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Lets use the QR code in the text books ! How ?

• Download the QR code scanner from the Google PlayStore/ Apple App Store into your smartphone

• Open the QR code scanner application

• Once the scanner button in the application is clicked, camera opens and then bring it closer to the QR code in the text book. 

• Once the camera detects the QR code, a url appears in the screen.Click the url and goto the content page.
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a c R

S S R 

R 

 a S! - ,a a R!^ h
 , ,a b R b a R          &! !^ ^h h
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S1 S2

R1 S1

R2 S2

{( , ), ( , ), ( , ), ( , )}1 1 2 2 3 3 1 2 { , , }1 2 3
{ , , , }1 2 3 4

1. , , ,X 1 2 3 4     " , , , , , , , , , , , , , , , ,R 1 1 2 1 2 2 3 3 1 3 4 4 1 2 3 1               ^ ^ ^ ^ ^ ^ ^ ^h h h h h h h h" ,
, , , , ,1 1 2 2 3 3   ^ ^ ^h h h (4, 4) R

(a, b) R! - (b, a)!R -
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l m l R m
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4. x y2 21� � R xRy

R
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... ,, , ,S n1 2 3   " ,
, ... ,, , , , , ,R n n1 1 2 2 3 3        ^ ^ ^ ^h h h h" ,

a S! - (a, a) R! R

,b a R  "^ h ,a b R  !^ h
,a b R!^ h ( , )b a R!
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,a c R    "^ h (a, b) (b, c) R

R R

R

R

R

ρ
+

, ,1 2 3S    = " , ρ , , , , , , , , ,1 1 1 2 2 2 1 3 3 1         = ^ ^ ^ ^ ^h h h h h" ,
(i) ρ ρ -

ρ 

(ii) ρ ρ -

ρ ρ -

(iii) ρ ρ -

ρ
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(i) (3, 3) ρ - ρ (1, 1) (2, 2) 

ρ - ρ - (3, 3)

(ii) ρ (1, 2) ρ - (2, 1)

ρ - ρ - (2, 1)

(1, 2) ρ ρ -
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(iv) 

(v) 

(vi) 

(vii) 

(viii) 

(i) (1, 2) 

{(1, 2)}  (2, 3) 

(1, 3) , , ,1 2 2 3^ ^h h" ,

(ii) {(1, 2)}

(iii) (1, 2) (2, 1)

(1, 1), (2, 2)

, , ,1 2 2 1^ ^h h" ,

(iv) (1, 1) (2, 2)

, , , , , , ,1 2 2 1 1 1 2 2       ^ ^ ^ ^h h h h" ,

(v) , , ,0 1 2 3   " , -

, , , , , , ,0 0 1 1 2 2 3 3      ^ ^ ^ ^h h h h
(i)

(1, 2) (2, 3)

, , , , , , , , , , ,0 0 1 1 2 2 3 3 1 2 2 3       ^ ^ ^ ^ ^ ^h h h h h h" ,

(vi) , , , , , , , , ,0 0 1 1 2 2 3 3 1 2      ^ ^ ^ ^ ^h h h h h" ,

(vii) , , , , , , , , , , , , , , ,0 0 1 1 2 2 3 3 1 2 2 3 2 1 3 2          ^ ^ ^ ^ ^ ^ ^ ^h h h h h h h h" ,

(viii) , , , , , , ,0 0 1 1 2 2 3 3^ ^ ^ ^h h h h" ,
Z m – n 12 - mRn

R

m – m = 0 0 = 0 × 12 12 -

mRm m Z! - R
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mRn k Z! m n k12- = n m k12- = -] g
nRm R

mRn nRp   ,k l Z! - m–n = 12k n–p = 12l

m – p = 12(k+l) mRp R

R

m n

2mn n

2n2

A B m n

A × B - mn 2mn A×B

A B n

m

2mn A = B n

2n2

(i) n 

2n n2 -

(ii) n 

2
n n

2

2
+^ h

R A- B- B- A-

, : ,R b a a b R  1 !=- ^ ^h h" , R-

, , , , , , ,R a b c a1 2 2 3       = ^ ^ ^ ^h h h h" ,
, , , , , , ,R a b c a1 2 2 3    1 =- ^ ^ ^ ^h h h h" , R - R-1 - R -

R-1 -

,a b Z!

,a b k k3   Z!- =  aRb R Z -

Z0 = : R0x xZ!" ,   ... ..., , , , , ,Z 3 0 3 6 9      0 = -" ,
Z1 = : R1 ... ..., , , , , ,x x 2 1 4 7 10 Z! = -" ", ,
Z2 =  : R2 ... , ..., , , , ,x x 4 1 2 5 8 Z! = - -" ", ,

, ,Z Z Z  0 1 2  Z Z Z    Z 0 1 2  , ,=
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y 
= 

ex

e

y

1–1
–1

1

2

3

4

–2–3 2 3 x

y

y = e –x y 
= 

ex

e 2 3 e

(iv) a > 1 : ( , )f 0 R"3 logf x x  a=^ h
f x ax=^ h -
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1

–1

1

2

x2 e 3

log2x

logex
log3x

y

(v) f x
q x
p x =^ ^̂h hh

p(x) q(x) q x 0  !^ h f

q x 0  =^ h
R -

(vi) f(x)- g x
f x

1  =^ ^h h
g f -  

f x 0  =^ h R-

f x
x 1

1   =
-

^ h -

R – {1}

x R! - f x f x–   – =^ ^h h :f R R"

x R! - f x f x–    =^ ^h h f 

f (–x)

f (x)

–x x x

y

x

y

f (x)

–x x

,f x x f x x2     = =^ ^h h f x x x2  3= +^ h
, ,f x x f x f x x x3      2 4 2= = = +^ ^ ^h h h f(x) = |x| 

f x x x 2= +^ h
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(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

(ix) 

(x) 

f g

h = fg h x fg x f x g x f x g x h x–   –    –  –   –   – = = = =^ ^ ^ ^ ^ ^ ^ ^h h h h h h h h
h fg

 

1. 4 120

A B x

y x y 
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2. 

;
;
;
;
;

f x

x x
x x
x x x
x x x

4 3
4 3 2

2 1
1 7

0

      
          
       

       
       

2

2

3 1
1 1
1
1

#

#

#

=

- + - -
+ - -
- -

-
^ h

Z

[

\

]]]]]]]
]]]]]]]

-4, 1, -2, 7, 0 f -

3. 

;
;
;
;

,
,
,f x

x x x
x x x
x x
x

5 0
3 2 3

0 2
3

          
        

              
          

                     

2

2

2

2

3

3

!

!

!=

+ - -
+ -

-
^

^
^
^

h h
h
hZ

[

\

]]]]]]]]
]]]]]]]]

-3, 5, 2, -1, 0 f

4. 

(i) , ,A a b c    = " , , , , , , ; :f a c b c c b f A A          "= ^ ^ ^ ^h h h h" ,
(ii) , ,X x y z    = " , , , , , , ; :f x y x z z x f X X         "= ^ ^ ^ ^h h h h" ,

5. { , , ,A 1 2 3 4      = } , , ,B a b c d     = " ,
A B  " -

(i) 

(ii) 

(iii) 

(iv) 

6. sinx1 2
1

-

7. f x
x

x
9

4 2

2

=
-

-^ h
8. cosx2 1

1
-

9. xy 2  – =

10. f x x x   = +^ h g x x x  –=^ h    , :f g R R" g f%
f g%

11. f, g, h R

f g h f h g h           % % %+ = +^ h f g h  % +^ h

12.    :f R R" f x x3 5   – =^ h
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13. W x -

.W x x0 35  =^ h

14. t

s t t16   –
2=^ h

15. 

C S C S

m .C m m0 4 50    = +^ h
.S m m0 03  =^ h

m - 1600

16. 

, .A x x30 000 0 04  = +^ h x

, .S x x25 000 0 05    = +^ h A S x  +^ ^h h
1,50,00,000

17. 

.f x x1 23  =^ h x

. ,g y y50 50  =^ h y 

18. 

x

D x x200   – =^ h
x -

19. y x
9

5
9

160  = -
y -

20. 

f x x3 4   – =^ h
y = x
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y sin x2 1 3    –   = +^ h

(i) 

(ii) 

(iii) 

f - l f l l -

f - l

f

f �

�

f l l f - f -

f l -

(i) x - ( )y f x= - y f x  – = ^ h
(ii) y - ( )y f x= - y f x  = -^ h
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(iii) y = x ( )y f x= - y f x  1= - ^ h

(i) y = x2  (ii) y = -x2   

y = x2

y = –x2

x

y

f x x  2=^ h f x x–   –
2=^ h x -

y = x2 y = -x2

 y2 = x y2 = -x

y = �(–x) y = �x

x

y

f x x  =^ h .f x x  –   = -^ h y-

f x x  =^ h - f x x –   = -^ h x < 0

 (i)  y e x= (ii) logy x e=

y = log x

x

y

y = ex y = x

logy x e= - y e x= y = x

logy x e= - y e x=
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( )y f x= - c

,y f x c c 0    2= +^ h
,y f x c c 0    2= -^ h

( )y f x= d

,y f x d d 0       2= +^ h
,y f x d d 0   –    2= ^ h

(i) f x x   =^ h   (ii)  f x x 1   – =^ h         (iii)  f x x 1     = +^ h

y = 	x�
	

y = 	x–
	

–
 � 


y = 	x	

x

y

–f x x 1 =^ h f x x   =^ h

f x x 1  = +^ h f x x   =^ h

(i) f x x  =^ h   (ii)    f x x 1  – =^ h   (iii)   f x x 1     = +^ h

x

y

y = 	x	–


–

�




y = 	x	�


y = 	x	
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f x x 1  – =^ h f x x   =^ h
f x x 1     = +^ h f x x   =^ h

x y -

x -

x - y -

x - y -

(i)    f x x  2=^ h   (ii)  f x x2
1  2=^ h   (iii)  f x x2  2=^ h

x

y

y 
= 

x�
/�

y 
= 

x�

y 
= 

2x
�

f x x2
1  2=^ h f x x  2=^ h - x -

2
1

f x x2  2=^ h f x x  2=^ h - x -

y - y -

2

(i)   f x x  2=^ h  (ii)   f x x 1   2= +^ h   (iii)   f x x 1    2= +^ ^h h

x

y

y 
= 

(x
+1

)2

y 
= 

x2 
+ 

1

y = x2 

–
 0

1
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f x x 1   2= +^ h f x x   2=^ h -

f x x 1    2= +^ ^h h f x x   2=^ h -

,y x y x1 4 1   –     –  
2 2= = ^ h y x4 1   – 

2= ^ h

x

y

y 
= 

x2
 – 

1

–4 –3 –2 –1
–1

1

2

3

4

5

1 2 3 4 x

y

y 
= 

4(
x2

 – 
1)

–4 –3 –2 –1
–4

4

8

12

16

20

1 2 3 4

x

y

y 
= 

4(
x2

 – 
1)

y 
= 

x2
 – 

1

–3 –2 –1
–2

–4

2

4

6

8

10

1 2 3

y -

-

y 

-

y x4 1  2= -] g - -

x

-

y x4 1   – 
2= ^ h x 4

1  = 12 -1

x = 1 -

y x4 1  2= -] g y -

x - y -

x

y

y 
= 

(4
x)

2 – 
1

–1 –1/4 1/4 1
–1

1

2

3

4

5

x

y

y 
= 

(4
x)

2 
– 

1

y 
= 

x2
 – 

1

–2 2
–1

2

4

- ;y sinx y sin x2        = =
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x

y

–2π –3π/2 3π/2 2π–π/2 π/2 π–π
–1

–2

1

2

3

4

5

y = sinx

x

y

–2π –3π/2 3π/2 2π–π/2 π/2 π–π
–1

–2

1

2

3

4

5

y = sin2x

x

y

–2π –3π/2 3π/2 2π–π/2 π/2 π–π
–1

–2

1

2

3

4

5

y = sin2x y = sinx

sin x sin2x

x y = sin x x

n ! r y sin x2   = n2
1 ! r .n Z!

y sin x2 1 3   –   = +^ h

y sin x2 1 3   –   = +^ h
y sin x2 1 3   –   = +^ h

y = sinx 

y = sinx

y = sin(x-1) -

y sin x2 1   – = ^ h - y sin x2 1 3   –   = +^ h

x

y

–2π –3π/2 3π/2 2π–π/2 π/2 π–π
–1

–2

1

2

3

4

5

y = sinx

x

y

–2π –3π/2 3π/2 2π–π/2 π/2 π–π

–2

–1

1

2

3

4

5

y = sin (x–1)

–1

x

y

y = 2 sin (x–1)

–2π –3π/2 3π/2 2π–π/2 π/2 π–π

–2

–1

1

2

3

4

5

x

y

y = 2 sin (x–1) + 3

–2π –3π/2 3π/2 2π–π/2 π/2 π–π

–2

–1

1

2

3

4

5
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1. y x  3=

 (i)  y x  – 
3=                  (ii)   y x 1    3= +            (ii)   y x 1   – 

3=        (iv)  y x 1    3= +^ h

1–1
–1

1

2

3

–2

–3

–2–3 2

y = x3

3 x

y

2. y x 3
1

= _ i

(i) y x 3
1

=- _ i       (ii)   y x 13
1

= +_ i          (iii)    y x 13
1

= -_ i        (iv)  y x 1 3
1

= +] _g i

1–1
–1

1

2

3

–2

–3

–2–3 2

y = x1/3

3 x

y

3. f x x  3=^ h g x x 3=^ h f g%

4. y x 2= y x3 1 5 2= - +^ h

5. y = sin x 

  (i)    y xsin= -^ h        (ii)   y x sin= - -^ h  
(iii)    y sin x2

r= +` j   (iv)   y sin x2
r= -` j

cos x

6. y = x 

(i)   y = -x                (ii)  y = 2x                   (iii)   y x 1= +    

(iv)   y x2
1 1= +   (v)  x y2 3 0+ + =   

7. y = | x | 

(i)  y x 1 1= - +     (ii)  y x 1 1= + -    (iii)  y x 2 3= + +   

8. y = sin x siny x= [

]sin sinx x– =-] g
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BALLS AND RUNS

WHAT A CELEBRATION! WHAT A RELATION WHAT A FUNCTION!

1. 

(i) 

(ii) 

(iii) 

x

y

1–1
–1

1

2

3

4

5

6

–2

–3

–2–3–4–5 2 3 4 5

(iv) 

2. -

y = x2
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1. A = , : ,x y y e x Rx !=^ h# -  B = , : ,x y y e x Rx != -^ h# -
n A B+] g
(1) 3  (2) 0 (3) 1 (4) 2

2. A = , : ,sinx y y x x R!=^ h" ,  B = , : ,cosx y y x x R!=^ h" , A B+ -

(1)    (2)  

(3)  (4) 

3. A = {0, -1, 1, 2} x y 22 2 #+ xRy

R 

(1) R = ( , ),( , ), ( , ), ( , ), ( , ), ( , ), ( , )– – –0 0 0 1 0 1 1 0 1 1 1 2 1 0" ,
(2) R-1 = ( , ),( , ), ( , ), ( , ), ( , )– –0 0 0 1 0 1 1 0 1 0" ,
(3) R - {0, -1, 1, 2}  

(4) R - {0, -1, 1}

4. ( ) | | | | ,–f x x x x2 2 R!= + +

(1) 

; ( , ]
; ( , ]
; ,

f x
x

x

x
x
x

2
4

2

2
2 2

2

3

3

!

!

!

=
- - -

-] ^g h
Z

[

\

]]]]
]]]]

 (2) 

; ( , ]
; ( , ]
; ,

f x
x

x

x
x
x

2
4
2

2
2 2

2

3

3

!

!

!

=
-

- -
-] ^g h

Z

[

\

]]]]
]]]]

(3) 

; ( , ]
; ( , ]
; ,

f x
x

x

x
x
x

2
4

2

2
2 2

2

3

3

!

!

!

=
-
-

- -
-] ^g h

Z

[

\

]]]]
]]]]

 (4) 

; ( , ]
; ( , ]
; ,

f x
x

x

x
x
x

2
2

2

2
2 2

2

3

3

!

!

!

=
- - -

-] ^g h
Z

[

\

]]]]
]]]]

5. R R × R

S = { , :x y y x 1= +^ h }x0 21 1 T = ( , ) :x y x y– Z!" ,

(1) T S  

(2) S , T  

(3) S, T 

(4) S T

6. N - A B

[( ) ]A A B B, + ,l l

(1) A (2) Al  (3) B (4) N
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7. 70

10% 14%

(1) 1120 (2) 1130 

(3) 1100 (4) 

8. n A B A C# + #] ]g g6 @ = 8 n B C 2+ =] g n(A)

(1) 6 (2) 4 (3) 8 (4) 16

9. n(A)= 2  n B C 3, =] g [( ) ( )]n A B A C# , #

(1) 23 (2) 32 (3) 6 (4) 5

10. A B A × B

B × A 

(1) 217 (2) 172 (3) 34          (4) 

11. A B A B1 A B B A# + #] ]g g  = 

(1) A B+  (2) A A#  

(3) B B#  (4) 

12. 3 

(1) 9 (2) 81 (3) 512 (4) 1024

13. X - R

R

(1)  (2) 

(3)    (4) 

14. X = {1, 2, 3, 4}  R = , , , , , , , , , , , , , , , , ,1 1 1 2 1 3 2 2 3 3 2 1 3 1 1 4 4 1^ ^ ^ ^ ^ ^ ^ ^ ^h h h h h h h h h" , R 

(1)   (2)  

(3)    (4) 

15. sin x1 2
1

-

(1) , ,1 3
1

,3 3- -^ bh l   (2) ,1 3
1-b l  

(3) ,1 3
1-: D    (4) , , )1 3

1
,3 3- -^ h :

16. ( ) | |,–f x x x x R!= 5 ?
(1) [0, 1] (2) [0, 3 ) (3) [0, 1) (4) (0, 1)
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17. f x x2=] g
(1) R, R (2) R, (0, 3 ) (3) (0, 3 ), R (4) [0, 3 ), [0, 3 )

18. m n

(1) mn (2) m (3) n (4) m + n

19. : [ , ] [ , ]–f 0 2 1 1"r sinf x x=] g
(1)    (2)  

(3)    (4) 

20. : [ , ]–f S3 3 " f(x) = x2 S

(1) [-9, 9] (2) R (3) [-3, 3] (4) [0, 9]

21. , , , , , , ,X Y a b c d1 2 3 4            = =" ", , , , , , , , , , ,f a b c d d1 4 2 3 2          = ^ ^ ^ ^ ^h h h h h" ,
f

(1)  (2)  

(3)  (4) 

22. 

;
;
;

f x
x x

x x
x x

1
1 4

8 4

      
      
        

2

1

2
# #=^ h

Z

[

\

]]]]
]]]]

(1) 
;
;

;

f x
x

x
x

x

x

1
1 16

16

<

>x

1

64

2
# #=- ^ h

Z

[

\

]]]]
]]]]

 (2) 
;
;

;

f x
x
x

x
x

x

1
1 16

16

<

>x

1

64

2
# #=

-
- ^ h

Z

[

\

]]]]
]]]]

(3) 
;
;

;

f x
x

x
x

x

x

1
1 16

16

<

>x

1

2

64

2
# #=- ^ h

Z

[

\

]]]]]
]]]]]

 (4) 
;
;

;

f x
x
x

x
x

x

2 1
1 16

16

<

>x

1

8

2
# #=- ^ h

Z

[

\

]]]]
]]]]

23.    :f R R" f x x1   – =^ h f -

(1) R (2) (1, 3 ) (3) (-1, 3 ) (4) (-3 , 1]

24. :f R R" - sin cosf x x x= +] g f

(1)            (2)  

(3) (4)  

25.     :f R R"
cos

f x
x sin x x x
x x x

e
2
1      x

3

2 4

=
- -

+ +
+ -^ ^

^ ^^h h
h hh f

(1)  

(2)  

(3) 

(4) 
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2

(Shulbha 

Sutras) (Aryabhata) 

(476 – 550)

(598-670) (Brahmagupta)

(1114-1185) (Bhaskaracharya)

(1596 -1650) (Rene Descartes)

(1831-1916) (Richard Dedekind), 

2
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N-

, , ,1 2 3N g= " ,
N

{ , , , , , , , , }4 3 2 1 0 1 2Z g g= - - - -

, , , ,0 1 2 3 g" ,
W

x5 1=

Z

Z / , ,
n
m
m n n 0Q Z !!= $ .

Q  (rational number) 

, , , , ,5
3
7
0
7
22
7 12-

-

. , . , . , . , .5 0 2 333
99
25

0 252525
3
2

0 6666 7 14527836231231231g g g g- - = =

0-

0- 1-
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x 0- x 
,r r 0>- 0- r

, ,x y x y<Q! y x x
x y

y
2

< <
+

1

1

�2

2

2  

2  , ,
n
m
m n2 =

m n2
2 2=

m
2

 m
m k2= n k2 4

2 2= n k2
2 2= n

m n
2 (irrational number)

 (i) 

“ ”

 (ii) 

 (iii) 

Ql

1 2√2

√2

√3

√3

CB

AO

D

E

1

0

R Q Q,= l Q Q+ z=l

R

x y<

y x
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N W Z Q R1 1 1 1  

2000 

r (Johann Heinrich Lambert), 

1767 r

7
22

r

r

 (i) ,a b R!  a b R!+ ab R!

 (ii) , ,a b c R!  ( ) ( )a b c a b c+ + = + +  ( ) ( )a bc ab c=

 (iii) a R!  a a0+ = ( )a a1 = .

 (iv) a R!  ( )a a 0+ - = { },b b
b

0
1

1R! - =` j .

 (v) ,a b R!  a b b a+ = + ab ba= .

 (vi) , ,a b c R!  ( )a b c ab ac+ = + .

 (vii) ,a b R! , a b< , b a 0>-

 (viii) a R!  a 02 $ .

 (ix) ,a b R!  a b=  

a < b a > b

 (x) ,a b R!  a < b a c b c<+ + c R!

 (xi) ,a b R!  a < b ax bx< x 0> .

 (xii) ,a b R!  a b< ay by> y 0< .

, , , . , ,7
4
1
0 3 14 4

7
22-& 0

    N , Q , R Q-   Z  
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3  2 Qg

2

1
1000 -

R

x R! x x-

0 a R! 0- a
a  (absolute value) a

0

0
x x x

x x

<

$
= -'

| x | R [ , )0 3

(i) x R! x x= - x y= x y=

x y=- ,x y x y= =- x y= .

(ii) x a r- =  

r 0$ x a r- =  x a r- =-

a
a

 x2 17 3- =

 x2 17-  = 3  x2 17 3!- =   

 x = 10  x = 7

www.tntextbooks.in



72

 x3 2 7 19- + =

 3 7x 2- +  = 19

 x 2-  = 
3

19 7
4

-
=

 x – 2 = 4    x – 2 = – 4

 x = – 2    x = 6

x x2 3 5- = -

u v=  u v=

u v=- x x2 3 5- = - x x2 3 5- = - x x2 3 5- = -

x 2=-  x
3
8= .

 (i) ,x y R! , y x x y+ = -  xy 0=

 (ii) ,x y R! , xy x y=

 (iii) ,x y R! , y 0!  
y
x

y
x

=

 (iv) ,x y R! , x y x y#+ + .

(i) x r< (ii) x r>

 (i) x r<  r x r< <-

x 0$ r 0> x

x 0$ x x= x r x r< <&

x 0< x x=- x r x r< <&-

x r>-

x r< - r x r< <- ( , )x r r! -
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 (ii) x r>   x r<-

x r>

x r>  r 0< x R! ,

0r $

x 0$  x x r>=

x 0< x x r>=- x r<-

x r> x r<-

x r>  ( , ) ( , )x r r,3 3! - -

(i)  a R!  x a r#-

r x a r# #- - ,x a r a r! - +6 @
(ii)  a R!  x a r$- x a r#- - x a r$-

( , ] [ , )x a r a r,3 3! - - +

x 9 2<-

x 9 2<-  x2 9 2< <- - x7 11< <

,
x

x
4
2

1 4> !
-

x2 4> -

x2 4 2< <- - 4x !

2 6x< <  4x ! . ( , ) ( , )2 4 4 6,  

1

  (i)  x3 7<-     (ii)  x4 5 2$- -
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  (iii)  x3
4
3

4
1

#-    (iv)  x 10 3<- -

2
x2 1
1

6<
-

-

3 x3 5 2#- + -

4 x2 1 6 7#+ -

5 x
5
1
10 2 1<- .

6 x5 12 2<- - .

,a b R!  ( )f x ax b= +

a b y a 0! ( )f x ax b 0= + =

x-
a
b-

x
x 50#  

x x 0$

110 + 4x x110 4 250<+

x4 140< 0 35.x 1#

x x3 5 1#- +

x x3 5 1#- +  x2 6#

x 3# ( , ]33-
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( )f x x3 5= - ( )g x x 1= +

g- f-
x

–4 –3 –2 –1
–1

1

2

3

4

5

6

7

y

–2

–3

–4

–5

0 1 2 3 4 5 6 7 8

g(x) = x+1

f(x) = 3x–5

x

x3 9 0$- ,  x4 10 6#-

x x3 9 0 3 9&$ $-  x 3$

x4 10 6#- x4 16# x 4#

[ , )3 3 ( , ]43- -

 A  

x x
x7 271 446$+ x 25$

1

(i) x 1$- x 4< (ii) x 5# x 3$-

(iii) x 1<- x 3< (iv) x2 0>- x3 4 11<-

2 x23 100< (i) x N! (ii) x Z!  
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3 x2 9$- (i) x R! (ii) x Z! (iii) x N!

4 (i) 
( ) ( )x x
5

3 2
3

5 2
#

- -
  (ii) 

x x
3
5

2
4<

-
- .

5 100 5 90

4

84 87 95 91

6 12 600

30 15

18

7 10 40

8 t
h ( ) ,h t t t t5 100 0 20

2 # #=- +

495

9

500 70

120

x x-

10

6000 B 27 000 A

z R! n N! - z z z z zn $ $ g= n-

( )P x ax bx c2= + + , ,a b c R! a 0! )

t R! - ( )P t 0= t ( )P x

( )P x ax bx c
2= + + - ( )a x k d

2- +

(completing the square)

 ( )P x  = ax bx c
2 + +
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  = a x x
a
b

a
c

2
2

2 + +` j
  = a x x

a
b

a
b

a

b
a
c

2
2 2 4

2 2

2

2

+ + - +`e j o
  = a x

a
b

a
a

b
c

2 4

2

2

2

+ - +` j
  = a x

a
b

a
a
b

b
a
b

c
2 2 2

2 2
+ + - +` `cj j m

 ( )P x  = a x
a
b

P
a
b

2 2

2
+ +

-` `j j ..... (1)

( )P x 0= ( )P x x

( )P x 0=  a x
a
b

P
a
b

2 2
0

2
+ +

-
=` `j j

 a x
a
b
2

2
+` j  = P

a
b
2

-
-` j

  = – 
a

b ac
4
42- -d n

 x
a
b
2

2
+` j  = 

a

b ac

4

4
2

2 -

 x  = 
a

b ac
a
b

2
4

2

2 -
-   x  = 

a
b ac

a
b

2
4

2

2- -
-

             x
a

b b ac
2

4
2!

=
- -

 

 (quadratic formula) 

(i) u 0$ - u

(ii) u  

b ac4 0>
2 -  ( )P x 0=

4 0b ac
2 - =  

4 0b ac <
2 -  

b ac4 0>
2 - x

b ac4 0
2 - =  x

4 0b ac <
2 -  x  

( )P x ax bx c
2= + +   (discriminant) D b ac4

2= -
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(i) a  b ax bx c 0
2 + + =

a
b

a b+ =
-

a
c

ab =

(ii) b ac4
2 -

ax bx c 0
2 + + =

a
b i ac b

2
4 2

a =
- + -

, 
a

b i ac b
2
4 2

b =
- - -

i 1
2 =-

(iii) y x x4 5
2= - +

x- x x4 5 0
2 - + =

y = x2 – 4x + 5
x

y

(iv) D b ac4
2= -

x-

x-

x-

x px q 0
2 - + =  a b

a b
1 1+

a  b x px q 02 - + =

a b p+ = ab q=

a b
1 1+  = 

ab
a b

q
p+

=
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x ax a 2 0
2 - + + = a

x ax a 2 0
2 - + + =

D = b ac a a4 4 8 0
2 2- = - - =

 a = 
2

4 48!

 a = ,2 12 2 12+ -

x x 1 1
2 + - =

x 1$ x x1 1- = -

x x 2 0
2 + - =

( )( )x x x2 1 0 2&+ - = =-

x 1$ x 1=

x 1< x x1 1- = -

x x1 1
2 + - =

( )x x x1 0 0&- = = x 1=

x 1< x 0=

{0, 1}

2 51 + ( )p 1 2=

3 x x2 3 0
2 + + =  

1
a

 
1
b

4 ( )k x x1 5 7
2- = -  k 2=

25-  

5 ( )x a x a2 1 1 0
2 - + + - = -

a 2=
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6 ax bx c 0
2 + + =

(i) 

(ii) 

(iii) 

7 x ax b 0
2 - + = x ex f 0

2 - + =

( )ae b f2= +

8 (i) x x3 1 0
2- + + =   (ii) x x4 2 0

2 - - =   (iii) x x9 5 0
2 + =  

9 (i) y x x 2
2= + + , (ii) y x x3 7

2= - - , (iii) y x x6 9
2= + +  

x

10 ( )f x x x5 42= + + -

ax bx c 0<
2 + + ax bx c 0>

2 + +

 (i) 0ax bx c
2 + + = -

 (ii) 

x R! -

 (iii) (critical point)

 (iv) 

 (v) 

 (vi) 

 (vii) 

x x3 5 2 0
2 #+ -

( )x x3 2
3
1

0#+ -` j
–2

3
1

( )x x2
3
1+ -` j
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–4 –2

–2

y = 3x2 + 5x – 2

2

(–2,0) (1/3,0)

4

–4

2 4 x

y

( )x 2+  x
3
1-` j x x3 5 2

2 + -

( , )23- - – – +

,2
3
1-` j + – –

,
3
1
3` j + + +

,2
3
1-8 B

x x14 2<+ +

x 14+  x 14 0$+

x 14$-  x 2 0>+ , x 2$- .

( ) ( )x x14 2< 2+ + x x3 10 0>
2 + - ( )( )x x5 2 0>+ -

x 5=- x 2=

x 5<-

x 2> x 2$-  x 2>

x x x6 4 4
2- - = +

( )x 4 0$+ ( )x x x6 4 4
2 2- - = +

x 4$- x x6 5 0
2 + + =

,x 1 5=- -

x 1=- x 1=-
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1 x x2 15 0
2 #+ -

2 x x3 2 02 $- + -

, , , , ,a i n0 1 2R
i

g! =

a x a x a
n
n

n
n

1
1

0
g+ + +

-
-

x (polynomial)

n a 0
n
!

(degree) n , , ,a a a R
n0 1

g ! a
0

(coefficients) a
n

-

 (i) 100 20 7 1.22x x x x2
7 5 2r- + + +  

 (ii) ( )( )( )( . )x x x x17 3 3 2 2 3r- + - +  

 (iii) ( )( )( )x x x x x x1 2 2 5 32 3 5+ + + + - +  

x x c= a c a c a c a
n
n

n
n

1
1

1 0
g+ + + +

-
-

 

( )P x a x a x a
n
n

n
n

1
1

0
g= + + +

-
-

R R

(polynomial function)

(linear polynomial)

(quadratic polynomial)

(cubic polynomial) 

(quartic) (quintic) ( )a 0! ,

0

( ) ( ),f x g x x R!=  

( )f x a x a x a
n
n

n
n

1
1

0
g= + + +

-
-

, a 0
n
!

( ) ,g x b x b x b b 0
m

m

m

m

m1

1

0
g != + + +

-

-

n = m , , , ,a b k n0 1 2
k k

g= =

( )P x x x2 7 53 2= + - ( ) 2 1Q x x x x x
4 3 2= - + + +

( ) ( )P x Q x x x x8 6
4 2+ = + + - x

( ) ( )P x Q x x x x x x x x2 3 12 4 19 2 5 5
7 6 5 4 3 2= + - + + + - -

( )P x - ( )Q x
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( ) ( )P x Q x ( )P x ( )Q x ( ) ( )P x Q x+

–2–3–4–5 –1
–2

2

4

6

8

10

–4

–6

–8

–10

0 1 2 3 4 5 x

y

( )f x  ( )g x ( )g x

( )
( )
g x
f x

(rational function)

( )f x  ( )g x  ( )g x

( ) ( ) ( ) ( )f x q x g x r x= + ( )q x ( )r x

( )r x ( )g x ( )q x

( )r x ( )r x

( ), ( )g x q x  ( )f x ( ) ( ) ( )f x q x g x=

( )g x x a= - ( )r x ( )r x  

( ) ( ) ( )f x x a q x c= - + x a= ( )c f a=

 (Remainder Theorem)

( )f x x a-  ( )f a

( )c f a 0= = ( )f x

x a-
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a ( )f x (zero of the 

polynomial) ( )f a 0= x a- ( )f x

x a-  ( )f x

( ) ( ) ( )f x x a g x
k $= - ( )g a 0! a k

( )f x k a (multiplicity)

(i) n
n ( )P x x 1

2= +

(ii)

( )P x p a b p+ ( )p x

(conjugate) a b p-

(i)

(ii)

(identity) 

, ,x a b R!

1 ( ) ( ) ( ) 3 3 3 ( )x a x a x a x x a xa a x xa x a a
3 2 3 2 2 3 3 3+ = + + = + + + = + + +

2 ( ) ( ) (x b x x b xb b x xb x b b a b3 3 3
3 3 2 2 3 3 3- = - + - = - - + =-  1

3 ( )( )x a x a x xa a
3 3 2 2+ = + - +

4 ( )( ), (x b x b x xb b a b
3 3 2 2- = - + + =- 3

5 ( )( ),x a x a x x a x a a n Nn n n n n k k n1 2 1 1g g !- = - + + + + +- - - - -

6 ( )( ( ) ( ) ),x b x b x x b x b b n Nn n n n n k k n1 2 1 1g g !+ = + - + + - + + -- - - - -
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1 ( )f x x4 25
2= -  

2 x x x17 22
3 2- - = - x 2=-

3 x 16
4 = -

4 ( ) ( )x x2 1 3 2 0
2 2+ - + =

( ) , ( )f f0 1 2 0= - =  ( )f 1 0=

( )f x

( )f x ax bx c
2= + +

( )f 0  = a b c c0 0 1 1
2 &+ + = =

 ( )f 2-  = , ( )f0 1 0=

a b c4 2 0- + = a b c 0+ + =

c 1=  a b4 2 1- =- a b 1+ =-

a b
2
1= =-

( )f x  = x x
2
1

2
1

1
2- - +

d ,x x2 1=- =

( ) ( )( )f x d x x2 1= + -

( )f 0 1= d2 1- = d
2
1=-

( )f x  = ( )( )x x x x
2
1

2 1
2
1

2
1

1
2- + - =- - +

,x
5
2
1 3= +  ( )f 0 8=-
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5
2

1 3+ ( )f x 1 3-

 ( )f x  = ( ) ( )a x x x
5
2

1 3 1 3- - + - -` ^j h6 6@ @
  = ( )a x x

5
2

1 3
2- - -` j6 @

( )f 0 8=- - ( )a
5
2

2 8- - =-` j
a 10=-

 ( )f x  = ( 10) x x x
5
2

2 22- - - -` j6 @
  = x x x10 24 12 8

3 2- + + -

( )f x x px q3 2
3= - + ( )g x x ax a2

2 2= + +

ap q 0+ =

( )f x - ( )f x - ( )g x

( )f x  = ( ) ( ),x b g x b R!+

x px q3 23 - +  = ( )( )x b x ax a2
2 2+ + +

,a b a ab p2 0 2 32+ = + =- q ba2
2=

, ,b a p a q a2
2 3=- = =-

 q  = ( )a a a ap
3 2- =- =-

ap q 0+ =

( )n n1 2 3 1g+ + + - + ,   n N!

 ( )S n  = ( ) ( )n n n1 2 2 1g+ - + - + + +   

  = ( ) ( ) ( ) ( )n n n n n n n1 2 2 1g+ - + - + + - - + - -6 6@ @
  = 

( ) ( )
n

n
n n

n
n n

n
n n

1
1

2
2 2 1
g+

-
+
-
+ +

- -
+
- -; E

  n 1 1 1g# + + +6 @  (  , ,
n
n

n
n1

1
2
1< < g

- -
)
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 ( )S n  #  n
2

 ( )S n  = a bn cn
2+ +  , ,a b c R!

 ( ) ( )S n S n1+ -  = n 1+

 ( ) ( ) [ ]a b n c n a bn cn1 1
2 2+ + + + - + +  = n 1+

 b cn c2+ +  = n 1+

b c 1+ =    , ;c b c2 1
2
1

2
1= = =  

 ( )S 1  = a b c1 1+ + =     ⇒ a = 0

 ( )S n  = 
( )

,n n
n n

n
2
1

2
1

2
1

N2
!+ =

+

( ) ( ) ( )x x x1 1 5 03 2- + + =  

( ) ( ) ( ) ( )f x x x x1 1 5 03 2= - + + =  

, ,x 1 1 5= - - . 3, –1- 2 –5

,x x x20 R!= +

x 20 0$+  x 20+

x 20 0$+ x

 x
2

 = x 20+

 x x 20
2 - -  = 0

 ( )( )x x5 4- +  = 0

 x = 5, – 4

x  x 5=

x x a6 0
2 - + = x bx 6 0

2 - + =
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α

 x x a6
2 - +  = 0 , 4a b

 6x bx
2 - +  = 0 , 3a b  

a4ab = 3 6 2&ab ab= =  a 8= .

 x x6 82 - +  = 0

 a  = 2  1b =

 a  = 4  
1
2

b =  

x px 8 0
2 + + = - p-

 8x px
2 + +  = 0- ,a b  

 a b+  = ,p 8ab- =     2a b- =

 ( ) 4
2a b ab+ -  = ( ) p 32 42 2&a b- - =

 p = 6! .

1 x 1
4 +

2 x x x a3 8 8
3 2+ + +  x x 1

2 + +

a-

( )P x ( ), ( )Q x Q x 0! x-

,
x x

x

x

x

1

2 1

1

1
2 2

4

+ +

+

+

+

x x

x x

5 6

2

2 - +

+

( )P x ( )Q x

( ) ( ) ( ) ( )P x f x Q x r x= +  ( )r x 0= ( )r x ( )Q x

 
( )
( )
Q x
P x

 = ( )
( )
( )

f x
Q x
r x

+
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x
x
3
1
3<

+
+

.

x
x
3
1
3 01

+
+
-

 
( )

x
x x

3
1 3 3
+

+ - +
 < 0

 
x
x
3

2 8
+

- -
 < 0

 
x
x
3
4
+
+

 > 0

,x x4 3+ +

x + 3 x 4+

x x + 3 x + 4
x
x
3
4
+
+

x < – 4 – – +
– 4 < x < – 3 – + –

x > – 3 + + +
x = – 4 – 0 0

( , ) ( , )4 3,3 3- - -

1
( )
( )
x
x x

2
1

0>
3

-
-

 x

2
( )( )x x

x
2 4
2 3

0<
- -
-

 x

3
x x

x

2 15

4
02

2

#
- -

-

( )
( )
g x
f x

 ( )f x ( )g x

( )g x

( )
( )
g x
f x
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 (i) ( )g x - x a-
( ) ( ) ( )x a

A

x a

A

x a

A
k

k1
2

2 g
-

+
-

+ +
-

 (ii) x ax b
2 + + ( )g x  ( )x ax b

2 + +

( )

( )

( )

( )

( )

( )

x ax b

B x C

x ax b

B x C

x ax b

B x C
k

k k
2
1 1

2 2
2 2

2g
+ +

+
+

+ +

+
+ +

+ +

+
 

( )( )x x
x
3 4+ -

 
( )( )x x

x
3 4+ -

 = 
x
A

x
B

3 4+
+
-

 

A B

 
( )( )x x

x
3 4+ -

 = 
( )( )
( ) ( )
x x

A x B x
3 4
4 3
+ -
- + +

 x&  = ( ) ( )A x B x4 3- + +

x 4=   B = 
7
4

x 3=-   A = 
7
3

 
( )( )x x

x
3 4+ -

 = 
( ) ( )x x7 3
3

7 4
4

+
+

-

R

( )( )x x

x

1 1

2
2 + -

.

( )x 1
2 +

 
( )( )x x

x

1 1

2
2 + -

 = 
( )x
A

x

Bx C
1 1

2-
+

+

+
  , ,A B C  

 2x = ( ) ( )( )A x Bx C x1 1
2 + + + -  

x = 1 A = 1,

x = 0 A C 0- =  A C 1= =

x 1=-  ( )A C B B2 2 2 1&- - =- =-

 
( )( )x x

x

1 1

2
2 + -

 = 
( )x x

x
1
1

1

1
2-

+
+

-
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( )x x

x

1

1
2 -

+

 
( )x x

x

1

1
2 -

+
 = 

x
A

x

B
x
C
12+ +
-

 

 x 1+  = ( ) ( )Ax x B x Cx1 1
2- + - +

x 0=   ,B x1 1=- =   C 2=

x 1=-   A B C A2 2 0 2&- + = =-

 
( )x x

x

1

1
2 -

+
 = 

x x x
2 1

1
2

2
-
- +

-

 1. 
x a

1
2 2-

 2. 
( )( )x x

x
2 1
3 1
- +
+

 3. 
( )( )( )x x x

x

1 1 2
2 + - +

 4. 
( )x

x

1
3-

 5. 
x 1

1
4 -

 6. 
( )

x x

x 1
3

2

+

-

 7. 
x x

x x

5 6

1
2

2

- +

+ +
 8. 

x x

x x

5 6

2 1
2

3

+ +

+ +

 9. 
( ) ( )x x

x

1 2

12
2+ -

+
 10. 

x x x

x x

1

6 1
3 2

2

+ + +

- +

 11. 
x x

x x

2 3

2 5 11
2

2

+ -

+ -
 12. 

( )( )x x

x

1 1

7
2+ +

+

ax by c+ =  

x c=  

y k=
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ax by c+ =  

ax by c<+ ax by c>+

ax by c<+ P-
P

c 0!  p-

x 2$

x

y

–1
0

–1

–2

–3

1

2

3

4

1 2 3 4 5

x 
≥ 

2

x 2=

y

y  

( , )0 0

0 2$

x 2$

x 2$ x = 2

x y2 3>+

x

y

–1 0

–1

–2

–3

1

2

3

4

1 2 3 4 5

x + 2y � 3

2 3x y+ =

x y2 3>+

(0, 0)-

0 3>
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,x y x y3 2 5$ #+ - x y2 3#- +

x

y

–1 0

–1

–2

–3

1

2

3

4

1 2 3 4 5

2x
 –

 y
 �

 5

x + y � 3

–x + 2y � 3
x y 3+ = (3 ,  0) (0 ,  3)

,x y x y3 2 5+ = - = x y2 3- + =

(0, 0) x y 3$+

(0, 0)

x y 3+ =  x y 3$+

x y2 5#-

x y2 5#-

x y2 3#- +

x y2 3#- +

 1. 3 ,x y#  x y$ .

 2. 2 ,y x$  2 3 6x y #- + .

 3. 3 5 45,x y $+  0, 0x y$ $ .

 4. 2 3 35,x y #+  2, 5y x$ $ .

 5. 2 3 6,x y #+  4 4,x y #+  0,x $  0y $ .

 6. 2 0,x y $-  2 2,x y #- -  0,x $  0y $ .

 7. 2 8,x y $+  2 8,x y $+  6x y #+ .
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,n aN R! ! a a a an $ g=  n m

a 0! a
a

1m
m

= - .

a 0!
a
a
a a 11 1 0= = =-

 i. ,m n Z!   a 0!   a a a
m n m n= +

 ii. ,m n Z!  a 0!   
a
a

an

m
m n= -

(Radicals)

a 0! r Q! ar

,r
n
n

1 N!=

y a /n1= y R! y a
n =

y x
n=

(i)  ( ) ,f x x n Nn2 !=  (ii) ( ) ,g x x n Nn2 1 != +

x–1
–1

1

2

3

4

10 2 3

f(x) = x6

g(x) = x4

h(x) = x2

–2–3

y

–2

f(x) = x2
f(x) = x3

f(x) = x6

–1

–1

1

2

–2

–1 –2 x

y

:g R R" ( )g x x
n2 1= +

n N!

R R
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: [ , ), ( ) ,f f x x n0R Nn2" 3 !=

[ , )0 3 f
n

n 

a 0< y an = a 0< y-

a > 0 x a
n = y y x a

n =

n

y R! y xn= x R!

 (i) n N! , n b 0> a b
n =

a 0>  

 (ii) n N! , n b R! a b
n =

a R!

a b n b
/n1

bn

(i) n 2=  n n 3=  

(ii) x a2 2=  x a= x a=-

a a
2 =

(iii)

(iv) n N! a 0!

,a a n

a n

/n n1
=^ h )

( ) 16 2, 343 72 / /44 1 4 1 3- = = = ( 1000) 10
/1 3- =-

, ,r
n
m
m nZ N! != ( , )m n a 0> .

( )a a a
/ /r m n n m1= =

49 49 7 343
/ /3 2 1 2 3 3= = =^ h ( )49

/3 2-

( 49)x
2 3= -
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,x y 0$  ( )x y
y

x/ /
/

/
1 2 3 1 2

3 2

1 4

=-
 

( )x x x x10 25 5 5
22 - + = - = -

x R! a 0> ax a 1= 1 1x =  

,a x Rx ! a0 1< ! ax

a
x
 a a 0< ,x

m
m

1 N!=

a
x

a 0>

x R! a 0>
x

,a b 0> a b1! !

 (i) a
x y+

 = a a
x y

    ,x y R!

 (ii) 
a

a
y

x

 = a
x y-

    ,x y R!

 (iii) a
x y^ h  = a

xy
    ,x y R!

 (iv) ( )ab
x
 = a b

x x
    ,x y R!

 (v) a 1
x =  ,  x 0=

( ) , ,f x a x a 2Rx != =

( ) ,f x x2 Rx != f

,u v R! ( ) ( )f u f v= 2 2
2

2
1 2 1

u v
v

u
u v& &= = =-

.

u v u v0 &- = = f

–0.5

–0.5

0.5

1

1.5

2

2.5

3

3.5

–1

0.5 1 1.5 2 x–1–1.5–2–2.5–3

y

–0.5

–0.5

0.5

1

1.5

2

2.5

3

3.5

–1

0.5 1 1.5 2 2.5 3 x–1–1.5–2

y

 ( )f x 2x=  ( )f x
2

1
x=
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x ( )f x 2
x=

f ( , )0 3 2 1
0 = x 0> 2 1>

x

x 0< 2 1<
x

: ( , )f 0R " 3

a
2
1=  ( ) ,g x x

2
1

2

1 R
x

x != =` j
x ( )g x

2
1 x= ` j

( ) ( , )g 0R 3= ( )g 0 1= x 0< ( )g x 1> x 0>

( )g x 1<

a0 1< !

( )f x a
x=

R  ( , )0 3

( ) ,f x e x Rx !=

e e-

P n

t A P
n
r

1
nt

= +` j t

n = 4 

3

n = 12 n = 365 n = 365

p r

P = 1 r = 1 t = 1 A
n

1
1

n

n
= +` j

n
n = 10, 100, 10000, 100000, 100000000 A

n 10 100 10000 100000 100000000

A
n

2.593742460 2.704813829 2.718145927 2.718268237 2.718281815
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n

A
n

A
n

 e 2.718281815-
A Pe

rt=

r P t

(i) ( ) , ,x y x y 0
/ /1 2 3 1 2 $
-

(ii) x x10 25
2 - +

(i)  ,x y 0$ ( )x y
/ /1 2 3 1 2-

 = 
y

x
/

/

3 2

1 4

(ii) x x10 25
2 - +  = ( )x x5 5

2- = -

(i) ( )x x
/1 4 4 =  ( )y y

/4 1 4 =

x x1/4 y 0<

( )y
/4 1 4

y
4

y

(ii) ( )x y x y/8 4 1 4 2$ =

(iii) , ,u v b  b
u v b+ ,  

u v b-  (conjugates) 

( )( )u v b u v b u bv
2 2+ - = -

u v b+

u v b-

(iv) ( ) ( )u a v b u a v b u a v b
2 2- + = - u a v b+

6 2

5

+^ h  

( )6 2-  

 
6 2

5

+^ h  = 
( ) ( )

( ) ( )

6 2 6 2

5 6 2
4

30 10

+ -

-
=

-
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7 4 3-

 7 4 3-  = a b 3+  

a, b

 7 4 3-  = a b ab3 2 3
2 2+ +   

 a b3
2 2+  = 7   ab2 4=-

 a = 
b
2-

 a b3
2 2+  = 7-

b
b

2
3 7

2 2-
+ =` j  

   

&  
b

b
4

32
2+  = 7   b b3 7 4 0

4 2- + =

b2 b
2

 = 
( )

6
7 49 48! -

 

&  b
2

 = 1    b
3
42 =

 b = 1!    b
3
2

!=

b b 1!= .

b a 2"

7 4 3 0>-    7 4 3 2 3- = -  

,u v  u v b+ ,x y

x y b+

1 2+ ,a b

a b 2+

1

  (i)  (125) 3
2

  (ii) 16 4
3-

 (iii)  ( )1000 3
2

-
-

 

  (iv)  3
6 3
1

-^ h  (v)  

27

27

3
1

3
2

-

-

2 ( )256 / /1 2 1 4 3- -^` h j
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3 ( )x x
2
9/ /1 2 1 2 2+ =-

x 1> ( )x x
/ /1 2 1 2- -

4
3

3 9 3
27n

n n

3

2 2

=
-

n

5
3
32r

 

6
3 2

7 6

-

+

7
3 8
1

8 7
1

7 6
1

6 5
1

5 2
1

-
-

-
+

-
-

-
+

-

8 x 2 3= +
x

x

2

1
2

2

-

+

a0 1< ! R ( , )0 3 ( )f x a
x=

( )f x (bijection)

(logarithmic function)

( )log
a
$ ( )f x  x y a

x= ( )log
a
$ y

x

a0 1< ! y ax= log y x
a
=

 34 = 81 ( )log 81 4
3

= a y
ax = y- a x y

(i) x R! a
x

 > 0 ax

( )log
a
$

(ii) a a 10 = ( )log 1 0
a
=

(i) ( , )x 0 3! a x
log x
a = ( )log a y

a
y = y R!

(ii) ,x y 0>  ( )log log logxy x y
a a a

= +  

(iii) ,x y 0>  log log log
y
x

x y
a a a

= -` j
(iv) x 0> r R! log logx r x

a
r

a
=

(v) x 0>  ,a b log
log

log
x

b

x

b
a

a=
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a

 (i)

 (ii) ,x y 0> ,log logx u y v
a a
= = ( )log xy w

a
=

a
u

 = ,x a y
y =   a xy

w =

   a
w

 = xy a a a
u v u v= = +

   w u v= +

   ( )log xy
a

 = log logx y
a a
+

 (iii) ,log logx u y v
a a
= = log

y
x
w

a
=

 au  = ,x a y
v =   a

y
xw =

   a
w

 = 
y
x

a

a
a w u vv

u
u v &= = = --

   log
y
x

a
` j = log logx y

a a
-

 (iv) log x u
a
=  

a
u

 = , ( )x x a a
r u r ru= =

   log x
a
r
 = logru r x

a
=

 (v) log x v
b
=  b x

v =

a log logb x
a
v

a
=

log b
a
v
 = logv b

a

   logv b
a

 = log x
a

   log x
b

 = ,
log

log

b

x
b 0>

a

a

 (i) a 10= log x
10

(common logarithm)

 (ii) a e=  log x
e

(natural logarithm) ln x

loge x logx

 (iii) a 2=  log x
2
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 (iv) log 35
a

 = ( * )log log log7 5 7 5
a a a

= +

    log
3
50
a

 = log log50 3
a a
-

    log 22
a

x
 = logx 22

a

    log 50
5

 = 
log

log

5

50

10

10

 (v)

–1

–2

–1

1

2

3

4

5

6

7

8

–3

1 2 3 4 5 6 7 8

y = log2 x

y = 2x

x–2

y

2 3

 log 1728
2 3

 = x    

 ( )2 3
x
 = ( )1728 2 3 2 3

6 3 6 6= =

 2 3
x^ h  = x2 3 6

6
& =^ h    log 1728 6

2 3
=

a a-

 log 324
a

 = 4   

 a4  = 324 = ( )3 2
4 4

 a = 3 2
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log log log log
16
75

2
9
5

243
32

2- + =

 2log log log
16
75

9
5

243
32- +  = log 75 – log 16 – 2 log 5 + 2 log 9 + log 32 – log 243

   

  = log 3 + log 25 – log 16 – log 25 + log 81

      + log 16 + log 2 – log 81 – log 3

  = log 2

log log logx x x
2
7

2 4 16
+ + =   x

x 0>  

log log logx x x
2
7

2 4 16
+ + =  ⇒

log log log2
1

4
1

16
1

x x x

+ +  = 
2
7

 

 
a a a
1
2
1

4
1+ +  = 

2
7

,  ,loga 2
x

=    
a4
7

2
7=

 a
2
1=    log x2

2
1

2
/

x
1 2&= = .

x 2 4
2= =

x
log x 9
3
=

 log x
3

 = y  

 x = 3
y
    3 9

y 2 =

 y
2

 = , ,y2 2 2= -

 x = ,3 3
2 2-

log log5 27
3 25

 log log5 27
3 25

 = log log5 3
3 25

3

  = log log5 3 3
3 25
#   

  = log
log log

3 5
25
3

2 5
3

2
3

25
5 5

= = =
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.log 2 0 30103
10
= , .log 3 0 47712

10
=

2 3
8 12$

N 2 38 12= n 1+

b1 0<#  N b10
n #

 logN  = ( )log log log logb n b n b10 10n = + = +   

logN  = log2 3
8 12

 = 8 log 2 + 12 log 3 = 8 × 0.30103 + 12 × 0.47712 = 8.13368

 logn b+  = 8.13368 

b1 10<#

1 b 0> b 1! y b
x=

2 log log27 9
9 27
-

3 log log logx x x 11
8 4 2
+ + =

4 log 2 2
logx

4
8 8

2=

5 a b ab7
2 2+ = ( )log log log

a b
a b

3 2
1+

= +

6 log log log
bc
a

ca
b

ab
c

0
2 2 2

+ + =

7 log log log log2 16
15
16

12
24
25

7
80
81

1+ + + =

8 log log loga b c
8
1

a b c2 2 2 =

9
( )

log log log log loga a a a
n n

a
2
1n2 3 g+ + + + =
+

10
log log log
y z
x

z x
y

x y
z

-
=
-
=
-

xyz 1=

11 log logx x3 6
/2 1 2

- =

12 ( )log x x6 65 2
x5
2 - + =

-
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(Alexander Graham Bell)

x 2 9#+  x

  (1)  ( , )73- -   (2)  [– 11, 7]

  (3)  ( , ) [ , )7 11,3 3- -  (4) (– 11 , 7)

 x, y b ,x y b 0< >  

 (1)  xb yb<  (2)  xb yb>  (3)  xb yb#  (4)  
b
x
b
y

$

x
x
2
2

0$
-
-

 x  

 (1)  [ , )2 3  (2)  ( , )2 3  (3)  ( , )23-  (4)  ( , )2 3-

x5 1 24<-  x5 1 24>+ -

 (1)  (4,  5) (2)  (– 5, – 4) (3)  (– 5, 5) (4)  (– 5, 4)

 x x1 3$- -  

 (1)  [0, 2] (2)  [ , )2 3  (3)  (0, 2) (4)  ( , )23-

www.tntextbooks.in



106

log 512
2

 (1)  16 (2)  18 (3)  9 (4)  12

log
81
1

3

 (1)  – 2 (2)  – 8 (3)  – 4 (4)  – 9

.log 0 25 4
x

=  x

 (1)  0.5 (2)  2.5 (3)  1.5 (4)  1.25

log log logb c a
a b c

 (1)  2 (2)  1 (3)  3 (4)  4

 (1)  5 (2)  7 (3)  6 (4)  9

( )x a x a2 3 3 5 02 + - + - =  

a-

 (1)  1 (2)  2 (3)  0 (4)  4

x kx 16 02 - + =  a b a b 32
2 2+ = -

k

 (1)  10 (2)  – 8 (3)  – 8, 8 (4)  6

x x 1 1
2 + - =

 (1)  1 (2)  0 (3)  2 (4)  3

3 5 7 0x x2 - - =

 (1)  x x3 5 7 0
2 - - =  (2)  x x3 5 7 0

2 + - =

  (3)  x x3 5 7 0
2 - + =  (4)  x x3 7 0

2 + - =

x ax c 0
2 + + = x dx b 0

2 + + =

x ax b 0
2 + + =

 (1)  1, 2 (2)  – 1, 1 (3)  9, 1 (4)  – 1, 2

x kx c 0
2 - + = ,a b  ( , )a 0  ( , )b 0

 (1)  k c4
2 -  (2)  k c4

2 -  (3)  c k4
2-  (4)  k c8-

( )( )x x
kx

x x2 1 2
2

1
1

+ -
=
+
+
-

 k

 (1)  1 (2)  2 (3)  3 (4)  4
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x x

x
x
A

x
B

3 2

1 2
3 12+ -

-
=
-
+
+

 A B+

 (1)  
2
1-

 (2)  
3
2-

 (3)  
2
1

 (4)  
3
2

 ( ) ( )x x3 5 16
4 4+ + + =

 (1)  4 (2)  2 (3)  3 (4)  0

log log log log log11 13 15 27 81
3 11 13 15 27

 (1)  1 (2)  2 (3)  3 (4)  4

(Summary)

 r  (p p  

 x a r r 0, $- =  x a r!- =

 x a r r x a r,# # #- - -  a r x a r# #- +

 x a r x a r(2 1- -  x a r> + ( , ) ( , )x a r a r,3 3! - - +

 

 D b ac4
2= - ax bx c 0

2 + + =

 a ( )f x

( )x a-

( )f x

 ( )f x g (x)
( )
( )
g x
f x
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“Hill and Flower Puzzle”
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“HIGH 
SCHOOL ALGEBRA”

a,b,c- –20- 20-
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‘trigonon’

‘metron’

‘Trigonometry’

(Aristracnus) (310- 250 BCE) 

(Erasothenes (276-195 BCE))

(Hipparchus (190-120 BCE)) 

(Ptolemy of Alexandaria (CE 90 – 168))  (Ptolemy theorem of 

Astronomy)  

(Aryabhata (CE 476 – 550)) 

(Brahmagupta (598 CE)), I 

(Bhaskara -I (600 CE)) II (Bhaskara II (1114 CE))

(Johann Bernoulli (1667 – 1748)) (Leonhard Euler 

(1707 – 1783)  

(Joseph fourier (1768 -1830)) 

3
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(Quantum Mechanics)

(GPS) 

CT 

MRI-
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O A

B

ஆர�ப�பக�

ேகாண�

உ	c

mைனய�ப
க

�

OA, OB O
AOB-

O-

OA
OA- OB OB

OA-

(Degree)

(Minutes)

(Seconds)

1°, 1 , 1

(Grades) (Minutes)

(Seconds)

1g

(Radian)
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1c

°

360

1° 1° (1/360)

(1 ) (1/60) 

(1 ) (1/60) (1/3600) 

(i)

(ii) 90°

(iii) 180°

(iv) 0°- 360°- 360°

(i)

 (ii) 

 59.0854° = 59° + 0.0854°

 0.0854° = 0.0854° × 
1
60
c
l
 = .5 124l

 .5 124l = .5 0 124+l l

 .0 124l = . .0 124
1
60

7 44# =l
l
ll

ll

 .59 0854c = .59 5 7 44c l ll

 (iii)  34 51 35c l ll = .34 8597c

90 36 18 47-c c l ll = 53 41 13c l ll

O- x-
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O
0°

90°

0° < θ < 90°

270° < θ < 360°

90° < θ < 180°

Q II Q I

Q III Q IV

180° < θ < 270°

270°

180° x

y

yʹ

xʹx- y-
(Quadrantal 

Angles) 0°; 90°; 180°; 270° 

360° 

90°-

45°

405°

-315° x

y

ஆர�ப�பக�

mைனய�பக�360°

360°-

(Negative 

Angle)

57°, 417° –303°

 
(coterminal angles) 

(coterminal angles)

 + k (360°), k 

360° 

417° –303° 

 417° – (– 303°) = 720° = 2 (360°).

(i) 45°, – 315° 405° 

 (ii) (30°, 390°), (280°, 1000°) (–85°, 275°) 
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 ABC  a, b, c 

θ
B C

A

c b

a

க�ண�

எt
��

 ப
க

�

அ��t�ள பக�
 sin  = 

 cos  = 

tan = 
cos
sin
i
i

, cot = 
sin
cos
i
i

, cosec = 
sin
1
i

, sec =
cos
1
i

sin  cos -

θ 0° 30° 45° 60° 90°

sin θ 0

2
1

2
1

2
3 1

cos θ 1

2
3

2
1

2
1 0

tan θ 0

3
1 1 3

 (i) 

 (ii) sin 30° cos 60° sin 60° cos 30° 

 (iii) cosecant, secant cotangent 

 (iv) cos 90° = 0 tan 90° sec 90° 

 (v) sin 0° = 0 cot 0° cosec 0° 
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sec
cos
1

i
i

=

i-

sin
2
1

i = 60i = c

; ;cos sin sec tan cosec cot1 1 12 2 2 2 2 2i i i i i i+ = - = - =

 (i) sin2i   ( )sin 2i

 (ii) 90i = c  sec tan 12 2i i- =

seci  tani  

i -

 (iii) 
cos
sin
1 i

i
+

1 0cos !i+ - i -

tan sec
tan sec

cos
sin

1
1 1

i i
i i

i
i

- +
+ -

=
+

.

 
tan sec
tan sec

1
1

i i
i i
- +
+ -

 = 
( )

tan sec
tan sec sec tan

1

2 2

i i
i i i i

- +
+ - -

  = 
( ) [ ( )]

tan sec
tan sec sec tan

1
1

i i
i i i i

- +
+ - -

  = tan sec
cos
sin1

i i
i
i+ =

+
.
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(sec A – cosec A) (1 + tan A + cot A) = tan A sec A – cot A cosec A.

  = 
cos sin cos

sin
sin
cos

A A A
A

A
A1 1

1- + +` j8 B
  = 

sin cos
sin cos
A A
A A
2 2

3 3-
 ...... (i)

  = 
cos

sin

sin

cos

sin cos

sin cos

A

A

A

A

A A

A A
2 2 2 2

3 3
- =

-
 ...... (ii)

(i)  (ii)

cosa bi = sinc di =  i - a, b, c, d 

cosac bci =  sinac adi =  

 a2 c2 = b2 c2 + a2 d 2

1

  (i) 25°   (ii) 825° (iii) – 55° (iv) 328° (v) – 230°

2 0 360<# ic c -

  (i) 395°   (ii) 525° (iii) 1150° (iv) – 270° (v) – 450°

3 cos sina b ci i- =  sin cosa b a b c2 2 2!i i+ = + -

4 sin cos mi i+ =  
( )

cos sin
m
4

4 3 16 6
2 2

i i+ =
- -

 

m 22 #

5
cos

cos

sin

sin
12

4

4

4

b

a

b

a+ =  

  (i) 2sin sin sin sin4 4 2 2a b a b+ =     (ii) 
cos

cos

sin

sin
12

4

2

4

a

b

a

b
+ =  

6
cos sin
sin

y
1

2
a a
a=

+ +
  

sin
cos sin

y
1

1
a

a a
+

- +
=   

7 0
2

1 1i r , cosx n
n

2
0

i=
3

=
/ , siny n

n
2

0
i=

3

=
/  cos sinz n

n
n2

0
2i i=

3

=
/  

xyz x y z= + +

, | |x x x
x
x1

1
1

1<2 3 g+ + + + =
-

-
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8 tan k12 2i = -  ( )sec tan cosec k2 /3 2 3 2i i i+ = -

k

9 sec tan pi i+ =   ,sec tani i   sini  p

10 ( )cot sin m1 4i i+ =  ( )cot sin n1 4i i- =  ( )m n mn2 2 2- =

11 cosec sin a3i i- =  sec cos b3i i- =  ( )a b a b 12 2 2 2+ =  

12 sec tana c bi i- =  sec tanb d ci i+ =  i

(Babylonians)

360°-

30°, 45°, 60°, 90° 180°

365

360°

π,

O

θ= s
r

y

x
s

r‘r’ s
i  

 ,  i  =
 

  = 
r
s   

 , s = r i  
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 (i) 

 (ii) s = r  

 (iii) i

 (iv) i  = 1 s = r 
  i  = 2 s = 2 r 

  s = kr i  = k 
i -

 (v) 

0° 100°

(Celsius)

(Fahrenheit)

π
π

360°- 2π 
2π 

 ∴  2π  =  360° ⇒ π  = 180°

180
r
c` j     1° = 

180
r  

x  x180
r
c` j     x° = x

180
r  
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(i) 

π

 (ii) P P O-

P
2π

 (iii) 

(iv) r i

r

r r

360

2 2

2

2 2

r
i

r
r
i

i=

c
c
c

m
m

Z

[

\

]]

]]

 (v) π 
7
22

3.1416 3.1429

π
7
22 -

7
22

.r  

 (vi) 1 ≈ 57°17′45′′ 1° ≈ 0.017453 

  1′ = 
180 60#
r` j ≈ 0.000291

  1′′
180 60 60# #

r` j ≈ 0.000005

 (vii) 

0 1 0.017453
6
r

4
r

3
r

2
r π

2
3r 2π

0° 57°17′45′′ 1° 30° 45° 60° 90° 180° 270° 360°

 (viii) sin 90° = 1 sin 90  1 

(i) 18°    (ii) – 108°.

 180° = π  ⇒ 1° = 
180
r

 

(i) 18° = 
180
r  × 18  = 

10
r  
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(ii) – 108° = 
180
r  × (–108) 

  = 
5
3r-  

(i)
5
r  (ii)

 π  = 180° 

(i) 
5
r

  = 
5
180c  = 36°

(ii) 6  = 180
6

22
7 180

6#
#

#.
r

c c` `j j
  = 343

11
7` j°

   

 s, r, i  s = ri

 i  = 15° = 15
180 12
# r r=  

 s = ri  ⇒  s = 5
12 12

5r r# =  

r θ θ

  30°

80°-

r1 r2 l

 
1i  = 30° = 

6
r   

 
2i  = 80° = 

9
4r   

 l = r r1 2i i=  

 r
6 1
r  = r

9
4

2
r

 
r

r

2

1  = 
3
8  ⇒ r1 : r2 = 8 : 3.
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1

30 135 205 150 330

2

3
r

9
r

5
2r

3
7r

9
10r

3 1 5

4 40 20

5 100 22

6 10 q 41

7 60 75

8

9 1000

10 66 1500

20

11 8 6

16 4
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i - P(x, y)

OP = r

P(x,y)

y
r

xO
θ

 r = x y2 2+

i -

 sin i  = 
r
y

    cos i  = 
r
x

 tan i  = ,
x
y
x 0! ; ,cot

y
x
y 0!i = ;

 cosec i  = ,
y
r
y 0! ; ,sec

x
r
x 0!i = .

 (i) | | , | |x r y r# #  | | 1cos #i | |sin 1#i .

 (ii) 

 (iii) P (x, y) i

 (iv) 

 

θ
Q(1,0)xO

y P(cosθ, sinθ)

L

P(x,y)
(0,1)

(0,-1)

(-1,0)

r=1

x y 12 2+ =  

i-

P (x, y)

cosi
x
x

1
=  (p x

sini  
y
y

1
=  (p y

P (x, y) ( , )cos sinP i i

i -
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( , ) ( , )cos sinP x y P i i=
cosi

sini

0i = c (1,0) ( 0 , 0 )cos sin= c c cos0 1=c 0 0sin =c

09i = c ( , ) ( 0 , 0 )cos sin0 1 9 9= c c 90cos 0=c 0sin9 1=c

018i = c ( , ) ( 0 , 0 )cos sin1 0 18 18- = c c 180cos 1=-c 0sin18 0=c

027i = c ( , ) ( 0 , 0 )cos sin0 1 27 27- = c c cos 270° = 0 0sin27 1=-c

036i = c ( , ) ( 0 , 0 )cos sin1 0 36 36= c c 0 1cos36 =c 0sin36 0=c

 (i)       x  y-  
 – 1  1-     
.   i -    

,cos sin1 1 1 1# # # #i i- -  .

 (ii)  360i = c      .   
  x  .  , 0°  360°  

   .    
   .

 (iii)    360°  2r -   
      

   .

 (iv)       
     .

sin0 0=  

sin 0r =
( ) ;sin n n0 2 0 Z!r+ =

( ) ;sin n n2 0 Z!r r+ =

;sin n n0 Z& !i i r= =

cos
2

0
r =

cos
2
3

0
r =

;cos n n
2
2 0 Z!r
r+ =` j

0;cos n n
2
3

2 Z!r
r+ =` j

( ) ;cos n0 2 1
2

&i i
r= = +  

n Z!

tan0 0=   

tan 0r =  

  

( ) ;tan n n0 2 0 Z!r+ =

( 2 ) 0;tan n n Z!r r+ =

;tan n n0 Z& !i i r= =

 (v) cos 0i =  tani

(2 1) ;n n
2

Z!i
r= +  tani
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1
B

w(1)

A(1,0)

w(t)w(2)

t
2

x

y

O

A(1,0)

A(1,0) 

t y
t

t AB t
B (x, y) t B (x, y) 

AB i

t- w(t) (Wrapping 

Function) s ri= t i= .

sin sint i=  cos cost i=

sin sint yi= =  cos cost xi= = ,

 s in t   cos t  

 (i) B (x, y) = B (cos t, sin t)
t- cos t1 1# #-

1 1sin t# #-

 (ii) 

w(t) (Wrapping function)

 (iii) t-
t 

 (iv) 

i - (3, –4)

i -
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 B (x, y) = B (3, – 4) 

B(3,-4)

ArO
θ

i OA
OB AOB+ i=  

 OB = r = ( )x y 3 4 52 2 2 2+ = + - =

   x = 3, y = – 4    r = 5 

 sini  = ; ;cos tan
r
y

r
x

x
y

5
4

5
3

3
4

i i=
-

= = = =-

 coseci  = ; ;sec cot
y
r

x
r

y
x

4
5

3
5

4
3

i i=- = = = =-

(0,1)

III

x<0, y>0
sine  

x>0, y>0
 

x<0, y<0
tan  

x>0, y<0
cos  

IVIII

(1,0)(-1,0)

(0,-1)

O

i -

i- P (x, y)

,cos sinx yi i= = tan
x
y

i =  

P-
x y-

 cosi  = x > 0 

 sini  = y > 0 

sini cosi

 cosi  = x < 0 

 sini  = y > 0 

sini coseci

“All Students Take Chocolate” (ASTC).
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  sin
5
3

i =  i

 sin cos2 2i i+  = 1

 ⇒  cosi  = sin1 1
25
9

5
42! ! !i- = - =

 cosi  = 
5
4-

cosi

 sini  = cosec
5
3

3
5

& i =

 cosi  = – sec
5
4

4
5

& i =-

 tani  = 
cos
sin

4
3

i
i =-

 coti  = 
3
4-

sini cosi

2
r

, , , , ,
2 2

3
! ! ! gi i
r
i r i

r
i-

i  i-

 

AOL+ i=  AOM+ i=- OL P (a, b)

OP OP= l OM Pl

OA- PN- OM Pl-

AOP AOP+ += l PON P ON+ += l
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POND P OND l

L

M

P(a,b)

P (ʹa,-b)

N

y

x

yʹ

xʹ O -θ

θ

 A

PN = P Nl Pl- ( , )P a b-l  

 sini  = 
OP
b  ,    ,cos tan

OP
a

a
b

i i= =

 ( )sin i-  = sin
OP
b

OP
b

i- =- =-
l

 ( )cos i-  = cos
OP
a

OP
a

i= =
l

 ( )tan i-  = tani-  , ( )cosec i-  = coseci-  

,

 ( )sec i-  = seci  , ( )cot i-  = coti-

 (i) x-
( )sin sini i- =- ( )cos cosi i- =   i

i- x
(x, y) x 

(x,  – y) y
x

 (ii) 

(i)  sin (– 45°) (ii)  cos (– 45°) (iii) cot (– 45°)

 (i) sin (– 45°) = – sin (45°) = 
2
1-     

 (ii) cos (– 45°)  = 
2
1

 (iii) cot (– 45°) = – 1

( ),90 0
2

< <i i
r-c ` j

 ( )sin 90 i-c  = cosi , ( )cos 90 i-c  = sini

 (90 )tan i-c  = coti , (90 )cosec i-c  = seci

 (90 )sec i-c  = coseci , (90 )cot i-c  = tani

(90° + ) 
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LR

P(a,b)90
°+

θ

P (ʹ-b,a)

MN

y

x

yʹ

xʹ O
θ

A

(90 ), 0
2

< <i i
r+c ` j  

(Trigonometric ratios of an angle of the form 

(90 ), 0
2

< <i i
r+c ` jin terms of ).

AOL+ i=  (90 )AOR+ i= +c

P (a, b) OL Pl 

OP OP= l OR 

Ox  Ox P P PM
P N 

AOP 90+ i= +l c

OP M P ON+ l

ON = MP NP  = OM

P P P (a, b) P (– b, a) 

 ( )sin 90 i+c  = 
 
= cos
OP
a

i= ,

 (90 )cos i+c  = 
 
= sin
OP
b

i
-
=- ,

 (90 )tan i+c  = , (90 ) ,cot cosec seci i i- + =c

 (90 )sec i+c  = , ( )cosec cot tan90i i i- + =-c

, , 2
2
3

! ! !r i
r
i r i  

0
2

< <i
r` j.

i-
2
r
i-

2
r
i+ r i- r i+

2
3r

i-
2
3r

i+ 2r i- 2r i+

sine sini- cosi cosi sini sini- cosi- cosi- sini- sini

cosine cosi sini sini- cosi- cosi- sini- sini cosi cosi

tangent tani- coti coti- tani- tani coti coti- tani- tani

 (i) 

 (ii) ,n n2
2

Z! !
r
i  

, , 2! !i r i r i  
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 (iii) (2 ) ,n n1
2

Z! !
r
i+    

,
2 2

3
! !
r
i
r
i

‘co’

 (iv) 

“ASTC”

 (i) sin 150°  (ii) cos 135°  (iii) tan 120° 

(i) sin150c = ( ) ( )sin cos90 60 60
2
1+ = =c c c

  sin150c = ( 0 0 ) ( 0 )sin sin18 3 3
2
1- = =c c c

(ii) 135cos c = (90 45 ) (45 )cos sin
2
1+ =- =-c c c

   135cos c = (180 ) ( )cos cos45 45
2
1- =- =-c c c

(iii) tan120c = (180 60 ) (60 )tan tan 3- =- =-c c c

tan120c (90 30 )tan +c c

(i) sin (765°)  (ii) cosec (– 1410°)  (iii) cot
4
15r-` j .

(i) sin 765° = sin (2 × 360° + 45°) = sin 45° = 
2
1

(ii) cosec (– 1410°) = – cosec (1410°) = – cosec (4 × 360° – 30°)

  = cosec30° = 2

(iii) cot
4
15r-` j = cot cot cot

4
15

4
4 4

1
r

r
r r- =- - = =` `j j .

tan 315° cot (– 405°) + cot 495° tan (– 585°) = 2.

 =  tan (360° – 45°) [– cot (360° + 45°)] + cot (360° + 135°) [–tan (360° + 225°)]

  = [– tan 45°] [– cot 45°] + [– tan 45°] [– tan 45°]

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

( )sin cos90 i i- =c ( )cos sin90 i i- =c

 (ii) cosi sini

cos1 1# #i-  sin1 1# #i-

, [ , ]cos sin 1 1!i i -

 (iii) 

 (iv) ( )cos cosi i- = ( )sin sini i- =-

p- f  x- f (x + p) =  f (x)

p

 ( )sin x n2 r+  = ,sinx n Z!   

 ( )sin x 2r+  = ( ) ( ) .sin sin sinx x x4 6 gr r+ = + = =

sinx 2r

2r ,cos cosecx x  sec x  

r tan x  cot x  

sinx cosx  

(i) 

1

-1

y

x

y=sinx

-2π -π π 2π 3π 4π-π_
2

π_
2 

ஒr c"#

3.13  :  y = sin x
x x

y- y = sin x 
2r
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2r

y

2
r-  

2
r

2
r  

2
3r  

(ii) 

1

-1

y

x

y=cosx

-2π -π π 2π 3π 4π-π_
2

π_
2 

ஒr c"#

3.14 : y = cos x

y = cos x y = sin x

2
r

cos sinx x
2
r= +` j

( )cos cos sinx x x
2
r= - = +` j 

 (i) 

(Spring)

 (ii) 

x 

f (– x) = f (x) f (x) x 
f (– x) = – f (x) f (x)

x cos (– x) = cos x cos x 

x sin (– x) = – sin x sin (x) 
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sec x tan x, cosec x cot x
( ) cosf t t t= -

(i) sin2 x – 2 cos2 x – cos x (ii) sin (cos (x)) (iii) cos (sin (x)) (iv) sin x + cos x

(i) f (x) = sin2 x – 2 cos2 x – cos x  

 f (– x) = f (x) [ sin (– x) = – sin x    cos (–x) = cos x]

f (x)

(ii) f (x) = sin (cos (x))  

 f (– x) = f (x),    f (x)  

(iii) f (x) = cos (sin (x)), f (– x) = f (x), f (x)

(iv) f (x) = sin x + cos x

 f (– x) !  f (x)  f (– x) !  – f (x)

f (x) = sin x + cos x

 (i) y-

 (ii) 

 (iii) 

1

  (i)  sin (480°)  (ii) sin (– 1110°)   (iii) cos (300°)   (iv) tan (1050°)

  (v) cot (660°)  (vi) tan
3
19r` j    (vii) sin

3
11r-` j

2 i- ,
7
5
7
2 6c m

i-
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3

  (i)  cos
2
1

i =- , i

(ii) cos
3
2

i =  , i

(iii) sin
3
2

i =-  , i

(iv) tan 2i =-  , i

  (v)  sec
5
13

i =  , i

4
( ) ( ) ( )
( ) ( ) ( )

sin tan cosec
cot sin cos

cos cot
270 360
180 90 2

i i i
i i i

i i
+ - +
+ - -

=
c c
c c

5 sin
4
32i =  0° 360°

6 sin sin sin sin
18 9 18

7
9
4

22 2 2 2r r r r+ + + =  

f (x + y) = f (x) + f (y) f (kx) = kf (x), k
( ) ,cos cos cos!a b a b+ +  

(2 ) 2 ,sin sin!a a  3 3tan tan g!a a  ( ), ( ),sin cos ga b a b+ +  

y = sin x y = 

cos x

( )cos cos cos sin sina b a b a b+ = -

O- P = P (1, 0)

,POQ POR+ +a a b= = + POS+ b=- Q, R S
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,a a b+

R (cos( + ), sin( + ))

S (cos (- , sin (- )

Q (cos , sin )

y

x
P(1,0)(-1,0) O

(0,1)

(0,-1)

b-

Q,  R S
( , ), ( ( ), ( ))cos sin cos sinQ Ra a a b a b+ +

( ( ), ( ))cos sinS b b- - PORD  

SOQD

PR = SQ PR SQ2 2=

 [ ( ) ] ( )cos sin1 2 2a b a b+ - + +  = ( ) ( )cos cos sin sin
2 2

a b a b- - + - -6 6@ @
 ( )cos2 2a b- + +  = cos cos sin sin2 2 2a b a b- +

 ( )cos a b+  = cos cos sin sina b a b-

 (i) PR = SQ

 (ii) PR SQ a b+

( )a b+ - PR = SQ. ( , )cos sina a

( ( ), ( ))cos sinb b- - ( ( ), ( ))cos sina b a b+ +

(1, 0)

 (iii) ,0 2 0 2< <# #a r b r

( )cos cos cos sin sina b a b a b- = +

 ( )cos a b+  = cos cos sin sina b a b-   

 ( )cos a b-  = [ ( )] ( ) ( )cos cos cos sin sina b a b a b+ - = - - -

 ( )cos a b-  = cos cos sin sina b a b+

 (i) a b=

cos sin 12 2a a+ = .

 (ii) 0a =  xb = ( )cos cosx x- =
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( )sin sin cos cos sina b a b a b+ = +

 ( )sin a b+  = ( )cos cos a
2 2
r

a b
r

b- + = - -` j8 8B B

2
a b

r+ =  cos sin 12 2a a+ =

( )sin sin cos cos sina b a b a b- = -

( ) [ ( )]sin sina b a b- = + -

( )

( )

( )

( )

cos

sin

sin

cos

cos

sin

sin

cos

cos

sin

sin

cos

a

a

a

a

b

b

b

b

a b

a b

a b

a b

- -
=

+

+

- +

+
e e eo o o

( )tan
tan tan

tan tan
1

a b
a b

a b
+ =

-
+

 ( )tan a b+  = 
( )
( )

cos
sin
a b
a b
+
+

 = 
cos cos sin sin
sin cos cos sin
a b a b
a b a b

-
+

  = 

cos cos
cos cos sin sin

cos cos
sin cos cos sin

a b
a b a b

a b
a b a b

-

+

 = 
tan tan

tan tan
1 a b
a b

-
+  

( )tan
tan tan

tan tan
1

a b
a b

a b
- =

+
-

 ( )tan a b-  = [ ( )]tan a b+ -

B
C

DA

 (i) (CE 100-170)

ABCD

                       (AC)(BD) = (AB) (CD) + (AD) (BC)
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 (ii) ( )cos cos cos! !!a b a b

 (iii) a b= ( )sin sin cos cos sina b a b a b- = - sin 0 = 0

 (iv) 
2

a
r= b i= ( )sin sin cos cos sina b a b a b- = -

sin cos
2
r
i i- =` j

 (v) 

tan 75°-

tan (45° + 30°) cos 135°- cos (180° – 45°)

(i) cos 15°  (ii) tan 165°

(i) cos 15° = cos (45° – 30°) = cos 45° cos 30° + sin 45° sin 30°

  = 
2
1
2
3

2
1
2
1

2 2

3 1
+ =

+

sin75
2 2

3 1
=

+
c

(ii)   tan 165° = tan (120° + 45°) = 
tan tan

tan tan
1 120 45
120 45

-
+
c c

c c

 tan 120° = tan (90° + 30°) = – cot 30° = 3-

 tan 45° = 1

 tan 165° = 
1 3

1 3

+

- .

sinx
5
4=  cos y

13
12=-

(i) ( )sin x y-   (ii) ( )cos x y-  

 sinx  = 
5
4  

cos sinx x 12 2+ =  cosx&  = sin x1 1
25
16

5
32! ! !- = - =

cosx cosx
5
3= .
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cos y = 13
12-

 sin y  = cos y1 2! - .

  = 1
169
144

13
5

! !- =

sin y  sin y
13
5= .

 (i) ( )sin x y-  = sin cos cos sinx y x y-  = 
12

5
4
13 5

3
13
5

65
63-

- =-` `j j .

(ii) ( )cos x y-  = cos cos sin sinx y x y+  = 
12

5
3
13 5

4
13
5

65
16-

+ =-` `j j .

cos cos sinx x x
4
3

4
3

2
r r+ - - =-` `j j

 = cos cos sin sin cos cos sin sinx x x x
4
3

4
3

4
3

4
3r r r r- - -

   = sin sin sin sinx x x2
4

2
2
1

2r
r- - =- =-` cj m

( ) ( )cos cos sin sinA x A x A x2+ - - =-

( , )A 9 12 O
60° B B

    ( , )A 9 12  = ( , )cos sinA r ri i   r OA=

cosr 9i =  sinr 12i =

 r2  = 81 + 144 = 225 &  r = 15

A ( , )cos sinA 15 15i i

B ( ( ), ( ))cos sinB 15 60 15 60i i+ +c c

  15 ( )cos 60i + c  = ( )cos cos sin sin15 60 60i i-c c

  = ( ) ( )cos cos sin sin15 60 15 60i i-c c

  = 3
( )9

2
1
12

2 2
3
3 4 3# #- = -

 ( )sin15 60i + c  = (4 3 )
2
3

3+

B ( ), ( )B
2
3
3 4 3

2
3
4 3 3- +` j 
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cosh t8= sinh t6=  [ , )t 0 2! r

t

t

t  H

 H = cos sint t8 6+

 cos sint t8 6+  = ( )cosk t a-

  = ( )cos cos sin sink t ta a+

 k = 10  tan
4
3

a =

 H = ( )cos t10 a-

H- =

t a=  tan
4
3

a = .

(i) ( )sin A B C+ +   (ii) ( )tan A B C+ + .

(i) ( )sin A B C+ +  = [ ( )]sin A B C+ +

  = ( ) ( )sin cos cos sinA B C A B C+ + +

  = sin cos cos cos sin cos cos cos sin sin sin sinA B C A B C A B C A B C+ + -

(ii) ( )tan A B C+ +  = [ ( )]tan A B C+ +

  = 
( )
( )

tan tan
tan tan

A B C
A B C

1 - +
+ +

 = 
1 tan

tan tan
tan tan

tan
tan tan

tan tan

A
B C

B C

A
B C

B C

1

1

-
-
+

+
-
+

  = 
tan tan tan tan tan tan

tan tan tan tan tan tan
A B B C C A

A B C A B C
1 - - -

+ + -

 (i) A B C 0+ + =  r ( )tan A B C 0+ + =

tan tan tan tan tan tanA B C A B C+ + =

  

 (ii) ( ) ( ) ( ) ( ) ( ) ( )tan tan tan tan tan tanx y y z z x x y y z z x- + - + - = - - -

 (iii) ( ) ( )tan tan tan tan tan tan tan tan tanA A A A A A A A A3 2 3 2 3 2- - = + - + - =

 (iv) A B C
2
r+ + = tan tan tan tan tan tanA B B C C A 1+ + =  
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1 ,x y0
2
0

2
< < < <

r r ,  sinx
17
15=  cos y

13
12= , 

(i)  ( )sin x y+   (ii) ( )cos x y-   (iii) ( )tan x y+

2 0 , 0A B
2 2

< < < <
r r , sinA

5
3=  cosB

41
9=  

(i) ( )sin A B+   (ii) ( )cos A B-

3 ,cosx x
5
4

2
3

< <r
r=-  ,sin y y

25
24

2
3

< <r
r=-  ( )cos x y-

4 ,sinx x
17
8
0

2
< <

r=   ,cos y y
25
24

2
3

< <r
r=- ( )sin x y-  

5 (i) cos105c   (ii) sin105c   (iii) tan
12
7r

6 (i) ( )cos
cos sin

x
x x

30
2

3
+ =

-
c   (ii) ( )cos cosr i i+ =-  

                (iii) ( )sin sinr i i+ =-

7 sin15c 15cos c

8 ( )cos A B C+ +  A B C
2
r+ + =

cos A cos B cos C = sin A sin B cos C + sin B sin C cos A + sin C sin A cos B

9 (i) ( ) ( )sin sin sin45 45 2i i i+ - - =c c   

                (ii) ( ) ( )sin cos cos30 60i i i+ + + =c c

10  ( ) ( )cos cosa x y b x y+ = - ( ) ( )tan cota b x a b y+ = -

11 sin cos cos105 105 45+ =c c c

12 sin 75° – sin 15° = cos 105° + cos 15°

13 tan 75° + cot 75° = 4

14 ( ) ( ) ( )cos cos cos cos sin sinA B C B C A B C A+ - + = -

15 ( ) ( ) ( ) ( ) ,sin sin cos cos cosn n n n n1 1 1 1 2 Z!i i i i i+ - + + - = .

16 cos cos cosx y z
3
2

3
4

i i
r

i
r= + = +` `j j xy yz zx+ +  

17 (i) ( ) ( )sin sin sin sinA B A B A B2 2+ - = -

   (ii) ( ) ( )cos cos cos sin cos sinA B A B A B B A2 2 2 2+ - = - = -

   (iii) ( ) ( )sin sin sin sinA B A B A B2 22 2+ - - =

   (iv) cos cos cos sin8 2 5 32 2i i i i= -

18 ( ) ( )cos cos cos cos cos sinA B A B A B A B22 2 2+ - + = +  
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19 ( ) ( ) ( )cos cos cos
2
3

a b b c c a- + - + - =-

0cos cos cos sin sin sina b c a b c+ + = + + =

20 (i) ( )tan
tan
tan

A
A
A

45
1
1+ =
-
+

c   (ii) ( )tan
tan
tan

A
A
A

45
1
1- =
+
-

c  

21 ( )cot
cot cot
cot cot

A B
A B
A B 1+ =
+
-

22 tanx
n
n
1

=
+

 tan y
n2 1
1=
+

 ( )tan x y+

23 tan tan
4 4

3
1

r
i

r
i+ + =-` `j j

24 , ,cot
2
1

2
3

!a a r
r= ` j , ,sec

3
5

2
!b b
r
r=- ` j ( )tan a b+ -

25 i z a+ = tan tanki z= ( )sin
k
k
1
1

i z- =
+
-

 sin 

(Michael Faraday)

A , ,A A2 3 g A

, ,
A A
2 3

g A-
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sin sin cosA A A2 2=

( )sin sin cos cos sina b a b a b+ = +  

 a b=  = A   

 ( )sin A A+  = sin cos sin cosA A A A+

 sin A2  = sin cosA A2

 (i) siny x2= siny x2=

 (ii) sin A2 2= sinA cosA  a

u

sin
R

g
u 22 a= .

  
4

a
r=  R-

g
u2

 (iii) sin cos
sin

A A
A
2
2

2
1

#=

  A
4
r= sin cosA A-

2
1

sin cosA A
2
1

2
1

# #-

g 32=  

( )sin sin
sinR

g
u 2

32
80 80 2

10 20 2
2 #

#a a
a= = =

45a = c

cos cos sinA A A2 2 2= -

 ( )cos a b+  = cos cos sin sina b a b-   

   =   = A 

 ( )cos A A+  = cos cos sin sinA A A A-

 cos A2  = cos sinA A2 2-  
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cos cos sinA A A2 2 2= -  

cos A2  = ( )cos cos cosA A A1 2 12 2 2- - = -  

cos A2  = ( )sin sin sinA A A1 1 22 2 2- - = -  

2tan
tan
tan

A
A
A

1
2

2=
-

 ( )tan a b+  = 
tan tan

tan tan
1 a b
a b

-
+

   =   = A 

 ( )tan A A+  = 
tan tan

tan tan
A A

A A
1 -

+
  

 tan A2  = 
tan
tan

A
A

1
2

2-

sin
tan
tan

A
A
A

2
1
2

2=
+

 sin A2  =  sin cosA A2   

  = 
sin cos

sin cos

A A

A A2
2 2+

 

  = 

cos
sin cos
cos
sin cos

tan
tan

A
A A
A

A A

A
A

2

1
2

2

2 2

2

2+
=
+

2cos
tan
tan

A
A
A

1
1

2

2

=
+
-

 cos A2  = cos sinA A2 2-  

=
cos sin

cos sin

A A

A A
2 2

2 2

+

-

  = 

cos
cos sin
cos

cos sin

A
A A
A

A A

2

2 2

2

2 2

+

-

 cos A2  = 
tan
tan
A
A

1
1

2

2

+
-
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ine, cosine tangent

 cos cosA A2 2 12= -  &  cos
cos

A
A

2
1 22 =
+

, ,sin
cos

cos
cos

tan
cos
cos

A
A

A
A

A
A
A

2
1 2

2
1 2

1 2
1 22 2 2=

-
=
+

=
+
-

(i)

 (ii) sine osine

cosine

cos cos cosx x x
8
1

4
2
1

2
8
34 = + +  

sin cos cosx x x
8
1

4
2
1

2
8
34 = - +

 (iii) 

sin sin sinA A A3 3 4 3= -

 sin 3A = sin (2A + A) = sin cos cos sinA A A A2 2+

  = ( )sin cos sin sinA A A A2 1 22 2+ -

  = ( ) ( )sin sin sin sinA A A A2 1 1 22 2- + -

  = sin sinA A3 4 3-

cos cos cosA A A3 4 33= -

 cos A3  = ( )cos cos cos sin sinA A A A A A2 2 2+ = -

  = ( )cos cos sin cos sinA A A A A2 1 22 - -
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  = ( ) ( )cos cos cos cosA A A A2 1 2 12 2- - -

  = cos cosA A4 33 -

tan
tan

tan tan
A

A
A A

3
1 3
3

2

3

=
-
-

 tan A3  = ( )tan
tan tan

tan tan
A A

A A
A A

2
1 2
2+ =

-
+

 

  = 

tan
tan

tan

tan
tan

tan

A
A

A

A
A

A

1
1
2

1
2

2

2

-
-

-
+

 = 
tan

tan tan

A

A A

1 3

3
2

3

-

-

sine cosine tangent

2 2

2

sin sin cos

sin
tan
tan

sin sin sin

A A A

A
A
A

A A A

1
2

3 3 4

2

3

=

=
+

= -

2

2 2 1

2 1 2

2

cos cos sin

cos cos

cos sin

cos
tan
tan

cos cos cos

A A A

A A

A A

A
A
A

A A A

1
1

3 4 3

2 2

2

2

2

2

3

= -

= -

= -

=
+
-

= -

2tan
tan
tan

tan
tan

tan tan

A
A
A

A
A

A A

1
2

3
1 3
3

2

2

3

=
-

=
-
-

sin15c sin sin15
2
30=c
c

A2 i=  A
2
i=  

2
i

sin sin cosA A A2 2= sin sin cos2
2 2

i
i i=

cos cos sinA A A2 2 2= - cos cos sin
2 2
2 2i
i i= -

cos cosA A2 2 12= - cos cos2
2
12i

i= -

2 2cos sinA A1 2= - cos sin1 2
2
2i
i= -
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tan
tan
tan

A
A
A

2
1
2

2=
- tan

tan

tan

1
2

2
2
2

i
i

i

=
-

2sin
tan
tan

A
A
A

1
2

2=
+ sin

tan

tan

1
2

2
2
2

i
i

i

=
+

cos
tan
tan

A
A
A

2
1
1

2

2

=
+
-

cos
tan

tan

1
2

1
2
2

2

i
i

i

=
+

-

 (i) 

 (ii) cosine

sine cosine

sin 22 2
1 cb l 

 cosi  = sin sin
cos

1 2
2 2 2

12 & !
i i i- =

-
  

45i = c 

 sin
2
45c

 = 
cos
2

1 45
!

- c
  22

2
1 c

 

sin22
2
1 c

 = 
2

1
2
1-

=
2
2 2-

 

,sin
13
12

i i=  sin 2

cos
13
5

i =

 sin2i  = sin cos2 2
13
12

13
5

169
120

i i = =` `j j .

cos sin1 2! i-

cos
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sin sin cos cos sinA A A A A4 4 43 3= -

 4 4sin cos cos sinA A A A3 3-  = ( )sin cos cos sinA A A A4 2 2-

  = 4 2 2( ) 2sin cos cos sin cos cosA A A A A A2=

  = ( )sin cos sinA A A2 2 2 4=

sin sin cos cos cosx
x x x x

2
2 2 2 2

10
10 2 10g= ` ` ` `j j j j

 sinx  = sin cos sin cos cos
x x x x x

2
2 2

2 2
2 2 22 2# #=

  = sin cos cos
x x x

2
2 2 2

2
2 2

sine 

 sinx  = 2 sin cos cos cos
x x x x
2 2 2 2

10
10 2 10g` ` ` `j j j j

cos cos
sin sin

tan
1 2

2
i i
i i

i
+ +

+
=

 
cos cos
sin sin

1 2
2

i i
i i

+ +
+

 = 
( )
2

( )
( )

cos cos
sin sin cos

cos cos
sin cos

tan
1 2 1 2

1 2
i i
i i i

i i
i i

i
+ +
+

=
+
+

=

sin
sin cos
sin cos

x
x x
x x

1
2
1

2
3 3

- =
+
+

 
sin cos
sin cos
x x
x x3 3

+
+

 = 
( )( )

sin cos
sin cos sin sin cos cos

x x
x x x x x x2 2

+
+ - +

  = sin cos sinx x x1 1
2
1

2- = -

x# #r r-  cos sinx x2 = x-

 cos x2  = sinx   

sin sinx x2 12 + -  = 0   

sinx
4
1 3

1
!=

-
=-  

2
1
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 sinx  = ,x
2
1

6 6
5

&
r r=

 sinx  = x1
2

&
r- =-

 x = , ,
2 6 6

5r r r-

(i) sin 18°  (ii) cos 18°  (iii) sin 72°  (iv) cos 36°  (v) sin 54°

(i) i  = 18°   

 5i  = 90c

 3 2i i+  = 90 2 90 3& i i= -c c

 sin2i  = ( )sin cos90 3 3i i- =c

 sin cos2 i i  = 4cos cos33i i-

 cosi  = cos18 0!c   

 sin2 i  = ( )cos sin4 3 4 1 32 2i i- = - -

 4 2 1sin sin2i i+ -  = 0

 sini  = 
( )
( )( )

2 4
2 4 4 4 1

4
1 5! !- - -

=
-

 sin18c = 
5 1
4
-

 

(ii) cos18c = sin1 182- c

  = ( )1
4
5 1

4
1
16 5 1 2 5

2

-
-

= - + -; E
  = 

4
1
10 2 5+

(iii) sin72c = (90 18 )sin cos18- =c c c

  = 
4
1
10 2 5+

(iv) cos36c = sin1 2 18 1 2
4
5 1

4
5 12

2

- = -
-

=
+

c ; E
(v) sin54c = ( )sin cos90 36 36

4
5 1

- = =
+

c c c

,sin cos cos sin18 72 18 72= =c c c c  cos sin36 54=c c 

tan tan
a
a

2 1
1

2
i z
=

+
-

 cos
cos

cos
a
a

1
z

i
i=

-
-
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 cosz  = 
tan

tan

tan

tan

a
a
a
a

1
2

1
2

1
1
1

2

1
1
1

2

2

2

2

2

z

z

i

i

+

-
=
+

-
+

-
-
+

c
c

m
m

  = 

tan

tan

tan

tan

cos
cos

a

a

a
a

1
1

2

1
2

1
2

1
2

1

2

2

2

2

i

i

i

i

i
i

-
+

-

+

-
-

=
-
-

J

L

K
K
K

J

L

K
K
K

N

P

O
O
O

N

P

O
O
O

cosec sec3 20 20-c c 

 cosec sec3 20 20-c c = 
sin cos sin cos

cos sin

20
3

20
1

4
2 20 20
2
3

20
2
1

20
- =

-

c c c c

c c> H
  = 

sin
sin cos cos sin

4
40

60 20 60 20
4

-
=

c
c c c c; E

cos cos cos cos cos
sin

sin
A A A A A

A
A

2 2 2 2
2
2n

n

n
2 3 1g =-

= 2 2 2 2cos cos cos cos cosA A A A An2 3 1g -

  = 
sin

sin cos cos cos cos cos
A

A A A A A A
2
1
2 2 2 2 2n2 3 1g -

  = 
sin

sin cos cos cos cos
A

A A A A A
2
1

2 2 2 2 2n2 3 1g -

  = 
sin

sin cos cos cos
A

A A A A
2
1

4 2 2 2n2
2 3 1g -

  = 
2
sin

sin
A
A

2n
n

1 A cos 2A-

(i) cosA
17
15=  (ii) sinA

5
4=  (iii) tanA

63
16=

2

   (i)  sin
25
1

i =    sin
4 2
r i-c m 

  (ii)  sin
9
8

i =   cos
4 2
r i+c m-
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3 cos a
a2

1 1
i = +` j cos a

a
3

2
1 13

3i = +c m 
4 cos cos cos cos5 16 20 55 3i i i i= - +  

5
( )

sin tan
tan
tan

4 4
1
1

2 2

2

a a
a
a=

+
-

6 A B 45+ = c ( )( )tan tanA B1 1 2+ + =

7 ( )( )( ) ( )tan tan tan tan1 1 1 2 1 3 1 44g+ + + +c c c c  4

8 tan tan tan
4 4

2 2
r
i

r
i i+ - - =` `j j  

9 cot 7
2
1

2 3 4 6= + + +
cc m

10 (1 2 )(1 4 ) (1 )sec sec sec tan cot2 2n ngi i i i i+ + + =  

11 ( ) sin cos cos cos cos32 3
48 48 24 12 6

3
r r r r r =  

 ( )sin A B+  = sin cos cos sinA B A B+  (3.1)

 ( )sin A B-  = sin cos cos sinA B A B-  (3.2)

 ( )cos A B+  = cos cos sin sinA B A B-  (3.3)

 ( )cos A B-  = cos cos sin sinA B A B+  (3.4)

 sin cosA B  = [ ( ) ( )]sin sinA B A B
2
1 + + -  (3.5)

 cos sinA B  = [ ( ) ( )]sin sinA B A B
2
1 + - -  (3.6)

 cos cosA B  = [ ( ) ( )]cos cosA B A B
2
1 + + -  (3.7)

 sin sinA B  = [ ( ) ( )]cos cosA B A B
2
1 - - +  (3.8)

sine cosine-
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A B C+ = A B D- =

,A
C D

B
C D

2 2
=

+
=

-

 sin sinC D+  = sin cos
C D C D

2
2 2
+ -

 (3.9)

 sin sinC D-  = 2cos sin
C D C D
2 2
+ -

 (3.10)

 cos cosC D+  = 2cos cos
C D C D
2 2
+ -

 (3.11)

 cos cosC D-  = 2sin sin
C D D C
2 2
+ -

 (3.12)

( ) ( )sin sin sin sinA A A A60 60
4
1

3- + =c c

 (60 ) (60 )sin sin sinA A A- +c c  = (60 ) (60 )sin sin sinA A A- +c c

  = cos cos sinA A
2
1

2 120- c6 @
  = cos sin sinA A A

2
1

2
2
1+8 B

  = sin sinA A
2
1
2
1

3
4
1

3=8 B

( ) ( )cos cos cos cosA A A A60 60
4
1

3- + =c c

(60 ) ( )tan tan tan tanA A A A60 3- + =c c

(i)  sin cos40 30c c   (ii) cos sin110 55c c    (iii) sin cos
x x
2 2

3

(i) ( ) ( )sin cos sin sinA B A B A B2 = + + -  

A 40= c  B 30= c

sin cos2 40 30c c = ( ) ( )sin sin sin sin40 30 40 30 70 10+ + - = +c c c c c c

 40 30sin cosc c = sin sin
2
1

70 10+c c6 @
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(ii) 2 ( ) ( )cos sin sin sinA B A B A B= + - -  

0A 11= c  B 55= c 

 cos sin2 110 55c c = ( ) ( )sin sin110 55 110 55+ - -c c c c  

 cos sin110 55c c = sin sin
2
1

165 55-c c6 @
(iii) ( ) ( )sin cos sin sinA B A B A B2 = + + -  

A
x
2

=   B
x
2
3=  

 sin cos
x x

2
2 2

3
 = sin sin

x x x x
2 2
3

2 2
3+ + -` `j j 

[ ]sin cos sin sin
x x

x x
2 2

3
2
1

2= -

(i)  sin sin50 20+c c   (ii) cos cos6 2i i+    (iii) cos cos
x x
2
3

2
9-

(i) sin sinC D+  = sin cos
C D C D

2
2 2
+ -

 

50C = c 0D 2= c 

sin sin50 20+c c = sin cos sin cos2
2

50 20
2

50 20
2 35 15

+ -
=c c c c

c c 

(ii) cos cosC D+  = cos cos
C D C D

2
2 2
+ -

 

C 6i=   D 2i=  

6 2cos cosi i+  = 2cos cos cos cos
2

6 2
2

6 2
2 4 2

i i i i
i i

+ -
=  

(iii) cos cos sin sinC D
C D D C

2
2 2

- =
+ -

 

C
x
2
3=   D

x
2
9=  

cos cos
x x
2
3

2
9-   =  2 2 3sin sin sin sin

x x x x

x
x

2
2
3

2
9

2
2
9

2
3

2
3

+ -
=  

sin cos cos34 64 4+ -c c c 

 sin cos cos34 64 4+ -c c c = sin sin sin34 2
2

64 4
2

64 4-
+ -

c
c c c c` `j j

  = sin sin sin34 2 34 30 0- =c c c
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cos cos cos cos36 72 108 144
16
1=c c c c

  = 36 ( ) ( ) ( )cos cos cos cos90 18 90 18 180 36- + -c c c c c c c

  = sin cos18 362 2c c

  = 
4
5 1

4
5 1

16
1

2 2
- +

=c cm m

cos cos
sin sin
75 15
75 15
+
-
c c
c c

 
cos cos
sin sin
75 15
75 15
+
-
c c
c c

 = 
2

2

cos cos

cos sin

2
75 15

2
75 15

2
75 15

2
75 15

+ -

+ -

c c c c

c c c c

` `
` `

j j
j j

  = 
cos cos
cos sin

tan
2 45 30
2 45 30

30
3
1= =

c c
c c

c

sin cos75 15=c c cos sin75 15=c c

cos cos cos cos10 30 50 70
16
3=c c c c  

 ( ) ( )cos cos cosA A A60 60- +c c  = cos A
4
1

3  

 cos cos cos cos10 30 50 70c c c c = cos cos cos cos30 10 50 70c c c c6 @
  = ( ) ( )cos cos cos cos30 60 10 10 60 10- +c c c c c6 @
  = cos

2
3
4
1

30
2
3
4
1

2
3

16
3= =c ` cj m8 B

1

(i) sin cos35 28c c (ii)  sin cosx x4 2  (iii)  sin cos2 10 2i i

  (iv)  cos cos5 2i i  (v)  sin sin5 4i i

2

 (i)  sin sin75 35-c c (ii) cos cos65 15+c c

  (iii) sin sin50 40+c c (iv)  cos cos35 75-c c

3 sin sin sin12 48 54
8
1=c c c  
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4 cos cos cos cos cos cos cos
15 15

2
15
3

15
4

15
5

15
6

15
7

128
1r r r r r r r =  

5
cos cos sin sin
sin cos sin cos

tan
x x x x
x x x x

x
2 3 4
8 6 3

2
-
-

=  

6
( )( )
( )( )
sin sin cos cos
cos cos sin sin
5 4 6

3 8 2
1

i i i i
i i i i
- -
- +

=  

7 ( )sin sin sin sin cosx x x x x2 3 2 1 2+ + = + .

8
cos cos
sin sin

tan
x x
x x

x
4 2
4 2

3
+
+

=

9 cos cos cos cos cos cosx x x x x x1 2 4 6 4 2 3+ + + =

10 sin sin sin sin sin sin
2 2

7
2
3

2
11

2 5
i i i i

i i+ =

11 (30 ) (30 ) (45 ) (45 ) 2cos cos cos cos cosA A A A A
4
1- + + - + = +c c c c

12
cos cos cos cos
sin sin sin sin

tan
x x x x
x x x x

x
3 5 7
3 5 7

4
+ + +
+ + +

=

13
( ) ( )
( ) ( )

( )
cos cos
sin sin

tan
A B B A
A B B A

A B
4 2 4 2
4 2 4 2
- + -
- + -

= +

14 ( ) ( )cot tan
sin
cos

A A
A
A

15 15
1 2 2
4 2+ - - =
+

c c  

A B C r+ + =  

     (i)  cos cos cos sin sin sinA B C
A B C

1 4
2 2 2

+ + = + ` ` `j j j
  (ii) sin sin sin

A B C
2 2 2 8

1
#` ` `j j j

 (iii) cos cos cosA B C1
2
3

< #+ +

(i) cos A + cos B + cos C = cos cos cos
A B A B

C2
2 2
+ -

+` `j j
  = cos cos cos

C A B
C2

2 2 2 2
r - - +` `j j      

A B C
2 2

r+ +
=` j

  = sin cos sin
C A B C

2
2 2 2

1 2
2

2- + -` ` `j j j
  = sin cos sin

C A B C
1 2

2 2 2 2
+ - -` ` `j j j8 B
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  = sin cos cos
C A B C

1 2
2 2 2 2 2

r+ - - -` ` `j j j8 B
  = 1 2sin cos cos

C A B A B
2 2 2 2 2

+ - - +` ` `j j j8 B
  = sin sin sin

A B C
1 4

2 2 2
+ ` ` `j j j

(ii) sin sin sinu
A B C
2 2 2

= ` ` `j j j 
  = 

2
cos cos sin

A B A B C
2
1

2 2
-

+
-

-` ` `j j j8 B
  = 

2
cos cos cos

A B A B A B
2
1

2 2
-

+
-

- +` ` `j j j8 B
    cos cos cos

A B A B A B
u

2 2 2
2 02 +

-
- +

+ =

cos
A B
2
+

cos
A B
2
+

b ac4 0
2 $- , 

 8cos
A B

u
2

2 -
-  $  0 & cosu

A B
8
1

2 8
12# #

-

sin sin sin
A B C
2 2 2 8

1
#` ` `j j j

(iii) (i) (ii) cos cos cosA B C 1>+ +

 cos cos cosA B C+ +  #  1 4
8
1#+

cos cos cosA B C1
2
3

< #+ +

A B C r+ + =  0sin sin sin
A B C
2 2 2

> .

A B C r+ + =

sin sin sin sin sin sin
A B C A B C
2 2 2

1 4
4 4 4
r r r+ + = +
- - -` ` `j j j

 = cos cos cos
A B C

2 2 2 2 2 2
r r r- + - + -` ` `j j j

  = cos cos sin
A B B A C

2
2 4 4

1 2
4 4

2r r-
+ -

+ - -` ` `j j j8 8B B
  = sin cos sin

C B A C
1 2

4 4 4
2

4 4
2r r+ -

-
- -` ` `j j j

  = 1 2
4 4 4

sin cos sin
C B A C

4 4
r r+ -

-
- -` ` `j j j8 B
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  = 1 2sin cos sin
C B A A B

4 4 4 4
r+ -

-
-

+` ` `j j j8 B
  = 1 2sin cos cos

C B A A B
4 4 4 2 4
r r+ -

-
- -

+` ` `j j j8 B
   = 1 2 4 2 4 2 4 4sin sin sin

C
B A A B A B B A

4 4
2

2 2
r

r r

+ -

-
+ -

+

-
-
+
-
-

` e ej o o= G
  = sin sin sin

A B C
1 4

4 4 4
r r r+
- - -` ` `j j j

A B C r+ + = cos cos cos cos cos cosA B C A B C1 22 2 2+ + = -

 cos cos cosA B C2 2 2+ +  = cos cos cosA B C
2
1
2 2 22 2 2+ +6 @

  = ( ) ( ) ( )cos cos cosA B C
2
1
1 2 1 2 1 2+ + + + +6 @

  = cos cos cosA B C
2
3
2
1

2 2 2+ + +^ h
  = ( ) ( ) ( )cos cos cosA B A B C

2
3
2
1
2 2 12+ + - + -6 @

  = ( )cos cos cosC A B C
2
3
2
1
2 2 12+ - - + -6 @    ( )A B Ca r+ = -

  = ( ( ) )cos cos cosC A B C
2
3
2
1
2
1
2- + - - -6 @

  = 1 ( )cos cos cosC A B C- - -6 @
  = ( ) ( )cos cos cosC A B A B1 - - + +6 @
  = 1 cos cos cosC A B2- 6 @
  = cos cos cosA B C1 2-

1 A B C 180+ + = c 

(i) sin sin sin sin sin sinA B C A B C2 2 2 4+ + =

  (ii) cos cos cos cos cos sinA B C
A B C

1 4
2 2 2

+ - =- +

  (iii) sin sin sin cos cos cosA B C A B C2 22 2 2+ + = +

  (iv) sin sin sin sin sin cosA B C A B C22 2 2+ - =

  (v) tan tan tan tan tan tan
A B B C C A
2 2 2 2 2 2

1+ + =

  (vi) sin sin sin cos cos cosA B C
A B C

4
2 2 2

+ + =

  (vii) ( ) ( ) ( )sin sin sin sin sin sinB C A C A B A B C A B C4+ - + + - + + - =
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2 A B C s2+ + =   ( ) ( ) ( )sin sin sin sin sin sins A s B s s C A B- - + - =    

3 x y z xyz+ + =  
x
x

y

y

z
z

x
x

y

y

z
z

1
2

1

2

1
2

1
2

1

2

1
2

2 2 2 2 2 2-
+
-

+
-

=
- - -

4 A B C
2
r+ + =  

  (i) sin sin sin cos cos cosA B C A B C2 2 2 4+ + =

  (ii) cos cos cos sin sin cosA B C A B C2 2 2 1 4+ + = +

5 ABC A
2

+ r=

  (i) cos cosB C 12 2+ =   (ii) sin sinB C 12 2+ =

  (iii) cos cos cos sinB C
B C

1 2 2
2 2

- =- +

sin
2
3

i =  sin1 1# #i-

sin 0i = , 2 , 3 ,! ! ! gi r r r=

[0, 2 ]r [ , ]r r-

[ , ]r r-
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,
2 2
r r-8 B

[0, ]r

,
2 2
r r-` j

 (i) 

 (ii) 

 (iii) 

Extraneous solution

x0 360<# c  sin cosx x 1- =

( )sin cosx x1 2 2- =  

( )sin sinx x2 1 0& - = , ,x 0
2
r
r=  

x 0=

 (iv) 

(i) ( 1 1)sin k k# #i = -

sin  = k

 sini  = sina

 sin sini a-  = 0

 cos sin2
2 2
i a i a+ -

 = 0

cos
2

0
i a+ = sin

2
0

i a- =c m
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cos
2

0
i a+ =     

( ) ,n n
2

2 1
2

Z!i a r+
= +    

( ) ,n n2 1 Z!i r a= + -        ... (i)

sin
2

0
i a- = ,  

,n n
2

Z!i a
r

-
=   

 ,n n2 Z!i r a= +                ... (ii)

(i) (ii)-

         sini  = ( ) ,sin n n1 Zn& !a i r a= + -  (3.13)

(ii) ( 1 1)cos k k# #i = -

cos  = k

 cosi  = cosa

 cosi  – cosa  = 0

 sin sin2
2 2
i a a i+ -

 = 0

 sin sin
2 2
i a i a+ -

 = 0

sin
2

0
i a+ = sin

2
0

i a- =

0sin
2
i a+ =  

 ,n n
2

Z& !
i a

r
+

=    

,n n2 Z!i r a= -    .... (i)

0sin
2
i a- =    

,n n
2

Z& !
i a

r
-

=   

2 ,n n Z!i r a= +    ... (ii)

(i) (ii)-

 cosi  = ,cos n n2 Z& ! !a i r a=  (3.14)

(iii) ( )tan k k3 31 1i = -  

tan  = k a  

 tani  = tana

 
cos
sin
i
i

 = 
cos
sin

sin cos cos sin 0&
a
a

i a i a- =

 ( )sin i a-  = n0 & i a r- =

 i  = ,n n Z!r a+

 tani  = ,tan n n Z& !a i r a= +  (3.15)

(iv) cos sina b ci i+ =  

,cos sina r b ra a= =  

 r  = ; ,tana b
a
b
a 02 2 !a+ =

 cos sina bi i+  = cos cos sin sinc r r c& a i a i+ =

 ( )cosr i a-  = c
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 ( )cos i a-  = cos
r
c

a b

c
2 2

z=
+

=  

 i a-  = ,n n2 Z! !r z

 i  = 2 ,n n Z! !r a z+

c a b2 2# +  

c a b> 2 2+  cos sina bi i+  = c

sin 0i = ;n n Z!i r=

0cosi = ( ) ;n n2 1
2

Z!i
r= +

0tani = ;n n Z!i r=

sin sini a=   ,
2 2

!a
r r-8 B ( 1) ;n n Zn !i r a= + -

cos cosi a=   ,0!a r6 @ ,n n2 Z! !i r a=

tan tani a=   ,
2 2

!a
r r-` j ,n n Z!i r a= +

(i) sin
2
1

i =   (ii) sin
2
3

i =-  (iii) cosec 2i =-  (iv) cos
2
1

i =

(i) sini  = 
2
1
0>  

 sini  = sin
2
1

6
r=  

6
i
r=  

(ii) sini  = 
2
3
0<-

,
2 2
r r-8 B sini-

sin
2
3
0<i =- , sini

sini  = sin sin
2
3

3 3
r r- =- = -` `j j

 i  = 
3
r-
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(iii) coseci  = – 2

 coseci  = 2 2
sin

sin
1

2
1

& &
i

i- =- =-

 sini  = 
2
1
0<-

sini  

 sini  = sin sin
2
1

6 6
r r- =- = -` j

 i  = 
6
r-

(iv) cos
2
1

i =

cosi  

 cosi  = 
2
1
0>

,0
2
r8 B

 cosi  = cos
2
1

3
r=

 i  = 
3
r   

sini  = 
2
3

-   -

 sini  = , ,sin
2 2

!a a
r r-8 B   ( ) ,n n1 Zn di r a= + -

 sini  = sin
2
3

3
r- = -` j

 i  = ( ) ( ) ;n n n1
3

1
3

Zn n 1 dr
r

r
r+ - - = + - +` `j j  ..... (1)

3
r-` j-

[– , ] 

[0, 2 ]

[0, 2 ]

3
4

i
r=

( ) ,n n1
3
4 Zn !i r
r= + - ` j ,     ,

3
4

0 2!
r

r6 @  ..... (ii) 

(ii)- , , , , ,n 0 1 1 2 2 g= - -

, , , , ,
3
4

3
7

3 3
2

3
10

g
r r r r r- - -
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(i)- , , , , ,n 0 1 1 2 2 g= - -

, , , , ,
3 3

2
3
4

3
7

3
5
g

r r r r r- - -

[0, 2 ]

[– , ]

(i) sec 2i =-    (ii) tan 3i =

(i) seci  = – 2

 seci  = – 2 cos
2
1

& i =-

 cosi  = , [ , ]cos 0da a r  

 i  = ,n n2 Z! dr a   

[ , ]0da r   cosa  = cos cos
2
1

3 3
2

r
r r- = - =` j

 a  = 
3
2r

 i  = ,n n2
3
2 Z! dr
r   

(ii) tan 3i =

 tani  = tan3
3
r=

tan tani a= , ,
2 2

da
r r-` j ,n n Zdi r a= +  

 i  = ,n n
3

Zdr
r+   

cos sin3 2 2i i=

 cos3 2i  = cos cos1
4
12 2&i i- =

 cos
2
2 1i +  = cos cos cos

4
1

2
2
1

3 3
2

& i r
r r=- = - =` `j j

 2i  = , ,n n n n2
3
2

3
Z Z&! d ! dr

r
i r

r=  

tan 32i =  

3sin sin sinx x x5+ =

 sin sinx x5+  = sin sin cos sinx x x x3 2 3 2 3& =

 ( )sin cosx x3 2 2 1-  = 0
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,  sin x3 0=  cos x2
2
1=

3sin x 0=    3x = ,n x
n
n

3
Z& dr

r=  ..... (i)

cos x2  = 
2
1    cos x2  = cos

3
r

 2x = ,n x n n2
3 6

Z&! ! dr
r

r
r=  ..... (ii)

(i) (ii) x
n
3
r=  ,x n n

6
Z! dr

r=  

cos sin cos sinx x x x2 2+ = +

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

 &  cos x – cos 2x = sin 2x – sin x

 sin sin
x x x x

2
2
2

2
2+ -` `j j = cos sin

x x x x
2

2
2

2
2+ -` `j j

 sin sin
x x

2
2
3

2
` `j j = cos sin

x x
2

2
3

2
` `j j

 sin sin cos
x x x
2 2

3
2
3-` ` `j j j8 B = 0

sin
x
2

0=` j sin cos
x x
2
3

2
3

0- =` `j j
sin
x
2 0=b l   

,
x
n x n n

2
2 Z& !r r= =

    sin cos
x x
2
3

2
3

0- =b bl l  

   tan tan
x
2
3

1
4
r= =` `j j

   &  x n
2
3

4
&r

r= +  ,x
n

n
3
2

6
Z!r r= +

x n2 r= ,x
n

n
3
2

6
Z!r r= +  

sin cosi i=  ( ) ,n n2 1
2

Zd!i
r+

cos
sin

1
i
i = .

sin sin9i i=  

 sin9i  = sin sin sin9 0&i i i- =

 cos sin2 5 4i i  = 0   cos5i  = 0     sin4 0i =

cos5 0i =   ( )n5 2 1
2

i
r= +     

( ) ,n n2 1
10

Zdi
r= +

sin n4 0 4&i i r= =

,
n
n

4
Z& di

r=

( ) , ,n
n
n2 1

10 4
Zdi

r
i

r= + =  
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tan cotx x2
3
r=- +` j 

tan 2x = 
6
5

cot tan tanx x x
3 2 3
r r r r- + = + + = +` ` `j j j

 2x = , ,n x n x
n

n
6
5

2 6
5Z Z&! !r

r r r+ + = + .

 sin x – 3 sin 2x + sin 3x = cos x – 3 cos 2x + cos 3x.

 sin x – 3 sin 2x + sin 3x = cos x – 3 cos 2x + cos 3x
 sin 3x + sin x – 3 sin 2x = cos 3x + cos x – 3 cos 2x
 2 sin 2x cos x – 3 sin 2x = 2 cos 2x cos x – 3 cos 2x
 (sin 2x – cos 2x) (2cos x – 3) = 0

 sin 2x – cos 2x = 0   cosx2 3 0!-

 sin 2x = cos 2x ,tan x x
n

n2 1
2 8

Z& & d
r r= = +

sin x + cos x = 1 + sin x cos x

 sin x + cos x = t

 sin cosx x1 2& +  = sin cost x x
t
2
12

2
& =

-

t t2 12 - +  = t0 1& =  

 sin x + cos x = 1

 sin cosx x2
2
1

2
1+c m = 1

 cos x2
4
r -` j = cos x1

4 2
1

&
r - =` j

 x
4
r-  = ,n n

4
2 Z! d

r
r+

 x = 2n
2
r

r+  ,x n n2 Zdr=

sin sinx x2 2 22 2+ =
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 2 2sin sinx x2 2+  = ( )sin sin cosx x x2 2 2 22 2& + =

 ( )cos sinx x2 12 2 -  = 0

cos x = 0    sin x
2
12 =

cosx 0=  ( ) ,x n n2 1
2

Z& d
r= + sin sinx

2
1

4
2 2 r= =  

&  ,x n n
4

Z! dr
r=  (

(2 1)x n
2
r= +  ,x n n

4
Z! dr

r=

a b 

sin cosa b a b a b2 2 2 2# #i i- + + +

sin cosa bi i+  = sin cosa b
a b

a

a b

b2 2
2 2 2 2

i i+
+

+
+

; E
  = [ ]cos sin sin cosa b2 2 a i a i+ +

 cosa  = , sin
a b

a

a b

b
2 2 2 2

a
+

=
+

  = ( )sina b2 2 a i+ +

  | |sin cosa b a b2 2#i i+ +

sin cosa b a b a b2 2 2 2# #i i- + + +

sin cos3 2i i- =

 sin cos3 i i-  = 2

( , ; ; ;a b c r a b1 3 2 22 2=- = = = + = )

 sin cos
2
3

2
1

i i-  = 
2
1

 sin cos cos sin
6 6

i
r

i
r-  = sin

4
r

 sin
6

i
r-` j = sin

4
r

 
6

i
r-  = ( 1) ,n n

4
Zn! !r

r-

, i  = ( ) ,n n
6

1
4

Zn! !r
r r+ -
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3 1 1 0tan tan3 2i i+ - - =^ h

1tan tan3 3 12i i+ - -^ h  = 0

 1tan tan tan3 32i i i+ - -  = 0

 tan tan3 1 1i i- +^ ^h h = 0

tan3 1 0i - =  tan 1 0i + =

1 0tan3 i - =    

tan tan
3
1

6
i

r= =   

,n n
6

Z& di r
r= +  ..... (i)

tan 1 0i + =  

1tan tan
4

i
r=- =
-` j

,n n
4

Z& di r
r= -     ..... (ii)

(i) (ii)

  (i)  sin
2
1

i =-    (ii)  cot 3i =       (iii)  tan
3
1

i =-

0 3601# ic c 

  (i)  sin sinx x4 2=   (ii)  cos cosx x2 1 32 + =-  (iii)  sin sinx x2 1 32 + =

  (iv) cos sinx x2 1 3= -

  (i)  3sin sin cosx x x5 - =  (ii) 2 3 3 0cos sin2i i+ - =

  (iii) cos cos cos3 2 2i i i+ =  (iv) sin sin sin3 5 0i i i+ + =

  (v) sin cos sin cos2 2 0i i i i- - + =  (vi) sin cos 2i i+ =

  (vii) sin cos3 1i i+ =  (viii) cot cosec 3i i+ =

  (ix) tan tan tan
3 3

2
3i i

r
i

r+ + + + =` `j j
  (x)cos2

4
5 1

i =
+

 (xi) cos cosx x2 7 3 02 - + =
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A

A

c b

aB

B

C

C

ABC  ABCD  , ,A B C  

, ,A B C , ,A B C

, ,a b c  

R

ABCD  A B C r+ + =  , ,a b c b c a a c b> > >+ + +

(Law of sines)

 (i) 

 (ii) 

ABCD
sin sin sinA
a

B
b

C
c

R2= = = ,

R
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ABCD A
O ABCD -

R

D
A

A
A

A 

C

c
O

a

R

R B

A

A = 90°

C

c

O

b
a

RR

B

A
A

A 

D180°-A

Cc

O

b
a

R

R

ஒr k#%ேகாண� ஒr vrேகாண�

A+

BO D

 BDC+  = BAC A+ =

 BCD+  = 90°

 sin BDC+  = 
BD
BC   sin

sin
A

R
a

A
a

R
2

2&= =

A+

O ABCD  BC -

 
sinA
a  = 

sin sin
BC R

R
A
a

R
90 1

2
2 2&= = =

c

A+

BO D

 BDC BAC+ ++  = 180°

 BDC+  = BAC A180 180+- = -c c

 BCD+  = 90°

 sin BDC+  = 
BD
BC   

  ( )sin sin
sin

A A
R
a

A
a

R180
2

2&- = = =c

sinA
a

R2=  
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B C
sinB
b

R2=   

sinC
c

R2=

 
sinA
a

 = 
sin sinB
b

C
c

R2= =

 (i) 

; ;
sin
sin

sin
sin

sin
sin

b
a

B
A
c
a

C
A
c
b

C
B= = =  ;

 (ii) 

 (iii) 

 (iv) 

ABCD  

(i) tan
A B
2
-

 = cot
a b
a b C

2+
-

(ii) tan
B C
2
-

 = cot
b c
b c A

2+
-

(iii) tan
C A
2
-

 = cot
c a
c a B

2+
-

 
sinA
a  = 

sin sinB
b

C
c

R2= =    

 cot
a b
a b C

2+
-

 = 
sin sin
sin sin

cot
R A R B
R A R B C
2 2
2 2

2+
-

  = 
sin sin
sin sin

cot
A B
A B C

2+
-

  = 
sin cos

cos sin
cot

A B A B

A B A B
C

2
2 2

2
2 2

2+ -

+ -

  = cot tan cot
A B A B C
2 2 2
+ -

  = cot tan cot
C A B C

90
2 2 2

-
-

c` j
  = tan tan cot tan

C A B C A B
2 2 2 2

-
=

-
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A

c b

D aB C

ABCD

cosA  = ; ;cos cos
bc

b c a
B

ca
c a b

C
ab

a b c
2 2 2

2 2 2 2 2 2 2 2 2+ -
=

+ -
=

+ -

ABCD  AD BC=  

ABDD  AB AD BD c AD BD2 2 2 2 2 2&= + = +

ABCD   AD BD 

 
AC
AD  = sin sinC AD b C& =

 BD  = cosBC DC a b C- = -

 c2  = ( ) ( )sin cosb C a b C2 2+ -

  = sin cos cosb C a b C ab C22 2 2 2 2+ + -

  = ( )sin cos cosa b C C ab C22 2 2 2+ + -

  = cosa b ab C22 2+ -

 c2  = cosa b ab C22 2+ -  cosC
ab

a b c
2

2 2 2
=

+ -

a2  = cosb c bc A22 2+ -  cosA
bc

b c a
2

2 2 2
=

+ -

b2  = cosc a ca B22 2+ -  cosB
ca

c a b
2

2 2 2
=

+ -

 (i) cosa b c bc A22 2 2= + -  

a, b, c 
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 (ii) 

 (iii) 

 (iv) 

  ABCD  cosc a b ab C22 2 2= + - cosC 1<-  

c a b ab2<2 2 2+ +  c a b< + ABCD  

, ,a b c b c a c a b< < <+ + +

 (v)  

ABCD  

(i) cos cosa b C c B= +  (ii) cos cosb c A a C= +   (iii) cos cosc a B b A= +

A

c b

D a

h

B C

ABCD   a BC=

AD BC=

 a  = BC BD DC= +

  = 
AB
BD
AB

AC
DC
AC+

  = ( ) ( )cos cosB c C b+

 a  = cos cosb C c B+

a = b cos C + c cos B a = a b a c
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A

c b

D aB C

b h-
bh
2
1

h-

ABCD  

D  =  sin sin sinab C bc A ac B
2
1

2
1

2
1= =

ABCD  AD BC=

ADCD  sin sin
AC
AD

C AD b C&= =

2
1

D =  × ×  sinab C
2
1=

 (i) 

B
D

AO

θ

r

வ)ட�t+�
 (ii) 

  r
 AB 

  OABD-

      sinr r
2
1

2
12 2i i= -    ( )sinr

2
1 2 i i= -

 (iii) 

 (iv) 
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B

4

4

4

D

AO

θ

r

வ)ட�t+�

O AB

AOB+ i=

OABD-  

  = sinr r
2
1

2
12 2i i-

  = sin
2
1
42# i i-` j6 @ = sin8 i i-6 @    ..... (i)

 cosi  = 
( )( )2 4 4

4 4 4
2
12 2 2+ -

=

 ` i  = 
3
r

3 2
3r -c m = ( )

3
4
2 3 3r -  2 .

ABCD  

(i) sin
A
2

 = ( )( )
bc

s b s c- -

(ii) cos
A
2

 = ( )
bc

s s a-

(iii) tan
A
2

 = 
( )

( )( )
s s a
s b s c

-
- -  

s ABCD  s
a b c
2

=
+ +

(i) sin
A
2

 = sin
cosA A

bc
b c a

2 2
1

2
1
1

2
2

2 2 2
+ =

-
= -

+ -c m
  = ( )

bc
bc b c a

bc
a b c

4
2

4

2 2 2 2 2- - +
=

- -

  = ( )( ) ( )( )
bc

a b c a b c
bc

a b c c a b c b
4 4

2 2+ - - +
=

+ + - + + -

  = ( )( )
bc

s b s c
4

2 2 2 2- -  = ( )( )
bc

s b s c- -
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,  sin A
2

 = 
( )( )

bc
s b s c- -

 sin
B
2

 = 
( )( )

,
ac

s c s a- -
  

( )( )
sin
C

ab
s a s b

2
=

- -

 cos
B
2

 = 
( )

;
ac

s s b-
     

( )
cos
C

ab
s s c

2
=

-

 tan
B
2

 = 
( )

( )( )
,

s s b
s a s c

-
- -

 
( )

( )( )
tan
C

s s c
s a s b

2
=

-
- -

 sinA  = 
( )( ) ( )

sin cos
A A

bc
s b s c

bc
s s a

2
2 2

2=
- - -

 sinA  = ( )( )( )
bc
s s a s b s c

2 - - -

ABCD  ( )( )( )s s a s b s cD = - - -  S ABCD  

 D  = sin sin cosab C ab
C C

2
1

2
1

2
2 2

= ` j
  = 

( )( ) ( )
( )( )( )ab

ab
s a s b

ab
s s c

s s a s b s c
- - -

= - - -

 (i) 

 (ii) 

 (iii) 
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ABCD  sin sin sinb C c B bc A2 2 22 2+ =

 
sinA
a  = 

sin sinB
b

C
c

R2= =  

2 ; 2 ; 2sin sin sina R A b R B c R C= = =

 sin sinb C c B2 22 2+  = sin sin sin sinR B C R C B4 2 4 22 2 2 2+

  = ( )sin sin cos sin sin cosR B C C C B B4 2 22 2 2+

  = 8 ( )sin sin sin cos sin cosR B C B C C B2 +

  = ( )sin sin sinR B C B C8 2 +

  = ( )sin sin sin sin sin sinR B C A R B C A8 82 2r - =

  = sin sinR
R
b

R
c

A bc A8
2 2

22 =` `j j

ABCD  sin cos
B C

a
b c A

2 2
-

=
-` j

 
sinA
a  = 

sin sinB
b

C
c

R2= =

 cos
a
b c A

2
-

 = 
sin

sin sin
cos

R A
R B R C A
2

2 2
2

-

  = 
sin cos

sin cos
cos

A A

B C B C
A

2
2 2

2
2 2

2

- +` `j j

  = 
sin

sin cos

A

B C A

2

2
90

2
-

-c` `j j

  = 
sin

sin sin

A

B C A

2

2 2
-

`
` `

j
j j

 = sin B C
2
-` j

1 : 2 : 3

: :1 3 2

, ,2 3i i i

 2 3i i i+ +  = 180°

 i  = 30°
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sinA
a  = 

sin sinB
b

C
c

R2= =    

 
sin
a
30c

 = 
sin sin
b c
60 90
=
c c

  

 : :a b c&  = sin 30° : sin 60° : sin 90°

  = : : : :
2
1
2
3
1 1 3 2=

ABCD  ( ) ( ) ( )cos cos cosb c A c a B a b C a b c+ + + + + = + +

   = cos cos cos cos cos cosb A c A c B a B a C b C+ + + + +

  = cos cos cos cos cos cosb C c B c A a C b A a B+ + + + +

  = a b c+ +  

ABCD  
( )
( )

cos cos
cos cos

a c

a b
A C B
A B C

1
1

2 2

2 2

+

+
=
+ -
+ -

 
sinA
a  = 

sin sinB
b

C
c

R2= =  

  = 
( ) ( )

( ) ( )

sin sin

sin sin

a c

a b

R A R C

R A R B

2 2

2 2
2 2

2 2

2 2

2 2

+

+
=

+

+

  = 
sin sin

sin sin

cos sin

cos sin

A C

A B

A C

A B

1

1
2 2

2 2

2 2

2 2

+

+
=
- +

- +

  = 
( )

( )
( ) ( )
( ) ( )

cos sin

cos sin
cos cos
cos cos

A C

A B
A C A C
A B A B

1

1
1
1

2 2

2 2

- -

- -
=
- + -
- + -

  = 
( )
( )

cos cos
cos cos
A C B
A B C

1
1
+ -
+ -

ABCD  

 
sinA
a  = 

sin sinB
b

C
c

R2= =  

 
bc

b c a
2

2 2 2+ -
 = 

( )( )
( ) ( ) ( )

sin sin
sin sin sin

R B R C
R B R C R A

2 2 2
2 2 22 2 2+ -

  = 
( ) ( )
sin sin

sin sin sin
B C

B C A C A
2

2 + + -

  = 
[ ( )]
sin sin

sin sin sin
B C

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

sin
sin sin

cos
C

C A C A
A

2
+ + -

=

 cosA  = 
bc

b c a
2

2 2 2+ -

xyz k#  x y z= =

ABCD  2s s

 D  = ( )( )( )s s a s b s c- - -

( )( )( )s a s b s c- - -  D -

 ( )( )( )s a s b s c- - -  #  
( ) ( ) ( )s a s b s c s

3 27

3 3- + - + -
=c m     [GM < AM ]

( )( )( )s a s b s c- - -  #  s
27

3
 

s a s b s c- = - = -  

a b c= =  ( )( )( )s a s b s c- - -  s
27

3
 

a b c= = s2

D  = 
( )s s s
27 3 3

3 2
=

1 ABCD  
( )
( )

sin
sin

sin
sin

C
A

B C
A B

=
-
-

, ,a b c2 2 2

2 ABCD  : :b c 3 2=   

A+

3 ABCD  cos
sin
sin

C
B
A

2
=

4 ABCD  
sin
sin

cos
cos

C
B

b a C
c a B=
-
-

5 ABCD  cos cos cos sin sina A b B c C a B C2+ + =
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6 ABCD  A 60+ = c  cosb c a
B C

2
2

+ =
-` j

7 ABCD  

  (i)  ( )sin sina
A
B b c

A
2 2
+ = +` j  (ii)  ( ) ( )cos cos sina B C b c

A
2

2
2+ = +

  (iii)  
( )
( )

sin
sin

b

a c
A C
A C

2

2 2-
=

+
-

  (iv)  
( ) ( ) ( )sin sin sin

b c

a B C

c a

b C A

a b

c A B
2 2 2 2 2 2-

-
=

-

-
=

-

-

  (v)  tan cot
a b
a b A B A B

2 2-
+
=

+ -` `j j
8 ABCD  ( ) ( )tan tana b c B a b c C2 2 2 2 2 2- + = + -

9 120

10 12

11  (i) (ii)
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*

tangent 

, ,a b A  h = b sin A 

a h<  a = h 

a h> a b<

a b$

*  
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ABCD  ,a b3 5= = c 7= ,cos cosA B cosC

 cosA  = 
( )( )bc

b c a
2 2 5 7

5 7 3
14
132 2 2 2 2 2+ -

=
+ -

=

,cos cosB C
14
11

2
1= =-

ABCD  A = 30°, B = 60°, c = 10 a b-

A = 30°, B = 60°, C = 180° – (A + B) = 90°

 

 
sinA
a  = 

sin sinB
b

C
c=

 
sin
a
30c

 = 
sin sin
b
60 90

10=
c c

 a = 5
sin
sin
90

10 30
1

10
2
1

= =
c
c ` j

 b = 5
sin
sin
90

10 60
1

10
2
3

3= =
c
c

c m

ABCD  ,a b2 2 2 3= = C = 75°

,a b2 2 2 3= = C = 75°

 cosC  = 
ab

a b c
2

2 2 2+ -

 cos 75° = 3 1
c c

c
8 6

8 12
2 2

3 1

8 6
8 12

2
2 2
& &

+ - -
=
+ -

= +^ h
  cos A = 

bc
b c a
2 2

12 2 2+ -
=

  A = 60°, B = 180° – (A + C) = 45°.
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s = a b c
s

2 2
13 14 15

21&
+ +

=
+ +

=  

D  = ( )( )( )s s a s b s c- - -

  = ( )( )( )21 21 13 21 14 21 15 84- - - =  

ABCD cos cos cosa A b B c C
abc
8 2D+ + =

 cos cos cosa A b B c C+ +  = sin sina B C2     

 cos cos cosa A b B c C+ +  = a
ac ab abc

2
2 2 8 2D D D=c cm m

5

6

x
θ

31 k.m
k.m

k.m

31

i

 31
2^ h  = cos5 6 2 5 62 2 # # i+ -

 31 = 25 + 36 – 60 cosi

 cosi  = 
2
1

60& i = c

x

 sini  = sin sin
x
x

5
5 5 60

2
5 3

&
#

i= = =c  

60°
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60°Port
P

B

8 

10 k m

k.m

BP 

    BP2  = cos10 8 2 10 8 120 2442 2 # # #+ - =c  

BP&  = 2 61  

30°

45°

R1 R2

A

N100

a
x

30° 45°

R1  R2

A x 

R R
1 2

A
N

 A+  = 180° – (30° + 45°) = 105°

 
sin
a
45c

 = 
sin

a
105
100

2 2

3 1
100

2
1

2
200 3 1

& #=
+

=
-

c
^ h

  = 100 3 1# -^ h 
 sin 30° = 

a
x
x 50 3 1& #= -^ h 

1 B+  = 88°, a = 23, b = 2 

2 ABCD  a = 4, b = 6 c = 8 4 cos B + 3 cos C = 2

3 ABCD  ,a b3 1 3 1= - = + C = 60°

4 ABCD -
cotA

b c a
4

2 2 2

D =
+ -
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5 ABCD - a = 12 b = 8 C = 30°
24

6 ABCD - a = 18 b = 24 c = 30 ABCD  

216

7 A
B A

B 30°

45° A- B- 5 B-

8

P
8

6 P-
P-

60°

9 A
B
10

A 6

AB 60° B

10 P
A B

AP = 3 BP = 5 APB+  = 120° 
11 120 60

60°

500

12

30° 100 

45°

13 1

2

45°

14 A B C
A

ABC- A 60+ = c   B 45+ = cAC = 4 
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15 P
60 80

A B AB 60° AB

16

r R

d
30°

cosd R
R
r

R
r

1 2
2

a= + -` j

( )f x  1-1 

1-1 

1-1

y x2=  1-1 x 0$

x 0# y x2= , 1-1 x 0$  y x2=

( ) ,f x x x 01 $=-

1-1

0,

( ) , ,sinf x x x
2 2

d
r r= -8 B

 1-1  

( )f y x1 =-  ( )f x y=

( ) ( )sinf x x1 1=- -  sinx y=

( )sin y x1 =-
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: , [ , ]sinx
2 2

1 1"
r r- -8 B  sin–1 : [ , ] ,x 1 1

2 2
"

r r- -8 B sin t1-   

t ,
2 2
r r-8 B 

, , , ( ), ( ), ( )sin cos tan cosec sec cotx x x x x x1 1 1 1 1 1- - - - - -  

y = sin x

x ,sinx t t1 1# #= -  ,
2 2
r r-8 B

sin t1- .

 (i) : ,sinx
2 2
r r-8 B "  [– 1, 1] ; : [ , ] ,sin x 1 1

2 2
1 "

r r- -- 8 B
 (ii) : [ , ]cosx 0 r  "  [– 1, 1] ; : [ 1,1] ,cos x 01 " r-- 6 @
 (iii) : ,tanx

2 2
r r-8 B "  ( , ) ; : ( , ) ,tan x

2 2
1 "3 3 3 3

r r- - -- 8 B
 (iv) : ,cotx 0 r6 @ "  ( , ) ; : ( , ) ,cot x 01 "3 3 3 3 r- -- 6 @
 (v) : , { }cosecx

2 2
0

r r- -8 B  "  ( , ) ; : ( , ) , { }cosec x1 1 1 1
2 2

0R R1 "
r r- - - - - -- 8 B

 (vi) : ,secx 0
2

r
r-6 @ $ . "  ( 1,1) ; : ( 1,1) ,

2
sec x 0R R1 " r

r- - - - -- 6 @ $ .
 (i) sin x1-  

sinx
1

 (ii) (Sir John FW Harschel) sin x1-  

arc sin x

 (iii) siny x= x
2 2
# #

r r-

,sinx y y1 11 # #= --

 (iv) f 1- y x=

f - ( , )a b fd

( , )b a f 1d -
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x 0$ - 0x < -

( )sin x0
2

1# #
r- ( )sin x

2
0<1#

r- -

0 ( )cos x
2

1# #
r- ( )cos x

2
< 1 #

r
r-

0 ( )tan x
2
<1#
r- ( )tan x

2
0< <1r- -

( )cot x0
2

11 #
r- ( )cot x

2
011 1r- -

0 ( )sec x
2
<1#
r- ( )sec x

2
< 1 #

r
r-

( )cosec x0
2

11 #
r- ( )cosec x

2
0< <1r- -

 (i) 

 (ii) 

(i)  sin
2
31- c m ,  (ii) cosec

3
21- c m ,  (iii) tan

3
11 -- c m  

(i) sin
2
31- c m = y y

2 2
# #

r r-

 sin y&  = sin y
2
3

3 3
&

r r= =

sin
2
31- c m

3
r

 

(ii) cosec
3
21- c m y y

2 2
# #

r r-

cosec y& sin y
3
2

2
3

= =

cosec
3
21- c m 3

r
 

(iii) tan
3
11 -- c m = y y

2 2
# #

r r-

tan y
3

tan tany y
1

6 6
& &

r r- = - =-` j
tan

3
11 -- c m

6
r-  
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(i) sin
2
11- ,  (ii) cos

2
31- ,  (iii) ( )cosec 11 -- ,  (iv) sec 21 -- ^ h,  (v)tan 31- ^ h

x 

a

b
tan tan

x
a b

x
b1 1a =

+
-- -` `j j

1. 
cos sin80
1

80
3

- =
c c

(1)  2  (2)  3  (3)  2 (4)  4        

2. cos sin k28 28 3+ =c c cos17c 

(1)  k
2

3
 (2)  k

2

3
-  (3)  k

2

3
!  (4)  k

3

3
-

3. sin cos sin cosx x
x x

4 3
2 2

2 2+ + +   

(1)  4 2+  (2)  3 2+  (3)  9 (4)  4

4. cos cos cos cos1
8
1

8
3
1

8
5
1

8
7r r r r+ + + + =` ` ` `j j j j

(1)  
8
1  (2)  

2
1  (3) 

3
1  (4)  

2
1

5. 2
2
3

< <r i
r  cos2 2 2 4i+ +  

(1)  cos2 i-  (2)  2sini-  (3)  2cosi  (4)  2sini

6. tan40 m=c   
tan tan

tan tan
1 140 130
140 130

+
-

=
c c

c c

(1)  1
2

m
m-  (2) 1

2

m
m+  (3)  

2
1 2

m
m+  (4)  

2
1 2

m
m-

7. cos cos cos cos1 2 3 179g+ + + + =c c c c

(1)  0 (2)  1 (3)  – 1 (4)  89

8. ( ) [ ]sin cosf x
k

x x
1

k
k k= +  x Rd   k 1$  ( ) ( )f x f x4 6

- =  

(1)  
4
1  (2)  

12
1  (3)  

6
1  (4)  

3
1

9. 

(1)  sin
4
3

i =-  (2)  cos 1i =-  (3)  tan 25i =  (4)  sec
4
1

i =
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10. ( ) ( )cos cos sin sin2 2 2 2i z i z i z+ - - +  

(1)  ( )sin2 i z+  (2)  2( )cos i z+  (3)  2( )sin i z-  (4)  2( )cos i z-

11. 
( ) ( ) ( )

cos cos
sin

cos cos
sin

cos cos
sin

A B
A B

B C
B C

C A
C A-

+
-

+
-

=

(1)  sin sin sinA B C+ +    (2)  1 (3)  0 (4)  cos cos cosA B C+ +

12. cos cosp q 0i i+ = , p q! , n n 

(1)  
( )
p q
n3 1r
-
+

 (2)  
( )
p q
n2 1
!

r +
 (3)  

( )
p q
n 1
!
!r

 (4)  
( )
p q
n 2r
+
+

13. x ax b 02 + + =  tan a   tan b   
( )

sin sin
sin
a b
a b+

(1)  
a
b  (2)  

b
a  (3)  

b
a-  (4)  

a
b-

14. ABCD sin sin sinA B C 22 2 2+ + =  

(1)    (2)   

(3)   (4)  

15. ( ) | | | | ,sin cosf Rdi i i i= +  ( )f i

(1)  [0,  2] (2)  ,1 26 @ (3)  [1, 2] (4) [0, 1]

16. 
cos cos cos

cos cos cos
x x x

x x x
5 5 3 10

6 6 4 15 2 10
+ +

+ + +
=

(1)  cos x2  (2)  cosx  (3)  cos x3  (4) cosx2

17. 12

(1) 4      .

(2) 2 , 5   5       .

(3) 3 , 4   5      .

(4)  .

18. 2 10

(1)  10r     (2)  02 r    

(3) 5r      (4)  15r  

19. sin cos ba a+ =  sin2a

(1)  b 2#  , b 12 -  (2)  b 2>  , b 12 -

(3)  b 1$  , b 12 -  (4)  b 2$  , b 12 -     

20. ABCD  (i) sin sin sin
A B C
2 2 2

0>   (ii) sin sin sinA B C 0>

(1)  (i)  (ii)   .      (2) (i)  .

(3) (ii)  .                         (4) (i)   (ii)   .
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( ) ; ( )cos cos cos sin sin sin sin cos cos sin! " ! !a b a b a b a b a b a b= =

; ( )tan
tan tan

tan tan
tan

tan tan
tan tan

1 1
a b

a b
a b

a b
a b

a b
+ =

-
+

- =
+
-^ h

sine cosine tangent
sin sin cosA A A2 2=

sin
tan

tan
A

A

A
2

1

2
2=

+

sin sin sinA A A3 3 4 3= -

cos cos sinA A A2 2 2= -

cos cosA A2 2 12= -

cos sinA A2 1 2 2= -

cos
tan

tan
A

A

A
2

1

1
2

2
=
+

-

cos cos cosA A A3 4 33= -

tan
tan

tan
A

A

A
2

1

2
2=

-

tan
tan

tan tan
A

A

A A
3

1 3

3
2

3
=

-

-

sin sin cos2
2 2

i
i i=

sin
tan

tan

1
2

2
2
2

i
i

i

=
+

cos cos sin
2 2
2 2i
i i= -

cos cos2
2
12i

i= -

cos sin1 2
2
2i
i= -

tan
tan

tan

1
2

2
2
2

i
i

i

=
-

,sin sini a=   ,
2 2

!a
r r-8 B ( ) ,n n1 Zn !i r a= + -

,cos cosi a=   ,0!a r6 @ ,n n2 Z! !i r a=

,tan tani a=   ,
2 2

!a
r r-` j ,n n Z!i r a= +

sine cosine tangent 

sin sin sinA
a

B
b

C
c

R2= = = cosA
bc

b c a
2

2 2 2
=

+ -

cosB
ca

c a b
2

2 2 2
=

+ -

cosC
ab

a b c
2

2 2 2
=

+ -

tan cot
A B

a b
a b C

2 2
-

=
+
-

tan cot
B C

b c
b c A

2 2
-

=
+
-

tan cot
C A

c a
c a B

2 2
-

=
+
-

ABCD - ,

 (i) ,cos cos cos cosa b C c B b c A a C= + = +    cos cosc a B b A= +  

 (ii) sin sin sinab C bc A ac B
2
1

2
1

2
1

D = = =  

 (iii) ( )( )( )s s a s b s cD = - - -

 (iv) 
( )( )

,
( )

,
( )

( )( )
sin cos tan
A

bc
s b s c A

bc
s s a A

s s a
s b s c

2 2 2
=

- -
-

-
=

-
- -

 

  s ABCD s
a b c
2

=
+ +
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“XI Std Trigonometry”

“Sine and Cosine – Addition Formula ”

-
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The Sine Law GeoGebra

“The Sine Law”

A, B C-
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4.1 (Introduction)

2800

(Sir Isaac Newton) 17

(1643-1727)

(Multinomial Theorem) 

 (Diodhantine Equations)

(
)

(Simon Stevin's decimals) 

1705 (Queen Anne)

(Libnitz)
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A:B:C
A (Sub-station) 

B  (Transformer) 
C (Consumer Number)
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4.2 (Fundamental Principles of Counting)

1. (Sum Rule) 
M

N
M + N

17 29

29

17

17 + 29 = 46

n T
1
,  T

2
, T

3
,..., T

n
 

m
1
, m

2
,..., m

n
 

m
1
 + m

2
 + ... + m

n

2. (Product Rule)

M 
N

M N#

2

3

2 R
1

R
2

3 S
1
, S

2

S
3
 R

1

S
1
, S

2
S

3
 

 (R
1
, S

1
), (R

1
, S

2
), (R

1
, S

3
)

R
2

(R
2
, S

1
), (R

2
, S

2
), (R

2
, S

3
)

R1 S1

S2

S3R2

2 × 3 = 6
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P

1
, P

2
,..., P

n
n m

1
, m

2
,..., m

n

P
1
, P

2
,..., P

i-1
P

i

...m m mn1 2# # #

3. (The Inclusion - Execlution Principle)  A B

n(A),n(B) A, B

n A B+] g

n A B,] g  = n A n B n A B++ -] ] ]g g g
1000 2 7 (

) 2
n(A) 7

n(B) 2 7 n A B+] g
2 7

n A B,] g  = n A n B n A B++ -] ] ]g g g  = 500 + 142-71 = 571

( 1000 2 n A] g
7 n B] g

)

(Branded) 5
 GL, SS, SL

GL SS SL GL SS SL GL SS SL GL SS SL GL SS SL GL SS SL GL SS SL GL SS SL GL SS SL GL SS SL
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75 35

(i) 75

(ii) 35

75 + 35 = 110 

238 : 110 : 29 238
29

100

 

110

100 109 109 × 100 = 10900  
110 29

238 10900 + 29 = 10929
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3
4.2

5

2
3

5
2×3×5 = 30

20
8

20 8

20 8 160# =

80 65

n(C)
n(P) n(C) = 80, n(P) = 65

n C P n C n P n C P+ ,= + -] ] ] ]g g g g
n C P,] g 100 n C P+] g 80 + 65-100 = 45. 

45

a, b, c d
aaa, abb, bda, dca, cdd,

(i) BIRD 4

(ii) PRIME 5

www.tntextbooks.in



198

(i) 4 4
4

B, I, R, D
4

3 3
2

1 

4
4×3×2×1 = 24. 24

(ii) 5
P,R,I,M,E 5

5
4
3 2

5 4 3 2 1 120.# # # # =

FLOWER 6

(i) F R
(ii)  F R

F, L, O, W, E, R 

(i) F L, O, W, E, R 

2 3 4
5 6 5 4 3 2 1

F

5 4 3 2 1 120# # # # =

R 5 F, L, O, W, E

R
120
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F R 4 L, O, W, E

F R
6

24.4 3 2 1# # # =

F R

120 120 24 216+ - =

(ii)  F R
(i) F, L, O, W, E, R 

6

6
5

5 4 3 2 1 7 .6 20# # # # # = F R

F R
720 - 216 = 504

(Licence Plates)

, , .26 25 10 9 8 7 32 76 000# # # # # =

10 9 26 25 24 23 3,22,92,000# # # # # =

1 2
26 25 10 9 8 7 10 9 26 25 24 23 3,55,68,000# # # # # # # # # #+ =] ]g g
7000 8000

7000 8000
4 1000 7
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5 0 5

0/5100
10
8 7

1 8 7 2 112# # # =

4-
0, 1, 2, 3  4

1 4 1000 0

2 0 2 4

0 0

0 1000
4 100
3 10
2

0
4 3 2 1 24# # # =

0 2 4

2 1000
3 100

3 10
2

0 3 3 2 2 36# # # =

4
24 36 60+ =

5

2
5

2 2 2 2 2 2 325# # # # = =
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n 2n 

(i) 5 3

(ii) 3 5

(i) 3 3
5 3 3 3 3 3 3 3 2435# # # # = =

(ii) 5 5
3 5 5 5 5 5 1253# # = =

n m mn

10

210

210-1 = 1024-1 = 1023

(Pigeonhole Principle)

 k
k + 1
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1. 27
26

2. 5 6

(Factorials)

n n
n

!n = ... n1 2 3# # # #

n factorial factorial of n

n! 1808 (Christian 
Kramp) n

 n! =  ...n n n1 2 3 2 1# # # # # #- -] ]g g
  =  !n n 1-] g  , n > 1-

   =  !n n n1 2- -] ]g g  , n > 2-

   =  !n n n n1 2 3- - -] ] ]g g g  , n > 3-  

 1! =   1

 2! =  2 1#  = 2

 3! =  3 2 1# #  =  6

 4! =  4 3 2 1# # #  = 24

 5! =  5 4 3 2 1# # # #  = 120

 ... = ...

 22! = ...22 21 20 3 2 1# # # # # #  = 1124000727777607680000

22 ( )
1 N N

N N N
0! = 1 n = 0 ( )! ( ) !n n n1 1+ = +

! ! ! !1 0 1 0 0 1
1 1&#= + = =] g
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(i) 5! (ii) 6!-5!  (iii) ! !
!

5 2
8
#

(i)   5!  =  5 4 3 2 1# # # #  = 120.

(ii)   6! - 5!  =  ! !6 5 5# -  = !6 1 5#-] g  = 5 120#  = 600.

(iii)   ! !
!

5 2
8
#   =  ! !

!
5 2

8 7 6 5
#

# # #
 = 2

8 7 6# #
 = 168.

!
!

2
7

!
!

2
7  = !

!
2

7 6 5 4 3 2# # # # #  = 7 6 5 4 3# # # #  = 2520.

! !
!

r n r
n
-] g   (i) n = 7, r = 5 (ii) n = 50, r = 47  

(iii) r = 3, n

(i) n = 7, r = 5

! !
!

r n r
n
-] g =

! !
!

5 7 5
7
-] g = ! !

!
5 2

7 6 5
#
# #

= 1 2
7 6
#
#

= 21.

(ii) n = 50, r = 47

! !
!

r n r
n
-] g =

! !
!

47 50 47
50

-] g = ! !
!

47 3
50 49 48 47

#
# # #

= 1 2 3
50 49 48
# #
# #

 19600.

(iii) r = 3, n

! !
!

r n r
n
-] g =

! !
!

n
n

3 3-] g =
!

!
n

n n n n
1 2 3 3

1 2 3
# # # -
- - -] ] ] ]g g g g =

n n n
6

1 2- -] ]g g

N N
N! N

!N N24 #=

N = 1 2 3 4 ! .N N24< #

N = 5 N! = 5! = !4 5# = 24N.

N > 5 ! !N N N5 24> #$ N = 5.
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!
!

n
6  = 6 n

!
!

n
6 = . . ...

. . . . . .
n1 2 3

1 2 3 4 5 6 = 6.

n < 6 n = 5.

n! + (n-1)! = 30 n

30 = 6 5#

n! + (n-1) = (n + 1)(n-1) ! !n 1 6 3- = =] g n = 4

2! + 3! + 4! + ... + 22!-

5 n!-
2 + 3 + 4 2 + 6 + 24 = 32.

2

! !7
1

8
1+ = !

A
9 A

!
A

9 8 7# # = ! !7
1

8 7
1
#+

!
A

7
1

9 8# #  = !7
1 1 8

1# +: D A
72 8

9=

A = 81

!
!

n
n2] g

= 2n(1.3.5...(2n-1) 

!
!

n
n2] g

 = !
. . . ...

n
n n n1 2 3 4 2 2 2 1 2#- -] ]g g

 = !
. . ... . . ...

n
n n n1 3 5 2 1 2 4 6 2 2 2#- -^ ] ^ ]gh g h

 ( )

 = !
. . ... . . ... .

n
n n n1 3 5 2 1 2 1 2 3 1n# #- -^ ] ^ ]g g hh

( 2 )

 = !
. . ... !

n
n n1 3 5 2 1 2n# #-^ ] gh

 = 2 n(1.3.5...(2n-1)).
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1. (i) 
10 7

(ii) 3 2

(iii) 1, 2, 3, 4, 5

(iv) 10

(v) 5

2.  (i) 6

(ii) 4 3

3. 

(i) 

(ii) 

4. 2, 4, 6, 8 3

(i) 

(ii) 

5. 3

(i) 

(ii) 

6. 100 500 0,1,2,3,4,5

(i) 

(ii) 

7. 3 0,1,2,3,4,5

(i) 

(ii) 
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8. 999 10000-

(i) 

(ii) 

(iii) 

9. 0, 1, 2, 3, 4, 5 5

(i) 

(ii) 

10. A B ,B B1 2

T
1
 , T

2
A1

B C B1l

,T T1 2l l A1l

A C B

11. 1- 1000 2 5

12. LOTUS

(i) L S

(ii) L S

13. (i) 4 6

(ii) 3 10

(iii) 10 12

14. 

(i) 6!    (ii)4! + 5!   (iii)3!-2!    (iv) ! !3 4#    (v) ! !
!

9 3
12
#    (vi) 

!
!

n
n

1
3

+
+]] gg

15. 
! !

!
r n r

n
-] g

(i) n = 6 r = 2 (ii) n = 10 r = 3 iii) n r = 2

16. n

(i) (n + 1) = 20(n - 1) (ii) ! ! !
n

8
1

9
1

10+ =
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n (Double Factorial of n)

n n! : { }f 0N N$,

N

f(n) = 
, ,

... , .

n

n n n n

1 0

1 2 3 2 1 0# # # # # # !

=

- -] ]g g*
n!! ( n )

 g(n) = ...

...

n n n

n n n

1

2 4 4 2

2 4 3 1

# # # # #

# # # # #

- -

- -

]
]

]
]

g
g

g
g

Z

[

\

]]]]
]]]]

n = 0,

n 

n 

5 = 5 3 1 15# # =

8 = 8 6 4 2 376# # # =

!! ! !n n! ] g 4!! = 8 (4!)! = (24)! 

4.4 (Permutations)

A B C

A, B, C : A, C, B : B, A, C

B, C, A : C, A, B : C, B, A

6

3 !3 2 1 3# # =

!4 3 2 1 4# # # = n
... !n n n n1 2 3 2 1# # # # # #- - =] ]g g

A B C, D, E, F G 7 4
7

6
4 4

7 4

7 6 5 4# # # = 3 2 1
7 6 5 4 3 2 1

# #
# # # # # #

= !
!

3
7  = 

!
!

7 4
7
-] g
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n r

!
!

n r
n
-] g Pn r

4.4.1 (Permutations of Distinct Objects)

, , ...,S x x xn1 2= " ,
S S

S

Pn
r  

n, r r n# n
r

n(n - 1)(n - 2)...(n - r + 1)

n
r

n r

n n n

r

(n-r+1)

n n - 1
n - 2

r (n - (r - 1))
nP

r 
= n(n - 1)(n - 2) (n - r + 1)

n 1$ r n0 # # nP
r 
= 

!
!

n r
n
-] g

 
nP

r
= ...n n n n r1 2 1# # # #- - - +] ] ]g g g

= 
...

... ...
n r n r

n n n n r n r n r
1 2 1

1 2 1 1 2 1
# # # #

# # # # # # # # #
- - -

- - - + - - -] ] ] ] ] ] ]g g g g g g g
= 

!
!

n r
n
-] g

n

nP
r
 = !

! ,

, .
n r

n r n

r n0 >

#-] g
Z

[

\

]]]]
]]]]

www.tntextbooks.in



209

nP
r
 = 

! ,

, .

P n r n

P r1 0

n
n

n
0

= =

= =
*

n nP
r 
= n!

n r
nr

 4 1

n n n n

r

n (
) n r

n n
...n n n n# # # # (r ) = nr 

4.4.2  (Properties of Permutations)

  Pn
n = Pn

n 1-

 Pn
n 1-  = 

!
!

n n
n

1- -^ ] gh  = !
!n

1  = !
!

!n n n
n= -] g  =  Pn

n

  Pn
r   

= n Pn
r

1
1# -

-

n Pn
r

1
1# -

-  = 
!

!
n

n r
n

1 1
1

#
- - -

-^] ] ]g g gh  = 
!

!
n r

n
-] g = nP

r

 nP
r

= n Pn
r

1
1# -

- = n n P1 n
r

2
2# #- -

-] g
= ...n n n P n r P1 2 1n

r
n r3

3 0# # # # # #- - - --
-

-] ] ^ ]g g gh
= ...n n n n r1 2 1# # # #- - - +] ] ]g g g

nP
r 
=  ...n n n n r1 2 1# # # #- - - +] ] ]g g g
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  nP
r
 = P r Pn

r
n

r
1 1

1#+- -
-

P r Pn
r

n
r

1 1
1#+- -

-  = 
!

!
!
!

n r
n

r n r
n

1
1 1

- -
-

+ -
-^] ] ]]g g h gg

 = 
!

!
!
!

n r
n

r n r
n

1
1 1

- -
-

+ -
-] ] ]]g g gg

 = 
!

!
!
!

n r n r
n n r

r n r
n

1
1 1

#
#

- - -
- -

+ -
-] ] ] ] ]]g g g g gg

 = 
!

!
!
!

n r
n n r

r n r
n1 1#

-
- -

+ -
-] ] ] ]]g g g gg

 = 
!

! ( )
!

!
n r

n n r r
n r

n n1 1#
-

- - +
= -

-] ] ] ]]g g g gg
 = 

!
!

n r
n
-] g  = nP

r

(i) 4P
4 

(ii) 5P
3 
(iii) 8P

4 
(iv)6P

5

(i)  4P
4 

=  4 3 2 1# # #  = 4! = 24.

(ii)  5P
3
  =  5 4 3# #  = 60.

(iii)  8P
4
  =  8 7 6 5# # #  = 1680.

(iv)  6P
5
  =  6 5 4 3 2# # # #  = 6! = 720.

(n + 2)P
4
 = P42 n

2# n

(n + 2)P
4

 = P42 n
2#

& P
P

n

n

2

2
4

+
 =  42

&
( )

n n
n n n n

1
2 1 1

-
+ + -] ] ] ]g g g g

 =  42

& (n + 2)(n + 1)  =  42 = 7 6#

&n + 2  =  7&n = 5.

10P
r

= 7P
r + 2

r

 10P
r

=  7P
r + 2

!
!
r10

10
-] g =

!
!
r5

7
-] g
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!
!

r r r r r r10 9 8 7 6 5
10 9 8 7

# # # # #
# # #

- - - - - -] ] ] ] ] ]g g g g g g  = 
!

!
r5

7
-] g

r r r r r10 9 8 7 6# # # #- - - - -] ] ] ] ]g g g g g   = 10 9 8# #

r r r r r10 9 8 7 6# # # #- - - - -] ] ] ] ]g g g g g  = 6 5 4 3 2# # # #

(10× 9 × 8 )

 10 - r  =  6 & r = 4.

"VOWELS"

(i) E

(ii) E W

6 (V, O, W, E, L, S)

(i) E
5

5P
5
 = 5!

E
5! = 120.

(ii) E
W 5! = 120

E W 4
4P

4
 = 4!

E W
4! = 24.

4
1,2,3,4 5

(i) 

(ii) 

(iii) 4

(i) 
5 4

P 5 4 3 2 1205
4 # # #= =
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(ii) 

2p1 

2 4
P2

1

3 4
P4

3

P P 2 24 482
1

4
3# #= =

4p1 
(iii) 4

4

12, 24, 32, 52 (4 ) 

3 3P
2

4 P P 4 6 244
1

3
2# #= =

(Objects always together (String method))

n m

 m

  (n - m + 1) (n - m + 1) 
(n - m + 1)!  

 m m!

 ! !m n m 1# - +] g
4.4.4  (No two things are together (Gap method)) 

n k
m = n-k

 m
m mP

m
 = m!

 m

m (m + 1)

(m + 1) k Pm
k

1+] g
 !m Pm

k
1# +] g

"EQUATION"
(i) 

(ii) 

www.tntextbooks.in



213

(i) "EQUATION" 8 5
(E, U, A, I, O) 3 (Q, T, N) 5

4 4P
4
 =  4!

E, U, A, I, O 5P
5
 = 5!

! ! .4 5 24 120 2880# #= =

(ii) "EQUATION" 8
!P 8 403208

8 = =

40320 - 2880 = 37440.

15 7
8

8 8P
8
 =  8!

9
7 9 9P

7

! ! !
!

!
! !P8 8 2

9
2

8 99
7# #

#
= =

5 4

5 5P
5
 = 5!

6 6 4
6P

4

! .P5 120 360 432006
4# #= =
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4 4

4 4P
4
 = 4! 

4
4 4 4P

4
 = 4!

! !4 4#

! !4 4#

! ! ! ! ! .4 4 4 4 2 4 11522# #+ = =] ] ^g g h

8 2

F, M, S
1
, S

2
, S

3
, D

1
, D

2

(i) 

(ii) F M

(iii) F D
1
, D

2

(i) 8

7P
1 

= 7 7
6 7P

6
 = 5040

7 5040 35280# =

(ii) F M
2 5040 10080# =

(iii) 5 D
1

D
2

5P
2
 = 20

4 5 5P
4

= 120
20 1 120 2400# # =

www.tntextbooks.in



215

(Rank of a 
word in the English Dictionary)

TABLE

(i) TABLE (ii) BLEAT

A, B, E, L, T
A 

A 4 (B,E,L,T) 4

(i) TABLE

A _ _ _ _ = 4! = 24

B _ _ _ _ = 4! = 24

E _ _ _ _ = 4! = 24 

L _ _ _ _ = 4! = 24

T A B E L = 1 

T A B L E = 1 

TABLE ! .4 4 1 1 98# + + =

(ii) BLEAT 

A _ _ _ _ = 4! = 24 

B A _ _ _ = 3! = 6

B E _ _ _ = 3! = 6 

B L A _ _ = 2! = 2

BLEAT = 1 

BLEAT  24 + 6 + 6 + 2 + 1 = 39.

 
 (Permuntations of not all distinct objects)

J E E 
E

E E
1

E
2

!3
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E
1
, E

2
E

1
, E

2

J E
1 
E

2 
,

J E
2 
E

1 

JEE

E
1 
J

 
E

2 
,

E
2 
J

 
E

1

EJE

E
1 
E

2 
J,

E
2 
E

1 
J

EEJ

 E
1
,E

2
2

!
! .2

3 3=

n p

!
!

p
n

n p
1

p
2

p
k

k

! ! ... !
!

p p p
n

k1 2# # #

BANANA

6 A N

B ! !
!

3 2
6
# = 60

RAMANUJAN

RAMANUJAN 4 (A,A,U,A)
A U 5 (R,M,N,J,N)

N 4

(A,A,A,U) !
!

3
4 4= 5  

(R,M,N,J,N) !
!

2
5 60=

!
!

!
! .3

4
2
5 4 60 240# #= =
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(i) 

(ii) 

(i) 6 6P
6 

= 6! = 720

(ii) T
1
, T

2 
, T

3

3!
2!

! ! ! !3 2 2 2 48# # # =

1,2,3,4,2,1

6 3 2,4,2 
2,4,2 3

!
!

2
3 3= 1,3,1

3 !
!

2
3 3=

3 3 9# =

6 × 4  
 

6 4
10 6

( ) 4 ( )

! !
! .4 6

10 210# =
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BHASKARA
B

B A A
A,A,B,H,K,R,S

!
!

2
7 2520=

IITJEE

IITJEE

IITJEE  E,E,I,I,J,T
E E

5 (E,I,I,J,T)  !
!

2
5

E _ _ _ _ _ = !
!

2
5  =   60

I I E _ _ _ = 3!  =   6

I I J _ _ _ = !
!

2
3  =  3

I I T E _ _ = 2! =  2 

I I T J E E  = 1

IITJEE 60 + 6 + 3 + 2 + 1 = 72 

1, 2, 4, 6, 8
4-

5 4
5P

4
 = 120 120

1 4 4P
3
 = 24

2 4 6 8 24
120

P P P P P1 2 4 6 84
3

4
3

4
3

4
3

4
3# # # # #+ + + +^ ^ ^ ^ ^h h h h h

 = P 1 2 4 6 84
3 # + + + +] g
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 = P4
3 #

 = .P 214
3 #

10 .P 214
3 # 10

.P 21 104
3 # # 100 1000

P 21 1004
3 # # .P 21 10004

3 # #

1 2 4 6 8 4

P P P P21 21 10 21 100 21 10004
3

4
3

4
3

4
3# # # # # # #+ + +^ ^ ^ ^h h h h

 = P 21 11114
3 #] g

 = 24 21 1111# #

 = 559944.

n r

{ Pn
r

1
1 #

-
- ( ) ...111 1# (r )}

n 0
r

{ Pn
r

1
1 #

-
- ( ) ...111 1# (r )} -

{ Pn
r

2
2 #

-
- ( ) ...111 1# ((r - 1) )}.

(Permutation as Function)

S
n
 =  {x

1
, x

2
, x

3
,..., x

n
}

S Sn n" n

n

S
3

, , , ...
A B C

B C A

A B C

C A B

A B C

C B A
> > >H H H

1. (n - 1)P
3
 : nP

4
 = 1:10 n

2.  10P
r -1

 = 2×6P
r
 r
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3. (i) 8

(ii) 4 5 6

4. SIMPLE

5. 10

(i) 

(ii) 

(iii) n n + 1

6. 5

(i) 

(ii) 

7. ARTICLE

8. 8 6

(i) 

(ii) 6

(iii) 

9. MISSISSIPPI

10. a2 b3 c4

11. 4 3 2 1

12. SUCCESS S

13. 8

(i) 

(ii) 
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14. INTERMEDIATE

(i) 

(ii) 

(iii) 

(iv) 

15.  1, 1, 2, 3, 3 4
6

(i) 6

(ii) 6

(iii) 6 4

16. GARDEN

(i) GARDEN (ii) DANGER

17. THING

85

18. FUNNY

FUNNY

19.  1, 2, 3, 4 5
4

20.  0, 2, 5, 7, 8 4

(Combinations)

A,B,C D

A,B,C
A,B,C  B,A,C  C,A,B

A,B,C; A,B,D; A,C,D; B,C,D
4 3 4

4 3

A,B: A,C: A,D: B,C: B,D: C,D 4
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2 6 n

r Cn
r

C 44
3 = C 64

2 = C4
3 4

3

3!

4 3

!C 34
3 # P4

3

!P C 34
3

4
3 #=

!P C rn
r

n
r #=

1

2

3 Pn
r Cn

r

4
15 11 15 11

5
3 3

6

13 13 2

7

15
3

15
3
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n r

! !
! ,C

r n r
n r n0n

r # #= -] g

! ! !
!C r

P
r n r

nn
r

n
r= = -] g

(i) C 1n
0 = (ii) C 1n

n = (iii) !
...

C r
n n n n r1 2 1n

r =
- - - +] ] ]g g g

(i)
! !

!C n
n

0 0 1n
0 = - =] g

(ii)
! !

!
! !
!C

n n n
n

n
n
0 1n

n = - = =] g
(iii) !

...
!

...
C r

n n n n r
r

n n n n r1 2 1 1 2 1n
r =

- - - -
=

- - - +] ] ^ ] ] ] ]g g gh g g g
C Cn

r
n

n r= -

! !
!

! !
!C

n r n n r
n

n r r
n Cn

n r
n

r=
- - -

= - =- ] ^ ] ]g gh g
C Cn

r
n

n r= -

C Cn
x

n
y= x = y x + y = n

2 C Cn
y

n
n y= - C C Cn

x
n

y
n

n y= = -  

x = y x = n - y x = y x + y = n 

C C Cn
r

n
r

n
r1

1+ =-
+

C Cn
r

n
r 1+ - =

!. !
!

!. !
!

r n r
n

r n r
n

1 1- +
- - -] ] ^ ]g g gh

=
! !

!
! !

!
r n r

n
r n r

n
1 1# #- + - - +] ] ]g g g

=
. ! !

!
!. !

!
r r n r

n
r n r n r

n
1 1 1#- - + - - - +] ] ] ] ]g g g g g
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=
! !

!
r n r

n
r n r1
1

1
1

#
#

- -
+ - +] ] c ]g g g m

=
! !

!
r n r

n
r n r
n r r

1 1
1

#
#

- - - +
- + +] ] ] ]g g gg

=
! !

!
r n r

n
r n r

n
1 1

1
#

#
- - - +

+] ] ]]g g g g
=

! !
!

r n r
n

C1
1 n

r
1

# + -
+

= +]] g g
C r

n Cn
r

n
r

1
1#= -

-
] ]g g

r
n Cn

r
1

1# -
-

] ]g g =
! !

!
r
n

r n r
n

1 1 1
1

#- - - -
-] ]̂] ]g gg gh

=
! !

!
r r n r

n n
C1

1 n
r- -

-
=] ] ]g g g

(i) C10
3 (ii) C15

13 (iii) C100
99 (iv) C50

50

(i) C10
3  = ! !

!
!

!
7 3

10
7 3 2 1

10 9 8 7
# # # #

# # #
=

 = 3 2 1
10 9 8 120# #
# #

=

(ii) C15
13  = ! !

!
!

!
2 13

15
2 1 13

15 14 13
# # #

# #
=

 = 2 1
15 14 105#
#

=

(iii) C100
99  = !

!
99

100 99 100
#

=

(iv) C50
50  = ! !

!
50 0

50 1# =

5 C5
2 C7

3

C r
n Cn

r
n

r
1

1#= -
-

n = 5 r = 2

C5
2  = C2

5
2
5

1
44

1# #=  = 2 1
5 4 10#
#

=

n = 7 r = 3

C7
3  = C C3

7
3
7

2
66

2
5

2 1# # #= -

 = C3
7

2
6

3
7

2
6

1
55

1# # # #=

 = 3 2 1
7 6 5 35# #
# #

=

www.tntextbooks.in



225

C 495n
4 = n

C 495n
4 =

n n n n
4 3 2 1
1 2 3

495# # #
# # #- - -

=
] ] ]g g g

n n n n1 2 3 495 4 3 2 1& # # # # # # #- - - =] ] ]g g g
495 495 3 3 5 11# # #= 4

n n n n1 2 3 12 11 10 9# # # # # #- - - =] ] ]g g g n
n = 12

P 11880n
r = C 495n

r = n r-

!
C
P

rn
r

n
r =

! !r 495
11880 24 4= = =

r = 4 r = 4 C 495n
4 =

4 46 n = 12

C C Cr

r

24
4

28
3

0

4
29

4+ =-

=

] g/

C Cr

r

24
4

28
3

0

4

+ -

=

] g/ = C C C C C C24
4

28
3

27
3

26
3

25
3

24
3+ + + + +

= C C C C C C24
4

24
3

25
3

26
3

27
3

28
3+ + + + +

= C C C C C25
4

25
3

26
3

27
3

28
3+ + + +

= C C C C26
4

26
3

27
3

28
3+ + +

= C C C27
4

27
3

28
3+ +

= C C28
4

28
3+

= C29
4

C C C C210
2

10
3

10
4

12
4#+ + =

C C C210
2

10
3

10
4#+ + = C C C C10

2
10

3
10

3
10

4+ + +] g
= C C C C10

2
10

3
10

3
10

4+ + +] ]g g
= C C11

3
11

4+

= C12
4
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: :C P 13 24n n2
7

1
4 =+ -] ]g g n

:C Pn n2
7

1
4

+ -] ]g g = :13 24

P

C
n

n

1
4

2
7

-

+]
]

g
g = 24

13

! !
!

!
!

n
n

n
n

5 7
2

1
5

#
#

-
+

-
-] ] ]]g g gg = 24

13
&

! !
!

n
n n n n

1 7
2 1 1

#-
+ + -] ] ] ]g g g g

= 24
13

n n n2 1+ +] ] ]g g g = !24
13 7 24

13 7 6 5 4 3 2 1# # # # # # # #=

n n n2 1+ +] ] ]g g g = 13 14 15# #

n 2+ = n15 13& =

(Fruit Salad)
4

7 4
C C 357

4
7

3= =

15 8
6

8 7 6
(3 3 ) C C 56 35 19608

3
7

3# #= =

20
5

15
7

20 5
P20

5

15 7
C15

7 P C20
5

15
7#
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25 10
4

(i) 4

6 21 ! !
!C 6 15

2121
6 #=

(ii) 4

10 21 ! !
!C 10 11

2121
10 #=

! !
!

! !
!C C 6 15

21
10 11

2121
6

21
10 # #+ = +

3

12 3 C 22012
3 =

12 3
2

11 C 5511
2 =

C C 220 55 16512
3

11
2- = - =

8 4 4
5

(i) 

(ii) 

(i) 
8 5 C C 568

5
8

3= =
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(ii) 

2 3 C C4
2

4
3#

3 2 C C4
3

4
2#

4 1 C C4
4

4
1#

C C C C C C 24 24 4 524
2

4
3

4
3

4
2

4
4

4
1# # #+ + = + + =

7 4 3
2

7 3 4
2 C C7

3
4

2#

5 5! = 120
!C C 5 35 6 120 252007

3
4

2# # # #= =

PROPOSITION 5

11 4 (R,S,T,N) 2
2  (PP, II) 3

(OOO)

1 5 (R,S,T,N,P,I,O) C7
5 !C 5 25207

5 # =

2

3
(OOO)

2
 (PP,II)

C C1
1

2
1#

! !
!C C 3 2

5 201
1

2
1# # # =

3

3
(OOO),

2 (R,S,T,N,P,I)

C C1
1

6
2#

!
!C C 3

5 3001
1

6
2# # =
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4

2
 (PP,II,OO),

1 (R,S,T,N
2
)

C C3
2

5
1#

! !
!C C 2 2

5 4503
2

5
1# # # =

5

2
 (PP,II,OO),

3 (R,S,T,N
2

)

C C3
1

6
3#

!
!C C 2

5 36003
1

6
3# # =

2520 + 20 + 300 + 450 + 3600 = 6890.

m n

 (lattice structure)

m 2 n
2

C Cm n
2 2#

n 

n n

.C
n n

2
1n

2 =
-] g

n 
n n

n
n n

2
1

2
3-

- =
-] ]g g

2
5 5 3

5
-

=
] g

2
7 7 3

14
-

=
] g
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1. C Cn n
12 9= Cn

21

2. C Cr r
15

2 1
15

2 4=- + r

3. P 720n
r = C 120n

r = n r

4. C C C C215
3

15
4

15
5

17
5#+ + =

5. C C Cr

r

35
5

39
4

40
5

0

4

+ =-

=

] g/

6. : :C P 57 16n n1
8

3
4 =+ -] ]g g n

7. !
...

C n
n2 1 3 2 1n

n

n
2 # # # #

=
-] g

8. r n1 # # n C n r C1n
r

n
r

1
1 1# #= - +-

- -]] gg

9. (i) 14
7

?

(ii) 15

(iii) 20

(iv) 100 

(v) 3 2 1 5 2
2

10. 

...C C C C 2n n n n
n

n
0 1 2+ + + + =

(i) 4 (ii) 5 (iii) n

11. 25

(i) 3

(ii) 

12. 10 6
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13. 12 5

(i) 

(ii) 

14. 5 20 2 3

(i) 

(ii) 

15. 9 2
5

16. 52 5
(aces)

17. 7 5
5

18. 8 4 7

(i) 3

(ii) 3

(iii) 3

19. 4 3 7
3 4 7

3 3 3
3

20. 

21. EXAMINATION 4

22. 15
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23. 15 7 8
15

24. 11 4 3

(i) 

(ii) 

25. 90

(Mathematical Induction)

n 1 3 5 7 2n - 1
1 1 1 3.

4

 1 = 1

 1 + 3 = 4

 1 + 3 + 5 = 9

 1 + 3 + 5 + 7 = 16

 1 + 3 + 5 + 7 + 9 = 25

1, 4, 9, 16, 25,...
n n n2

... n n1 3 5 2 1 2+ + + + - =] g

n

( )

( )

( ) ( )
P n] g
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n = 1  P(1)
 (Initial step) 

n = k n = k + 1
k P(k)

P(k + 1) (Inductive step) 

1 2 P(n)
n-

n 1$ ... n
n n

1 2 3 2
1

+ + + + =
+] g

...P n n
n n

1 2 3 2
1

|= + + + + =
+] ]g g

n = 1 

P 1 2
1 1 1

1=
+

=] ]g g
n = 1 P 1] g

n = k

...P k k
k k

1 2 3 2
1

= + + + + =
+] ]g g

P k 1+] g
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...P k k k k k
k1 1 2 3 1 2

1
1+ = + + + + + + =

+
+ +] ] ] ]g g g g1 2 3444444444 444444444

P k k k k k k
1 2

1 2 1
2

1 2+ =
+ + +

=
+ +] ] ] ] ]g g g g g

 P(k + 1)

P(k)  P(k + 1)

n 1$

... n
n n

1 2 3 2
1

+ + + + =
+] g

n n2

...P n n1 3 5 2 1|= + + + + -] ]g g
P 1 1 12= =] g

n = k

...P k k1 3 5 2 1= + + + + -] ]g g
P k k2=] g

P k k1 1 2+ = +] ]g g
  P k 1+] g   =  ... k1 3 5 2 1 1+ + + + + -^ ] g h
   =  ... k k1 3 5 7 2 1 2 1+ + + + + - + +] g

1 2 3444444444444444 444444444444444

   =  P k k2 1+ +] g
   =  k k k2 1 12 2+ + = +] g

P k 1+] g
P k] g P k 1+] g

n 1$

n n2

n 1$

... n
n n n

1 2 3 6
1 2 12 2 2 2+ + + + =

+ +] ]g g
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...P n n
n n n

1 2 3 6
1 2 12 2 2 2|= + + + + =

+ +] ] ]g g g
n = 1

P 1 6
1 1 1 2 1 1

1=
+ +

=] ] ^ ]g g g h

n = 1 P 1] g
n = k

...P k k
k k k

1 2 3 6
1 2 12 2 2 2= + + + + =

+ +] ] ]g g g
P k 1+] g

  P k 1+] g  =  ... k k1 2 3 12 2 2 2 2+ + + + + +] g1 2 344444444444 44444444444  

  =  P k k 1 2+ +] ]g g
    = 

k k k
k6

1 2 1
1 2+ +

+ +
] ] ]g g g

  =  
k k k k

6
1 2 1 6 1 2+ + + +] ] ]g g g

  =  
k k k k

6
1 2 1 6 1+ + + +] ^ ] ]g g gh

  =  
k k k

6
1 2 7 62+ + +] ^g h

  =  
k k k

6
1 2 2 3+ + +] ] ]g g g6 @

  =  
k k k

6
1 1 1 2 1 1+ + + + +] ^] ^ ]g g h g h6 @

P k 1+] g
P k] g P k 1+] g

n 1$

... n
n n n

1 2 3 6
1 2 12 2 2 2+ + + + =

+ +] ]g g

n

. . . ...
n n n

n
1 2
1

2 3
1

3 4
1

1
1

1+ + + + + = +] g

. . . ...P n
n n n

n
1 2
1

2 3
1

3 4
1

1
1

1|= + + + + + = +] ]g g
n = 1
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.P 1 1 2
1

2
1= =] g

P 1] g
n = k

. . . ...P k
k k k

k
1 2
1

2 3
1

3 4
1

1
1

1= + + + + + = +] ]g g
P k 1+] g

 P k 1+] g   =  . . . ...
k k k k1 2

1
2 3
1

3 4
1

1
1

1 2
1+ + + + + + + +] ] ]g g g

1 2 344444444444444444 44444444444444444
  =  P k

k k1 2
1+ + +

] ] ]g g g
  =  k

k
k k1 1 2

1
+ + + +] ] ]g g g

  =  k
k

k1
1

1 2
1

+ + +] bg l
  =  k k

k k
1

1
2

2 12

+ +
+ +] cg m

  =  k k
k

k
k

1
1

2
1

2
12

+ +
+ = +

+] c ] ]]g g m gg    

P k 1+] g
P k] g P k 1+] g

n

. . . ...
n n n

n
1 2
1

2 3
1

3 4
1

1
1

1+ + + + + = +] g
n a b2 a bn n- a - b

P n a bn n|= -] g a - b

n = 1

P a b1 = -] g a - b

P 1] g n = k
P k a bk k= -] g a - b

, ,P k a b a b Nk k !m m= - -] ]g g
P k a b1 k k1 1+ = -+ +] g a - b

  P k 1+] g   =  a bk k1 1-+ +

   =  a ab ab bk k k k1 1- + -+ +
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   =  a a b b a bk k k- + -^ ]h g
   =  a a b b a bkm - + -^ ] ]gh g
   =  a b a b km- +] ^g h
   =  , ,a b a b Nk

1 1 1 !m m m m- = +] g
a - b P k 1+] g P k] g

P k 1+] g
n a b> a bn n- a - b

n 1$ n3 8 9n2 2 - -+ 8 

,P n n3 8 9n2 2|= - -+] g 8

n = 1 P 1 3 8 1 9 642 2= - - =+] ]g g 8
P 1] g

n = k

P k k3 8 9k2 2= - -+] g 8

,P k k k k3 8 9 8 Nk2 2
1 1 != - - =+] g

k k3 8 8 9k2 2
1= + ++

P k k1 3 8 1 9k2 1 2+ = - + -+ +] ]]g gg 8

  P k 1+] g   =  k3 8 1 9k2 1 2 - + -+ + ]] gg  

   =  k3 3 8 8 9k2 2 2 - - -+

   =  k k k3 8 8 9 8 172
1 + + - -^ h

   =  k k k k k72 72 81 8 17 72 64 641 1+ + - - = + +

   =  k k8 9 8 11 + +^ h
   =  ,k k k k8 9 8 1 N2 2 1 != + +

P k 1+] g 8 P k 1+] g P k] g
P k 1+] g

n 1$ n3 8 9n2 2 - -+ 8

n 2$
n n3 1>2 2+] g
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n 2$ n n3 1>2 2+] g P n] g
n = 2

P 2 3 2 122#= =] g ,3 9 12 9>2 = P 2] g
n = k P n] g
  P k 1+] g   =  k k k3 1 3 6 32 2+ = + +] g
   =  P k k6 3+ +] g
  > k k1 6 32+ + +] g
   =  k k k2 1 6 32 + + + +

   =  k k8 42 + +

   =  k k k4 4 42 + + +

   =  k k2 42+ +] g   

  >  k 2 2+] g , k 0>  

P k 1+] g
P k] g P k 1+] g

n 2$ n n3 1>2 2+] g

n 2$ n3 >n 2

n 2$ n3 >n 2 P n] g n = 2

P 2 3 92= =] g 2 42 =

9 > 4 P 2] g
n = k P n] g

P k k> 2] g
P k 1+] g  = P k3 3 3 3k k1 # #= =+ ] g

k3> 2

k 1 22 +] g ( 4 67 )

n 2$ n3 >n 2
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n N!

...cos cos cos cos cos
sin

sin
n

n
n

2 1
2
1

2

2
#a a b a b a b a

b
b

b

+ + + + + + + - = +
-^ ^ ^ ] c ] b

bh h g h g m l
l

...cos cos cos cosP n n2 1| a a b a b a b= + + + + + + + -] ^ ^ ^ ]g h h g h
   = cos

sin

sinn
n

2
1

2

2
#a

b
b

b

+
-c ] b

b
g m l

l

n = 1

.
cos

sin

cos sin
P 1

2

2
a

b

a
b

= =] ] ]
b
bg g g
l
l

P 1] g n = k P k] g

...cos cos cos cos cos
sin

sin
k

k
k

2 1
2
1

2

2
#a a b a b a b a

b
b

b

+ + + + + + + - = +
-^ ^ ^ ] c ] b

bh h g h g m l
l

P k 1+] g
P k 1+] g = ...cos cos cos cos cosk k2 1a a b a b a b a b+ + + + + + + - + +^ ^ ^ ] ^h h g h h

1 2 344444444444444444444444444444444 44444444444444444444444444444444

P k 1+] g = cosP k ka b+ +] ^g h

= 
sin

cos sin
cos

k k

k

2

2
1

2
b

a
b b

a b
+

-

+ +
c ]

b
b ^

g
l
m l h

= 
sin

cos sin cos sina
k k

k

2

1
2
1

2 2b
b b

a b
b

+
-

+ +b c ] b ^ bl
g m l h l; E

= 
sin

cos sin cos sin
k k

k

2

1
2 2 2 2b a
b b b

a b
b

+ - + +b cb b ^ bl l m l h l< F

= 
sin

cos cos sin sin sin cos sina
k k k

k

2

1
2 2 2 2 2 2b
b b

a
b b b

a b
b

+ + + + +b c b b b b b ^ bl l l l lm l h l< F

=  
sin

cos a
k

cos sin
k

sin sin
k

sin
k

cos k

2

1
2 2 2 2 2 2b
b b b b

a
b b

a b+ + + + +b b b b b c b b ^l l l l l l l hm< F

= 
sin

cos cos sin
sin

sin sin ca
k k k k

os k
2

1

2 2 2 2
2

2 2 2 2b
b b b

b

a
b b

a b+ + + + +b b b b b c b b ^l l l l l l l hm> H
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= 
sin

cos cos sin
sin

cos cosa
k k k cos k

2

1

2 2 2 2
2

2b
b b b

b

a a b a b+ + - + + +b b b b b ^ ^ ^l l l l l h hh> H

= 
sin

cos a
k

cos sin
k sin

cos cos k
2

1

2 2 2 2
2

b
b b b

b

a a b+ + + +b b b b b ^ ^l l l l l hh> H

= 
sin

cos cos sin
sin

cos cosa
k k k k

2

1

2 2 2 2
2

2 2 2b
b b b

b

a
b b

+ + +
-b b b b b c b bl l l l l l lm> H

= 
sin

cos
sin cos sin cos

a
k

k k

2

2
2 2 2 2b

b
b b b b+

+
b
b b b bl

l l l l; E

= 
sin

cos sina
k k

2

2 2
1

b

b b
+

+b
b
c ]l
l

g m

...cos cos cos cos cosk k2 1a a b a b a b a b+ + + + + + + - + +^ ^ ^ ] ^h h g h h

= cos
sin

sin
a

k
k

2
2

2
1

#
b

b

b

+

+

b c ]
bl l
g m

P k 1+] g P k] g P k 1+] g
n N!

...cos cos cos cos cos
sin

sin
n

n
n

2 1
2
1

2

2
#a a b a b a b a

b
b

b

+ + + + + + + - = +
-^ ^ ^ ] c ] b

bh h g h g m l
l

i 12 =-
n r cos isin r cosn isinnn ni i i i+ = +^ ] ]gh g

P n r cos isin r cosn isinnn n| i i i i= + = +] ^ ] ]g gh g
n = 1

P r cos isin r cos isin1 1i i i i= + = +] ^ ] ]g gh g
P 1] g n = k P k] g

r cos isin r cosk isinkk ki i i i+ = +^ ] ]gh g
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P k 1+] g
 P k 1+] g   =  r cos isin k 1i i+ +^ ] gh
   =  r cos isin r cos isink #i i i i+ +^ ] ]gh g
   =  r cosk isink r cos isink #i i i i+ +] ]g g
   =  r cosk cos i sink sin i sink cos cosk sink 1 2# i i i i i i i i+ + ++ ^^ ]h gh
   =  r cosk cos sink sin i sink cos cosk sink 1 # i i i i i i i i- + ++ ^] ]g gh
   =  r cos k isin k1 1k 1 # i i+ + ++ ^ ] ]g g h  

P k 1+] g P k] g P k 1+] g
n

r cos isin r cosn isinnn ni i i i+ = +^ ] ]gh g
4.70 

(Demoivre's Theorem) 

 
1. n 1$

... n n n
1 2 3 2

13 3 3 3
2

+ + + + =
+b ] g l

2. n 1$

... n n n n
1 3 5 2 1 3

2 1 2 12 2 2 2+ + + + - =
- +] ] ]g g g

3. n n n2 +

4. n 1$

. . . ... .n n n n n
1 2 2 3 3 4 1 3

1 2
+ + + + + =

+ +] ] ]g g g
5. n 2$

... n n
n1

2
1 1

3
1 1

4
1 1 1

2
1

2 2 2 2- - - - = +c c c cm m m m
6. n 2$

... ... n n
n

1 2
1

1 2 3
1

1 2 3 4
1

1 2 3
1

1
1

+ + + + + + + + + + + + + + = +
-

7. n

. . . . . . ...
. .n n n n n

n n
1 2 3

1
2 3 4

1
3 4 5

1
1 2
1

4 1 2
3

+ + + + + + = + +
+] ] ] ] ]g g g g g

8. n

. . . ... n n n
n

2 5
1

5 8
1

8 11
1

3 1 3 2
1

6 4+ + + + - + = +] ]g g
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9. 

! ! ! ... ! !n n n1 2 2 3 3 1 1# # #+ + + + = + -] ] ] ]g g g g
10. n- x yn n2 2-   

x + y 

11. n 1$

... n n1 2 3 3>2 2 2 2
3

+ + + +

12. n n n7 33 - + 3

13. n 5 4 6n n1 #++ 20
9

14. n 10 3 4 5n n 2#+ ++

9 

15. 

...sin sin sin6 6
2

a a
r

a
r+ + + + +] b bg l l

sin
n

sin

sin
n

sin n

6
1

12

12
1

12#
a

r
r

a
r r

+ +
-

=
+

-

b ] b ]
b

bg l
g l
l

l

  

1. 2,4,5,7
10

(1) 432 (2) 108 (3) 36 (4) 18

2. 5

(1) 125 (2) 124 (3) 64 (4) 63

3. 30

(1) 30 294 2#  (2) 30 293 3#  (3) 30 292 4#  (4) 30 29 5#

4. 5

(1) 25 (2) 5 5  (3) 5 6  (4) 625 
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5. 3 4

(1) 4 13 -  (2) 3 4  (3) 68 (4) 64 

6. P
n

P2
11 1n

n
n

n
5

1
3=

-+
+

+b ]] ] ]g lg g g n

(1) 7 11 (2) 6 7 (3) 2 11 (4) 2 6

7. r

(1) !r  (2) !r 1-] g  (3) !r 1+] g  (4) r r

8. 5

(1) 90000 (2) 10000 (3) 30240 (4) 69760

9. C Ca a a a
2 4

2 2

=- - a

(1) 2 (2) 3 (3) 4 (4) 5

10. 10 4

(1) 45 (2) 40 (3) 39 (4) 38

11. 12 8

(1) C C2 11
7

10
8# +  (2) C C11

7
10

8+  (3) C C12
8

10
6-  (4) !C 210

6 +

12. 

(1) 6 (2) 9 (3) 12 (4) 18

13. 66

(1) 11 (2) 12 (3) 10 (4) 6

14. 44

(1) 4 (2) !4  (3) 11 (4) 22

15. 
10

(1) 45 (2) 40 (3) !10  (4) 210

16. 10 4

(1) 110 (2) C10
3  (3) 120 (4) 116
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17. : :C C 11 1n n2
3 3 = n

(1) 5 (2) 6 (3) 11 (4) 7

18. C Cn
r

n
r

1 1
1+- -

-
] ] ]g g g
(1) Cn

r
1+] g  (2) Cn

r
1-] g  (3) Cn

r  (4 ) Cn
r 1-

19. 52 5

(1) C52
5  (2) C48

5  (3) C C52
5

48
5+  (4) C C52

5
48

5-

20. 

(1) 81 (2) 9 9  (3) 1296 (4) 6561

21. 2 3 10

(1) C C10
2

9
2+  (2) 210  (3) 2 210 -  (4) !10

22. Pr Pr
r ...P P P nP1 2 3 n1 2 3+ + + + +

(1) Pn 1+  (2) P 1n 1 -+  (3) P 1n 1 +-  (4) Pn
n

1
1

+
-

] ]g g
23. n

(1) C Pn
n

n
n

2 #  (2) C P2
1 n

n
n

n
n

2# #b l  (3) C P4
1 n

n
n

n
n

2 2# #b l  (4) C Pn
n

n
n#

24. , ,C C Cn n n
4 5 6 AP n

(1) 14 (2) 11 (3) 9 (4) 5

25. 1 + 3 + 5 + 7 + ... + 17

(1) 101 (2) 81 (3) 71 (4) 61

 n n

 n 1$ ! !n n n 1= -] g
 n n!

 n r

!
! ...P n r

n n n n n r1 2 1n
r = - = - - - +] ] ] ]g g g g

 n p
1

p
2

p
k

k
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!
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n
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!C
r n r

n
r

n n n n r1 2 1n
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(Introduction)

a b+] g n

x2 7 23-] g x20

8%  
10

 
15

,a b n Nn !+] g

 
 

(1777-1855)

2
3

6 1544

x1 n+] g x1 n 1+ -] g

1 100
5050
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 1 2 4 8 64

,sin log44
9 43r

e20

(analysis) 

 

 

 

 

 

 

 (Binomial Theorem)

, ,x x y x xy1 2+ + +] ^ _g h i a b2 3+] g

 (Binomial Coefficients)

Cn
r

...
...

! !
!C r r r

n n n n r
n r r

n
1 2 1

1 2 1n
r = - -

- - - -
= -

] ] ] ] ^ ] ]g g g g gh g
Cn

r x1 n+] g xr a b n+] g a br n r-

(Binomial Coefficients) Cn
r -
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Cn
r

k 1+] g , , , , ...,C C C C Ck k k k k
k0 1 2 3

C0 0

C C1 0
1

1

C C C2 0
2

1
2

2

C C C C3 0
3

1
3

2
3

3

C C C C C4 0
4

1
4

2
4

3
4

4

,

 1

 1      1

 1      2      1

 1      3      3      1

 1      4      6      4      1

 ... ... ... ... 
 ... ... ... ... 

 ... ... ... ... 
 ... ... ... ... 

, , ,a b a b a b a b0 1 2 3+ + + +] ] ] ]g g g g

  a b 10+ =] g  1

  a b a b1+ = +] g  1      1

  a b a ab b22 2 2+ = + +] g   1      2      1

  a b a a b ab b3 33 3 2 2 3+ = + + +] g   1      3     3      1

1
 ‘3’ 1

2 10 10 4 

6 ... ...a b C a b C a b C a b C a bn n n n n n
r

n r r n
n

n
0

0
1

1 1 0+ = + + + +- -] g
a b n+] g n
a b n+] g

a b 4+] g
a b 5+] g

a b 5+] g
   , , , , ,a a b a b a b ab b5 4 3 2 2 3 4 5

6

1     5     10    10     5     1  

a b a a b a b a b ab b5 10 10 55 5 4 3 2 2 3 4 5+ = + + + + +] g

,a b n Nn !+] g
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17

(Binomial Theorem for Positive Integral Index)

5.1
(Binomial Theorem for Positive Integral Index)

n

... ...a b C a b C a b C a b C a bn n n n n n
r

n r r n
n

n
0

0
1

1 1 0+ = + + + + +- -] g

n P(n) ... ...a b C a b C a b C a b C a bn n n n n n
r

n r r n
n

n
0

0
1

1 1 0+ = + + + + +- -] g  

C 11
0 = C 11

1 = P(1) a b a b1 0 0 1+

a b 1+] g  P(1) k P(k) 

... ...a b C a b C a b C a b C a bk k k k k k
r

k r r k
k

k
0

0
1

1 1 0+ = + + + + +- -] g    

 a b k 1+ +] g  = a b a b k+ +] ]g g
  = ... ...a b C a b C a b C a b C a bk k k k k

r
k r r k

k
k

0
0

1
1 1 0+ + + + + +- -] g7 A

  =  ... ...C a b C a b C a b C a bk k k k k
r

k r r k
k

k
0

1 0
1

1 1 1+ + + + ++ - +6 @
   + ... ...C a b C a b C a b C a bk k k k k

r
k r r k

k
k

0
1

1
1 2 1 0 1+ + + + +- - + +6 @

  =  ...C a b C C a b C C a bk k k k k k
r

k
r

k r r
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1 0
1 0

1
1
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-
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     ... C C a b C a bk
k

k
k

k k
k

k
1

1 0 1+ + + +-
+6 @

     C C Cn
r

n
r

n
r1

1+ =-
+

  =  ...C a b C a b C a b C a bk k k k k k k
r

k r r1
0

1 0 1
1

1 1
2

1 2 1 1+ + + ++ + + + - + - +   

     ... C a b C a bk
k

k k
k

k1 1 1
1

0 1+ + ++ +
+

+

 a b k 1+ +] g  =  ...C a b C a b C a bk k k k k k1
0

1 0 1
1

1 1 1 1
2

1 2 2+ + ++ + + + - + + -] ] ]g g g    

     ...C a b C a b C a bk
r

k r r k
k

k k
k

k1 1 1 1 1 1 1
1

0 1+ + + ++ + - + + - +
+

+] ]g g
P(k) P(k+1) 

n P(n)

... ... ,a b C a b C a b C a b C a b n Nn n n n n n
r

n r r n
n

n
0

0
1

1 1 0 !+ = + + + + +- -] g
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(i)  ,a b n Nn !+] g   

 a b n+ =] g C a bn

k

n

k
n k k

0=

-/ C a bn

k

n

k
k n k

0=

-/  

(ii) n     a b n+] g     ( 1n + )  

(iii) a b n+ =] g C a bn

k

n

k
n k k

0=

-/     a -    

  b -   
 a   b -    

 n   

(iv) n     a b n+] g    ( 1r + )   
Tr 1+ = ,C a bn r

n r r-  , , , ...,r n0 1 2=  

(v)  ... ,a b a b a b+ + +] ] ]g g g  n     b r   
 n   r    Cn

r    
n

rC   n r ra b− -    

(vi)  ,a b n Nn !+] g        
  C Cn

r
n

n r= -  

(vii) ,a b n Nn !+] g    n    
 Cn n

2
 n     

Cn n
2

1-  Cn n
2

1+  

(viii) ,a b n Nn !+] g   n      

T C a bn n n n n n

2 1 2
2 2=+

- n    Tn
2

1 1- + Tn
2

1 1+ +  

(Particular Cases of Binomial Theorem)

(i) n N! a b n+] g b  (-b)  

  a b n-] g = ...C a b C a b C a bn n n n n n
0

0
1

1 1
2

2 2- + -- -  

    ...C a b C a b1 1r n
r

n r r n n
n

n0+ - + + --] ]g g  

 ‘+’  ‘-’ 

(ii)  n N! a b n+] g  a = 1 b = x
... ...x C C x C x C x C x1 n n n n n

r
r n

n
n

0 1 2
2+ = + + + + + +] g  

x = 1 ...C C C C 2n n n n
n

n
0 1 2+ + + + =

  X n  r
X Cn

r r = 0, 1, 2, ... n Cn
r

X
n

2n
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(iii) ... ...x C C x C x C x x1 1 1n n n n r n
r

r n n
0 1 2

2- = - + - + - + + -] ] ]g g g
 x = 1

... ...C C C C C C 2n n n n n n n
0 2 4 1 3 5

1+ + + = + + + = -

 x2 3 5+] g

a b n+] g  a = 2x  b = 3 n = 5

x2 3 5+] g  = x x x x x2 5 2 3 10 2 3 10 2 3 5 2 3 35 4 3 2 2 3 4 5+ + + + +] ] ] ] ]g g g g g
  =  x x x x x32 240 720 1080 810 2435 4 3 2+ + + + +

 984

a b n-] g a = 100  b = 2 n = 4

 984   = 100 2 4-] g
  = C C C C C100 100 2 100 2 100 2 100 24

0
4 4

1
3 4

2
2 2 4

3
1 3 4

4
0 4- + - +

  =  100000000 8000000 240000 3200 16- + - +

  =  92236816

x y 6+^ h

n = 6 x y 6+^ h x y2
6

2
6

 
x y3 3

C x y x y206
3

3 3 3 3=
 

x y 7+^ h

n = 7 x y4 3

x y3 4 C x y7
3

4 3 C x y7
4

3 4

x y35 4 3 x y35 3 4

x3 2 10+] g x6

a b 10+] g a = 3 b = 2x
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x6 x2 6] g x6

C a b C a b x x4 3 2 1
10 9 8 7 3 2 210 3 210

6
4 6 10

4
4 6 4 6 4 6 6

# # #
# # #

# #= = =] g  C C10
6
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4a =6 @

x3 2 10+] g x6 210 3 24 6# #

x2 3 7-] g x3

a b 7+] g a = 2 b = -3x x3 x3 3-] g
x3

C a b x x3 2 1
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3
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# #
# #

# #= - = -] ]g g
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240 720 1080  x,a n

,T T240 7202 3= = T 10804 =

  T C x a 240n n
2 1
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  T C x a 720n n
3 2

2 2= =- 2)  

  T C x a 1080n n
4 3
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a

n 1
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a
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 (4)  (5) n n1
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a
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4
6
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1 4
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1 4
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1 2 2

1 2 2
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0
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1
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2
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2
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1
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  =  x x x x x x x x2 4 2 2
1 6 2 2

1 4 2 2
1

2
14 3 2

2 3 4
- + - +] ] b ] b ] b bg g l g l g l l

  =  x x
x x

16 16 6 1
16

14 2
2 4- + - +

x x x x1 12 2 5 2 2 5
+ - + - -_ _i i

x x12 2 5
+ -_ i   =  C x x C x x1 15

0
2 5 2 0 5

1
2 4 2 1

- + -^ _ ^ _h i h i
     C x x C x x1 15

2
2 3 2 2 5

3
2 2 2 3

+ - + -^ _ ^ _h i h i
     C x x C x x1 15

4
2 1 2 4 5

5
2 0 2 5

+ - + -^ _ ^ _h i h i
  =  x x x x x x x x5 1 10 1 10 1 110 8 2 6 2 4 2 2+ - + - + - -^ ^h h
     x x x x5 1 1 12 2 2 2 2 2+ - + - -^ ^ _h h i

x x12 2 5
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0
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4
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5
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  =  x x x x x x x x5 1 10 1 10 1 110 8 2 6 2 4 2 2- - + - - - -^ ^h h
     x x x x5 1 1 12 2 2 2 2 2+ - - - -^ ^ _h h i  

x x x x1 12 2 5 2 2 5
+ - + - -_ _i i   =  x x x x x2 10 1 5 110 6 2 2 2 2+ - + -^ ^h h7 A

    =  x x x x x x2 10 10 5 1 210 6 8 2 2 4+ - + - +^ h7 A
    =  x x x x x2 10 15 10 510 8 6 4 2- + - +6 @

 

n n6 5n - 25 1

n k6 5 25 1n - = + k

... ,x C C x C x C x C x n1 Nn n n n n
n

n n
n

n
0 1 2

2
1

1 !+ = + + + + +-
-] g  
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7400

7400 =  72 200^ h = 50 1 200-] g
 =  ...C C50 50200

0
200 200

1
199- +

    C C C50 1 50 1 1200
198

2 198 200
199

199 200
200

200+ - + - + -] ] ]g g g
 =  ...C C C50 50 50 1 200 50 12 200

0
198 200

1
197 200

198
198 #- + + - - +^ ] g h     

502 200 100 7400 0 1
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3
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x
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3

6
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2
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2

5
-c m

8.  3600

9. n n9 8 9n 1 - -+ 64
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12.  a b n
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15. x1 n+] g 5 6 7
n

16. ...
!
!C C C C

n
n2

n0
2

1
2

2
2 2

2+ + + + = ] g
(Finite Sequences)

, , ...a a1 2

n  
N  

 (AP)  (GP) 

 X n N! : , , , ...,f n X1 2 3 "" , X
:g XN " X

n f f(n) an

an] g
 X 

 

 

 an] g , :n a n Nn !^ h" ,
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(Arithmetic and Geometric Progressions)

 (Arithmetic Progression)(AP) 

  , , , , ..., , , ...a a d a d a d a n d a nd2 3 1+ + + + - +] g
a 

d 
a 

  n T a n d1n = + -] g
 , , , , ...2 2 3 2 2 3 2 3 3+ + + 12, 9, 6, 3, . . .  

3  -3

 3, 7, 11 
 a b ,T an b n Nn != +

(Geometric Progression) (GP)

 , , , , ..., , , ...a ar ar ar ar arn n2 3 1-  , ,a r0 0! !

 (Geometric Progression)
a

r a

 n T arn
n 1= -

  1 2 4 8 16 … , , , , , , ...2 2 2 2 4 4 2 16  

2 2

 
 

, , , ...a ar ar2 r > 0 , , , ...log log loga ar ar2] ^g h  
 log r

c 0! c, c, c, .  .  .

0 0 0

a 0 ? 1 2 
0 0 0

a 0!
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(Arithmetico- Geometric Progression) (AGP)

 
AP GP

AGP
AGP

, , , , ..., , , ...a a d r a d r a d r a n d r a nd r2 3 1 n n2 3 1+ + + + - +-] ] ] ^ ] ]g g g g h g
 (Arithmetico- Geometric 

Progression)

: , , , ...AP a a d a d2+ + : , , , ...GP r r1 2  , , , ...a a d r a d r2 2+ +] ]g g AGP 
AGP a d r r=1 

AGP, AP d = 0 AGP, GP

AGP n

T a n d r1n
n 1= + - -^ ] g h

AP 0, 1, 2, 3, 4, .  .  .  GP 

, , , , ...1 2
1

4
1

8
1 AGP , , , , ...1

0
2
1

4
2

8
3

4 14 40 104 256 608
a=4  d=3  r=2   

 (Harmonic progression)

, , , ...h h h1 2 3  (Harmonic Progression)  

, , , , ...h h h h
1 1 1 1

1 2 3 4

, , , , ...a a d a d a d
1 1

2
1

3
1

+ + +
;a kd 0!+  k

d
a-
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(i) , , , ...n
1 1 2

1
3
1=b l     , :n n n1 Ndb l& 0-  

   n
1b l  

(ii) a, b, c  HP  
ac

b
a c

=
+

2

(iii)    AP    

HP  

a, b, c c
a

b c
a b= -

-

 a, b, c HP , ,a b c
1 1 1 AP

b a c
2 1 1= + ab - ac = ac - bc

a b c c a b- = -] ]g g c
a

b c
a b= -

-

c
a

b c
a b= -

- a b c c a b- = -] ]g g  
c b b a
1 1 1 1- = -

, ,a b c
1 1 1 a, b, c 

19
1

35
1

( hn ) a h
1

n
n

= an] g
a 195 = a 359 =  

a + 4d =19 a + 8d =35 a = 3 d = 4 
12 a a d11 4712 = + =

12 47
1

 (Arithmetic, Geometric and Harmonic Means)
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n , , , ...,a a a an1 2 3 n   

, , , ...,a a a an1 2 3  (Arithmetic Mean) ...
n

a a a an1 2 3+ + + +

, , , ...,a a a an1 2 3

  14 14 17 20 15 16
n

n

n , , , ...,a a a an1 2 3 n
...a a a an

n
1 2 3 , , , ...,a a a an1 2 3  (Geometric Mean) 

, , , ...,a a a an1 2 3

  4 6 9

216 63 = 4 6 9 3
19 6 3

1=

n
AM GM

AM GM$

AM GM$

5.2

AM 
GM AM GM$

AM = GM

a b AM a b
2= +

GM ab=

a b ab a b4 02 2 $+ - = -] ]g g a b ab4 02 $+ -] g
a b ab2$+] g  &  a b ab2 $

+

AM GM$ AM GM += a b ab4 02+ - =] g AM = GM +  a = b 
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AM GM$

 a b
GM a 0>  

b 0> a b+ AB
AB M AB

AB  

AM = MB = a b
2
+   

a b
2
+

 AD = a, DB=b D AB

bM
B

C

a
A

D

a+b

2√ab

D AB C
CA, CB CM M

CM = = a b
2
+ MD = a b a2

+ - ACDT CBDT  

AD
CD

CD
BD= CD AD BD ab2 #= =

CD ab= CD ab=

CD CM# ab a b
2#
+ AM GM$

D M DC 
AM=GM a = b a = b AM=GM 

, , , ...,a a a an1 2 3 ak  (k 1
) ak 1-

ak 1+

, , , ...,a a a an1 2 3 a d

,a a k d a a k d1 2k k 1= + - = + --] ]g g a a kdk 1 = ++

a a a k d a kd a k d
a k d a2 2

2
2

2 2 2
1k k

k
1 1+ =

+ - + +
=

+ -
= + - =- + ] ] ]g g g

ak 1- ak 1+ ak
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, , , ...,a a a an1 2 3

a k 1>k ] g ak 1-

ak 1+

, , , ...,a a a an1 2 3 a r

,a ar a ark
k

k
k1

1
2= =-

-
- a ark

k
1 =+

a a ar ar a r ar ak k
k k k k

k1 1
2 2 2 2 1= = = =- +

- - -

ak 1- ak 1+ ak

, , , ..., ,A A A4 71 2 7

, , ...,A A A1 2 7 , , , , ,G G G G12 8
3

1 2 3 4

, , ,G G G G1 2 3 4

a = 4 4 + 8d = 7. d 8
3= 7 

, , , , , ,4 8
3 4 8

6 5 8
1 5 8

4 5 8
7 6 8

2 6 8
5

a = 12 ar 8
35 = r r32

1
2
15 &= = 4 

, , ,6 3 1 2
1

4
3

4 5 6
4096 5 6 7 32768

8

, , , ...a ar ar2

4 5 6 ,ar ar3 4 ar5  

a r 40963 12 = a r 327683 15 =
a r
a r

4096
32768

3 12

3 15
=    

r 83 &= r = 2

a r 40963 12 = r = 2 a a1 13 &= =

8 r
a r

1
1

1 2
1 2 255

8 8

-
-

= -
- =

^ h

(Harmonic Mean)

, , ...,h h hn1 2

, , ...,h h h
1 1 1

n1 2
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...

n
h h h
1 1 1

n1 2
+ + +

...h h h

n
1 1 1

n1 2
+ + +

, , ...,h h hn1 2

, , ...,h h hn1 2" ,  
...h h h

n
1 1 1

n1 2
+ + +

   

a b  
a b

a b
ab

1 1
2 2

+
= +

n  
GM  HM  

GM  HM

5.3

GM HM 
GM HM$ GM = HM 

a b

 GM =  ab HM a b
ab2= +

 GM - HM  =  ab a b
ab2- +

  =  a b
ab a b ab2

+
+ -] g

  =  a b
ab a b ab2

+
+ -^] g h

  =  a b
ab a b

2

+
-^ h

  0$   

GM HM 0$- GM HM$  

GM HM=  +  a b
ab a b

2

+
-^ h

  = 0

  +  ab a b
2

-^ h   = 0

  +  a = b

 5.2 AM GM$ GM HM$

AM GM HM$ $

AM, GM HM
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a b

   AM a b
2= + GM ab= HM a b

ab2= +

   AM HM a b
a b

ab ab ab GM2
2 2 2# = +
+ = = =b b ^l l h   

AM HM GM2# = AM, GM HM  

 b a c a,b,c 

 b a c a,b,c

 b a c a,b,c

   x          
 y           

       d    

  
d
x

  
d
y

   
x
d

y
d

d
x y

xy2 2

+
= +

 60     

 40         

  60  40-   
60

2 60 40
0

48
4

× =
+

×
 /

5.2
1. n 6

(i) 
2

1
n 1+  (ii) 

n n
n n

3 4
1 2

+ +
+ +] ]]g gg  (iii) 4 2

1 nb l  (iv) n
1 n-] g

 (v) n
n

3 4
2 3

+
+  (vi) 2018  (vii) n

3
3 2

n 1
-
-

2. n- an 6
 

(i) 
;

;
a

n

n

1
n =

+*  
n

n
 (ii) 

;

a

a a n

1

2

2>

n

n n1 2

=

+- -

Z

[

\

]]]]]
]]]]

 

(iii) 
;

a
n

a a a n 3>
n

n n n1 2 3

=
+ +- - -

* ; n 1, 2, 3

; n = 1

; n = 2
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3. n

 (i)  2 2 4 4 6 6 (ii) , , , , , ...2
1

3
2

4
3

5
4

6
5  

 (iii)  , , , , , ...2
1

4
3

6
5

8
7

10
9   (iv) 6 10 4 12 2 14 0 16 2

4. 5832
6 9

5.  , , , ...
1 2

3
2 3

5
3 4

7
2 2 2 2 2 2 n

6. k tk k
, ,t t tn k n n k- +

7.   a,b,c a b cx y z
1 1 1

= =
, ,x y z

8. 10
16

9. q r x r p x p q 02- + - + - =^ ^h h p, q, r  

10. p, q r a,b c

log log logq r a r p b p q c 0- + - + - =^ ^ ^h h h
 (Finite Series)

(Finite Series) an] g
...a a an1 2+ + +

...a a an1 2+ + + ak
k

n

1=

/
...a a a0 1 2+ + +

a0

(Sum of Arithmetic, Geometric and Arithmetico-Geometric Progressions)

n

 
 (Arithmetic Series)
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 (Geometric Series) 

 a n d1+ -^ ] g h n

S na
n n

d n a n d2
1

2 2 1n = +
-

= + -] ]g g6 @  
 arn 1-^ h n S r

a r
1
1

n

n

= -
-^ h

r 1! r = 1 a,a,a,...  

n na

r 1! ...r r r r
r1 1

1n
n

2 1+ + + + = -
--  

 
 (Arithmetico-Geometric Series)

  a n d r1 n 1+ - -_^ ] g h i n

S r
a a n d r

dr
r

r
1

1
1

1
n

n n

2

1

= -
- + -

+
-

- -^ ] d ]g h g n r 1!

...1 7
6

49
11

343
16+ + + + n 

a = 1 d = 5 r 7
1=

 Sn  = r
a a n d r

dr
r

r
1

1
1

1n n

2

1

-
- + -

+
-

- -^ ] d ]g h g n

  = 
n

1 7
1

1 1 5 1 7
1

5 7
1

1 7
1

1 7
1n n

2

1

#
-

- + -
+

-

-
-J

L

KKKKKKKK

^ ] b b
b

N

P

OOOOOOOO

gh l l
l

  = 

n

7
6

1
7

5 4

7 7
6

7
5

7 1n

n

n

1
2

1- -

+
-

-

-^
b l

h

  = n
7 6

7 5 4
7 36

5 7 1
n

n

n

n

1 2

1- + +
-

- -

-^ h
(Telescopic Summation for Finite Series)

 (Telescopic Summation)
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...
1 2

1
2 3

1
3 4

1
+

+
+

+
+

+ n

k tk t
k k 1

1
k =

+ +

t
k k k k k k

k k
k k
k k

k k
1

1
1 1

1
1

1
1k =

+ +
=

+ + - +
- -

=
- +
- +

= + -^ ^ ]h h g
... ...t t t n n n2 1 3 2 1 1 1n1 2+ + + = - + - + + + - = + -^ ^ ^h h h

k k 1
1

k

n

1 += ] g/

k t
k k 1

1
k = +] g

k k k k1
1 1

1
1

+ = - +] g

... ...t t t n n n1 2
1

2
1

3
1

3
1

4
1 1

1
1 1 1

1
n1 2+ + + = - + - + - + + - + = - +b b b bl l l l  

5.3
1. 10 52 15

77 20

2. ...1
1

1 3
1 2

1 3 5
1 2 33 3 3 3 3 3

+ +
+ + + +

+ + + 17

3. 

(i) 8+88+888+8888 (ii) 6 + 66 + 666 + 6666 

4. ...1 1 4 1 4 4 1 4 4 42 2 3+ + + + + + + + + +] ^ ^g h h n

5. , , , , ...1 3
4

9
7

27
10 n n

6. ...3 75 243+ + + n 435 3 n

7. (m+n) (m-n) m 
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8. 3250 20 15 

9. 20 4
24

10. 

30 2 4 n 

11. 500 10% 10

12. 

5 1 50 000

(Some Special Finite Series)

AP, GP

1. n

...k n
n n

1 2 3 2
1

k

n

1
= + + + + =

+

=

] g/
AP

2. n

...k n
n n n

1 2 3 6
1 2 1

k

n
2 2 2 2 2

1
= + + + + =

+ +

=

] ]g g/

[ a b a b a ab b3 3 2 2- = - + +] ^g h
3. n 

...k n n n
1 2 3 2

1

k

n
3 3 3 3 3

1

2

= + + + + =
+

=

b ] g l/

[ k k k k k1 4 6 4 14 4 3 2- - = - + -] ^g h
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(Infinite Sequences and Series)

...2
1

4
1

8
1+ + +

A, B
A B  

A B  
A B

A  B

A B
1/4

1/8

1/2

1/16
1/64

1/32

1/128
1/256 0 1 0 

 1 2
1  2

1

 2 4
1  2

1
2
1+

 3 8
1  2

1
4
1

8
1+ +

 4 16
1  2

1
4
1

8
1

16
1+ + +

 5 32
1  2

1
4
1

8
1

16
1

32
1+ + + +

 n 
2
1

n  ...2
1

2
1

2
1

2
1

2
1

2
1

n2 3 4 5+ + + + +

 (finally) A B
A  0, B 1

, , , , , ...1 2
1

4
1

8
1

16
1

32
1  (goes) 

, , , , ...2
1

2
1

4
1

2
1

4
1

8
1

2
1

4
1

8
1

16
1+ + + + + + 1

...2
1

4
1

8
1

16
1+ + + + - 1
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, , , , , ...1 2
1

4
1

8
1

16
1

32
1

, , , , , , ...1 10
1

100
1

1000
1

10000
1

100000
1

an] g a

 
an a  
n 3 an a

n " 3 a an "

an a
n " 3 an a an] g a

n
lim a an" 3 =

1 0 1 0 1 0 1

(Fibonacci Sequence)

1 1

1 1 2 3 5 8 13 21 34

,x x x n 3n n n1 2 $= +- - ,x x1 11 2= =
 (Fibonacci Sequence)

1202

n  =  1  2  3  4   5   6  7  8  9  10  11  12  13  14

xn   = 1  1  2  3  5  8  13  21  34  55  89  144  233  377

6 7 8

x 8 13 218 = + =
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(i) 3 t 23 =] g
(ii) 4 t 34 =] g

(iii) 5 t 55 =] g
(iv) n n

1

1

2

3

5

8

13

19

1

72135352171

1 6 15 20 15 6 1

1

1

1

1

1

1

1

1

21

1 33

1 44 6

5

55
34

21
13

8
5

3
2

1
1

51 1010

8285670562881

3684126126843691

(Infinite Series)

an] g ...a a1 2+ +

ak
k 1

3

=

/

...2
1

4
1

8
1

16
1+ + + +

1 B

, , , , ...2
1

2
1

4
1

2
1

4
1

8
1

2
1

4
1

8
1

16
1+ + + + + +

n ...2
1

4
1

8
1

16
1

2
1

n+ + + + +
2

2 1
n

n -

sn n
lim s 1n" 3 =

...2
1

4
1

8
1

16
1+ + + + 1

an] g ...s a a a an n1 2 3= + + + +
s an] g

s

...a a a s1 2 3+ + + = s

www.tntextbooks.in



272

an
n 1

3

=

/
... ,s a a a a n Nn n1 2 3 != + + + +

sn] g an
n 1

3

=

/ (Partial Sum) 

sn] g n
lim s sn" 3 = sn] g

Convergent Series s

a sn
n 1

=
3

=
/ 1 n

n

1

1
-

3
+

=

] g/
1 0 1 0 1  

  

 ...1 1 1 1 1n

n

1

1
- = - + - +

3
+

=

] g/

 S = 1 - 1 + 1 - 1 + ...  S 0 1

2
1

...S 1 1 1 1= - + - +] ]g g ...S 1 1 1 1 1= + - + + - + +] ]g g
   ...S S1 1 1 1 1 1- = - + - + - + =] g

xn

n 0

3

=
/ x 2

1= x = 2

a xn
n

n 0

3

=
/ x

x x

x

(Infinite Geometric Series) 

xn/ ,x x 1n

n 0
!

3

=
/  

...s x x xn n0 1= + + + ,s x
x x1

1 1<n

n
; ;= -

- xn  

sn x1
1
-

 x 1<; ; x xn

n 0

3

=
/

x1
1
-  

x 1<; ; x ...x x x x1
1 1 2 3
- = + + + +  
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 x 1<; ; x x1 n n

n 0
-

3

=

] g/

x1
1
+

x 1<; ; x  

   ...x x x x1
1 1 2 3
+ = - + - +

 x 2
1<; ; x- x2 n

n 0

3

=

] g/

x1 2
1

-   

x 2
1<; ; x

   ...x x x x1 2
1 1 2 4 82 3

- = + + + +

 x !n
xn

n 0

3

=
/

ex

x ! ! ! ! ...e x x x x1 1 2 3 4
x

2 3 4

= + + + + +

 x = 0 x1 n

n 0
-

3

=

] g/

(Infinite Arithmetico- Geometric Series)

 a n d r1 n 1R + - -^^ ] g hh
     ;S n

lim S r
a

r
dr r1 1

1 1< <n 2" 3= = - +
-

-] g
...1 5

4
25
7

125
10+ + + +

a = 1 d = 3 r 5
1=

 S3  = r
a

r
dr

1 1 2- +
-] g

  = 
1 5

1
1

1 5
1

3 5
1

2

#

-
+

-b l
  = 4

5
5
3

16
25+ b bl l

  = 16
35

  
 (Telescopic Summation for Infinite Series)

5 5 2
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n n5 6
1

n
2

1 + +

3

=
/

n an a
n n5 6

1
n 2=

+ +

a n n2
1

3
1

n = + - +

n sn

... ...s a a a n n n3
1

4
1

4
1

5
1

5
1

6
1

2
1

3
1

3
1

3
1

n n1 2= + + + = - + - + - + + + - + = - +b b b bl l l l
n n 3

1
+

n3
1

3
1- +  "  3

1  s 3
1

n "
n n5 6

1
3
1

n
2

1 + +
=

3

=
/

(Binomial Series)

x

...x x x x1
1 1 2 3
- = + + + +

...x x x1
1 1 2

+ = - + -

...x x x1 2
1 1 2 4 2

- = + + +

x1
1
-  x1

1
+ x1 2

1
- x1 1- -] g x1 1+ -] g

x1 2 1- -] g , ...x x1 1+ -] ]g g
 (1+x)

5.1

(Binomial Theorem for Rational Exponent)

5.4

n x 1< x

! ! ...x nx
n n

x
n n n

x1 1 2
1

3
1 2n 2 3+ = + +

-
+

- -
+] ] ] ]g g g g

 

1.   x x

 ! ! ...x nx
n n

x
n n n

x1 1 2
1

3
1 2n 2 3- = - +

-
-

- -
+] ] ] ]g g g g

   x 1<^ h
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2.  n n

 ! ! ...x n x
n n

x
n n n

x1 1 2
1

3
1 2n 2 3+ = + - +

- - -
-

- - - - -
+-] ] ] ] ] ] ]g g g g g g g

 ! ! ...x nx
n n

x
n n n

x1 1 2
1

3
1 2n 2 3+ = - +

+
-

+ +
+-] ] ] ]g g g g

   x 1<^ h  
3. x n x n 

 ! ! ...x nx
n n

x
n n n

x1 1 2
1

3
1 2n 2 3- = + +

+
+

+ +
+-] ] ] ]g g g g

   x 1<^ h
n

q
p

q 0!^ h n q
p

=

  x1 q
p

+] g  = ! ! ...q
p

x
q
p

q
p

x
q
p

q
p

q
p

x1 2

1

3

1 2
2 3+ +

-
+

- -
+

c c cm m m

   = 
! !

...q
p

x
q

p p q
x

q
p p q p q

x1
2 3

2
2

2
3

3+ +
-

+
- -

+
^ ^ ^h h h

  x 1<^ h
  x1 q

p

-] g  = 
! !

...q
p

x
q

p p q
x

q
p p q p q

x1
2 3

2
2

2
3

3- +
-

-
- -

+
^ ^ ^h h h

  x 1<^ h
x1 n+] g

1. ...x x x x1 11 2 3+ = - + - +-] g
2. ...x x x x1 11 2 3- = + + + +-] g
3. ...x x x x x x1 1 2 3 4 5 62 2 3 4 5- = + + + + + +-] g
4. ...x x x x x x1 1 2 3 4 5 62 2 3 4 5+ = - + - + - +-] g

x 1<

x 1< x1 3
2

+] g

n 3
2=

 !
n n

2
1-] g

 = !2
3
2

3
2 1-b l

  = 2
3
2

3
1-b l
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  = 9
1-

 !
n n n

3
1 2- -] ]g g

 = !3
3
2

3
2 1 3

2 2- -b bl l

  = 6
3
2

3
1

3
4- -b bl l

  = 81
4

...x x x x1 1 3
2

9
1

81
4

3
2 2 3+ = + - + +] g

x1 3
1

2+] g x

x

3x = y
x y1 3

1
1

1
2 2+

=
+] ^g h

y1
1

2+^ h y y 1<  

y y- 3x x3 1<  

x
x1 3

1
2+] g x 3

1<

x

 
x1 3

1
2+] g  = x1 3 2+ -] g

  = ! !x x x1 2 3 2
2 2 1 3 3

2 2 1 2 2 32 3- +
+

-
+ +] ] ] ] ] ]g g g g g g

     ! ...x4
2 2 1 2 2 2 3 3 4+

+ + +
-

] ] ] ]g g g g
...,

x
x x x x x

1 3
1 1 6 27 108 405 3

1<2
2 3 4

+
= - + - + -] g

 
x3 2

1
2+] g x  

x

x1 2+ -] g
x3 2+] g x3 1 3

2+b l
x3 2

1
2+] g  = 

x3 1 3
2

1
2

2
+b l

  = x
9
1 1 3

2 2
+

-b l
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  = y9
1 1 2+ -^ h  ( x y3

2 = )

  = ... ,y y y y y9
1

1 2 3 4 5 1<2 3 4- + - + -_ i
  = ... ,x x x x x

9
1

1 2 3
2 3 3

2 4 3
2 5 3

2
3

2 1<
2 3 4

; ;- + - + -c b b b bl l l l m
  = ...,x x x x x9

1 1 3
4

3
4

27
32

81
80

2
3<2 3 4- + - + -b l

x3 2
1

2+] g  = ...,x x x x x9
1

27
4

27
4

243
32

729
80

2
3<2 3 4- + - + -

x 2
3<

653

x 1< x1 n+] g  = ! ! ...nx
n n

x
n n n

x1 2
1

3
1 22 3+ +

-
+

- -
+

] ] ]g g g
 653  = 65 3

1

  = 64 1 3
1

+] g  

  =  64 1 64
1

3
1 3

1

+b l  

  =  4 1 64
1 3

1

+b l
  = 

! ...4 1 3
1

64
1

2
3
1

3
1 1

64
1 2

# #+ +
-

+f b bl l p
  = ...4 48

1 4 9
1

64
1

64
1# # #+ - +

  = ...4 48
1

36864
1+ - +

  .  .4 0 02+ ...36864
1 +

653  = 4 02

x x x7 433 33+ - +
x
1

2  

 x 733 +  = x 73 3
1

+] g
  = x x

1 73
3

3
1

+c m; E   (x x
7

1<3 )

  = x x
1 7

3

3
1

+c m
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  = 
! ...x

x x1 3
1 7

2
3
1

3
1 1 7

3 3

2

#+ +
-

+f b bl l p
  = ...x x x

1 3
7 1

9
49 1

3 6# #+ - +b l
  = ...x

x x3
7 1

9
49 1

2 6# #+ - +

 x 433 +  = x 43 3
1

+] g
  = x x

1 43
3

3
1

+c m; E   (x x
4

1<3 )

  = x x
1 4

3

3
1

+c m
  = 

! ...x
x x1 3

1 4
2

3
1

3
1 1 4

3 3

2

#+ +
-

+f b bl l p
  = ...x x x

1 3
4 1

9
16 1

3 6# #+ - +b l
  = ...x

x x3
4 1

9
16 1

2 6# #+ - +

 x x
1

x
1

x x
x

7 3
7 133

2#+ = + x x
x

4 3
4 133

2#+ = +

x x7 433 33+ - +  = x
x

x
x x3

7 1
3
4 1 1

2 2 2# #+ - + =b bl l

 n   n 2=  

! ! ... .x x x x x1 1 2 2
2 2 1

3
2 2 1 2 2

1<2 2 3+ = + +
-

+
- -

+] ^ ^ ^g h h h
(Exponential Series)

!n
xn

n 0

3

=

/  (Exponential Series) x

x !n
x e

n

n

x

0

=
3

=

/

   ! ! ! ! ...e 1 1
1

2
1

3
1

4
1= + + + + +

   ! ! ! ! ...e x x x x1 1 2 3 4
x

2 3 4

= + + + + +      (5 1)

x- 5 1 x x

   ! ! ! ! ...e x x x x1 1 2 3 4
x

2 3 4

= - + - + +- 5 2)

! ! ! ! ...e e1 1 1
1

2
1

3
1

4
11= = - + - + --  
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5 1 5 2

   ! ! ! ...e e x x x
2 1 2 4 6

x x 2 4 6+ = + + + +
-

! ! ! ...e e x x x
2 1 3 5

x x 3 5- = + + +
-

    ! ! ! ...e e
2 1 2

1
4
1

6
11+ = + + + +

-

! ! ! ...e e
2 1

1
3
1

5
11- = + + +

-

(5 1 x 2x

   ! ! ! ! ...e x x x x
1 1

2
2
2

3
2

4
2x2

2 3 4

= + + + + +
] ] ]g g g

   ! ! ! ! ...e x x x x1 1
2

2
4

3
8

4
16x2

2 3 4

= + + + + +

(Logarithmic Series)

n
x1 n

n

n

1

1

-
3

+

=

] g/  (Logarithmic Series) 

x 1< x x 1=

x 1< x 1+x

...log x x x x x1 2 3 4

2 3 4

+ = - + - +] g
x 1< x x x

...log x x x x x1 2 3 4

2 3 4

- =- - - - -] g
x 1< x log log logx

x x x1
1 1 1-

+ = + - -b ] ]l g g
...log x

x x x x
1
1 2 3 5

3 5

-
+ = + + +b l : D

log x1 2+] g 2x y

y 1< y ...log y y
y y y

1 2 3 4

2 3 4

+ = - + - +^ h
y 1< x2 1< x 2

1<

...log x x
x x x

1 2 2 2
2

3
2

4
22 3 4

+ = - + - +] ] ] ]g g g g
...log x x x x x1 2 2 2

4
3

8
4

162 3 4

+ = - + - +] g  x 2
1< x

5.4
1. x

x 

 (i)  x5
1
+   (ii) 

x3 4
2

2+] g  

 (iii)  x5 2 3
2

+] g  (iv)  x 2 3
2

+ -] g  
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2.  10013

3.  x x x6 333 33+ - +

x
1

2

4.  x x
x

1
1

+
- x x1 2

2

- +

5. 6

(i)  e x5   (ii)  e x2-   (iii)  e x2
1

6. 4

(i)  log x1 4+] g   (ii)  log x1 2-] g   (iii)  log x
x

1 3
1 3

-
+b l   (iv) log x

x
1 2
1 2

+
-b l

7.  ...y x x x x
2 3 4

2 3 4

= + + + + ! ! ! ...x y
y y y
2 3 4

2 3 4

= - + - +

8. p q p - q q
p

n p n q
n p n q

1 1
1 1n

- - + +
+ + -]] ]]gg gg

16
158

9. 
e
x x3 4

x2

2- + x4

10. n2 1
1

9
1

9
1

n n
n

1 2 1
1

- +
3

- -
=

b l/  

5.5

1. ... n2 4 6 2+ + + +

(1)  n n
2

1-] g
 (2)  n n

2
1+] g

 (3) n n
2

2 2 1+] g
  (4)  n n 1+] g   

2.  x2 2 10+] g x6

(1)  C10
6  (2)  26   (3)  C 210

6
6  (4)  C 210

6
10   

3.  x y2 3 20+^ h x y8 12

(1)  0 (2) 2 38 12   (3)  2 3 2 38 12 12 8+  (4)  C 2 320
8

8 12   

4.  r- C C>n n
r10 n-

(1)  10 (2)  21 (3)  19 (4)  20  

5. a g

(1)  a g#   (2)  a g$  (3)  a g=   (4)  a g>   

6.  ...x x a a x a x x1 1 n n2 2
0 1 2

2 4+ + = + + + + +] ]g g , ,a a a0 1 2

n-

(1)  1 (2)  2 (3)  3 (4)  4
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7.  a 8, b a, 4 b a, x, b 
x

(1)  2 (2)  1 (3)  4 (4)  16

8.  , , , ...
3

1
3 2

1
3 2 2

1
+ +

(1 2

(3 4

9. 16 8

(1)  10 (2)  6 (3)  5 (4)  4

10. d n  
Sn S S S2n n n1 2- +- -

(1)  0 (2)  2d (3)  4d (4)  d2   

11. 3815 13

(1)  12 (2)  1 (3)  11 (4)  5

12. 1 2 4 7 11 n

(1)  n n n3 23 2+ +  (2)  n n n3 33 2- +  (3)  n n n
3

1 2+ +] ]g g
 (4)  n n

2
22 - +   

13.  ...
1 3

1
3 5

1
5 7

1
+

+
+

+
+

+ n

(1)  n2 1+  (2)  
n
2

2 1+
 (3)  n2 1 1+ -  (4)  

n
2

2 1 1+ -
 

14. , , , , ...2
1

4
3

8
7

16
15 n

(1)  n2 1n - -  (2)  1 2 n- -  (3)  n2 1n + --   (4)  2 n 1-   

15. ...2 8 18 32+ + + + n

(1)  n n
2

1+] g
  (2)  n n2 1+] g  (3)  n n

2
1+] g

 (4)  1  

16. ...2
1

4
7

8
13

16
19+ + + +

(1)  14 (2)  7 (3)  4 (4)  6  

17. 18 6

(1)  3
1  (2)  3

2  (3)  6
1  (4)  4

3   

18. e x2- x5

(1)  3
2  (2)  2

3   (3)  15
4-  (4)  15

4   
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19. ! ! ! ...2
1

4
1

6
1+ + +

(1)  e
e

2
12 +   (2)  e

e
2

1 2+] g
 (3)  e

e
2

1 2-] g
 (4)  e

e
2

12 +   

20. ...1 2
1

3
2

3
1

3
2

4
1

3
22 3

- + - +b b bl l l
(1)  log 3

5b l  (2)  log2
3

3
5b l  (3)  log3

5
3
5b l  (4) log3

2
3
2b l

    

  n Nd    

    ...a b C a b C a b C a bn n n n n n
n

n
0

0
1

1 1 0+ = + + +-] g
  ...C C C 2n n n

n
n

0 1+ + + =

  ... ...C C C C C C 2n n n n n n n
1 3 5 0 2 4

1+ ++ += + ++ += -

  AM ≥ GM ≥ HM

    n   T a n d1n = + -] g
    n   T arn

n 1= -

    n   T a n d r1n
n 1= + - -^ ] g h

  a  b     , ,AM a b GM ab HM a b
ab

2
2= + = = +

    n   S n a n d2 2 1n = + -^ ] g h
    n ,S r

a r
r1

1
1n

n

!= -
-^ h

 

    n  

,S r
a a n d r

dr
r

r r1
1

1
1 1n

n n

2

1

!-
- + -

+
-

-
=

-^ ] d ]g h g n  

  ...k n
n n

1 2 3 2
1

k

n

1
= + + + + =

+

=

] g/

 ...k n
n n n

1 2 3 6
1 2 1

k

n
2 2 2 2 2

1
= + + + + =

+ +

=

] ]g g/

 ...k n n n
1 2 3 2

1

k

n
3 3 3 3 3

1

2

= + + + + =
+

=

b ] g l/

  1,1,2,3,5,...

     

! ! ...x nx
n n

x
n n n

x x1 1 2
1

3
1 2

1n 2 3 1+ = + +
-

+
- -

+] ] ] ]g g g g
 

  x-     
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  ...x x x x1 11 2 3+ = - + - +-] g
  ...x x x x1 11 2 3- = + + + +-] g
  ...x x x x x x1 1 2 3 4 5 62 2 3 4 5- = + + + + + +-] g
  ...x x x x x x1 1 2 3 4 5 62 2 3 4 5+ = - + - + - +-] g
  ! ! ! ! ...e x x x x1 1 2 3 4

x
2 3 4

= + + + + +  

  ! ! ! ! ...e x x x x1 1 2 3 4
x

2 3 4
= - + - + --

  ! ! ! ...e e x x x
2 1 2 4 6

x x 2 4 6+ = + + + +
-

 ! ! ! ...e e x x x
2 1 3 5

x x 3 5- = + + +
-

  x 1<   x-  

  ...log x x x x x1 2 3 4

2 3 4
+ = - + - +] g

 x 1<   x-  

  ...log x x x x x1 2 3 4

2 3 4
- =- - - - -] g  

 x 1<   x-   

   ...log x
x

x x x
1
1 2 3 5

3 5

-
+ = + + +b l ; E
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“
.’

6.1 
 (Francois Viete-1540-1603)  

     
  (Theory of Equation) 

. 1630-    
-      

      
     

.     
  

   
     

.       
.       

     .  ‘  ’ 
   (Cartesian Geometry)  .

17      (pure 
mathematics)   (applied mathematics)    

 . 17       
        . 

, ,  ,      
   .      

        
 .

   
  .       

.       
       

     .    
   .

  ,    
 6 . .      10   

 .   ,   4 .    

6

1596-1650 CE
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 5    .    

 8.00        

 .

(i)     

(ii)          
      

(iii)   

(iv)       .                                        

(    ) 

Q

P

A

B

?

l

   A  B   
       

 l     
. A  B  l  

 P  Q   
   3  

 5  . P  Q    
6  , (i)       

  (     )  
(ii)        .

  24    10    

        4 

    .       

 3      .    

       ?  

     ? ( 6.2 -   

    .)

       

`8    22,000   .   

`30       .    

   `6       

  . ,     `14    

 24,000   .     , 

   

   . 

(i)   (Demand Equation)

(ii)   (Supply Equation)

(iii)       

(iv)    `10    .
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  ,      

 .      
     .  

,       
  .     . 

     

     

      
   

        
     .

      
(Family of Straight Lines) 

   ,   ,  
     

     
(location) .     

   .

      
    (x, y)  .

,    x -   x -   y-  
 .         

.        P-    
 (x, y)  .   x   P -   y -   

  y   P -  x -    .   
y -   x    ,  x -   
y     x  y -     

. ,    .
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Image courtesy of 

ESPNcric info

    ,     

    .     

  ,    , 

   (LBW)     . 

     

    

    

     

   . 

    

   

.   

    

.  

https://www.hawkeyeinnovations.com/sports   .

  P        .  

      ( )   . 

      P   

  (cycloid)  .    www.mathworld.

wolfram.com/cyloid www.gogebra.org/b/bd2ADu2I  .

P

P P

P

ஏvகைணகll2 nயம�பாைதக�

        

 .        

  .    

.         

  

    .  

  (2  1990  

28  1991 )   

   (Scud)  

  . 

    

 (Patriot)   

. 
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    .

x  y       x  y 
      .   

    .   
     

   .

       
.

P       

 A  B  

  .

P

A B

AB   
  

  .

P      

  Ox   Oy

   

.

y

x

P

O

xOy∠  
   

 .

P      

 O -   

.

P

O

r

      .  
       

    . 

(i) P       P-      
 (h, k)   . 

(ii)      (Parameter) 
   . 

(iii)   h, k      
 .

(iv)   h-   x   k-   y   
   p-   . 

x -     y -    
     .
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,P h k^ h        .

 P-  x  y-    
  A, B . 

B

y

y =
 x

x

P(h, k)

AO

 P  , , ,OA OB BP AP h k= =^ ^ ^h h h
 ,

 AP = BP k h& =

    h = x  k =y   

P-  y = x   
.

  ,ct t
c` j      .                                                                  

 t 0!     c   .

       ,P h k^ h .

 ,   h = ct  k t
c=  .

  t-  .

 h k ct t
c hk c2&= =^ ^ ^ `h h h j  ,  h = x   k = y   

`     xy c2=

,A 1 0^ h   5B ,0^ h      
    .

P(h, k)

x = 3

O A(1, 0) B(5, 0)

y

x

   ,A 1 0^ h   
5B ,0^ h .

,P h k^ h     
    .

 , AP BP=

  

h k h k1 0 5 02 2 2 2- + - = - + -^ ^ ^ ^h h h h
&  h = 3

,  ,P h k^ h  -  , x = 3

  y-     .
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,sec tana bi i^ h     
.   i     .

,P h k^ h         .

 

  h = seca i   k = b tani

&   a
h  = seci  ,             b

k = tani

  ,  i -  .

  a
h

b
k2 2

-a ak k  = sec tan2 2i i-

  a
h

b
k2 2

-a ak k  = 1 .            
a
h

b
k

2

2

2

2

& -  = 1

,P h k^ h    
a
x

b

y
2

2

2

2

- = 1.

https://www.geogebra.org/geometry

sin cos 12 2i i+ = ,       sec tan 12 2i i- = ,      cosec cot 12 2i i- =

 6      A  B 
   x  y-   .  O-   

 DOAB    (centroid)  
 

,P h k^ h         . 

B

A
P

O x

y
O,  A B      

 (0, 0), (a,0)  (0, b) .

DOAB -   , ( , ) .a b h k3
0 0

3
0 0+ + + + =a k

  ,a h a h b k b k3 3 3 3& &= = = =

 BOAD  -

   OA OB2 2+  = AB2

  ( ) ( )h k3 32 2+  = ( ) h k6 42 2 2& + =

, ,P h k^ h     ,  .x y 42 2+ =  
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    ( sin ), ( cos )a a 1 i i i- -^ h   i   
 ,     .

,P h k^ h         . 

P

P P

P

  h = ( sin )a i i-  (6.1)

  k = 1( cos )a i-  (6.2)

   (6.2)   
i   sini    .

  k = 1( cos )a i-  

  cos cosa
a k

a
a k1&i i= - = -- a k   sin a

ak k2 2

i =
-

i   sini     (6.1)  ,

  h = cosa a
a k ak k21 2- - -- a k

,      ,

  x = cosa a
a y

ay y21 2-
- -- ` j              (6.3)

https://www.geogebra.org/b/bd2ADu2I#material/zCKMj8kE

1.       P -   
 .   a    .

(i)  ( cos , sin )9 9a a   (ii)  ( cos , sin )9 6a a

2. (i) x-     (ii) y -     
    P -    .

3. i   , cos , sinx a y a3 3i i= =     
    .

4. x x ky5 02 - + =      P(-3,1)  Q(2,b) 
  k  b -   .

5. 8       A  B   
  x  y-      ,  

 AB -     .
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6. (3, 5)  (1,-1)      
   20-      

 .

7. A(1,-6)  B(4,-2)   AB    
P-     ,  P-    

.

8.  O . y x42 =     R  
  OR -     .

9.   P-    cosec cosec( sin ), ( sin )a b
2 2i i i i+ -a k , P-  

  2 2 2 2 2 2b x a y a b− =   .  i    
  .

10. Q  x y2 9 182 2+ =     P(2,-7) 
   PQ-    

 .

11. R  Q   x  y -    , P 
RQ- .  RP = b, PQ = a  RQ-   

  P-    .

12. P(6 , 2) , Q(–2 , 1)  R   DPQR-    
y x x3 42= - +  -   R   ,  PQRD -  

 (Centroid)   .

13. x y x y4 3 7 02 2+ + - + =    Q    P 
   OQ-   3:4    
 P-    .   O  .

14.   P(5,1)    5  x-  3 
     ?   

 .

15. (-4, 0)  (4,0)       
   10  ,   
  

       
.       

  .     

   ax by c 0+ + =      (6.4)

 .  a   b      
.          

    (Linear)    .
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   .  ,    

   .  
   .

y

xO

θ θ

y

xO

  
     

 ( ) x-    
.    i  .

 

        
   . 

x   y -        ‘m’  

 .       .

(i)      x  -     i   
   (slope)

   tanm i=   
 i -   2

r   tanm 2
r=   .  

θ

θ

B

A
(x

1
, y

1
)

(x
2
, y

2
)

∆y = y
2
 -   y

1

∆x = x
2
 -  x

1

x

y

O

(ii) ,x y1 1^ h  ,x y2 2^ h      
  ,    

y -   x -   
   .   x x2 1!  

  .

          m x
y

x x
y y

2 1

2 1

D
D

= = -
-

 = 

(iii)   ax by c 0+ + =    
, 

  

   ,m b
a=-  b 0!  

  b = 0 , m . 
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O

y

x

(0 ≤ θ < 

θ 

2

π
)

O

y

x

( 
2

π
 < θ < π)

O

y

x

θ = 0

O

y

x

2

πθ = 

θ θ 

    

x-
y-

x-
y-

x-
y-

x-
y -

         , 
   .

A, B  C         . 
AB -   BC (  AC) -    , A, B  C    

  .

  
x -    y -    .

O

B

Ay-
ெவ

)�
�t

+
�

x-ெவ)��t+�

y

x

y -      x -   .  ,  x-    
,   y -   .   

       
 .  , 

(i) x -   y = 0  

(ii) y -  x = 0  .  
 OA   x -   

 OB   y -   .

x  y -    

O A A A A

B B

B B

y

x O

y

x O

y

x O

y

x

x - -
y - –

x - -
y - –

x - -
y - –

x - -
y - –
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 .     

   .

     . 
    

     .

(i)    

(ii)    

(iii)   

(iv)  

     .

(v)  

(vi)  

(vii) 

     .

y = mx + b

b

x

y

    y = mx  
 .   m   . 

   

   , by mx b 0!= +    (6.5)

  .    
      

. ,   m  y  b .

(i) b = 0 m 0!  
y = mx

 (ii) b = 0 m = 0 x -
y = 0  

 (iii) b 0!  m = 0     x -   
.     y = b  .

y − y1 = m(x − x1)

A(x1, y1)

P(x, y)

x

y

m     ,A x y1 1^ h  
    .   

  A -      ,P x y^ h  
, ,A x y1 1^ h   ,P x y^ h  

www.tntextbooks.in



298

  

          m x x
y y

1

1
= -

-

&    ( )y y m x x 1 1- = -    (6.6)

 -    .

y - (m)
,A x y1 1^ h y - -

x x
1

x = x
1

(x
1
, y

1
)

y − y
1

y
2
 − y

1

(x
2
, y

2
)

O x

y

x − x
1

x
2
 − x

1
=

,x y1 1^ h    ,x y2 2    
  

  m = 
(

( )

x x

y y

 )2 1

2 1

-

-
 

-     

               ( )y y x x
y y

x x  1
2 1

2 1

1- = -
-

-

  .  x x2 1!   
 

           y y
y y

x x
x x

2 1

1

2 1

1

-
-

= -
-

 (6.7)

 .     .   
    .

  
x x
x x

y y
y y 01

2 1

1

2 1

-
-

-
- =

b

aO

B

A

y

x

x
a

y
b +  = 1

  x   y -     ,  
  .   x -    OA = a  y -   OB 

= b . , a, b    .  ,A a 0^ h   ,B b0^ h   
     ,  

    x
b
y

a
a

0
0

0-
-

= -
-

    a
x

b
y

1+ =    (6.8)

    
 .

   , 
,    a, b   

   (Intercept form)  .     
     .
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     A  B . p   
 AB   OP    

.  OP         a . 

  OPAD - ,  cosOA
OP

a=  

x cos    + y sin    = pαα

y

x

P

AO

p

B

α

 OPBD - ,  cos sinOB
OP

2
r
a a= - =` j

&    cos
OA p
1 a=  sin

OB p
1 a=

   , 

   OA
x

OB
y

+  = 1

  cos sin
p

x
p

ya a
+  = 1

&          cos sinx y pa a+ =   (6.9)

  .

    p     a    
x -    (Anti clockwise-   )    

     .    
 .

y

x

P

A O

p

B

α

y

x

P

AO

p

B

α

y

x

P

A O
p

B

α
y

x

P

AO
p

B

α

   

Q(x 1
,�y 1

) P(
x, 

y)

N M

R

x

y

x � x
1

y � y
1

r

�

�

x ar x1= +     y br y1= + .  a  b 
   r   .

  a
x x

b
y y

r1 1-
=

-
= ,  ,a b0 0! !^ h

  ,Q x y1 1^ h    
 .   

x -    i .

 Q -   r     P(x, y) .
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P  Q   x -     
 QN  PM    QR PM= .

 QRPD - ,

                  cos cosx x QR PQ r1 i i- = = =

,    
cos
x x

r1

i

-
=     (6.10)

, sin siny y RP QP r1 i i- = = =

&      
sin
y y

r1

i

-
=     (6.11)

 (6.10)  (6.11) -

     
cos sin
x x y y

r1 1

i i

-
=

-
=     (6.12)

  r      ,x y1 1^ h    ,x y^ h  
    .      

     . 

( cos , sin )x r y r  1 1i i+ +
r -

cos , sinx x r y y r1 1i i= + = +
r - r -

.

a, b  c   ,     
 

    ax by c 0+ + =  .

    

. 

(i)  (m)  y  (b) y mx b= +

(ii)  (m)   (x y,  )
1 1

 ( )y y m x x  1 1- = -

(iii)   (x y,  )
1 1

  ,(x y )2 2 y y
y y

x x
x x

2

1

2 1

1

1-
-

= -
-

(iv)
x -  (a)

y -  (b) a
x

b
y

1+ =

(v)
  (p) 

 (α) cos sinx y pa a+ =

(vi)    (r)
cos sin

x x y y
r

    1 1

i i

-
=

-
=

(vii) ax by c 0+ + =

www.tntextbooks.in



301

  (quantities),  (variable) 

.        ,    
   .

 (Linear)    ,    
   (Independent Variable)   

(x- )      (y- ) .    x-  
  , y -   x -    .

    (Scale)   .   
     x   y    
. 

, x      
(Mobile phones)  y       

.      . 
         

.

      
      

 .

 (5, 7)  (7, 5)      
 .    x-     .

,x y1 1^ h   ,x y2 2^ h    (5, 7)  (7, 5) . 

(5, 7)

(7, 5)

3π

O

y

x
4

i    x -     .

   m = x x
y y

7 5
5 7 1

2 1

2 1
-
-

= -
- =-

,   m = tani

    tan 1 4
3

&i i
r= - =    135c

    ,

     m = -1   4
3

i
r=    

 x-    150c   y -  
  5    ,   

.

 y -    = 5,   

                                                       b = -5
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 i  = 150c  

150°

−5

O

y

x

        m  = tan 150c  = tan (180-30) 

   = –tan 30  = 
3

1-

    :   
       y mx b= +

, y = x
3

1 5- -

  x y3 5 3+ +  = 0

, , ( , )0 2
3 1 1- -a k   ,2 2

1-a k     
.

A, B  C    , , ( , )0 2
3 1 1- -a k   ,2 2

1-a k  .

    m = x x
y y

2 1

2 1

-
-

  AB -    = 1 0

1 2
3

2
1

-

- +
=

  BC -   =   2 1
2
1 1

2
1

-

- +
=

AB -  , BC -   .  ,   A, B, C  
  .

     
    2065   .   

      .  
      .    

 12.5 /   .     
 560       

(i)     .

(ii)      ?

(iii)       
?

(iv)         
 ?
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y = 12.5x –560

O x

y

–560

ேநர� vனா8கll9

t
ர�

 m
)ட

r9

x -   , 

y -    
.

   O-   
.     560 .  y -  
 .

  b = - 560

     
12.5 /    .

  m = 12.5      ( = )

     

  y = mx + b   (6.13)

(i)   m = 12.5   b = -560 

   

  y = . x12 5 560-

(ii)       

    y = 2065   b  = 0

  2065 = 12.5x

  x = 165.2 

(iii)       
 

  y = 0 &  0 = 12.5x – 560

    , x  = 44.8 

(iv)       

     y = 2065 &  2065 = 12.5x – 560

      x = 210 

)

 y -   7   y -  
  30c ,   .
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y -    30c    .

  x -  60c    120c    
  .

  m
1
 = tan 60c  = 3     

O
C

A

B

7

60°

30°

30°

120°

x

y

  m
2
 = tan120c  = tan(180c– 60c )                                                                                                  

    = –tan 60c  = – 3  

  m
1 

= 3  ,    m
2
 = – 3   b = 7

  

  y = m
1
x + b   y = m

2 
x + b

  y = 3 x + 7   y = – 3 x + 7

-

.

   5- ,    
 .      

   .

    (A.P.) 7   30  10  
 21 ,

(i) A.P.-     .

(ii)    .

(iii)     
  .

       .  x   
  y     .

,x y1 1^ h   ,x y2 2^ h   (7, 30)    (10, 21) .

 – –( )y y m x x1 1=   

   y – y
1
 = ( )x x

y y
x x  

2 1

2 1

1-
-

-a k
  y – 30  = ( )x10 7

21 30 7-
- -a k

   y = – 3x + 51    (6.14)
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(i)  x = 1, 2  3   (6.14) -   A.P. -    
  48, 45  42 .

(ii)  y = 0   (6.14) -  

        x x0 3 51 17&=- + =

 ,      .

(iii)    -3,      
 .(

).

      `8    
22,000   .     `30 

      .      
 `6         

. ,     `14     
24,000   .     ,  

    . 

(i)   (Demand Equation)

(ii)   (Supply Equation)

(iii)       

(iv)    `10     .

x -      ,  
y -     .

(i)   (Demand equation) 

( , )x y1 1   ( , )x y2 2     (22, 8)  (0, 30)  
.

      ,

yD � �x � 30

O x

y

 x � 6yS � 
1

3

எ+;ைக

v
ை

ல 
r

பா
y9

  
y

30 8
8

-
-

 = x
0 22

22
-
-

 &  y
D

 = x 30- +

(ii)   (Supply function) 

( , )x y1 1   ( , )x y2 2    
(0, 6)  (24,14)  .

     
,

  
y

14 6
6

-
-

 = x
24 0

0
-
-

 &  yS  = x3
1 6+
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(iii)       .

   , yD  = y
S

  x 30- +  = x3
1 6+

   &  x = 18 y  = 12

   `12   
 18,000  .

(iv)      `10 

 ,  
  y =  10  y x 30D& =- +

  &  x = 20

 ,    20,000 .

 , 

  y =  10  ,y x3
1 6S& = +

             &  x = 12

 ,    12,000 .

    ,  
   (-1, 1)     
  .

x -   = a 

2

−2 O x

y

y -   = –a .  

,    

   a
x

a
y

-  = 1

 &  x – y = a

   (-1, 1)  , 

     (–1) – (1) = a &  a  =  – 2

  ,  

  x – y + 2 = 0

(9, 4)        L  
  P  Q      . L  

 OP OQ+  -    .   O   
.
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L    m .   (9, 4)   
   L -  

  y – 4 = ( )m x 9- .     (m < 0)

P  Q    ,m9 4 0-b l   (0, 4–9m) . 

  OP OQ+  = m m9 4 4 9- + -

   = k k9 4 4 9+ + +   (am  < 0  ,m k k 02=-   ) 

   = ( )k k9 4 4 9+ + +b l   (a    )

   = ( ) k k4 9 4 9+ + +b l
   k k13 2 4 9#$ +  (A.M. $  G.M.)

     |OP| + |OQ| > 25

,      |OP| + |OQ| -    25 .

      12 
 x -      150c ,   
.

 p = 12   150ca =

,   ,

   cos sinx ya a+  =  p

,      cos sinx y150 150c c+  =  12

 &  x y3 24- +  =  0 

       36  
        x -  

  45c  ,   .

P       .

x -      = 45c

  

  cos sinx ya a+  = p 

&   cos sinx y45 45c c+  = p

  x + y = p2
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     ,A p2 0^ h   ,B p0 2^ h
DOAB -   =  p p2

1 2 2 36# # =

&   p = 6 ( p )

,     

  x + y = 6 2

    x -    60c  
 (4,7)  5 2     x y 3 0- + =  

     .

x y 3 0- + =      45c    (4,7)   
.

 ,

   
cos sin

x x y y    1 1

i i

-
=

-
 = r

   .

   x y4 7    

2
1

2
1

- =
-

 = 5 2!

 (  (4,7) -     r 5 2!= )

, x y4 7- = -  = 5!

 ,   (4,7)     
 5 2     ( , )4 5 7 5+ +   ( , )4 5 7 5- - .

  (9, 12), (–1, 2)   

  m = tan 60 3c =

   -   ,

     ( )x y3 12 9 3- + -  = 0   

         ( )x y3 2 3- + +  = 0

    Ax By C 0      + + =

 A, B  C         
.       .

(B !  0)

   .

–y B
A x B

C–=  &   m = B
A-    y-   = B

C-
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   .

   

A
C
x

B
C
y

-
+

-a ak k  = 1

(A, B  C    )

   ,

x -   ( )a A
C = - ,   y -    ( )b B

C  = -

Ax By C 0      + + =   A , B   .

  cos sinx y pi i+ =   

             
| |

A B
A x

A B
B y

A B

C      2 2 2 2 2 2
+

- +
+

- =
+

  .

       cos
A B

A
2 2a =
+

- , sin
A B

B 2 2a =
+

-   
| |

p
A B

C
2 2=
+

x y3 4 0- + =       
.

(i)     

(ii)   

(iii)   

(i)    

   x y3 4 0- + =

              &  y  = x3 4+   (6.15) -

        y mx b= +    

            3=    y -    = 4

(ii)   

  x3 – y + 4 = 0

  x3 – y = – 4

 &  x
y

4
3

4
-

+  = 1

 &  x y
4

3
4-

+a k  =  1   (6.16) -

                          a
x

b
y

1+ =    

  x -   
3

4=-  ,  y -   = 4
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(iii)  

   x y3 4- +  = 0

  &  x y3- +^ h  = 4   (6.17) -

 Ax By C 0      + + =    

                A = 3–    B = 1   A B 2
2 2

` + =

         (6.17) -    2  

 &        x y2
3

2
1- +  = 2   (6.18) -

 x cos a  + y sin a  = p   

            cosa  = 2
3-

,  sin a  = 2
1    p = 2  .

 &          a  = 150c   = 6
5r    p = 2

    

            cos sinx y6
5

6
5 2r r+ =  .

.

x y3 4 0 + + =      .

          x cos a  + y sin a  = p

 ,   ( )x y3- -  = 4      (a  p   )

    .    
 .

  cos sin p
3 1 4
a a

-
= - =

 cos sin cos sinp
3 1 4 3 1 2

1
2 2

2 2

a a a a

-
= - = =

- + -

+
=^ ^h h

  cos , sin2
3

2
1

a a=
-

= -    p 2
4=

        210 7
6ca
r= =     p = 2

   

 cos sinx y6
7

6
7 2r r+ =  .
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10    24      
     4    

.      3    
    ,  

(i)       
? 

(ii)     ?

(iii)     ? 

        
       .  
,   x - ,    A 

   y -  .  H    
 .  E       .   

,  

A(0, 4)
10

12

A

E

H

A

H

H(12, 13)

3

 

( , )A x y1 1   ( , )H x y2 2   
(0, 4)  (12, 13) .

(i) A - , H -   
 

 AH  = x x y y2 1
2

2
2

1- + -^ ^h h
     = 12 9 15

2 2
+ =

   
     15  .

(ii)  AH 

     
y x

13 4
4

12 0
0

-
-

= -
-   

 &    y = 0.75x + 4  (6.19)

(iii)   E -  y = 10  &   x = 8 

 &    E = (8, 10) .

.
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1.  , (1, 1)      
 .

(i) y -   (-4)

(ii)  3

(iii) (- 2, 3)   

(iv)     x -  
  60c .

2.        p(r, c)  

  r
x

c
y

2+ =   .

3. (1, 5)   ,   3:10    
  .

4.       p . a  b 
     , 

   
p a b
1 1 1

2 2 2= +   .

5.    100cC  212cF    0cC 
 32cF . 

(i)  C -  F-      
.  ,

(ii)  .98 6cF  C-   ?

(iii)  38cC  F-   ?

6. P 
15 1400 

18 800 ,

(i)      ?

(ii) 15     ?

(iii)      ?

7.     2005  2010   1,35,000 
 1,45,000 , 2015      . 

(     )

8.       12 
,  x -    30c ,  

  .

9. (8, 3)        
 1 ,   .
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10. (1,3),  (2,1)  ,2
1 4b l       

(i)      (ii)   

(iii) 

11. A(1, 2)    12
5      A  

 13      .

12. 150      12.5   

. 

(i)     ?  

(ii)       ?

(iii) 850         
?

13.   ,     (Spring),    

.         

      ,

( ) 2 4 5 8
( ) 3 4 4.5 6

(i)    .

(ii)        
.

(iii)      .

(iv)    9        
?

(v) 6 

14. 14.2 (LPG)

29.5 24

(i)

(ii)

96

15. 800×800×720       

,      

 (escalator)    ,  

(i)      .

(ii)      
 .

(iii)       
.
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   .  

     .  
   (acute angle)   (obtuse angle) 

   . 

     (  180c ) 
. ,       

  . y

x

1θ

φ

2θ

O

y m x c1 1= +   y m x c2 2= +    
  . 

1i   2i    x -   
 ,  tanm1 1i=     tanm2 2i= .  

z        
, 

2 1z i i= -  &  tanz  = tan 2 1i i-^ h
   &  tanz  = m m

m m
1 2 1

2 1

+
-

  z  = tan m m
m m

1
1

2 1

2 1

+
--

(i) m m
m m

1 2 1

2 1

+
-

 - (positive) ,  z  .

  (ii) m m
m m

1 2 1

2 1

+
-

 - (negative) , z  .

        
.

 y m x c1 1= +   y m x c2 2= +

  ,      
 r . 

y

xO

     z  = 0 
       

&   tanz  = 0

&   m m
m m

1 2 1

2 1

+
-

 = 0   

&                          m m m m0
2 1 2 1

&- = =

   .
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  (non-vertical)      
.     .

a x b y c 01 1 1+ + =   a x b y c 02 2 2+ + =      ,   
     

  a
a

b
b

2

1

2

1=    a b a b1 2 2 1=

(i) ax by c 0+ + = ax by k+ =

   (ii) ,x y(  )
1 1

 ax by c 0+ + =

ax by ax by1 1+ = +

y

O x
θ1 θ2

y m x c1 1= +   y m x c2 2= +    
 ,     

90c   2
r .

z       
,

  tanz  = m m
m m

1 2 1

2 1

+
-

                      cot m m
m m1

2 1

2 1& z = -
+

  cot 2
r  = m m

m m1

2 1

2 1

-
+

 m m1 01 2& + =

&   m
1 
m

2
 = –1

, a x b y c 01 1 1+ + =   a x b y c 02 2 2+ + =     , 

     

               a a b b 01 2 1 2+ =

(i)  ax by c 0+ + = bx ay k- =

   (ii) ,x y1 1^ h ax by c 0+ + =

bx ay bx ay1 1- = -

y m x c1 1= +  

y m x c2 2= + m m2 1= m m 11 2 =-

a x b y c 01 1 1+ + =  

a x b y c 02 2 2+ + = a
a

b
b

2

1

2

1=  ( ) a b a b1 2 2 1= a a b b 01 2 1 2+ =
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m m 11 2 = -

m m 11 2 = - -

( )ax by c c0 0!+ + =          
. 

(i)          

(ii)          
 .

  ,P x y1 1^ h   , ( ),ax by c c0 0!+ + =      
     ax by c1 1+ +   c    

  .

c > 0 , ,P x y1 1^ h    ax by c 0+ + =     
     , ax by c1 1+ +      
   .

a x b y c 01 1 1+ + =  a x b y c 02 2 2+ + =   c
1
 > 0 c

2
 > 0 

,

(i) a a b b 01 2 1 2 1+  ,     
.

(ii) a a b b 01 2 1 2 2+        .

 

(i)   

(ii)     

(iii)    

    ( )  .

(i) ,x y1 1^ h   (x
2 
, y

2
)     

          D x x y y2 1
2

2 1
2= - + -^ ^h h  (   )

(ii) ,P x y1 1^ h    ax by c 0+ + =     

 
ax by c

a b
2 2

1 1

+

+ +
.   

AB    ax by c 0+ + =  .   (6.20)
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A

B

C

D

P�x
1
, y

1
�

M

R

α
O

Q

x

y

  ,P x y1 1^ h   AB    CD  
 .   ,P x y1 1^ h  -  AB-  

  .   AB -  M -  .  
  AB-    .  

 AB -   R-  , CD -   Q -  . 

  BOR+  = a  .

 

   cos sinx ya a+  = p, (p = OR) (6.21)

 (6.20)  (6.21),   
.  ,    

.

  cos sin
a b
a a=  = c

p
-     cos sin cos sin

a b c
p

a b
2 2

2 2

&
!

a a a a
= = - =

+

+

cos , sin
a b

a
2 2

!
a a=

+
 = 

a b
b

2 2

!
+

   p
a b

c 2 2

!=
+

 CD -    .

      cos sinx ya a+  = pl ,   ( p OQ=l )  

  ,P x y1 1^ h     

 &   pl  = cos sinx y1 1a a+  (6.22) 

P AB
 

    = PM QR OQ OR= = -

   = p p-l

   = ( )cos sinx y p1 1a a+ -

   = 
a b

ax

a b

by

a b

c

a b

ax by c
2 2

1
2 2

1
2 2 2 2

1 1! ! ! !
+ + +

=
+

+ +

     =  
a b

ax by c
2 2

1 1

+

+ +

(iii) a x b y c 01 1 1+ + =   a x b y c 01 1 2+ + =      

  ,

                       D
a b

c c
2 2

2 1=
+

-

(  ,x y1 1^ h        
     )
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 P( , )x y1 1  , ax by c 0+ + =  

Q - , (

)  

ax+by–c=0

P(x
1
,y

1
)

Q

P

 
( )

a
x x

b
y y

a b

ax by c1 1
2 2

1 1-
=

-
= -

+

+ +
  (6.23) -  , 

 P( , )x y1 1  ax by c 0+ + =  

P - ,

 
( )

a
x x

b
y y

a b

ax by c21 1
2 2

1 1-
=

-
= -

+

+ +
 (6.24) -    .

x y3 4 7+ =    (1, 2)    
       .

x y3 4 7+ =      

                       x y3 4+  = x y3 41 1+

  ,x y1 1^ h   (1, 2)  .

 &  x y3 4+  = 3(1) + 4(2)

  x y3 4+  = 11

,  x y3 4 7+ =      

  x y4 3–  = x y4 3–1 1

  ,x y1 1^ h  = (1 , 2)     

 &  x y4 3–  = 4(1) – 3(2)

  x y4 3–  = – 2 

      

  x y3 4+  = 11

  x y4 3–  = – 2  .

  .

(i) (5,4)    (2,0)     

(ii)  5x + 12y – 3 = 0      (1,2)    .

(iii) 3x + 4y = 12    6x + 8y + 1 = 0    .
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(i) ,x y1 1^ h   ,x y2 2^ h   (5, 4)  (2, 0) .

   

  D = x x y y– –2 1
2

2 1
2+^ ^h h

   =  3 4
2 2

+  = 5 

(ii) ax by c 0+ + =    ,x y1 1^ h       

  D = 
a b

ax by c
2 2

1 1

+

+ +

, x y5 12 3 0+ - =     (1 , 2)    
 

  D = 
5 12

5 1 12 2 3
2 2+

+ -] ]g g
 = 2

(iii) a x b y c 01 1 1+ + = a x b y c 01 1 2+ + =      
         

  D = 
a b

c c–

1
2

1
2

1 2

+

  x y3 4 12 0–+ =    x y3 4 2
1 0+ + =   

.

   ,   , , ,a b c c3 4 12 2
1

1 1 1 2= = =- =

  D = 
a b

c c–

1
2

1
2

1 2

+
 = 

3 4

12 2
1

2 5
25

2 2 #
+

- -
=  = 2.5 

 x y2 5+ =      
  .

 x y2 5+ =        
 .      

   x – 2y = 0.

2x + y = 5 , x – 2y = 0    x = 2,  y = 1   
,     (2, 1)   .

          (6.23)   ,

    
( )

a
x x

b
y y

a b
ax by c    1 1

2 2
1 1-

=
-

=-
+

+ +

              
( ( ) ( ) )x y

2
0

1
0

2 1
2 0 1 0 5    

2 2

- =
-

= -
+

+ -

  &          x y
2 1 1  

= =  &     (2, 1)
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3x + 4y + 2 = 0   5x + 12y – 5 = 0    

   .

  3x + 4y + 2 = 0  5x + 12y – 5 = 0

,      ,

  3x + 4y + 2 = 0   -5x -12y +5 = 0 .

    ,

         
x y

3 4

3 4 2
2 2+

+ +
 = 

x y

5 12

5 12 5
2 2

!
+

- - +
  

    (    )

               a a b b1 2 1 2+  = – 15 – 48 < 0, 

      ,

        5
x y3 4 2 

+ +
 = 

y( )x
13

5 12 5 +
- - +

 &     64 x + 112y + 1 = 0

x y 5+ =      x y4 3 12 0+ - =   

 2     .

x + y = 5 -        x = t, y = 5- t  

(t, 5 - t)   x y4 3 12 0+ - =      
2  ,

  
( ) ( )t t

4 3

4 3 5 12

  2 2+

+ - -
 =  2

 &  
t

5
3  +

 =  2

 &                              t 3  + = 10 !    &     t = –13, t = 7

   (–13, 18)  (7, –2)

   A(6, 8)    , 

      

 .
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( , ) ( , )x y 6 8 1 1 =    (O- )   

     ( , )P h k  .

  A(6, 8) -  m 

   ( ) ( )y y m x x y m x8 61 1 &- = - - = -   (6.25)

  OP-   h
k

h
k

0
0

-
- =a k

 OP   (6.25) -   .

  m h
k# b l  = –1   &   m k

h=-

,  ( , )P h k    (6.25) -  m k
h=-  -

  k–8 = ( )k
h h 6- -

  &   k(k–8) = – h(h–6)  &   h k h k6 8 02 2+ - - =

( , )P h k -   

  x y x y6 82 2+ - -  = 0

    ,      
 .

       
,    .   

     .

 m, k  h   

x = h

x

y

y = k

x

y

y = mx

x

y

O
O

ax by c 0   + + =       a , b  c   
    .   .  

  b    (  a,        
),
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  b
a x y b

c  + +  = 0   Ax y C 0    + + =   .   

     .A b
a C b

c
     ,     = =

        . 

       

,        , 

.  ,      

.         

 .

       

    .       

  . ,      

   .     

 .  , 

     (Parameter)  .

y = mx + b        

  .        

(one parameter family of lines)       

(two parameters family of lines). 

(i)  m      b    .

(ii) b      m    .

(iii) m  b   .

m b

y

xO

y = mx +5 

m = −1

m = −2

1

3
m = 

m = 1m = 4

5

y = mx + b     
 b = 5 .   m   

  , 5    
y -       

. 

 m -   , , ,1 2 3
1 1- -  

4   ,    
( )  . 

y = mx + 2     2x + 3y = 0   

    x -     m 

        

 .
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y = mx + 2        
 ,   m -    .

y = mx + 2  2x + 3y = 10      

           ,m m
m

3 2
4

3 2
10 4

+ +
+a k   .                       

,  m   x -      .

 x -   m3 2
4
+       .

&    3m + 2  4 -     .  

         ( , ,1 2! !   4! )  

 , ,m m m3 2 1 3 2 2 3 2 4! ! !+ = + = + =

  m      ,  ,  

   m = {–2, –1, 0}   .

   – –,y x y x2 2 2= + = +   y = 2 .    

 

y

x

y = −2x + b

b =
−
1

b =
−
3

b =
0

b =
2

b =
4

b m

m    m = – 2   

 y = mx + b   y = –2x + b   .  

b -      -2   

 .    

 .  ,   b -   -3, -1, 0, 

1, 2, 3  4   ,  

   ( )  

ax by c 0+ + =      

  ax by 0m+ + =    .  

m (lambda)-     ax by c 0+ + = -    

 .

 ax by c 0+ + =     

   bx ay 0m- + =    .    

m -      ax by c 0+ + =     

 .
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m b
y

P(x
1
, y

1
)

xO

m = −4 m = −2

1

3
m = 

m = 1m = 3
y = mx+b -  m  b   

.       
 .  , m -    

 y–y
1
 = m(x–x

1
)    

 .  , x = x
1
   

  ( , )x y1 1      

 , , ,2 4 3
1 1- -   3  m-  

   . 

y

xO

 = 5

2

5
 = 

 = 2

L
1
 = 0

L
2
 = 0

λ

 = −2λ

λ

λ

P(x
0
, y

0
)

L a x b y c 01 1 1 1= + + =  L a x b y c 02 2 2 2= + + =   
      

     

         L L 01 2m+ =   .

a x b y c a x b y c 02 2 21 1 1 m+ + + + + =^ ^h h  

 m (lambda)   .  

 m -     

 .

x y3 2 5 0+ + =   x y3 4 6 0- + =      
 (1, 1)       .

        

                  ( ) ( )a x b y c a x b y c 01 1 1 2 2 2m+ + + + + =    . 

,     ( ) ( )x y x y3 2 5 3 4 6 0m+ + + - + =

 (1, 1) ,     .

,  { ( ) } { ( ) ( ) }3 2 1 5 3 1 4 1 6 0m+ + + - + =   2& m =-

2& m =-  -      ,

    x y3 10 7 0- + =

(      )
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Q

P

A

B

?

l

  A  B       

   l     .  

A  B -   l   P  Q    

   3   5  . P 

 Q -    6  ,  

(i)     
     . 

(   
 ) 

(ii)       . 

y

x

A

B

A

P R Q

3 k
.m. 5 k

.m.

    :

PQ-    x - , 

PA -     y - , 

P -   .  

, P(0, 0), A(0, 3)  B(6, 5)  

. 

x -   A -   A      A   (0, –3) .  

A B  x -      R . 

AR  BR    .  

    

    =  AR + BR = AR + RB = AB

    = 6 0 5 32 2- + +] ]g g  = 10 

A B -    y - (–3) = 
( )

( )x6 0
5 3

0-
- -

-c m
             4x– 3y  = 9

   y = 0 ,R 4
9 0a k  .

  P -  2.25   .

,R 4
9 0a k   A(0, 3)   

RA - 4x + 3y = 9

RA  RB (  A B )      

  4x + 3y = 9     –x y4 3 9=
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   1.8    `25  
   `12  . 
 x    `y -     

.   15    .

y

x

25

1.8

kேலா m)ட�

r
பா

?

1.8     `25.  ,   

  y = 25,   .x0 1 8# #    (6.26)

 1.8-     
 `12.   ,

  ( . ), .y x x25 12 1 8 1 82= + -   (6.27)

 (6.26)  (6.27) ,

  
,

.
.

.
y

x
x

x
25
25 12 1 8

0 1 8
1 8>
# #

=
+ -] g)   (6.28)

x = 15  (6.27) -  

  1( . )y 25 12 5 1 8= + -  = 183.40.

`  15     `183.40.

(3, 0)  (5, 2)     (3, 0)-  
  15c        

 . 

y

x

15�

P(3, 0)

Q(5, 2)

P(3, 0)    Q(5, 2)    .

  PQ -   = x x
y y

2 1

2 1

-
-

   = 5 3
2 0 1-

- =

  PQ -   = tan ( )11-

   = 4
r   45c
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     = m = tan( 45c  + 15c )

   = tan 60c  =  3

 (3, 0)    3  -    

  y – 0 = x3 3–] g
  x y3 3 3- -  = 0

1. x y3 2 9 0+ + =  x y12 8 15 0+ - =        .

2. 5x – 4y +3 = 0    ,  x -   3  
  .

3. 4x+3y+4=0    (i) (-2, 4)   (ii) (7, -3)    
  .

4. (1, -1 )     

(i)  x +3y – 4 = 0-  

(ii)  3x +4y = 6-  , 

   

5.   (-4, 7),  x y5 7 0- + =      
  ,     .

6. x y4 3 0- + = x y5 2 7 0+ + =        
  

(i)  (-1 , 2 )     

(ii) x - y +5 = 0    

(iii) x - 2y + 1 = 0    

    .

7. x y12 5 2 0+ + =    , (1, -1)     
     .

8. x y3 4 6 0–+ =    , (2, 1)   4  
    .

9. x y2 3 10+ =        
  15 ,   .

10. ( , )10 2- -    x y 2 0+ - =      
    .

11. sec cosecx y a2i i+ =   cos sin cosx y a 2i i i- =    
    p1    p2   p p a

1
2

2
2 2+ =    

.
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12.      .   

(i) x y12 5 7+ =   x y12 5 7 0+ + =

(ii) x y3 4 5 0- + =     –x y6 8 15 0– =

13. 3x + 4y - 12 = 0     
(i)     (ii)        .  

14. A(2, 0)  B(3, 1)    ,  A -   

  15c        

  .

15. (1, 2)        x -     

A-  , (5 ,3)       A-  

 .

16. 5x = y + 7         

   10      

.

17. x + 2y - 9 = 0     (-2 , 3 )     
.

18.     10    `1.50  

. 10     `1   

. x  , y   

  .

(i) x -   0  50       
.   

(ii) 40     ?

19. y = 5x + b  b    3x - 4y = 6    

 x -   b   ,   

     .

20. y = mx - 3     x - y = 6  , 

  x -     m    

 y = mx - 3 -       

.

         
  .   x  y -      

   .       
  .   x  y -    

 .
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L a x b y c 01 1 1 1/ + + =   L a x b y c 02 2 2 2/ + + =     
 .  ( , )P x y1 1    L

1
 -     L

1
 = 0   

  .

, ( , )P x y1 1     L
2
 -    , L

2
 = 0  

  . 

( , )P x y1 1    L
1
 = 0     L

2
 = 0      

,  (L
1
) (L

2
) = 0    .  ,      

L
1
 . L

2
 = 0 -   .  , L

1
 . L

2
 = 0  L

1
 = 0  L

2
 = 0  

   . 

3x ��0

3x ��0

y

x

y ���

y ���

இர)ைட ேந�ேகா�க�   y2 ��3x2 ��0

y x3 0+ =   .y x3 0- =

     
.    

  3-      3      .

   

 y x y x3 3+ -_ _i i  = 0

 &              y x32 2-  = 0     .

      .    
  ,     

y

O x

y ��m
1
x ��0

y ��m
2
x ��0

இர)ைட ேந�ேகா�க�

                  y – m
1
x = 0  y – m

2
x = 0 

  ( ) 

  y m x y m x1 2- -^ ^h h   =  0 (6.29)

y m m xy m m x2

1 2 1 2

2- + +^ h  = 0                      

   ax hxy by2 02 2+ + =   
    .   
   .

 m m1 2+  = b
h2-  m m b

a
1 2 =

x xy y5 6 02 2+ + =      
 .

   x xy y5 62 2+ +  = 0 

  ,

  x xy xy y5 52 2+ + +  = 0
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  x x y y x y5 + + +^ ^h h  = 0

  x y x y5 + +^ ^h h  = 0

,  , ,x y x y5 0 0+ = + =

    

  x xy y5 62 2+ +  = 0

   x2  ,

  x
y

x
y

5 6
2

+ +` `j j  = 0

                   x
y

 = m (   )

 

  m m6 52 + +  = 0

  m m1 5+ +^ ^h h  = 0

  &   ,m m1 5=- =-

  &   ,x
y

x
y

1 5=- =-

    x+y = 0,  5x+y = 0

x xy y2 2 02 2+ + =    
   .

x xy y2 2 02 2+ + =     ,  x2                           

        x
y

m=   , m m2 2 02 + + =   .

  m -  ( )   B AC4 4 8 4 0<2a D = - = - = -^ h  
( ) ,     

x xy y2 2 02 2+ + =       .   
      .    

 (0, 0)    .

    

   ax hxy by2 02 2+ + =    (6.30)

m
1
  m

2
      .

 (6.30) -  x2 -    x
y

m=    ,
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   bm hm a2 02 + + =   

 m -   .

   m
1
   m

2
 

  m m b
h2

1 2+ = -  m m b
a

1 2 =

i       ,

               tani  = m m
m m

1 2 1

2 1

+
-

   = m m
m m m m

1
4

2 1

1 2
2

1 2

+
+ -^ h

   = 

b
a

b
h

b
a

1

2 4
2

+

- -a k

  tani  = a b
h ab2 2

+
-

   i  = tan a b
h ab21

2

+
--

1. m
1
 m

2
  

, h ab 02 2- . 

2. m
1
 m

2
  

(coincide), , h ab 02 - =  

3. m
1 

m
2
 ( ), , 

h ab 02 1- .

ax hxy by2 02 2+ + = -       . 
      , 

tan 0i = . , h ab 02 - =  .  , 

   , cot 0i =  .

   `   a+b = 0 .

ax hxy by2 02 2+ + = h ab 02 - = a b 0+ =

ax hxy by2 02 2+ + =     , 
      .
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m
1
  m

2
  ax hxy by2 02 2+ + =     .

  y – m
1
x = 0  y - m

2
x = 0   (6.31)

     .   
  ( ) 

  y m x y m x1 2- -^ ^h h  =  0

  y m m xy m m x2

1 2 1 2

2- + +^ h  =  0  (6.32)

, ax hxy by22 2+ +  =  0  (6.33)

,  m m b
h2

1 2+ = -     m m b
a

1 2 =   (6.34) 

 (6.31) -    

      y m x1 0
1

+ =   y m x1 0
2

+ =

  ,

   m y x m y x1 2+ +^ ^h h  = 0

  m m y m m xy x1 2

2

1 2

2+ + +^ h  = 0

 (6.34)   ,

  b
a y b

h xy x22 2- +  = 0

  ay hxy bx2 02 2- + =     (6.35) 

ax hxy by2 02 2+ + =

       y m x 01- =    y m x 02- =

    .

      m m b
h2

1 2+ = -   m m b
a

1 2 =

         
,         
 .

P(p,q)         
 .

y–m
1
x = 0   P(p, q)     

 y–m
2
x = 0       

 .

  
m

q m p

1 1

2

1!
+

-
 = 

m

q m p

1 2

2

2!
+

-
                                                     

, q m p m11
2

2

2- +^ ^h h  = q m p m12
2

1

2- +^ ^h h
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,

  p q pq m m
m m

2
12 2

1 2

1 2- = +
-c m  &  p q pq2

1

b
h
b
a

2 2

2- =
-

-f p
  a b

p q2 2

-
-

 = h
pq

`  P(p, q) -  ,  a b
x y2 2

-
-

 = h
xy

  (6.36)

x xy y4 02 2- + =   x+y = 3     
    .

x+y = 3   x xy y4 02 2- + =     A  B-   
 .  x xy y4 02 2- + =   O  

x xy y4 02 2- + =     .

A

x

30O

30O

y

O

B
x–y=0

x+y=3

  tani  = 
a b
h ab2

2
2 4 1

3
2

+
- =

-
=

 &  AOB+  = i  = tan 3 601 c=-

D AOB    ,

      a b
x y2 2

-
-

 = h
xy

 &  x2-y2 = 0    &  x y x y 0–+ =^ ^h h
 &  x + y = 0  x – y = 0

x – y = 0 -      AB,  x+y = 3 -  
 .

 D AOB     .

 &    +ABO = +BAO = 60c AOB+  = 60c

,      .

x cxy y2 0 2 2- - =   x dxy y2 02 2- - =    
 .     

     , cd = -1   .

   

  x cxy y22 2- -  = 0   (6.37)

  x dxy y22 2- -  = 0   (6.38)

 (6.37) -     

   
x y

2

2 2-
 = c

xy
-
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  cx xy cy22 2+ -  = 0   (6.39)

 (6.38)  (6.37)-      (6.38) 
 (6.39)  

  x dxy y22 2- -  = 0

  cx xy cy22 2+ -  = 0

  .

,   , 

      c
d

c
1

2
2 1= - = -

-

  &        cd = -1

l x m y n 01 1 1+ + =    l x m y n 02 2 2+ + =

     .    
 ,

  l x m y n l x m y n1 1 1 2 2 2+ + + +^ ^h h  = 0

  ,     

  ax hxy by gx fy c2 2 22 2+ + + + +  = 0  (6.40) 

 ,   .

, a = l
1
l
2
 2g = l

1
n

2
 + l

2
n

1  

  b = m
1
m

2
 2f = m

1
n

2
 + m

2
n

1 

  c = n
1
n

2
 2h = l

1
m

2
 + l

2
m

1 

  (6.40) -   l x m y n 01 1 1+ + =     l x m y n 02 2 2+ + =

       (6.40)-   
    .

    

 ax hxy by gx fy c2 2 2 02 2+ + + + + =

    .

   

ax hxy by gx fy c2 2 2 02 2+ + + + + =    x -    
 .
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       ax hy g x by fy c2 2 02 2+ + + + + =^ ^h h
  ,   x = a

hy g hy g a by fy c22 2!- + + - + +^ ^ _h h i
  ax hy g+ +  = hy g a by fy c22 2! + - + +^ _h i

,  ax hy g+ +  = h ab y gh af y g ac22 2 2! - + - + -^ ^h h
    .  ,    

x  y -  .      
   y -    (perfect square)  .   

  

  gh af h ab g ac4 42 2 2- - - -^ ^ _h h i  = 0    ( B AC4 02a D = - = )

   a -

  abc fgh af bg ch2 2 2 2+ - - -  = 0 

                           
a
h
g

h
b
f

g
f
c

0=   .

(       )

(i) ax hxy by gx fy c2 2 2 02 2+ + + + + =      
   ,

    h
a

b
h

f
g

= =     bg a f2 2=

(ii) ax hxy by gx fy c2 2 2 02 2+ + + + + =      
,    ,

        
( )

( )
a a b
g ac

2
2

+
-

   
( )

( )
b a b
f bc

2
2

+
-

 .

  ax hxy by22 2+ +  = 0   (6.41)

  ax hxy by gx fy c2 2 22 2+ + + + +  = 0   (6.42) 

y

ax2 + 2hxy + by2
 + 2gx + 2fy + c = 0

ax2 + 2hxy + by2
 = 0

O

P

x

      
 ,x xy2   y2  -   

 .

(iii)  (6.41)-  
  (0, 0) 

  (6.42)-  
   

   P ,
ab h
hf bg

ab h
gh af

2 2-
-

-
-c m  .
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(iv)  i  ax h xy by2 02 2+ + =

     ax hxy by gx fy c2 2 2 02 2+ + + + + =      
 . ,           

  i  = 
a b
h ab2

tan  

2
1

+
--

(v) ax hxy by2 02 2+ + =   ax hxy by gx fy c2 2 2 02 2+ + + + + =     
   , a + b = 0

x xy y x y10 12 5 16 3 0– – –2 2m + + =      
 ,  

(i) m -     .

(ii)     .

(iii)     .

(i)   ax hxy by gx fy c2 2 22 2+ + + + +  = 0

 ,    x xy y x y10 12 5 16 3– – –2 2m + + = 0

 

  a = m ,  b = 12,  c = – 3,  h = –5,  g = 2
5 ,   f = – 8

           ,

                          abc fgh af bg ch2 – – –2 2 2+  = 0

 ,   12 3 2 8 2
5 5 8 12 2

5 3 5– – – – – – – – –2
2

2m m+^ ^ ^ b ^ ^ b ^ ^h h h l h h l h h  = 0

 &  –36m  + 200 – 64m– 75 + 75 = 0

 &  m  = 2

 ,  ,  2x2 – 10xy + 12y2 + 5x – 16y – 3 = 0.

    2x2 – 10xy + 12y2  -

,    

   x xy y2 10 12–2 2+  /  x y x y2 2 6– –^ ^h h
  x xy y x y2 10 12 5 16 3– – –2 2+ + /  x y c x y c2 2 6– –1 2+ +^ ^h h
    ,

   2c
1
 + c

2
 = 5,   3c

1 
+ c

2
 = 8 ,   c

1
c

2
 = –3

       

  c
1
 = 3, c

2
 = - 1 .

 ,   

  x - 2y + 3 = 0 , 2x - 6y - 1 = 0
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(ii)     ,

             (x,  y)  = ,10 2
7- -a k

         ,
ab h
hf bg

ab h
gh af

2 2-
-

-
-c m     .

(iii)    

  tani  = –
a b
h ab2 2

+

   = –
2 12

2 25 24
7
1

+ =

 , i  = tan 7
11- b l

 ,     
6 . .      10   

 .   ,   4 .    
 5    .    

 8.00          
.

(i)     

(ii)          
      

(iii)   

(iv)       .  

x -   , y -     
.  ,

   ( )y x y x6 60
10 6 1&= - = -   (6.43)

   ( )y x y x4 60
5 4 3

1
&= + = +  (6.44)

  (6.43)  (6.44)  , ,x y 3
2 3=^ ah k

     x 3
2=   = 40 ,  y = 3 

(i)      3 

(ii)        

     = .40
60 3 4 5# =  / 

     = 3
2     40 

(iii)     8.40 .
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(iv)    

  x y x y6 1 4 3
1- - - +^ ah k  = 0

  x xy y x y72 30 3 6 2 12 2- + - + -  = 0  (6.45)

     .  
 https://www.geogebra.org/graphing,     https://www.geogebra.org/m/fhS6HUtP

ax hxy by2 02 2+ + =       
          px qy 0+ = -     ap hpq bq2 02 2+ + =   .

m
1
  m

2
  ax hxy by2 02 2+ + =      

  m  px qy 0+ =     .

, m m b
h2

1 2+ = - ,  m m b
a

1 2 =     m q
p

=-

ax hxy by2 02 2+ + =      , px qy 0+ = -  
 ,    , 

  mm
1
 = –1    mm

2
 =  –1

&   ( )mm 1 01 + =   ( )mm 12 +  =  0

&   ( )( )mm mm1 11 2+ +  =  0 

&   ( ) ( )m m m m m m 11 2

2

1 2+ + +  =  0

&   b
a

q
p

b
h

q
p2 1

2

- + - - +` a a aj k k k  =  0

&   ap hpq bq22 2+ +  =  0  .

 x y3 2 2 0- + =   , x xy y x y3 5 2 4 5 02 2+ - + + =   
       

  .

       
      .

x xy y x y3 5 2 4 5 02 2+ - + + =  x y3 2 2 0- + =     
    . 

  ( )( )x xy y x y3 5 2 4 5 12 2+ - + +  = 0    
( )x y

2
3 2

1-
-

=

  ( )x xy y x y
x y

3 5 2 4 5 2
3 22 2+ - + + -

-a k  = 0

, ( )( ) ( )( )x xy y x y x y2 3 5 2 4 5 3 22 2- + - + + -  = 0

 x xy y2 22 2+ -  = 0  .
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   x2   y2 -    .

,   , ( , )a b a b0 2 2a+ = = =-

,    .

1. x y2 3 0- - =   x y 5 0+ + =      
   .

2. x xy y x y4 4 6 3 4 02 2+ + - - - =       
   .

3. x xy y x y2 3 2 3 1 02 2+ - + + + =         
.

4. x xy y x y2 3 6 19 20 02 2- - - + - =      
,    tan ( )51-    .

5. y = x  a       
  secx xy y2 2 0 2 2a- + =   .

6. x y2 3 1 0- + =   x y5 3 0+ - =     , (1,3)  
      .

7.       
 .

(i) x xy y3 2 02 2+ - =            (ii)  6 – ––( )( )x x y y1 5 1 2 4 2 0– 2 2+ - =] ^g h
 (iii) x xy y x y2 3 6 19 20 02 2- - - + - =

8. ax hxy by2 02 2+ + =        
    h ab8 92 =    .

9. ax hxy by2 02 2+ + =         
     h ab3 42 =   .

10. x xy y4 02 2- + =     x y 2 0+ - =  
PQ  OPQD  -   , O -   OPQD  -  

  . 

11. –x xy py x qy6 5 7 5 0–2 2+ + + =      
  , p   q  -   .

12. x xy y x y k12 7 12 7 0– –2 2+ + + =      
  k -   .    ?  

 ?  .

13. x kxy y x y12 2 2 11 5 2 0–2 2+ + + + =      
   k -   .  
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14. x xy y x y9 24 16 12 16 12 0– – –2 2+ + =     
 .       .

15. x xy y x y4 4 6 3 4 02 2+ + - - - =       
.  ,     .

16. ax hxy by2 02 2+ + =          
  ( )a b h42 2+ =   .

17. x kxy y2 0– –2 2 =     – –x lxy y2 02 2 =  -   
 ,      

    .

18. x y3 2 1 0- - =    x xy y x y3 5 3 2 3 02 2+ - + + =    
       

 

1. y

(1) x y3 02 2+ =  (2) x y3 02 2- =  (3) x y3 02 2+ =  (4)  x y3 02 2- =

2. ( , )at at22

(1) 
a
x

b
y

12

2

2

2

- =  (2) 
a
x

b
y

12

2

2

2

+ =  (3) x y a2 2 2+ =  (4) y ax42 =     

3. x y x y3 3 8 12 17 02 2+ - - + =

(1) (0,0)          (2)  (-2, 3)  (3)  (1, 2)  (4)   (0, -1)

4. 
x y

k16 25

2 2

- = (8,-5) k -

(1)  0           (2)  1    (3)  2    (4)   3

5. (2, 3) (-1, 4) ( , )a b

(1) 2 7a b+ =  (2) 3 9a b+ =  (3) 3 11a b+ =  (4) 3 11a b+ =

6. x y3 5– –= 45c

(1)  1, –1 (2) 2
1

, –2 (3) 1, 2
1

  (4) 2, – 2
1

 

7. 4 2 2+

(1) x + y + 2 = 0 (2) x y 2 0–+ =  (3) x y 2 0–+ =  (4) x y 2 0+ + =
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8. (–2 4 1 2 1 2 2 4
1 2

(1) x 1 0 (2) x + y 1 (3) x + y 3 0 (4) x – y 3 0

9. (1 2 3 4

(1)  5, –5     (2) 5 , 5    (3) 5, 3      (4) 5, –4

10. 2
5

(1) x y2 5+ =  (2) x y2 5+ =  (3) x y2 5+ =  (4) x y2 5 0+ - =

11. 5x – y 0
5

(1) x  + 5y 5 2 0! =   (2)  x – 5y 5 2 0! =

(3) 5x  + y 5 2 0! =                           (4) 5x–y 5 2 0! =

12. x y 5 0– + = y

(1) x y 5 0– – =  (2) x y 5 0–+ =  (3) x y 5 0+ + =  (4) x y 10 0+ + =

13. 2 3
x + y 2

(1) 2
3

 (2) 6 (3) 6  (4) 3 2

14. p q –( ) ( )p q x p q y p q2 3–+ + =

(1) ,2
3

2
5a k  (2) ,5

2
5
2a k  (3) ,5

3
5
3a k  (4) ,5

2
5
3a k

15. (1 2 3 4 x y2 3 5- =

(1) (7, 3) (2) (4, 1) (3) (1, –1) (4) (–2, 3)

16. y = –x 2 3

(1)  (–3, –2)           (2) (–3, 2 )       (3) (–2, –3) (4) ( 3, 2 )

17. 
x y
3 4 1- =

(1)   5
11

   (2) 12
5

 (3)   5
12

 (4) 7
5

18. x y2 3 1 0– + = 1 3
y

(1) 2
3

 (2) 2
9

 (3) 3
2

 (4) 9
2
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19. ( )x k y2 7 3 0+ - + = kx y3 9 5 0+ - =
k -

(1) k  = 3 (2) k = 3
1

 (3) k = 3
2

 (4) k = 2
3

20. x y4 3 20 0+ - =

(1) 20     (2) 16  (3) 25  (4) 4 

21. x xy y6 41 7 02 2+ - = x a

b tan tana b  = ?

(1) 7
6-  (2) 7

6
 (3) 6

7-  (4) 6
7

22. x y4 02 2- = x = a

(1) a2 2  (2) a2
3 2  (3) a2

1 2  (4) a
3

2 2

23. x xy cy6 4 02 2- + = x y3 4 0+ = c -

(1) –3 (2) –1 (3) 3 (4) 1

24. x xy y6 02 2- - = i

sin cos
cos sin

4 5
2 3
i i
i i

+
+

-

(1) 1 (2) 9
1-  (3) 9

5
 (4) 9

1

25. cotx xy y2 02 2i+ - =

(1) cotx y i-  = 0   (2) tanx y i+  = 0 

(3) cos (sin )x y 1 0i i+ + =  (4) sin (cos )x y 1 0i i+ + =

 

(i) m y - (b ) y mx b= +

(ii) m 1 1( , )x y 1 1   (   )y y m x x− = −

(iii)
x y1 1( , ) 2 2( , )x y 1 1

2 1 2 1

y y x x
y y x x

− −=
− −

(iv) x- (a) y - (b) 1x y
a b

+ =

(v) (p) ( ) cos sinx y pα α+ =

(vi) (r) 1 1 -   -  
cos sin
x x y y r

θ θ
= =

(vii) 0ax by c+ + =
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y m x c1 1= + y m x c2 2= + m m2 1= m m 11 2 =-

a x b y c 01 1 1+ + = a x b y c 02 2 2+ + = a b a b1 2 2 1= a a b b 01 2 1 2+ =

 ,P x y1 1^ h , ( )ax by c c0 0!+ + =
ax by c1 1+ + c

 ,x y1 1^ h ,x y2 2^ h
D x x y y– –2 1

2
2 1

2= +^ ^h h
 ,P x y1 1^ h ax by c 0+ + = -

a b

ax by c
2 2

1 1

+

+ +

 a x b y c 01 1 1+ + = a x b y c 01 1 2+ + =

a b

c c
2 2

2 1

+

-

 ax by c 0+ + =

(i) ax+by = k

(ii) bx - ay = k

 ,x y(  )1 1 ax by c 0+ + =

(i) ax by ax by1 1+ = +

(ii) bx ay bx ay1 1- = -

 ax by c 0+ + = ( , )x y1 1

( )
a

x x
b

y y
a b

ax by c21 1
2 2

1 1-
=

-
=-

+
+ +

ax hxy by2 02 2+ + = h ab 02 - = a b 0+ =

 ax hxy by2 02 2+ + =

a b
x y

h
xy2 2

-
-

=

 ax hxy by gx fy c2 2 2 02 2+ + + + + =

(i) 

abc fgh af bg ch2 02 2 2+ - - - =

(ii) i =
a b
h ab2

tan

2
1

+
-- a + b = 0

(iii) 
h

bg
,P

ab

hf
ah h
gh af

22=
-
-

-

-c m
 ax hxy by gx fy c2 2 2 02 2+ + + + + =

h
a

b
h

f
g

= = bg af2 2=

 ax hxy by gx fy c2 2 2 02 2+ + + + + =

( )
( )
a a b
g ac

2
2

+
-

( )
( )
b a b
f bc

2
2

+
-
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y = mx + c 
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 (1) (i) {2, 3, 5, 7} (ii) {1} (iii) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} 

 (iv) { 5} (2) { x   : x2 = 1} (3) (i)  

 (ii)     (iii)    (iv)  

 (v)   (5)   (6) 0     

 (7) 128  (8) {0, 1, 2, 3} (9) A = {x , y, z}   B = {1,2}  

 (10) {( 1, 0), ( 1, 1), (0, 2), (1, 2)}

 (1)(i)  ;   ;  (ii)   ;  ;  

 (iii)  ;   ;    (iv)  ;  ; 

 (v)      ;   ;  ; 

 (2) (i) (c , c)  (d , d)         (ii) (c , a )

 (iii)     (iv) (c , c) , (d , d) , (c , a ) 

 (3) (i) (c , c)   (ii) (c, a )   (iii)   (iv) (c, c)  (c, a )

 (5) {(3, 8), (6, 6), (9, 4), (12, 2)}     ;   ;  ;   

 (7) R ={(1,1), (1,2), (1,3), (1,4), (1,5), (2,1), (2,2), (2,3), (2,4), (3,1), (3,2), (3,3),

             ( 4,1), (4,2), (5,1)}   ;  ;   ;   

 (8)   =  {(a , a ), (b, b), (c, c)}.   = A × A

 (1) ;    

 (2) f ( )4  = 8,  f ( )1  = 0,   f �� �2  = 6,   f ( )7  = 0,     f ( )0  = 0

 (3) f �� �3  = 1,  f ( )5  = 38,   (2)f  = 1,  f ( )1 5, f ( )0 3 

 (4) (i) ;  ,    (ii)   . 

 (5) (i) f  = {(1, a ), (2, a ), (3, a ), (4, a )}   (ii)          

 (iii)  (iv) {(1, a), (2, b), (3, c), (4, d)}

 (6) { ( 1) },
6

nn n
ππ− + − ∈  (7)  (8) ( ,

1
3

 ] [1, )   

 (9) {0}, {0}   (10)  x -  ( f g ) = 0, ( g f ) = 0  

 (12) f x x� �
�1 5
3

( )    (13) x  > 0

 (15)    = 0.43  + 50,   = ` 738

 (16) (A + S)(x) = 55, 000 + 0.09 x ,     = `14, 05, 000

 (17) ( g f ) ( x ) = 62.115 x

www.tntextbooks.in



347

 (18)  = `(200 x ) x ;     = `100(200 x );

   = `(200 x ) x 100(200 x )

 (19) 
1 9
( ) 32

5
x

f x− = +    (20) f x x� �
�1 4
3

( )

1 2 3 4 5 6 7 8 9 10 11 12 13

(3) (2) (4) (1) (1) (4) (2) (2) (3) (2) (2) (3) (3)

14 15 16 17 18 19 20 21 22 23 24 25

(2) (4) (3) (4) (3) (2) (4) (4) (1) (4) (2) (3)

 (1) 7 � �� �,   � �
1
4

,   0 � �, ,     3.14 ,∈    4 � � �, , ,  22
7

    

 (3) , 4 3,  2 3    (4) , 2 3,  2 3   

 (5) 
1

21001

 (1) (i) 4 < x  < 10 (ii)  (iii) 
11
3

13
3

x  (iv) 7 < x  < 7

 (2) ���
�
�

�
�
� � ��

�
�

�
�
�, ,5

12
7

12
    (3) ��

��
�
�

�
��

� ��
��

�
�
�, ,7

3
7
3

 (4) 
�

� �
15
2

11
2

x  (5) 
�

! !
3

10
7

10
x       (6)   

 (1) (i) [ 1, 4)   (ii) [ 3, 5]  (iii) ( , 3) (iv) ( , 5) 

 (2) (i) 1, 2, 3, 4     (ii) 3 2 1, 0, 1, 2, 3, 4

 (3)(i) �� ��
�
�

�
��

,
9

2
     (ii) 7 6 5 (iii)  

 (4)(i) ( , 2] (ii) 
34

5
,  ��

�
�

�
�
�  (5) 93            

 (6) 120 , 300      

 (7) (11, 13), (13, 15), (15, 17), (17, 19)   (8) t = 9 , 11    

 (9) 10      (10) < 21,000  > 33,000.

 (1)  x x2 4 21 0� � �    (2) ( )22
2 4

5
x x− − −   (3)  x x2 2

3
1
3

0� � �  

 (6) (i) b = 0    (ii)  3 162b ac     (iii) c = a
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 (8) (i)     (ii)        (iii)    

 (9) (i)             (ii) 2     (iii)   

 (10) x ��
�
�

�
�
� � �

�
�

�
�
�

5
2

3
2

2 2

 (1) ��
��

�
��

3 5
2

,      (2) [1, 2]  

 (1) 
5
2

  

5
2      (2) 

3 53
2

  
3 53

2
 

 (3) 2x = ±    (4) x � �
3
5

  1

 (1) x x x x2 22 1 2 1� �� � � �� �    (2) a = 5

 (1) (0, 1)  (2, )   (2) ���
�
�

�
�
� � � �, ,3

2
2 4    (3) ( ] [ )3, 2 2, 5− − ∪

 (1) 
1

2
1

2a x a a x a( ) ( )�
�

�
  (2) 

7
3 2

2
3 1( ) ( )x x�

�
�

 (3) 
1

6 1
2

15 2
3 1

10 12( ) ( ) ( )x x
x
x�

�
�

�
� �

�
   (4) 

1
1

1
12 3( ) ( )x x�

�
�

  

 (5) 
1

4 1
1

4 1
1

2 12( ) ( ) ( )x x x�
�

�
�

�
 (6) 2

1 2
1x x

−
+

 

 (7) 1 13
3

7
2

�
�

�
�x x

    (8) ( )
( ) ( )

x
x x

� �
�

�
�

5 32
3

11
2

 

 (9) 2

14 11 14
9( 1) 3( 1) 9( 2)x x x

− − +
+ + −

   (10) 
4

1
2 3

12x
x

x�
�

�
�

 

 (11) 2 2
3

1
1

�
�

�
�

�
�
�

�
�
�x x

  (12) 
3

1
4 3

12x
x

x�
�

�
�

 

 (1) (i) 25  (ii) 
1
8

   (iii) 
1

100
  (iv) 

1
9

         (v) 
1

3

 (2) 8  (3) 
1
2

  (4)  
1

2
 (5) 2

 (6) 21 7 2 3 6 2 3

7

 (7) 5  (8) 2 2 6
5

+
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 (1) logb y x , (0, ), ( , )�� �   (2) 
5
6

 

 (3) 64  (4) 2   (11) 2 2   (12) 10    

1 2 3 4 5 6 7 8 9 10

(2) (1) (1) (3) (2) (2) (3) (1) (2) (2)

11 12 13 14 15 16 17 18 19 20

(2) (3) (3) (2) (3) (1) (3) (1) (1) (4)

 (1) (i)          (ii)   

 (iii)    (iv)  

 (v)  

 (2) (i) 35 (ii) 165 (iii) 70 (iv) 90 (v) 270

 (8) k !  [ 1, 1]  (9)  sec ;� �
�p
p

2 1
2

 tan ;� �
�p
p

2 1
2

sin� �
�
�

p
p

2

2

1
1

 (10) c bd ad cb ac b2 2 2 2 2�� � � � � �( ) ( )

 (1) (i) 
6

   (ii)  
3
4

   (iii) 41
36

π−    

 (iv) 
5
6

   (v) 
11

6
π

 

 (2) (i) 60c  (ii) 20c  (iii) 72c  (iv) 420c  (v) 200c
 (3) r 31 82. �   (4) s �

20
3

"
 = 20.95 .  

 (5) 12 36i = c l   (6) s 7 16.    (7) r r1 2 5 4: :

 (8)     65 27 16. c l m  

 (9) 6000c   (10) 14°  (11) 
3
4

 (1) (i) 
3
2

  (ii) 
1
2

  (iii) 
1
2

  (iv) 
1
3

 

 (v) 
1
3

  (vi) 3   (vii) 3
2

 (2) sin ;� �
2 6

7
cos ;� �

5
7

tan ;� �
2 6

5
 cosec� ;� �

7
2 6

 sec ;� �
7
5

 cot� �
5

2 6
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 (3) (i) 
3

in
2

 s ;θ = −  cosec  � ;� � �
2
3

 sec ;� � �2  tan ;� � 3  cot� �
1
3

 

 (ii) 5
sin ;

3
θ =

 
cosec� ;� �

3
5

 sec ;� �
3
2

 tan ;� �
5
2

 cot� �
2
5

 

 (iii) cos ;� �
5
3

 
3

 ;
2

θ = −  sec ;� �
3
5

 tan ;� � �
2
5

 cot� � �
5
2

 (iv) sec ;� � � 5  cos ;� � �
1
5

 cot ;� � �
1
2

 sin ;� �
2
5

 5
2

θ =  

 (v) cos ;� �
5

13
 sin ;� � �

12
13

 cosec� ;� � �
13
12

 tan ;� � �
12
5

 cot� � �
5

12
 (5) ,60 120ci = c

 (1) (i) sin( )x y� �
220
221

  (ii) cos( )x y� �
171
221

   (iii) tan x y�� � �
220

21
  

 (2) (i) sin( )A B� �
187
205
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