
 
 

According to most accounts, geometry was first discovered among the Egyptians, taking its origin 
from the measurement of areas. For they found it necessary by reason of the flooding of the Nile, 
which wiped out everybody's proper boundaries. Nor is ther e anything surprising in that the 
discovery both of this and of the other sciences should have had its origin in a practical need, since 
everything which is in process of becoming progresses from the imperfect to the perfect.   

            ...................Proclus 
 

Sine Rule : 
 

 In any triangle ABC, the sines of the angles are proportional to the opposite sides            

 i.e. 
a b c

sin A sin B sin C
  .               

    
 

Example # 1 : How many triangles can be constructed with the data :  a = 5, b = 7, sin A = 3/4 

Solution : Since 
a

sinA
 = 

b

sinB
  

5

3 / 4
 = 

7

sinB
 

   sinB = 
21

20
 > 1 not possible 

   no triangle can be constructed. 
 
 

Example # 2 : If in a triangle ABC, 
sinA

sinC
 = 

sin(A – B)
sin(B – C)

 , then show that a2, b2, c2 are in A.P.   

Solution : We have 
sinA

sinC
 = 

sin(A – B)
sin(B – C)

  

   sin (B + C) sin (B–C) = sin (A + B) sin (A–B)  sin2B – sin2 C = sin2A – sin2B 

  b2 – c2 = a2 – b2     a2, b2, c2 are in A.P. 
 

Self Practice Problems :  

 (1) In a ABC, the sides a, b and c are in A.P. , then prove that 
A C

tan tan
2 2

  
 

 : cot
B

2
 = 2 : 3  

 (2) If the angles of ABC are in the ratio  1 : 2 : 3, then find the ratio of their corresponding sides 

 (3) In a ABC prove that 
c

a b
 = 

A B
tan tan

2 2
A B

tan tan
2 2




. 

 Ans.  (2) 1 : 3  : 2  

 
 

Cosine Formula :  
 

 In any ABC 

 (i)  cos A = 
2 2 2b c a

2bc

 
 or  a² = b² + c²  2bc cos A = b2 + c2 + 2bc cos (B + C)s 

 (ii)  cos B = 
2 2 2c a b

2ca

 
  (iii)  cos C = 

2 2 2a b c

2ab

 
 



 

Example # 3 : In a triangle ABC, A, B, C are in A.P. Show that  2cos
2 2

A – C a c
2 a – ac c

   
  

. 

Solution : A + C = 2B  A + B + C = 3B  B = 60º 

   cos60º = 
2 2 2a c – b

2ac


  a2 – ac + c2 = b2 

   
2 2

a c

a – ac c



 = 

a c

b


 = 

sinA sinC

sinB

 
  

 = 

A C A – C
2sin cos

2 2

sinB

   
   
     

  = 2cos
A – C

2
   (  A + C = 2B) 

 

Example # 4 :  In a ABC , prove that a (bcos C – c cosB) = b2 – c2 

Solution : Since cosC = 
2 2 2a b c

2ab

 
      & cos B = 

2 2 2a c b

2ac

 
 

   L.H.S.  = a
2 2 2 2 2 2a b c a c b

b c
2ab 2ac

            
     

  

    = 
2 2 2a b c

2

 
 – 

2 2 2(a c b )

2

 
  = (b2 – c2) = R.H.S. 

  Hence L.H.S. = R.H.S.   Proved 
 

Example # 5 : The sides of ABC are AB = 13 cm, BC = 4 3  cm and CA = 7 cm. Then find the value of 

sin where  is the smallest angle of the triangle.  
Solution : Angle opposite to AB is smallest . Therefore, 

  
49 48 – 13 3

cos
22.7.4 3


      sin = 

1

2
 

 
Self Practice Problems : 

 (4) If in a triangle ABC, 3 sinA = 6 sinB = 2 3 sinC, Then find the angle A. 
 
 

 (5) If two sides a, b and angle A be such that two triangles are formed, then find the sum of two 
 values of the third side. 

 Ans.  (4)  90º (5) 2b cosA  
 
 

Projection  Formula :  
 

 In any ABC 
 

 (i) a = b cosC + c cosB (ii) b = c cosA + a cosC  (iii) c = a cosB + b cosA 
 

Example # 6 : If in a ABC, c cos2
A

2
 + a cos2

C

2
= 

3b

2
, then show that a, b, c are in A.P. 

Solution : c (1 + cosA) + a (1 + cosC) = 3b  

   a + c + (c cosA + acosC) = 3b 

   a + c + b = 3b 

   a + c = 2b 
 

Example # 7 : In a ABC, prove that (b + c) cos A + (c + a) cos B + (a + b) cos C = a + b + c. 

Solution :  L.H.S.  = (b + c) cos A + (c + a) cos B + (a + b) cos C 

    = b cos A + c cos A + c cos B + a cos B + a cos C + b cos C 
    = (b cos A + a cos B) + (c cos A + a cos C) + (c cos B + b cos C) 
    = a + b + c 
    = R.H.S.  
  Hence L.H.S. = R.H.S.   Proved  
 



Self Practice Problems : 
 

 (6) The roots of x2 – 2 3x  + 2 = 0 represent two sides of a triangle. If the angle between them is 

 
3


, then find the perimeter of triangle.  

 

 (7) In a triangle ABC, if cos A + cosB + cos C = 3/2, then show that the triangle is an equilateral 
 triangle. 

 

(8) In a ABC, prove that 
cosA

ccosB bcosC
 + 

cosB

acosC ccosA
 + 

cosC

acosB bcosA
 = 

2 2 2a b c

2abc

 
. 

 Ans.  (6)   2 3  + 6  

 

Napier’s Analogy - tangent rule :  
 

 In any ABC  

 (i)  tan
B C

2


 = 

b c

b c




 cot
A

2
   (ii)  tan

C A

2


 = 

c a

c a




cot
B

2
  

 (iii)  tan
A B

2


 = 

a b

a b




cot
C

2
  

 

Example # 8 : Find the unknown elements of the ABC in which a = 3  + 1, b = 3  – 1, C = 90°. 
 

Solution :  a = 3  + 1, b = 3  – 1, C = 90° 

   A + B + C = 180° 

   A + B = 90°    .......(i) 

   From law of tangent, we know that  tan
A B

2

 
 
 

 = 
a b

a b




cot
C

2
   

         = 
( 3 1) ( 3 1)

( 3 1) ( 3 1)

  

  
cot 45° = 

2

2 3
cot 45°  tan

A B

2

 
 
 

 = 
1

3
 

   
A B

2


 = 

6


  

           A – B = 
3


   .......(ii) 

  From equation (i) and (ii), we get  A = 
5

12


 and B = 

12


  

  Now,  c = 2 2a b  = 2 2 

   c = 2 2 , A = 
5

12


, B = 

12


  Ans. 

 
 

Self Practice Problems : 

 (9) In a ABC if b = 3, c = 5 and cos (B – C) = 
7

25
, then find the value of sin 

A

2
. 

 

 (10) If in a ABC, we define x = tan
B C

2

 
 
 

 tan
A

2
, y = tan

C A

2

 
 
 

 tan
B

2
 and  

  z = tan
A B

2

 
 
 

 tan
C

2
, then show that    x + y + z = – xyz. 

 Ans. (9) 
1

10
 



 
Trigonometric Functions of Half Angles :  
 

 (i) sin
A

2
 = 

(s b) (s c)

bc

 
, sin

B

2
 = 

(s c) (s a)

ca

 
,  sin

C

2
 = 

(s a) (s b)

ab

 
 

 

 (ii) cos
A

2
 = 

s (s a)

bc


, cos

B

2
 = 

s (s b)

ca


, cos

C

2
 = 

s (s c)

ab


  

 

 (iii) tan
A

2
 = 

(s b) (s c)

s(s a)

 


 = 
s(s a)




 = 
(s b)(s c) 


, where s = 

a b c

2

 
 is semi perimeter and 

  is the area of triangle. 
 

 (iv) sinA = 
2

s(s a)(s b)(s c)
bc

    = 
2

bc


 

 

Area of Triangle () 

  = 
1

2
ab sin C = 

1

2
bc sin A = 

1

2
ca sin B = s(s a) (s b) (s c)    

 

Example # 9 : If p
1
, p

2
, p

3
 are the altitudes of a triangle ABC from the vertices A, B, C and  is the area of the 

  triangle, then show that p
1

–1  + p
2

–1 – p
3

–1 
s – c




 

Solution : We have  

    
1 2 3

1 1 1–
p p p

  = 
a b c–

2 2 2


  
 

  = 
a b – c 2(s – c) s – c

2 2


 

  
 

 

Example
 
#

 
10 : In a ABC if   b sinC(b cosC  + c cosB) = 64, then find the area of the ABC. 

 

Solution :  b sinC (b cosC + c cosB) = 64   ........(i) given  

   From projection rule, we know that  

   a = b cosC + c cosB put in (i), we get 
   ab sinC = 64     ........(ii) 

    = 
1

2
ab sinC   from equation (ii), we get 

    = 32 sq. unit 
 

Example
 
#

 
11 : If A,B,C are the angle of a triangle, then prove that 

A B C
cot cot cot

2 2 2
   = 

2s


 

Solution : 
A B C

cot cot cot
2 2 2
   

  = 
s(s – a) s(s – b) s(s – c)

(s – b)(s – c) (s – c)(s – a) (s – a)(s – b)
    

  = 
s(s – a s – b s – c)
(s – a)(s – b)(s – c)

 
 = 

s


 (3s – 2s)  = 

2s


 

 

m - n Rule : In any triangle ABC if D be any point on the base BC, such that BD : DC :: m : n and if 
BAD= , DAC = , CDA = , then 

  (m + n) cot  = m cot n cot    

   n cotB m cotC     



   
 

Example
 
#

 
12 : In a ABC . AD divides BC in the ratio 2 : 1 such that at BAD = 90º then prove that 

  tanA + 3tanB = 0 

Solution : From the figure , we see that  = 90º + B (as  is external angle of ABD) 

       
  Now if we apply m-n rule in ABC, we get 
  (2 + 1) cot (90º + B) = 2. cot 90° – 1.cot (A – 90°) 

   – 3 tan B = cot (90° – A) 

   – 3 tan B = tan A 

   tan A + 3 tan B = 0 Hence proved. 
 

Example
 
#

 
13 : The base of a  is divided into three equal parts . If , ,   be the angles subtended by these 

 parts at the vertex, prove that : 

  (cot + cot) (cot+ cot) = 4cosec2  
Solution : Let point D and E divides the base BC into three equal parts i.e. BD = DE = EC = d (Let) and 

 let ,  and  be the angles subtended by BD, DE and EC respectively at their opposite vertex.

 Now in ABC 
           

   BE : EC = 2d : d = 2 : 1 

   from m-n rule, we get 

   (2 + 1) cot = 2 cot ( + ) – cot 
   3cot = 2 cot ( + ) – cot  .........(i) 

    
  again 

   in ADC  

   DE : EC = d : d = 1 : 1 

   if we apply m-n rule in ADC, we get 

   (1 + 1) cot = 1. cot – 1 cot 
   2cot = cot – cot   .........(ii)  

  from (i) and (ii), we get 
3cot

2cot




 = 
2cot( ) cot

cot cot

   
  

 

   3cot – 3cot = 4cot ( + ) – 2 cot 



 

   3cot – cot = 4 cot ( + ) 

   3cot – cot = 4
cot .cot 1

cot cot

   
 

   
  

   3cot2+ 3cot cot – cot cot – cot cot = 4 cot cot – 4 

   4 + 3cot2 = cot cot + cot cot + cot cot  

   4 + 4cot2 = cot cot + cot cot + cot cot + cot2
   4(1 + cot2) = (cot + cot) (cot + cot) 
   (cot + cot) (cot+ cot) = 4cosec2  
 
Self Practice Problems : 

(11) In a ABC, the median to the side BC is of length 
1

11 6 3
 unit and it divides angle A into 

the  angles of 30° and 45°. Prove that the side BC is of length 2 unit. 
 

Radius of Circumcirlce :  

 If R be the circumradius of ABC, then   R = 
a

2sinA
 = 

b

2sinB
 = 

c

2sinC
 = 

abc

4
 

 

Example
 
#

 
14 : In a ABC , prove that sin2A + sin2B + sin2C = 2/R2  

Solution : In a ABC, we know that    
a

sinA
 = 

b

sinB
 = 

c

sinC
 = 2R 

  and sin2A + sin2B + sin2C = 4sinAsinBsinC  

  = 
3

4abc

8R
 = 

3

16 R

8R


  = 

2

2

R


 

 

Example
 
#

 
15 : In a ABC if a = 22 cm, b = 28 cm and c = 36 cm, then find its circumradius. 

Solution :  R = 
abc

4
   .......(i) 

    = s(s a)(s b)(s c)    

   s = 
a b c

2

 
 = 43 cm 

    = 43 21 15 7    = 21 215   

   R = 
22 28 36

4 21 215

 


 = 

264

215
 cm 

 

Example
 
#

 
16 : In a ABC, if 8R2 = a2 + b2 + c2 , show that the triangle is right angled. 

Solution : We have : 8R2 = a2 + b2 + c2  

   8R2 = [4R2 sin2A + 4R2 sin2B + 4R2 sinC]   [ a = 2R sin A etc.] 

   2 = sin2A + sin2B + sin2C  (1 – sin2A) – sin2 B + (1 – sin2C) = 0 

   (cos2 A – sin2B) + cos2 C = 0   cos (A + B) cos (A – B) + cos2C = 0 

   –cos C cos (A – B) + cos2 C = 0  – cos C {cos (A – B) – cos C} = 0 

   –cos C[cos (A – B) + cos(A + B)] = 0  – 2cos A cosB cos C = 0 

   cos A = 0  or cos B = 0 or cos C = 0 

   A = 
2


 or B = 

2


 or C = 

2


 

   ABC is a right angled triangle. 
 

Example
 
#

 
17 : 

2 2b – c
2a

 = R sin (B – C) 

 

Solution :  
2 2b – c
2a

 = 
2 2 24R (sin B – sin C)

4RsinA
 = 

Rsin(B C)sin(B – C)
sinA


 = R sin (B – C) 

 



 

Self Practice Problems : 

 (12) In a ABC, prove that (a + b) = 4R cos
A – B

2

 
 
 

cos
C

2
 

 (13) In a ABC , if b = 15 cm and cos B = 
4

5
, find R. 

 

 (14) In a triangle ABC if , , are the distances of the vertices of triangle from the corresponding 

 points of contact with the incircle, then prove that 


    
 = r2  

 Ans. (13) 12.5  
 

Radius of The Incircle :  
 

 If ‘r’ be the inradius of ABC, then  
 

 (i) r = 
s


       (ii) r = (s  a) tan

A

2
 = (s  b) tan

B

2
 = (s  c) tan

C

2
 

 (iii) r = 

B C
asin sin

2 2
A

cos
2

  and so on  (iv) r = 4R sin
A

2
 sin

B

2
 sin

C

2
 

 

Radius of The Ex- Circles :   
 

 If r
1
, r

2
 , r

3
 are the radii of the ex-circles of ABC opposite to the vertex A, B, C respectively, then 

 (i)  r
1
 = 

s a




 ; r
2
 = 

s b




; r
3
 = 

s c




;   

 (ii)   r
1
 = s tan

A

2
;  r

2
 = s tan

B

2
;  r

3
 = s tan

C

2
 

 (iii)  r
1
 = 

CB
2 2

A
2

acos cos

cos
 and  so on   (iv) r

1
 = 4 R sin

A

2
. cos

B

2
. cos

C

2
  

Example
 
#

 
18 : cos A + cosB + cos C = 

r
1

R

  
 

 

Solution : LHS = cosA + cosB + cosC  

  = 2 cos
A B

2

 
 
 

 cos
A – B

2

 
 
 

 + 1 – 2 sin2
C

2
 

  = 2 sin
C

2

A – B Ccos – sin 1
2 2

     
  

 = 2sin
C

2

A – B A Bcos – cos 1
2 2

         
    

  

  = 2sin
C

2

A B
2sin sin

2 2

 
 
 

  + 1  = 1 + 4 sin
A

2
 sin

B

2
 sin

C

2
  

  = 1 + 
1

R

A B C
4Rsin sin sin

2 2 2

 
 
 

 = 1 + 
r

R
 = RHS 

 

Example
 
#

 
19 : In a triangle ABC, find the value of 

1 2 3

b – c c – a a – b
r r r

  . 

Solution : 
b – c c – a a – b

s – a s – b s – c

 
       

     
     

 

  = 
1


 [ (b – c) (s – a) + (c – a) (s – b) + (a – b) (s – c)] 



 

  = 
1


 [s(b – c + c – a + a – b) –a (b – c) – b(c – a) – c (a – b)] = 0 

 
Self Practice Problems : 

      

 (15) In a triangle ABC, r
1
 , r

2
, r

3
 are in HP. If its area is 24 cm2 and its perimeter is 24 cm. then find 

 lengths  of its sides. 

 

 (16) In a triangle ABC, a : b : c = 4 : 5 : 6 . Find the ratio of the radius of the circumcircle to that of 

 the incircle. 

 (17) In a ABC, prove that 1r r

a


 + 2r r

b


 = 

3

c

r
. 

 

 (18) If A, A
1
, A

2
 and A

3
 are the areas of the inscribed and escribed circles respectively of a ABC,  

 then prove that 
1

A
 = 

1

1

A
 + 

2

1

A
 + 

3

1

A
. 

 Ans. (15) 6, 8 , 10 (16) 16 : 7 

 

Length of Angle Bisectors, Medians & Altitudes : 

 (i) Length of an angle bisector from the angle A = 
a
 = 

A2bc cos
2

b c
;   

 (ii) Length of median from the angle A = m
a
 = 2 2 21

2b 2c a
2

       

 & (iii) Length of altitude from the angle A  = A
a
 = 

2

a


  

 NOTE :  2 2 2

a b cm m m   = 
3

4
 (a2 + b2 + c2) 

 

 

Example
 
#

 
20 : In ABC, AD & BE are its two median . If AD = 4 , DAB = 

6


 and ABE = 

3


 then find the 

 length of BE and area of ABC. 

Solution : AP = 
2

3
; AD = 

8

3
 ; PD = 

4

3
 ; Let PB = x 

  tan 60º = 
8 / 3

x
  or  

8
x

3 3
  

  Area of ABP = 
1

2
 × 

8

3
 × 

8

3 3
 = 

32

9 3
 

   Area of ABC = 3 × 
32

9 3
 = 

32

3 3
 

  Also, BE = 
3

2
x = 

4

3
 

 

Self Practice Problem : 
 

 

 (19) In a ABC if A = 90º, b = 5 cm, c = 12 cm. If ‘G’ is the centroid of triangle, then find  
  circumradius of GAB.  



 

 Ans. (19)  
13 601

30
cm 

 
 

The Distances of The Special Points from Vertices and Sides of Triangle : 
 
 (i)  Circumcentre (O)  : OA = R and O

a 
= R cos A   

 

 (ii)  Incentre ()   : A = r cosec
A

2
 and 

a 
= r  

 (iii)  Excentre (
1
)  : 

1
 A = r

1
 cosec

A

2
  and 

1a 
= r

1
  

 

 (iv)  Orthocentre (H)  : HA = 2R cos A  and H
a 
= 2R cos B cos C   

 

 (v)  Centroid (G)  : GA = 
1

3

2 2 22b 2c a   and G
a
 = 

2

3a


   

 
Example

 
#

 
21 : If p

1
,p

2
, p

3
 are respectively the lengths of perpendiculars from the vertices of a triangle ABC to 

 the opposite sides, prove that : 

  (i) 
1 2 3

cosA cosB cosC 1

p p p R
      (ii) 31 2 apbp cp

c a b
   = 

2 2 2a b c

2R

 
 

Solution : (i) use 
1 2 3

1 a 1 b 1 c
, ,

p 2 p 2 p 2
  

  
 

   LHS = 
1

2
 (a cosA + b cosB + c cosC) 

  = 
R

2
 (sin 2A + sin 2B + sin 2C) = 

4RsinA sinB sinC

2
 

  = 
4R

2
. 

2 2

a b c 1 1 1
. . abc .(4R )

2R 2R 2R R4 R 4 R
   

 
 = RHS 

  

  (ii) LHS = 31 2 apbp cp

c a b
   = 

2 2 2a b c

2R

 
 = 

2b 2c 2a

ac ab bc

  
   = 

2 2 22 (a b c )

abc

  
 

   = 
2 2 22 (a b c )

4 R

  


 = 
2 2 2a b c

2R

 
 

 
Self Practice Problems : 

  

 (20) If be the incentre of ABC, then prove that A .B .C = abc tan
A

2
 tan

B

2
 tan

C

2
. 

  

 (21) If x, y, z are respectively be the perpendiculars from the circumcentre to the sides of ABC,  

 then prove that   
a

x
 + 

b

y
 + 

c

z
 = 

abc

4xyz
. 



 
 

 Marked questions are recommended for Revision. 
 

SUBJECTIVE QUESTIONS 
 

Section (A) : Sine rule, Cosine rule, Napier's Analogy, Projection rule  
 

A-1. In a ABC, prove that : 
 

 (i) a sin (B – C) + b sin (C – A) + c sin (A – B) = 0  
 

 (ii) 
2a sin(B C)

sinA


 + 

2b sin(C A)

sinB


 + 

2c sin(A B)

sinC


 = 0 

 

 (iii) 2(bc cos A + ca cos B + ab cos C) = a2 + b2 + c2 
 

 (iv) (a – b)2 cos2
C

2
 + (a + b)2 sin2

C

2
 = c2 

 

 (v) b2 sin 2C + c2 sin 2B = 2bc sin A   
 

 (vi) 
sinB

sinC
 = 

c acosB

b acosC




 

 

A-2. Find the real value of x such that x2 + 2x, 2x + 3 and x2 + 3x + 8 are lengths of the sides of a triangle. 
 

A-3. The angles of aABC are in A.P. (order being A, B, C) and it is being given that b : c = 3  : 2 , then 

find A.  
 

A-4. If cos A + cos B = 4 sin2
C

2

 
 
 

, prove that sides a, c, b of the triangle ABC are in A.P. 

  

A-5. If in a ABC, 
sinA

sinC
 = 

sin(A B)

sin(B C)




, then prove that a2, b2, c2 are in A.P. 

 

A-6. In a triangle ABC, prove that for any angle ,  b cos (A ) + a cos (B + ) = c cos . 
 

A-7. With usual notations, if in a  ABC, 
b c c a a b

11 12 13

  
  , then prove that 

cosA cosB cosC

7 19 25
  . 

 

A-8. Let a, b and c be the sides of a ABC. If a2, b2 and c2 are the roots of the equation 

 x3 – Px2 + Qx – R = 0, where P, Q & R are constants, then find the value of 
cosA

a
 + 

cosB

b
 + 

cosC

c
 in 

terms of P, Q and R.  
 

A-9. If in a triangle ABC, the altitude AM be the bisector of BAD, where D is the mid point of side BC, then 

prove that (b2  c2) = a2/2. 
 

A-10. If in a triangle ABC, C = 60º , then prove that 
1 1 3

a c b c a b c
 

   
 

 

A-11. In a triangle ABC, C = 60º and A = 75º. If D is a point on AC such that the area of the ABD is 

3  times the area of the BCD, find the ABD. 

 

A-12.In a scalene triangle ABC, D is a point on the side AB such that CD2 = AD. DB, if sinA. sinB = sin2
C

2
 

then prove that CD is internal bisector of C. 
 

A-13.In triangle ABC,D is on AC such that AD = BC , BD = DC, DBC = 2x, and BAD = 3x, all angles are in 
degrees, then find the value of x. 

 



 

Section (B) Trigonometric ratios of Half Angles, Area of triangle and 

circumradius  
 

B-1. In a ABC, prove that   

 (i) 2 2 2C A
asin c sin

2 2

   
 = c + a – b.   

 

 (ii) 

2 A
cos

2
a

 + 

2 B
cos

2
b

 + 

2 C
cos

2
c

 = 
2s

abc
 

 

 (iii) 4 2 2 2A B C
bc.cos ca.cos ab.cos

2 2 2

   
 

 = (a + b + c)2 

 

 (iv) (b – c) cot
A

2
 + (c – a) cot

B

2
 + (a – b) cot

C

2
 = 0 

 

 (v) 4 (cot A + cot B + cot C) = a2 + b2 + c2  
 

 (vi) 
2abc

a b c

 
   

. cos
A

2
 .cos

B

2
. cos

C

2
 = 

 

B-2. If the sides a, b, c of a triangle are in A.P., then find the value of tan
A

2
+ tan

C

2
 in terms of  

cot (B/2).    
 

B-3.  If in a  ABC, a = 6, b = 3 and cos(A  B) = 4/5,  then find its area.    
 

B-4. If in a triangle ABC, A = 30º and the area of triangle is 
23 a

4
, then prove that either  

 B = 4
 
C or C = 4

 
B. 

 

Section (C) Inradius and Exradius 
 

C-1. In any ABC, prove that  

 (i) R r (sin A + sin B + sin C) =   

 (ii) a cos B cos C + b cos C cos A + c cos A cos B = 
R


 

 (iii) 
1

ab
 + 

1

bc
 + 

1

ca
 = 

1

2Rr
.   

 (iv) cos2 
A

2
 + cos2 

B

2
 + cos2 

C

2
 = 2 + 

r

2R
 

 

 (v) a cot A + b cot B + c cot C = 2(R + r) 
 

C-2. In any ABC, prove that  

 (i) r. r
1
 .r

2
 .r

3
 = 2  

 (ii) r
1
 + r

2
 – r

3
 + r = 4R cos C.  (iii) 

2 2 2

2 2 2 2 2

1 2 3

1 1 1 1 a b c

r r r r

 
   


 

 (iv) 

2

1 2 3 1 2 3

1 1 1 1 4 1 1 1

r r r r r r r r

   
        

   
  (v) 2 3 3 1 1 2

1 2 3

bc r r ca r r ab r r

r r r

  
   = r 



 
 

C-3. Show that the radii of the three escribed circles of a triangle are roots of the equation  

 x3  x2 (4 R + r) + x s2  r s2 = 0. 

 

C-4. The radii r1, r2, r3 of escribed circles of a triangle ABC are in harmonic progression. If its area is 24 sq. 

cm and its perimeter is 24 cm, find the lengths of its sides.     
 

C-5. If the area of a triangle is 100 sq.cm, r
1
 = 10 cm and r

2
 = 50 cm, then find the value of (b  a). 

 

Section (D) Miscellaneous 
 

D-1. If , ,  are the respective altitudes of a triangle ABC, prove that 

 (i) 
2

1


 + 

2

1


 + 

2

1


 = 

cot A cot B cot C 


 

 (ii)  
1 1 1
 

  
 = 22ab C

cos
(a b c) 2  

 

 

D-2. If in an acute angled ABC, line joining the circumcentre and orthocentre is parallel  to side AC, then 

find the value of tan A.tan C.   
 

D-3. A regular hexagon & a regular dodecagon are inscribed in the same circle. If the side of the dodecagon 

is  3 1 , if the side of the hexagon is 4 k , then find value of k. 

 

D-4. If D is the mid point of CA in triangle ABC and  is the area of triangle, then show that   

 tan (ADB) = 
2 2

4

a c




. 

 

 
 Marked questions are recommended for Revision. 
 

PART-I  (OBJECTIVE QUESTIONS) 
 

Section (A) : Sine rule, Cosine rule, Napier's Analogy, Projection rule  
 

A-1. In a ABC, A : B : C = 3 : 5 : 4. Then a + b + c 2  is equal to  

 (A) 2b   (B) 2c   (C) 3b   (D) 3a 
 

A-2*. In a triangle ABC, the altitude from A is not less than BC and the altitude from B is not less than AC. 

The triangle is  

 (A) right angled   (B) isosceles   (C) obtuse angled  (D) equilateral 
 

A-3. If in a  ABC, 
cosA cosB cosC

a b c
  , then the triangle is : 

 (A) right angled   (B) isosceles   (C) equilateral  (D) obtuse angled  
 

A-4. In a ABC 
2bc sin A

cosA cosBcosC
 is equal to    

 (A) b2 + c2   (B) bc   (C) a2    (D) a2 + bc 
 

A-5 Given a triangle ABC such that sin2A + sin2C = 1001.sin2B. Then the value of 
22(tanA tanC).tan B

tanA tanB tanC


 

 is  

 (A) 
1

2000
  (B) 

1

1000
  (C) 

1

500
  (D) 

1

250
 



 

A-6. If in a triangle ABC, (a + b + c) (b + c  a) = k. b
 
c, then :  

 (A) k < 0  (B) k > 6  (C) 0 < k < 4  (D) k > 4 

.  

A-7. In a triangle ABC, a: b: c = 4: 5: 6. Then 3A + B equals to :   

 (A) 4C   (B) 2   C  C  (D)  
 

A-8. The distance between the middle point of BC and the foot of the perpendicular from A is (b c) : 

 (A) 
2 2 2a b c

2a

  
 (B) 

2 2b c

2 a


   (C) 

2 2b c

bc


  (D) 

2 2b c

2 a


 

 

A-9*. If in a triangle ABC, cos A cos B + sin A sin B sin C = 1, then the triangle is  

 (A) isosceles  (B) right angled  (C) equilateral   (D) None of these 
 

A-10.Triangle ABC is right angle at A. The points P and Q are on hypotenuse BC such that BP = PQ = QC.  

 If AP = 3 and AQ = 4, then length BC is equal to  

 (A) 3 5   (B) 5 3   (C) 4 5   (D) 7 
 

A-11. In ABC, bc = 2b2 cosA + 2c2 cosA – 4bc cos2 A, then ABC is  

 (A) isosceles but not necessarily equilaterial 

 (B) equilateral 

 (C) right angled but not neccessarily isosceles  

 (D) right angled isosceles  
 

Section (B) Trigonometric ratios of Half Angles, Area of triangle and 

circumradius  
 

B-1. If in a triangle ABC, right angle at B, s  a = 3 and s c = 2, then 

 (A) a = 2, c = 3  (B) a = 3, c = 4  (C) a = 4, c = 3  (D) a = 6, c = 8 
 

B-2. If in a triangle ABC, b cos2
A

2
  + a cos2

B

2
 = 

3

2
c, then a, c, b are : 

 (A) in A.P.  (B) in G.P.  (C) in H.P.  (D) None 
 

B-3. If H is the orthocentre of a triangle ABC, then the radii of the circle circumscribing the triangles BHC, 

CHA and AHB are respectively equal to :  

 (A) R, R, R  (B) 2 R , 2 R , 2 R  (C) 2R, 2R, 2R  (D) 
R

2
, 

R

2
, 

R

2
 

 

B-4. In a  ABC if b + c = 3a, then cot
B

2
 · cot

C

2
 has the value equal to: 

 (A) 4   (B) 3   (C) 2   (D) 1 

B-5. In a ABC, A = 
2

3


, b – c = 3 3  cm and area (ABC) = 

9 3

2
cm2. Then ‘a’  is  

 (A) 6 3 cm  (B) 9 cm  (C) 18 cm  (D) 7 cm 
 

B-6.* The diagonals of a parallelogram are inclined to each other at an angle of 45º, while its sides a and  

b (a > b) are inclined to each other at an angle of 30º, then the value of 
a

b
 is  

 (A) 2cos36º  (B) 
3 5

4


   (C) 

3 5

4


  (D) 

5 1

2


 



 
 

B-7. If in a ABC,  = a2 – (b – c)2, then tan A is equal to  

 (A) 15/16  (B) 8/15   (C) 8/17  (D) 1/2 
 

B-8*. If in a ABC, a = 5, b = 4 and cos (A – B) = 
31

32
, then 

 (A) c = 6      (B) sin A = 
5 7

16

 
  
 

   

 (C) area of ABC = 
15 7

4
    (D) c = 8 

 

B-9. If R denotes circumradius, then in ABC, 
2 2b c

2a R


 is equal to  

 (A) cos (B – C)  (B) sin (B – C)  (C) cos B – cos C (D) sin(B + C) 

 

B-10*. Which of the following holds good for any triangle ABC? 

 (A) 
cosA

a
 + 

cosB

b
 + 

cosC

c
 = 

2 2 2a b c

2abc

 
  (B) 

sinA

a
 + 

sinB

b
 +

sinC

c
  = 

3

2R
  

 (C) 
cosA

a
 = 

cosB

b
 = 

cosC

c
   (D) 

2

sin2A

a
 = 

2

sin2B

b
 = 

2

sin2C

c
 

 

B-11. A triangle is inscribed in a circle. The vertices of the triangle divide the circle into three arcs of length 3, 

4 and 5 units. Then area of the triangle is equal to: 

 (A) 
2

9 3 (1 3)


   (B) 
2

9 3 ( 3 1)


   (C) 
2

9 3 (1 3)

2




  (D) 
2

9 3 ( 3 1)

2




 

 

B-12. In a ABC, a = 1 and the perimeter is six times the arithmetic mean of the sines of the angles. Then 

measure of A is           

 (A) 
3


   (B) 

2


   (C) 

6


   (D) 

4


 

 

B-13*. Three equal circles of radius unity touches one another. Radius of the circle touching all the three 

circles is :  

 (A) 
2 3

3


  (B) 

3 2

2


  (C) 

2 3

3


   (D) 

3 2

2


  

 

B-14.Triangle ABC is isosceles with AB = AC and BC = 65 cm. P is a point on BC such that the 

perpendicular distances from P to AB and AC are 24 cm and 36 cm, respectively. The area of triangle 

ABC (in sq. cm is) 

 (A) 1254  (B) 1950  (C) 2535  (D) 5070 

Section (C) Inradius and Exradius 
 

C-1. In a  ABC, the value of 
acosA bcosB ccosC

a b c

 
 

 is equal to: 

 (A) 
r

R
   (B) 

R

2r
    (C) 

R

r
    (D) 

2r

R
 

 

C-2. In a triangle ABC, if a : b : c = 3 : 7 : 8, then R : r is equal to   

 (A) 2 : 7   (B) 7 : 2   (C) 3 : 7  (D) 7 : 3 
 

C-3*. If r
1
 = 2r

2
 = 3r

3
 , then  

 (A) 
a

b
 = 

4

5
  (B) 

a

b
 = 

5

4
  (C) 

a

c
 = 

3

5
  (D) 

a

c
 = 

5

3
 



 

C-4*. In a ABC, following relations hold good. In which case(s) the triangle is a right angled triangle?  

 (A) r
2
 + r

3
 = r

1
  r (B) a2 + b2 + c2 = 8 R2 (C) r

1
 = s   (D) 2 R = r

1
  r 

 

C-5. The perimeter of a triangle ABC right angled at C is 70, and the inradius is 6, then |a – b| equals 
 (A) 1   (B) 2   (C) 8   (D) 9 
 

C-6. In a triangle ABC, if  
a b

b c




  = 
s a

s c




, then r
1
, r

2
, r

3
 are in: 

 (A) A.P.   (B) G.P.  (C) H.P.  (D) none of these 
 

C-7. If the incircle of the  ABC touches its sides at L, M and N as shown in the figure and if  x, y, z be the 

circumradii of the triangles MIN, NIL and LIM respectively, where  is the incentre, then the product xyz 
is equal to : 

          

 (A) R r2   (B) r R2   (C) 
1

2
R r2  (D) 

1

2
r R2 

 

C-8. If in a ABC, 
1

r

r
 = 

1

2
, then the value of tan

A

2

B C
tan tan

2 2

  
 

 is equal to :   

 (A) 2   (B) 
1

2
   (C) 1   (D) 3 

 

C-9. If in a ABC, A = 
2


, then tan

C

2
 is equal to  

 (A) 
a c

2b


   (B) 

a b

2c


  (C) 

a c

b


  (D) 

a b

c


 

 

C-10. In any ABC, 1 2 2 3 3 1

2

(r r ) (r r )(r r )

Rs

  
 is always equal to     

 (A) 8   (B) 27   (C) 16   (D) 4 
 

C-11*. In a triangle ABC, right angled at B, then  

 (A) r = 
AB BC AC

2

 
      (B) r = 

AB AC BC

2

 
     

 (C) r = 
AB BC AC

2

 
      (D) R = 

s – r
2

 
 

C-.12*. With usual notations, in a  ABC the value of  (r
1
  r) can be simplified as: 

 (A) abc  tan
A

2
  (B) 4 r R2  (C) 

 
 

2

2

abc

R a b c 
 (D) 4 R r2 

C-13. STATEMENT-1 : In a triangle ABC, the harmonic mean of the three exradii is three times the inradius. 
 STATEMENT-2 : In any triangle ABC, r

1
 + r

2
 + r

3
 = 4R.  

 

 (A)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is correct explanation for  
 STATEMENT-1 

 (B)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is not correct explanation 
 for STATEMENT-1 

 (C)  STATEMENT-1 is true, STATEMENT-2 is false 
 (D)  STATEMENT-1 is false, STATEMENT-2 is true 
 (E) Both STATEMENTS are false  
 



Section (D) Miscellaneous 
 

D-1. If in a triangle ABC, the line joining the circumcentre and incentre is parallel to BC, then  

cos B + cos C is equal to :  

 (A) 0   (B) 1   (C) 2   (D) 1/2 
 

D-2. In aABC, if AB = 5 cm, BC = 13 cm and CA = 12 cm, then the distance of vertex ‘A’ from the side BC 
is (in cm)       

 (A) 
25

13
   (B) 

60

13
   (C) 

65

12
   (D) 

144

13
 

 

D-3. If AD, BE and CF are the medians of a ABC, then (AD2 + BE2 + CF2) : (BC2 + CA2 + AB2) is equal to  

 (A) 4 : 3   (B) 3 : 2   (C) 3 : 4  (D) 2 : 3 
 

D-4*. In a triangle ABC, with usual notations the length of the bisector of internal angle A is : 

 (A) 

A2bc cos
2

b c
   (B) 

A2bc sin
2

b c
  (C) 

A
abc cosec

2
2R (b c)

 (D) 
2 A.cosec

2b c




 

 

D-5. Let f, g, h be the lengths of the perpendiculars from the circumcentre of the  ABC on the sides BC, CA 

and AB respectively. If 
a b c

f g h
   = 

a b c

f g h
, then the value of '' is: 

 (A) 1/4   (B) 1/2   (C) 1   (D) 2 
 

D-6. In an acute angled triangle ABC, AP is the altitude. Circle drawn with AP as its diameter cuts the sides 

AB and AC at D and E respectively, then length DE is equal to     

 (A) 
2R


   (B) 

3R


   (C) 

4R


   (D) 

R


 

 

D-7. AA
1
, BB

1
 and CC

1
 are the medians of triangle ABC whose centroid is G. If points A, C

1
, G and B

1
 are 

concyclic, then      

 (A) 2b2 = a2 + c2  (B) 2c2 = a2 + b2  (C) 2a2 = b2 + c2  (D) 3a2 = b2 + c2 

 

D-8. If '' is the length of median from the vertex A to the side BC of a ABC, then  

 (A) 42 = b2 + 4ac cos B    (B) 42 = a2 + 4bc cos A  

 (C) 42 = c2 + 4ab cos C    (D) 42 = b2 + 2c2 – 2a2 
 

D-9*. The product of the distances of the incentre from the angular points of a  ABC is: 

 (A) 4 R2 r  (B) 4 Rr2  (C) 
 a b c R

s
  (D) 

 a b c r

s
 

 

D-10. In a triangle ABC, B = 60° and C = 45°. Let D divides BC internally in the ratio 1 : 3,  

 then value of 
sin BAD

sin CAD




 is     

 (A) 
2

3
   (B) 

1

3
   (C) 

1

6
   (D) 

1

3
  

 

D-11*.In a triangle ABC, points D and E are taken on side BC such that BD = DE = EC. If angle  

ADE = angle AED = , then:  

 (A) tan = 3 tan B       (B) 3 tan = tanC      

 (C) 
2

6tan

tan 9


 

 = tan A      (D) angle B = angle C  



 

D-12. STATEMENT-1 :  If R be the circumradius of a ABC, then circumradius of its excentral 
1


2


3
 is 2R.  

 STATEMENT-2 : If circumradius of a triangle be R, then circumradius of its pedal triangle is 
R

2
. 

 (A)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is correct explanation for  

  STATEMENT-1 

 (B)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is not correct explanation 

for STATEMENT-1 

 (C)  STATEMENT-1 is true, STATEMENT-2 is false 

 (D)  STATEMENT-1 is false, STATEMENT-2 is true 

 (E) Both STATEMENTS are false  
 

PART-II (COMPREHENSION) 
Comprehension # 1 (Q. No. 1 to 4)  

 The triangle DEF which is formed by joining the feet of the altitudes of triangle ABC is called the Pedal 

Triangle.  

 Answer The Following Questions :  

    
1. Angle of triangle DEF are  

 (A)  2A,  2B and  2C   (B)  2A,  2B and  2C 

 (C)  A,  B and  C   (D) 2 A, 2 B and 2 C 
 

2*. Sides of triangle DEF are  

 (A) b cosA, a cosB, c cosC   (B) a cosA, b cosB, c cosC 

 (C) R sin 2A, R sin 2B, R sin 2C   (D) a cotA, b cotB, c cotC 
 

3. Circumraii of the triangle PBC, PCA and PAB are respectively  

 (A) R, R, R  (B) 2R, 2R, 2R  (C) R/2, R/2, R/2 (D) 3R, 3R, 3R 
 

4*. Which of the following is/are correct   

 (A) 
Perimeter of DEF r

Perimeter of ABC R





   (B) Area of  DEF = 2  cosA cosB cosC 

 (C) Area of AEF =  cos2A   (D) Circum-radius of DEF =  
 

 

Comprehension # 2 (Q. 5 to 8) 

 The triangle formed by joining the three excentres 
1
, 

2
 and 

3
 of  ABC is called the excentral or 

excentric triangle and in this case internal angle bisector of triangle ABC are the altitudes of triangles 

I
1
I

2
I

3
   

 

5. Incentre  of  ABC is the ......... of the excentral    
1 


2 


3
. 

 (A)  Circumcentre (B) Orthocentre  (C) Centroid  (D) None of these 
 

6. Angles of the  
1 


2 


3
 are  

 (A) 
A

2 2


 , 

B

2 2


  and 

C

2 2


     (B) 

A B
,

2 2 2 2

 
   and 

C

2 2


   

 (C) 
2


 – A, 

2


 – B  and 

2


 – C   (D) None of these 

 



7. Sides of the  
1 


2 


3
 are 

 (A) Rcos
A

2
, Rcos

B

2
 Rcos

C

2
   (B) 4R cos

A

2
,  4R cos

B

2
 4R cos

C

2
 

 (C) 2Rcos
A

2
, 2Rcos

B

2
 2Rcos

C

2
  (D) None of these 

 

8. Value of 
1
2 + 

2


3
2 = 

2
2 + 

3


1
2 = 

3
2 + 

1


2
2 =  

 (A) 4R2    (B) 16R2   (C) 32R2  (D) 64R2  
 

PART-III (MATCH THE COLUMN) 
 

1. Match the column  

 Column–          Column–  
 

 (A) In a ABC, 2B = A + C and b2 = ac.    (p) 8 

  Then the value of 
2a (a b c)

3abc

 
 is equal to  

 

 (B) In any right angled triangle ABC, the value of 
2 2 2

2

a b c

R

 
  (q) 1 

  is always equal to (where R is the circumradius of ABC) 
 

 (C) In a ABC if a = 2, bc = 9, then the value of 2R is equal to  (r) 5 
 

 (D) In a ABC, a = 5, b = 3 and c = 7, then the value of   (s) 9 

  3 cos C + 7 cos B is equal to  
 

2. Match the column     

 Column –         Column –   
 (A) In a ABC, a = 4, b = 3 and the medians AA

1
 and BB

1
 are  (p) 27  

 

  mutually perpendicular, then square of area of the ABC   

  is equal to  
 

 (B) In any ABC, minimum value of 1 2 3

3

r r r

r
 is equal to   (q) 7 

 

 (C) In a ABC, a = 5, b = 4 and tan 
C

2
 = 

7

9
, then side ‘c’  (r) 6 

  is equal to  
 

 (D) In  a ABC, 2a2 + 4b2 + c2 = 4ab + 2ac, then value of  (8 cos B) (s) 11 

  is equal to 
  

 
 Marked Questions may have for Revision Questions. 

* Marked Questions may have more than one correct option. 
 

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
 

1. If the angle A, B and C of a triangle are in arithmetic progression and if a, b and c denote the lengths of 

the sides opposite to A, B and C respectively, then the value of the expression 
a

c
sin 2C + 

c

a
sin 2A is 

         [IIT-JEE 2010, Paper-1, (3, –1), 84] 

 (A) 
1

2
   (B) 

3

2
   (C) 1   (D) 3  

 



2. Let ABC be a triangle such that ACB = 
6


 and let a, b and c denote the lengths of the sides opposite 

to A, B and C respectively. The value(s) of x for which a = x2 + x + 1, b = x2 – 1 and c = 2x + 1 is (are) 
         [IIT-JEE 2010, Paper-1, (3, 0), 84] 

 (A) –  2 3   (B) 1 + 3   (C) 2 + 3   (D) 4 3  

 
 

3. Consider a triangle ABC and let a, b and c denote the lengths of the sides opposite to vertices A, B and 

C respectively. Suppose a = 6, b = 10 and the area of the triangle is 15 3 . If ACB is obtuse and if r 

denotes the radius of the incircle of the triangle, then r2 is equal to   
         [IIT-JEE 2010, Paper-2, (3, 0), 79] 
  

4. Let PQR be a triangle of area  with a = 2, b = 
7

2
 and c = 

5

2
, where a, b and c are the lengths of the 

sides of the triangle opposite to the angles at P, Q and R respectively. Then 
2sinP – sin2P
2sinP sin2P

equals   

         [IIT-JEE 2012, Paper-2, (3, –1), 66] 

 (A) 
3

4
   (B) 

45

4
   (C) 

2
3

4

 
  

  (D) 

2
45

4

 
  

  

 

5.* In a triangle PQR, P is the largest angle and cosP = 
1

3
. Further the incircle of the triangle touches the 

sides PQ, QR and RP at N, L and M respectively, such that the lengths of PN, QL and RM are 

consecutive even integers. Then possible length(s) of the side(s) of the triangle is (are) 

         [JEE (Advanced) 2013, Paper-2, (3, –1)/60]  

 (A) 16   (B)  18   (C) 24   (D) 22 

 

6. In a triangle the sum of two sides is x and the product of the same two sides is y. If x2 – c2 = y, where c 

is the third side of the triangle, then the ratio of the in-radius to the circum-radius of the triangle is 

        [JEE (Advanced) 2014, Paper-2, (3, –1)/60]  

 (A) 
3y

2x(x c)
     (B) 

3y

2c(x c)
  (C) 

3y

4x(x c)
  (D) 

3y

4c(x c)
 

 

7*. In a triangle XYZ, let x, y, z be the lengths of sides opposite to the angles X, Y, Z, respectively, and       

2s = x + y + z. If 
s x

4


 = 

s y

3


 = 

s z

2


 and area of incircle of the triangle XYZ is 

8

3


, then   

        [JEE (Advanced) 2016, Paper-1, (4, –2)/62] 

(A) area of the triangle XYZ is 6 6      

(B) the radius of circumcircle of the triangle XYZ is 
35

6
6  

(C) sin 
X

2
sin

Y

2
 sin

Z

2
 = 

4

35
  

(D) sin2
X Y

2

 
 
 

 = 
3

5
 

 

8*. In a triangle PQR, let PQR = 30º and the sides PQ and QR have lengths 10 3  and 10, respectively. 

Then, which of the following statement(s) is (are) TRUE?    

(A) QPR = 45º      [JEE(Advanced) 2018, Paper-1,(4, –2)/60] 

(B) The area of the triangle PQR  is 25 3  and QRP = 120º  

(C) The radius of the incircle of the triangle PQR is 10 3  – 15  

(D) The area of the circumcircle of the triangle PQR is 100  
 



 

9. In a non-right-angled triangle PQR, Let p, q, r denote the lengths of the sies opposite to the angles at 

P, Q, R respectively. The median form R meets the side PQ at S, the perpendicualr4 from P meets the 

side QR at E, and RS and PE intersect at O. If p = 3 , q = 1, and the radius of the circumcircle of the 

PQR equals 1, then which of the following options is/are correct ?   

  [JEE(Advanced) 2019, Paper-1,(4, –1)/62] 

 (A) Length of RS = 
2

7
     (B) Area of SOE = 

12

3
      

(C) Radius of incircle of PQR = 
2

3
(2 – 3 ) (D) Length of OE = 

6

1
    

 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 

 

1. For a regular polygon, let r and R be the radii of the inscribed and the circumscribed circles. A false 

statement among the following is       [AIEEE - 2010 (4, –1), 144] 

 (1)  There is a regular polygon with 
r 1

R 2
 . (2)  There is a regular polygon with 

r 2

R 3
 .  

 (3)  There is a regular polygon with 
r 3

R 2
 . (4)  There is a regular polygon with 

r 1

R 2
 . 

  

2. ABCD is a trapezium such that AB and CD are parallel and BC  CD. If ADB =  , BC = p and CD = q, 

then AB is equal to :       [AIEEE - 2013, (4, –1),120] 

 (1) 
2 2(p q )sin

pcos qsin

 
  

  (2) 
2 2p q cos

pcos qsin

 
  

 (3) 
2 2

2 2

p q

p cos q sin


  

 (4) 
2 2

2

(p q )sin

(pcos qsin )

 
  

 

 

3. With the usual notation, in ABC, if A + B = 120°, a = 3 + 1 and b = 3 –1, then the ratio A : B, 

is:      [JEE(Main) 2019, Online (10-01-19),P-2 (4, – 1), 120] 

 (1) 9 : 7   (2) 7 : 1   (3) 3 : 1   (4) 5 : 3 

 

4. In a triangle, the sum of lengths of two sides is x and the product of the lengths of the same two sides is 

y. If x2 – c2 = y, where c is the length of the third side of the triangle, then the circumradius of the 

triangle is       [JEE(Main) 2019, Online (11-01-19),P-1 (4, – 1), 120] 

 (1) 
3

c
   (2) 

2

3
y   (3) 

3

c
   (4) 

3

y
  



 

 
 

EXERCISE - 1 

 
Section (A) :  
 

A-2. x > 5  A-3. 75° A-8. 
P

2 R
 A-11. 30° A-13. 10° 

Section (B) : 
 

B-2. 
2

3
cot

B

2
   B-3.  9 sq. unit  

 

Section (C)  
 
C-4. 6, 8, 10 cm  C-5. 8 
 

Section (D) 
  

D-2. 3  D-3. 2 
 

EXERCISE - 2 
 

PART -I 
Section (A) :  
 

A-1. (C) A-2. (AB) A-3. (C) A-4. (C) A-5 (D) A-6. (C) A-7. (D) 
 

A-8. (B) A-9. (AB) A-10.  (A) A-11. (A) 
 

Section (B) : 
 

B-1. (B) B-2. (A) B-3. (A) B-4. (C) B-5. (B) B-6. (AD) B-7. (B) 
 

B-8. (ABC) B-9. (B) B-10. (AB) B-11. (A) B-12. (C) B-13. (AC) B-14.  (C) 
 

Section (C) : 
 

C-1. (A) C-2. (B) C-3. (BD) C-4.  (ABCD)C-5. (A) C-6. (A) C-7. (C) 

 

C-8. (B) C-9. (D) C-10. (D) C-11*. (AD) C-.12*.  (ACD) C-13. (C)  
 

Section (D)  
D-1. (B) D-2. (B) D-3. (C) D-4. (ACD) D-5. (A) D-6. (D) D-7. (C) 
D-8. (B) D-9. (BD) D-10. (C) D-11. (ACD) D-12. (A) 
 

PART -II 
 

1. (A) 2. (BC) 3. (A) 4. (ABCD) 5. (B) 6. (A) 7. (B) 
8. (B)  
 

PART -III 
1. (A)  (q), (B)  (p), (C)  (s), (D)  (r) 

2. (A)  (s), (B)  (p), (C)  (r), (D)  (q) 
 

EXERCISE - 3 

PART -I 
 

1. (D) 2. (B) 3. 3 4. (C) 5. (BD) 6. (B) 

7. (A,C,D) 8. (BCD) 9. (ACD) 

PART -II 
1. (2) 2. (1) 3. (2) 4. (1)  
 



 

 

SUBJECTIVE QUESTIONS  
 

This questions paste Staright Line sheets 
 

1. In ABC , P is an interior point such that PAB = 10º PBA = 20º, PCA = 30º, PAC = 40º then 

prove that ABC is isosceles 
 

2. In a triangle ABC, if a tan A + b tan B = (a + b) tan
A B

2

 
 
 

, prove that triangle is isosceles. 

 

3. In any triangle ABC, if 2a – b2c = c3 , (where  is is the area of triangle), then prove that A is obtuse 
 

4. If in a triangle ABC, 
cosA 2cosC

cosA 2cosB




 =
sinB

sinC
 prove that the triangle ABC is either isosceles or  

right angled. 
 

5. In a  ABC,  C = 60° and  A = 75°. If D is a point on AC such that the area of the BAD is 3   

times the area of the BCD, find the  ABD.        
 

6. In a ABC, if a, b and c are in A.P., prove that cos A.cot 
A

2
, cos B.cot 

B

2
, and cos C.cot 

C

2
 are in A.P. 

 

7. In a triangle ABC, prove that the area of the incircle is to the area of triangle itself is, 

 : cot 
A

2

 
 
 

 . cot 
B

2

 
 
 

 . cot 
C

2

 
 
 

. 

8. In ABC, prove that a2 (s –a) + b2 (s – b) + c2 (s – c) = 4R 
A B C

1 4sin sin sin
2 2 2

  
 

   

 

9. In any ABC, prove that 

 (i)  (r
3
+ r

1
) (r

3
+ r

2
) sin C = 2 r

3
 2 3 3 1 1 2r r r r r r   

 (ii) 
A B
2 2 2

Ctan tan tan 1

(a b) (a c) (b a) (b c) (c a) (c b)
  

      
 

 (iii) (r + r
1
) tan 

B C

2


 + (r + r

2
) tan 

C A

2


 + (r + r

3
) tan 

A B

2


 = 0  

 (iv)  2 2 2 2

1 2 3r r r r     = 16R2 – a2 –b2 – c2. 
 

10. In an acute angled triangle ABC, r + r
1
 = r

2
 + r

3
 and B > 

3


, then prove that  b + 3c < 3a < 3b + 3c  

 

11. If the inradius in a right angled triangle with integer sides is r. Prove that   

 (i)  If r = 4, the greatest perimeter (in units) is  90 

 (ii)  If r = 5, the greatest area (in sq. units) is 330 
 

12. If 1 1

2 3

r r
1 1

r r

  
   

   
 = 2, then prove that the triangle is right angled.  

 



 
13. DEF is the triangle formed by joning the points of contact of the incircle with the sides of the triangle 

ABC; prove that  

 (i) its sides are  2r cos
A

2
, 2r cos

B

2
 and 2r cos

C

2
,  

 (ii) its angles are 
2


 – 

A

2
, 

2


 – B

2
  and  

2


 – 

C

2
 

  and  

 (iii)  its area is   
32

(abc)s


 , i.e. 

1

2


r

R
.  

 

14. Three circles, whose radii are  a, b and c, touch one another externally and the tangents at their points 

of contact meet in a point, prove that the distance of this point from either of their points of contact is 

1

2abc

a b c

 
   

.  

 

15. OA and OB are the equal sides of an isoscles triangle lying in the first quadrant making angles  and  

respectively with x-axis. Show that the gradient of the bisector of acute angle AOB is cosec  – cot  

where  =  + . (Where O is origin) 
 

16. The hypotenuse BC = a of a right-angled triangle ABC is divided into n equal segments where n is odd. 

The segment containing the midpoint of BC subtends angle  at A. Also h is the altitude of the triangle 

through A. Prove that 

 2

4nh
tan

a n 1
 


  . 

 

 
 

5.  ABD = 30° 



 

 
 

 Marked questions are recommended for Revision. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA   

SUBJECTIVE QUESTIONS 

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

Section (A) : Sine rule, Cosine rule, Napier's Analogy, Projection rule  

[k.M (A) : T;k fu;e] dksT;k fu;e] Li'kZT;k fu;e ;k usfi;j ,ukyksft] ç{ksi fu;e 

A-1. In a ABC, prove that : 

 f=kHkqt ABC esa fl) dhft, fd : 
 

 (i) a sin (B – C) + b sin (C – A) + c sin (A – B) = 0  

 (ii) 
2a sin(B C)

sinA


 + 

2b sin(C A)

sinB


 + 

2c sin(A B)

sinC


 = 0 

 (iii) 2(bc cos A + ca cos B + ab cos C) = a2 + b2 + c2 

 (iv) (a – b)2 cos2
C

2
 + (a + b)2 sin2

C

2
 = c2 

 (v) b2 sin 2C + c2 sin 2B = 2bc sin A   

 (vi) 
sinB

sinC
 = 

c acosB

b acosC




 

 
Sol. (i) L.H.S. = a sin (B – C) + b sin (C – A) + c sin (A – B) 
  = k sin A sin (B – C) + k sin B sin (C – A) + k sin C sin (A – B) 
  = k (sin2 B – sin2 C) + k (sin2C – sin2 A) + k (sin2 A – sin2 B) 
  = 0 = R.H.S. 

 (ii) L.H.S. = 
2 2 2a sin(B – C) b sin(C – A) c sin(A – B)

sin A sin B sin C
   

  first term = 
2a sin(B – C)

sin A
 = 

2 2k sin A sin(B – C)
sin A

 

     =  k2 sin (B + C)  sin (B – C) 
     =  k2 (sin2 B – sin2 C) 

  Similarly  
2b sin(C – A)

sinB
 = k2 (sin2 C – sin2 A) 

  and 
2c sin(A – B)

sinC
 = k2 (sin2 A – sin2 B) 

  L.H.S. = k2 (sin2 B – sin2C + sin2C – sin2A + sin2 A – sin2 B)  
  = 0 = R.H.S. 
 (iii) L.H.S. = 2bc cos A + 2ca cos B + 2ab cos C  
  = b2 + c2 – a2 + a2 + c2 – b2 + a2 + b2 – c2  
  = a2 + b2 + c2 

  = R.H.S 

 (iv) L.H.S. = a2 2 2 2 2 2C C C C
cos sin b cos sin

2 2 2 2

        
   

 – 2ab 2 2C Ccos – sin
2 2

 
 
 

   

  = a2 + b2 – 2ab cos C 
  = a2 + b2 – (a2 + b2 – c2) 
  = c2  = R.H.S.  

 (v)   L.H.S.  = b2 sin 2C + c2 sin 2B  

   = 2b2 sin C cos C + 2c2 sin B cos B 

   = 2k2 sin2 B cos C sin C + 2k2 sin2 C sin B cos B (b = ksin B, c =  ksin C) 

   = 2k2 sin B sin C [sin B cos C + cos B sin C] 
   = 2(k sin B) (k sin C) sin (B + C)  



   = 2bc sin A  

 (vi)   R.H.S = 
c acosB

b acosC




    c = a cos B + b cos A,  

           b = c cos A + a cos C 

  = 
bcosA

ccosA
 = 

b

c
 

  = 
sinB

sinC
 = L.H.S.  

Hindi. (i) ck;ka i{k (L.H.S.) = a sin (B – C) + b sin (C – A) + c sin (A – B) 

  = k sin A sin (B – C) + k sin B sin (C – A) + k sin C sin (A – B) 
  = k (sin2 B – sin2 C) + k (sin2C – sin2 A) + k (sin2 A – sin2 B) 

  = 0 = nk;ka i{k (R.H.S.) 

 (ii) ck;ka i{k (L.H.S.) = 
2 2 2a sin(B – C) b sin(C – A) c sin(A – B)

sin A sin B sin C
   

  çFke in  = 
2a sin(B – C)

sin A
 = 

2 2k sin A sin(B – C)
sin A

  

     =  k2 sin (B + C)  sin (B – C) 
     =  k2 (sin2 B – sin2 C) 

  blh çdkj]  
2b sin(C – A)

sinB
 = k2 (sin2 C – sin2 A) 

  vkSj   
2c sin(A – B)

sinC
 = k2 (sin2 A – sin2 B) 

  ck;ka i{k (L.H.S.) = k2 (sin2 B – sin2C + sin2C – sin2A + sin2 A – sin2 B)  

  = 0 = nk;ka i{k (R.H.S.) 

 (iii) ck;ka i{k (L.H.S.) = 2bc cos A + 2ca cos B + 2ab cos C  

  = b2 + c2 – a2 + a2 + c2 – b2 + a2 + b2 – c2  
  = a2 + b2 + c2 

  = R.H.S. nk;ka i{k (R.H.S.)   

 (iv) ck;ka i{k (L.H.S.) = a2 2 2 2 2 2C C C C
cos sin b cos sin

2 2 2 2

        
   

 – 2ab 2 2C Ccos – sin
2 2

 
 
 

   

  = a2 + b2 – 2ab cos C 
  = a2 + b2 – (a2 + b2 – c2) 

  = c2  = nk;ka i{k (R.H.S.) 

 (v)   ck;ka i{k (L.H.S.)  = b2 sin 2C + c2 sin 2B  

   = 2b2 sin C cos C + 2c2 sin B cos B 

   = 2k2 sin2 B cos C sin C + 2k2 sin2 C sin B cos B (b = ksin B, c =  ksin C) 

   = 2k2 sin B sin C [sin B cos C + cos B sin C] 
   = 2(k sin B) (k sin C) sin (B + C)  
   = 2bc sin A  

 (vi)   nk;ka i{k (R.H.S) = 
c acosB

b acosC




    c = a cos B + b cos A,  

            b = c cos A + a cos C 

  = 
bcosA

ccosA
 = 

b

c
 

  = 
sinB

sinC
 = ck;ka i{k (L.H.S.) 

 
A-2. Find the real value of x such that x2 + 2x, 2x + 3 and x2 + 3x + 8 are lengths of the sides of a triangle. 

 x ds og okLrfod eku Kkr dhft, tcfd  x2 + 2x, 2x + 3 rFkk x2 + 3x + 8 ,d f=kHkqt dh Hkqtk;sa gksA 

 Ans. x > 5 
Sol.  



 

  
 For ABC  a + b > c, b + c > a, c + a > b 

 x2 + 4x + 3 > x2 + 3x + 8  x > 5    

 x2 + 5x + 11 > x2 + 2x   x > 
11

3


  

 2x2 + 5x + 8 > 2x + 3   2x2 + 3x + 5 > 0  x  R  
 Common to all is x > 5.  
Hindi.  

   
 ABC ds fy, a + b > c, b + c > a, c + a > b 

 x2 + 4x + 3 > x2 + 3x + 8  x > 5    

 x2 + 5x + 11 > x2 + 2x   x > 
11

3


  

 2x2 + 5x + 8 > 2x + 3 

  2x2 + 3x + 5 > 0  x  R  

 lHkh ds fy, mHk;fu"B   x > 5.  

A-3. The angles of aABC are in A.P. (order being A, B, C) and it is being given that b : c = 3  : 2 , then 

find A.  

 f=kHkqt ABC ds dks.k A, B, C blh Øe esa lekUrj Js<+h esa gS rFkk b : c = 3  : 2  gS] rks A Kkr dhft,A 

 Ans. 75° 

Sol.  2B = A + C, 

  B = 60º  

 from Sine-rule   T;k fu;e ds vuqlkj 

 
a b c

sin A sin B sinC
    

b sin B 3

c sinC 2
   

  sin C = 
1

2
   C = 45º  

  A = 75º  

A-4. If cos A + cos B = 4 sin2
C

2

 
 
 

, prove that sides a, c, b of the triangle ABC are in A.P. 

 ;fn cos A + cos B = 4 sin2
C

2

 
 
 

 gks] rks fl) dhft, fd f=kHkqt ABC dh Hkqtk,¡ a, c, b lekUrj Js<+h esa gSaA 

  

Sol.  cos A + cos B = 4 sin2
C

2
  2 cos

A B

2

 
 
 

 cos
A B

2

 
 
 

= 4 sin2
C

2
 

  2 cos
A – B

2

 
 
 

  = 4 sin
C

2
   2 cos

C

2
 cos

A B

2

 
 
 

 = 4 sin
C

2
 cos

C

2
  

  2 sin
A B

2

 
 
 

 cos
A B

2

 
 
 

  = 2 sin C  sin A + sin B = 2 sin C   



 

  a + b = 2c   a, c, b are in A.P. a, c, b lekUrj Js<h esa gSA  

A-5. If in a ABC, 
sinA

sinC
 = 

sin(A B)

sin(B C)




, then prove that a2, b2, c2 are in A.P. 

 ;fn f=kHkqt ABC esa] 
sinA

sinC
 = 

sin(A B)

sin(B C)




 gks] rks fl) dhft, fd a2, b2, c2 lekUrj Js<+h esa gSA 

Sol.    
sinA

sinC
 = 

sin(A B)

sin(B C)




 sin(B + C) sin(B – C) = sin(A + B) sin(A – B) 

  sin2 B – sin2 C = sin2 A – sin2 B  2 sin2 B = sin2 A + sin2 C  

  2b2 = a2 + c2    a2, b2, c2 are in A.P.    a2, b2, c2  lekUrj Js.kh esa gksxsaA 

 

A-6. In a triangle ABC, prove that for any angle ,  b cos (A ) + a cos (B + ) = c cos . 

 f=kHkqt ABC esa fdlh dks.k ds fy, fl) dhft, fd b cos (A ) + a cos (B + ) = c cos . 

Sol.   L.H.S. ck;ka i{k = b(cos A cos   + sin A sin ) + a(cos B cos  – sin B sin ) 

 = cos (b cos A + a cos B) + sin (b sin A – a sin B) 

 = c cos + 0 { b sin A – a sin B = 0}   

 = c cos = R.H.S. nk;ka i{k  

A-7. With usual notations, if in a  ABC, 
b c c a a b

11 12 13

  
  , then prove that 

cosA cosB cosC

7 19 25
  . 

 ;fn f=kHkqt ABC esa] 
b c c a a b

11 12 13

  
   gks] rks fl) dhft, fd 

cosA cosB cosC

7 19 25
  . 

Sol.  
b c c a a b

11 12 13

  
   = k  

b c 11 k

c a 12 k

a b 13 k

  
  
  

  a = 7k, b = 6k, c = 5k 

  cos A = 
2 2 2b c a

2bc

 
 = 

36 25 49

2 6 5

 
 

 = 
1

5
 

  cos B = 
2 2 2c a b

2ca

 
 = 

25 49 36

2 5 7

 
 

 = 
19

35
 

  cos C = 
2 2 2a b c

2ab

 
 = 

49 36 25

2 7 6

 
 

 = 
5

7
  

cos A

7
 = 

cosB

19
 = 

cosC

25
 

 

A-8. Let a, b and c be the sides of a ABC. If a2, b2 and c2 are the roots of the equation 

 x3 – Px2 + Qx – R = 0, where P, Q & R are constants, then find the value of 
cosA

a
 + 

cosB

b
 + 

cosC

c
 in 

terms of P, Q and R.  

 ekuk a, b rFkk c f=kHkqt ABC dh Hkqtk,¡ gSA ;fn a2, b2 ,oa c2 lehdj.k x3 – Px2 + Qx – R = 0, tgk¡ P, Q rFkk R 

vpj gS] ds ewy gks rks 
cosA

a
 + 

cosB

b
 + 

cosC

c
 dk eku P, Q ,oa R ds inks esa Kkr dhft,A 

 Ans. 
P

2 R
 

Sol.  x3 – Px2 + Qx – R = 0  

  a2 + b2 + c2 = P 
  a2b2 + b2c2 + c2a2 = Q 

  a2b2c2 = R  abc = R  

  
cosA

a
 + 

cosB

b
 + 

cosC

c
 = 

1

2abc
 [a2 + b2 + c2] = 

P

2 R
 



 

A-9. If in a triangle ABC, the altitude AM be the bisector of BAD, where D is the mid point of side BC, then 

prove that (b2  c2) = a2/2. 

 ;fn f=kHkqt ABC esa 'kh"kZyEc AM dks.k BAD dk v/kZd gks] tgk¡ D Hkqtk BC dk e/; fcUnq gS] rks fl) dhft, fd  

(b2  c2) = a2/2. 
Sol.  

  

   
a

4
 = c cos B 

 
a

4
 = c

2 2 2a c b

2ac

  
 
 

      

    
2a

2
 = a2 + c2 – b2  

   b2 – c2 = 
2a

2
.  

 

A-10. If in a triangle ABC, C = 60º , then prove that 
1 1 3

a c b c a b c
 

   
 

 ;fn ABC esa C = 60º  rc fl) dhft, fd 
1 1 3

a c b c a b c
 

   
 

Sol. By the cosine formula, we ahve  
  c2 = a2 + b2 – 2ab cosC  
 or c2 = a2 + b2 – 2ab cos60º = a2 + b2 – ab  .....(i) 

 Now, 
1 1 3–

a c b c a b c


   
 = 

(b c)(a b c) (a c)(a b c) – 3(a c)(b c)
(a b)(b c)(a b c)

         
     

 

  = 
2 2 2(a b – ab) – c

(a b)(b c)(a b c)


   

 = 0  [from eq. (i)] 

 or 
1 1 3

a c b c a b c
 

   
 

 

A-11. In a triangle ABC, C = 60º and A = 75º. If D is a point on AC such that the area of the ABD  is 

3  times the area of the BCD, find the ABD. 

  f=kHkqt ABC esa C = 60º rFkk A = 75º. ;fn D, AC ij fcUnq bl izdkj gS fd ABD dk {ks=kQy] 

 BCD ds {ks=kQy dk 3  xquk gS rc ABD Kkr dhft,A 
Ans. 30° 
Sol. Let h be the length of perpendicular from B on AC 



 

 

75º 

75º+ 

60º 45º– 

 

A 

C B 

D 

 

 Given that 
BAD

3
BCD





 

  

1
h.AD

2
1

h.DC
2

 = 
AD

CD
 = 3     .....(i) 

 In BAD, taking ABD = , we have  

 
AD BD

sin sin75º



    .....(ii)    

 And in BCD, we have 
CD

sin(45º – )
 = 

BD

sin60º
  .....(iii)  

  From (2) and (3), we get  

  
ADsin(45º – )

CDsin




 = 
sin60º

sin75º
 

  
3 1

3
2 2

 
  
 

cos – sin
2

  
 
 

= 
3

2
 sin  

   3 1 cos = (3 + 3 ) sin  

  tan = 1/ 3  

   = /6 = 30º 

 Hence  ABD = 30º 
 

A-12.In a scalene triangle ABC, D is a point on the side AB such that CD2 = AD. DB, if sinA. sinB = sin2
C

2
 

then prove that CD is internal bisector of C. 

 ,d fo"keckgq f=kHkqt ABC esa D Hkqtk AB ij ,d fcUnq D bl izdkj gS  CD2 = AD. DB, ;fn sinA. sinB = sin2
C

2
  

rc fl) dhft, fd CD, dks.k C dk vkUrfjd v)Zd gSA 

Sol. Let ACD =  DCB = (C – ) 
 Figuire  

 

 

C– 

A 

C 

D 
B 

 

 



 

 Applying the sine rule in ACD and in DCB respectively, we get  

  
AD CD

sin sinA



 and 

BD CD

sin(C – ) sinB



  

2AD.BD CD

sin sin(C – ) sinA.sinB


 
 

 
1

2
 [cos(2 – C) – cosC] = sin2

C

2
 

  
1

2
 [cos(2 – C) – 1 + 2sin2

C

2
] = sin2

C

2
 

  cos(2 – C) = 1 

   = 
C

2
 

 Thus, CD is the internal angle bisector of angle C. 
 

A-13.In triangle ABC,D is on AC such that AD = BC , BD = DC, DBC = 2x, and BAD = 3x, all angles are in 
degrees, then find the value of x. 

 ABC esa D ,AC ij bl izdkj gS fd AD = BC , BD = DC, DBC = 2x, vkSj BAD = 3x, lHkh dks.k] fMxzh esa 
gS rc x dk eku Kkr dhft,A  

Ans. 10° 

Sol. In ABC ,  

 
AC BC

sin5x sin3x
   

a p a

sin5x sin3x


  

 

 A 

B C

a 

p 

D 

N 

–7x 

–5x 

2x 

p 

4x 

a/2 a/2 
a 

3x 

2x 

 

 In BDN, cos2x = 
a

2p
 

 or a = 2p cos2x  

 From eq. (i), 
2pcos2x p

sin5x


 = 

2pcos2x

sin3x
 

 or 2sin3x cos2x + sin3x = 2sin5x cos2x 
 or sin5x + sinx + sin3x = sin7x + sin3x  
 or sin7x – sin5x = sinx 
 or 2cos6x sinx = sinx  

 or cos6x = 
1

2
   x = 10º 

 

Section (B) Trigonometric ratios of Half Angles, Area of triangle and 
circumradius  

[k.M (B) v)Zdks.k] f=kHkqt dk {ks=kQy vkSj ifjf=kT;k esa f=kdks.kfefr; lEcU/k  

 

B-1. In a ABC, prove that   

 f=kHkqt ABC esa fl) dhft, fd &    



 (i) 2 2 2C A
asin c sin

2 2

   
 = c + a – b.  (ii) 

2 A
cos

2
a

 + 

2 B
cos

2
b

 + 

2 C
cos

2
c

 = 
2s

abc
 

 (iii) 4 2 2 2A B C
bc.cos ca.cos ab.cos

2 2 2

   
 

 = (a + b + c)2 

 

 (iv) (b – c) cot
A

2
 + (c – a) cot

B

2
 + (a – b) cot

C

2
 = 0 

 (v) 4 (cot A + cot B + cot C) = a2 + b2 + c2  

 (vi) 
2abc

a b c

 
   

. cos
A

2
 .cos

B

2
. cos

C

2
 =  

Sol. (i)  L.H.S. (ck;ka i{k) = 2a sin2 
C

2
 + 2 c sin2

A

2
  

  = a(1 – cos c) + c(1 – cos A)  
  = a + c – (a cos C + c cos A) 
  = a + c – b 

  = R.H.S. (nk;ka i{k)  

 (ii)    L.H.S. (ck;ka i{k)  = 

2 A
cos

2
a

 + 

2 B
cos

2
b

 + 

2 C
cos

2
c

 

   = 
1

a
. 

s(s a)

bc


 + 

1

b
 . 

s(s b)

ca


  + 

1

c
. 

s(s c)

ab


= 

s(3s – (a b c))
abc

 
 = 

2s

abc
.  

  

 (iii)  L.H.S.  (ck;ka i{k) = 2bc(1 + cos A) + 2ca(1 + cos B) + 2ab(1 + cos C) 

   = 2bc + 2ca + 2ab + 2bc cos A + 2ca cos B + 2 ab cos C 

   = 2 ab  + a2 + b2 + c2 = (a + b + c)2 = R.H.S.  (nk;ka i{k)  

 (iv)   L.H.S. (ck;ka i{k)  = (b – c) 
A

cot
2

 + (c – a) 
B

cot
2

 + (a – b) 
C

cot
2

  

    (b – c) cot
A

2
 = k(sin B – sin C)

A
cos

2
A

sin
2

 = 2k cos
B C

2

 
 
 

 sin
B C

2

 
 
 

A
cos

2
A

sin
2

  

    = 2k sin
B C

2

 
 
 

sin
B C

2

 
 
 

 = k [cos C – cos B]  

 similarly  (blh çdkj) (c – a) cot
B

2
 = k[cos A – cos C] 

 and (vkSj)  (a – b) cot
C

2
 = k[cos B – cos A] 

   L.H.S. (nk;ka i{k) = k[cos C – cos B + cos A – cos C + cos B – cos A] 

  = 0  

  = R.H.S. (nk;ka i{k) 
 (v) L.H.S. ck;ka i{k = 4 (cot A + cot B + cot C) 

  = 4
cos A cosB cos C

sin A sin B sin C

 
  

 
   

1
bc sinA

2

    
 

  

  = 2bc cos A + 2 ca cos B + 2ab cos C 

  = a2 + b2 + c2  = R.H.S. nk;ka i{k  

 

 (vi) L.H.S. ck;ka i{k = 
2abc

a b c 
cos

A

2
.cos

B

2
.cos

C

2
 



  = 
2 abc

2s

s(s – a) s(s – b) s(s – c)
. .

bc ca ab
  = s(s – a)(s – b) (s – c)  =  = R.H.S. nk;ka i{k . 

 

B-2. If the sides a, b, c of a triangle are in A.P., then find the value of tan
A

2
+ tan

C

2
 in terms of  

cot (B/2).    

 ;fn fdlh f=kHkqt dh Hkqtk,¡ a, b, c lekUrj Js<+h esa gks] rks tan
A

2
+ tan

C

2
 dk eku cot (B/2) ds inksa esa Kkr 

dhft,A 

 Ans. 
2

3
cot

B

2
   

Sol.   2b = a + c    ...(i)  

   tan
A

2
 + tan

C

2
 = 

(s b) (s c)

s(s a)

 


 + 
(s a) (s b)

s(s c)

 


  

    = 
s b

s


 

s c s a

(s a)(s c)

   
 

   
 = 

b s(s b)

s (s a) (s c)


 

  

    = 
2b s(s b)

2s (s a) (s c)


 

 = 
2b

3b
cot 

B

2
 =  

2

3
cot 

B

2
.  

 

B-3.  If in a  ABC, a = 6, b = 3 and cos(A  B) = 4/5,  then find its area.    

 ;fn f=kHkqt ABC esa] a = 6, b = 3 ,oa cos(A  B) = 4/5 gks] rks bldk {ks=kQy Kkr dhft,A 

 Ans.  9 sq. unit  

Sol.   a = 6, b = 3  and rFkk  cos(A – B) = 4/5 

  tan 
A – B

2

 
 
 

 =
a – b
a b

cot
C

2
 .... (i) 

  tan2
A – B

2

 
 
 

 = 
1– cos(A – B)
1 cos(A – B)

 = 
1

9
 

  tan 
A – B

2

 
 
 

 = 
1

3
  

   from (i) ls, we get 
1

3
 = 

1 C
cot

3 2
   C = 90° 

  Area  {ks=kQy = 
1

2
ab = 9 sq. unit  oxZ bdkbZ  

 

B-4. If in a triangle ABC, A = 30º and the area of triangle is 
23 a

4
, then prove that either  

 B = 4
 
C or C = 4

 
B. 

 ;fn f=kHkqt ABC esa] A = 30º rFkk f=kHkqt dk {ks=kQy 
23 a

4
 gks] rks fl) dhft, fd ;k rks B = 4

 
C ;k C = 4

 
B. 

Sol.  A = 30°     and rFkk        = 
23 a

4
 

  1

2
bc sinA = 

3

4
a2  

1

2
bc sin30° = 

3

4
a2  bc = 3 a2 

  sinB sinC = 3 sin2A  sinB sinC = 
3

4
 as tSlk fd   sinA = 

1

2
 

  cos(B – C) – cos (B + C) = 
3

2
  cos (B – C) + cosA = 

3

2
  



   cos(B – C) = 0   (as tSlk fd A = 30º  cos A = 
3

2
)  

  B – C = 90° or ;k B – C = – 90°  

 But ysfdu   B + C = 150° as  A = 30° ¼D;ksafd fn;k gS A = 30°) 

 case (i) : if ;fn B – C = 90° 

 and rFkk B + C = 150°   B = 120° and rFkk C = 30°   B = 4C 

 case (ii) :  if ;fn B – C = – 90° 

 and rFkk B + C = 150°   B = 30° and rFkk C = 120°   C = 4B. 

 

Section (C) Inradius and Exradius 
[k.M(C) vUrf=kT;k ifjf=kT;k  

 

C-1. In any ABC, prove that  

 f=kHkqt ABC esa fl) dhft, fd &   

 

 (i) R r (sin A + sin B + sin C) =   (ii) a cos B cos C + b cos C cos A + c cos A cos B = 
R


 

 (iii) 
1

ab
 + 

1

bc
 + 

1

ca
 = 

1

2Rr
.  (iv) cos2 

A

2
 + cos2 

B

2
 + cos2 

C

2
 = 2 + 

r

2R
 

 
 (v) a cot A + b cot B + c cot C = 2(R + r) 

Sol. (i)   L.H.S. (ck;ka i{k) = Rr(sin A + sin B + sin C)  

  = Rr 
a b c

2R

  
 
 

      r = 
s


 

  = 
r(2s)

2
 = rs =   

 (ii)   L.H.S. (ck;ka i{k) = a cos B cos C + cos A(b cos C + c cos B)  

  = a[cos B cos C + cos A] 
  = a[cos B cos C – cos (B + C)] 
  = a sin B sin C  

  = a. 
b

2R
. 

c

2R
 = 

2

abc

4R
 = 

2

4R

4R


 = 

R


  

 (iii)   L.H.S. (ck;ka i{k) = 
c a b

abc

 
 = 

2s

4R
 = 

1

2R
s


 = 

1

2Rr
 

 (iv) L.H.S. ck;ka i{k = 
1

2
 (1 + cos A + 1 + cos B + 1 + cos C) 

  = 
1

2

A B C
3 1 4 sin sin sin

2 2 2

   
 

 = 2 + 
1

2

r

R
 = 2 + 

r

2R
 

 (v) L.H.S. ck;ka i{k = 
cos A cos B cos C

a b c
sin A sin B sin C

   

  = 2R 
A B C

1 4sin sin sin
2 2 2

  
 

 = 2R + 2r = 2 (R + r) 

C-2. In any ABC, prove that  

 fdlh f=kHkqt ABC esa fl) dhft, fd %&   

 (i) r. r
1
 .r

2
 .r

3
 = 2  

 (ii) r
1
 + r

2
 – r

3
 + r = 4R cos C.  (iii) 

2 2 2

2 2 2 2 2

1 2 3

1 1 1 1 a b c

r r r r

 
   


 



 (iv) 

2

1 2 3 1 2 3

1 1 1 1 4 1 1 1

r r r r r r r r

   
        

   
  (v) 2 3 3 1 1 2

1 2 3

bc r r ca r r ab r r

r r r

  
   = r 

Sol. (i)  r. r
1
 .r

2
 .r

3
 = 

4

s(s a)(s b)(s c)


  

 = D2  

 

 (ii) r
1
 + r

2
 – r

3
 + r = 4R cosC   L.H.S. = –

s – a s – b s – c s
   

   

= 
s – b s – a 1 1– –
(s – a)(s – b) s – c s
         

 = 
c c–

(s – a) (s – b) s(s – c)
 

  
 

 =  
s(s – c) – (s – a)(s – b)

c
s (s – a) (s – b) (s – c)
 

  
 

 

 = 
2 2

2

c [s – sc – s s(a b) – ab]  


 = 
c [s(a b – c) – ab]


 = 

c[(a b c) (a b – c) 2ab]
2

   


 

 = c 
2 2(a b) – c – 2ab

2

 
  

 = 
2 2 2c (a b – c )

2




 

  cos C = 
2 2 2a b – c

2ab


   L.H.S. = 

c (2abcosC)

2
 

  = 
abccosC


 = 

4 R cosC


 =  4RcosC  

 (iii)  L.H.S. = 
2 2 2 2

1 2 3

1 1 1 1

r r r r
    = 

2

1


 [s2 + (s – a)2 + (s – b)2 +  (s – c)2] 

 = 
2

1


 [4s2 – 2s(a + b + c) +a2] = 

2

2

a


 = R.H.S. 

 (iv)  L.H.S. = 

2

1 2 3

1 1 1 1

r r r r

 
   

 
 = 

2

1


 (s + s – a + s – b + s – c)2  = 4 

2

2

s


 = 

2

4

r
 

  R.H.S. = 
4

r 1 2 3

1 1 1

r r r

 
  

 
 = 

4

r
 · 

1


(s – a + s – b + s – c)  = 

4 s
·

r 
 = 

2

4

r
  

 (v)  2 3

1

bc – r r
r

 = 

2 3

1

r rbc 1–
bc

r

 
 
 

 = 

2

1

bc 1–
bc (s – b)(s – c)

r

 
 
 

  

= 
1

s(s – a)bc 1–
bc

r

 
 
 

 = 

2 Abc 1– cos
2

A
stan

2

 
 
   

   = 

2 A A
bc sin cos

2 2
A

s·sin
2

 = 

A A
bc.(2sin cos )

2 2
2 s

 = 
bc sinA

2 s
 = 

2

2s


 = r  

 similarly we can show that blh izdkj n'kkZ;k tk ldrk gS fd 3 1

2

ca – r r
r

 = 1 2

3

ab – r r
r

= r   

 
C-3. Show that the radii of the three escribed circles of a triangle are roots of the equation  

 x3  x2 (4 R + r) + x s2  r s2 = 0. 

 iznf'kZr dhft, fd f=kHkqt ds rhuksa cfgZo`Ùkksa dh f=kT;k,¡] lehdj.k x3  x2 (4 R + r) + x s2  r s2 = 0 ds ewy gSA 

Sol.    1r  = r
1
 + r

2
 + r

3
  

    r
1
 + r

2
 + r

3
 – r = 4R    1r  = 4R + r  

    1 2r r  = s2  



    r
1
 = 

3

(s a)(s b)(s c)


  

 = 
3

2

s


 = s= rs2 

   equation having root r
1
, r

2
, r

3
 is       r

1
, r

2
, r

3
 ewyksa okyh lehdj.k gksxh 

  x3 – (4R + r)x2 + (s2)x – rs2 = 0. 
 
C-4. The radii r1, r2, r3 of escribed circles of a triangle ABC are in harmonic progression. If its area is 24 sq. 

cm and its perimeter is 24 cm, find the lengths of its sides.     

 ;fn f=kHkqt ABC dk {ks=kQy 24 oxZ lseh- rFkk ifjeki 24 lseh gks rFkk lkFk gh cfgZo`Ùkksa dh f=kT;k,sa r1
, r2

, r3 g- Js- 
esa gks] rks bldh Hkqtkvksa dh yEckbZ Kkr dhft,A  

 Ans. 6, 8, 10 cm lseh 

Sol.   = 24 sq. cm oxZ lseh .... (i)  

 2s = 24   s = 12 .... (ii)  

  r
1
, r

2
, r

3
 are in H.P.  r

1
, r

2
, r

3
 gjkRed Js<h esa gSA  

 
1 2 3

1 1 1
, ,

r r r
 are in A.P.  

1 2 3

1 1 1
, ,

r r r
 lekUrj Js<h esa gSA  

 
s – a


 
s – b


 
s – c


 are in A.P.  
s – a


 
s – b


 
s – c


 lekUrj Js<h esa gSA  

  a, b, c are in A.P. a, b, c lEkkUrj Js<h esa gS    2b = a + c 

  2s = 24 

  a + b + c = 24 
  3b = 24 

  b = 8    a + c = 16 

 But  ysfdu  = s(s – a) (s – b)(s – c)  

  = 12(12 – a)(12 – 8)(12 – c)   24 × 24 = 12 × (12 – a) × 4 × (12 – c) 

 2 × 6 = 144 – 12 (a + c) + ac   12 = 144 – 192 + ac 

  ac = 60 and vkSj  a + c = 16  a= 10, c = 6 or ;k  a = 6, c = 10  and vkSj b = 8 

 

C-5. If the area of a triangle is 100 sq.cm, r
1
 = 10 cm and r

2
 = 50 cm, then find the value of (b  a). 

 ;fn ,d f=kHkqt dk {ks=kQy 100 oxZ lseh] r
1
 = 10 lseh ,oa r

2
 = 50 lseh gks] rks (b  a) dk eku Kkr dhft,A 

Ans. 8 

Sol.  D = 100 cm2  

  r
1
 = 

s a




 = 10   s – a = 10 ..........(i)  

  r
2
 = 

s b




 = 50       s – b = 2     ........(ii) 

  (i) – (ii) 

  b – a = 8 
 

Section (D) Miscellaneous 
[k.M (D) fofo/k 
 

D-1. If , ,  are the respective altitudes of a triangle ABC, prove that 

 ;fn f=kHkqt ABC ds 'kh"kZyEc Øe'k%, ,  gks] rks fl) dhft, fd & 

 (i) 
2

1


 + 

2

1


 + 

2

1


 = 

cot A cot B cot C 


 (ii)  
1 1 1
 

  
 = 22ab C

cos
(a b c) 2  

 



Sol. (i)  = 
2

a


,= 

2

b


, = 

2

c


  

2 2 2

1 1 1
 

  
 = 

2 2 2

2

a b c

4

 


 

 R.H.S. nk;ka i{k = 
cot A cot B cot C 


 =  

1


bc cos A ca cos B ab cos C

2 2 2

      
 

 = 
2 2 2

2

a b c

4

 


  

  L.H.S. ck;ka i{k = R.H.S. nk;ka i{k 

 (ii)  
1 1 1–
  

 = 
a b – c

2




 = 
2(s – c)

2
 = 

s – c


 

  R.H.S. nk;ka i{k = 22ab C
.cos

(a b c) 2  
 = 

2ab s(s – c)
.

(2 s). ab
  

  = 
s – c


 

  L.H.S. ck;ka i{k = R.H.S.  nk;ka i{k 
 

D-2. If in an acute angled ABC, line joining the circumcentre and orthocentre is parallel  to side AC, then 
find the value of tan A.tan C.   

 ;fn fdlh U;wudks.k ABC esa,  ifjdsUnz rFkk yEcdsUnz dks feykus okyh js[kk AC ds lekUrj gks rks tan A.tan C dk 
eku Kkr dhft,A 

Ans. 3 

Sol.   line joining the circumcentre and orthocentre is  parallel to side AC 

  ifjdsUnz rFkk yEc dsUnz dks feykus okyh js[kk] Hkqtk AC ds lekUrj gS]  

  R cos B = 2R cos A cos C    –cos (A+C) = 2 cos A cos C 

   sin A sin C = 3 cos A cos C    tan A tan C = 3  

 
D-3. A regular hexagon & a regular dodecagon are inscribed in the same circle. If the side of the dodecagon 

is  3 1 , if the side of the hexagon is 4 k , then find value of k. 

 ,d le"kV~Hkqt vkSj ,d leckjg Hkqt ,d gh o`Ùk ds vUnj fufeZr gS] ;fn ckjgHkqt dh ,d Hkqtk dh yEckbZ 

 3 1  gks] rks "kV~Hkqt dh Hkqtk dh yEckbZ 4 k gS] rks k dk eku gS& 

 Ans. 2 
Sol.  

  

R
R

BA

o

 

 For dodecagon A 'OB' = 
2

12


 = 30°      

   OA 'B' =  OB 'A' = 75° 
R

sin75
 = 

3 – 1
sin30

  

  R = 
( 3 – 1) ( 3 1)

1
2 2

2




    R = 2   



    

 For hexagon  AOB = 
2

6


 = 60°     

   AOB is equilatecal   AB = R = 2  

 

Hindi leckjg Hkqt gsrq A 'OB' = 
2

12


 = 30°  OA 'B' =  OB 'A' = 75°  

  

R
R

BA

o

 
 

 
R

sin75
 = 

3 – 1
sin30

     R = 
( 3 – 1) ( 3 1)

1
2 2

2




    R = 2   

   

 "kV~Hkqt ds fy,   AOB = 
2

6


 = 60°     

   AOB leckgq f=kHkqt gS   AB = R = 2  

 

D-4. If D is the mid point of CA in triangle ABC and  is the area of triangle, then show that   

 tan (ADB) = 
2 2

4

a c




. 

 ;fn f=kHkqt ABC esa CA dk e/; fcUnq D rFkk f=kHkqt dk {ks=kQy  gks] rks iznf'kZr dhft, fd 

 tan (ADB) = 
2 2

4

a c




. 

Sol.  

  Let  ekuk ADB = 

   we have to prove that gesa fl) djuk gS fd tan = 
2 2

4

a – c


 

  if we aply m – n rule, then   m – n izes; dk iz;ksx djus ij  

  (1 + 1) cot= 1.cot C – 1.cotA. 



 

    = 
cosC

sinC
 – 

cosA

sinA
 = 

abcosC

2
 – 

bccosA

2
  = 

1

2

2 2 2 2 2 2b a – c b c – a–
2 2

  
 
 

 

    = 
1

4
 [2(a2 – c2)]  

  2cot = 
2 2a – c
2

        tan = 
2 2

4

a – c


 

 

 
 
 Marked questions are recommended for Revision. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA   

 

PART-I  (OBJECTIVE QUESTIONS) 

 
Section (A) : Sine rule, Cosine rule, Napier's Analogy, Projection rule  

[k.M (A) : T;k fu;e] dksT;k fu;e] Li'kZT;k fu;e ;k usfi;j ,ukyksft] ç{ksi fu;e 
 

A-1. In a ABC, A : B : C = 3 : 5 : 4. Then a + b + c 2  is equal to  

 f=kHkqt ABC esa] A : B : C = 3 : 5 : 4 gks] rks a + b + c 2  dk eku gS & 

 (A) 2b   (B) 2c   (C*) 3b   (D) 3a 

Sol.  A : B : C = 3 : 5 : 4   A = 45° , B = 75° , C = 60°  

  from Sine - rule  T;k fu;e ds vuqlkj  

 
a

sinA
 = 

b

sinB
 = 

c

sinC
 = k  

a b c

1 3 1 3

2 22 2

 


 =  k  (sin 75° = sin(45° + 30°))  

  a = 
k

2
, b = 

3 1

2 2

 
  
 

  k and vkSj c = 
k 3

2
   

  a + b + c 2  = 
k

2
 + 

3 1

2 2

 
  
 

k + 
k 3

2

 
  
 

2  = 
k

2 2
2 ( 3 1) 2 3      = 

3k( 3 1)

2 2


 = 3b  

 
A-2*. In a triangle ABC, the altitude from A is not less than BC and the altitude from B is not less than AC. 

  sinC sinB  sinA  

 and a sinC  b  sinC sinA  sinB 

  sinC. sinA  sinB  
sinA

sinC
 

  sin2C  1   sinC = 1  C is 
2


 

 

A-3. If in a  ABC, 
cosA cosB cosC

a b c
  , then the triangle is : 

 (A) right angled   (B) isosceles   (C*) equilateral  (D) obtuse angled  

 ;fn f=kHkqt  ABC esa] 
cosA cosB cosC

a b c
   gks] rks f=kHkqt gS & 

The triangle is  
 (A*) right angled  (B*) isosceles   (C) obtuse angled  (D) equilateral 

 ABC esa A ls 'kh"kZyEc] BC ls de ugha gS rFkk B ls 'kh"kZyEc AC ls de ugha gS] rc f=kHkqt gS & 

 (A) ledks.k   (B) lef)ckgq   (C) vf/kd dks.k   (D) leckgq  
Sol. Given c sin B  a 



 

 (A) ledks.k f=kHkqt (B) lef}ckgq f=kHkqt (C) leckgq f=kHkqt  (D) vf/kd dks.k f=kHkqt 

 

Sol. given fn;k gS  
cosA cosB cosC

a b c
     ..... (i) 

  a = k sin A, b = k sin B, c = k sin C  (i) becomes  (i) esa iz;ksx djus ij  

  
cot A cotB cotC

k k k
    A = B = C 

  ABC is an equilateral triangle (f=kHkqt ABC ,d leckgq f=kHkqt gksxkA)  

 

A-4. In a ABC 
2bc sin A

cosA cosBcosC
 is equal to    

 (A) b2 + c2   (B) bc   (C*) a2    (D) a2 + bc 

 f=kHkqt ABC esa] 
2bc sin A

cosA cosBcosC
 cjkcj gS&  

 (A) b2 + c2 ds  (B) bc ds  (C*) a2  ds  (D) a2 + bc ds  

Sol.    
2bc sin A

cosA cosBcosC
 = 

2 2k sinBsinCsin A

cos(B C) cosBcosC  
  = 

2 2k sinBsinCsin A

sinBsinC
 = k2 sin2 A = a2.  

 

A-5 Given a triangle ABC such that sin2A + sin2C = 1001.sin2B. Then the value of 
22(tanA tanC).tan B

tanA tanB tanC


 

 is  

 fn, x, f=kHkqt ABC esa sin2A + sin2C = 1001.sin2B. rc 
22(tanA tanC).tan B

tanA tanB tanC


 

 cjkcj gS &  

 (A) 
1

2000
  (B) 

1

1000
  (C) 

1

500
  (D*) 

1

250
 

Sol. sin2A + sin2C = 1001 sin2B  

  a2 + c2 = 1001 b2 (using sine rule) 

 Now, 
2(2tanA tanC).tan B

tanA tanB tanC


 

 = 
22(tanA tanC).tan B

tanA.tanBtanC


 = 

cot A cotC
2

cotB

 
 
 

 

 -  sinB
2(cosAsinC sinAcosC)

sinA.sinC.cosB


 = 

2sin( – B).sinB
sinAsinCcosB


 = 

22sin B

sinAsinCcosB
 

 = 
22 2b

2ac.cosB


 = 

2

2 2 2

2 2b

a c – b



 = 
2

2

2 2b

1000b


 = 

1

250
 

 

A-6. If in a triangle ABC, (a + b + c) (b + c  a) = k. b
 
c, then :  

 (A) k < 0  (B) k > 6  (C*) 0 < k < 4  (D) k > 4 

 ;fn f=kHkqt ABC esa (a + b + c) (b + c  a) = k. b
 
c gks] rks & 

 (A) k < 0   (B) k > 6   (C*) 0 < k < 4   (D) k > 4   
Sol.   (a + b + c) (b + c – a) = kbc    (b + c)2 – a2 = kbc  

 b2 + c2 – a2 = (k – 2) bc     
2 2 2b c a

2bc

 
 = 

k 2

2


 = cos A 

   In a ABC esa     –1 < cos A < 1    –1 < 
k 2

2


 < 1 

 0 < k < 4 
.  
A-7. In a triangle ABC, a: b: c = 4: 5: 6. Then 3A + B equals to :   

 f=kHkqt ABC esa] a: b: c = 4: 5: 6 gks] rks 3A + B dk eku gS&  

 (A) 4C   (B) 2   C  C  (D*)  
Sol.   a : b : c = 4 : 5 : 6      a = 4k, b = 5k , c = 6k  

   cos B = 
2 2 2c a b

2ac

 
 = 

9

16
    cos A = 

2 2 2b c a

2bc

 
 = 

25 36 16

2 5 6

 
 

 = 
3

4
 



   cos 3A = 4 cos3 A – 3 cos A 

  = 4 × 
27

64
 – 3 × 

3

4
 = 

27

16
 – 

9

4
 = 

27 36

16


 = 

9

16


 

 cos 3A = –cos B = cos ( – B)  

    3A + B =   
 

A-8. The distance between the middle point of BC and the foot of the perpendicular from A is (b c) : 

 (A) 
2 2 2a b c

2a

  
 (B*) 

2 2b c

2 a


   (C) 

2 2b c

bc


  (D) 

2 2b c

2 a


 

 Hkqtk BC ds e/; fcUnq ,oa 'kh"kZ A ls Mkys x, yEc ds ikn ds e/; nwjh gS (b c)  

 (A) 
2 2 2a b c

2a

  
 (B*) 

2 2b c

2 a


   (C) 

2 2b c

bc


  (D) 

2 2b c

2 a


 

Sol.   ED = 
a

2
 – c cos B 

  = 
a

2
 – c

2 2 2a c b

2ac

  
 
 

       

  = 
a

2
 – 

2 2 2a c b

2a

  
 
 

 = 
2 2 2 2a a – c b

2a

 
 = 

2 2b c

2a


 

 
A-9*. If in a triangle ABC, cos A cos B + sin A sin B sin C = 1, then the triangle is  
 (A*) isosceles  (B*) right angled (C) equilateral   (D) None of these 

 ;fn f=kHkqt ABC esa cos A cos B + sin A sin B sin C = 1 gks] rks f=kHkqt gS & 

 (A) lef}ckgq f=kHkqt (B) ledks.k f=kHkqt (C) leckgq f=kHkqt  (D) buesa ls dksbZ ugha 

Sol.   sin C = 
1 cosAcosB

sinA sinB


  1  cos (A – B)  1  cos (A – B) = 1 

  A – B = 0   A = B    sin C = 
2

2

1 cos A

sin A


 = 1  C = 90º  

 
A-10.Triangle ABC is right angle at A. The points P and Q are on hypotenuse BC such that BP = PQ = QC.  
 If AP = 3 and AQ = 4, then length BC is equal to  

 f=kHkqt ABC esa A ij ledks.k gSA fcUnq P vkSj Q d.kZ BC ij bl izdkj gS fd BP = PQ = QC.  

 ;fn AP = 3 vkSj AQ = 4 rc BC dh yEckbZ gS & 

 (A*) 3 5   (B) 5 3   (C) 4 5   (D) 7 

Sol.  
 

 

 

C 

Q 

x 

P 

x 

B

c 

A b 

x 

 
 Let BP = PQ = QC = x 

 In ABP, using cosine rule  
 9 = c2 + x2 – 2cx cosB 



 But cosB = 
c

3x
       ........(1) 

  9 = x2 + 
2c

3
 

 similarly using cosine rule in ACQ , we get  

 16 = x2 + 
2b

3
       .......(2) 

 Adding (1) and (2), we get 25 = 2x2 + 
2 2b c

3

 
  
 

 

  25 = 2x2 + 
2(3x)

3
  

  25 = 2x2 + 3x2  

  x2 = 5  

  BC = 3x  = 3 5  

 

A-11. In ABC, bc = 2b2 cosA + 2c2 cosA – 4bc cos2 A, then ABC is  
 (A*) isosceles but not necessarily equilaterial 
 (B) equilateral 
 (C) right angled but not neccessarily isosceles  
 (D) right angled isosceles  

 ABC esa bc = 2b2 cosA + 2c2 cosA – 4bc cos2 A, rc ABC gS & 

 (A) lef)ckgq ijUrq vko';d ugha fd leckgq  (B) leckgq  
 (C) ledks.k f=kHkqt ijUrq vko';d ugha fd lef)ckgq  (D) lef)ckgq ledks.k f=kHkqt  
Sol. bc = 2b2 cosA + 2c2 cosA – 4bc cos2A 

  bc =2  cosA (b2 + c2 – 2bc cosA) 

  bc = (2cosA)a2 

  
2

bc

2a
 = cosA = 

2 2 2b c – a
2bc


 

  b2c2 = a2(b2 + c2 – a2) 

  (a2 –b2) (a2 – c2) = 0 
 Thus, triangle is isosceles  
 

Section (B) Trigonometric ratios of Half Angles, Area of triangle and 
circumradius  

[k.M (B) v)Zdks.k] f=kHkqt dk {ks=kQy vkSj ifjf=kT;k esa f=kdks.kfefr; lEcU/k  
 

B-1. If in a triangle ABC, right angle at B, s  a = 3 and s c = 2, then 

 f=kHkqt ABC tks B ij ledks.k gS] esa s  a = 3 ,oa s c = 2 gks] rks & 

 (A) a = 2, c = 3  (B*) a = 3, c = 4 (C) a = 4, c = 3  (D) a = 6, c = 8 

Sol.    s – a = 3   ...(1)  and  s – c = 2   ...(2) 

 by (1) – (2),  we get    
  c – a = 1 

 (1) + (2), we get 2s – a – c = 5     b = 5 

    ABC is right angled at B  

    a2 + c2 = 25   ...(3) 

    (c – a)2 + 2ac = 25  
  ac = 12     ...(4) 

    a(1 + a) = 12  a2 + a – 12 = 0  

     (a + 4) (a – 3) = 0  

     a = 3 and c = 4.  



Hindi    s – a = 3   ...(1)   rFkk  s – c = 2   ...(2) 

  lehdj.k (1) esa ls (2) dks ?kVkus ij  

  c – a = 1 

  lehdj.k (1) esa (2) dks tksM+us ij  

  2s – a – c = 5     b = 5 

    ABC 'kh"kZ B ij ledks.k gS]    a2 + c2 = 25   ...(3) 

    (c – a)2 + 2ac = 25  
  ac = 12     ...(4) 

    a(1 + a) = 12  a2 + a – 12 = 0    (a + 4) (a – 3) = 0      a = 3 vkSj c = 4.  

 

B-2. If in a triangle ABC, b cos2
A

2
  + a cos2

B

2
 = 

3

2
c, then a, c, b are : 

 (A*) in A.P.  (B) in G.P.  (C) in H.P.  (D) None 

 ;fn fdlh f=kHkqt ABC esa] b cos2
A

2
  + a cos2

B

2
 = 

3

2
c, gks] rks a, c, b gaS & 

 (A) lekUrj Js<+h esa (B) xq.kksÙkj Js<+h esa (C) gjkRed Js<+h esa (D) buesa ls dksbZ ughaA 

Sol.  b cos2 
A

2
 + a cos2 

B

2
  = 

3

2
c.  b 

s(s – a)
bc

 + a 
s(s – b)

ac
 = 

3

2
c. 

    
s

c
 [s – a + s – b] = 

3

2
c 

s

c
 × c = 

3

2
c    

a b c

2

 
 = 

3c

2
   a + b = 2c 

   a, c, b are in A.P.  a, c, b lekUrj Js<h esa gSA  
 
B-3. If H is the orthocentre of a triangle ABC, then the radii of the circle circumscribing the triangles BHC, 

CHA and AHB are respectively equal to :  

 ;fn f=kHkqt ABC dk yEcdsUnz H gks] rks f=kHkqtksa BHC, CHA ,oa AHB ds ifjxr o`Ùkksa dh f=kT;k,¡ Øe'k% gaS & 

 (A*) R, R, R  (B) 2 R , 2 R , 2 R  (C) 2R, 2R, 2R  (D) 
R

2
, 

R

2
, 

R

2
 

Sol.  

  
In HBC is we apply Sine-rule, then we get  

 
BC

sin(B C)
 = 2R 

 
a

sin A
 = 2R  2R = 2R  R = R     

   circumradius of HBC (i.e. R) = R  

 Similarly we can prove for HCA and HAB.  
 
Hindi  

   



 

f=kHkqt HBC esa T;k fu;e ds ç;ksx ls 

  
BC

sin(B C)
 = 2R 

 
a

sin A
 = 2R  2R = 2R  R = R     

   HBC dh ifjf=kT;k (vFkkZr~ R) = R  

 blh çdkj HCA vkSj HAB ds fy;s Hkh fl) fd;k tk ldrk gSA  

B-4. In a  ABC if b + c = 3a, then cot
B

2
 · cot

C

2
 has the value equal to: 

 f=kHkqt ABC esa ;fn b + c = 3a gks] rks cot
B

2
 · cot

C

2
 dk eku gS & 

 (A) 4   (B) 3   (C*) 2   (D) 1 

Sol.   cot 
B

2
 cot 

C

2
 = 

s(s b)

(s a)(s c)


 

s(s c)

(s a)(s b)


 

 = 
s

s a
 = 

2s

2s 2a
   

   = 
a b c

b c a

 
 

 = 
4a

2a
 = 2   (b + c = 3a) 

 

B-5. In a ABC, A = 
2

3


, b – c = 3 3  cm and area (ABC) = 

9 3

2
cm2. Then ‘a’  is  

 (A) 6 3 cm  (B*) 9 cm  (C) 18 cm  (D) 7 cm 

 f=kHkqt ABC esa A = 
2

3


, b – c = 3 3  lseh ,oa {ks=kQy (ABC) =

9 3

2
 oxZ lseh gks] rks ‘a’ dk eku gS& 

 (A) 6 3  lseh  (B) 9 lseh  (C) 18 lseh  (D) 7 lseh 

Sol.   A = 
2

3


, b – c = 3 3    and rFkk  Area ({ks=kQy) = 

9 3

2
 cm2 

    = 
1

2
bc  sin A   

9 3

2
 = 

1

2
bc sin

2

3


  bc = 18  

   cos
2

3


 = 

2 2 2b c a

2bc

 
 = – 1

2
    

2 2(b c) 2bc a

2bc

  
 = – 1

2
   a = 9 

 
B-6.* The diagonals of a parallelogram are inclined to each other at an angle of 45º, while its sides a and b (a 

> b) are inclined to each other at an angle of 30º, then the value of 
a

b
 is  

 lekUrj prqHkZqt ds fod.kZ ,d nwljs dks 45º ij >qds gq, gS tcfd bldh Hkqtk,sa a vkSj b (a > b) ,d nwljs ls 30º, 

dks.k ij >qdh gS rc 
a

b
dk eku gS & 

 (A*) 2cos36º  (B) 
3 5

4


   (C) 

3 5

4


  (D*) 

5 1

2


 

 
Sol.  

 D C 

B a 

b 

A 

30º 

45º 

 
 Let AC = d

1
 and BD = d

2
  



 

 Area of parallelogram is 
1

2
d

1
d

2
 sin45º = 2

1
absin30º

2

 
 
 

  d
1
d

2
 = 2 ab   ...(i) 

 where d
1

2 = a2 + b2 – 2ab cos 150º = a2 + b2  + 3 ab  

 and d
2

2 = a2 + b2 – 2ab cos30º = a2 + b2 – 3 ab  

  d
1

2d
2

2 = (a2 + b2)2 – 3a2b2  

  2a2b2 = (a2 + b2)2 – 3a2b2  

  a4 + b4 – 3a2b2 = 0 

  

4
a

b

 
 
 

 – 3

2
a

b

 
 
 

+ 1 = 0  

2
a

b

 
 
 

 = 
3 5

2


  (as a > b ) 

  

2
a

b

 
 
 

 = 
2( 5 1)

4


  

a

b
 = 

5 1

2


 

Hindi. 

 D C 

B a 

b 

A 

30º 

45º 

 

 ekuk AC = d
1
 rFkk BD = d

2
  

 lekUrj prqHkqZt {ks=kQy = 
1

2
d

1
d

2
 sin45º = 2

1
absin30º

2

 
 
 

  d
1
d

2
 = 2 ab   ...(i) 

 tgk¡ d
1
2 = a2 + b2 – 2ab cos 150º = a2 + b2  + 3 ab  

 vkSj d
2
2 = a2 + b2 – 2ab cos30º = a2 + b2 – 3 ab  

  d
1

2d
2

2 = (a2 + b2)2 – 3a2b2  

  2a2b2 = (a2 + b2)2 – 3a2b2   a4 + b4 – 3a2b2 = 0 

  

4
a

b

 
 
 

 – 3

2
a

b

 
 
 

+ 1 = 0  

2
a

b

 
 
 

 = 
3 5

2


  (pwafd a > b ) 

  

2
a

b

 
 
 

 = 
2( 5 1)

4


  

a

b
 = 

5 1

2


 

 

B-7. If in a ABC,  = a2 – (b – c)2, then tan A is equal to  

 ;fn fdlh f=kHkqt ABC esa]  = a2 – (b – c)2 gks] rks tan A dk eku gS &   
 (A) 15/16  (B*) 8/15  (C) 8/17  (D) 1/2 

Sol.  = (a + b – c) (a – b + c) 

  = 4(s – c) (s – b) 
(s – b) (s –c)


 = 

1

4
  tan

A

2
 = 

1

4
   

   tan A = 
2

A
2tan

2
A

1 tan
2


    tan A = 

8

15
  

B-8*. If in a ABC, a = 5, b = 4 and cos (A – B) = 
31

32
, then 

 (A*) c = 6   (B*) sin A = 
5 7

16

 
  
 

  (C*) area of ABC = 
15 7

4
  (D) c = 8 

 ;fn fdlh ABC ds fy,] a = 5, b = 4 vkSj cos (A – B) = 
31

32
 gks] rks 



 (A*) c = 6   (B*) sin A = 
5 7

16

 
  
 

  (C*) ABC dk {ks=kQy = 
15 7

4
  (D) c = 8 

Sol. (A)  tan
A B

2

 
 
 

 = 
a b

a b

 
  

cot
C

2
  .........(i) 

   tan2
A B

2

 
 
 

 = 
1 cos(A B)

1 cos(A B)

 
 

 = 

31
1

32
31

1
32




 = 

1

63
 

   tan
A B

2

 
 
 

 = 
1

3 7
    a = 5 and rFkk b = 4   

   from equation (i), we get  lehdj.k (i) ls  

   
1

3 7
 = 

5 – 4
5 4

 
  

 cot
C

2
  

1

3 7
 = 

1

9
 cot

C

2
   cot

C

2
 = 

3

7
 

   cos C = 
2

2

1– tan C/ 2
1 tan C/ 2

 = 
1– 7 /9
1 7 /9

 = 
2

16
 = 

1

8
  

   cos C = 
2 2 2b a – c

2ab


    c2 = a2 + b2 – 2ab cos C    c = 6 

 (B), (C)   Area {ks=kQy  = 
1

2
ab sinC  cosC = 

1

8
   sinC = 

11–
64

 = 
3 7

8
  

      Area = 
1

2
 × 5 × 4 × 

3 7

8
 

  Area {ks=kQy =  sq. unit. oxZ bdkbZ   From Sine rule  T;k fu;e ds iz;ksx ls  

  
a

sinA
 = 

b

sinB
 = 

c

sinC
  sinA = 

asinC

c
 = 

5 3 7

6 8




   sinA = 
5 7

16
  

B-9. If R denotes circumradius, then in ABC, 
2 2b c

2a R


 is equal to  

 (A) cos (B – C)  (B*) sin (B – C)  (C) cos B – cos C (D) sin(B + C) 

 ;fn R ifjf=kT;k dks iznf'kZr djrk gks] rks f=kHkqt ABC esa 
2 2b c

2a R


 dk eku gS & 

 (A) cos (B – C)  (B) sin (B – C)  (C) cos B – cos C (D) sin(B + C) 

Sol.   
2 2b c

2aR


 = 

 2 2 24R sin B sin C

2.2RsinA.R


 = 

sin(B C).sin(B C)

sinA

 
 = sin (B – C) 

 
B-10*. Which of the following holds good for any triangle ABC? 

 fdlh Hkh ABC ds fy;s] fuEu esa ls lR; gS %& 

 (A*) 
cosA

a
 + 

cosB

b
 + 

cosC

c
 = 

2 2 2a b c

2abc

 
  (B*) 

sinA

a
 + 

sinB

b
 +

sinC

c
  = 

3

2R
  

 (C) 
cosA

a
 = 

cosB

b
 = 

cosC

c
   (D) 

2

sin2A

a
 = 

2

sin2B

b
 = 

2

sin2C

c
 

Sol. (A)  
cosA

a
 + 

cosB

b
 + 

cosC

c
 = 

2 2 2b c – a
2abc


 + 

2 2 2c a – b
2abc


  + 

2 2 2a b c

2abc

 
  

  = 
2 2 2a b c

2abc

 
 

 (B)  
sinA

a
 + 

sinB

b
 + 

sinC

c
 = 

a

2R.a
 + 

b

2R.b
 + 

c

2R.c
 = 

3

2R
 



 (C) 
cosA

a
 = 

cosB

b
 = 

cosC

c
  cot A = cot B = cot C  A = B = C 

  true for equilateral triangle only   dsoy leckgq f=kHqkt ds fy, lR; gS 

 (D) 
2

sin2A

a
 = 

2

sin2B

b
 = 

2

sin2C

c
 

   
2 2

2sinAcosA

k sin A
 = 

2 2

2sinBcosB

k sin B
 = 

2 2

2sinCcosC

k sin C
  

   cot A = cot B = cot C   A = B = C  true for equilateral triangle only 

         dsoy leckgq f=kHqkt ds fy, lR; gS 
B-11. A triangle is inscribed in a circle. The vertices of the triangle divide the circle into three arcs of length 3, 

4 and 5 units. Then area of the triangle is equal to: 

 fdlh o`Ùk esa ,d f=kHkqt cuk;k tkrk gSA f=kHkqt ds 'kh"kZ o`Ùk dks 3 bdkbZ] 4 bdkbZ ,oa 5 bdkbZ ds rhu pkiksa esa 
foHkkftr djrs gks] rks f=kHkqt dk {ks=kQy gS & 

 (A*) 
2

9 3 (1 3)


   (B) 
2

9 3 ( 3 1)


   (C) 
2

9 3 (1 3)

2




  (D) 
2

9 3 ( 3 1)

2




 

Sol.   

 
 

angle = 
arc

radius
 .........(1)  dks.k = 

pk; 
f=kT;k 

 

   

   4 + 5 + 3 = 2R  R = 6/

   2A = 
5

R
 = 

5

6


, 

 2B = 
3

R
 = 

2


 and  vkSj  

 2C = 
4

R
 = 

2

3


 

 Area of  ABC dk {ks=kQy = 
1

2
R2

2 5
sin sin sin

3 6 2

      
 

 = 
2R

2

3 1
1

2 2

 
  

  
 = 

2R

2

3 3

2

 
 
  

 = 
3( 3 1)

4


 × 

2

36


 = 

2

9 3( 3 1)


 

 

B-12. In a ABC, a = 1 and the perimeter is six times the arithmetic mean of the sines of the angles. Then 

measure of A is           

 f=kHkqt ABC esa] a = 1 vkSj ifjeki] dks.kksa dh T;kvksa ds lekUrj ek/; dk N% xquk gks] rks dks.k A dk eku gS & 

 (A) 
3


   (B) 

2


   (C*) 

6


   (D) 

4


 

Sol. a = 1 



   2s = 6
sinA sinB sinC

3

  
 
 

 

 2s = 2
a b c

2R

  
 
 

 

 R = 1 

    
a

sin A
 = 2R  sin A = 

1

2
  

 A = 
6


 

   
B-13*. Three equal circles of radius unity touches one another. Radius of the circle touching all the three 

circles is :  

 bdkbZ f=kT;k ds rhu leku o`Ùk ,d nwljs dks Li'kZ djrs gSA rhuksa o`Ùkksa dks Li'kZ djus okys o`Ùk dh f=kT;k gS & 

 (A*) 
2 3

3


  (B) 

3 2

2


  (C*) 

2 3

3


   (D) 

3 2

2


  

Sol. Let the radius of the inner circle be x  

 ekuk fn;s x;s rhuksa o`Ùkksa dks Li'kZ djus okys NksVs o`Ùk ¼fp=kkuqlkj½ dh f=kT;k x gSA 

   cos 30° = 
1

x 1
 = 

3

2
  

 x + 1 = 
2

3
         

 x = 
2 3

3


 

   radius of other (shaded) circle  

 fn;s x;s rhuksa o`Ùkksa dks Li'kZ djus okys cMs o`Ùk ¼fp=kkuqlkj½ dh f=kT;k 

  = 2 + x  = 2 + 
2 3

3


 = 

2 3

3


  

 
B-14.Triangle ABC is isosceles with AB = AC and BC = 65 cm. P is a point on BC such that the 

perpendicular distances from P to AB and AC are 24 cm and 36 cm, respectively. The area of triangle 
ABC (in sq. cm is) 

 f=kHkqt ABC lef)ckgq f=kHkqt gS ftlesa AB = AC rFkk BC = 65 cm gSA fcUnq  P, BC ij bl izdkj gS fd P ls AB 

o AC ij Øe'k% yEcor~ nwfj;k¡ 24 lseh vkSj 36 lseh gSA f=kHkqt ABC dk {ks=kQy (oxZ lseh- esa ) 
 (A) 1254  (B) 1950  (C*) 2535  (D) 5070 
Sol.  

 

2 

A 

C B  
24 36 

M N 

P 65–x x 
 

 A = 
1

2
b2 sin2 bsin cos  

 Now,  
x

24
 = 

65 – x
36

    ( PMB   PNC) 

 or 60x = (24) (65) or x = 26 



  sin=  
12

13
 and cos = 

5

13
 

 Again, 
b

sin
 = 

65

sin2
 

 or b = 
65

2cos
 = 

(65)(13)

(2)(5)
 = 

213

2
 

 From eq. (i) we get  

 A = 
413 12

4 13
  × 

5

13
 = (169) (15) = 2535  

 

Section (C) Inradius and Exradius 
[k.M(C) vUrf=kT;k ifjf=kT;k  

C-1. In a  ABC, the value of 
acosA bcosB ccosC

a b c

 
 

 is equal to: 

 f=kHkqt ABC esa 
acosA bcosB ccosC

a b c

 
 

 dk eku gS & 

 (A*) 
r

R
   (B) 

R

2r
    (C) 

R

r
    (D) 

2r

R
 

Sol. 
acosA bcosB ccosC

a b c

 
 

 = 
R(sin2A sin2B sin2C)

2R(sinA sinB sinC)

 
 

  

= 
4sinA sinBsin C

A B C
8cos cos cos

2 2 2

 = 4
A B C

sin sin sin
2 2 2

 

 = 
r

R
. 

 
C-2. In a triangle ABC, if a : b : c = 3 : 7 : 8, then R : r is equal to   

 ;fn fdlh f=kHkqt ABC esa a : b : c = 3 : 7 : 8 gks] rks R : r gksxk & 

 (A) 2 : 7   (B*) 7 : 2  (C) 3 : 7   (D) 7 : 3 
Sol. a = 3k ; b = 7k ; c = 8k 

  s = 9 k. 

   = 9k·6k· 2k· k  = k2 6 3   R = 
abc

4
 = 

2

(3 k) (7 k) (8 k)

4 k 6 3 
 = 

7 k

3
 

  r = 
s


 = 

2k 6 3

9 k
 = 

2k

3
  R : r = 7 : 2  

 
C-3*. If r

1
 = 2r

2
 = 3r

3
 , then  

 ;fn r
1
 = 2r

2
 = 3r

3
 , rks  

 (A) 
a

b
 = 

4

5
  (B*) 

a

b
 = 

5

4
  (C) 

a

c
 = 

3

5
  (D*) 

a

c
 = 

5

3
 

Sol. r
1
 = 2r

2
 = 3r

3
 

 
s a




 = 
2

s b




 = 
3

s c




    

1

s a

(i)

  = 

2

s b

(ii)

  = 

3

s c

(iii)

   

 From (i) and (ii) we get   a – b = c/3  ...(1) 
 From (i) and (iii), we get   2a – b = 2c   ...(2) 
 From (ii) and (iii), we get   a – 5b = –5c   ...(3)   
 let c = k, then from (1) and (2), we get  

 a = 
5k

3
  and b = 

4k

3
     

a

b
 = 

5

4
 ; 

a

c
 = 

5

3
.  



 
Hindi. r

1
 = 2r

2
 = 3r

3
 

 
s a




 = 
2

s b




 = 
3

s c




    

1

s a

(i)

  = 

2

s b

(ii)

  = 

3

s c

(iii)

   

 (i) o (ii) ls   a – b = c/3  ...(1) 

 (i) o (iii) ls  2a – b = 2c   ...(2) 

 (ii) o (iii) ls  a – 5b = –5c   ...(3)   

 ekuk c = k rc (1) rFkk (2) dks gy djus ij  

 a = 
5k

3
  vkSj   b = 

4k

3
     

a

b
 = 

5

4
 ; 

a

c
 = 

5

3
.  

 

C-4*. In a ABC, following relations hold good. In which case(s) the triangle is a right angled triangle?  

 fdlh f=kHkqt ABC esa fuEufyf[kr lEcU/k lR; gSA fdl fLFkfr esa f=kHkqt ledks.k f=kHkqt gS \ 

 (A*) r
2
 + r

3
 = r

1
  r    (B*) a2 + b2 + c2 = 8 R2  

 (C*) r
1
 = s      (D*) 2 R = r

1
  r 

Sol. (A) 
s b




 + 
s c




 = 
s a




 – 
s


  

1

(s b)(s c) 
 = 

1

s(s a)
 

  tan2
A

2
 = 1  A = 90°  

 (B) 4R2 (sin2A + sin2B + sin2C) = 8R2 
 1 – (cos2A – sin2B) + sin2C = 2 
 1 – cos(A + B) cos(A – B) + 1 – cos2C  = 2. 
 cosC cos(A – B) – cos2C = 0 
 cosC[cos(A – B) – cosC] = 0 
 cosC[cos(A – B) + cos (A + B)] = 0 
 2 cosA cosB cosC = 0 

  A = 90°    or ;k B = 90°    or ;k C = 90° 

 (C) r
1
 = s. 

  s tan A/2 = s  tan A/2 = 1  A = 90° 

 (D) 
a

sinA
 = 

a

s(s – a)


     
1

sinA
 = tanA/2 

  2 sin2A/2 = 1 

  1 – cosA = 1   cosA = 0   A = 90° 
 
C-5. The perimeter of a triangle ABC right angled at C is 70, and the inradius is 6, then |a – b| equals 

 dks.k C ij ledks.k f=kHkqt ABC dk ifjeki 70 gS rFkk vUrf=kT;k 6 gS rc |a – b| cjkcj gS & 

 (A*) 1   (B) 2   (C) 8   (D) 9 

Sol. We known  = sr =  (70/2) × 6 = 210 

  (1/2) ab = 210  ab = 420 
 Now (a + b)2 = (70 – c)2  

  a2 + b2 + 2ab = 4900 – 140c + c2  

  c = 
4900 – 2 420

140


 = 29   [ a2 + b2 = c2] 

  (a – b)2 = a2 + b2 – 2ab = c2 – 2ab = 841 – 840 = 1 

C-6. In a triangle ABC, if  
a b

b c




  = 
s a

s c




, then r
1
, r

2
, r

3
 are in: 

 (A*) A.P.  (B) G.P.   (C) H.P.  (D) none of these 

 f=kHkqt ABC esa] ;fn 
a b

b c




  = 
s a

s c




 gks] rks r
1
, r

2
, r

3
 gS&  

 (A) lekUrj Js<+h esa  (B) xq.kksÙkj Js<+h esa (C) gjkRed Js<+h esa (D) buesa ls dksbZ ughaA 



Sol. 
(s b) (s a)

(s c) (s b)

  
  

 = 
s a

s c




   2 1

3 2

r r

r r

 


 


 = 1

3

r

r




   1 2 2 3

1 2 2 3

(r r ) r r

r r (r r )




 = 3

1

r

r
 

  2r
2
 = r

1
 + r

3
  

  r
1
, r

2
, r

3
 are in A.P.      r

1
, r

2
, r

3
 lekUrj Js<+h esa gSA 

C-7. If the incircle of the  ABC touches its sides at L, M and N as shown in 

the figure and if  x, y, z be the circumradii of the triangles MIN, NIL and 

LIM respectively, where  is the incentre, then the  
 product xyz is equal to : 
 

          
 (A) R r2      (B) r R2     

 (C*) 
1

2
R r2     (D) 

1

2
r R2 

 

 ;fn f=kHkqt ABC dk vUr%o`Ùk bldh Hkqtkvksa dks L, M ,oa N ij fp=kkuqlkj Li'kZ 
djrk gS rFkk ;fn f=kHkqt MIN, NIL ,oa LIM dh ifjf=kT;k,¡ Øe'k%  x, y ,oa z 

gks] tgk¡ I vUr%dsUnz gS] rks xq.kuQy xyz dk eku gS &      

                                
 (A) R r2      (B) r R2     

 (C*) 
1

2
R r2     (D) 

1

2
r R2 

Sol. MNA is a cyclic quadrilatral    MNA ,d pØh; prqHkZqt gS 

  
MN

sinA
 = A    MN = r cosec

A

2
 sin A = 2r cos

A

2
  

  M = N = r 

  x = 

A
2r cos (r)(r)

2

1
4 r r sinA

2

 
 
 

 
 = 

3

2

A
2r cos

2
2r sinA

 

  

A
r cos

2
sin A

 = 
r

A
2sin

2

 

 similarly blh izdkj y = 
r

B
2sin

2

 and vkSj z = 
r

C
2sin

2

  



   xyz = 
3r

A B C
8sin sin sin

2 2 2

 = 
3r

r
2

R

 = 
1

2
r2 R  

 

C-8. If in a ABC, 
1

r

r
 = 

1

2
, then the value of tan

A

2

B C
tan tan

2 2

  
 

 is equal to :   

 (A) 2   (B*) 
1

2
   (C) 1   (D) 3 

 ;fn f=kHkqt ABC esa] 
1

r

r
 = 

1

2
, gks] rks tan

A

2

B C
tan tan

2 2

  
 

  dk eku gS & 

 (A) 2   (B) 
1

2
    (C) 1   (D) 3 

Sol.   
1

r

r
 = 

1

2
   

A B C
4Rsin sin sin

2 2 2
A B C

4Rsin cos cos
2 2 2

 = 
1

2
   tan

B

2
tan

C

2
 = 

1

2
   

A B
tan tan

2 2
  = 1  

   tan
A

2

B C
tan tan

2 2

  
 

 +  tan
B

2
 tan

C

2
 = 1   tan

A

2

B C
tan tan

2 2

  
 

 = 
1

2
   

 

C-9. If in a ABC, A = 
2


, then tan

C

2
 is equal to  

 ;fn f=kHkqt ABC esa] A = 
2


 gks] rks tan

C

2
 dk eku gS &  

 (A) 
a c

2b


   (B) 

a b

2c


  (C) 

a c

b


  (D*) 

a b

c


 

Sol.   a2 = b2 + c2 

   tan C = 
c

b
 

   tan C = 
2

C
2tan

2
C

1 tan
2


 = 

c

b
 

 
2

2t

1 t
 = 

c

b
  where (tgk¡) t = tan

C

2
    

 t2(c) + (2b)t – c = 0  

   t = 
2 22b 4b 4 c

2c

   
  

 t = 
b a

c

 
 

  t = 
a b

c


 = tan

C

2
  

 

C-10. In any ABC, 1 2 2 3 3 1

2

(r r ) (r r )(r r )

Rs

  
 is always equal to     

 (A) 8   (B) 27   (C) 16   (D*) 4 

 fdlh f=kHkqt ABC esa] 1 2 2 3 3 1

2

(r r ) (r r )(r r )

Rs

  
 dk eku lnSo fdlds cjkcj gksrk gS \ 

 (A) 8 ds    (B) 27 ds  (C) 16 ds  (D) 4 

Sol.   r
1
 + r

2
 = 

c

(s a)(s b)


 

 



   (r
1
 + r

2
) = 

3

2 2 2

abc

(s a) (s b) (s c)


  

 = 
3 2

4

(abc)s


  

   = 
2(abc)s


 = 

24R s


 = 4Rs2   

    1 2

2

(r r )

Rs

 
 = 4  

 
C-11*. In a triangle ABC, right angled at B, then  

 (A*) r = 
AB BC AC

2

 
    (B) r = 

AB AC BC

2

 
    (C) r = 

AB BC AC

2

 
   (D*) R = 

s – r
2

 

 f=kHkqt ABC esa B ledks.k gS] rks  

 (A*) r = 
AB BC AC

2

 
    (B) r = 

AB AC BC

2

 
    (C) r = 

AB BC AC

2

 
   (D*) R = 

s – r
2

 

Sol.  

  

   r = (s – b) tan
B

2
   

 r = s – b   ( B = 90º) 

   r = 
2s 2b

2


 = 

AB BC CA 2CA

2

  
      

   r = 
AB BC CA

2

 
.  

Again.  

  

   R = 
b

2
 

   r = (s – b) tan
B

2
        

  r = (s – b)  r = s – 2R  R = 
s r

2


 

 

C-.12*. With usual notations, in a  ABC the value of  (r
1
  r) can be simplified as: 

 lkekU; ladsrkuqlkj f=kHkqt ABC esa  (r
1
  r) dk ljyhd`r eku gS & 

 (A*) abc  tan
A

2
  (B) 4 r R2  (C*) 

 
 

2

2

abc

R a b c 
 (D*) 4 R r2 

Sol.  r
1
 – r = 

s – a


 – 
s


  = 

a

s(s – a)


 = a tan
A

2
   



  (r
1
 – r)  = abc tan

A

2
 tan

B

2
 tan

C

2
   

    = abc  tan
A

2
  

 = abc

A B C
sin sin sin

2 2 2
A B C

cos cos cos
2 2 2

 = 
(abc)r

(sinA sinB sinC)
4R.

4

 
 = 

(abc) r

a b c
R

2R 2R 2R

   
 

  

  = 
2(abc)r

2s
 = 

4R r

s


= 4Rr2 

C-13. STATEMENT-1 : In a triangle ABC, the harmonic mean of the three exradii is three times the inradius. 
 STATEMENT-2 : In any triangle ABC, r

1
 + r

2
 + r

3
 = 4R.  

 dFku -1 : ,d f=kHkqt ABC esa] ckg~; f=kT;kvksa dk gjkRed ek/;] vUr% f=kT;k dk rhu xquk gksrk gSA 

 dFku -2 : fdlh ABC esa] r
1
 + r

2
 + r

3
 = 4R  

 

 (A)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is correct explanation for  
 STATEMENT-1 

 (B)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is not correct 
explanation for  
STATEMENT-1 

 (C*)  STATEMENT-1 is true, STATEMENT-2 is false 
 (D)  STATEMENT-1 is false, STATEMENT-2 is true 
 (E) Both STATEMENTS are false  

 (A)  dFku&1 lR; gS] dFku&2 lR; gS ; dFku&2, dFku&1  dk lgh Li"Vhdj.k gSA  
 (B)  dFku&1 lR; gS] dFku&2 lR; gS ;  dFku&2, dFku&1  dk lgh Li"Vhdj.k ugha gSA  
 (C*)  dFku&1 lR; gS] dFku&2 vlR; gSA 

 (D)  dFku&1 vlR; gS] dFku&2 lR; gSA  
 (E)  lHkh dFku vlR; gSA 
Sol. Statement-1 :

   H.M. of the three ex-radii = 

1 2 3

3

1 1 1

r r r
 

 = 
3

s a s b s c


    

 = 
3

s


 = 3r  

 = 3 times the inradius  

   statement-1 is true  

 Statement-2 :   L.H.S. = r1 + r2 + r3  

  = 
s a




 + 
s b




 + 
s c




 

  = 
(s b)(s c) (s a)(s c) (s a)(s b)

(s a)(s b)(s c)

        
    

 

  = s
2

2

3s 2s(a b c) ab bc ca      
  

 

  = 

2

2

s ab bc ca s     


  

  = 
 2s ab bc ca s  


 

   R.H.S. = 4R = 
abc


 

   L.H.S.  R.H.S.  



 

   Statement 2 is false.  
 
Hindi dFku-1 : 

   rhu ckg~; f=kT;kvksa dk gjkRed ek/; = 

1 2 3

3

1 1 1

r r r
 

 = 
3

s a s b s c


    

 = 
3

s


 = 3r  

           = vUr%f=kT;k dk rhu xquk 
       dFku-1 lR; gSA  

 dFku-2 :   ck;ka i{k = r1 + r2 + r3  

  = 
s a




 + 
s b




 + 
s c




 

  = 
(s b)(s c) (s a)(s c) (s a)(s b)

(s a)(s b)(s c)

        
    

 

  = s
2

2

3s 2s(a b c) ab bc ca      
  

 

  =  

2

2

s ab bc ca s     


 

  = 
 2s ab bc ca s  


 

   nk;ka i{k = 4R = 
abc


 

   ck;ka i{k  nk;ka i{k 
   dFku -2 vlR; gSA 
 

Section (D) Miscellaneous 
 
D-1. If in a triangle ABC, the line joining the circumcentre and incentre is parallel to BC, then  

cos B + cos C is equal to :  
 (A) 0   (B*) 1   (C) 2   (D) 1/2 

 ;fn f=kHkqt ABC esa ifjdsUnz ,oa vUr%dsUnz dks feykus okyh js[kk Hkqtk BC ds lekUrj gks] rks  cos B + cos C dk 
eku gS& 

 (A) 0   (B) 1   (C) 2   (D) 1/2  
Sol.  

  
   R cos A = r 

 R cos A = 4 R sin 
A

2
sin

B

2
 sin

C

2
       

 cos A = cos A + cos B + cos C – 1 
 cos B + cos C = 1  

 

D-2. In aABC, if AB = 5 cm, BC = 13 cm and CA = 12 cm, then the distance of vertex ‘A’ from the side BC 
is (in cm)       



 f=kHkqt ABC esa ;fn AB = 5 lseh-] BC = 13 lseh- ,oa CA = 12 lseh- gks] rks 'kh"kZ ‘A’ dh Hkqtk BC ls yEckbZ gS  
(lseh- esa) –        

 (A) 
25

13
   (B*) 

60

13
  (C) 

65

12
   (D) 

144

13
 

Sol.   required distance vHkh"V nwjh = 
2

a


 

    = s(s a)(s b)(s c)    

 a = 13; b = 12; c = 5   s = 15 

    = 15 2 3 10    = 5 × 3 × 2 = 30  

   required distance vHkh"V nwjh = 
2 30

13


 = 

60

13
   

 

D-3. If AD, BE and CF are the medians of a ABC, then (AD2 + BE2 + CF2) : (BC2 + CA2 + AB2) is equal to  

 ;fn fdlh f=kHkqt ABC dh ekf/;dk,¡ AD, BE ,oa CF gks] rks (AD2 + BE2 + CF2) : (BC2 + CA2 + AB2) dk eku gS &   

 (A) 4 : 3  (B) 3 : 2  (C*) 3 : 4  (D) 2 : 3 

Sol.   AD2 = 
1

4
 (2b2 + 2c2 – a2),  

 BE2 =  
1

4
 (2c2 + 2a2 – b2) and rFkk  

 CF2 = 
1

4
(2a2 + 2b2 – c2)     

2 2 2

2 2 2

AD BE CF

BC CA AB

 
 

 = 
3

4
  

 
D-4*. In a triangle ABC, with usual notations the length of the bisector of internal angle A is : 

 f=kHkqt ABC esa ladsrksa ds lkekU; izpfyr vFkZ gS] rks vUr% dks.k A ds v/kZd dh yEckbZ gS & 

 (A*) 

A2bc cos
2

b c
  (B) 

A2bc sin
2

b c
  (C*) 

A
abc cosec

2
2R (b c)

 (D*) 
2 A.cosec

2b c




 

Sol.   a =
2bc

b c
  cos

A

2
 

 (A) correct  
 (B) incorrect  

 (C) 

A
abccosec

2
2R(b c)

 = 

A
abccosec

2
a

.(b c)
sinA


 = 

A A
bc 2sin cos

2 2
A

sin .(b c)
2


 = 

2bc

(b c)
 cos

A

2
   

 (D)  
2

(b c)




cosec 
A

2
 = 

bc sinA

(b c)
. 

1

A
sin

2

 = 

A A
2bc sin cos

2 2
(b c)

. 
1

A
sin

2

 = 
2bc

b c
cos

A

2
   

 
D-5. Let f, g, h be the lengths of the perpendiculars from the circumcentre of the  ABC on the sides BC, CA 

and AB respectively. If 
a b c

f g h
   = 

a b c

f g h
, then the value of '' is: 

 ekukfd f=kHkqt ABC ds ifjdsUnz ls Hkqtkvksa BC, CA ,oa AB ij Mkys x;s yEcksa dh yEckbZ;k¡ Øe'k% f, g, h gSaA ;fn  

a b c

f g h
   = 

a b c

f g h
 gks] rks '' dk eku gS& 

 (A*) 1/4   (B) 1/2   (C) 1   (D) 2 
Sol. f = RcosA , g = R cos B, h = R cosC. 

   
a

f
 + 

b

g
 + 

c

h
 = 

2RsinA

RcosA
 + 

2RsinB

RcosB
 + 

2RsinC

RcosC
  



 = 2  tanA  

   
abc

fgh
 = 8  tan A   

    
a

f
 + 

b

g
 + 

c

h
 = 

abc

fgh
    2 tanA = .8  tanA      = 

1

4
  

 
D-6. In an acute angled triangle ABC, AP is the altitude. Circle drawn with AP as its diameter cuts the sides 

AB and AC at D and E respectively, then length DE is equal to     

 ,d U;wudks.k f=kHkqt ABC esa  AP 'kh"kZyEc gSA AP dks O;kl ekudj [khapk x;k o`Ùk Hkqtkvksa  AB ,oa AC dks Øe'k%  
D ,oa E ij dkVrk gS] rks DE dh yEckbZ gS & 

 (A) 
2R


    (B) 

3R


   (C) 

4R


   (D*) 

R


 

Sol.  

  

    
DE

sinA
 = AP   DE = 

2

a


sin A       

  = 
2 sinA

2RsinA


 = 

R


  

 
D-7. AA

1
, BB

1
 and CC

1
 are the medians of triangle ABC whose centroid is G. If points A, C

1
, G and B

1
 are 

concyclic, then      
 (A) 2b2 = a2 + c2 (B) 2c2 = a2 + b2 (C*) 2a2 = b2 + c2 (D) 3a2 = b2 + c2 

 f=kHkqt ABC ftldk dsUnzd G gS] dh ekf/;dk,¡ AA
1
, BB

1
 ,oa CC

1
 gSA ;fn fcUnq A, C

1
, G ,oa B

1
 lepØh; gks] rks 

 (A) 2b2 = a2 + c2 (B) 2c2 = a2 + b2 (C) 2a2 = b2 + c2 (D) 3a2 = b2 + c2 
Sol.  A, C

1 
, G and (vkSj) B

1
 are cyclic (pØh; gS) 

  BC
1 
. BA = BG . BB

1
 

  
c

2
 . c = 1 1

2
BB .BB

3

 
 
 

       

  
2c

2
 = 

2 1

3 4
  (2c2 + 2a2 – b2) 

  c2 + b2 = 2a2  
 

D-8. If '' is the length of median from the vertex A to the side BC of a ABC, then  

 fdlh ABC esa 'kh"kZ A ls xqtjus okyh ekf/;dk dh yEckbZ '' gks] rks & 

 (A) 42 = b2 + 4ac cos B    (B*) 42 = a2 + 4bc cos A  

 (C) 42 = c2 + 4ab cos C    (D) 42 = b2 + 2c2 – 2a2 

Sol.    = 
1

2

2 2 22b 2c a   

   42 = 2b2 + 2c2  – a2  

  = a2 + 2(b2 + c2 – a2) 
  = a2 + 2(2bc cos A) 

 42 = a2 + 4bc cos A  

 



D-9*. The product of the distances of the incentre from the angular points of a  ABC is: 

 f=kHkqt ABC ds 'kh"kks± ls vUr%dsUnz dh nwfj;ksa dk xq.kuQy gS  

 (A) 4 R2 r  (B*) 4 Rr2  (C) 
 a b c R

s
  (D*) 

 a b c r

s
 

Sol. Product of distances of incenter from angular points  

  'kh"kks± ls vUr%dsUnz dh nwfj;ksa dk xq.kuQy 

 = 
3r

A B C
sin sin sin

2 2 2

 = 
3r

r / 4R
 = 4Rr2  = 2abc

r


 = 
(abc)(r)

r


 = 

(abc)(r)

s
.  

 
D-10. In a triangle ABC, B = 60° and C = 45°. Let D divides BC internally in the ratio 1 : 3,  

 then value of 
sin BAD

sin CAD




 is     

 f=kHkqt ABC esa] B = 60° ,oa C = 45° gSA ;fn fcUnq D Hkqtk BC dks 1 : 3 ds vuqikr esa vUr% foHkkftr djrk  

gks] rks 
sin BAD

sin CAD




 dk eku gS &  

 (A) 
2

3
   (B) 

1

3
   (C*) 

1

6
  (D) 

1

3
  

Sol.  

   
 if we apply Sine-Rule in  BAD, we get    BAD esa T;k fu;e dk iz;ksx djus ij 

 
BD

sin
 = 

AD

Sin 60
  ...(1) 

 if we apply Sine-Rule in  CAD, we get.  CAD esa T;k fu;e dk iz;ksx djus ij 

 
CD

sin 
 = 

AD

sin 45º
   ...(2) 

 divide (2) by (1)    (2) esa (1) dk Hkkx nsus ij    

 
sin

sin




 × 
CD

BD
 = 

sin 60º

sin 45º
  

 
sin

sin




 × 
3

1
 = 

3

1
2

2


  

 
sin

sin




 = 
1

6
  

 
D-11*. In a triangle ABC, points D and E are taken on side BC such that BD = DE = EC. If angle  

ADE = angle AED = , then:  

 (A*) tan = 3 tan B       (B) 3 tan = tanC      

 (C*) 
2

6tan

tan 9


 

 = tan A      (D*) angle B = angle C  

 f=kHkqt ABC esa] Hkqtk BC ij fcUnq D ,oa E bl izdkj fy, tkrs gSa fd BD = DE = EC. ;fn  

 ADE =  AED = gks] rks & 

 (A) tan = 3 tan B    (B) 3 tan = tan C  

 (C) 
2

6tan

tan 9


 

 = tan A    (D) dks.k B = dks.k C 



Sol.    

  

 if we apply m-n Rule in  ABE, we get   ABE esa m-n izes; dk iz;ksx djus ij  

 (1+1) cot = 1.cot B – 1.cot 

 2 cot = cot B – cot  

 3 cot = cot B 

 tan  = 3 tan B  ..........(1) 

 Similarly, if we apply m-n Rule in  ACD,  we get    blh izdkj] ACD esa m-n izes; dk iz;ksx djus ij 

 (1+1) cot (–) = 1.cot – 1.cotC.  

 cotC = 3 cot   tan  = 3 tanC .......(2)   

 form (1) and (2) we can say that  lehdj.k (1) rFkk (2) ls  

 tan B = tan C    B=C 

   A + B + C =  

  A =  – (B + C)  

        =  – 2B    B = C  

    tan A = – tan2B  

 = –
2

2tan B

1 tan B

 
  

 = –
2

2tan

3

tan
1

9






   tan A = 
2

6tan

tan 9


 

  

D-12. STATEMENT-1 :  If R be the circumradius of a ABC, then circumradius of its excentral 
1


2


3
 is 2R.  

 STATEMENT-2 : If circumradius of a triangle be R, then circumradius of its pedal triangle is 
R

2
. 

 (A*)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is correct explanation for  
 STATEMENT-1 

 (B)  STATEMENT-1 is true, STATEMENT-2 is true and STATEMENT-2 is not correct 
explanation for  
STATEMENT-1 

 (C)  STATEMENT-1 is true, STATEMENT-2 is false 
 (D)  STATEMENT-1 is false, STATEMENT-2 is true 
 (E) Both STATEMENTS are false  
 

 dFku-1 :   ;fn ,d ABC dh ifjf=kT;k R gS] rks cfg"dsUnzh; 
1


2


3
  ds ckÐ; dsUnz dh ifjf=kT;k 2R gksxhA  



 

 dFku-2 :   ;fn ,d f=kHkqt dh ifjf=kT;k R gS] rks blds ifnd f=kHkqt dh ifjf=kT;k 
R

2
 gksxhA 

 (A*)  dFku&1 lR; gS] dFku&2 lR; gS ; dFku&2, dFku&1  dk lgh Li"Vhdj.k gSA  
 (B)  dFku&1 lR; gS] dFku&2 lR; gS ;  dFku&2, dFku&1  dk lgh Li"Vhdj.k ugha gSA  
 (C)  dFku&1 lR; gS] dFku&2 vlR; gSA 

 (D)  dFku&1 vlR; gS] dFku&2 lR; gSA  
 (E)  lHkh dFku vlR; gSA 

Sol.  

   

 
1
 

2
 = 4R cos

C

2
  if we apply Sine-Rule in  

1
 

2
 

3
 , then  

1
 

2
 

3
 esa T;k fu;e dk iz;ksx djus ij& 

 2 R
ex

 = 
I I1 2

A B
sin

2 2

  
 

 = 

C
4Rcos

2
A B

sin
2

 
 
 

  

  = 

C
4Rcos

2
C

cos
2

 

 2R
ex

 = 4R  R
ex

 = 2R 

   ABC is pedal triangle of  I
1
 I

2
 I

3
  

   ABC, f=kHkqt  I
1
 I

2
 I

3
  dk ifnd f=kHkqt gSA  

  statement - 1 and statement - 2 both are correct and statement -2 also explains Statement - 1  
  dFku - 1 rFkk dFku - 2 nksuksa lR; gS rFkk dFku -2, dFku- 1 lgh O;k[;k Hkh djrk gSA  

 
 

PART-II (COMPREHENSION) 
 

vuqPNsn (COMPREHENSION) 
 

Comprehension # 1 (Q. No. 1 to 4)  
 



 
 The triangle DEF which is formed by joining the feet of the altitudes   
 of triangle ABC is called the Pedal Triangle.  
  

 Answer The Following Questions :  
 

    
 

vuqPNsn # 1 

 f=kHkqt ABC 'kh"kZ yEcksa iknksa dks feykus ls cuk f=kHkqt DEF fn, x, f=kHkqt dk ifnd f=kHkqt dgykrk gS]   

 fuEu ç'uksa ds mÙkj nhft, 

    
 
1. Angle of triangle DEF are  

 (A*)  2A,  2B and  2C   (B)  2A,  2B and  2C 

 (C)  A,  B and  C   (D) 2 A, 2 B and 2 C 

 f=kHkqt DEF ds dks.k gS 
 (A)  2A,  2B vkSj  2C   (B)  2A,  2B vkSj  2C 

 (C)  A,  B vkSj  C   (D) 2 A, 2 B vkSj 2 C 

Sol.  

 EDF =  90 – A + 90 – A 
 = 180 – A 
 
2*. Sides of triangle DEF are  

 f=kHkqt DEF dh Hkqtk,sa gS& 

 (A) b cosA, a cosB, c cosC   (B*) a cosA, b cosB, c cosC 
 (C*) R sin 2A, R sin 2B, R sin 2C  (D) a cotA, b cotB, c cotC 

Sol. AEF : AF = bcosA, AE = ccosA 

  cosA = 
2 2 2 2 2b cos A C cos A – EF

2bcosA.ccosA


 

  (EF)2 = (b2 + c2 – 2bccosA) cos2A 
  (EF)2 = a2 cos2A 
  EF = a.cosA  
3. Circumraii of the triangle PBC, PCA and PAB are respectively  

 f=kHkqt PBC, PCA rFkk PAB dh ifjf=kT;k,sa Øe'k% gS& 

 (A*) R, R, R  (B) 2R, 2R, 2R  (C) R/2, R/2, R/2 (D) 3R, 3R, 3R 



Sol. Circumraii of the triangle PBC = 
BC

2.sin(B C)
 

  = 
a

2sin( – A)
 = 

a

2sinA
 = R 

 
4*. Which of the following is/are correct   

 (A*) 
Perimeter of DEF r

Perimeter of ABC R





  (B*) Area of  DEF = 2  cosA cosB cosC 

 (C*) Area of AEF =  cos2A   (D*) Circum-radius of DEF =  

 fuEu esa ls dkSulk lgh gS& 

 (A) 
f=kHkqt DEF dk ifjeki

f=kHkqt ABC dk ifjeki
 = 

r

R
  (B) f=kHkqt DEF dk {ks=kQy = 2  cos A cos B cos C  

 (C) f=kHkqt AEF dk {ks=kQy =  cos2 A  (D) f=kHkqt DEF  dh ifjf=kT;k = 
R

2
 

Sol.   FE = a cos A = R sin 2A 

 DE = c cos C = R sin 2C 
 FD = b cos B = R sin 2B       

 (A) = 
 R sin2A

a b c 


 

  = 
 R 4sinA sinBsinC

A B C
2R 4cos cos cos

2 2 2

 
 
 

 = 

A A
8 sin cos

2 2

A B C
2cos cos cos

2 2 2

   
   
   
 

 = 
r

R
  

 (B)    Area of DEF dk {ks=kQy 

  = 
1

2
FD × DE sin ( – 2A) = 

1

2
b cos B.c cos C.sin 2A 

  = 
1

2
bc cos B.cos C.2 sin A.cos A = 2

1
bc sinA

2

 
 
 

 cos A.cos B.cos C  

  = 2 cos A.cos B. cos C 

 (C) Area of AEF  dk {ks=kQy  = 
1

2
AE ×AF sin A 

  = 
1

2
 (c cos A) (b cos A) sin A =

1
bc sinA 

 
cos2A =  cos2A 

 (D) R
DEF

 = 
DEF

FE DE FD

4

 


 = 
abc cosA cos B cosC

4 2 cos A cos B cos C 
 = 

abc 4R R

8 8 2


 

 
 

 
Comprehension # 2 (Q. 5 to 8) 

vuqPNsn # 2 

 The triangle formed by joining the three excentres 
1
, 

2
 and 

3
 of  ABC is called the excentral or 

excentric triangle and in this case internal angle bisector of triangle ABC are the altitudes of triangles 
I

1
I

2
I

3
   

 f=kHkqt ABC ds rhu cfg"dsUnzks 
1
, 

2
 rFkk 

3
 dks feykus ls cuk f=kHkqt cfg"dsUæh; f=kHkqt dgykrk gS rFkk bl fLFkfr 

esa   ABC ds vkUrfjd dks.k v)Zd f=kHkqt I
1
I

2
I

3
  ds 'kh"kZ yEc gSA  

 
 

5. Incentre  of  ABC is the ......... of the excentral    
1 


2 


3
. 

 (A)  Circumcentre (B*) Orthocentre (C) Centroid  (D) None of these 

 f=kHkqt ABC dk vUr%dsUæ I , cfg"dsUæ f=kHkqt 
1 


2 


3
 dk ........., gS& 

 (A)  ifjdsUæ   (B) yEcdsUæd   (C) dsUæd  (D) bueas ls dksbZ ugha 

 
2



Sol. Clearly 
 

6. Angles of the  
1 


2 


3
 are  

 (A*) 
A

2 2


 , 

B

2 2


  and 

C

2 2


    (B) 

A B
,

2 2 2 2

 
   and 

C

2 2


   

 (C) 
2


 – A, 

2


 – B  and 

2


 – C  (D) None of these 

 f=kHkqt 
1 


2 


3
 ds dks.k gS& 

 (A*) 
A

2 2


 , 

B

2 2


  rFkk 

C

2 2


    (B) 

A B
,

2 2 2 2

 
   rFkk 

C

2 2


   

 (C) 
2


 – A, 

2


 – B  rFkk 

2


 – C  (D) bueas ls dksbZ ugha 

Sol. Let   
3 


1 


2
  =  

 Then angle of pedal trinagle ifnd f=kHkqt ds dks.k=  – 2 = A   

   = 
A–

2 2


 

7. Sides of the  
1 


2 


3
 are 

 (A) Rcos
A

2
, Rcos

B

2
 rFkk Rcos

C

2
 (B*) 4R cos

A

2
,  4R cos

B

2
  rFkk  4R cos

C

2
 

 (C) 2Rcos
A

2
, 2Rcos

B

2
 rFkk 2Rcos

C

2
  (D) None of these 

 f=kHkqt 
1 


2 


3
 dh Hkqtk,sa gS& 

 (A) Rcos
A

2
, Rcos

B

2
 and Rcos

C

2
 (B*) 4R cos

A

2
,  4R cos

B

2
  and  4R cos

C

2
 

 (C) 2Rcos
A

2
, 2Rcos

B

2
 and 2Rcos

C

2
  (D) bueas ls dksbZ ugha 

Sol. Side of pedal triangle ifnd f=kHkqt dh Hkqtk,a = I
2
I

3
cos = BC 

    I
2
I

3
 = 

a

Acos –
2 2

 
 
 

 

    I
2
I

3
 = 4Rcos 

A

2

 
 
 

  

 

8. Value of 
1
2 + 

2


3
2 = 

2
2 + 

3


1
2 = 

3
2 + 

1


2
2 =  

 
1
2 + 

2


3
2 = 

2
2 + 

3


1
2 = 

3
2 + 

1


2
2 =  dk eku gS& 

 (A) 4R2    (B*) 16R2   (C) 32R2  (D) 64R2  

Sol 
1
 = 4 R sin

A

2
   

 I
2
I
3
 =  4 R cos

A

2
   

  
1
2 + 

2


3
2 = 16R2 

 

 

PART-III (MATCH THE COLUMN) 
 

Hkkx& III ¼dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 

 
1. Match the column  
  

 Column–          Column–  



 

 (A) In a ABC, 2B = A + C and b2 = ac.    (p) 8 

  Then the value of 
2a (a b c)

3abc

 
 is equal to  

 (B) In any right angled triangle ABC, the value of 
2 2 2

2

a b c

R

 
  (q) 1 

  is always equal to (where R is the circumradius of ABC) 
  

 (C) In a ABC if a = 2, bc = 9, then the value of 2R is equal to  (r) 5 
  

 (D) In a ABC, a = 5, b = 3 and c = 7, then the value of   (s) 9 
  3 cos C + 7 cos B is equal to  

 Ans. (A)  (q), (B)  (p), (C)  (s), (D)  (r) 

 feyku dhft, 

 LrEHk –           LrEHk –  
 

 (A) fdlh f=kHkqt ABC esa, 2B = A + C vkSj b2 = ac gks] rks   (p) 8 

  
2a (a b c)

3abc

 
 dk eku gksxk& 

 (B) fdlh ledks.k f=kHkqt ABC esa, 
2 2 2

2

a b c

R

 
 dk eku ges'kk gksrk gS&  (q) 1 

  (tgk¡ R, DABC dh ifjf=kT;k gS) 
  

 (C) fdlh ABC esa] ;fn a = 2, bc = 9 gks] rks 2R dk eku gS&  (r) 5 

  

 (D) fdlh ABC  esa, a = 5, b = 3 vkSj c = 7 gS] rc    (s) 9 

  3 cos C + 7 cos B  dk eku gksxk& 

 Ans. (A)  (q), (B)  (p), (C)  (s), (D)  (r) 

Sol. (A)    2B = A + C  B = 
3


 and A + C = 

2

3


 

   b2 = ac  sin2 B = sin A.sin C  sin A sin C = 
3

4
 

  cos(A – C) – cos (A + C) = 
3

2
    A + C = 

2

3


    

  cos(A – C) = 1  A = C = 
3


 = B a = b = c    

2a (a b c)

3abc

 
 = 1   

     

 (B)   a2 = b2 + c2 and   vkSj 2R = a    
2 2 2

2

a b c

R

 
  = 

2

2

2a

R
 = 8     

   

  

 (C)    =  
1

2
bc sin A   = 

1

2
.9. sin A = 

9

2
 × 

a

2R
  a = 2 

   2R = 9 

 (D)   a = 5, b = 3 and  vkSj  c = 7 

 and because we know that     vkSj ge tkurs gS fd 



 b cos C + c cos B = a  

   3 cos C + 7 cos B = 5  
 
2. Match the column     
 

 Column –         Column –   
 

 (A) In a ABC, a = 4, b = 3 and the medians AA
1
 and BB

1
 are   (p) 27  

  mutually perpendicular, then square of area of the ABC   
  is equal to  
 

 (B) In any ABC, minimum value of 1 2 3

3

r r r

r
 is equal to   (q) 7 

 

 (C) In a ABC, a = 5, b = 4 and tan 
C

2
 = 

7

9
, then side ‘c’  (r) 6 

  is equal to  
  

 (D) In  a ABC, 2a2 + 4b2 + c2 = 4ab + 2ac, then value of  (8 cos B) (s) 11 
  is equal to 

 Ans. (A)  (s), (B)  (p), (C)  (r), (D)  (q) 
 

 feyku dhft, 

 LrEHk –            LrEHk –  
 (A) fdlh f=kHkqt ABC esa, a = 4, b = 3 rFkk ekf/;dk,a AA

1
 vkSj BB

1
 ijLij  (p) 27 

  yEcor~ gS rc ABC ds {ks=kQy ds oxZ dk eku gksxk & 

 (B) fdlh f=kHkqt ABC esa] 1 2 3

3

r r r

r
 dk U;wure eku gS&    (q) 7 

 (C) ;fn f=kHkqt  ABC esa, a = 5, b = 4 vkSj tan 
C

2
 = 

7

9
 gks] rks    (r) 6 

  Hkqtk c dk eku gksxk & 

  

 (D) f=kHkqt ABC esa, 2a2 + 4b2 + c2 = 4ab + 2ac, rc 8 cos B dk eku gksxk& (s) 11 
 

 Ans. (A)  (s), (B)  (p), (C)  (r), (D)  (q) 
Sol.   

   
 Match the column  LraEHk feyku dhft, 

 (A)  AA
1
 and BB

1
 are perpendicular   

   AA
1
 rFkk BB

1
 ijLij yEcor~ gS]  

   a2 + b2 = 5c2 

   c2 = 
2 2a b

5


 = 5     c  = 5  

   cos C = 
2 2 2a b – c

2ab


 = 

16 9 – 5
2 4 3


 

 = 
5

6
 

   sin C = 
11

6
 



    = 
1

2
 ab sin C = 11  

  2 = 11 

 (B)   G.M.  H.M.    xq.kksÙkj ek/;  lekUrj ek/; 

  (r
1
 r

2
 r

3
)1/3  

1 2 3

3

1 1 1

r r r
 

 

   (r
1
 r

2
 r

3
)1/3  3r  

   1 2 3

3

r r r

r
  27  

 (C) tan2 
C

2
 = 

(s – a)(s – b)
s(s – c)

     a = 5, b = 4   2s = 9 + c  

  = 
(9 c –10)(9 c – 8)

(9 c)(9 – c)
 


  = 

2

2

c – 1
81– c

  

  
7

9
 = 

2

2

c – 1
81– c

    c2 = 36     c = 6 

 (D)   2a2 + 4b2 + c2 = 4ab + 2ac. 

  (a – 2b)2 + (a – c)2 = 0 

  a = 2b = c 

  cos B = 
2 2 2a c – b

2ac


 = 

7

8
 

     8 cos B = 7 
 

 
 Marked Questions may have for Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA   

 

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
 

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 
 

* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS -   

  
1. If the angle A, B and C of a triangle are in arithmetic progression and if a, b and c denote the lengths of 

the sides opposite to A, B and C respectively, then the value of the expression 
a

c
sin 2C + 

c

a
sin 2A is 

          

 ;fn fdlh f=kHkqt ds dks.k A, B ,oa C lekUrj Js<+h esa gSa rFkk dks.kksa A, B ,oa C dh lEeq[k Hkqtkvksa dh yEckbZ;k¡ 

Øe'k% a, b rFkk c gSa] rks O;atd  
a

c
sin 2C + 

c

a
sin 2A dk eku gS&  [IIT-JEE 2010, Paper-1, (3, –1), 84] 

 (A) 
1

2
   (B) 

3

2
   (C) 1   (D*) 3  

Sol. 
a

c
sin 2C + 

c

a
sin 2A = 

2

2R
 (a cos C + c cos A)  = 

b

R
 = 2 sin B = 2 sin 60º = 3  

 



 

2. Let ABC be a triangle such that ACB = 
6


 and let a, b and c denote the lengths of the sides opposite 

to A, B and C respectively. The value(s) of x for which a = x2 + x + 1, b = x2 – 1 and c = 2x + 1 is (are) 

 ekukfd ABC ,d f=kHkqt gS ftlesa ACB = 
6


 rFkk A, B rFkk C dh lEeq[k Hkqtkvksa dh yEckbZ;k¡ Øe'k% a, b rFkk 

c gSaA x ds og eku ftuds fy, a = x2 + x + 1, b = x2 – 1 ,oa c = 2x + 1 gksa] fuEu gSa 

 (A) –  2 3   (B*) 1 + 3   (C) 2 + 3   (D) 4 3  

         [IIT-JEE 2010, Paper-1, (3, 0), 84] 
Sol.  

  

 cos
6


 = 

2 2 2 2 2

2 2

(x 1) (x x 1) (2x 1)

2(x x 1)(x 1)

     
  

 

 
3

2
 = 

2 2 2 2

2 2

(x 1) (x 3x 2)(x x)

2(x x 1)(x 1)

    
  

 

 
3

2
 = 

2 2

2 2

(x 1) (x 1)(x 2)x(x 1)

2(x x 1)(x 1)

    
  

    

  3  = 
2

2

x 1 x(x 2)

x x 1

  
 

  3  (x2 + x + 1) = 2x2 + 2x – 1 

  ( 3  – 2) x2 + ( 3  – 2) x + ( 3  + 1) = 0 

 on solving  gy djus ij 

 x2 + x – (3 3 5)  = 0 we get  

 
3. Consider a triangle ABC and let a, b and c denote the lengths of the sides opposite to vertices A, B and 

C respectively. Suppose a = 6, b = 10 and the area of the triangle is 15 3 . If ACB is obtuse and if r 

denotes the radius of the incircle of the triangle, then r2 is equal to  [IIT-JEE 2010, Paper-2, (3, 0), 79] 

 fn;k gS fd fdlh f=kHkqt ABC ds 'kh"kksZ A, B ,oa C dh lEeq[k Hkqtkvksa dh yEckb;k¡ Øe'k% a, b ,oa c gSaA ekuk fd  

a = 6, b = 10 rFkk f=kHkqt dk {ks=kQy 15 3  gSA ;fn ACB vf/kd dks.k (obtuse angle) gS rFkk f=kHkqt ds 
vUr%o`Ùk dh f=kT;k r gS] rks r2 dk eku Kkr dhft,A 

Ans. 3 

Sol. Area of triangle f=kHkqt dk {ks=kQy  = 
1

2
 ab sin C = 15 3  

  
1

2
 . 6 . 10 sin C = 15 3   sin C = 

3

2
 

  C = 
2

3


   (C is obtuse angle vf/kd dks.k) 

 NowrFkk   cos C = 
2 2 2a b c

2ab

 
    – 

1

2
 = 

236 100 c

2.6.10

 
  c = 14 

 x = 3  + 1, – (2  3)   

  At  x =  – (2  3) , Side c becomes negative.  ij Hkqtk c _.kkRed gksrh gS 

  x = 3 1    



 

  r = 
s


 = 

15 3

6 10 14

2

 
 = 3   r2 = 3 

4. Let PQR be a triangle of area  with a = 2, b = 
7

2
 and c = 

5

2
, where a, b and c are the lengths of the 

sides of the triangle opposite to the angles at P, Q and R respectively. Then 
2sinP – sin2P
2sinP sin2P

equals   

(SOT)  

 f=kHkqt PQR dk {ks=kQy  gS ftlds fy, a = 2, b = 
7

2
 vkSj c = 

5

2
 gS] tgk¡ a, b vkSj c  Øe'k% dks.k P, Q vkSj R 

dh  lEeq[k Hkqtkvksa dh yEckbZ;k¡ gaSA rc 
2sinP – sin2P
2sinP sin2P

 dk eku fuEu gS& [IIT-JEE 2012, Paper-2, (3, –

1), 66] 

 (A) 
3

4
   (B) 

45

4
   (C*) 

2
3

4

 
  

  (D) 

2
45

4

 
  

  

Sol. Ans. (C) 
 a = 2 = QR 

 b = 
7

2
 = PR 

 c = 
5

2
 = PQ 

 s = 
a b c

2

 
 = 

8

4
 = 4 

 
2sinP – 2sinPcosP
2sinP 2sinPcosP

 = 
2sinP(1– cosP)
2sinP(1 cosP)

 = 
1–cosP
1 cosP

 = 

2

2

P
2sin

2
P

2cos
2

 = tan2
P

2
 

 = 
(s – b)(s – c)

s(s – a)
 = 

2 2

2

(s – b) (s – c)


 = 

2 2

2

7 54 – 4 –
2 2

   
   
   


 = 

2
3

4

 
  

  

Hindi.  a = 2 = QR 

 b = 
7

2
 = PR 

 c = 
5

2
 = PQ 

 s = 
a b c

2

 
 = 

8

4
 = 4 

 
2sinP – 2sinPcosP
2sinP 2sinPcosP

 = 
2sinP(1– cosP)
2sinP(1 cosP)

 = 
1–cosP
1 cosP

 = 

2

2

P
2sin

2
P

2cos
2

 = tan2
P

2
 

 = 
(s – b)(s – c)

s(s – a)
 = 

2 2

2

(s – b) (s – c)


 = 

2 2

2

7 54 – 4 –
2 2

   
   
   


 = 

2
3

4

 
  

 

 

5.* In a triangle PQR, P is the largest angle and cosP = 
1

3
. Further the incircle of the triangle touches the 

sides PQ, QR and RP at N, L and M respectively, such that the lengths of PN, QL and RM are 
consecutive even integers. Then possible length(s) of the side(s) of the triangle is (are) 



 f=kHkqt PQR esa, P o`gÙke dks.k gS rFkk cosP = 
1

3
 A blds vfrfjDr f=kHkqt dk vUr%o`Ùk Hkqtkvksa PQ, QR rFkk RP 

dks Øe'k% N, L rFkk M ij bl rjg Li'kZ djrk gS fd PN, QL rFkk RM dh yEckbZ;k¡ Øekxr le iw.kZ la[;k,a gSA 
rc f=kHkqt dh Hkqtk (Hkqtkvksa) dh lEHkkfor yEckbZ (yEckbZ;k¡) gS (gSa)  [JEE (Advanced) 2013, Paper-2, (3, 

–1)/60]  
 (A) 16   (B*)  18   (C) 24   (D*) 22 
Sol. (B, D) 

  
 

 cos P = 
     

   

2 2 22n 2 2n 4 – 2n 6 1

2 2n 2 2n 4 3

   


 
    

   
   

24n – 16 1
8 n 1 n 2 3


 

 

 = 
   

2n – 4 1
2 n 1 n 2 3


 

   
 

n – 2 1
2 n 1 3




 

 = 3n – 6 = 2n + 2 

  n = 8  

  2n + 2 = 18 

  2n + 4 = 720 

  2n + 6 = 22 
 
6. In a triangle the sum of two sides is x and the product of the same two sides is y. If x2 – c2 = y, where c 

is the third side of the triangle, then the ratio of the in-radius to the circum-radius of the triangle is 
       [JEE (Advanced) 2014, Paper-2, (3, –1)/60]  

 (A) 
3y

2x(x c)
     (B) 

3y

2c(x c)
  (C) 

3y

4x(x c)
  (D) 

3y

4c(x c)
 

 ,d f=kHkqt dh nks Hkqtkvksa dk ;ksx x gS rFkk mUgha Hkqtkvksa dk xq.kuQyu y gSA ;fn x2 – c2 = y, tgk¡ c f=kHkqt dh 
rhljh Hkqtk gS] rc f=kHkqt dh var%f=kT;k (in-radius) ,oa ifjo`r&f=kT;k (circum-radius) dk vuqikr (ratio) gS& 

        [JEE (Advanced) 2014, Paper-2, (3, –1)/60]   

 (A) 
3y

2x(x c)
     (B) 

3y

2c(x c)
  (C) 

3y

4x(x c)
  (D) 

3y

4c(x c)
 

Ans. (B) 
Sol.  

  a C

b

A

c

B
 

 a + b = x       
 ab = y 



 x2 – c2 = y 
 (a + b)2 – c2 = ab 
 a2 + b2 + ab = c2  a2 + b2 – c2 = –ab 

    
2 2 2a b c

2ab

 
 = 

7

2
 

    cosC = 
1

2


 

    C = 
2

3


 

  
r 4

R s abc

 



 = 

 

2 2 21
4 a b sin C

4
a b c abc



 
 = 

 
3ab

4c x c
 

  = 
 
3y

4c x c
 

 

7*. In a triangle XYZ, let x, y, z be the lengths of sides opposite to the angles X, Y, Z, respectively, and       

2s = x + y + z. If 
s x

4


 = 

s y

3


 = 

s z

2


 and area of incircle of the triangle XYZ is 

8

3


, then   

      [JEE (Advanced) 2016, Paper-1, (4, –2)/62] 

(A) area of the triangle XYZ is 6 6      

(B) the radius of circumcircle of the triangle XYZ is 
35

6
6  

(C) sin 
X

2
sin

Y

2
 sin

Z

2
 = 

4

35
  

(D) sin2
X Y

2

 
 
 

 = 
3

5
 

Ekkuk fd f=kHkqt XYZ esa dks.kksa X, Y, Z ds lkeus dh Hkqtkvksa dh yEckb;k¡ Øe’’k% x, y, z gS vkSj 2s = x + y + z gSA 

;fn 
s x

4


 = 

s y

3


 = 

s z

2


, vkSj f=kHkqt XYZ ds varo‘ZÙk (incircle) dk {ks=kQy 

8

3


 gS] rc 

(A) f=kHkqt XYZ dk {ks=kQy 6 6  gS 

(B) f=kHkqt XYZ ds ifjo‘Ùk (circumcircle) dh f=kT;k 
35

6
6  gS 

(C) sin 
X

2
sin

Y

2
 sin

Z

2
 = 

4

35
  

(D) sin2
X Y

2

 
 
 

 = 
3

5
 

Ans. (A,C,D)  

Sol. 

 X 

y 

Zx 
Y 

z 

 

 2S = x + y + z   
S x

4


 = 

S y

3


 = 

S z

2


 =  

 S – x = 4 



 S – y = 3 

 S –z = 2 
 ____________ 

 S = 9 

 Adding all we get  lHkh dks tksM+usa ij] ge ikrs gS& 

 S = 9, x = 5, y = 6, = z = 7 

 r2 = 
8

3


  r2 = 

8

3
 

  = S(S x)(S y)(S z)       = 9 .4 .3 .2 .     = 6 6  2 

 R = 
xyz

4
 = 

2

5 .6 .7

4.6 6

  


 = 

35

4 6
   r2 = 

8

3
 = 

2 4

2 2

216

S 81

 



 = 

24

9
2 = 

8

3
2 = 

8

3
 

 we get ge ikrs gS  = 1 

 (A)  = 6 6     (B) R = 
35

4 6
 = 

35

4 6
 

 (C) r = 4R sin
X

2
 sin

Y

2
 sin

Z

2
   

2 2

3
 = 4. 

35

4 6
 .sin

x

2
sin

y

2
sin

z

2
  

  
4

35
 = sin

x

2
sin

y

2
sin

z

2
 

 (D) sin2
X Y

2

 
 
 

 = cos2
Z

2
 = 

S(S z)

xy


 = 

9.2

5.6
 = 

3

5
 

 

8*. In a triangle PQR, let PQR = 30º and the sides PQ and QR have lengths 10 3  and 10, respectively. 

Then, which of the following statement(s) is (are) TRUE?    

(A) QPR = 45º      [JEE(Advanced) 2018, Paper-1,(4, –2)/60] 

(B) The area of the triangle PQR  is 25 3  and QRP = 120º  

(C) The radius of the incircle of the triangle PQR is 10 3  – 15  

(D) The area of the circumcircle of the triangle PQR is 100  

,d f=kHkqt (triangle) PQR esa] ekukfd PQR = 30º vkSj Hkqtkvksa PQ vkSj QR dh yEckbZ;k¡ Øe'k% 10 3  vkSj 10 

gSA rc fuEufyf[kr esa ls dkSulk (ls) dFku lR; gS (gSa) ?  

(A) QPR = 45º 

(B) f=kHkqt PQR  dk {ks=kQy (area) 25 3  gS vkSj QRP = 120º  

(C) f=kHkqt PQR ds varo`ZÙk (incircle) dh f=kT;k (radius) 10 3  – 15  gSA 

(D) f=kHkqt PQR ds ifjo`Ùk (circumcircle) dk {ks=kQy 100 gSA 

Ans. (BCD) 

Sol. cosQ = 
2100 300 (PR)

2.10.10 3

 
  

23 100 300 (PR)

2 2.10.10 3

 
  

 300 = 400 – (PR)2       PR = 10 

  = 
1

2
(PQ)(QR) sinQ = 

1

2
10.10 3  × 

1

2
 = 25 3  

 r =
25 3 2 50 3 5 3 2 3

5(2 3 3) 10 3 15
s (20 10 3) 20 10 3 2 3 2 3

  
       

   
 

 by sine rule T;k fu;e 
10 3 10

sinR sinQ
    R = 30º 

 2(circumradiusifjf=kT;k) = 
PR 10

sinQ 1/ 2
    circumradiusifjf=kT;k = 10 

Hence area of circumcircle = R2 = 100
vr% ifjo`Ùk dk {ks=kQy = R2 = 100 



 

9. In a non-right-angled triangle PQR, Let p, q, r denote the lengths of the sies opposite to the angles at 

P, Q, R respectively. The median form R meets the side PQ at S, the perpendicualr4 from P meets the 

side QR at E, and RS and PE intersect at O. If p = 3 , q = 1, and the radius of the circumcircle of the 

PQR equals 1, then which of the following options is/are correct ?   

{Solution of Triangle [ST-RA]-T-305} 

[JEE(Advanced) 2019, Paper-1,(4, –1)/62] 

 (A) Length of RS = 
2

7
     (B) Area of SOE = 

12

3
      

(C) Radius of incircle of PQR = 
2

3
(2 – 3 ) (D) Length of OE = 

6

1
    

,d vledks.kh; f=kHkqt (non-right-angled) PQR ds fy,] ekuk fd p, q, r Øe'k% dks.k P, Q, R ds lkeus okyh 

Hkqtkvksa dh yEckb;k¡ n'kkZ;h gSA R ls [khaph x;h ekf/;dk (median) Hkqtk PQ ls S ij feyrh gS] P ls [khapk x;k 

vfHkyEc (perpendicular) Hkqtk QR ls E ij feyrk gS rFkk RS vkSj PE ,d nwljs dks O ij dkVrh gSA ;fn p = 

3 , q = 1 vkSj PQR ds ifjo`Ùk (circumcircle) dh f=kT;k (radius) 1 gS] rc fuEu esa ls dkSu lk (ls) fodYi lgh 

gS (gSa) ? 

 (A) RS dh yEckbZ = 
2

7
      (B) SOE dk {ks=kQy (area) = 

12

3
   

   

(C) PQR ds varo`Zr (incircle) dh f=kT;k =
2

3
(2– 3 ) (D) OE dh yEckbZ = 

6

1
    

 

Ans. (ACD) 

Sol. 

 

Q E R 

q=1 

S O 

P 

 

p= 3  

2

r

 

2

r

 

)1(2
Qsin

q

Psin

p
   sinP = 

2

3
, sinQ = 

2

1
 

  P = 60° or 120° and vkSj Q = 30° or 150° 

 because P + Q must be less than 180° but not equal to 90° 

D;ksfd P + Q dk eku 180° ls de gksxk ijUrq 90° ds cjkcj ugha gSA 

 P = 120° and vkSjQ = 30° and vkSj R = 30° 
Rsin

r
 = 2 r = 1 



 

 

 Now length of median ekf/;dk dh yEckbZ RS = 222 rq2p2
2

1
  = 

2

7
126

2

1
  

 option fodYi (A) is correct lgh gSA 

 Inradius var%f=kT;k = 





















311

311

2

1

rqp

)1(4

pqr2

rqp

2
 = 









 
1

32

2

3
  option (C) is correct 

  
)1(4

pqr
PE3

2

1
  (equal area of  ds {ks=kQy ds cjkcj )  

 PE = 
2

1

3

2

4

311



  

 OE = 
QR

)OQRofArea(2 
= 

3

30sin3.1.
2

1

3

1
2 






 

=
6

1
  

 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 
 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

 
1. For a regular polygon, let r and R be the radii of the inscribed and the circumscribed circles. A false 

statement among the following is       [AIEEE - 2010 (4, –1), 144] 

 (1)  There is a regular polygon with 
r 1

R 2
 . (2*)  There is a regular polygon with 

r 2

R 3
 .  

 (3)  There is a regular polygon with 
r 3

R 2
 . (4)  There is a regular polygon with 

r 1

R 2
 . 

 ,d lecgqHkqt ds fy,] ekuk vUr%o`Ùk rFkk ifjo`Ùk dh f=kT;k,¡ Øe'k% r rFkk R gSA fuEufyf[kr esa ls dkSulk izdFku 
feF;k gS ? 

 (1)  ,d lecgqHkqt ,slk gS ftlds fy, 
r 1

R 2
 . (2*) ,d lecgqHkqt ,slk gS ftlds fy, 

r 2

R 3
  . 

   

 (3)  ,d lecgqHkqt ,slk gS ftlds fy, 
r 3

R 2
 . (4)  ,d lecgqHkqt ,slk gS ftlds fy, 

r 1

R 2
 . 

Ans. (2)  

Sol. 
r

R
 = cos 

n

 
 
 

      

 Let cos 
n


 = 

2

3
  for some n  3, n  N 

 As 
1

2
  

2

3
  

1

2
  cos

3


  cos

n


   cos

n


   

3


  

n


  

n


 

  3  n < 4, which is not possible  
 so option (2) is the false statement 
 so it will be the right choice 
 Hence correct option is (2) 

Hindi. 
r

R
 = cos 

n

 
 
 

      

 ekuk cos 
n


 = 

2

3
  fdlh n  3, n  N ds fy, 



 pw¡fd 
1

2
  

2

3
  

1

2
  cos

3


  cos

n


   cos

n


   

3


  

n


  

n


 

  3  n < 4, tks laHko ugha gSA 

 fodYi (2), vlR; dFku gSA  vr% lgh fodYi (2) gSA 
 
2. ABCD is a trapezium such that AB and CD are parallel and BC  CD. If ADB =  , BC = p and CD = q, 

then AB is equal to :       [AIEEE - 2013, (4, –1),120] 

 ABCD ,d ,slk leyac prqHkqZt gS ftlesa AB rFkk CD lekarj gSa rFkk BC  CD gSA ;fn ADB =  , BC = p rFkk  
CD = q, gS] rks AB cjkcj gS :       [AIEEE - 2013, (4, –¼),360] 

 (1*) 
2 2(p q )sin

pcos qsin

 
  

  (2) 
2 2p q cos

pcos qsin

 
  

 (3) 
2 2

2 2

p q

p cos q sin


  

 (4) 
2 2

2

(p q )sin

(pcos qsin )

 
  

 

Sol. (1) 
  

  
 Let ¼ekuk½ AB = x  

 tan ( –  – ) = 
p

x q
  tan ( + ) = 

p

q x
 

  q – x = p cot ( + ) 

  x = q – p cot ( + )     

  = q – p 
cot cot 1

cot cot

   
    

 

  = q – p 

q
cot 1

p

q
cot

p

   
 
   
 

  = q – p 
qcot p

q pcot

  
   

 = q – p 
qcos psin

qsin pcos

   
    

 

  x = 
2 2q sin pqcos pqcos p sin

pcos qsin

      
  

  AB = 
2 2(p q )sin

pcos qsin

 
  

. 

Alternative 
 

 From Sine Rule T;k fu;e ls 

   
AB

sin
  = 

2 2p q

sin( ( ))


    

     

 AB  = 
2 2p q sin

sin cos cos sin

 
    

   

       = 
2 2(p q ) sin

qsin pcos

 
  

  
2 2

q
cos

p q

 
  
  

      



  = 
2 2(p q )sin

pcos qsin

 
  

.  

 

3. With the usual notation, in ABC, if A + B = 120°, a = 3 + 1 and b = 3 –1, then the ratio A : B, 

is: 

 lkekU; ladsrksa esa ABC esa ;fn A + B = 120° ] a = 3 + 1 rFkk b = 3 –1 gS] rks vuqikr A : B cjkcj gS% 

 [JEE(Main) 2019, Online (10-01-19),P-2 (4, – 1), 120] 

 (1) 9 : 7   (2) 7 : 1   (3) 3 : 1   (4) 5 : 3 

Ans. (2) 

Sol. 
3 1

sin(120 – x)


 = 
3 –1

sinx
 

 
3 1

3 –1


 = 
0sin(120 – x)

sinx
 

 

 

120–x 

x 60º 

A 

B C 
3 1  

3 1  

 

 
3 1

3 –1


 – 
1

2
 = 

3

2
 cotx  

 
3 2 3

2


 = 

3

2
 cotx  

 cotx = 3  + 2 

 tanx = 2 – 3  

 x = 15º 

 120 – x = 105º 

  
A

B




 = 
7

1
 (7 : 1) 

 

4. In a triangle, the sum of lengths of two sides is x and the product of the lengths of the same two sides is 

y. If x2 – c2 = y, where c is the length of the third side of the triangle, then the circumradius of the 

triangle is    

 ,d f=kHkqt dh nks Hkqtkvksa dh yEckbZ dk ;ksx x gS vkSj bUgh nks Hkqtkvksa dh yEckbZ dk xq.kuQy y gSA ;fn x2 – c2 = y 

tgk¡ c f=kHkqt dh rhljh Hkqtk dh yEckbZ gS] rc f=kHkqt ds ifjo`Ùk dh f=kT;k gS – 

 [JEE(Main) 2019, Online (11-01-19),P-1 (4, – 1), 120] 

 (1) 
3

c
   (2) 

2

3
y   (3) 

3

c
   (4) 

3

y
  

Ans. (1) 

Sol. Let a, b, c be the three sides, given  

 f=kHkqt dh Hkqtk,¡ a, b, c  

 a + b = x, ab = y , (a + b)2 – c2 = ab  



 here ;gk¡ 
2 2 2a b – c

2ab


 = – 1

2
  

1
cosC

2
   

 
c

sinC
 = 2R  

2c

3
 = 2R  R = 

c

3
  



 

SUBJECTIVE QUESTIONS  
 

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

 
This questions paste Staright Line sheets 
 

1. In ABC , P is an interior point such that PAB = 10º PBA = 20º, PCA = 30º, PAC = 40º then 

prove that ABC is isosceles 

  ABC esa P vkUrfjd fcUnq P bl izdkj gS fd PAB = 10º PBA = 20º, PCA = 30º, PAC = 40º rc fl) 
dhft, fd ABC lef)ckgq gSA  

Sol.  

 

 

10º 

P 

A 

30º 

40º 

20º 
x 80º–x 

B C 
 From APB, PBC and PCA , using sine rule  

 
AP

sin20
 = 

BP

sin10
 

 
BP

sin(80 – x)
 = 

PC

sinx
 

 
PC

sin40
 = 

AP

sin30
 

  

 
AP BP CP

.
sin ABP sin PCB PAC  

 = 
AP BP CP

.
sin PCA sin PBC sin PAB  

 

  sin30º . sinx.sin10º = sin20º.sin(80º – x) sin40º 

  x = 60º 

  BCA = CAB = 50º 

 So, ABC is an isosceles triangle. 
 
 
Sol.  

 

 

10º 

P 

A 

30º 

40º 

20º 
x 80º–x 

B C 
 APB, PBC vkSj PCA , T;k fu;e ls 

 
AP

sin20
 = 

BP

sin10
 

 
BP

sin(80 – x)
 = 

PC

sinx
 



 
PC

sin40
 = 

AP

sin30
 

  

 
AP BP CP

.
sin ABP sin PCB PAC  

 = 
AP BP CP

.
sin PCA sin PBC sin PAB  

 

  sin30º . sinx.sin10º = sin20º.sin(80º – x) sin40º 

  x = 60º 

  BCA = CAB = 50º 

blfy, ABC lef}ckgq f=kHkqt gSA 

 

2. In a triangle ABC, if a tan A + b tan B = (a + b) tan
A B

2

 
 
 

, prove that triangle is isosceles. 

 f=kHkqt ABC esa] ;fn a tan A + b tan B = (a + b) tan
A B

2

 
 
 

 gks] rks fl) dhft, fd f=kHkqt lef}ckgq gSA 

Sol.   a tan A + b tan B = (a + b) tan
A B

2

 
 
 

 

  a
A B

tanA tan
2

    
  

 = b
A B

tan tanB
2

     
  

 

  a

A B A B
sinAcos sin cosA

2 2

A B
cosAcos

2

         
    

  
    

 = b

A B
sin B

2

A B
cosBcos

2

  
 

 
 

  

   

A B
a sin A

2

A B
cosAcos

2

  
 

 
 
 

 =  

A B
b sin

2

A B
cosBcos

2

 
 
 

 
 
 

 

  sin
A B

2

 
 
 

a b

cosA cosB

  
 

 = 0  

  sin
A B

2

 
 
 

 = 0 or  ;k  
a

cosA
 – 

b

cosB
 = 0 

  A = B   or   ;k  2R (tan A – tan B) = 0 

       tan A = tan B 

       A = B  
 

3. In any triangle ABC, if 2a – b2c = c3 , (where  is is the area of triangle), then prove that A is obtuse 

 fdlh f=kHkqt ABC esa ;fn 2a – b2c = c3 , (tgk¡  f=kHkqt dk +{ks=kQy gS½ rc fl) dhft, A  vf/kd dks.k gSA  
Sol. 2a – b2c = c3  

  2a2b = abc (b2+ c2) 

  
2

2 2(a b)abc
abc(b c )

2R
   

  
2a b

2R
 = b2 + c2  

  a2 sinB = b2 + c2  
 If sinB = 1, then a2 = b2 + c2, which is not possible  

  sinB  1 

  cosA = 
2 2 2b c – a

2bc


 = 

2 2a sinB – a
2bc

 

 < 0 

  A is obtuse  

 



 

Sol. 2a – b2c = c3  

  2a2b = abc (b2+ c2) 

  
2

2 2(a b)abc
abc(b c )

2R
   

  
2a b

2R
 = b2 + c2  

  a2 sinB = b2 + c2  

 ;fn sinB = 1, rc a2 = b2 + c2, tks fd laHko ugha gSA  

  sinB  1 

  cosA = 
2 2 2b c – a

2bc


 = 

2 2a sinB – a
2bc

 

 < 0 

  A vf/kd dks.k gSA 

 

4. If in a triangle ABC, 
cosA 2cosC

cosA 2cosB




 =
sinB

sinC
 prove that the triangle ABC is either isosceles or  

right angled. 

 ;fn f=kHkqt ABC esa 
cosA 2cosC

cosA 2cosB




 =
sinB

sinC
 gks] rks fl) dhft, fd f=kHkqt ABC ;k rks lef}ckgq f=kHkqt gS ;k 

ledks.k f=kHkqt gSA 
Sol. cos A(sin B – sin C) + (sin 2B – sin 2C) = 0 

  cos A.(sin B – sin C) + 2 cos(B + C) sin (B – C) = 0    B + C =  – A 

  cos A.(sin B – sin C) – 2 cos A.sin (B – C) = 0 

  cos A[(sin B – sin C) – 2(sin B cos C– cos Bsin C)] = 0 

  either ;k rks cos A = 0  A = 90°   right angled    ledks.k f=kHkqt gksxk 
 or ;k (sin B – sin C) – 2(sin B cos C – cos B sin C) = 0  

  (b – c) – 2
2 2 2 2 2 2a b c a c b

b. c.
2ab 2ac

    
 

 
 = 0 

  a(b – c) – 2(b2 – c2) = 0 
 (b – c) [a – 2(b + c)] = 0 

   b – c = 0    b = c    isosceles    vr% f=kHkqt lef}ckgq f=kHkqt gksxkA 

 

5. In a  ABC,  C = 60° and  A = 75°. If D is a point on AC such that the area of the BAD is 3   

times the area of the BCD, find the  ABD.        

 f=kHkqt ABC esa C = 60° ,oa A = 75° gSA ;fn Hkqtk AC ij ,d fcUnq D bl izdkj gS fdBAD dk {ks=kQy] f=kHkqt 

BCD ds {ks=kQy dk 3  xquk gSA ABD dk eku Kkr dhft,A      

 Ans.  ABD = 30°  

Sol.    

 Area of BAD = 3  × Area of BCD  BAD dk {ks=kQy = 3  × BCD dk {ks=kQy 

  
1

2
BD × BA sin   = 3  × 

1

2
 BC × BD sin (45º –) 



  
BA

BC
 = 3  

ºsin(45 – )
sin




   .............(1) 

  From Sine-Rule  T;k fu;e dk iz;ksx djus ij 

  
BC

sin75º
 = 

AB

sin60º
   

  
BA

BC
 = 

sin60º

sin75º
 = 

3 2

3 1
  

  From equation (1)  lehdj.k (1) ls 

   
3. 2

( 3 1)
 = 3  

1 1cot –
2 2

 
 

 
 

   
2

( 3 1)
 = cot  –1   

 2 3 –1

2
 = cot  – 1 

   cot  = 3    = 30º    ABD = 30º 

 

6. In a ABC, if a, b and c are in A.P., prove that cos A.cot 
A

2
, cos B.cot 

B

2
, and cos C.cot 

C

2
 are in A.P. 

 ;fn fdlh f=kHkqt ABC esa a, b ,oa c lekUrj Js<+h esa gks] rks fl) dhft, fd cosA
A

2
. cot , cos B.cot

B

2
 ,oa  

cos C.cot 
C

2
 lekUrj Js<+h esa gSA  

Sol.   cos A cot
A

2
 = 2 A

1 2sin
2

  
 

A
cos

2
A

sin
2

 = cot
A

2
 – sin A  

 Similarly  cos B cot
B

2
 = cot

B

2
 – sin B 

 and   cos C cot
C

2
 = cot

C

2
 – sin C 

   a, b, c are in A.P. 

   sin A, sin B, sin C are also in A.P. 

   a, b, c are in A.P.  

   cot
A

2
, cot

B

2
, cot

C

2
 are also in A.P.  

   cot
A

2
  – sin A, cot

B

2
  – sin B, cot

C

2
 – sin C are also in A.P.  

 

Hindi.   cos A cot
A

2
 = 2 A

1 2sin
2

  
 

A
cos

2
A

sin
2

 = cot
A

2
 – sin A  

 blh çdkj cos B cot
B

2
 = cot

B

2
 – sin B 

 vkSj  cos C cot
C

2
 = cot

C

2
 – sin C 

   a, b, c lekUrj Js<h esa gSA 

   sin A, sin B, sin C Hkh lekUrj Js<+h esa gksxsaA 



   a, b, c lekUrj Js<+h esa gSA 

   cot
A

2
, cot

B

2
, cot

C

2
 Hkh lekUrj Js<+h esa gksxsaA 

   cot
A

2
  – sin A, cot

B

2
  – sin B, cot

C

2
 – sin C  Hkh lekUrj Js<+h esa gksxsaA 

 
7. In a triangle ABC, prove that the area of the incircle is to the area of triangle itself is, 

 : cot 
A

2

 
 
 

 . cot 
B

2

 
 
 

 . cot 
C

2

 
 
 

. 

 

 f=kHkqt ABC esa fl) dhft, fd vUr%o`Ùk ds {ks=kQy vkSj Lo;a bl f=kHkqt ds {ks=kQy dk vuqikr 

 : cot 
A

2

 
 
 

 . cot 
B

2

 
 
 

 . cot 
C

2

 
 
 

 gSA 

Sol.     
Area of incircle

Area of ABC
   

ABC
vUr% òÙk dk {ks0

 dk {ks0
 = 

2r

1
bc sinA

2


  

 = 

2 2 2 2A B C
16R sin sin sin

2 2 2
1 A A

(2RsinB) (2RsinC) 2sin cos
2 2 2

 

 
 
 

 = 

2 2A B C
4 sin sin sin

2 2 2
B B C C A

2sin cos 2sin cos cos
2 2 2 2 2



   
   
   

 

 = 

A B C
sin sin sin

2 2 2
A B C

cos cos cos
2 2 2


 = 

A B C
cot cot cot

2 2 2


 =  : cot

A

2
 cot 

B

2
 cot 

C

2
  

 

8. In ABC, prove that a2 (s –a) + b2 (s – b) + c2 (s – c) = 4R 
A B C

1 4sin sin sin
2 2 2

  
 

   

 ABC, esa fl) dhft, a2 (s –a) + b2 (s – b) + c2 (s – c) = 4R 
A B C

1 4sin sin sin
2 2 2

  
 

   

Sol. L.H.S. = 
1

2
[a2(b + c – a) + b2 (c + a – b) + c2 (a + b – c)] 

 = 
1

2
[a(b2 + c2 – a2) + b(c2 + a2 – b2) + c (a2 + b2 – c2)] 

 = 
1

2
(2abc cosA + 2abc cosB + 2abc cosC) 

 = abc
A B C

1 4sin sin sin
2 2 2

  
 

  

 = 4R
A B C

1 4sin sin sin
2 2 2

  
 

  

 

9. In any ABC, prove that 

 f=kHkqt ABC esa fl) dhft, fd & 

 

 (i)  (r
3
+ r

1
) (r

3
+ r

2
) sin C = 2 r

3
 2 3 3 1 1 2r r r r r r   

 

 (ii) 
A B
2 2 2

Ctan tan tan 1

(a b) (a c) (b a) (b c) (c a) (c b)
  

      
 

 

 (iii) (r + r
1
) tan 

B C

2


 + (r + r

2
) tan 

C A

2


 + (r + r

3
) tan 

A B

2


 = 0  



 (iv)  2 2 2 2

1 2 3r r r r     = 16R2 – a2 –b2 – c2. 

 

Sol. (i) L.H.S. ck;ka i{k  = (r
3 
+ r

1
) (r

3 
+ r

2
) sin C 

   = 
b

(s – a)(s – c)


 
a

(s – c)(s – b)


 sin C 

   =  
2ab

(s – a)(s – b)(s – c)(s – c)


 sin C 

   = 
ab s(s – a)(s – b)(s – c)
(s – a)(s – b)(s – c)(s – c)

 sin C 

   = 
 

abs sinC

s – c
  

   =  
2 .s

(s – c)


 = 2 sr
3
 2 3 3 1 1 2r r r r r r   

  R.H.S. nk;ka i{k = 2r
3
   

   = 2r
3 

2s =
 
2sr

3  

  L.H.S. ck;ka i{k = R.H.S.
 
nk;ka i{k  

 
 

 (ii) L.H.S. ck;ka i{k = –  
1


 
(s – b)(s – c) (s – a)(s – c) (s – a)(s – b)
(a – b)(c – a) (a – b)(b – c) (c – a)(b – c)
 

  
 

 

   = – 1


(s – b)(s – c)(b – c) (s – a)(s – c)(c – a) (s – a)(s – b)(a – b)

(a – b)(b – c)(c – a)
  
 
 

   

   = 
1


 = R.H.S. nk;ka i{k   

 (iii)  First term (çFke in)  = (r + r
1
) tan

B – C
2

  

   = 
b – c

s s – a b c
          

cot
A

2
  

   =  
(2s – a)
s(s – a)


. 
b – c
b c

 
  

 . 
s(s – a)

(s – b)(s – c)
  

   = b – c 

 similarly second term (blh çdkj f}rh; in)= c – a 

 & third term (vkSj r`rh; in) = a – b 

  L.H.S. ck;ka i{k = b – c + c – a + a – b = 0 = R.H.S. nk;ka i{k 
  

 (iv)   r
1
 + r

2
 + r

3
 – r = 4R 

  (r
1
 + r

2
 + r

3
 – r)2 = r

1
2 + r

2
2 + r

3
2 + r2 – 2r (r

1
 + r

2
 + r

3
) + 2(r

1
r

2
 + r

2
r

3
 + r

3
 r

1
)  ........(i) 

  r(r
1
 + r

2
 + r

3
) = ab + bc + ca – s2  

 and (vkSj)  r
1
r

2
 + r

2
r

3
 + r

3
r

1
 = s2 

  from equation (i) lehdj.k (i) s ls 
  16R2 = r2 + r

1
2 + r

2
2 + r

3
2  – 2 (ab + bc + ca – s2) + 2s2 

  r2 + r
1

2 + r
2

2 + r
3
2  = 16 R2 – 4 s2 + 2 (ab + bc + ca) 

    = 16R2
 
 – (a + b + c)2 + 2 (ab + bc + ca) 

    = 16R2 – a2 – b2 – c2 

 



10. In an acute angled triangle ABC, r + r
1
 = r

2
 + r

3
 and B > 

3


, then prove that  b + 3c < 3a < 3b + 3c  

 U;wudks.k f=kHkqt  ABC esa r + r
1
 = r

2
 + r

3
 vkSj B > 

3


, rc fl) dhft,  b + 3c < 3a < 3b + 3c  

Sol. r – r
2
 = r

3
 – r

1
  

s s – b s – c s – a
   
    

 or;k 
  

–b c – a
s(s – b) s – c s – a

  

 or ;k 
(s – a)(s – c)
s(s – b)

 = 
a – c

b
  tan2

B

2
 = 

a – c
b

 

 But ijUrq 
B

2
  ,

6 4

  
 
 

. Therefore blfy,,  

 tan2 
B

2
 

1
,1

3

 
 
 

  
1

3
 < 

a – c
b

 < 1  

 or ;k b < 3a – 3c < 3b  

  b + 3c < 3a < 3b + 3c  
 
11. If the inradius in a right angled triangle with integer sides is r. Prove that   
 (i)  If r = 4, the greatest perimeter (in units) is  90 
 (ii)  If r = 5, the greatest area (in sq. units) is 330 

 ;fn ledks.k f=kHkqt ftldh Hkqtk,sa iw.kk±d gS vUr% f=kT;k r  gS rc fl) dhft, fd  
 (i)  ;fn r = 4, rc vf/kdre ifjeki 90 ¼bZdkbZ esa½ gSA  
 (ii)  ;fn r = 5 gks rks vf/kdre {ks=kQy ¼bZdkbZ oxZ esa½ 330 gSA 

Sol. (i and ii) Let a, b and c (a < b < c) be the sides of given triangle. 
 Also, 2r = a + b – c 
 When r = 4 then, (a, b) = (9, 40), (10, 24), (12,16)  

  Greatest perimeter = 9 + 40 + 41 = 90 units  
 when r = 5 then (a, b) = (11, 60) (12,35) (15,20)  

  Greatest area = 
11 60

2


 = 330 sq. unit 

 

Sol. (i vkSj ii) ekuk a, b vkSj c (a < b < c) f=kHkqt dh Hkqtk,a  
 rFkk, 2r = a + b – c 

 tc r = 4 rc, (a, b) = (9, 40), (10, 24), (12,16)  

  vf/kdre ifjeki = 9 + 40 + 41 = 90 units  

 tgk r = 5 rc (a, b) = (11, 60) (12,35) (15,20)  

  vf/kdre {ks=kQy = 
11 60

2


 = 330 oxZ bdkbZ 

 
 

12. If 1 1

2 3

r r
1 1

r r

  
   

   
 = 2, then prove that the triangle is right angled.  

 ;fn 1 1

2 3

r r
1 1

r r

  
   

   
 = 2 gks] rks fl) dhft, fd f=kHkqt] ledks.k f=kHkqt gSA  

Sol.  1

2

r
1

r

 
 

 
1

3

r
1

r

 
 

 
 = 2    

s b
1

s a

   

s c
1

s a

   
 = 2 

   
2

(b a) (c a)

(s a)

 


 = 2   2(bc – ab – ac + a2) = (2s – 2a)2  

   2bc – 2ab – 2ca + 2a2 = (b2 + c2 + a2 – 2ab + 2bc – 2ca)  
  a2 = b2 + c2  



  triangle is right angled.   f=kHkqt] ledks.k f=kHkqt gksxkA 

 
13. DEF is the triangle formed by joning the points of contact of the incircle with the sides of the triangle 

ABC; prove that  

 (i) its sides are  2r cos
A

2
, 2r cos

B

2
 and 2r cos

C

2
,  

 (ii) its angles are 
2


 – 

A

2
, 

2


 – B

2
  and  

2


 – 

C

2
 

 and  

 (iii)  its area is   
32

(abc)s


 , i.e. 

1

2


r

R
.  

 f=kHkqt ABC dh Hkqtkvksa dks vUr%o`Ùk ftu fcUnqvksa ij Li'kZ djrk gS mudks feykus ls f=kHkqt DEF fufeZr gksrk gSA 
fl) dhft, fd & 

 (i) bldh Hkqtk,¡  2r cos
A

2
, 2r cos

B

2
 and 2r cos

C

2
 gSaA  

 (ii) blds dks.k 
2


 – 

A

2
, 

2


 – B

2
  and  

2


 – 

C

2
 gSaA 

 vkSj  

 (iii) bldk {ks=kQy 
32

(abc)s


 vFkkZr~ 

1

2


r

R
 gSA 

 

Sol.  (i) EFA is a cyclic quadrilateral 

   
EF

sinA
 = A         

  A = r cosec A/2        

  EF = r cosec A/2.sin A      
       = 2 r cos A/2 
 similarly   DF = 2 r cos B/2 
 and DE = 2r cos C/2. 
 

 (ii) ECD is a cyclic quadrilateral  

  CE = DE  = 
C

2
 

 similarly DF = BF = 
B

2
 

  FDE = 
B C

2 2
  = 

– A
2


 

  = 
2


 – 

A

2
 

 (iii) area of DEF = 
1

2
 FD . DE sin FDE 

  = 
1 B C A2r cos 2r cos sin –
2 2 2 2 2

    
    
    

 



  = 2r2 
A B C

cos cos cos
2 2 2

 

  = 2r2
sinA sinB sinC

4

  
 
 

 

  = 
2r 2 2 2

2 bc ca ab

     
 

 

  = 
2r 2 (a b c)

2 abc

   
  

 = 
2r . 2s

abc


 

  = 
2 22 r . s

(abc)s


 = 

22 (r s)

(abc)s


 

  =  
32

(abc)s


 =

1

2

r

R


. 

Hindi  (i) EFA ,d pØh; prqHkZqt gS 

  
EF

sinA
 = A         

   A = r cosec A/2        

  EF = r cosec A/2 sin A 
       = 2 r cos A/2 

 blh izdkj] DF = 2 r cos B/2 

 vkSj DE = 2r cos C/2. 

 

 (ii) ECD ,d pØh; prqHkZqt gS  

  CE = DE  = 
C

2
  

 blh çdkj DF = BF = 
B

2
 

  FDE = 
B C

2 2
  = 

– A
2


 

  = 
2


 – 

A

2
 

 

 (iii) DEF dk {ks=kQy = 
1

2
 FD . DE sin FDE 

  = 
1 B C A2r cos 2r cos sin –
2 2 2 2 2

    
    
    

 

  = 2r2 
A B C

cos cos cos
2 2 2

 

  = 2r2
sinA sinB sinC

4

  
 
 

 

  = 
2r 2 2 2

2 bc ca ab

     
 

 

  = 
2r 2 (a b c)

2 abc

   
  

 = 
2r . 2s

abc


 

  = 
2 22 r . s

(abc)s


 = 

22 (r s)

(abc)s


 

  =  
32

(abc)s


 =

1

2

r

R


. 

 



14. Three circles, whose radii are  a, b and c, touch one another externally and the tangents at their points 
of contact meet in a point, prove that the distance of this point from either of their points of contact is 

1

2abc

a b c

 
   

.  

 rhu o`Ùk ftudh f=kT;k,¡ a, b, c gS] ,d nwljs dks ckg~; Li'kZ djrs gS rFkk muds Li'kZ fcUnqvksa ij Li'kZ js[kk,¡ ,d 

fcUnq ij feyrh gSA fl) dhft, fd bl fcUnq dh muds fdlh Li'kZ fcUnq ls nwjh 

1

2abc

a b c

 
   

 gSaA 

Sol.   

 required distance = inradius of  ABC  vHkh"V nwjh =  ABC dh vUr%f=kT;k  

   2s  = a + b + b + c + c + a 

   = 2 (a + b + c) 

  s = a + b + c  

      = s(s – (a b))(s – (b c)) (s – (c a))    = (a b c)(abc)   

   required distance  vHkh"V nwjh 

  = 
s


 = 

(a b c)(abc)

(a b c)

 
 

 = 
abc

a b c 
 = 

1

2abc

a b c

 
   

 

 
 

15. OA and OB are the equal sides of an isoscles triangle lying in the first quadrant making angles  and  

respectively with x-axis. Show that the gradient of the bisector of acute angle AOB is cosec  – cot  

where  =  + . (Where O is origin) 

 OA vkSj OB lef}ckgq f=kHkqt dh nks cjkcj Hkqtk,a gS tks izFke prqFkkZa'k esa Øe'k% x ds lkFk  vkSj  dks.k cukrh gSA 
n'kkZb;s fd U;wudks.k AOB ds v/kZd dh izo.krk cosec  – cot  gS tgk¡  =  + . (tgk¡ O ewy fcUnq gS) 

Sol. From the fig. 

 AOD =  = DOB    =  = 2 

 or,  a = 
2

  
 or,  DOX =  +  = 

2

  
   

    






A

D

B

Y

XO  

 The gradient of OD = tan 
2

  
 =

sin
2

cos
2

  

  
  

 = 

22sin
2

2cos sin
2 2

  

    
=

1 cos( )

sin( )

  
  

  = cosec B – cot B. 



 
16. The hypotenuse BC = a of a right-angled triangle ABC is divided into n equal segments where n is odd. 

The segment containing the midpoint of BC subtends angle  at A. Also h is the altitude of the triangle 

through A. Prove that 

 2

4nh
tan

a n 1
 


  . 

 ledks.k f=kHkqt ABC ds d.kZ BC = a dks  n cjkcj [k.Mksa esa foHkkftr fd;k tkrk gS tgk¡ n fo"ke gSA BC ds e/; 

fcUnq dks j[kus okyk [k.M] A ij dks.k  cukrh gS rFkk h, A ls tkus okyk 'kh"kZyEc gS rc fl) dhft, 

 2

4nh
tan

a n 1
 


   

Sol. Let LN be the segment of the side BC containing its midpoint M. We have
a

BM MC AM
2

   .  Let 

AH be the altitude from A on BC, with AH = h. Also LAN = . Let NAH =    HAL =  - . 

 From AMH, we have
2

2a
MH h

4
  . Also 

a
LM MN

2n
   

 

 C 

A B 

N 

H 

M 

L 

 
 -  

 

 Now    
 

LH NH
tan tan h htan tan

LH NH1 tan tan
1

h h

    
        

      
 

 
 

2
2 2

2 2 2

h LH NH h a

h LH NH a a a a
n h h h

2n 4 2n 4

 
 

     
       

      

 

 

 2 2 2
2 2

2

ha 4nh

a a a n 1
n h h

44n

 
  

   
 

. 

Hindi ekuk LN Hkqtk BC dk [k.M gS tks blds e/; fcUnq M dks j[krk gSA   

 ;gk¡ a
BM MC AM

2
   .   

 ekuk AH, A ls BC ij 'kh"kZyEc] AH = h. rFkk LAN = . ekuk NAH =    HAL =  - . 

 AMH ls ;gk¡ 
2

2a
MH h

4
  . blfy, 

a
LM MN

2n
   



 

 

 C 

A B 

N 

H 

M 

L 

 
 -  

 

 vc    
 

LH NH
tan tan h htan tan

LH NH1 tan tan
1

h h

    
        

      
 

 
 

2
2 2

2 2 2

h LH NH h a

h LH NH a a a a
n h h h

2n 4 2n 4

 
 

     
       

      

 

 
 2 2 2

2 2

2

ha 4nh

a a a n 1
n h h

44n

 
  

   
 

. 
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