 1

Given: f(x) = sin x —cos x + 1

So,hereA=-1,B=1Andc=1
1—V[(-12+1]<sinx—cosx+1<1+A[(-1)+ 17
1—VJ(1+1)<sinx—cos x+ 1< 1+ V(1+1)
1-V2<sinx—cosx+1<1++2

Hence, the maximum and minimum values of f(x) are 1 — V2 and 1 + \2 respectively.
2. Reduce each of the following expressions to the Sine and Cosine of a single expression:
(i) V3 sin x — cos x

(ii) cos x — sin x

(iii) 24 cos x + 7 sin x

Solution:

(i) V3 sin x — cos x

Let f(x) = V3 sin x — cos x

Dividing and multiplying by V((V3)? + 12) i.e. by 2

f(x) = 2(¥3/2 sin x — 1/2 cos x)



Sine expression:

f(x) = 2(cos T1/6 sin x — sin T1/6 cos x) (since, ¥3/2 = cos T/6 and 1/2 = sin T1/6)
We know that, sin A cos B — cos A sin B = sin (A —B)

f(x) = 2 sin (x — 11/6)

Again,

f(x) = 2(¥3/2 sin x — 1/2 cos x)

Cosine expression:

f(x) = 2(sin 11/3 sin x — cos /3 cos X)

We know that, cos A cos B —sin A sin B = cos (A + B)

f(x) = -2 cos(11/3 + x)

(ii) cos x — sin x

Let f(x) = cos x — sin x

Dividing and multiplying by V(12 + 12) i.e. by V2,

f(x) = V2(1/N2 cos x — 172 sin X)

Sine expression:

f(x) = V2(sin T1/4 cos x — cos /4 sin x) (since, 1/\2 = sin T1/4 and 1/\2 = cos T1/4)
We know that sin A cos B — cos A sin B = sin (A — B)

f(x) = V2 sin (11/4 — x)

Again,

f(x) = V2(1/N2 cos x — 172 sin X)

Cosine expression:

f(x) = 2(cos /4 cos x — sin T/4 sin X)

We know that cos A cos B — sin A sin B = cos (A + B)

f(x) = V2 cos (T1/4 + X)

(iii) 24 cos x + 7 sin x

Let f(x) = 24 cos x + 7 sin x

Dividing and multiplying by V((V24)> + 72) = (625 i.e. by 25,
f(x) = 25(24/25 cos x + 7/25 sin x)

Sine expression:

f(x) = 25(sin a cos x + cos a sin x) where, sin a = 24/25 and cos a = 7/25
We know that sin A cos B + cos A sin B = sin (A + B)

f(x) = 25 sin (a + x)

Cosine expression:



f(x) = 25(cos a cos x + sin a sin x) where, cos a = 24/25 and sin a = 7/25

We know that cos A cos B + sin A sin B = cos (A — B)

f(x) = 25 cos (a —x)

3. Show that Sin 100° — Sin 10° is positive.

Solution:

Let f(x) = sin 100° — sin 10°

Dividing And multiplying by V(12 + 12) i.e. by V2,

f(x) = V2(1/72 sin 100° — 172 sin 10°)

f(x) = V2(cos T1/4 sin (90+10)° — sin T1/4 sin 10°) (since, 1/\2 = cos /4 and 1/N2 = sin T1/4)
f(x) = V2(cos /4 cos 10° — sin T1/4 sin 10°)

We know that cos A cos B — sin A sin B = cos (A + B)

f(x) = 2 cos (11/4 + 10)

= f(x) = \2 cos 55°

4. Prove that (2V3 + 3) sin x + 2V3 cos x lies between — (2V3 + V15) and (23 + V15).
Solution:

Let f(x) = (2V3 + 3) sin x + 243 cos x

Here, A=2V3,B=2V3+3andC=0

—[(2V3)7 + (243 + 3)7] < (2V3 + 3) sin x + 2V3 cos x < \[(2V3)? + (2V3 + 3)]

— \[12+12+9+12V3] < (243 + 3) sin x + 23 cos x < \[12+12+9+12V3]
—[33+12V3] < (2V3 + 3) sin x + 2V3 cos x < V[33+12V3]

—[15+12+6+12V3] < (243 + 3) sin x + 23 cos x < V[15+12+6+12V3]

We know that (12V3 + 6 < 12v5) because the value of V5 — V3 is more than 0.5
So if we replace, (12V3 + 6 with 1215) the above inequality still holds.

So by rearranging the above expression V(15+12+12V5)we get, 2V3 + V15
—2V3 + V15 < (2V3 + 3) sin x + 2V3 cos x < 2V3 + V15

Hence proved.
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