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kf7 1 kmng  (Function)

1.1 kl/ro (Introduction)
b'O{ ;d"xdWo] klxnf] ;d"xsf k|To]s ;b:on] bf];|f] ;d"xsf] s'g} Pp6f ;b:o;Fu dfq ;DaGw  
b]vfpg]] ljz]if k|sf/sf] ;DaGwnfO{ kmng elgG5 . k/fk"j{sfnb]lv cgf}krfl/s ¿kdf ;'? ePsf] 
kmngsf] cjwf/0ff ;qf}F ztfAbLdf cfP/ Sofns'n;sf] ljsf;;Fu} cf}krfl/s ¿kdf ljsf; 
ePsf] dflgG5 . d'VotM ;g\ 1673 df Gottfried Wilhelm 
Leibniz n] kmng (Function) zAbsf] k|of]u u/]sf lyP eg] ;g\ 
1730 df Leonhard Euller n] ;j{k|yd kmngnfO{ y = f(x) 
;ª\s]tsf ¿kdf k|of]u u/]sf lyP . kmngsf] k|of]u xfd|f] hLjg 
Jojxf/sf w]/} If]qsf ;fy} ul0ft, lj1fg, jfl0fHo, cy{zf:q, 
OlGhlgol/ª cflb If]qdf k|of]u ul/G5 .  

1.2 ;+o'St kmng (Composite Function)

lj|mofsnfk 1	

tnsf] ldnfglrq cjnf]sg u/L lbOPsf k|Zgsf cfwf/df 5nkmn u/]/ lgisif{ lgsfNg'xf];\ M

Gottfried Wilhelm 
Leibniz

Leonhard Euller

-s_ ;d"x A sf k|To]s ;b:osf] ;d"x B sf s'g s'g ;b:ox¿;Fu ;DaGw b]vfOPsf] 5 <

-v_ ;d"x B sf k|To]s ;b:osf] k|ltlaDax¿ s] s] 5g\ <

-u_ s] ;d"x A sf] ;b:o 1 n] ;d"x C sf] s'g} ;b:o;Fu ;DaGw b]vfOPsf] 5 <

-3_ s] ;d"x A / ;d"x C lar kmng kl/eflift ug{ ;lsG5 <

plNnlvt ldnfglrqdf ;d"xx¿ A = {1, 2, 3, 4}, B = {2, 3, 4, 5} / C = {3, 4, 5, 6} 
5g\ . oxfFF Pp6f kmng f(x), f: A B = {(1, 2), (2, 3), (3, 4), (4, 5)} sf ¿kdf / csf]{

kmng g(x), g: B C = {(2, 3), (3, 4), (4, 5), (5, 6)} sf ¿kdf kl/eflift 5 . To:t} csf]{ 

;DaGw A C = {(1, 3), (2, 4), (3, 5), (4, 6)} klg kmngsf ¿kdf kl/eflift eof] eg] o:tf] 

1
2
3
4

2
3
4
5

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

3
4
5
6

A B C
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kmng ;+o'St kmng xf] . o; cj:yfsf] ;+o'St kmngnfO{ gof: A C jf gof jf gof(x) jf gf(x) 
jf gf dfqn]] klg hgfOG5 . ;fy} o;nfO{ g / f  sf] ;+o'St kmng eg]/ kl9G5 . 

olb kmngx¿ f: A→B sf ¿kdf / g: B→C sf ¿kdf kl/eflift 5g\ / ;DaGw A→C klg 
kmngsf ¿kdf kl/eflift x'G5 eg] kmng A→C nfO{ f / g sf] ;+o'St kmng elgG5 . o;nfO{ 
gof: A→C jf gof (x) jf gof jf gf(x) jf gf  sf ¿kdf hgfOG5 . kmngx¿ g: A→B 
/ f: B→C ;Dk"0f{ kmng (onto function) kl/eflift gePdf kmng A→C ;+o'St kmng 
kl/eflift x'Fb}g .

ljrf/0fLo k|Zg M olb kmngx¿ g: A→B / f: B→C ;Dk"0f{ kmng kl/eflift gePdf ;+o'St 
kmng fg: A→C kl/eflift xF'b}g lsg xf]nf, 5nkmn ug'{xf];\ . .

pbfx/0f 1	
lbOPsf] ldnfglrqdf kmng g:A→A / f: A→A kl/eflift 5 . o;sf cfwf/df tnsf 
k|Zgx¿sf] pQ/ lbg'xf];\ M

		

1
2
3
5

1
2
3
5

1
2
3
5

A A A
fg

fog
	

-s_	 kmng g:A→A nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

-v_	 kmng f:A→A nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

-u_	 lbOPsf] ldnfglrqaf6 fog(1),  fog(2), fog(3) / fog(5) sf dfg lgsfNg'xf];\ . 

-3_	 ;+o'St kmng fog nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

-ª_	 ;+o'St kmng gof ldnfglrqdf b]vfO{ gof(1), gof(2), gof(3) / gof(5) sf dfg 
	 lgsfNg'xf];\ .

-r_	 ;+o'St kmng gof nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

;dfwfg M oxfF,

-s_	 kmng g: A A = {(1, 3), (2, 1), (3, 2), (5, 5)}

-v_	 kmng f: A A = {(1, 5), (2, 1), (3, 3), (5, 2)}
-u_	  fog(1) = f(g(1)) = f(3) = 3
	 fog(2) = f(g(2)) = f(1) = 5
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	 fog(3) = f(g(3)) = f(2) = 1

	 fog(5) = f(g(5)) = f(5) = 2

-3_	 ;+o'St kmng fog = {(1, 3), (2, 5), (3, 1), (5, 2)}

-ª_	 ;+o'St kmng gof  sf nflu ldnfglrq tkl;nadf]lhd x'G5 :

1
2
3
5

1
2
3
5

1
2
3
5

A A A
gf

gof

ca, 	 gof(1) = g(f(1)) =g(5) = 5
	 gof(2) = g(f(2)) =g(1) = 3
	 gof(3) = g(f(3)) =g(3) = 2
	 gof(5) = g(f(5)) =g(2) = 1

-r_	 t;y{, ;+o'St kmng gof  = {(1, 5), (2, 3), (3, 2), (5, 1)}

pbfx/0f 2	

olb f(x) = 3x / g(x) = 2x + 1 eP tnsf ;+o'St kmngx¿sf] dfg kQf nufpg'xf];\ M

	 -s_ gf(x)		  -v_ fg(x) 	 -u_ ff(x)	 -3_ fg(1)

;dfwfg M oxfF

   f(x) = 3x, g(x) = 2x + 1

	 -s_  gf(x)	 = g(f(x))
			   = g(3x)
			   = 2(3x) + 1
			   = 6x + 1
	 -v_ fg(x)	 = f(g(x))
			   = f(2x + 1)
			   = 3(2x + 1)
			   = 6x + 3

-u_  ff(x))	 = f(f(x))
			   = f(3x)
			   = 3(3x)
			   = 9x

-3_  f(g(1))	 = 6  1 + 3 [\  fg(x) = 6x + 3) ]
		           = 6 + 3

		           = 9
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pbfx/0f 3	

olb f(x) = + 2, g(x) = x + 14 / f(a) = g(a) eP a sf] dfg lgsfNg'xf];\ .
;dfwfg M oxfF,
f(x) = x2 + 2, g(x) = x + 14 / f(a) = g(a)
ca, f(a) = g(a)
cyjf, a2 + 2 = a + 14
cyjf, a2 – a – 12 = 0
cyjf, a2 – 4a + 3a – 12 = 0
cyjf, a(a – 4) + 3(a – 4) = 0
cyjf, (a – 4) (a + 3) = 0
ctM a = 4 jf – 3

pbfx/0f 4	
olb f(x) = kx + 3, g(x) = 2x – 4 / gf(2) = 34 eP k sf] dfg kQf nufpg'xf];\ .

;dfwfg  M oxfF,
f(x) = kx + 3, g(x) = 2x – 4 / gf(2) = 34
ca, gf(x) = g(f(x))= g(kx + 3) = 2(kx + 3) – 4 = 2kx + 6 – 4 = 2kx + 2
km]l/, g(f(2)) = 34
cyjf, 2k  2 + 2 = 34
cyjf, 4k + 2 = 34
cyjf, 4k = 32
ctM k = 8

pbfx/0f 5	
olb f(x) = 2x + 5 / gf(x) = 18x + 41 eP kmng g(x) kQf nufpg'xf];\ .

;dfwfg M oxfF

gf(x) = 18x + 41

cyjf, g(2x + 5) = 18x + 41

cyjf, g(2x + 5) = 9(2x + 5 – 5)  + 41

cyjf, g(2x + 5) = 9(2x + 5) – 45 + 41

cyjf, g(2x + 5) = 9(2x + 5) – 4

ctM g(x) = 9x – 4

csf]{ tl/sf

 f(x) = 2x + 5 / gf(x) = 18x + 41

ca, 	 gf(x) = 18x + 41

cyjf, g(f(x)) = 18x + 41

cyjf, g(2x + 5) = 18x + 41

dfgf}F, a = 2x + 5
cyjf,	a – 5 = 2x

ctM x = 
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cEof; 1.1 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M

	 -s_	 ;+o'St kmngsf] ;Gbe{df tnsf] s'g egfO unt 5 <

		  a.	 kmngx¿ f: A B / g: B C 5 / ;DaGw A C klg kmng kl/eflift 
			   ePdf ;+o'St kmng x'G5 . 

		  b. 	kmngx¿ g: A B / f: B C Ps Ps ;Dk"0f{ kmng (one to one and onto) 
			   ePdf kmng A C ;+o'St kmng x'G5 .

		  c. 	 kmngx¿ g: A B / f: B C kl/eflift ePdf kmng A C nfO{ gof n] 
			   hgfOG5 .

		  d. 	kmngx¿ f: A B / g: B C kl/eflift ePdf ;DaGw C→A, f / g sf] ;+o'St 
			   kmng kmng xF'b}g . 

	 -v_ 	tnsf] ldnfglrqdf A af6 C ;Ddsf] 
		  kl/eflift kmngnfO{ s]n] hgfOG5 <

		  a. fg(x) 		  b. gf(x) 		

		  c. ff(x)		  d. gg(x)

	 -u_	 olb f(x) = {(3, –1), (2, 0), (1, 1)} / g(x) = {(–1, 4), (0, 5), (1, 6)} eP, gf(x) 
		  slt xf]nf <

		  a. {(4, 3), (2, 5), (1, 6)}		  b. {(3, 4), (2, 5), (2, 6)}

		  c. {(3, 4), (1, 5), (2, 6)}	 	 d. {(3, 4), (2, 5), (1, 6)}

	 -3_	 olb f(x) = 3x – 1 / g(x) = x + 1 eP, fg(x) slt x'G5 <

		  a. 3x – 1 	 b. 3x + 1 	 c. 3x – 2 	 d. 3x + 2 
	 -ª_ 	olb f(x) = 1  – 3x / g(x) = 2x + 1 eP, gf( 1 

2 ) slt x'G5 <

		  a. 3		  b. 1			   c. 2	 	 d. 0
2. 	 ldnfglrq;lxt ;+o'St kmngnfO{ kl/eflift ug'{xf];\ .

csf]{ tl/sf

 f(x) = 2x + 5 / gf(x) = 18x + 41

ca, 	 gf(x) = 18x + 41

cyjf, g(f(x)) = 18x + 41

cyjf, g(2x + 5) = 18x + 41

dfgf}F, a = 2x + 5
cyjf,	a – 5 = 2x

ctM x = 

cyjf, g(a) = 18 (  ) + 41  
cyjf, g(a) = 9a – 45 + 41 

cyjf, g(a) = 9a – 4

 ctM g(x) = 9x – 4

A Bg f C
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3. 	 lbOPsf] ldnfglrqdf kmng g: A  B / f: B  C kl/eflift 5 eg] tnsf k|Zgx¿sf] 
	 pQ/ lbg'xf];\ M

1
2
3
4

3
4
2
5

0
1
-1
2

A C
fg

gof

	 -s_	 kmng g: A → B nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

	 -v_	 kmng f: B → C nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

	 -u_	 fog(1),  fog (2),  fog(3) / fog(5) sf dfg lgsfNg'xf];\ . 

	 -3_	 ;+o'St kmng fog nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

	 -ª_	 ;+o'St kmng fog nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

4. 	 olb f(x) = {(1, 2), (2, 3), (3, 4)} / g(x) = {(2, 4), (3, 5), (4, 6)} eP, gf(x) nfO{ 
	 ldnfglrqdf b]vfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

5. 	 olb f(x) = 3x + 2 / g(x) = 5 – 3x eP, tnsf ;+o'St kmngx¿sf] dfg lgsfNg'xf];\ M

	 -s_ gf(x)		  -v_ fg(x)	 -u_ ff(x)	 -3_ ff(3)

6. 	 olb f(x) = 2x – 1
x + 3  (x ≠ –3) / g(x) = 3x + 2

x – 4   (x ≠ 4) eP, fg(x) sf] dfg kQf nufpg'xf];\ . 

7. 	 olb f(x) = 2x  + 5 / g(x) = x – 5
2   eP, fg(x) Pp6f PsfTds kmng x'G5 egL 

	 k|dfl0ft ug'{xf];\ .

8. 	 -s_	 olb f(x) = x – 3
2

 / fg(x) = x eP, g(x) sf] dfg kQf nufpg'xf];\ . 

    	 -v_	 olb g(x) = 4 – x / gh(x) = 11 – 2x eP, h(x) sf] dfg kQf nufpg'xf];\ . 

9. 	 -s_	 olb f(x) =  6
x – 2 (x ≠ 2), g(x) = ax2 – 1  / gf(5) = 7 eP, a sf] dfg kQf 

		  nufpg'xf];\ .

    	 -v_	 olb f(x) = ax + 5, g(x) = 8x + 13 / gf(5) = 93 eP, a sf] dfg 
		  kQf nufpg'xf];\ .



7P]lR5s ul0ft, sIff !) 7

10. 	olb f(x) = kx + 1, g(x) = 3x – 7 / gf(1) = 2 eP k sf] dfg kQf nufpg'xf];\ .

11. 	 olb f(x) = 3x – 2, fg(x) = 6x – 2 / gf(x) = 8 eP x sf] dfg kQf nufpg'xf];\ .

 pQ/ 

 1. -s_ c		  -v_ a		     -u_ d		  -3_ d		  -ª_ d
 2 - 4. lzIfsnfO{ b]vfpg'xf];\ .	 5. -s_  –1 – 9x	 -v_ 17 – 9x	 -u_ 9x + 8 	 -3_  35 

 6. 		 8. -s_ 2x+ 3	 -v 2x – 7  	 9. -s_ 2		  -v_ 1	 10.   2	  11.    2

1.3 ljk/Lt kmng (Inverse Function)
lj|mofsnfk 1	

lbOPsf ldnfglrq cjnf]sg u/L tnsf k|Zgdf 5nkmn u/]/ lgisif{ lgsfNg'xf];\ M

-s_ 	s] ;d"x A af6 ;d"x B df kmng f(x) kl/eflift 5 <

-v_ 	s] ;d"x A / ;d"x B sf If]q (domain) / ;xIf]q (codomain) Pscfk;df 
	 ;f6f;f6 ubf{ kmng kl/eflift x'G5 < 

-u_ 	s] ;d"x X af6 ;d"x Y df kmng g(x) kl/eflift 5 <

-3_ 	s] ;d"x X / ;d"x Y sf If]q / lj:tf/ If]q Pscfk;df ;f6f;f6 ubf{ kmng kl/eflift 
	 x'G5 <

dflysf] ldnfglrq -s_ Dff kmng f(x): A B = {(1, 0), (3, 1), (5, 0), (7, 4)} kl/eflift 
5, hxfF, kmng f(x) sf] If]q = {1, 3, 5, 7} /	 ;xIf]q = {0, 1, –2, 4}

o; kmng f(x): A B sf] If]q / ;xIf]qx¿ Pscfk;df ;f6f;f6 ubf{ j|mdhf]8f / 
ldnfglrqsf] ;DaGw j|mdzM o; k|sf/ aG5 M 

R1: B  A = {(0, 1), (1, 3), (0, 5), (4, 7)}

1
3
5
7

A  B

 0
 1
-2
 4

1
2
3
4

X  Y

5
4
3
6

f(x) g(x)

lrq -s_ lrq -v_
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o; ;DaGw R1: B  A kl/eflift 5}g lsgls 
klxnf] ;d"x B sf] Pp6f ;b:o 0 n] b'O{cf]6f 
;b:o 1 / 5 ;Fu ;DaGw b]VffPsf] 5 . 
To:t} ;b:o –2 n] s'g} klg ;b:o;Fu ;DaGw b]VffPsf] 
5}g . o;/L klxnf] kmng f(x) sf] If]q / ;xIf]qx¿ 
Pscsf{df ;f6f;f6 ubf{ kmng kl/eflift 5}g .

To:t} dflysf] ldnfglrq -v_ Dff kmng g(x): X →Y 

= {(1, 3), (2, 4), (3, 5), (4, 6)} kl/eflift 5, hxfF, 

kmng g(x) sf] If]q = {1, 2, 3, 4} / ;xIf]q = {3, 4, 5, 6}
o; kmng g(x): X→Y sf] If]q / ;xIf]qx¿ Pscsf{df 
;f6f;f6 ubf{ j|mdhf]8f / ldnfglrqsf] j|mdzM ;DaGw  
o; k|sf/ aG5 M 

R2: Y X = {(3, 1), (4, 2), (5, 3), (6, 4)}

o; ;DaGw R2: Y→X kl/eflift 5 lsgls klxnf] ;d"x Y sf] k|To]s ;b:on] s'g} Pp6f 
lglZrt ;b:o;Fu ;DaGw b]VffPsf] 5 . o;/L bf];|f]] kmng g(x) sf] If]q / ;xIf]qx¿ Pscsf{df 
;f6f;f6 ubf{ klg kmng kl/eflift ePsf] 5 . t;y{, s'g} klg kmngsf] If]q / ;xIf]qx¿ 
Pscsf{df ;f6f;f6 ubf{ klg kmng kl/eflift ePdf o;nfO{ lbOPsf] kmngsf] ljk/Lt kmng 
elgG5 . o;/L lbOPsf] kmng g(x) ePdf ljk/Lt kmngnfO{ (x) jf  n] hgfOG5 / g 
sf] ljk/Lt kmng jf 'Inverse function of g' eg]/ kl9G5 . 

s'g} klg kmng f(x) sf] If]q / ;xIf]qx¿ Pscsf{df ;f6f;f6 ubf{ klg kmng kl/eflift ePdf 
o;nfO{ kmng f(x) sf] ljk/Lt kmng elgG5 . kmng f(x) sf] ljk/Lt kmngnfO{ f–1(x) jf f–1 
n] hgfOG5 / f sf] ljk/Lt kmng jf 'Inverse function of f' eg]/ kl9G5 . olb kmng y = 
f(x) eP ljk/Lt kmngsf nflu x / y sf] e"ldsf ;f6f;f6 ubf{ x = f(y) x'G5 / y = f–1(x) 
n]lvG5 .

ljrf/0fLo k|Zg M s] s'g} klg kmng f(x) sf] ljk/Lt kmng f–1(x) kl/eflift x'g ;f] kmng Ps 
Ps ;Dk"0f{ kmngsf ¿kdf kl/eflift ePsf] x'g'k5{ < To:t} s] ;a} cj:yfsf kmng f(x) sf] 
ljk/Lt kmng f–1(x) kl/eflift x'g ;S5, 5nkmn ug'{xf];\ .

pbfx/0f 1	
olb f(x) Ps Ps ;Dk"0f{ kmng xf] / f(x) = {1, 1), (2, 4), (3, 9), (4, 16)} 5 eg] f–1(x) sf] 
dfg j|mdhf]8fsf ¿kdf kQf nufO{ ldnfglrqdf b]vfpg'xf];\ .

0
1
–2
4

1
3
5
7

R1 AB

5
4
3
6

1
2
3
4

R2
XY

lrq -u_

lrq -3_
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;dfwfg M	oxfF,

f(x) 	= {1, 1), (2, 4), (3, 9), (4, 16)}
	 = {1, 1), (4, 2), (9, 3), (16, 4)}

ca, f(x) / f–1(x) nfO{ ldnfglrqdf b]vfpFbf 

pbfx/0f 2	
olb f(x) = 3x – 5 Pp6f Ps Ps kmng xf] eg] hxfF x ∈ R / R jf:tljs ;ª\Vofsf] ;d"x 
xf] . s] of] kmng f(x) Ps Ps ;Dk"0f{ kmng xf], olb xf] eg] o;sf] (x) kQf nufpg'xf];\ .

;dfwfg M oxfF, 	
f(x) = 3x – 5 Pp6f Ps Ps eg] kmng xf] hxfF x ∈ R / R jf:tljs ;ª\Vof xf] .

t;y{, k|To]s k|ltlaDasf] km/s km/s k"j{k|ltlaDa 5 . cyf{t\ b'O{cf]6f k|ltlaDa Pscfk;df  
a/fa/ x'Fbf k"j{k|ltlaDa klg a/fa/ 5g\ . To;}n] kmng f(x) Ps Ps ;Dk"0f{ kmng xf] / o; 
kmng f(x) sf] ljk/Lt kmng kl/eflift x'G5 . 

ca, f(x) = 3x – 5

cyjf, y = 3x – 5

km]l/, x / y Pscfk;df ;f6f;f6 ubf{

cyjf, x = 3y – 5

cyjf, x + 5 = 3y

cyjf, y = 	

ctM f–1(x) =  

1
2
3
4

1
4
9
16

f(x) BA

1
2
3
4

1
4
9
16

f–1(x) AB
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pbfx/0f 3	

olb f(x) =  Ps Ps ;Dk"0f{ kmng / f –1
 (x) = x eP x sf] dfg kQf nufpg'xf];\ .

;dfwfg M oxfF, 

f(x) = 

cyjf, y = 

km]l/, x / y Pscfk;df ;f6f;f6 ubf{

cyjf, x = 

cyjf, 2x = y + 3

cyjf, y = 2x – 3

ctM  f–1(x) = 2x – 3 

 ca, f–1(x) = x 

 cyjf, 2x – 3 = x 

 cyjf, 2x – x = 3 

 ctM x = 3 

pbfx/0f 4	

olb f(x) =  / g(x) = 8x – 3 b'O{cf]6f Ps Ps ;Dk"0f{ kmng eP g(1) sf] dfg kQf 
nufpg'xf];\ .

;dfwfg M oxfF, 
f(x) = 3x + 4

5   / g(x) = 8x – 3 5g\ .

ca, f(x) = 3x + 4
5

  

cyjf, y = 3x + 4
5   

km]l/, x / y Pscfk;df ;f6f;f6 ubf{

cyjf, x = 3y + 4
5   

cyjf, 5x = 3y + 4

cyjf, 5x – 4 = 3y

cyjf, y = 

ctM f–1(x) =  

	 ca, f–1g(x) = f–1(g(x)) =  f–1(8x – 3) 

		          =   =   

			   = 

	 km]l/, f–1g(1) =  =  = 7

	  ctM f–1g(1) = 7
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pbfx/0f 5	

olb f(x) = 2x – 3 / g(x) =  b'O{cf]6f Ps Ps ;Dk"0f{ kmng 5g\ . olb f f(x) = (x) 
eP x sf] dfg kQf nufpg'xf];\ .

;dfwfg M oxfF, f(x) = 2x – 3 / g(x) = 

f f(x) = f(f(x)) = f(2x – 3) = 2(2x – 3) – 3 = 4x – 6 – 3 = 4x – 9  

g–1(x) sf nflu,

oxfF, g(x) = 

cyjf, y = 

km]l/, x / y Pscfk;df ;f6f;f6 ubf{

	 x = 

cyjf, 3x = 2y – 7

cyjf, 3x + 7 = 2y

cyjf, y = 

ctM g–1(x) = 

ca, ff(x) = g–1(x)

cyjf, 4x – 9 = 
cyjf,	8x – 18 = 3x + 7
cyjf,	8x – 3x = 7 + 18
cyjf,	5x = 25
ctM x = 5

cEof; 1.2 

1. 	 lbOPsf k|Zgx¿sf] pko'St pQ/df l7s lrx\g () nufpg'xf];\ M

    	 -s_ 	ljk/Lt kmngsf] ;Gbe{df tnsf egfO s'g ;xL 5 <

		  a. kmng f: A→B ePdf ;a} cj:yfdf ljk/Lt kmng kl/eflift x'G5 . 

		  b. kmng f: A→B ePdf ;a} cj:yfdf ljk/Lt kmng B A klg kl/eflift x'G5 .

		  c. kmng f: A→B Ps Ps ;Dk"0f{ kmng ePdf ljk/Lt kmng A→B klg kmng x'G5 .

		  d. kmng f: A→B Ps Ps ;Dk"0f{ kmng ePdf ljk/Lt kmng B→A klg kmng x'G5 .

    	 -v_ 	olb f(x) = {(1, 1), (2, 4), (3, 9), (4, 16)} Ps Ps ;Dk"0f{ kmng eP,  f–1(x) slt 
		  xf]nf <

		  a.{(1, 1), (4, 2), (3, 9), (16, 4)}	 b. {(1, 1), (4, 2), (9, 3), (16, 4)}
		  c.{(1, 1), (4, 2), (3, 9), (4, 16)}	 d.{(1, 1), (2, 4), (3, 9), (16, 4)}
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     -u_ 	 olb f(x) = 4x + 5 Ps Ps ;Dk"0f{ kmng eP, f–1(x) sf] dfg slt x'G5 <

		  a. 5 – 4x	 b. 		 c. 		 d. 

     -3_	 olb g(x) =  Ps Ps ;Dk"0f{ kmng eP, g–1(x) sf] dfg slt xf]nf < 

		  a. 	 b. 	 c. 	 d. 

     -ª_ 	 olb h(x) =  Ps Ps ;Dk"0f{ kmng eP, h–1(–1) sf] dfg slt x'G5 <

		  a. –2		 b. –1	 	 c. 1		  d. 2

2. 	 ljk/Lt kmng eg]sf] s] xf], ldnfglrq;lxt kl/eflift ug'{xf];\ .

3. 	 olb f(x) Ps Ps ;Dk"0f{ kmng xf] / f(x) = {1, 2), (2, 4), (3, 6)} 5 eg] f–1(x) sf] dfg 
	 j|mdhf]8fsf ¿kdf kQf nufpg'xf];\ / ldnfglrqdf klg b]vfpg'xf];\ .

4. 	 olb f(x) = 2x – 3 Pp6f kmng xf], hxfF x ∈ R / R jf:tljs ;ª\Vof xf] . s] of] kmng 
	 f(x) Ps Ps ;Dk"0f{ kmng xf], kmng f(x) Ps Ps ;Dk"0f{ kmng ePdf o;sf] (x) kQf 
	 nufpg'xf];\ .

5. 	 lbOPsf] cj:yfdf rn/flz x sf] dfg lgsfNg'xf];\ M

   -s_ 	 olb f(x) = 5x – 2 / f –1(x) = 2 eP x sf] dfg kQf nufpg'xf];\ .

   -v_ 	 olb g(x) =  / g–1(x) = 5 eP x sf] dfg lgsfNg'xf];\ .

   -u_ 	 olb h(x) =   / (x) = 2 eP x sf] dfg kQf nufpg'xf];\ . 

   -3_ 	 olb f(x) =  / (x) = f(x) eP x sf] dfg lgsfNg'xf];\ .

6. -s_ 	 olb f(x) = 7x – 1 / g(x) =  Ps Ps ;Dk"0f{ kmngx¿ eP (x) sf] dfg kQf 
		  nufpg'xf];\ . 

   -v_ 	 olb f(x) = 4x – 3 / g(x) =  Ps Ps ;Dk"0f{ kmngx¿ eP (2) sf] dfg 
		  kQf nufpg'xf];\ .

   -u_ 	 olb g(x) = , x  1  / h(x) = , x  3 eP (x) / (x) sf] 
		  dfg kQf nufpg'xf];\ .

7. -s_	 f(x) = 2x – 3 / g(x) =   Ps Ps ;Dk"0f{ kmngx¿ x'g\ . olb 
		  f f(x) = g–1(x) x'Fbf x sf] dfg kQf nufpg'xf];\ .
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   -v_	 f(x) = 2x – 5 / g(x) =   Ps Ps ;Dk"0f{ kmngx¿ x'g\ . olb	 f f(x) = g–1(x) 
		  eP x sf] dfg kQf nufpg'xf];\ .

   -u_	 f(x) =  / g(x) =   Ps Ps ;Dk"0f{ kmngx¿ x'g\ . olb f (x) = 6 eP x 
		  sf] dfg kQf nufpg'xf];\ .

pQ/
1. -s_ d		  -v_ b		  -u_ d		  -3_ c		  -ª_ a

2–3 lzIfsnfO{ b]vfpg'xf];\ .	4. xf], (x) = 

5. -s_ 8 	 -v_ 2	     -u_ 1	   -3_ 0, –1	 6. -s_   	 -v_  	     -u_ 2x 
5 – x2 ,  2x + 12

5
 

7. -s_ 5		  -v_  4		  -u_ 3

kl/of]hgf sfo{

cfˆgf] j/k/ l5d]ssf tLgcf]6f kl/jf/df uO{ tL kl/jf/df ePsf dlxnfx¿sf] tLg k':tf 
xh'/cfdf tyf xh'/a'af, cfdf tyf a'af / gfltgL tyf gfltx¿sf] gfdsf] tYofª\s ;ª\sng  
ug'{xf];\ . tL tLg} k':tfsf gfdsf cfwf/df dlxnf / k'?ifsf] 5'6\6f5'6\6} ;d"xaf6 aGg] ;+o'St 
kmngnfO{ ldnfglrqdf b]vfpg'xf];\ . ;+o'St kmng kl/eflift x'G5 ls xF'b}g egL lgisif{ lgsfn]/ 
k|ltj]bg tof/ kfg'{xf];\ / sIffsf]7fdf k|:t't ug'{xf];\ .
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2.1 kl/ro (Introduction)
rn/flzsf] 3ftfª\s k"0f{ ;ª\Vof ePsf] aLhLo cleJo~hsnfO{ ax'kbLo elgG5 . ax'kbLosf] 
wf/0ffsf af/]df ljz]if of]ubfg k'¥ofpg] k/fk"j{sfnsf lu|s ul0fTf1 
Diophantus of Alexandria x'g\ t;y{ pgnfO{ ax'kbLosf lktf elgG5 .
ax'kbLosf] yk ljsf;sf nflu Diophantus sf cltl/St Babylonian, 
Egyptian / Chinese ul0ft1x¿ tyf O:nflds ul0ft1x¿ AI-Karaji 
/ AI-Samawal sf] of]ubfg 5 . ;f]x|f}F ztfAbLdf François Viète / ;qf}F
ztfAbLdf cfP/ René Descartes n] o; If]qdf of]ubfg k'¥ofPsf 5g\ . 

ax'kbLo Ps kmng ePsfn] ul0ftsf cltl/St dfu, k"lt{, ult, k|j]u, vr{, pTkfbg h:tf  
b}lgs pkof]usf If]qdf k|of]udf cfpF5g\ . ax'kbLo /]vLo, PsfTds, ju{ 3ftLo, 3g 

3ftLo, rf/ 3ftLo cflb x'G5g\ . l8u|L n sf] ax'kbLonfO{ kmngsf ¿kdf o;/L n]lvG5 M 

f(x) =  ++  ++  +  + ......................+ a2x
2 + a1x

1 + a0, h;df 

u'0ffª\sx¿ M , , ,  n] jf:tljs ;ª\Vof (real number) x¿nfO{ hgfpF5 
eg]  sf]  n] k"0f{ ;ª\Vof (whole number) hgfpF5 . ax'kbLodf rn/flzsf 3ft z"Go jf 
wgfTds k"0f{ ;ª\Vof dfq x'G5 .   

2.2 z]if ;fWo (Remainder Theorem)

ax'kbLo f(x) =  – 3  + 5x – 4 nfO{ efhs d(x) = x – 2 n] ;fwf/0f ljlwaf6 efu ubf{ 
efukmn (x) / z]if R slt slt x'G5, 5nkmn u/L lgisif{ lgsfNg'xf];\ .

ax'kbLo f(x) =  – 3  + 5x – 4  / efhs d(x) = x – 2 x'Fbf, f(x) nfO{ d(x) n] ;fwf/0f 
ljlwaf6 efu ubf{ 
			   x – 2) x4 – 3x2 + 5x – 4 (x3 + 2 x2  + x + 7
			            x4 – 2 x3 
		                  (–)   (+)
			                2x3 – 3x2 + 5x – 4 
			            	 2x3 – 4 x2   
			            (–)   (+)
				         x2 + 5x – 4
        			          x2 – 2x  
		                                 (–)   (+)

				               7x – 4
					        7x – 14 
		                                       (–)  (+)
					             10

kf7 2 ax'kbLo  (Polynomial)

Diophantus of Alexandria
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ctM ax'kbLo f(x) = x4 – 3x2 + 5x – 4  / efhs d(x) = x – 2 x'Fbf efukmn 
q(x) = x3 + 2 x2 + x + 7 / z]if R = 10 x'G5 . o;/L, o; ;d:ofdf x4 – 3 x2 + 5x – 4 = 
(x3 + 2x2  + x + 7) (x – 2) + 10 5 . t;y{, ax'kbLo f (x) nfO{ efhs d(x) n] efu ubf{ efukmn 
q(x) / z]if R x'Fbf ax'kbLox¿ M f(x), d(x), q(x) / R sf] ;DaGw o; k|sf/ x'G5 M

        f(x) = d(x)  q(x) + R

cyjf,  = d(x) × q(x)
d(x)  + 

cyjf,  = q(x)  +  

olb R = 0 eP  = q(x) x'G5 / q(x) sf] l8u|LeGbf d(x) sf] l8u|L sd x'G5 .

ax'kbLo f(x) nfO{ efhs d(x) n] efu ubf{ efukmn q(x) / z]if R x'Fbf ax'kbLox¿ M f(x), 

d(x), q(x) / R sf] ;DaGw o; k|sf/ x'G5 M f(x) = d(x) × q(x) + R.

ax'kbLo f(x) = x3 + 2 x2  + 3x – 6 df  sf dfgx¿ j|mdzM – 1, 0, 1, – 2, 2, – 3, 3 /fVbf 
f(x) sf] dfg slt slt xf]nf, kQf nufpg'xf];\ . s] f(1) sf] dfg z"Go x'G5 < efhs x – 1 n] 
ax'kbLo f(x) nfO{ efu ubf{ z]if z"Go x'G5 <

x sf dfgx¿ j|mdzM – 1, 0, 1, – 2, 2, – 3, 3 /fVbf f(x) sf] dfg slt slt xf]nf <

f(–1) = (–1)3  + 2 (–1)2 + 3(–1) – 6 = – 1 + 2 – 3 – 6 = – 8
f(0) = (0)3 + 2(0)2 + 3(0) – 6 = 0 + 0 + 0 – 6 = – 6 
f(1) = (1)3 + 2(1)2 + 3(1) – 6 = 1 + 2 + 3 – 6 = 0
f(–2) = ............................................................. = ?
f(2) =  .............................................................. = ? 
f(–3) = .............................................................. = ? 

f(3) =  ............................................................... = ? 

o;/L ax'kbLo f(x) df x sf] dfg a /fVbf kmngsf] dfg hlt cfpF5, Tof] g} lbOPsf] 
ax'kbLonfO{ (x – a) n] efu ubf{ cfpg] z]if xf] . cyf{t\ ax'kbLo f(x) nfO{ /]vLo ax'kbLo 
x – a n] efu ubf{ cfpg] dfg f(a) g} lbOPsf] ax'kbLosf] z]if xf] . 

R

R
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z]if ;fWo M l8u|L n ePsf] ax'kbLo f(x) nfO{{ x – a n] efu ubf{ z]if f(a) x'G5 / efukmnsf] 
l8u|L n – 1 x'G5 . cyf{t\, R = f(a) x'G5 .

k|df0f 
ax'kbLo f(x) nfO{ efhs (x – a) n] efu ubf{ efukmn q(x) / z]if R x'Fbf ;fwf/0f efu 
ljlwcg'';f/ f(x), (x – a) , q(x) / R sf] ;DaGw o; k|sf/ x'G5 M

f(x) = q(x) × (x – a) + R 	 ... (i)

;dLs/0f (i) df x sf] dfg a /fVbf 

cyjf, f(a) = (x)  (a – a) + R

cyjf, f(a) = (x)  0 + R 

cyjf, f(a) = 0 + R 

cyjf, f(a) = R 

ctM R = f(a) k|dfl0ft eof] .
efHo / Effhs lbOPsf] cj:yfdf z]if lgDGffg';f/ x'G5 M

ax'kbLo f(x) efhs d(x) z]if R
f(x) x – a f(a)
f(x) x + a = x – (–a) f(–a) 

f(x) a x – b = a (x –  ) f ( )

f(x) a x + b = a {x – (– )} f (– )

pbfx/0f 1	
z]if ;fWo k|of]u u/L ax'kbLo f(x) = 4x3  + 3x2  2x + 1 nfO{ efhs d(x) = x – 2 n] efu 
ubf{ cfpg] z]if R kQf nufpg'xf];\ .
;dfwfg
oxfF, ax'kbLo f (x) = 4x3 + 3x2 – 2x + 1 / efhs d(x) = x – 2  5 . 
ca, efhs d(x) = x – 2  x'Fbf, x – 2   nfO{ x – a  ;Fu t'ngf ubf{, x = a x'G5 . 
k]ml/, ca, z]if ;fWocg';f/ 
   z]if R 	= f(a) = f(2) = 4(2)3 + 3(2)2 – 2(2) + 1	
		  = 4 × 8 + 3 × 4 – 4 + 1	
		  = 32 + 12  4 + 1	
		  = 32 + 12 – 4 + 1	

	 ctM z]if R = 41 
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pbfx/0f 2	
z]if ;fWo k|of]u u/L ax'kbLo f(x) = 2x4  – 7x3 + 12x2  17x + 7 nfO{ efhs d(x) = 2x – 3 
n] efu ubf{ cfpg] z]if R kQf nufpg'xf];\ .
;dfwfg

oxfF, f(x) = 2x4 – 7x3 + 12x2  17x + 7 nfO{ efhs d(x) = 2x – 3 5 . 

ca, efhs d(x) = 2x – 3 = 2(x –  )  x'Fbf, x –   nfO{ x – a  ;Fu t'ngf ubf{, a =  x'G5 . 

k]ml/, z]if ;fWocg';f/ 

	 z]if R   = f(a)

		      = f( )  = 2  7  + 12   17( ) + 7	

		      = 2    7   + 12    17   + 7	

		      =   = 

	 ctM z]if R =  5 

pbfx/0f 3	
ax'kbLo f(x) = 4x3 – x3 –  3x2 + 3x  k nfO{ efhs d(x) = x – 2 n] efu ubf{ z]if 12 
/xG5 eg] k sf] dfg lgsfNg'xf];\ .

;dfwfg M oxfF, 
ax'kbLo f(x) = 4x3   4x2 + 3x  k, efhs  x – 2 / z]if 12 5 .  
	 ca, z]if ;fWocg';f/ 
		  z]if R = f(a)
	 cyjf, R = f(2)
	 cyjf, 12 = 4 (2)3 – 3(2)2 + 3(2) – k
	 cyjf, 12 = 4 × 8   3 × 4 + 3 × 2  k
	 cyjf, 12 = 32 – 12 + 6  k
	 cyjf, k = 32  12 + 6  12
	   ctM k = 14 

pbfx/0f 4	
ax'kbLox¿ (x) = 2  5x + k / (x) =   + kx + 5 b'a}nfO{ x – 2 n] efu ubf{ 
z]if a/fa/ cfpF5 eg] k sf] dfg lgsfNg'xf];\ .
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;dfwfg M oxfF, 

ax'kbLox¿ f(x) = 2  5x + k  / g(x) =   + kx + 5 tyf efhs  x – 2 / 
z]if a/fa/ 5 .  

ca, f(2) = 2 × 22 – 5× 2 + k 

	      	= 2 × 4  10  + k 

	      	= 8  10  + k 

	      	=  2  + k 
     k]ml/, g(2) = (2)3 – (2)2  + k(2) + 5

	      	    = 8  4 + 2k + 5
	      	    = 9 + 2k

cEof; 2.1 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M
    	 -s_ 	ax'kbLo f(x) =  +  + x + 1 / g(x) = x + 1 eP f(x)  g(x) sf] l8u|L slt 
		  xf]nf < 
		  a. 1		  b. 2		  c. 3		  d. 4

 	 -v_ 	ax'kbLo (x) nfO{ efhs (x) n] efu ubf{ efukmn (x) / z]if R x'G5 eg]  ax'kbLox¿M 
		  (x), (x), (x) / (x) sf] ;DaGw tnsf dWo] s'g ;xL x'G5 <

		  a.  f(x) = d(x) × q(x) + R		  b. f(x) = q(x) × q(x) + R  

	   	 c. f(x) = R × q(x) + d(x)		  d. f(x) = d(x) × R + R

	 -u_ 	ax'kbLo f(x) nfO{ x – a n] efu ubf{ z]if slt xf]nf < 
		  a. 0			   b. 1		  c. f(x)		  d. f(a)
   	 -3_	 ax'kbLo f(x) nfO{ ax + b n] efu ubf{ z]if slt xf]nf <

		  a. f( )		  b. f( )	 c. f (– )		  d. f ( )

   	 -ª_	 ax'kbLo (   + 1) nfO{ (x  1) n] efu ubf{ z]if slt xf]nf < 
		  a. 0		  b. 1		  c. 2 			   d. 3
   	 -r_	 ax'kbLo  + 3   kx + 4 nfO{ x  2 n] efu ubf{ z]if 4 /xG5 eg] k sf] dfg 
		  slt x'G5 <
		  a. 10			  b. 8		  c. 4 			   d. 2

2. 	 z]if ;fWosf] syg n]vL k|dfl0ft ug'{xf];\ . 

      		 k|Zgaf6,  f(2) = g(2)
	       cyjf, – 2  + k = 9 + 2k
	       cyjf, – 2  – 9  = 2k – k 
		  cyjf, – 11  =  k
		  ctM k = – 11
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3. 	 lbOPsf] cj:yfdf z]if ;fWo k|of]u u/L z]if kQf nufpg'xf];\ M

	 -s_ 	(x3– x2 + 1) ÷ (x – 2)

	 -v_ 	(x3 + 5x2 – 6x – 16) ÷ (x + 1)

	 -u_ 	(6x3  + 4 x2  + 3x + 4) ÷ (3x – 4)

	 -3_ 	(8 x4  + 5 x3  2 x2  + 7x  1) ÷ (2x + 6)

4. 	 -s_	 ax'kbLo (x) = 2x3 + 3x2 – kx + 4 nfO{ efhs x + 2 n] efu ubf{ z]if 16 /xG5 
		  eg] k sf] dfg kQf nufpg'xf];\ .

   	 -v_	 ax'kbLo (x) = 8x3  + 4x2 + (k – 3)x  7 nfO{ efhs 2x – 1 n] efu ubf{ z]if – 2 
		  /xG5 eg] k sf] dfg kQf nufpg'xf];\ .

   	 -u_ 	ax'kbLo (x) = x3 –  (p – 2)x2 – px + 28 nfO{ x + 3 n] efu ubf{ z]if 10 /xG5 
		  eg] z]if ;fWo k|of]u u/L p sf] dfg kQf nufpg'xf];\ .

5. 	 -s_ 	ax'kbLox¿ (x) = 2 x3 – (k – 2) x2  – 7x + 14 / (x) = 3x3 + 8x2  – kx + 6 b'a}nfO{ 
		  x + 2 n] efu ubf{ z]if a/fa/ cfpF5 eg] z]if ;fWo k|of]u u/L k sf] dfg 
		  kQf nufpg'xf];\ .

   	 -v_	 ax'kbLox¿ (x) = 2 x3  + hx2  – 10x + 8 / (x) = 6x3 – h x2  + 6 b'a}nfO{ 2x  – 1 
		  n] efu ubf{ z]if a/fa/ cfpF5 eg] z]if ;fWo k|of]u u/L h sf] dfg kQf nufpg'xf];\ .

	 -u_	 ax'kbLo (x) = x3 + mx2 – nx + 6 nfO{ x + 2 n] efu ubf{ z]if 24 / x  – 3 n] efu 
		  ubf{ z]if 54 cfpF5 eg] z]if ;fWo k|of]u u/L m / n sf] dfg kQf nufpg'xf];\ .

pQ/ 
1. -s_ b	    -v_ a	   -u_ d 	        -3_ c	 -ª_ b	     -r_ a

2. 	 lzIfsnfO{ b]vfpg'xf];\ .	 3. -s_ 5	    -v_ –6		 u_ 	     -3_ 473

4. 	 -s_ 8	          -v_ 9	 -u_ 		  5. -s_ 1	           -v_ 7	 -u_ 4 / 5

2.3 u'0fgv08 ;fWo (Factor Theorem)
ax'kbLo f(x) = x2 – 5x + 6 df f(2) / f(3) sf dfgx¿ slt slt xf]nfg\, kQf nufpg'xf];\ . 
ax'kbLo f(x) df x sf] dfg slt x'Fbf f(x) z"Go x'G5 < s] u'0fgv08x¿ x – 2 / x – 3 n] ax'kbLo 

 – 5x + 6  nfO{ efu ubf{ lgMz]if efu hfG5, 5nkmn ug'{xf];\ . lqmofsnfk 3

ax'kbLo f(x) = x3 + 7x2 – 12x + 4 nfO{ efhs d(x) = x – 1 n] ;fwf/0f ljlwaf6 efu ubf{ 
efukmn q(x) / z]if R slt slt x'G5, 5nkmn u/L lgisif{ lgsfNg'xf];\ . f(x), q(x) / R sf] 
;DaGw :yflkt ug'{xf];\ .
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 ax'kbLo f(x) nfO{ efhs d(x) n] efu ubf{ efukmn q(x) / z]if 0 x'Fbf ax'kbLox¿ M 
f(x), d(x) / q(x) sf] ;DaGw o; k|sf/ x'G5 M  f(x) = d(x) × q(x) 
t;y{, ax'kbLo f(x) nfO{ x – a n] lgMz]if efu hfG5 eg] ax'kbLo f(x) sf] Pp6f u'0fgv08 
x – a x'G5 .

u'0fgv08 ;fWo M l8u|L n (n ≥1) ePsf] ax'kbLo f(x) nfO{{ x – a n] lgMz]if efu hfG5 eg] 
ax'kbLo f(x) sf] Pp6f u'0fgv08 x – a x'G5 . cyf{t\ f(x) = q(x) × (x – a) x'G5 .

k|df0f 

ax'kbLo  f(x) nfO{ efhs (x – a) n] efu ubf{ efukmn q(x) / z]if R x'Fbf efu ljlwcg'';f/ 
f(x), (x – a) , q(x) / R sf] ;DaGw o; k|sf/ x'G5 M

      	f(x) = q(x) × (x – a) + R ............... (i)

ax'kbLo f(x) nfO{ x – a n] efu ubf{ lgMz]if efu hfGf] ePsfn] ;dLs/0f (i) df R sf] dfg 0 /fVbf 

cyjf, f(x) = q(x) ×  (x – a) + 0

cyjf, f(x) = q(x) × (x – a)

ctM ax'kbLo f(x) sf] (x – a) Pp6f u'0fgv08 xf], k|dfl0ft eof] .

u'0fgv08 ;fWosf] ljnf]d
olb l8u|L n (n > 1) sf] ax'kbLo f(x) sf] u'0fgv08 (x – a) eP z]if f(a) = 0 x'G5 . 
k|df0f 
olb ax'kbLo f(x) sf] u'0fgv08 x – a eP 
      	f(x) = q(x) × (x – a) ............... (i)
;dLs/0f (i) df x sf] dfg a /fVbf 
cyjf, f(a) = q(a) × (a – a)
cyjf, f(a) = q(a) ×  0

	 ctM f(a) = 0 k|dfl0ft eof] .

pbfx/0f 1	
ax'kbLo f(x) = 2  5  + 4x – 1 sf] Pp6f u'0fgv08 x – 1 xf] egL k|dfl0ft ug'{xf];\ .
;dfwfg M oxfF, 
ax'kbLo f(x) = 2x3 – 5x2 + 4x – 1 sf] Pp6f u'0fgv08 x – 1 5 .  
ca, f(1) 		 = 2(1)3 –  5(1)2 + 4(1) – 1 
	     		  = 2 – 5 + 4 – 1
 	        	 = 6 – 6  
     ctM f(1)	  = 0 

ctM ax'kbLo f(x) = 2 x3 –  5 x2 + 4x – 1 sf] Pp6f u'0fgv08 x – 1 xf], k|dfl0ft eof] .
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pbfx/0f 2	
ax'kbLo f(x) = x3 – kx2 + 3x + 6  sf] Pp6f u'0fgv08 x + 1 eP k sf] dfg lgsfNg'xf];\ .

;dfwfg M oxfF, 

ax'kbLo f (x) = x3 – kx2 + 3x + 6 sf] Pp6f u'0fgv08 x + 1 5 .  

ca, f(–1) = (–1)3 – k(–1)2 + 3(–1) + 6
 cyjf, 0 = –1 – k – 3 + 6 
 cyjf, 0 = 2  k  
 ctM k = 2 

pbfx/0f 3	
ax'kbLo (x) = 2  + 3   5x + 12 sf] Pp6f u'0fgv08 x + 3 eP k sf] dfg 
lgsfNg'xf];\ .

;dfwfg

oxfF, ax'kbLo f (x) = 2xk + 3xk–1  5x + 12 sf] Pp6f u'0fgv08 x + 3 5 .  
	 ca, f(–3) = 2(–3)k + 3 (–3)k–1  5(–3) + 12
	  cyjf, 0 = 2(–3)k + 3(–3)k. (–3)–1 + 15  + 12
	  cyjf, 0 = (–3)k{2 1} + 27 
	  cyjf, 0 = (–3)k  + 27 
 	  cyjf, (–3)k = (–3)3

	   ctM k = 3 

pbfx/0f 4	
ax'kbLo (x) = 2  7  + 7x  9 af6 slt 36fpFbf pSt ax'kbLosf] Pp6f u'0fgv08 x  3 x'G5 <

;dfwfg

oxfF, ax'kbLo (x) = 2  7  + 7x 9 / Pp6f u'0fgv08 x  3 5 .  
	 dfgf}F, 36fpg'kg]{ ;ª\Vof = k
	 ca, k|Zgcg';f/,

	      f(3) = 2  7  + 7(3)  9  k 
	  cyjf, 0 = 54  63+ 21  9  k 
	  cyjf, 0 = 3  k  

	 ctM k = 3 

ctM ax'kbLo 2  7  + 7x  9  af6 36fpg'kg]{ ;ª\Vof 3 xf] . 
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cEof; 2.2 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M

    	 -s_	 ax'kbLo f(x) sf] Pp6f u'0fgv08 (x – a) n]  f(x) nfO{ efu ubf{ f (a) sf] dfg slt x'G5 < 
		  a. 0		  b. 1		  c. a		  d. – a 
   	 -v_	 ax'kbLo f (x) nfO{ Pp6f /]vLo u'0fgv08n] efu ubf{ z]if f (–k) eP pSt u'0fgv08 
		  slt x'G5 < 
		  a. x – a 		  b. x + k 	 c. x – k		 d. x + a 
 	  -u_	s'g cj:yfdf ax'kbLo f(x) sf] Pp6f u'0fgv08 (cx – d) x'G5 < 

		  a.	 f( ) = 0		 b. f( ) = 0		  c. f( ) = 0 	 d. f( ) = 0

   	 -3_ 	olb Pp6f ax'kbLo  +  + p + 1 sf] Pp6f u'0fgv08 (x –1) eP p sf] dfg 
		  slt x'G5 <
	  	 a. –5		 b. –4		  c. –3 		  d. –1
   	 -ª_	 olb Pp6f ax'kbLo  + m   7x  3 sf] Pp6f u'0fgv08 (x + 3) eP m sf] 
		  dfg slt x'G5 <
		  a. 2			   b. 3		  c. 5 		  d. 7
2. 	 u'0fgv08 ;fWosf] syg n]Vg'xf];\ . u'0fgv08 ;fWocg';f/ f(x) sf] Pp6f u'0fgv08 
	 x – a x'G5 egL k|dfl0ft ug'{xf];\ . 

3.  	 olb l8u|L n (n > 1) sf] ax'kbLo f(x) sf] Pp6f u'0fgv08 x – a eP z]if f(a) = 0 x'G5 egL 
	 k|dfl0ft ug'{xf];\ . 

4. 	 lbOPsf] cj:yfdf u'0fgv08 ;fWo k|of]u u/L k|dfl0ft ug'{xf];\ M

	 -s_ 	ax'kbLo f(x) = 2   11x + 15 sf] Pp6f u'0fgv08 x – 3 xf] .

	 -v_ 	ax'kbLo f(x) = 2   7  + 13x – 5 sf] Pp6f u'0fgv08 2x – 1 xf] . 

	 -u_	 ax'kbLo f(x) = 2   5  + 7x + 5 sf] Pp6f u'0fgv08 2x + 1 xf] . 

5. 	 -s_ 	ax'kbLo (x) = 4  + k x + 8 sf] Pp6f u'0fgv08 x + 2 eP k sf] dfg lgsfNg'xf];\ .

   	 -v_	 ax'kbLo (x) = 2  k   8x + 5 sf] Pp6f u'0fgv08 x + 1 eP k sf] dfg 
		  lgsfNg'xf];\ .

6. 	 -s_	 ax'kbLo (x) =  + 6  + 11x + 1 df slt hf]8\bf pSt ax'kbLosf] Pp6f 
		  u'0fgv08 x + 1 x'G5 <

   	 -v_	 ax'kbLo (x) =  +   17x + 7 df slt hf]8\bf pSt ax'kbLosf] Pp6f 
		  u'0fgv08 x  3 x'G5 < 
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   	 -u_	 ax'kbLo (x) =  + 9  + 26x + 30 af6 slt 36fpFbf pSt ax'kbLosf] Pp6f 
		  u'0fgv08 x + 4 x'G5 <

 pQ/ 
1. -s_ a		  -v_ b	      	 -u_ c	        -3_ c	  -ª_ d 	 2 - 3. lzIfsnfO{ b]vfpg'xf];\ .

5. -s_ 12		 -v_ 11 		  6. -s_ 5	       -v_ 8	  -u_ 6

2.4 cfg'kflts d"n ;fWo (Rational Root Theorem)
lbOPsf k|Zgx¿ cWoog u/L 5nkmn ug'{xf];\ M

-s_	 s] ;dLs/0f 5  – 6  + 7x – 6 = 0 df rn/flz x = 1 /fVbf ;dLs/0f dfGo x'G5 <

-v_ 	5  – 6  + 7x – 6 sf u'0fgv08x¿ s;/L kQf nufpg ;lsG5 <

-u_ 	5  – 6  + 7x – 6 sf u'0fgv08x¿ s'g s'g xf]nfg\ <

l8u|L n ePsf] ax'kbLo ;dLs/0f M  ++  +   ...  + a1x + a0 = 0 df an / 
 j|mdzM cu|0fL u'0ffª\s (leading coefficient) / cr/ kb (constant term) ePdf o; 

;dLs/0fsf ;Defljt d"nx¿  
a0 sf u'0fgv08
an sf u'0fgv08  cyf{t\ ±  x'G5g\ . o;nfO{ g} cfg'kflts 

d"n ;fWo elgG5 . hxfF, x sf ;Defljt d"nx¿   nfO{ n3'td kbsf ¿kdf abNg'k5{ . 

cfg'kflts d"n ;fWosf] k|of]u u/L ax'kbLox¿sf] v08Ls/0f tyf ax'kbLo ;dLs/0fx¿sf] xn 
ug{ ;lsG5 . ax'kbLo ;dLs/0f f(x) = 0 nfO{ dfGo ug]{ r/x¿ ;dLs/0fsf d"nx¿ jf z"Gox¿ 
(roots or zeros)  x'g\ . ax'kbLox¿sf] v08Ls/0f tyf ax'kbLo ;dLs/0fx¿sf] xn ug{sf nflu 
;a}eGbf klxn] Pp6f d"n kQf nufpg'k5{ . 

l8u|L 3 ePsf ax'kbLonfO{ v08Ls/0f ug]{ r/0fx¿
-s_ 	ax'kbLo f(x) sf kbx¿nfO{ r/sf] 3ftfª\ssf] 36\bf] j|mddf ldnfpg'xf];\ .

-v_	 ax'kbLo f(x) sf] klxnf] u'0fgv08 lgsfNgsf nflu lbOPsf] ax'kbLosf] cr/ kb (a0) 

	 / cu|0fL u'0ffª\s  sf] cg'kft  lgsfNfL n3'td kbdf n}hfg'k5{ . To;kl5 c+z / x/sf

	  ;Defljt u'0fgv08x¿ lgsfnL;s]kl5 r/ (x) sf ljljw dfgx¿ x = ±1, ±2, ±3, ,

	  dWo] s'g} Pp6f x sf] dfg /fVbf ax'kbLosf] dfg z"Go cfpF5 .

-u_	 o;/L rn/flz x sf] s'g} dfg ax'kbLodf /fVbf ax'kbLosf] dfg z"Go cfPkl5 ;ª\lIfKt 
	 efu ljlw k|of]u u/]/ efukmn q(x) lgsfNg'xf];\ .

-3_ 	l8u|L 2 ePsf] efukmn q(x) lgsfln;s]kl5 o;nfO{ v08Ls/0f ug'{xf];\ . 

-ª_	 To;kl5 ax'kbLo f(x) sf] tLgcf]6} u'0fgv08x¿;Fu} n]Vg'xf];\ .
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pbfx/0f 1	
v08Ls/0f ug'{xf];\ M     10x  8
;dfwfg
oxfF, ax'kbLo (x) =     10x  8 5 . 
ca, cfg'kflts d"n ;fWoaf6,

;Defljt d"nx¿ x =  
a0 sf u'0fgv08
an sf u'0fgv08  = ± 

8 sf u'0fgv08
1 sf u'0fgv08  =  x'G5g\ .

t;y{, ;Defljt cfg'kflts u'0fgv08x¿ M x = , , 4,
   	 ca (–1) = x3 – x2 – 10x  8 = (–1)3

 – (–1)2 – 10(–1)  8 
			   = –1 – 1 + 10 – 8 = 0
t;Yf{, ax'kbLo (x) = x3 – x2  10x – 8 sf] Pp6f u'0fgv08 (x + 1) = (x ( ) xf] .

ca, ;ª\lIfKt efu ljlwaf6

	

   −1     1 −1 −10 −8 
   −1     2    8 

     1 −2  −8    0 

 	 oxfF, (x) 	=  x  
   			   =   (4 – 2)x  8
		     	 =   4x + 2x  8
   			   = x x  4) + 2(x  4)
  			    = (x  4) (x + 2)

ctM ax'kbLo (x) =     10x  8 sf u'0fgv08¿ M (x + 1) (x + 2) (x  4) x'g\ .

pbfx/0f 2	

;dLs/0f xn ug'{xf];\ M (x  1) (x2  2x  12) + 12 = 0
;dfwfg M oxfF, 
;dLs/0f M (   1) (   2x   12) + 12 = 0
		  cyjf, x3  2x2  12x  x2 + 2x + 12 + 12 = 0

		  cyjf, x3  3x2 – 10x  + 24 = 0
	 oxfF, ax'kbLo ;dLs/0f x3 – 3x2  10x + 24 5 . 

ca, cfg'kflts d"n ;fWoaf6,

;Defljt d"nx¿ x = ± 
24 sf u'0fgv08
1 sf u'0fgv08  =  x'G5g\ .
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t;y{, ;Defljt cfg'kflts u'0fgv08x¿ M x = , , 4, , ,  x'Gf\ .
	 k]ml/, ca (2) =   3(2)2  10(2) + 24 = 8 – 12 – 20 + 24 = 0

t;Yf{, ax'kbLo (x) =   3   10x  + 24 sf] Pp6f u'0fgv08 (x  2) xf] . 

ca, ;ª\lIfKt efu ljlwaf6

    2     1 −3    −10   24 
      2     −2  −24 

     1  −1    -12    0 

  
 

oxfF, (x) = x2  x  12
   = x2  (4 – 3)x  12
   = x2  4x +3x  12
   = x(x  4) + 3(x  4)
   = (x  4) (x  3)

ca, u'0fgv08 ;fWoaf6, f(x) = q(x) × d(x)

		         = (x  4) (x + 3) (x  2)
	 ca, ax'kbLo ;dLs/0faf6, f(x) = 0
	 cyjf, (x  4) (x + 3) (x  2) = 0
	 cyjf, x  4 = 0, 	   x = 4
	 cyjf, x + 3 = 0,  	  x = 3
	 cyjf, x  2 = 0, 	   x  2

	 ctM x = 2, 3, 4

cEof; 2.3 

1.	 ax'kbLo (x) = x3  6x2 + 11x  6 sf d"n/z"Gox¿ 1, –1, –2, 2, –3, 3 x'g\ ls 
	 xf]Ogg\, k/LIf0f u/L u'0fgv08x¿ kQf nufpg'xf];\ .
2. 	 z"Gox¿ 2, 4 / 6 ePsf] ax'kbLo (x) lgsfNg'xf];\ .
3. 	 v08Ls/0f ug'{xf];\ M

  	 -s_ x3 + 6 x2 + 11x + 6			   -v_ x3  3x2  4x + 12		

	 -u_ x3 – 8 x2 + 19x – 12			   -3_ (x + 2) (x2  11x + 48) – 120
   	 -ª_ (x  3) (3x2 – x2 – 10x + 2) – 10 
4. 	 ;dLs/0f xn ug'{xf];\ M

    	 -s_ x3 – 3x2 – 10x  + 24 = 0		  -v_ 2 x3  + 3x2 –11x –  6 = 0
   	 -u_ x3 + 26x = 9x2 + 24			   -3_ x3  4 x2 = 17x – 60
   	 -ª_ (x  4) (x2  x 14) + 16 = 0	 -r_ (x  3) (3x2 – 10x + 2) = 10

pQ/
1. ax'kbLo f (x) sf z"Gox¿ 1, 2 / 3 x'g\ . To;}n] ax'kbLo f (x) sf u'0fgv08x¿ (x – 2) (x – 3) (x – 4) x'g\ .  

2.  x3 – 12x2 – 10x – 48	 3. -s_ (x + 2) (x + 3) (x + 4)	 -v_ (x + 2) (x – 2) (x – 3)
-u_ (x – 1) (x – 2) (x – 4)	-3_ (x – 2) (x – 3) (x – 4)		  -ª_ (x – 1) (x – 4) (3x – 4)
4. -s_ (2, –3, 4) 	 -v_ (2, –3, –1 

 2 )  	  -u_ (2, 3, 4)   	 -3_ (3, –4, 5)     
-ª_ (–2, 4, –5)   -r_ (1, 4, 4 

 3 )
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3.1 kl/ro (Introduction)
clwstd gfkmf / Go"gtd nfutsf] cg'dfg ug]{ sfo{ Ps lgoldt sfo{ xf] . o;sf nflu 
k|of]u x'g] ljleGg ljlwdWo] Ps ljlw /]vLo of]hgf xf] . /]vLo of]hgfsf] cjwf/0ff /l;og 
ul0ft1 Leonid Vitalyevich Kantorovich  n] ;g\  1939 
df ljsf; u/]sf x'g\ . pgn] o; cjwf/0ffsf] ljsf; bf];|f]] 
ljZj o'¢df ;Lldt ;|f]t;fwgsf lardf vr{ s6f}tLsf ;fy o'¢ 
lhTg] /0fgLltsf nflu k|of]u u/]sf lyP . o; cjwf/0ffnfO{ ;g\ 
1975 df cd]l/sg ul0ftLo cy{zf:qL George B. Dantzig n]  
cd]l/sg ;]gf / o'¢sf j|mddf ;|f]tx¿sf] clwstd pkof]usf 
nflu yk ljsf; u/]sf sf/0f pgnfO{ /]vLo of]hgfsf] lktf elgG5 . /]vLo of]hgfsf] k|of]u 
Jofkf/, cy{zf:q, OlGhlgol/ª, oftfoft, pBf]u, pTkfbg, l8hfOlgªnufot ljljw If]qdf k|of]u 
ul/G5 .

3.2 /]vLo c;dfgtfx¿ (Linear Inequalities)

lj|mofsnfk 1	

tnsf sygx¿nfO{ ul0ftLo jfSodf n]Vg ;lsG5 < olb ul0ftLo jfSodf n]Vg ;lsG5 eg] 
s] logLx¿nfO{ n]vflrqdf klg b]vfpg ;lsG5, 5nkmn ug'{xf];\ M

-s_ 	;'/]znfO{ 3/af6 :s'n cfOk'Ug a9Ldf 2 306f nfU5 . 

-v_	 g]kfnL gful/sn] gful/stf k|fKt ug{ p;sf] pd]/ sDtLdf 16 jif{sf] x'g'k5{ .

-u_	 ¿k]zn] cfkm";Fu ePsf] ?= 750 af6 ?= 15 kg]{ snd / ?= 25 kg]{ sfkL clwstd slt 
	 sltcf]6f lsGGf ;S5g\ xf]nf <

dflysf] -s_ sygdf ;'/]znfO{ 3/af6 :s'n cfOk'Ug nfUg] ;donfO{ x n] hgfpFbf o; sygnfO{ 
ul0ftLo jfSodf x < 2 n]Vg ;lsG5 . To:t} -v_ sygdf g]kfnL gful/sn] gful/stf k|fKt ug]{ 
pd]/nfO{ x n] hgfpFbf o; sygnfO{ ul0ftLo jfSodf x > 16 n]Vg ;lsG5 . dflysf b'O{cf]6f 
cj:yfdf Pp6f dfq rn/flz ePsfn] oL b'a} c;dfgtfx¿ /]vLo c;dfgtfx¿ x'g\ . o;/L 
g} dflysf] -u_ sygdf snd / sfkLsf] ;ª\VofnfO{ j|mdzM x / y dfGbf lbOPsf] ;d:ofnfO{ 
c;dfgtfsf ¿kdf 15x + 25y < 750 n]Vg ;lsG5 . Ps tyf b'O{ rno'St /]vLo c;dfgtfnfO{ 
n]vflrqdf b]vfpFbf lgDglnlvt r/0fx¿ ckgfpg'k5{ M

Ps tyf b'O{ rno'St /]vLo c;dfgtfnfO{ n]vflrqdf b]vfpg k|of]u ul/g] r/0fx¿ M

r/0f 1 M lbOPsf] /]vLo c;dfgtfnfO{ ;dLs/0fdf abNg'k5{ .

kf7 3 /]vLo of]hgf  (Linear Programming)

L.V. Kantorovich George B. Dantzig



27P]lR5s ul0ft, sIff !) 27

r/0f 2 M 	c;dfgtfnfO{ ;dLs/0fdf abln;s]kl5 aGg] /]vfnfO{ u|fkmdf b]vfpg'k5{ . olb > jf 
		  < lrx\g ePdf ljR5]lbt /]vf (dotted line) df b]vfpg'k5{ / olb > jf < lrx\g ePdf 
		  7f]; /]vf (solid line) n] b]vfpg'k5{ .

r/0f 3 M 	lbOPsf] c;dfgtfsf] xn If]q 55'6\ofpg ;/n /]vfdf gkg]{ Pp6f k/LIf0f ljGb'nfO{ 
		  lbOPsf] c;dfgtfdf /fVg'k5{ . h:t} M (0, 0) nfO{ 2x + y < 5 df /fVbf 0 < 5 -;To_ eof] .

r/0f 4 M 	k/LIf0f ljGb' lbOPsf] c;dfgtfdf /fVbf ul0ftLo jfSo ;To ePdf pSt c;dfgtfsf] 
		  xn If]q k/LIf0f ljGb' ePsf] If]qlt/ k5{ eg] c;To ePdf pSt c;dfgtfsf] xn  
		  If]q k/LIf0f ljGb' ePsf] If]qsf] ljk/Ltlt/ k5{ .

r/0f 5 M 	u|fkmdf k/LIf0f ljGb'sf] ;To cj:yfn] g} lbOPsf] c;dfgtfsf] u|fkmnfO{ hgfpg] 
		  ePsfn] xn If]qnfO{ 5fof kf/]/ b]vfpg'k5{ .

dfly 5nkmn ul/Psf tLgcf]6f /]vLo c;dfgtfnfO{ n]vflrqdf lgDgfg';f/ b]vfpg ;lsG5 M 

	 -s_ x < 2  sf] n]vflrq 	      -v_ x > 16 sf] n]vflrq	 -u_ 15x + 25y  > 750 
									              sf] n]vflrq  	 

 
pbfx/0f 1	

lbOPsf c;dfgtfx¿nfO{ n]vflrqdf b]vfpg'xf];\ M

-s_ x > 0		  -v_ x < 0		  -u_ y > 0		  -3_ y < 0

-ª_ x > –1	 -r_ x < 2		  -5_ 2x + 3y < 6    	

;dfwfg 

oxfF, lbOPsf Ps rno'St /]vLo c;dfgtfx¿sf] n]vflrq pSt c;dfgtfn] lbg] ;/n /]vfn] 
X- cIf jf Y- cIfdf sf6\g] ljGb'df ;/n /]vf lvr]/ pSt c;dfgtfn] lbg] If]qtkm{ n]vflrqdf 
5fof kf/L b]vfOPsf] 5 .
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-s_ x > 0 sf] n]vflrq   	 -v_ x < 0 sf] n]vflrq         -u_ y > 0 sf] n]vflrq  	

-3_ y < 0 sf] n]vflrq 	 	 -ª_ x > –1 n]vflrq		  -r_ x < 2 sf] n]vflrq  

 
	

ca, lbOPsf b'O{ rno'St /]vLo c;dfgtfx¿nfO{ n]vflrqdf b]vfpg pSt c;dfgtf;Fu ;DalGwt 
;Ldf/]vfsf] ;dLs/0f lnO{ pSt /]vfdf kg]{ b'O{ ljGb' kQf nufP/ ;/n /]vf lvRg'k5{ . lbOPsf] 
c;dfgtfdf s'g} k/LIf0f ljGb' /fv]/ lbOPsf] c;dfgtf dfGo x'g] If]qtkm{ n]vflrqdf 5fof kf/L  
b]vfOg'k5{ .

-5_ 	2x + 3y  6		

oxfF, c;dfgtf M 2x + 3y  6 ;Fu ;DalGwt ;Ldf /]vfsf] ;dLs/0f  

		  2x + 3y = 6 		  ... (i)

;dLs/0f (i) nfO{ u|fkmdf lvRg pSt /]vfnfO{ dfGo x'g] s'g} b'O{ ljGb'x¿ kQf nufcf}F .

	   olb x = 0 eP y = 2 

	   olb y = 0 eP x = 3 

t;y{, ljGb'x¿ (0, 2) / (3, 0) eP/ hfg] /]vf 2x + 3y = 6 sf] n]vflrq lvrf}F . c;dfgtfdf 

< lrx\g ePsfn] /]vf (i) sf] 7f]; /]vf lvrf}F .
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ca, c;dfgtf M 2x + 3y <  6 hgfpg] If]q 
/]vf (I) sf] stfk6\l6 k5{ egL kQf nufpg 
k/LIf0f ljGb' O(0, 0) nfO{ c;dfgtf M 
2x + 3y <  6 df /fVbf M 
2 × 0 + 3 × 0 <  6

cyjf, 0 <  6 h'g ;To xf] . 

o;/L, k/LIf0f ljGb' O(0, 0) nfO{ c;dfgtf 
M 2x + 3y <  6 df /fVbf ;To ePsfn] pSt 
c;dfgtfsf] xn If]q k/LIf0f ljGb' -oxfF,  
pb\udljGb'_ O(0, 0) ePsf] If]qtkm{ k5{ .

t;y{, lbOPsf] c;dfgtf 2x + 3y <  6 
sf] xnIf]q /]vf 2x + 3y = 6 sf] k/LIf0f 
ljGb' O(0, 0) lt/sf] If]q kg]{ ePsfn] ;f] 
If]qtkm{ 5fof kf/f}F h;nfO{ ;Fu}sf]  
n]vflrqdf b]vfOPsf] 5 .

3.3 /]vLo c;dfgtf k|0ffnL (System of Linear Inequalities)

pbfx/0f 1	

lbOPsf c;dfgtfx¿nfO{ n]vflrqdf k|:t't ug'{xf];\ . tL c;dfgtfx¿n] lbg] Pp6f ;+o'St  
If]q aG5 eg] o; If]qnfO{ s] elgG5 xf]nf, pSt If]qnfO{ 5fof kf/L 5nkmn u/]/ lgisif{ 
lgsfNg'xf];\ M 
3x + 4y < 12, 2x – y < 2,  x > 0 and y > 0 
lbOPsf c;dfgtfx¿M 3x + 4y < 12, 2x – y <  2,  x > 0 / y > 0 nfO{ n]vflrqdf k|:t't ubf{  
c;dfgtfx¿sf] ;+o'St If]q tnsf] n]vflrqdf 5fof 
kf/]/ b]vfP h:t} If]q cfpF5 .

 

dflysf ;a} c;dfgtfsf] 5fof kfl/Psf] ;+o'St If]q 
ABCO g} c;dfgtfsf] ;femf xn If]q (feasible 
region) xf] . o;/L b'O{ jf b'O{eGbf a9L /]vLo 
c;dfgtfnfO{ Pp6} n]vflrqdf b]vfpFbf ;femf xn 
If]q k|fKt ePdf o:tf] xn If]q pGgtf]b/ ax'e'h 
If]q (convex polygonal region) aG5 . o;nfO{ 
g} /]vLo c;dfgtf k|0ffnL (system of linear 

 

 
x 	 0 	 4
y	 –2	 0

x 	 0 	 4
4	 3	 0
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inequalities) elgG5 . o; /]vLo c;dfgtf k|0ffnLsf] ;femf xn If]qsf] zLif{ljGb'x¿ lbOPsf 
;a} /]vLo c;dfgtfx¿df dfGo x'G5 . o;sf ;fy} /]vLo c;dfgtf k|0ffnLsf] ;femf xn  
If]qaf6 clwstd / Go"gtd dfg klg kQf nufpg ;lsG5 .

b'O{ jf b'O{eGbf a9L /]vLo c;dfgtfx¿nfO{ Pp6} n]vflrqdf b]vfpFbf pGgtf]b/ ax'e'h 
cfsf/sf] ;femf xn If]qnfO{ /]vLo c;dfgtf k|0ffnL elgG5 . o; /]vLo c;dfgtf k|0ffnLsf] 
;femf xn If]qsf] zLif{ljGb'x¿ lbOPsf ;a} /]vLo c;dfgtfx¿df dfGo x'G5 .

pbfx/0f 2	

lbOPsf] n]vflrqdf 5fof kfl/Psf] If]qn]  
hgfpg] c;dfgtfx¿ kQf nufpg'xf];\ .

;dfwfg 

oxfF, lbOPsf] u|fkmaf6 ;Ldf /]vf (boundary line) AB  
sf b'O{ ljGb'x¿ A(–1, 0) / B(0, 2) / ljefhs /]vf 
CD  sf b'O{ ljGb'x¿ C(0, 3) / D(4, 0) 5g\ . 

AB eP/ hfg] /]vfsf] ;dLs/0f

	
  x
–1  + 

  y
 2  = 1

	 2x – y = 2

 ljefhs /]vf AB sf] ;dLs/0f 2x –  = – 2 x'G5 .
ca, xn If]qdf kg]{ s'g} ljGb' O(0, 0) k/LIf0f ljGb'sf ¿kdf lnFbf
CD eP/ hfg] /]vfsf] ;dLs/0f

	
  x
 4  + 

  y
 3  = 1

	 3x + 4y = 12

 ljefhs /]vf CD sf] ;dLs/0f 3x + 4y = 12 x'G5 .

ca, xn If]qdf kg]{ s'g} ljGb' O(0, 0) k/LIf0f ljGb'sf ¿kdf lnFbf

3x + 4  = 3 × 0 + 4 ×  0 = 0 < 12

         cfjZos c;dfgtf 3x + 4y < 12 x'G5 . 

   ctM cfjZos c;dfgtfx¿ M 2x – y > – 2 / 3x + 4  <  12 x'G5g\ . 

Y

Y'

XX'
O

O



31P]lR5s ul0ft, sIff !) 31

3.4 /]vLo of]hgfsf] ;d:ofsf ;dfwfg (Solution of Linear Programming Problems)

/]vLo of]hgf ljlw ljleGg vfnsf Jofkfl/s / cf}Bf]lus ;d:ofx¿ ;dfwfg ug{sf nflu  
k|of]u ul/G5 . o;sf] k|of]u pBf]u, Jofkf/, Joj;fox¿df nufgL tyf pTkfbg nfut sd ug]{ 
/ gfkmf w]/} ug]{ p2]Zon] ;|f]t, ;fwg Pjd\ k'FhL kl/rfng ul/G5 .  /]vLo of]hgfdf nfut 
Go"gtd (minimize) tyf pTkfbg / gfkmf clwstd (maximize) ug]{ k|of; ul/G5 . /]vLo 
of]hgfdf s'g} /]vLo kmng (linear function) sf] lglZrt ;t{x¿ (constraints) lbOPsf] 
cj:yfdf clwstd / Go"gtd dfg lgsflnG5 . /]vLo of]hgf;DaGwL ;d:ofx¿df clwstd 
/ Go"gtd dfg lgsfNg'kg]{ /]vLo kmngnfO{ p2]Zo kmng (objective function) elgG5 / 
c;dfgtfsf ¿kdf JoSt cj:yfx¿nfO{ ;t{ (constraints) elgG5 . 

/]vLo of]hgf;DaGwL ;d:ofx¿ xn ug]{ b'O{cf]6f ljlw 5g\ . tL x'g\ M u|fkm ljlw / l;DKn]S; 
ljlw . oxfF u|fkm ljlwaf6 dfq /]vLo of]hgfsf ;d:ofx¿ xn ul/G5 .  u|fkm ljlwaf6 /]vLo  
of]hgfsf ;d:ofx¿ ;dfwfg ug{ tnsf r/0fx¿sf] k|of]u ul/G5 M

/]vLo of]hgfsf ;d:ofx¿ ;dfwfg ug{ k|of]u ul/g] r/0fx¿
r/0f 1 M 	lbOPsf /]vLo c;dfgtfx¿nfO{ Pp6} u|fkmdf lvRg'k5{ .
r/0f 2 M 	;a} c;dfgtfx¿sf] ;femf xn If]q (Feasible region) kQf nufpg'k5{ .
r/0f 3 M 	;femf xn If]q Ps ax'e'h x'G5, ;f] ax'e'hsf zLif{ljGb'x¿sf] lgb{]zfª\s u|fkmaf6 kQf 
		  nufO{ p2]Zo kmngdf /fVg'k5{ .
r/0f 4 M 	p2]Zo kmngnfO{ clwstd ug'{kg]{ ePdf clwstd dfg /  Go"gtd ug'{kg]{ ePdf 
		  Go"gtd dfg kQf nufpg'k5{ .

pbfx/0f 3	

kmng : Z = 10x + 12y sf] lgDglnlvt cj:yfdf clwstd / Go"gtd dfg lgsfNg'xf];\ M
		  x + 2y < 12, 3x + 2y < 24, x > 0, y > 0
;dfwfg M	oxfF, 
lbOPsf kmng : Z = 10x + 12y 
c;dfgtfx¿ M 	 x + 2y < 12, 3x + 2y < 24, x > 0, y > 0
lbOPsf c;dfgtfnfO{ ;dLs/0fdf abNbf

x + 2y = 12		  ... (i)  
3x + 2y = 24		  ... (ii) 

;dLs/0f (i) nfO{ u|fkmdf lvRg pSt /]vfnfO{ dfGo x'g] s'g} b'O{ ljGb'x¿ kQf nufpFbf,

x 	 0 	 12
y	 6	 0

t;y{, /]vf x + 2y = 12 ljGb'x¿ (0, 6) / (12, 0) eP/ hfG5 . 
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ca, c;dfgtf M x + 2y < 12 n] lbg] If]q kQf nufpg k/LIf0f ljGb' O(0, 0) nfO{ c;dfgtf 
M x + 2y < 12 df /fVbf  

  0 + 2 ×  0 < 12

cyjf, 0 < 12 h'g ;To 5 . 

o;/L, k/LIf0f ljGb' O(0, 0) nfO{ c;dfgtf M x + 2y < 12 df /fVbf ;To ePsfn] pSt 
c;dfgtfsf] xn If]q k/LIf0f ljGb' O(0, 0) ePsf] If]qtkm{ k5{ .

km]l/, ;dLs/0f (ii) nfO{ u|fkmdf lvRg pSt /]vfnfO{ dfGo x'g] s'g} b'O{ ljGb'x¿ kQf nufpFbf  

x 	 0 	 8
y	 12	 0

t;y{, /]vf 3x + 2y = 24 ljGb'x¿ (0, 12) / (8, 0) eP/ hfG5 .
ca, c;dfgtf M 3x + 2y < 24 n] lbg] If]q /]vf (ii) sf] stfk6\l6 k5{ egL kQf nufpg 
k/LIf0f ljGb' (0, 0) nfO{ c;dfgtf M 3x + 2y < 24 df /fVbf M  3 × 0 + 2 × 0 <  24

cyjf, 0 < 24 h'g ;To xf] . 
o;/L, k/LIf0f ljGb' (0, 0) nfO{ c;dfgtf
3x + 2y < 24 df /fVbf ;To ePsfn] pSt 
c;dfgtfsf] xn If]q k/LIf0f ljGb' O(0, 0) ePsf] 
If]qtkm{ kg]{ ePsfn] ;f] If]qtkm{ tL/ lrx\gn] b]vfcf}F .
To;/L g} c;dfgtfx¿ x > 0 / y > 0 n] j|mdzM 
Y - cIfeGbf bfofFtkm{ / X - cIfeGbf dfly lt/ 
ePsfn] ;f]xLtkm{ j|mdzM tL/ lrx\gn] b]vfpFbf,

o;/L dflysf ;a} c;dfgtfx¿sf] ;femf xn If]q  
;Fu}sf] n]vflrqdf b]vfPadf]lhd 5fof kfl/Psf] efu  
ax'e'h ABCO xf] . ax'e'h ABCO sf] zLif{ljGb'x¿sf] lgb]{zfª\s O(0, 0), A(8, 0), B(6, 3)
/ C(0, 6) 5 . 

ca, Z = 10x + 12y df zLif{ljGb'x¿sf] lgb]{zfª\s O(0, 0), A(8, 0), B(6, 3) / C(0, 6) j|mdzM 
/fVbf M

O(0, 0) df  Z = 10 × 0 + 12 × 0 = 0
A(8, 0) df  Z = 10  8 + 12 × 0 = 80
B(6, 3) df  Z = 10 × 6 + 12 × 3 = 96
C(0, 6) df  Z = 10 × 0 + 12 × 6 = 72
ctM Z sf] clwstd dfg 96 x'G5, h'g ljGb' B(6, 3) df k5{ / Go"gtd dfg 0 x'G5 h'g ljGb' 
O(0, 0) df k5{ .
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cEof; 3 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M

    	 -s_ 	xl/n] Ps lbgdf ?= 600 eGbf a9L sdfpF5 . xl/sf] Ps lbgsf] sdfOnfO{ x dfGbf 
		  tnsf dWo] s'g c;dfgtf ;xL 5 < 

		  a. x > 600	      b. x > 600	 c. x < 600		  d. x < 600
   	 -v_	 sf7df8f}Fsf] hf8f] df};ddf tfkj|md sDtLdf –3˚C x'g] u5{ . sf7df8f}Fsf] hf8f] 
		  df};dsf] tfkj|mdnfO{ x dfGbf lbOPsf] sygnfO{ tnsf] s'g c;dfgtfn] hgfOG5 < 

		  a. x > –3˚C		  b. x > –3˚C		  c. x < –3˚C	 d. x < –3˚C 
   	 -u_	 c;dfgtf 2x – 3y > 5 df tnsf dWo] s'g ljGb' dfGo x'G5 < 

		  a. (0, 0)		  b. (1, 1)	 c. (4, 3)		  d. (5, 1) 
  	 -3_	 p2]Zo kmng : Z = 3x + 4y eP xnIf]qsf ljGb'x¿ O(0, 0), A(9, 0), B(7, 3) / 
		  C(0, 8) dWo] s'g ljGb'df clwstd dfg xf]nf <

		  a. ljGb' O(0, 0)	 b. A(9, 0)	 c. B(7, 3)		  d. C(0, 8) 
   	 -ª_	 lbOPsf] n]vflrqnfO{ hgfpg] c;dfgtf  
		  tnsf dWo] s'g xf]nf <

		  a. x + y > 2		  b. x + 2y > 2	
		  c. 2x + y < 2 	 d. x + 2y > 2

2. 	 lbOPsf c;dfgtfx¿sf] n]vflrq lvRg'xf];\ M 

   	 -s_ x + y > 3		  -v_ x  y > 0	    	

	 -u_ 2x + 3y < 6		  -3_ 3x + 4y > 12 	 					   

	 -ª_ x  2y > 3		  -r_ 3x  2y > 4		
3. 	 lbOPsf c;dfgtf k¢ltx¿sf] n]vflrq lvrL ;femf xn If]q kQf nufpg'xf];\ M
   	 -s_ x + 2y < 6, x > 0      -v_ 2x – y > 4, y > 0	 -u_ x + y < 1, x– y > 1
    	 -3_ 3x + 4y < 12, 2x – y < 0, x – y <2,  x > 0 / y  0

   	 -ª_ 2x + 3y < 6, 3  0, x  / y >  0 

   	 -r_ x + y < 2, 2x – 3y < 6, x > 0 and y < 2 
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4. 	 lbOPsf] n]vflrqaf6 5fof kfl/Psf] If]qn] hgfpg] c;dfgtfx¿ kQf nufpg'xf];\ M  

	 -s_						      -v_ 

   								      

   

   	 -u_  					       -3_ 

5. 	 lgDglnlvt cj:yfdf clwstd / Go"gtd dfg lgsfNg'xf];\ M

    	 -s_ kmng : Z = 3x + 2y
			   x + y > 6
			   x – y < 4
			   x > 0, y > 0
     	-u_ kmng : Z = 3x + 5y

			   x  2y < 1
			   x + y < 4
			   x > 0, y > 0
   	 -ª_ kmng : F(x, y) = 2x + y
			   x + 2y < 10
			   x + y > 1
			   y < 4

-v_ kmng : 	 P (x, y) = 3x + 5y
		  x + y < 6

		  x  y > 2
		  x > 0, y> 0 
-3_ kmng : 	 F = 3x + 2y
		  x – 2y < 2
		  x + 2y < 8
		  x > 0, y > 0 

Y

Y'

XX'
O

Y

Y'

XX'
O

Y

Y'

XX'
O

Y

Y'

XX'
O
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6. 	 ;Fu}sf] n]vflrqaf6 5fof kfl/Psf] efun] 
	 hgfpg] rf/cf]6f c;dfgtfx¿ kQf nufpg'xf];\ .  
	 tL c;dfgtfx¿nfO{ dfGo x'g] dfgx¿af6  
	 p2]Zo kmng M  F(x, y) = 20x + 30y sf] 
	 clwstd / Go"gtd dfg lgsfNg'xf];\ . 

 pQ/
1. -s_ a		  -v_ b		  -u_ d		  -3_ c		  -ª_ b  
2–3. pQ/x¿ lzIfsnfO{ b]vfpg'xf];\ . 
4. -s_ 3x + 2y < 6		  -v_ x + 2y < 0, x – y < 0 

   -u_ x – 2y < 1, x – 3y < 2	 -3_ 2x – y > –2, 3x + 4y < 12, y > 0   

5. -s_ clwstd Z = 17 ljGb' (5, 1) / Go"gtd Z = 0 ljGb' (0, 0)   

   -v_ clwstd P = 22 ljGb' (4, 2) / Go"gtd P = 6 ljGb' (2, 0)  

   -u_ clwstd Z = 14 ljGb' (3, 1) / Go"gtd Z = 0 ljGb' (0, 0)

   -3_ clwstd F = 18 ljGb' (5, ) / Go"gtd F = 0 ljGb' (0, 0)   

   -ª_ clwstd F = 20 ljGb' (10, 0) / Go"gtd F = –2 ljGb' (–3, 4)   

 6. 3x – 2y < 9, 3x + 5y < 30, x > 0, y > 0

    clwstd F = 14 ljGb' (5, 3) / Go"gtd F = 0 ljGb' (0, 0) 

Y

Y'

X
X'

O

C (0,6)

B (5,3)

B (3, 0)B (0, 0)
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4.1 kl/ro (Introduction)
rn/flzsf] 3ftfª\s 2 ePsf] ;dLs/0fnfO{ ju{ ;dLs/0f elgG5 . aLhul0ftsf] ljsf;sf] 
k|jt{ssf ¿kdf gjf}F ztfAbLsf kl;{og  Hof]ltifzf:qL, ul0ft1 
tyf zf]wstf{ Al-Khwarizmi (780–850 AD) nfO{ dflgG5 . 
t;y{ Al-Khwarizmi nfO{ aLhul0ftsf lktfsf ¿kdf lnOFb} 
cfOPsf] 5 . pgnfO{ ju{ ;dLs/0fsf] xn ug]{ tl/sfsf] ljsf; 
tyf /]vLo tyf ju{ ;dLs/0fnfO{ Jojl:yt / n]vflrqdf k|:t't  
ug]{ klxnf] ul0ft1sf ¿kdf lnOG5 . Al-Khwarizmi n] cfˆgf] k':ts 
Kitab al-Jabr df lxGb' c/]las cª\snfO{ Algorithm zAbsf ¿kdf 
k|yd k6s k|:t't ug'{sf ;fy} /]vLo tyf ju{ ;dLs/0fnfO{ Jojl:yt 
¿kdf n]lvPsf] pSt k':tsnfO{ kl5 aLhul0ftsf] gfd lbOof] .

;dLs/0f ax2 + bx + c = 0 (a ≠ 0) nfO{ Ps rno'St ;fwf/0f ju{ ;dLs/0f elgG5 . ;dLs/0f 

ax2 + bx + c = 0 n] lbg] n]vflrq  jf  cfsf/sf] x'G5 h;nfO{ kf/faf]nf (Parabola) 
elgG5 . ju{ ;dLs/0fsf] n]vflrqsf] cfsf/ jf:tljs ;ª\Vofx¿ a, b / c sf] dfgdf e/ k5{ .
kf/faf]nfsf] lbzf kl/jt{g x'g] ljGb'nfO{ 3'd]sf] ljGb' (Turning Point) elgG5 . kf/faf]nfsf] 
3'd]sf] ljGb' g} kf/faf]nfsf] zLif{ljGb' (Vertex) xf] .

4.2 ju{ kmng y = ax2 + bx + c  nfO{ y  = a(x – h)2 + k sf ¿kdf ¿kfGt/0f

(Conversion of Quadratic Equation y = ax2 + bx + c into y = a(x – h)2 + k)
ju{ kmng y = ax2 + bx + c nfO{ y = a (x– h)2 + k ¿kdf kl/jlt{t ubf{ lgDglnlvt ju{ k"/f 
ug]{ k|lj|mof ckgfpg'k5{ M
          y = ax2 + bx + c

cyjf, y = a{x2 +  + }

cyjf, y = a{x2 + 2.x.  +    + }

cyjf, y = a{    + }

cyjf, y = a{   ( )}

cyjf, y = a(   ( )

cyjf, y = a{(  + ( ) 	 ... (i)

kf7 4 ju{ ;dLs/0f  (Quadratic Equation)

Al-Khwarizmi
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          y = a  + k 			   ... (ii)

ca, ;dLs/0f (i) nfO{ ;dLs/0f (ii) ;Fu t'ngf ubf{, h = , k = 

ctM kf/faf]nfsf] zLif{ljGb' (h, k) = ( , ) / kf/faf]nfsf] cIf M h = 

4.3 ju{ kmng  y = a (x – h)2 + k  sf] n]vflrqsf] :s]r
(Sketch the Graph of Quadratic Function y = a(x – h)2

 + k) 
ju{ kmng y = a(x – h)2 + k  sf] n]vflrq :s]r (Sketch) ug{sf nflu kf/faf]nfsf tnsf 
ljz]iftfx¿ k|of]u ul/G5 M
1. 	 kf/faf]nfsf] cfsf/

ju{ kmng y = a  + k  df a sf] dfg wgfTds (a > 0) ePdf kf/faf]nf dfly 
kms]{sf] / Go"gtd ljGb' x'G5 t/ clwstd ljGb' x'Fb}g . To:t} a sf] dfg C0ffTds (a < 0) 
ePdf kf/faf]nf tn kms]{sf] / clwstd ljGb' x'G5 t/ Go"gtd ljGb' x'Fb}g, h:t} M klxnf] 
n]vflrqdf Go"gtd ljGb' (–1, –1) 5 / bf];|f] n]vflrqdf clwstd ljGb' (1, 2) 5 .

ju{ kmng y = – x2 + 2x + 1 sf] n]vflrq ju{ kmng y = – x2 + 2x + 0 sf] n]vflrq 
  

 

2. 	 kf/faf]nfsf] zLif{ljGb'   

	 kf/faf]nfsf] zLif{ljGb' (h, k) x'G5 .  

3. 	 kf/faf]nfsf] v08x¿

	 -s_ 	 y- v08 M ju{ kmng y = a  + k  df x = 0 /fVbf y- v08  c cfpF5 .  

	 -v_  	x- v08 M ju{ kmng y = a  + k  df y = 0 /fVbf a  + k  = 0 x'G5 .
		  olb o; ju{ ;dLs/0fsf d"nx¿ x1 / x2 eP kf/faf]nfn] X-cIfsf ljGb'x¿ ( , 0) 
		  / ( , 0) df sf6\5 . 

4. 	 kf/faf]nfsf] cIf 
	 kf/faf]nfsf] cIf M x = h x'G5 . t;y{, kf/faf]nf y = a  + k, cIf M x = h ;Fu 
	 ;dldtLo x'G5 . 
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pbfx/0f 1	  

ju{ kmng : y =   3 nfO{ y = a  + k  sf ¿kdf kl/jt{g u/L n]vflrq :s]r ug'{xf];\ .
;dfwfg
ju{ kmng : y = x2 – 3  – 3 nfO{ y = a (x - h)2 + k  sf ¿kdf kl/jt{g ubf{
	  ctM y = (x – 0)2 – 3 
ju{ kmng : y = (x– 0)2 – 3 sf] n]vflrq :s]r ug{sf nflu kf/faf]nfsf tnsf ljz]iftf j|mdzM 
k|of]u ul/G5 .
1. 	 kf/faf]nfsf] cfsf/ M ju{ kmng y =  – 3 df 1 wgfTds (a > 0) ePsfn] 
	 kf/faf]nf dfly kms]{sf] x'G5 .
2. 	 kf/faf]nfsf] zLif{ljGb' M kf/faf]nfsf] zLif{ljGb' (h, k) = (0, –3) x'G5 . ljGb' (0, –3) g} 
	 kf/faf]nfsf] Go"gtd ljGb' xf] .  
3. 	 kf/faf]nfsf] v08x¿
	 -s_ 	 y- v08 M ju{ kmng y = (x– 0)2 – 3 df x = 0 /fVbf y = (0 – 0)2  – 3 = – 3 
		  cfpF5 . t;y{, o; cj:yfdf kf/faf]nfn] Y- cIfsf] ljGb' (0, –3) df sf6\5 . 

	 -v_  x- v08 M ju{ kmng y =  – 3 =   3 df y = 0 /fVbf, 

		      3 = 0  

	 cyjf,  = 3   

	 cyjf,  =  

	 cyjf, x =    

	 ctM x =  = 1.732 jf –  = –1.732    

	 o; ju{ ;dLs/0fsf d"nx¿ 1.732 / –1.732 
	 x'G5g\ . t;y{, kf/faf]nfn] X- cIfsf 
	 ljGb'x¿ (1.732, 0) / (–1.732, 0) df sf6\5 .

4. 	 kf/faf]nfsf] cIf M  kf/faf]nfsf] cIf, x = 0 jf 
	 Y= cIf x'g] ePsfn] kf/faf]nf y =  3, 
	 pSt /]vf x = 0 ;Fu ;dldtLo x'G5 .

5. 	 kf/faf]nfsf] :s]r M dflysf ljz]iftfsf cfwf/df 
	 kf/faf]nfsf] n]vflrq :s]r ubf{

 



39P]lR5s ul0ft, sIff !) 39

pbfx/0f 2	
ju{ kmng : y = x2  4x + 3 nfO{ y = a (x – h)2 + k  sf ¿kdf kl/jt{g u/L n]vflrq :s]r
ug'{xf];\ .
;dfwfg
ju{ kmng : y = x2 – 4x + 3 nfO{ y = a (x – h)2 + k  sf] ¿kdf kl/jt{g ubf{

	  y = x2 – 4x + 3 = x2 – 2.x.2 + 22 – 22 + 3 = (x – 2)2  4 + 3 = (x – 2)2 – 1
	 ctM y = (x – 2)2 – 1
ju{ kmng: y = (x – 2)2 – 1 sf] n]vflrq :s]r ug{sf nflu kf/faf]nfsf tnsf ljz]iftf j|mdzM 
k|of]u ubf{

1.	 kf/faf]nfsf] cfsf/ M ju{ kmng y = (x – 2)2 – 1 df 1 wgfTds (a > 0) ePsfn] 
	 kf/faf]nf dfly kms]{sf] x'G5 .

2. 	 kf/faf]nfsf] zLif{ljGb' M kf/faf]nfsf] zLif{ljGb' (h, k) = (2, –1) x'G5 . ljGb' (2, –1) g} 
	 kf/faf]nfsf] Go"gtd ljGb' xf] .  

3. 	 kf/faf]nfsf] v08x¿ 

-s_	 y- v08 M ju{ kmng y = (x – 2)2 – 1 df x = 0 /fVbf y = (0 – 2)2 – 1 = (–2)2 – 1 = 
	 4 – 1 = 3 cfpF5 . t;y{, o; cj:yfdf kf/faf]nfn] Y- cIfsf] ljGb' (0, 3) df sf6\5 . 

-v_  x-v08 M ju{ kmng y = (x – 2)2  – 1 = x2  4x + 3 df y = 0 /fVbf, 
		     x2 – 4x + 3 = 0  
	 cyjf, x2 – (3 + 1)x + 3 = 0   
	 cyjf, x2 – 3x  1x + 3 = 0   
	 cyjf, x(x – 3) 1(x  3) = 0
	 cyjf, (x – 3) (x  1) = 0 x'G5 . 
	 ctM x = 1 jf 3 

o; ju{ ;dLs/0fsf d"nx¿ 1 / 3 x'G5g\ . 
t;y{, kf/faf]nfn] X- cIfsf ljGb'x¿ (1, 0) / 
(3, 0) df sf6\5 .

4. 	 kf/faf]nfsf] cIf M  kf/faf]nfsf] cIf x = 2 x'g] ePsfn] kf/faf]nf y = (x – 2)2  – 1, pSt 
	 /]vf x = 2 ;Fu ;dldtLo x'G5 . t;y{, Y-cIfsf] ljGb'  (0, 3) sf] ;ª\ult ljGb' (4, 3) x'G5 . 

5. 	 kf/faf]nfsf] :s]r M dflysf ljz]iftfsf cfwf/df kf/faf]nfsf] n]vflrq :s]r ubf{,

pbfx/0f 3	
ju{ kmng : y =  x2  2x + 3 nfO{ y = a (x – h)2 + k  sf ¿kdf kl/jt{g u/L n]vflrq 
:s]r ug'{xf];\ .
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;dfwfg
ju{ kmng :    y 	 = – x2  – 2x + 3 nfO{ y = a (x – h)2 + k  sf ¿kdf kl/jt{g ubf{,

	        y 	 = –x2 – 2x + 3 = –(x2 + 2.x 3) = –(x2 + 2.x.1 + 12 – 12 – 3) 
			   = –[(x + 1)2 – 1 – 3] 
	      		  = –[(x + 1)2 – 4] 
	 ctM 	y = –(x + 1)2 + 4   
ju{ kmng M y = – (x + 1)2 + 4 sf] n]vflrq :s]r ug{sf nflu kf/faf]nfsf ljz]iftfx¿ 
k|of]u ubf{
1. 	 kf/faf]nfsf] cfsf/ M ju{ kmng y =  + 4 df  x2  sf] u'0ffª\s C0ffTds ePsfn] 
	 kf/faf]nf tn kms]{sf] x'G5 .
2. 	 kf/faf]nfsf] zLif{ljGb' M kf/faf]nfsf] zLif{ljGb' (h, k) = (–1, 4) x'G5 . ljGb' (–1, 4) g} 
	 kf/faf]nfsf] clwstd ljGb' xf] .  
3. 	 kf/faf]nfsf] v08x¿ 
	 -s_ 	 y- v08 M ju{ kmng 
		  y =  –(x + 1)2 + 4 df 
		  x = 0 /fVbf 
		  y = – (0 + 1)2 + 4  = – (1)2 + 4 = –1 + 4 = 3 x'G5 . 
	 To;}n], y- v08 3 cfpF5 . t;y{, o; cj:yfdf kf/faf]nfn] Y- cIfsf] ljGb' (0, 3) df sf6\5 . 
	 -v_	 x- v08 M ju{ kmng 
		  y = – (x + 1)2  + 4 
		  =   2x + 3 df 
		  y = 0 /fVbf, 
		     2x + 3 = 0
	 cyjf,   (3  1)x + 3 = 0 
	 cyjf,   3x + 1x + 3 = 0   
	 cyjf,  x(x + 3) + 1(x + 3) = 0
	 cyjf, ( x  1) (x + 3) = 0 x'G5 .
	 ctM x = 1 jf 3   
	 o; ju{ ;dLs/0fsf d"nx¿ 1 / 3 
	 x'G5g\ . t;y{, kf/faf]nfn] x-cIfsf ljGb'x¿ 
	 (1, 0) / ( 3, 0) df sf6\5 .

4. 	 kf/faf]nfsf] cIf M  kf/faf]nfsf] cIf x = 1 x'g] ePsfn] kf/faf]nf y = –  + 4, 
	 pSt /]vf x = 1 ;Fu ;dldtLo x'G5 . t;y{, Y- cIfsf] ljGb'  (0, 3) sf] ;ª\ult 
	 ljGb' ( 2, 3) x'G5 . 

5. 	 kf/faf]nfsf] :s]r M dflysf ljz]iftfsf cfwf/df kf/faf]nfsf] n]vflrq :s]r ubf{,
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4.4 	ju{ kmng y  = x2 sf] :yfgfGt/0f (Transformation of Quadratic Function y = x2)

s'g} klg j:t'sf] ;a} ljGb'x¿nfO{ Pp6} lbzfdf ;fl/G5g\ eg] o:tf] :yfgfGt/0fnfO{ Tof] 
j:t'sf] lj:yfkg elgG5 . ;fdfGotM lj:yfkg lIflthLo lj:yfkg, 7f8f] lj:yfkg / ;+o'St 
lj:yfkg u/L tLg lsl;dsf x'G5g\ .     

1.	 lIflthLo lj:yfkg (Horizontal Transformation)

lj|mofsnfk 1	

lbOPsf] n]vflrqaf6 lgDglnlvt k|Zgx¿df 5nkmn u/L lgisif{ lgsfNg''xf];\ M

	 -s_ 	n]vflrqdf lbOPsf ju{  
		  kmngx¿ s'g s'g 5g\ <

	 -v_ 	ju{ kmngsf n]vflrqx¿ p:t}  
		  / pq} 5g\ <

	 -u_	 n]vflrqsf] klxnf] / bf];|f] ju{  
		  kmngsf zLif{ljGb'sf lgb]{zfª\sx¿  
		  slt slt 5g\ <

	 -3_ 	klxnf] ju{ kmngsf] zLif{ljGb'sf]  
		  lgb]{zfª\seGbf bf];|f] ju{ kmngsf]  
		  zLif{ljGb'sf] lgb]{zfª\s slt  
		  PsfO bfofF 5 <

	 -ª_ 	s] n]vflrqdf lbOPsf klxnf] / 
		  bf];|f] ju{ kmngsf ;ª\ult  
		  ljGb'x¿sf] lgb]{zfª\sx¿ klg -3_  

		  h:t} ;DaGw 5 <

dflysf] n]vflrqdf klxnf] ju{ kmng y = x2  / bf];|f] ju{ kmng y  = (x – 2)2 sf jj|mx¿ x'g\ . 

dflysf b'a} ju{ kmngsf jj|mx¿ p:t} cfsf/ / pxL gfksf 5g\ . klxnf] / bf];|f] ju{ kmngsf 

zLif{ljGb'sf lgb]{zfª\sx¿ j|mdzM (0, 0) / (2, 0) 5g\ . cyf{t\ klxnf] ju{ kmngsf zLif{ljGb'sf 

lgb]{zfª\seGbf bf];|f] ju{ kmngsf zLif{ljGb'sf] lgb]{zfª\s 2 PsfO bfofF ;/]sf] 5 . To:t}, ljGb' 

(–1, 1) sf] ;ª\ult ljGb'sf] lgb]{zfª\s (1, 1) tyf ljGb' (1, 1) sf] ;ª\ult ljGb'sf] lgb]{zfª\s 

(3, 1) klg 2 PsfO bfofF ;/]sf] 5 . o;/L g} afFsL ljGb'x¿ klg ;a} j|mdzM 2 PsfO bfofF ;/]sf] 5g\ .

t;y{, ju{ kmng y = x2 nfO{ 2 PsfO bfofF ;fbf{ ju{ kmng y  = (x – 2)2  ag]sf] 5 . cyf{t\, ju{ 

kmng y = x2 nfO{ 2 PsfO bfofF :yfgfGt/0f ubf{ ju{ kmng y  = (x – 2)2  x'G5 . 
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ljrf/0fLo k|Zg M ju{ kmng y = x2 nfO{ 2 PsfO afofF ;fbf{ ju{ kmng s] x'G5 / ;f]sf] n]vflrq 
s:tf] aG5 xf]nf, 5nkmn ug'{xf];\ .

ju{ kmng y = x2 nfO{ h PsfO bfofF ;fbf{ ju{ kmng y  = (x – h)2 aG5 . To:t}, ju{ kmng 
y = x2 nfO{ h PsfO afofF ;fbf{ ju{ kmng y  = (x + h)2 aG5 . ju{ kmng y = x2 nfO{ h  
PsfO bfofF / afofF lIflthLo :yfgfGt/0f ubf{ ju{ kmngsf] jj|m pxL gfk / pxL cfsf/sf] 
aG5 .

2. 7f8f] :yfgfGt/0f (Vertical Transformation)

lj|mofsnfk 2	

lbOPsf] n]vflrqaf6 lgDglnlvt k|Zgx¿sf] 

pQ/ n]vL 5nkmn u/]/ lgisif{ lgsfNg''xf];\ M
-s_ 	lbOPsf] n]vflrqdf ePsf] ju{ kmng  
	 y = x2  nfO{ cfˆgf] u|fkm slkdf ptfg'{xf];\ .  
-v_ 	ju{ kmng y = x2  sf zLif{ljGb';d]t 
	 kfFrcf]6f ljGb'sf lgb]{zfª\sx¿ 2 PsfO 
	 dfly ;fbf{ aGg] gofF kfFrcf]6f ljGb'sf  
	 lgb]{zfª\sx¿ n]vL Pp6} n]vflrqdf  
	 b]vfpg'xf];\ . 
-u_	 o;/L ag]sf gofF kfFrcf]6f ljGb'x¿ j|mdzM  
	 hf]8]/ aGg] jj|m tof/ ug'{xf];\ .
-3_ 	pSt gofF jj|msf] gfk / cfsf/ s:tf] aGof], n]Vg'xf];\ . 
-ª_ 	pSt gofF jj|msf] kmng n]Vg'xf];\ .

lbOPsf] n]vflrqdf ePsf] ju{ kmng y = x2 nfO{ 
cfˆgf] u|fkm slkdf ptfl/;s]kl5 ju{ kmng y = 
x2 sf zLif{ljGb';d]t kfFrcf]6f ljGb'sf lgb]{zfª\sx¿ 
2 PsfO dfly ;fbf{ aGg] gofF kfFrcf]6f ljGb'sf 
lgb]{zfª\sx¿ j|mdzM (–2, 4) sf] ;ª\ult ljGb' (–2, 6),
(–1, 1) sf] ;ª\ult ljGb' (–1, 3), (0, 0) sf] 
;ª\ult ljGb' (0, 2), (1, 1) sf] ;ª\ult ljGb' (1, 3) / 
(2, 4) sf] ;ª\ult ljGb' (2, 6) x'G5g\ . oL 
ljGb'x¿nfO{ j|mdzM hf]8]/ aGg] jj|m klg ju{ 
kmng y = x2 h:t} a/fa/ gfksf] dfly kms]{sf]
5 . dflysf] Pp6} n]vflrqdf pSt gofF jj|msf] 
kmng y = x2 + 2 x'G5 . o;/L g} ju{ kmng y = x2 

 

 

y = x2 + 2
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nfO{ 2 PsfO tn ;fbf{ aGg] jj|msf] kmng y = x2 – 2 x'G5 . kf/faf]nfsf] zLif{ljGb' pb\udljGb' 
(0, 0) ePdf lj:yfkg ePsf] kf/faf]nfsf] zLif{ljGb' (0, ± 2) x'G5 .

ju{ kmng y = x2 nfO{ k PsfO dfly lj:yfkg ubf{ aGg] jj|msf] kmng y = x2 + k  / tn 
lj:yfkg ubf{ aGg] jj|msf] kmng y = x2 – k x'G5 . lj:yfkg ePsf] kf/faf]nfsf] cfsf/ / gfk 
y = x2  sf] h:t} x'G5 .

3. ;+o'St :yfgfGt/0f (Combined Transformation)

lj|mofsnfk 3	

ju{ kmng : y = x2 sf] n]vflrq lvRg'xf];\ . ju{ kmng y = x2 nfO{ klxn] 2 PsfO bfofF :yfgfGt/0f 
/ To;kl5 3 PsfO dfly :yfgfGt/0f u/L cfpg] ju{ kmngnfO{ n]vflrqdf lvr]/ 5nkmn u/L 
lgisif{ lgsfNg''xf];\ .
ju{ kmng y =  nfO{ n]vflrqdf b]vfpg r/  sf ljleGg dfgx¿ kmng y =  df /fVbf 
r/ y sf ljleGg dfgx¿ cfpF5g\ . tnsf] tflnsf k"/f u/L ju{ kmng y =  n] lbg] n]vflrq 
lVfRg'xf];\ .
ju{ kmng y =  sf] tflnsf

x –2 –1 0 1 2
y 4 2 ... ... ...

klxn] 2 PsfO bfofF / To;kl5 3 PsfO dfly :yfgfGt/0f u/L cfpg] ju{ kmngsf] tflnsf

x 0 1 2 3 4
y 7 4 3 4 7

Dfflysf b'a} tflnsfaf6 x / y sf 
dfgx¿nfO{ n]vflrqdf j|mdzM cª\lst 
ubf{ tnsf] lrqdf b]vfOP h:t} jj|m aG5g\ .

lbOPsf] n]vflrqdf b'a} Pp6} cfsf/sf 
kf/faf]nf ag]sf 5g\ . kf/faf]nf y = x2  
sf] zLif{ljGb'sf]  lgb]{zfª\s pb\udljGb' 
O(0, 0) / ;+o'St :yfgfGt/0f kl5sf] 
kf/faf]nfsf] zLif{ljGb'sf] lgb]{zfª\s (2, 3) 
/ ;dldtLo cIf x = 2 5 . ju{ kmng 
y = x2  sf] 2 PsfO bfofF lIflthLo 
:yfgfGt/0f / 3 PsfO dfly :yfgfGt/0f 
ubf{ ju{ kmng y = (x – 2)2 + 3 aG5 . 
o;nfO{ ;Fu}sf] n]vflrqdf b]vfOPsf] 5 . 

t;y{, ju{ kmng y = x2 nfO{ klxn] h  

y = (x– 2)2 + 3
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PsfO bfofF :yfgfGt/0f / To;kl5 k PsfO dfly 
:yfgfGt/0f ubf{ ju{ kmng y = (x – h)2 + k aG5, 

olx g} ju{ kmng y = x2 sf] ;+o'St :yfgfGt/0f xf] .
:yfgfGt/0fkl5sf] zLif{ljGb'sf] lgb]{zfª\s (h, k)
/ ;dldtLo cIf x = h x'G5 . ju{ kmng 
y = (x – h)2 + k nfO{ zLif{ljGb' ¿ksf] kf/faf]nf 
elgG5 . 

ju{ kmng y = x2 nfO{ klxn] h PsfO bfofF :yfgfGt/0f / To;kl5 k PsfO dfly :yfgfGt/0f 
ubf{ ju{ kmng y = (x – h)2 + k aG5, oxL g} ju{ kmng y = x2 sf] ;+o'St :yfgfGt/0f xf] . 
:yfgfGt/0fkl5sf] zLif{ljGb'sf] lgb]{zfª\s (h, k) / ;dldtLo cIf x = h x'G5 . ju{ kmng y 
= (x – h)2 + k nfO{ zLif{ljGb' ¿ksf] kf/faf]nf elgG5 .

ju{ kmngsf n]vflrqx¿sf] ljleGg cj:yf

j|m=;= kf/faf]nfsf] ;dLs/0f zLif{ljGb' kf/faf]nfsf] d'v kmls{g] lbzf

1. y = x2 (0, 0) dfly

2. y = –x2 (0, 0) tn

3. y = ax2 , a > 0 (0, 0) dfly

4. y = – ax2, a > 0 (0, 0) tn

5. y = x2 + k (0, k) dfly

6. y = –x2 + k (0, k) tn

7. y = (x + k)2 (–k, 0) dfly

8. y = (x – k)2 (k, 0) dfly

9. y = a (x – h)2 + k  (h, k) dfly

cEof; 4.1 

1.	  lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M

    	 -s_  ju{ kmng  y = ax2 sf] n]vflrq 3'd]sf] ljGb'sf] (turning point) lgb]{zfª\s s'g xf] < 
		  a. (0, 0)	 b. (k, 0)	 c. (h, k)	 d. (h, 0) 
	 -v_	 ju{ kmng y = –ax2 / a > 0 sf] cfsf/ s:tf] x'G5 < 
		  a. ∪	 	 b. ∩ 		  c. ⊂	 	 d. ⊃
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   	 -u_	 ju{ ;dLs/0f y =  2x2  n] lbg] kf/faf]nf s'g /]vf;Fu ;dldtLo x'G5 <  

		  a. X- cIf		  b. Y- cIf		  c. y = 0 	 d. y = 1
    	-3_  ju{ kmng  y = a (x– h)2 + k  sf] zLif{ljGb'sf] lgb]{zfª\s s'g xf] < 

		  a. (0, 0)	 b. (k, 0)		  c. (h, k)	 d. (h, 0) 
   	 -ª_	 kf/faf]nf y = x2 – 2x  + 1 sf] zLif{ljGb'sf] lgb]{zfª\s slt x'G5 <   

          	 a. (0, 0) 	 b. (–1, 0)	 c. (1, 0) 	 d) (1, 1)
2. 	 tnsf ju{ ;dLs/0fx¿nfO{{ zLif{ljGb'sf] ¿k y = (x – h)2 + k df kl/jt{g u/L n]vflrq :s]r 
	 ug'{xf];\ M

   	 -s_ y = x2  		  -v_ y = 2 x2		  -u_ y =  –3x2		    

   	 -3_ y = x2 + 2		  -ª_ y =  x2 –  5		 -r_ y = (x – 3)2  
     	 -5_ y = (x + 3)2 	     	 -h_ y = x2  + 2x + 1	 -em_ y = x2 –  4x + 3	
     	 -`_ y = – x2 –  3x + 2	 -6_ y = x2 – x – 2	 -7_ y = – x2 + 7x + 12	
3. 	 lbOPsf ju{ ;dLs/0fx¿sf] cWoog u/L lgDglnlvt k|Zgx¿sf] pQ/ lbg'xf];\ M

    	 -s_ x2 – 4x + 7 = 0	 -v_ x2 – 6x + 13 = 0		  -u_ x2 – 8x + 21 = 0	
   	 -3_ x2 + 2x – 4 = 0 	 -ª_ x2 + 2x + 1 = 0
	 -c_ ju{ ;dLs/0fnfO{ zLif{ljGb'sf ¿kdf kl/jt{g ug'{xf];\ .

   	 -cf_ kf/faf]nfsf] zLif{ljGb' kQf nufpg'xf];\ . 

   	 -O_ ;dldtLo cIfsf] ;dLs/0f kQf nufpg'xf];\ . 
   	 -O{_ ju{ kmng y = x2 sf] :yfgfGt/0fsf ¿kdf n]vflrq lvr]/ b]vfpg'xf];\ .

pQ/

1. -s_ a 		  -v_ b		  -u_ b		  -3_ c 		  -ª_ c 		

2. lzIfsnfO{ b]vfpg'xf];\ . 	 3. -s_ (x– 2)2 + 3, (2, 3) / ;dldtLo cIf x = 2    

-v_ (x– 3)2 + 4, (3, 4) / ;dldtLo cIf x = 3 	              -u_ (x – 4)2 + 5, (4, 5) / ;dldtLo cIf x = 4 	       
-3_ (x + 1)2  – 5, (–1, –5) / ;dldtLo cIf x = –1	 -ª_ (x + 2)2 – 3, (–2, –3) / ;dldtLo cIf x = –2   	
n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

4.5 n]vflrqåf/f ju{ ;dLs/0fsf] xn (Solution of Quadratic Equation using Graphs)

;dLs/0f ax2 + bx + c = 0 Pp6f ;fwf/0f ju{ ;dLs/0f xf] . oxfF, a, b / c jf:tljs ;ª\Vofx¿ 
x'g\ / a ≠ 0 x'G5 . ju{ ;dLs/0f xn ug]{ ljlwx¿df v08Ls/0f ljlw, ;"q k|of]u ug]{ ljlw, 
ju{ k"/f ug]{ ljlw cflb 5g\ . oxfF, ju{ ;dLs/0f ax2 + bx + c = 0 nfO{ n]vflrq ljlwaf6 xn 
ug]{ ljlwsf af/]df cWoog ug]{ 5f}F .
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pbfx/0f 1	
;dLs/0f x2  2x  3 = 0 nfO{ n]vflrqåf/f xn ug'{xf];\ .  

;dfwfg

lbOPsf] ju{ ;dLs/0f x2  2x  3 = 0
cyjf, x2 = 2x + 3 = y dfgf}F . 
y = x2		  ... (i)
y = 2x + 3	 ... (ii)
ca, kf/faf]nf (i) / l;wf /]vf (ii) nfO{ n]vflrqdf b]vfpg tnsf] tflnsfdf b]vfOP h:t} x sf 
ljleGg dfgx¿ /fVf]/ y sf ljleGg dfgx¿ lgsfnf}F M 

y = x2 af6
x –3 –2 –1 0 1
y 9 4 1 0 1

y = 2x + 3 af6
x 0 –1
y 3 1

Dfflysf b'a} ;dLs/0fsf x / y sf ljleGg

dfgx¿nfO{ n]vflrqdf cª\lst u/L  

ljGb'x¿ hf]8f}F . 
dflysf] n]vflrqdf kf/faf]nf y = x2 nfO{ 
/]vf y = 2x + 3 n] ljGb'x¿ (–1, 1) / (3, 9) 
df sf6]sf] 5 . t;y{, ju{ ;dLs/0f 
x2 – 2x – 3 = 0 sf] xn ljGb'x¿ 
(–1, 0) / (3, 0) x'g\ . 

ctM x = 1 jf 3 g} ju{ ;dLs/0f 
x2  2x  3 = 0 sf xnx¿ x'g\ .

csf]{ tl/sf 

oxfF, lbOPsf] ;dLs/0f x2  2x  3 = 0   ... (i)  

;dLs/0f (i) nfO{ ju{ ;dLs/0f y = ax2 + bx + c ;Fu t'ngf ubf{ 

	  	 a = 1, b = –2 / c = -3 5 .

t;y{, kf/faf]nfsf] zLif{ljGb' V(h, k) = V( , ) 

 

kf/faf]nf y = x2  / /]vf y = 2x + 3  
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    = V( , )

    = V(1, )  = V(1, )

         ctM V(h, k) = V( , -4)
;dLs/0f x2 – 2x  3 = 0 nfO{ n]vflrqdf b]vfpg tnsf] tflnsfdf b]vfOP h:t} x sf ljleGg 
dfgx¿ /fVf]/ y sf ljleGg dfgx¿ lgsfnf}F . 

x –3 –2 –1 1 3 4 5
y 12 5 0 –4 0 5 12

dfflysf x / y sf ljleGg dfgx¿nfO{ n]vflrqdf cª\lst u/L ljGb'x¿ hf]8f}F . 

lbOPsf] n]vflrqdf lbOPsf] ju{ ;dLs/0f 

 x2 – 2x  3 = 0 nfO{  X- cIfsf] ljGb'x¿ 

(–1, 0) / (3, 0) df sf6]sf] 5 . t;y{, 

ju{ ;dLs/0f x2 – 2x – 3 = 0 sf] xn 

ljGb'x¿ (–1, 0) / (3, 0) x'g\ . 

ctM x = –1 jf 3 g} ju{ ;dLs/0f

x2  – 2x – 3 = 0 sf xnx¿ x'g\ .

4.6 	n]vflrqåf/f ju{ ;dLs/0f / /]vLo ;dLs/0fsf] xn

      (Solution of Quadratic Equation and Linear Equation using Graphs)
ju{ ;dLs/0f ax2 + bx + c = 0 / /]vLo ;dLs/0f y = mx + c lbOPsf] cj:yfdf oL b'O{ 
;dLs/0f xn u/]/ ;dfwfg lgsfN5f}F . n]vflrqdf oL b'O{ ;dLs/0f xn ug{ b'a} ;dLs/0fsf x 
/ y sf ljleGg dfgx¿nfO{ n]vflrqdf cª\lst u/L ljGb'x¿ hf]8]/ kf/faf]nf / /]vf lvR5f}F . 
To;kl5 n]vflrqdf kf/faf]nf / /]vf Pscfk;df h'g ljGb'x¿df sfl6G5g\ tL ljGb'x¿ g} b'O{ 
;dLs/0fx¿sf] xn x'G5 .

pbfx/0f 2	
;dLs/0fx¿ x2 –  x  3 = 0 / x + y = –2 nfO{ n]vflrqåf/f xn ug'{xf];\ .  
;dfwfg M oxfF, 
lbOPsf ;dLs/0fx¿ 
            y = x2 – x – 3   ... (i)
  		  x + y = –2  	   ... (ii)  
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;dLs/0f (i) nfO{ ju{ ;dLs/0f y = ax2  + bx + c ;Fu t'ngf ubf{
	  	 a = 1, b = –1 / c = –3 5 .

t;y{, kf/faf]nfsf] zLif{ljGb' V(h, k) = V( , ) 

    = V( , )

    = V( , ) = V( , )

ctM V(h, k) = V( , ) = V(0.5, –3.25) 

ca, kf/faf]nf (i) / l;wf /]vf (ii) nfO{ n]vflrqdf b]vfpg tnsf tflnsfdf b]vfP h:t} x sf 
ljleGg dfgx¿ /fVf]/ y sf ljleGg dfgx¿ lgsfnf}F M

	 y = x2 – x – 3 af6

x -3 -2 –1 0.5 1 2 3 4
y 9 3 –1 –3.25 –3 –1 3 9

	 y = –2 – x af6

x –1 1
y –1 –3

	 Dfflysf b'a} ;dLs/0fsf x / y sf ljleGg 

	 dfgx¿nfO{ n]vflrqdf cª\lst  

	 u/L ljGb'x¿ hf]8f}F . 

	

dflysf] n]vflrqdf lbOPsf] ;dLs/0f y = x2 – x – 3 nfO{ /]vf x + y = –2 n] ljGb'x¿ 
(–1, –1) / (1, -3) df sf6]sf] 5 . t;y{, ju{ ;dLs/0f y = x2 – x – 3 / /]vf x  + y = –2 sf] 
xn ljGb'x¿ (–1, –1) / (1, –3) x'g\ .
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pbfx/0f 3	

lbOPsf] kf/faf]nfsf] ;dLs/0f kQf nufpg'xf];\ M
;dfwfg

dfgf}F, kf/faf]nfsf] ;dLs/0f 
 y = ax2 + bx + c 5 .
oxfF, n]vflrqaf6 kf/faf]nfsf lbOPsf]  
	 ljGb'x¿ A(-4, 0), B(2, 0), C(0, -8) 
	 / D(2, 0) 5g\ .   
	 ljGb' A(–4, 0) df, 0 = 16a – 4b + c 		  ... (i)
	 ljGb' B(2, 0) df, 0 = 4a + 2b + c 			  ... (ii)
	 ljGb' C(0, 8) df, –8 = c 				    ... (iii)
	 ca,  ;dLs/0f (i) / (iii) af6 
		  16a – 4b – 8 = 0
	 cyjf, 4(4a – b – 2) = 0
	 cyjf, 4a – b = 2 					    ... (iv)
	  ;dLs/0f (ii) / (iii) af6 
		  4a + 2b – 8 = 0
	 cyjf, 2(2a + b – 4) = 0
	 cyjf, 2a + b = 4 				 
	 cyjf, b = 4 – 2a 					    ... (v)
	 ca, ;dLs/0f (iv) / (v) af6 
		  4a – (4 – 2a) = 2
	 cyjf, 4a – 4 + 2a = 2
	 cyjf, 6a = 6
	 cyjf, a = 1
	 ca, a / c sf] dfg ;dLs/0f (V) df /fVbf 
		  b = 4 – 2 × 1 = 4 – 2 = 2
 	 ctM a = 1, b = 2 / c = –8
	 ca, sf] a, b / c dfg ;dLs/0f M y = ax2 + bx + c /fVbf 
		  y = x2 + 2x – 8
	 ctM cfjZos ;dLs/0f M y = x2 + 2x – 8

cEof; 4.2 

1. 	 n]vflrq ljlwåf/f lbOPsf ;dLs/0fx¿sf] xn ug'{xf];\ M
   	 -s_  x2 + 2x – 3 = 0	 -v_ x2 – 5x + 6 = 0		  -u_ x2 – 4x + 3 = 0	   	
	 -3_ 2x2 – 7x + 3 = 0	 -ª_  x2 – 3x – 10 = 0

Y

Y'

XX' o
(–4, 0)

(–2, –8) (0, –8)

(2, 0)
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2. 	 lbOPsf hf]8L ;dLs/0fx¿nfO{ n]vflrqåf/f xn ug'{xf];\ M

   	 -s_ y =  x2 /  y  = x + 2			   -v_ y =  x2 –  x – 3 / x – y  = 0  	
      	 -u_ y = 6x2 – 2x – 15 / y  = 4x – 3  	 -3_ y = x2 – 2x / y  = x + 4		
3. 	 lbOPsf kf/faf]nfx¿sf] ;dLs/0f kQf nufpg'xf];\ M

   -s_  					           -v_ 

   

-u_  					           -3_ 

Y

Y'

XX' o(–3, 0) (–2, 0)

(–1, 2)(–4, 2)

Y

Y'

XX' o

(–3, 9)

(–1, –1) (2, –1)

(4, 9)

Y

Y'

XX' o

(–2, –8) (0, –8)

(–5, 7) (3, 7)

Y

Y'

XX' o(–4, 0)

(–2, –10) (1, –10)

(3, 0)

 pQ/ 

 1. -s_ (1, –3)	  -v_ (2, 3)	 -u_ (1, 3)	 -3_ ( 1 
2

, 3)	 -ª_ (–1, 5)	

 2. -s_– -3_ lzIfsnfO{ b]vfpg'xf];\ .	

 3. 	 -s_ y = x2 + 5x + 6	 -v_ y = x2 + x – 12	 -u_ y = x2 – x – 3	          -3_ y = x2 + 2x – 8
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5.1 kl/ro (Introduction)
;fwf/0fd"ns lrx\gleq /x]sf ;ª\Vofx¿sf] d"n cfg'kflts ;ª\Vofdf kQf nufpg ;lsFb}g 
eg] To:tf ;ª\Vofx¿nfO{ ;8{ elgG5 . ;8{ cjwf/0fsf ;+:yfkssf 
¿kdf lu|s ul0ft1 Hippasus (500 BC) nfO{ dflgG5 eg] ;8{ 
zAbsf] cf}krfl/s k|of]u Robert Recorde n] ;g\ 1551 Dff klxnf] 

k6s u/]sf lyP . d"n lrx\gleq ePsf ;ª\Vofx¿ M , , , ,

, cflb ;a}sf dfg cgfg'kflts ;ª\Vof cfpF5 . t;y{ 
oL ;a} ;ª\Vof ;8{x¿ x'g\ . ;8{ b'O{ lsl;dsf x'G5g\ M z'¢ ;8{ / 

ldl>t ;8{ . z'¢ ;8{x¿ , , , , ,   x'g\ eg] / ldl>t 

;8{x¿  =  = 2 ,  =  = 3  x'g\ . ;8{x¿lar hf]8, 
36fp, u'0fg / efu ug{ ;lsG5 . ;8{sf] k|of]u OlGhlgol/ª, ef}ltszf:q, sDKo'6/ lj1fg, 
jfl0fHo, Hofldlt, lqsf]0fldltnufot bzdnjdf b]vfpg g;lsg] dfgx¿ kQf nufpg tyf  
/fplG8ª q'l6 sd ug{ ;8{sf] k|of]u ul/G5 .

5.2 ;8{o'St ;dLs/0f (Equations Involving Surds)

lj|mofsnfk 1	

lbOPsf k|Zgx¿ cWoog u/L 5nkmn u/]/ lgisif{ lgsfNg'xf];\ M

-s_	 ;8{o'St ;dLs/0fx¿  – 2 = 3,  = 3 /  – x = 0 df rn/flz 
	 x sf] dfg slt slt xf]nf <

-v_	 dflysf ;8{o'St ;dLs/0fx¿nfO{ s;/L xn ug{ ;lsG5 <

-u_ 	;8{o'St ;dLs/0fx¿sf] xn ug]{ lglZrt lgod 5 ls 5}g <

;fdfGotM ;8{o'St ;dLs/0fx¿ xn ug{ d"n lrx\gleq /x]sf kbx¿ / d"n lrx\gleq  
g/x]sf kbx¿nfO{ cnu cnu ul/g'k5{ . tTkZrft\ ;dLs/0fdf ePsf ju{d"n jf 3gd"nnfO{ 
ju{ jf 3g u/L d"n lrx\g x6fP/ ;8{o'St ;dLs/0fx¿sf] xn ug{ ;lsG5 . o;y{, ;8{o'St 
;dLs/0fx¿ xn ug{ tnsf r/0fx¿ ckgfpg'k5{ M

r/0f 1 M 	d"n lrx\gleq /x]sf kbx¿ / d"n lrx\gleq g/x]sf kbx¿nfO{ cnu cnu ul/g'k5{,
		  h:t} M  – 2 = 3 nfO{  = 5 agfpg'k5{ .

r/0f 2 M ju{d"n jf 3gd"nnfO{ x6fpg ;dLs/0fnfO{ ju{ jf 3g u/L d"n lrx\gljxLg 

		   agfpg'k5{, h:t} M   = 3 eP =  agfpg'k5{ . 

kf7 5 ;8{  (Surd)
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r/0f 3 M k|fKt ;dLs/0fnfO{ ;/nLs/0f u/]/ gofF ;dLs/0f ;dfwfg ul/g'k5{, h:t} M 2x – 1 = 9,
	       cyjf 2x = 9 + 1, cyjf M 2x = 10, cyjf x = 5 x'G5 . 

r/0f 4 M ;8{o'St ;dLs/0fx¿nfO{ ju{ jf 3g ubf{ unt ;dfwfg cfpg ;S5, To;}n] k|fKt 
		  ;dfwfgx¿ ;'?sf] ;dLs/0fdf /fv]/ hfFr ug'{k5{, h:t} M  – x = 0 nfO{ 
		  xn ubf{ x sf dfgx¿ 5 / -2 cfpF5g\ . ;'?sf] ;dLs/0fdf x sf] dfg –2 /fVbf 
		  ;dLs/0f cdfGo x'G5 t/ x sf] dfg 5 /fVbf ;dLs/0f dfGo x'G5 .

r/0f 5 M	 d"n lrx\gleqsf kbx¿ b'O{cf]6f ePdf ;dLs/0fnfO{ b'O{ k6s ju{ jf 3g u/L d"n 
		  lrx\gljxLg agfpg'k5{ .

pbfx/0f 1	

xn ug'{xf];\ / hfFr]/ x]g'{xf];\ M

-s_  = 6	 -v_  = 3 -u_   x  = 0	   -3_     = 1  
;dfwfg

-s_ oxfF,  = 6 	

	 b'a}lt/ ju{ ubf{

		   =  

	 cyjf,  = 36

	 cyjf,  = 

	 ctM  = 18

-v_ oxfF,  = 3 	

	 b'a}lt/ 3g ubf{

		   = 

	 cyjf, 2x – 1 = 27

	 cyjf, 2x = 27 + 1

	 cyjf, 2x = 28

	 cyjf, x = 

	 ctM  = 14

hf“r]/ x]bf{ M

oxfF,  = 3

ca,  = 14 /fVbf

cyjf,  = 3

cyjf,  = 3

cyjf,  = 3

cyjf, 3 = 3, h'g ;To 5 .

ctM x = 14 x'G5 .  

hf“r]/ x]bf{ 

oxfF,  = 6

ca, x = 18 /fVbf

cyjf,  = 6

cyjf,  = 6

cyjf, 6 = 6, h'g ;To 5 .

ctM x = 18 x'G5 . 
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hf“r]/ x]bf{ 

oxfF,   x  = 0
ca, x = -2 /fVbf

cyjf,   (–2)  = 0
cyjf,  + 2  = 0
cyjf,  + 2  = 0
cyjf, 2 + 2 = 0

cyjf, 4 ≠ 0, h'g c;To 5 . ctM x ≠ -2   
k]ml/, ca, x = 5 /fVbf

cyjf,   (5)  = 0
cyjf,   5  = 0
cyjf, 5 – 5  = 0
cyjf, 0 = 0, h'g ;To 5 . ctM x = 5  x'G5 .   

hf“r]/ x]bf{

oxfF,    = 1

ca, x = 0 /fVbf

0 + 1 – 0  = 1

cyjf, 1  = 1

cyjf, 1 = 1, h'g ;To 5 . ctM x = 0 x'G5 .  

-u_ oxfF,   x = 0

	 cyjf,   = x
	 b'a}lt/ ju{ ubf{

	 cyjf,  = 

	 cyjf,  = 

	 cyjf,  = 0 

	 cyjf,  = 0 

	 cyjf,  = 0 

	 cyjf, (   5) + 2(   5) = 0

	 cyjf,  + 2) (   5) = 0

	 cyjf,  + 2 = 0, ctM  = 2

	 cyjf,   5 = 0, ctM  = 5  

  ctM  = 5  x'G5 .   

-3_	 oxfF,    = 1
	 cyjf,   = 1 + 	
	 b'a}lt/ ju{ ubf{

	 cyjf,  = 
	 cyjf, x + 1 = 1 + 2  + x
	 cyjf, 0 = 2
	 cyjf,  = 0

	 ctM x = 0

pbfx/0f 2	

xn ug'{xf];\ / hf“r]/ x]g'{xf];\ M

 =  3 + 
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;dfwfg M oxfF, 

 =  3 + 	

cyjf,  =   	

cyjf,  =  	

cyjf,  =  	
cyjf, 2  2 =   + 7
cyjf, 2  –   = 7 – 2 	
cyjf,  = 5
b'a}lt/ ju{ ubf{,  = 52

ctM x =  25

pbfx/0f 3	

xn ug'{xf];\ / hfFr]/ x]g'{xf];\ M   –  = 1
;dfwfg

oxfF,  –  = 1

cyjf,  = 1 + 

cyjf,  = 1 + 

cyjf,  = 1 + 

cyjf,  = 
b'a}lt/ ju{ ubf{

cyjf,  = 

cyjf,  = x2 – 2x + 1 

cyjf,  2x = 1 – 5

cyjf,  2x = – 4 

cyjf,  = – 4  
ctM  x =  4

hf“r]/ x]bf{

oxfF,  =  3 + 

ca,  = 25 /fVbf

cyjf,  =  3 + 

cyjf,  =  3 + 

cyjf,  =  3 + 3

cyjf, 6 = 6, h'g ;To 5 .

ctM  x =  25 x'G5 .  

hf“r]/ x]bf{

oxfF,  –  = 1

ca, x = 4 /fVbf

cyjf,  –  = 1

cyjf,  –  = 1

cyjf,  –  = 1

cyjf, 3 – 2 = 1

cyjf, 1 = 1, h'g ;To 5 .

ctM x = 4 x'G5 .  
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cEof; 5.1 

1. 	 lbOPsf ;dLs/0fx¿sf] xn ug'{xf];\ / hfFr]/ x]g'{xf];\ M

	 -s_  = 6		  -v_  = 1	 -u_ 6   = 1 

	 -3_  = 3		 -ª_   3  = 0 

	 -r_  = 4x    	     
2. 	 lbOPsf ;dLs/0fx¿sf] xn ug'{xf];\ / hfFr]/ x]g'{xf];\ M

	 -s_     = 7	 -v_   = 5 – 	    -u_    = 2

	 -3_  –  = 0	 -ª_  =  – 1	       -r_  = x + 3

3. 	 lbOPsf ;dLs/0fx¿sf] xn ug'{xf];\ / hfFr]/ x]g'{xf];\ M

	 -s_  +  =   				    -v_   =  3 + 	  

	 -u_  –  = 1 	 -3_   =  2 	

	 -ª_  –  = 2 		  -r_  +  = 2

   	 -5_	  –  = 1

4.  	 ;8{o'St ;dLs/0f  =  4 +   nfO{ xn ubf{ x sf] dfg 81 cfpF5 egL k|dfl0ft 
	 ug'{xf];\ . pSt ;dLs/0f s'g cj:yfdf ckl/eflift x'G5, sf/0f n]Vg'xf];\ .

5.  	 cEof;df lbOPh:t} cGo s'g} kfFrcf]6f k|Zgx¿ lgdf{0f u/L ltgLx¿sf] ;dfwfg;lxt 
	 sIffsf]7fdf k|:t't ug'{xf];\ .  

 pQ/

1. -s_ 18		 -v_ 2		  -u_ 7 		  -3_ 6  	   -ª_ 7  		 -r_ 3, but not –3   
2. -s_ 9	     	 -v_ 4		  -u_ 2, 6 		 -3_ 5, but not -2  	   -ª_ 2, 3	 r_ -2, 8

3. -s_  		 -v_ 25		  -u_ 4   		 -3_ 3 		    -ª_ 	 -r_ 1

   -5_ 4, but not 	 4. ;dLs/0fdf  sf] dfg 0 ePdf  ckl/eflift x'G5 . 
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6.1 kl/ro (Introduction)
kª\lSt / nx/sf ¿kdf /x]sf ;ª\Vofx¿sf] cfoftsf/ k|:t'ltnfO{  d]l6«S; elgG5 . d]l6«S; 
zAbsf] kl/ro James Joseph Sylvester af6 ePsf] / o;nfO{ hgfpg 
cª\u|]hL j0f{dfnfsf 7'nf cIf/x¿, h:t} M A, B, …sf] k|of]u ug]{ sfdsf] 
;'?cft eg] Arthur Cayley n] ;g\ 1858 df ljsf; u/]sf] kfOG5 . 
To;} u/L l86/ldgfG6sf] ljsf; ug]{ l;nl;nfdf Gottfried Wilhelm 
Leibniz sf ck|sflzt s[ltx¿df ePsf ljlwx¿nfO{ kl5 Cramer n] 
lglZrt lgodsf ¿kdf ljsf; u/]sf] kfOG5 . 

sDKo'6/ lj1fg, OlGhlgol/ª, cy{zf:q, tYofª\szf:q cflb If]qdf  
o;sf] k|of]u ljz]if ¿kdf ePsf] kfOG5 . o;n] 8f6f k|f];]l;ª / u0fgfnfO{  
l56f] Pjd\ k|efjsf/L agfpF5 . If]qkmn / cfotg u0fgf ug{ l86/ldgfG6sf] k|of]u ePsf kfOG5 .

6.2 d]l6«S;sf] j|md kl/jt{g (Transpose of Matrix)

lj|mofsnfk 1	

lbOPsf] d]l6«S; A = 	3	–5	 7
	2	 4	–6  df 5nkmn u/L ;f]lwPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

-s_ d]l6«S; A df sltcf]6f kª\lStx¿ 5g\ < 

-v_ d]l6«S; A df sltcf]6f nx/x¿ 5g\ < 

-u_ d]l6«S; A sf] j|md slt x'G5 <

-3_ d]l6«S; A sf] kª\lStnfO{ nx/df / nx/nfO{ kª\lStdf n]Vbf s:tf] d]l6«S; aG5, n]Vg'xf];\ .

-ª_ dfly -3_ df ag]sf] gofF d]l6«S;sf] j|md n]Vg'xf];\ .

d]l6«S; A df b'O{cf]6f kª\lStx¿ / tLgcf]6f nx/x¿ 5g\ . To;}n]] d]l6«S; A sf] j|md 2 × 3 x'G5 .
d]l6«S; A sf] kª\lStdf ePsf ;ª\Vofx¿ nx/df / nx/df ePsf ;ª\Vofx¿ kª\lStdf n]Vbf 

aGg] gofF d]l6«S; 
	3	 2 	
–5	 4
	7	 –6

 aG5 hxfF, j|md 3 × 2 x'G5 . lbOPsf] d]l6«S; A sf] j|md kl/jt{g 
 

d]l6«S;nfO{ A', At cyjf AT n] hgfOG5 . To;}n] A' = 
	  3	 2 	
–5	 4
	  7	–6

 n]lvG5 . 

kf7 6 d]l6«S; / l86/ldgfG6  (Matrix and Determinant)

James Joseph Sylvester
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s'g} d]l6«S;sf kª\lStnfO{ nx/ / nx/nfO{ kª\lStdf kl/jt{g ubf{ k|fKt x'g] gofF d]l6«S;nfO{ 
lbOPsf] d]l6«S;sf] j|md kl/jt{g elgG5 . olb lbOPsf d]l6«S;x¿ A, B, C, ... eP j|md 
kl/jt{g d]l6«S;nfO{ j|mdz: A', B', C', … n] hgfOG5 . 

6.1.1 d]l6«S;sf] j|md kl/jt{gsf u'0fx¿ (Properties of Transpose of Matrix)  
;dfg j|mdsf b'O{cf]6f d]l6«S;x¿ A / B 5g\ / k s'g} jf:tljs ;ª\Vof eP d]l6«S;sf] j|md 
kl/jt{gsf d'Vo u'0fx¿ o; k|sf/ 5g\ .

-s_ b'O{ d]l6«S;sf] of]ukmnsf] j|md kl/jt{g 

h:t} M A = 	2	 0
	1	 3   / B = 	1	 2

	0	 4  eP, 

	  (A + B) =  =  = 

		  	  = 

To;} u/L, A =  eP AT = 

	 / B =  eP, BT =  x'G5 .

ca, AT +  BT =  +  =  = 

ctM  

-v_ b'O{ d]l6«S;sf] cGt/sf] j|md kl/jt{g 

dfgf}F, A =  / B =  eP,

A - B =  -  

 = 

= 

(A - B)T = 

k]ml/, AT =  / BT = 



58 P]lR5s ul0ft, sIff !)58

AT - BT =  -  =  = 

ctM = 

-u_ :s]n/ u'0fgsf] j|md kl/jt{g 

dfgf}F, d]l6«S; A =  / k = 2 :s]n/ ;ª\Vof xf] . hxfF,

kA = 2  = 

k]ml/, (kA)T = 

k]ml/, AT  =  / kAT  = 2 = 

ctM 

-3_ j|md kl/jt{g d]l6«S;sf] j|md kl/jt{g 

A d]l6«S;sf] j|md kl/jt{g d]l6«S; AT xf] . k]ml/, AT sf] j|md kl/jt{g ubf{ ;'?sf] d]l6«S; A g} 

k|fKt x'G5, h:t} M Pp6f 2 × 2 d]l6«S;, A =  eP, AT =  x'G5 .

k]ml/,  = =  = A

ctM 

-ª_ z"Go d]l6«S;sf] j|md kl/jt{g 

O Pp6f z"Go d]l6«S; xf], h:t} M Pp6f 2 × 2 j|md ePsf] z"Go d]l6«S; O =  lncf}F .

o;sf] j|md kl/jt{g u/fpFbf OT =  aG5 . To;}n] OT = O x'G5 . To;} u/L km/s j|md ePsf 

z"Go d]l6«S;x¿, O =  / O =  df 5nkmn ug'{xf];\ / OT kQf nufpg'xf];\  .

-r_ PsfO jf PsfTds d]l6«S;sf] j|md kl/jt{g 

I Pp6f PsfO jf PsfTds d]l6«S; xf] . Pp6f 2 × 2 j|md ePsf] PsfO d]l6«S; I =  
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lncf}F . o;sf] j|md kl/jt{g u/fpFbf IT =  aG5 . To;}n] (I)T = I x'G5 . To;} u/L 

3 × 3 j|md ePsf] PsfO d]l6«S; I =   df IT kQf nufpg'xf];\ / 5nkmn ug'{xf];\ .

-5_ ;dldlts d]l6«S;sf] j|md kl/jt{g

Pp6f ;dldlts d]l6«S; A 5 . o;sf] j|md kl/jt{g u/fpFbf AT d]l6«S; aG5 . o;df d]l6«S; 

A / d]l6«S; AT df s'g} kl/jt{g x'Fb}g, h:t} M A =  eP, AT =  x'G5 .

To;} u/L B =  eP, BT =  x'G5 .

pbfx/0f 1	

olb M =  eP MT kQf nufpg'xf];\ .

;dfwfg 

oxfF, lbOPsf] d]l6«S; M = 

ctM M' =  x'G5 .

pbfx/0f 2

olb B =  eP  = B x'G5 egL k|dfl0ft ug'{xf];\ .
;dfwfg 

oxfF, lbOPsf] d]l6«S;, B = 

 = 

k]ml/, = =  = B

ctM  = B k|dfl0ft eof] .
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pbfx/0f 3	

olb A =  / B =  eP,

-s_  x'G5 egL k|dfl0ft ug'{xf];\ .

-v_ s] (A + B) nfO{ ;dldlts d]l6«S; eGg ;lsG5, sf/0f lbg'xf];\ .
;dfwfg  

oxfF, lbOPsf d]l6«S;x¿ A =  / B =  5g\ .

-s_ A + B =  +  =  =
 

k]ml/,  = = ………(i)

To;} u/L AT = =  / BT = = 

AT + BT =  +  =  = 

\ AT + BT =  ……………………….(ii)

;dLs/0f (i) / (i) af6 = AT + BT k|dfl0ft eof] .

-v_ (A + B) nfO{ ;dldlts d]l6«S; elgG5 lsgls (A + B) =  5 .

pbfx/0f 4	

olb A = , B = , C =  /  = C eP p / q sf dfgx¿

kQf nufpg'xf];\ .

;dfwfg 

oxfF, A = , B = , C =  /  = C 5g\ .

(A + B) =  +    = = 

k]ml/,  =  =  

k|Zgcg';f/,  = C
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cyjf,  = 

a/fa/ d]l6«S;sf ;ª\ult ;b:ox¿sf] dfg a/fa/ ubf{,   p = 14 / q = 7

ctM p = 14 / q = 7
cEof; 6.1 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M 
	 -s_ 	d]l6«S;sf] j|md kl/jt{g eg]sf] s] xf] <
		  a.  kª\lStsf] dfq kl/jt{g 	  	 b. nx/sf] dfq kl/jt{g 
		  c.   lrx\gsf] dfq kl/jt{g 		  d.  kª\lSt / nx/sf] kl/jt{g 

	 -v_ olb C =  5 eg] d]l6«S; CT tnsf dWo] s'g x'G5 <

		  a.        b.  	 c.    	      d.  

	 -u_ 	;dldlts d]l6«S; A =  eP AT tnsf dWo] s'g x'G5 <

	  	 a.  	 b.  		 c.  	 d.  

	 -3_ olb P =  / Q =  eP (P + Q)T tnsf dWo] s'g xf] <

		  a.   	 b.    c.     d.  

2.	 lbOPsf d]l6«S;x¿sf] j|md kl/jt{g d]l6«S; kQf nufpg'xf];\ M

	 -s_ R = 	 -v_ W = 		  -u_ X = 

	 -3_ Y = 	 -ª_ Z = 	 -r_ M = 

3.	 olb P = eP,  = P x'G5 egL k|dfl0ft ug'{xf];\ .



62 P]lR5s ul0ft, sIff !)62

4.	 olb M =  eP,

	 -s_ MT / (MT)T kQf nufpg'xf];\ .		 -v_ M / (MT)T sf] ;DaGw n]Vg'xf];\ .

5.	 olb A =  / B =  5 eg],

	 -s_ (AT + BT) kQf nufpg'xf];\ .		  -v_ (A + B)T kQf nufpg'xf];\ .

	 -u_ s] (A + B)T / (AT + BT) a/fa/ n]Vg ;lsG5, sf/0f lbg'xf];\ .

6.	 olb A =  / B =  eP,

	 -s_  x'G5 egL k|dfl0ft ug'{xf];\ .

	 -v_ s] (A + B) nfO{ ;dldlts d]l6«S; eGg ;lsG5, sf/0f lbg'xf];\ .

7.	 olb A = , B =  / AT = B 5 eg], a, b, c / d sf] dfg kQf 
	 nufpg'xf];\ .

 pQ/ 

1. -s_ (d)		 -v_ (b) 		 -u_ (a) 		  -3_ (a) 	

2. -s_ 	 -v_  -u_  -3_  -ª_  -r_ M = 

3. lzIfsnfO{ b]vfpg'xf];\ .  4. -s_ M' =  /  (M')' =  	 -v_ a/fa/

5. -s_ 		  -v_ 			   -u_ xf] 	

6. -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_ ;lsFb}g  		  7. a = 4, c = -3, b = -2, d = -5	
	

6.2 d]l6«S;sf] u'0fg (Multiplication of Matrix)

lj|mofsnfk 1	

d]l6«S; A =  / B =  af6 ;f]lwPsf k|Zgsf cfwf/df 5nkmn u/L pQ/ 
lbg'xf];\ M

-s_ 	d]l6«S; A / B sf] j|md slt slt 5 <

-v_ 	d]l6«S; A / d]l6«S; B sf] u'0fg ubf{ aGg] d]l6«S; s;/L kQf nufpg ;lsG5 <



63P]lR5s ul0ft, sIff !) 63

-u_ s] AB / BA a/fa/ x'G5g\ <

lbOPsf] d]l6«S; A sf] j|md 2 × 2 5 / d]l6«S; B sf] j|md klg 2 × 2 5 .

ca, AB kQf nufpg, d]l6«S; A sf] kª\lStn] d]l6«S; B sf] nx/nfO{ lgDgfg';f/ u'0fg ug'{xf];\ M 

	 AB =   = ……?

1.	 klxnf] r/0f M klxnf] kª\lSt × klxnf] nx/

	
  =  

2.	 bf];|f] r/0f M klxnf] kª\lSt × bf];|f] nx/

	
  =   

3.	 t];|f] r/0f M bf];|f] kª\lSt × klxnf] nx/

	
  =  

4.	 rf}yf] r/0f M bf];|f] kª\lSt × bf];|f] nx/

	
  	 =  

			      		  =   = 

	 ctM dflysf r/0fx¿af6, AB =   = x'G5 .

To;} u/L BA kQf nufpg'xf];\ .  s] AB / BA a/fa/ 5g\ <

b'O{cf]6f d]l6«S; A / B df klxnf] d]l6«S; A sf] nx/sf] ;ª\Vof bf];|f] d]l6«S; B sf] kª\lStsf] 
;ª\Vof;Fu a/fa/ 5 eg] d]l6«S;sf] u'0fg ug{ ;lsG5 . d]l6«S; A / B sf] u'0fgkmnnfO{ AB n] 
hgfOG5 . olb b'O{cf]6f d]l6«S;x¿ A / B sf j|mdx¿ j|mdzM m × n / n × p 5g\ eg] ltgLx¿sf] 
u'0fgkmn AB sf] j|md m × p x'G5 . ;ª\s]tfTds ¿kdf,
	 A m × n × B n × p  = (AB) m × p 

b'O{cf]6f d]l6«S; u'0fg ug{ klxnf] d]l6«S;sf] nx/sf] ;ª\Vof bf];|f] d]l6«S;sf] kª\lStsf] ;ª\Vof;Fu  
a/fa/ 5 eg] d]l6«S;sf] u'0fg ug{ ;lsG5 cGoyf u'0fg ug{ ;Dej x'Fb}g .

ljrf/0fLo k|Zg M d]l6«S; B sf] nx/sf] ;ª\Vof p / d]l6«S; A sf] kª\lStsf] ;ª\Vof m 5 . s] 
BA kQf nufpg ;Dej 5 <



64 P]lR5s ul0ft, sIff !)64

6.2.1 d]l6«S;sf] u'0fg;DaGwL u'0fx¿ (Properties Related to Matrix Multiplication)  

1.	 j|mdljlgdo lgod (commutative property) : ;fdfGotM d]l6«S;sf] u'0fgsf nflu 
	 j|mdljlgdo lgod ;To x'Fb}g . olb A / B b'O{cf]6f d]l6«S; 5g\ eg] AB ≠ BA

2.	 ;ª\3Lo lgod (associative property): olb A, B / C tLgcf]6f d]l6«S;x¿ 5g\ eg] 
	 (AB) C / A (BC) u'0fg ;Dej ePsf] cj:yfdf (AB) C = A (BC) x'G5, h:t} M

	 A = , B =  / C =  eP, 

AB 	=  =  

	 = 

	 = 

BC 	=    =  

	 = 

	 = 

(AB) C 	 =   =  

		  = 

\ (AB) C = ……………………………(i)

To;} u/L,

A(BC) =  

		  = 

\ A(BC) = ……………………………(i)

	 ctM ;dLs/0f (i) / (ii) af6 (AB) C = A(BC)
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3.	 ljt/0f lgod (distributive property) : olb A, B / C tLgcf]6f d]l6«S;x¿ 5g\ eg] 
	 A(B + C)  / (AB + AC) u0fgf ug{ ;Dej ePsf] cj:yfdf A (B + C) = AB + AC 

	 x'G5, h:t} M A = , B =  / C =  eP, 

	 (B + C) 	 =  +  =  = 

	 A (B + C) =  =  

			   = 

	 \ A (B + C) = ………………………(i)

k]ml/, AB 	 = `=  

		  = 

		  = 

To;} u/L, AC 	 =  

			   = 

			   = 

AB + AC 	 =  +  =  = 

\ AB + AC 	 = ………………………………..(ii)

ctM ;dLs/0f (i) / (ii) af6 A (B + C) = AB + AC

4.	 d]l6«S; u'0fgsf] PsfTds lgod (identity property of matrix multiplication)  
	 olb ;dfg j|mdsf A / I j|mdzM ju{ d]l6«S; Pjd\ PsfTds d]l6«S; eP, AI = IA = A x'G5, 
	 h:t} M

	 A 	 =  / I =  eP, 

	 AI 	 = =  
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		  = 

\ AI 	 =  = A………………………..(i)

	 IA 	 = =  

		  = 	 =  = A

	 \ IA =  = A………………………..(ii)

ctM, ;dLs/0f (i) / (ii) af6 AI = IA = A

pbfx/0f 1	

olb A =  / B =  eP,

-s_ s] AB kl/eflift x'G5, sf/0f lbg'xf];\ . olb x'G5 eg] AB kQf nufpg'xf];\ .
-v_ s] BA kl/eflift x'G5, sf/0f lbg'xf];\ . olb x'G5 eg] BA kQf nufpg'xf];\ .
;dfwfg M oxfF,

A =  / B =  5g\ . hxfF A sf] j|md 2 × 3 / B sf] j|md 3 × 2 5 .

-s_ AB sf nflu M klxnf] d]l6«S; A sf] nx/sf] ;ª\Vof bf];|f] d]l6«S; B sf] kª\lStsf] ;ª\Vof;Fu 
	 a/fa/ 5 . To;}n] AB kl/eflift x'G5 .

ca, AB =   =  

	 =  

	 = 

ctM AB =  x'G5 .

-v_	 BA sf nflu M klxnf] d]l6«S; B sf] nx/sf] ;ª\Vof bf];|f] d]l6«S; A sf] kª\lStsf] ;ª\Vof;Fu 
	 a/fa/ 5 . To;}n] BA kl/eflift x'G5 .

ca,     BA =   =  



67P]lR5s ul0ft, sIff !) 67

	   = 

	   = 

ctM BA =  x'G5 .

pbfx/0f 2	

olb A =   eP, A2 - 6A + 9I = O x'G5 egL k|dfl0ft ug'{xf];\ hxfF I / O, 2 × 2 
j|md ePsf j|mdzM PsfTds d]l6«S; / z"Go d]l6«S; x'g\ . 
;dfwfg M oxfF,

A = , 2 × 2 j|md ePsf PsfTds d]l6«S; (I) =  / z"Go d]l6«S; 

(O) =  5g\ . 

ca, A2 = A × A =  × 

			   = 

			   = 

			   = 

	 6A 		  = 6  = 

	 9I 		  = 9  = 

afofF kIf, A2 - 6A + 9I	=  -  +  

				    = 

				    = 

				    = O = bfofF kIf
ctM, A2 - 6A + 9I = O k|dfl0ft eof] .

Note: A2 eg]sf] k|To]s ;b:osf] ju{ geO{ 
d]l6«S; A nfO{ A ;Fu u'0fg ug'{ xf] .
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pbfx/0f 3	

olb A = , B =  / AB = A + B eP p, q / r sf] dfgf kQf nufpg'xf];\ . 

;dfwfg M oxfF,

A = , B =  / AB = A + B

	 AB 	=  = 

		  = 

		  = 

A + B 	 =  +  =  = 

k|Zgcg';f/, AB = A + B

cyjf,  = 

;ª\ult ;b:ox¿sf] dfg a/fa/ ubf{,
cyjf, 4p = 4 + p
cyjf, 4p - p = 4
cyjf, 3p = 4

cyjf, p = 

cyjf, 4q = q
cyjf, 4q - q = 0
cyjf, 3q = 0
cyjf, q = 0

cyjf, 5r = 5 + r
cyjf, 5r - r = 5
cyjf, 4r = 5

cyjf, r = 

ctM p = , q = 0 / r = 

pbfx/0f 4	

olb A =  / B =  eP  x'G5 egL k|dfl0ft ug'{xf];\ . 

;dfwfg M oxfF,

A 	 =  / B = 

AB =  =  
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			     	 =  = 

	 	 	 = 

\  		  = ……………………………(i)

To;} u/L, AT = =   /  BT = =    

	 BT. AT 	 =    =  

			   = 

\ BT. AT 		 = ……………………………(ii)

ctM ;dLs/0f (i) / (ii) af6  = BT. AT k|dfl0ft eof] .

cEof; 6.2 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_ b'O{ d]l6«S;sf] u'0fg tnsf dWo] s'g cj:yfdf ;Dej x'G5 <
		  a.  	klxnf] d]l6«S;sf] nx/sf] ;ª\Vof / bf];|f] d]l6«S;sf] kª\lSt ;ª\Vof;Fu a/fa/ ePdf .	  
		  b. 	klxnf] d]l6«S;sf] kª\lStsf] ;ª\Vof / bf];|f] d]l6«S;sf] nx/sf] ;ª\Vof;Fu a/fa/ 
		     	ePdf . 
		  c. 	klxnf] d]l6«S;sf] kª\lStsf] ;ª\Vof / bf];|f] d]l6«S;sf] kª\lStsf] ;ª\Vof;Fu a/fa/ 
		     	ePdf .
		  d. 	klxnf] d]l6«S;sf] nx/sf] ;ª\Vof / bf];|f] d]l6«S;sf] nx/sf] ;ª\Vof;Fu a/fa/ 
		    	 ePdf .
	 -v_	 olb A, B / C tLgcf]6f d]l6«S;x¿df (AB) C = A (BC) eP of] u'0fsf] gfd s'g xf] <

 		  a.  j|mdljlgdo lgod	  b.  ;ª\3Lo lgod c. ljt/0f lgod  d.  PsfTds lgod

	 -u_	 olb A, B / C tLgcf]6f d]l6«S;x¿df A (B + C) = AB + AC x'G5 eg] of] u'0fsf] 
		  gfd s'g xf] <

		  a.  j|mdljlgdo lgod	 b.  ;ª\3Lo lgod c.  ljt/0f lgod    d.  PsfTds lgod
	 -3_ 	olb A / I pxL j|mdsf j|mdzM ju{ d]l6«S; / PsfTds d]l6«S; eP AI = IA = A x'G5 
		  eg] of] u'0fsf] gfd s'g xf] <
		  a.  j|mdljlgdo lgod	  b.  ;ª\3Lo lgod  c.  ljt/0f lgod  d.  PsfTds lgod
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	 -ª_	 olb P =  / I =  eP PI sf] u'0fgkmn tnsf dWo] s'g xf] <

		  a. 1   2 
3   4

	 b. 1   0 
0   1

	 c. 2   2 
3   5

	 d. 2   3 
2   5

	 -r_ olb W =  / R =  eP WR d]l6«S;sf] j|md tnsf dWo] s'g xf] <

		  a. 3 × 1	  	 b. 1 × 3	  c.  2 × 2	 d.  3 × 3
2.	 lbOPsf cj:yfdf d]l6«S;x¿sf] u'0fgkmn ;Dej eP kQf nufpg'xf];\ M

	 -s_ 			   -v_  	 -u_ 

	 -3_
 

 	 -ª_  	 -r_ 
-3	 4
0	 6
1	 2

4.	 olb Q =  eP, Q2 kQf nufpg'xf];\ .

5.	 -s_ olb M =  / N =  eP, MN / NM kQf nufpg'xf];\ .

	 -v_ olb C =  D =  / E =  eP, C(D + E) kQf nufpg'xf];\ .

6.	 -s_ olb A =  eP A2 = 2A x'G5 egL k|dfl0ft ug'{xf];\ . 

	 -v_ olb X =  / Y =  eP, XY z"Go d]l6«S; xf] egL k|dfl0ft ug'xf];\ .

	 -u_	 olb R =  eP, R2 = I x'G5 egL k|dfl0ft ug'{xf];\ hxfF I eg]sf] 2 × 2 j|md 
	     ePsf] PsfTds d]l6«S; xf] .

7.	 olb A =  eP, A2 - A + 6I = O x'G5 egL k|dfl0ft ug'{xf];\ hxfF I / O, 
	 2 × 2 j|md ePsf j|mdzM PsfTds d]l6«S; / z"Go d]l6«S; x'g\ . 

8.	 olb U =  / V =  eP, UV = U + V x'G5 eg] p, q, / r sf] dfg kQf 
	 nufpg'xf];\ .

9.	 olb X =  / Y =  eP   x'G5 egL k|dfl0ft ug'{xf];\ .
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10.	 olb A = , B = , C =  / I =  eP

	 -s_ AB ≠ BA k|dfl0ft ug'{xf];\ .	 v_ A(BC) = (AB)C x'G5 egL k|dfl0ft ug'{xf];\ .

	 -u_	 A (B + C) = AB + AC x'G5 egL k|dfl0ft ug'{xf];\ . 

	 -3_ IA = AI = A x'G5 egL k|dfl0ft ug'{xf];\ .

	 -ª_  x'G5 egL k|dfl0ft ug'{xf];\ .

 pQ/ 

1. -s_ (a)	 -v_ (b)  -u_ (c)   -3_ (d)  -ª_ (a)   -r_ (d)     2. -s_ x = 8, y = 3  -v_ x = , y = 		
	

3. -s_ [17]	  v_ 		  -u_ [4]		  -3_ 

    

-ª_ 34	 9
74	 17

-r_ lzIfsnfO{ b]vfpg'xf];\ .	4. 	 5. -s_ 		  -v_ 	 	

6. lzIfsnfO{ b]vfpg'xf];\ .	 7. -s_ lzIfsnfO{ b]vfpsg'xf];\ .	 -v_ ;lsFb}g  		

8. -s_ p =  , q = 0, r = 		  -v_ a = 1, b = 2		  -u_ b = 1 

9. -s_ 	 -v_ 	 -u_ 	 10. lzIfsnfO{ b]vfpg'xf];\ .	 	

6.3 d]l6«S;sf] l86/ldgfG6 (Determinant of Matrix)

lj|mofsnfk 1	
lbOPsf ;ª\Vofx¿sf] 9fFrf cWoog ug'{xf];\ / ;f]lwPsf k|Zgx¿df 5nkmn ug'{xf];\ M 

	 -s_ 	 		  -v_ 

-s_ 	lbOPsf ;ª\Vofsf] :j¿k s:tf] 5 .

-v_ 	;ª\Vofx¿sf] 9fFrfnfO{ aGb ug]{ 7f8f] /]vfx¿nfO{ s] elgG5 <

-u_ 	b'a} ;ª\Vof 9fFrfx¿df ePsf ;femf ljz]iftfx¿ s] s] x'g\ <

dflysf ;ª\Vofx¿sf] 9fFrfx¿dWo] -s_ df Pp6f dfq ;ª\Vof 5 . o;df Pp6f kª\lSt / Pp6f 
nx/ 5 . of] Pp6f 1 × 1 j|md ePsf] juf{sf/ d]l6«S;sf] ;ª\Vof 9fFrf xf] . bf];|f] ;ª\Vofsf] 9fFrf 
-v_ df b'O{ kª\lSt / b'O{ nx/ 5g\ . of] 2 × 2 j|md ePsf] juf{sf/ d]l6«S;sf] ;ª\Vof :j¿k xf] .
	 k|To]s ;ª\Vof 9fFrfnfO{ b'O{ 7f8f /]vfx¿lar /fVg] l86/ldgfG6sf] ;ª\s]t xf] . 

kª\lSt / nx/sf ¿kdf juf{sf/df ldnfP/ /flvPsf ;ª\Vofx¿sf] k|:t'tLs/0fnfO{ b'O{cf]6f 
7f8f /]vfx¿leq /flvPsf] :j¿knfO{ l86/ldgfG6 elgG5 . juf{sf/ d]l6«S;sf] dfq  
l86/ldgfG6 lgsfNg ;lsG5 . l86/ldgfG6 Pp6f :s]n/ kl/df0f xf] . olb A Pp6f juf{sf/ 
d]l6«S; eP, A sf] l86/ldgfG6nfO{ |A| n] hgfOG5 .
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6.3.1 Ps j|md d]l6«S;sf] l86/ldgfG6 (Determinant of Order One Matrix)
dfgf}F, A = [8] Pp6f 1 × 1 j|md ePsf] juf{sf/ d]l6«S; xf], To;}n] |A| = |8| = 8 x'G5 . To;} 
u/L, B = [–7] Pp6f 1 × 1 j|md ePsf] juf{sf/ d]l6«S; xf], |B| = |–7| = -7 x'G5 .

s'g} juf{sf/ d]l6«S;sf] Pp6f kª\lSt / Pp6f nx/ 5g\ eg] To:tf] d]l6«S;sf] l86/ldgfG6nfO{ 
Ps j|mdsf] d]l6«S;sf] l86/ldgfG6 elgG5 . 1 × 1 j|md ePsf] juf{sf/ d]l6«S;sf] l86/ldgfG6 
dfg Tof] cfk}Fm;Fu a/fa/ x'G5 .

ljrf/0fLo k|Zg M -7 sf] lg/k]If dfg (absolute value) = |–7| slt x'G5 < l86/ldgfG6 / lg/k]
If dfg Ps} xf] t <

6.3.2 b'O{ j|md d]l6«S;sf] l86/ldgfG6 (Determinant of Order Two Matrix)

dfgf}F, A =  Pp6f 2 × 2 j|md ePsf] juf{sf/ d]l6«S; xf] . o;sf] l86/ldgfG6 s;/L 
lgsflnG5 / of] slt x'G5, 5nkmn ug'{xf];\ . d]l6«S; A sf] l86/ldgfG6nfO{ D jf |A| n] hgfOG5 .

d]l6«S; A =  sf] l86/ldgfG6,  =  n]lvG5 . t;y{,

|A| =  = ad - bc xG5 . hxfF a, b, c, / d nfO{ l86/ldgfG6 A sf ;b:ox¿ / 
	  ad - bc nfO{ |A| sf] lj:tf/ elgG5 . 

k]ml/, B =  Pp6f 2 × 2 j|md ePsf] juf{sf/ d]l6«S; xf] . d]l6«S; B sf] l86/ldgfG6,  

=  = 2 × 1 - 1 × 3 = 2 - 3 = -1

s'g} juf{sf/ d]l6«S;df b'O{cf]6f kª\lSt / b'O{cf]6f nx/ 5g\ eg] To:tf] d]l6«S;sf]  
l86/ldgfG6nfO{ b'O{ j|mdsf] d]l6«S;sf] l86/ldgfG6 elgG5 . l86/ldgfG6sf] ;b:ox¿dWo] 
d'Vo ljs0f{ / ;xfos ljs0f{sf ;b:ox¿ j|mdzM u'0fg u/]/ ltgLx¿sf] u'0fgkmnnfO{ 36fpFbf 
k|fKt x'g] dfg g} b'O{ j|mdsf] d]l6«S;sf] l86/ldgfG6sf] dfg xf] .

6.3.3 Psn d]l6«S; (Singular Matrix)

dfgf}F, A =  Pp6f 2 × 2 j|md ePsf] juf{sf/ d]l6«S; xf] . d]l6«S; A sf] l86/ldgfG6, 

 = 	 = 2 × 3 - 6 × 1  = 6 - 6 

\ |A| = 0 x'G5 .

s'g} juf{sf/ d]l6«S; h;sf] l86/ldgfG6 dfg z"Go x'G5 eg] To:tf] d]l6«S;nfO{ Psn d]l6«S; 
(singular matrix) elgG5 . olb juf{sf/ d]l6«S; A 5 / |A| = 0 ePdf A Psn d]l6«S; xf] .
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6.3.4 gg l;ª\u'n/ d]l6«S; (Non-singular Matrix)

dfgf}F, M =  Pp6f 2 × 2 j|md ePsf] juf{sf/ d]l6«S; xf] . d]l6«S; M sf] l86/ldgfG6, 

|M| = 
 
= 4 × 6 – 3 × 5 = 24 - 15 

ctM  = 9 ≠ 0

s'g} juf{sf/ d]l6«S; h;sf] l86/ldgfG6 dfg z"Go xFb}g eg] To:tf] d]l6«S;nfO{ gg l;ª\u'n/ 
d]l6«S; elgG5 . o;nfO{ lgoldt d]l6«S; klg elgG5 . olb juf{sf/ d]l6«S; A 5 / |A| ≠ 0 
ePdf A gg l;ª\u'n/ d]l6«S; xf] .

pbfx/0f 1	

olb C = [–12] eP |C| kQf nufpg'xf];\ . 		

;dfwfg  oxfF,

d]l6«S; C = [–12]

ca ;"qcg';f/, [C] = |–12| = -12

ctM [C] = -12 x'G5 .

pbfx/0f 2	

olb A =  eP |A| kQf nufpg'xf];\ . 		

;dfwfg M  oxfF,

d]l6«S; A = 

ca ;"qcg';f/, |A| 	 = 

				    = cosq × cosq - (-sinq) × sinq

				    =  cos2q + sin2q  = 1

	 ctM |A| = 1 x'G5 .

pbfx/0f 3	

olb A =  Psn d]l6«S; eP x sf] dfg kQf nufpg'xf];\ . 		

;dfwfg M  oxfF,
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A =  Pp6f Psn d]l6«S; xf] . 

To;}n], |AB| = 0 

cyjf,  = 0

cyjf, (-1) × 6 - (-3) × x = 0

cyjf, -6 + 3x = 0
cyjf, 3x = 6
cyjf, x = 2
ctM x = 2 x'G5 .

pbfx/0f 4	

olb P =  / Q =  eP k/LIf0f ug'{xf];\ M |PQ| =  |P||Q|=	

;dfwfg M  oxfF,

P =  / Q =   

 =  = 5 × (-4) - (-3) × 2 = -20 + 6 = -14

|Q| =  = 4 × 5 - 2 × (-3) = 20 + 6 = 26
|P| |A| =  -14 × 26 
\ |P| |Q| = -364 ………………………..(i)

PQ 	=  = 

	 =   = 

 =  = 29 × (-16) - 20 × (-5)  = -464 + 100 

\  = -364……………………………..(ii)

;dLs/0f (i) / (ii) af6, |PQ| = |P|.|Q| = -364
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cEof; 6.3 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_ d]l6«S; A =  eP |A| sf] dfg tnsf dWo] s'g xf] <

		  a. bc - ad 		  b. ad - bc	 c. ac - bd	 d. bd - ac

	 -v_ d]l6«S; A = |–5| eP |A| sf] dfg tnsf dWo] s'g xf] <

		  a. 5		  b. 		  c. –5		  d. 5–1

	 -u_	 d]l6«S; A =
 

 eP |A| sf] dfg tnsf dWo] s'g xf] <

		  a. -12 			   b. -5		  c. 5		  d.  10

	 -3_ 	  = 0 eP x sf] dfg slt x'G5 <

		  a. 2 				    b. 1		  c. -2		  d.  0
2.	 lbOPsf l86/ldgfG6sf] dfg kQf nufpg'xf];\ M

	 -s_ |2|  		  -v_ |–7|		 -u_ 2   3 
1   4

 	

	 -3_ 	 -ª_ 	 -r_ 		

	 -5_ 		  -h_ 

3.	 lbOPsf d]l6«S;sf] l86/ldgfG6sf] dfg kQf nufpg'xf];\ M

	 -s_ [10]  		 -v_ [–8]  	 -u_ 		  -3_ 		

	 -ª_
 

	 -r_ 	   

4.	 lbOPsf] cj:yfdf x sf] dfg kQf nufpg'xf];\ M

	 -s_  = 20		  -v_ 	= 1	 -u_ 
 
= 8		

	 -3_ 
 
= 100	

5.	 olb A =  / B =  eP lbOPsf d]l6«S;x¿sf] l86/ldgfG6 kQf nufpg'xf];\ . 

	 -s_ A -3B 	 -v_ 2A + B 		  -u_ 3A -2B 		  -3_ A + 2B 



76 P]lR5s ul0ft, sIff !)76

6.	 l;4 ug'{xf];\ M

	 -s_   = (x - y) (x2 + xy + y2)	 -v_   = x2 - z2

	 -u_   = -2		  -3_  = xy (1 + )

7.	 olb M =  / N =  eP, k/LIf0f ug'{xf];\ M  |MN| =  |N| |M| 

 pQ/ 
1. -s_ (b)		 -v_ (c) 	   -u_ (c) 	 -3_ (d) 	 2. -s_ 2	 	 -v_ 7	 -u_ 5		

-3_ 1		  -ª_ 4xy 	-r_ 0		  -5_ 3	 -h_ 2y2		  3. -s_ 10	 -v_ -8	

-u_ x2  - y2 		  -3_ 10	  -ª_ 0 	 -r_ 6		

4. -s_ 2	 -v_ 4	 -u_ 0	  -3_ ±   10	
5. -s_ 289	 	 -v_ -6		  -u_ 74		  -3_ 114
6.  / 7. lzIfsnfO{ b]vfpg'xf];\ .			 

6.4 ljk/Lt d]l6«S; (Inverse Matrix)

lj|mofsnfk 1	

b'O{cf]6f :jfldTjxLg Psn d]l6«S;x¿ A =  / B =  lng'xf];\ / ;f]lwPsf 
k|Zgx¿df 5nkmn u/L pQ/ lbg'xf];\ M

-s_ A n] B nfO{ u'0fg u/L AB kQf nufpg'xf];\ .

-v_ B n] A nfO{ u'0fg u/L BA kQf nufpg'xf];\ .

-u_ olb AB / BA PsfTds d]l6«S; I2 × 2 ;Fu a/fa/ eP A / B s:tf d]l6«S; x'g\ <

ca, AB 	 =   = 

		  = 

		  =   = I

k]ml/, BA 	=    = 

		  = 
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		  =  = I 

dflysf] u0fgfaf6, AB = BA = I  5 . o:tf] cj:yfdf  A / B Pscfk;df ljk/Lt d]l6«S; 

x'g\ . hxfF I =  Pp6f 2 × 2 sf] PsfO d]l6«S; xf] . 

s'g} Pp6f ju{ d]l6«S; A sf nflu ;f]xL j|mdsf] csf]{ d]l6«S; B 5 / AB = BA = I 5 -hxfF 
I Pp6f PsfO d]l6«S; xf]_ eg] A / B Pscfk;df ljk/Lt d]l6«S;x¿ x'g\ . oxfF B = A-1 / 
A = B-1 x'G5g\ . s'g} klg ju{ d]l6«S; :jfldTjxLg Psn d]l6«S; ePdf dfq ljk/Lt d]l6«S; 
kl/eflift x'G5 .

6.4.1 lbOPsf] 2 × 2  d]l6«S;sf] ljk/Lt d]l6«S; kQf nufpg] k|lj|mof 

	 (Process of finding the Inverse of given 2 × 2 Matrix)

dfgf}F, A =  eP,  |A| =  = ad - bc ≠ 0  

dfgf}F, A-1 = 

ljk/Lt d]l6«S;sf] kl/efiffcg';f/, A A-1 = I

cyjf,  = 

cyjf, 
 
= 

a/fa/ d]l6«S;sf] lgodcg';f/,

ap + br = 1……………(i)	 aq + bs = 0……………(ii)
cp + dr = 0……………(iii)	 cq + ds = 1……………(iv)

;dLs/0f (i) / (iii) xn ubf{, p =  / r = 

;dLs/0f (ii) / (iv) xn ubf{, q =  / s = 

\ A-1 =  =  =   

\ A-1 =   =  

ljrf/0fLo k|Zg M lsg ad - bc ≠ 0  x'g'k5{ < 
ad - bc = 0  x'Fbf s] x'G5 <

[\  ;femf lnFbf]
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lbOPsf] d]l6«S;sf] ljk/Lt d]l6«S; kQf nufpFbf d'Vo ljs0f{sf ;b:ox¿sf] :yfg ;f6\g] /  
csf]{ ljs0f{sf ;b:ox¿sf] lrx\g kl/jt{g u/L l86/ldgfG6n] efu ug'{k5{ . t;y{,

	 A =  eP, A-1 =   hxfF  |A| =  = ad - bc ≠ 0    

6.4.2 ljk/Lt d]l6«S;sf u'0fx¿ (Properties of Inverse Matrix)

lj|mofsnfk 1	

olb A = 
 
eP lbOPsf ljk/Lt d]l6«S;sf u'0fx¿ 5nkmn u/L k/LIf0f ug'{xf];\ . 

-s_ A.A-1 = A-1.A = I 			  -v_ (AB)-1 = B-1. A-1

-u_  = A			   -3_  =    	

-ª_ (I)-1 = I				    -r_  = 

pbfx/0f 1	

olb A =  eP,

-s_  |A| kQf nufpg'xf];\ . 		  -v_ A-1 kQf nufpg'xf];\ .		

;dfwfg M oxfF,

A =  eP,

-s_ ;"qcg';f/,  |A| =   = 4 × 2 -3 × 1 = 8 -3 = 5

-v_ k]ml/, ;"qcg';f/  A-1 =     =   =  

ctM  sf] ljk/Lt d]l6«S;  x'G5 .

pbfx/0f 2	

olb  sf] ljk/Lt d]l6«S;  eP m / n sf] dfgx¿ kQf nufpg'xf];\ .
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;dfwfg 

dfgf}F, A =  / B =   

k|Zgcg';f/, A sf] ljk/Lt d]l6«S; B eP AB = I x'G5 . To;}n], 

cyjf,   = 

cyjf, 
 
= 

cyjf, 
 
= 

a/fa/ d]l6«S;sf] lgodcg';f/,

cyjf, 18m -35 = 1
cyjf, 18m = 1 + 35

cyjf, m =  = 2

cyjf, 5n + 36 = 1
cyjf, 5n = 1 -36 

cyjf, n =  = -7
ctM m = 2 / n = -7 x'G5 .

pbfx/0f 3	

d]l6«S; A sf] ljk/Lt d]l6«S;, A-1 =  eP d]l6«S; A kQf nufpg'xf];\ .

;dfwfg M oxfF, 

A sf] ljk/Lt d]l6«S;, A-1 =   5 .

dfgf}F,  =  = 4 × 1 -3 × 2 = 4 - 6 = -2

ljk/Lt d]l6«S;,  =  

				    =    =  

\  		  =  

xfdLnfO{ yfxf 5,  = A 

ctM d]l6«S;, A = 
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pbfx/0f 4	

olb A =  / B =  eP k|dfl0ft ug'{xf];\ M (AB)-1 = B-1. A-1

;dfwfg M  oxfF, 

A =  / B =  

k|Zgcg';f/, AB =   = 

			   = 

			   = 

	 |AB| 	 =  = -12 × 94 - 39 × (-29) = -1128 + 1131= 3

k]ml/, ;"qcg';f/, (AB)-1 =  

\ (AB)-1 =  ………………………..(i)

	 |A| =  = 15 - 14 = 1 /	 |B| =  = -18 + 21 = 3

;"qcg';f/, A-1 =   =   =   / 

		  B-1 =   =  

	 ca, 	B-1 A-1 	 =  

				    =  

				    =  

				    =  

	 \ B-1 A-1  	 = 
 

………………………………..(ii)

	 ;dLs/0f (i) / (ii) af6

	 (AB)-1 = B-1 A-1 =    k|dfl0ft eof] . 
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cEof; 6.4 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_ d]l6«S; A =  eP A-1 d]l6«S; tnsf dWo] s'g xf] <

		  a. 
 

 
 

    b. 
 

 	  c.     d.   

	 -v_	 tnsf dWo] s'g cj:yfdf d]l6«S; A sf] ljk/Lt d]l6«S; A-1 kl/eflift x'Fb}g <

		  a. olb d]l6«S; A Psn d]l6«S; ePdf	 b. olb d]l6«S; A :jfldTfxLg d]l6«S; ePdf

		  c. olb d]l6«S; A ju{ d]l6«S; ePdf	 d. olb d]l6«S; A PsfTds d]l6«S; ePdf 

	 -u_	 lbOPsf u'0fx¿dWo] s'g u'0f ljk/Lt d]l6«S;sf] u'0f xf] <

		  a. 		  b.  = A	
		  c. 		  d. AI = IA = A

	 -3_ d]l6«S; A =  eP A-1 d]l6«S; tnsf dWo] s'g xf] <

		  a.     b.  	  c.  	   d.   

2.	 lbOPsf d]l6«S;x¿ u'0fg ug'{xf];\ / ltgLx¿ Pscfk;df ljk/Lt d]l6«S; x'g\ egL k|dfl0ft ug'{xf];\ M

	 -s_ A =  / B = 	 -v_ A =  / B = 

	 -u_ A =  / B = 	 -3_ A =  / B = 

3.	 lbOPsf d]l6«S;x¿sf] ljk/Lt d]l6«S; kQf nufpg'xf];\ M

	 -s_ A =  	 -v_ B =         -u_ P =    -3_ R = 

4.	 lbOPsf d]l6«S;x¿ Pscsf{sf ljk/Lt d]l6«S;x¿ eP a, b cyjf p, q sf dfgx¿ kQf 
	 nufpg'xf];\ M

	 -s_  / 	  	 -v_  / 

5.	 d]l6«S; A sf] ljk/Lt d]l6«S; A-1 =  eP d]l6«S; A kQf nufpg'xf];\ .

6.	 olb A =  / B =   eP, 

	 -s_ |A| /  |B| kQf nufpg'xf];\ . 	 -v_ A-1 / B-1   kQf nufpg'xf];\ .
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	 -u_ (AB)-1   kQf nufpg'xf];\ . 	 -3_ (AB)-1 = B-1A-1 x'G5 egL k/LIf0f ug'{xf];\ .

 pQ/ 
1. -s_ (c)	v_ (a) 	 -u_ (b) 		 -3_ (d) 			  2. lzIfsnfO{ b]vfpg'xf];\

  3. -s_ 

4	
5
–3 
  5

–1	
 5
  2 
  5

 -v_ 

1	

–3 
 2

–2	

 7 
 2

 -u_ 	-3_ 

4. -s_ a = 3, b = 3	 -v_ p = 2, q = 2	

5. 	 6. -s_ 6, 1  -v_ ,   -u_ 

11	
6
–41 
  6

–1	
  3
 4 
 3

  -3_ lzIfsnfO{ b]vfpg'xf];\ .

kl/of]hgf sfo{  

d]l6«S;, l86/ldgfG6 / ljk/Lt d]l6«S;sf] jf:tljs hLjgdf x'g] pkof]lutf s] s] 5g\, vf]hL 
ug{'xf];\ / pbfx/0f;lxt Go"hlk|G6df tof/ kf/L sIffdf k|:t't ug'{xf];\ .

ldl>t cEof; – ljifoIf]qut
1. 	 lbOPsf] ldnfglrqdf ;d"x A b]lv ;d"x B ;Dd kmng g(x) tyf ;d"x B b]lv ;d"x 
	 C ;Dd kmng h(x) k/Leflift 5g\ . oL b'O{ ldnfglrqsf] cjnf]sg u/L tnsf 
	 k|Zgx¿sf] pQ/ lbg'xf];\ M

	 -s_ 	kmng A b]lv C nfO{ hgfpg] ;+o'St kmngnfO{ ;ª\s]tdf n]Vg'xf];\ .  

	 -v_ 	;+o'St kmng A b]lv C nfO{ j|mdhf]8fsf ¿kdf n]Vg'xf];\ .  

	 -u_	 s] ;+o'St kmng A b]lv C sf] ljk/Lt kmng kl/eflift x'G5, kl/eflift x'G5 eg] 
		  j|mdhf]8fsf ¿kdf n]Vg'xf];\ .

2. 	 olb kmng f(x) = 2x + 3 / g(x) = x – 2 eP,

   	 -s_	 ;+o'St kmng fg(x) / f(x)  kQf nufpg'xf];\ . 

1

2

3

2

4

6

3

5

7

A g(x) h(x) CB
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   	 -v_ 	kmng f(x) nfO{ kmng g(x) n] efu ubf{ efukmn / z]if slt slt cfpF5, kQf 
		  nufpg'xf];\ .  

   	 -u_	 b'O{ rno'St /]vLo c;dfgtf 2x + 3y > 6 nfO{ n]vflrqdf b]vfpg'xf];\ .

	 -3_	 ;8{o'St ;dLs/0f eg]sf] s] xf] < ;8{o'St ;dLs/0f M   = 1 nfO{ xn u/L 
		  hfFr]/ x]g'{xf];\ . 
3. 	 ax'kbLox¿ f (x) = x3 – 2x2 – 4x + 8 /  (x) = x + 2 5g\ . 

   	 -s_ ax'kbLo f (x) nfO{ d (x) n] efu ubf{ z]if slt cfpF5, n]Vg'xf];\ .

   	 -v_ s] ax'kbLo f (x) sf] Pp6f u'0fgv08 ax'kbLo d (x) xf], sf/0f lbg'xf];\ .

   	 -u_ ax'kbLo f (x) sf] cfg'kflts d"n ;fWo k|of]u u/L u'0fgv08x¿ kQf nufpg'xf];\ .

	 -3_	 d (x) Pp6f kmng x'Fbf d–1(x) slt x'G5, kQf nufpg'xf];\ .

4. 	 ;Fu} lbOPsf] c;dfgtf k¢ltx¿sf] 
	 n]vflrqaf6 cjnf]sg u/L lgDglnlvt  
	 k|Zgx¿sf] pQ/ lbg'xf];\ M

	 -s_ 	n]vflrqsf ljGb'x¿ O, A, B 
		  / C sf lgb]{zfª\sx¿ n]Vg'xf];\ .  

	 -v_	 tL c;dfgtfx¿nfO{ dfGo x'g]  
		  dfgx¿af6 p2]Zo kmng M  f (x, y) = 20x + 15y sf] clwstd / Go"gtd dfg 
		  lgsfNg'xf];\ .   	

	 -u_ 	n]vflrqaf6 5fof kfl/Psf] efun] hgfpg] rf/cf]6f c;dfgtfx¿ kQf nufpg'xf];\ .   

	 -3_	 /]vf AB sf] ;dLs/0fnfO{ f (x) / BC sf] ;dLs/0fnfO{ g (x)  kmng lnO{ f o g (x)  
		  kQf nufpg'xf];\ .

5. 	 ;Fu} lbOPsf] c;dfgtf k¢ltx¿sf] n]vflrqaf6 
	 cjnf]sg u/L lgDglnvt k|Zgx¿sf] pQ/  
	 lbg'xf];\ M

	 -s_ 	lbOPsf] n]vflrqdf jj|msf] gfd s] xf], 
		  n]Vg'xf];\ .  

   	 -v_	 pSt jj|msf] zLif{ljGb' lgb]{zfª\s n]Vg'xf];\ .

   	 -u_ 	pSt jj|msf] ;dldtLo cIfsf] ;dLs/0f kQf nufpg'xf];\ . 

   	 -3_	 ;f] jj|msf] ;dLs/0f s] x'G5, lgsfNg'xf];\ . 

Y

Y'

XX'
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6.  	 olb A =  eP, 

	 -s_ A-1 kl/eflift x'G5 jf x'Fb}g, sf/0f;lxt n]Vg'xf];\ .				  

	 -v_ olb A-1 kl/eflift x'G5 eg] A-1 kQf nufpg'xf];\ .				  

	 -u_ A2  d]l6«S;sf] glthf   /  dWo] s'g xf], kQf nufpg'xf];\ .

7.   olb A =  / B =   eP, 

	 -s_ j|md kl/jt{g d]l6«S; eg]sf] s] xf], n]Vg'xf];\ .				  

	 -v_ (A + B)T = BT + AT x'G5 egL k/LIf0f ug'{xf];\ .					   

	 -u_ s] AB  kQf nufpg ;Dej x'G5, sf/0f lbg'xf];\ . 				  

	 -3_ AB  ;Dej 5 eg] (AB)-1 = B-1A-1 x'G5 egL k/LIf0f ug'{xf];\ .			 

8.  	 olb P =  sf] ljk/Lt d]l6«S; Q =   eP, 

	 -s_ PsfO d]l6«S;sf] l86/ldGffG6 slt x'G5, n]Vg'xf];\ .

	 -v_ m / n sf] dfgx¿ kQf nufpg'xf];\ .   -u_ P sf] l86/ldGffG6 kQf nufpg'xf];\ .  	
	 -3_ QT kQf nufpg'xf];\ . 					   

9. 	 olb A =  / B =   eP, 

	 -s_ ljk/Lt d]l6«S; kl/eflift ug'{xf];\ . 						    
	 -v_ s]  ;Fu (A + B) ;dt'No x'G5, u0fgf u/L sf/0f;lxt n]Vg'xf];\ . 	

	 -u_ BA sf] l86/ldgfG6 kQf nufpg'xf];\ .		  \

 pQ/ 
1. -s_ hg(x) 	 -v_ f: A→C = hg(x) = {(1, 3), (2, 5), (3, 7), (4, 9)}
   -u_ ;+o'St kmng A b]lv C sf] ljk/Lt kmng kl/eflift x'G5, lsgls kmng A b]lv C Ps Ps ;Dk"0f{ 		

  	 kmng xf] . f –1: C→A = {(3, 1), (5, 2), (7, 3), (9, 4)}    2. -s_ 2x – 1, 2x + 5 	-v_ 2, 7	 	
	 -u_ / -3_ lzIfsnfO{ b]vfpg'xf];\ .  3. -s_ 0	  -v_ xf], z]if 0 cfPsfn] ax'kbLo d(x), 
	 ax'kbLo f (x) sf] Pp6f u'0fgv08 xf] .  -u_ (x +2), (x – 2), (x – 2) 	 -3_ x – 2
4. -s_ O(0, 0), A(2, 0), B(1, 2), C(0, 3)	 -v_ Go"gtd dfg = 0, ljGb' O(0, 0) / clwstd dfg = 50, 
	 ljGb' O(1, 2) 	 -u_ x ≥ 0, y ≥ 0,  x + y ≤ 3, 2x + y ≤ 4	 -3_ 2x – 2
 5. -s_ kf/faf]nf 		 -v_ (–1, –1)	 -u_ x = – 1	 -3_  y = (x + 1)2 – 1  

6. -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_  
1 
2

7  3
4  2 	 -u_ A2 = 16  –27 

–36   61
7. -s_ / -v_ lzIfsnfO{ b]vfpg'xf];\ .	-u_ 5, lsgls, A sf] nx/ ;ª\Vof B sf] kª\lSt ;ª\Vof;Fu a/fa/ 5 .  

-3_ lzIfsnfO{ b]vfpg'xf];\ .	8. -s_ 1 	-v_ m = 2, n = –7	-u_ 1	 -3_  9 –5 
–7   4

	

9. -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_ [(A + B)T]T  = 3  –1 
–8  6

  		  -u_ 2
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7.1 kl/ro (Introduction)

lqe'hsf e'hf / sf]0fx¿larsf] ;DaGwsf] cWoog ug]{ ul0ftsf] zfvfnfO{ lqsf]0fldlt elgG5 . 
lqsf]0fldltsf] ljsf; ;of}F jif{ cufl8b]lv ;'? ePsf] dflgG5 . k|frLg OlhK6 / a]lanf]gsf 
dflg;n] lk/fld8sf] lgdf{0f ug{ lqe'hsf sf]0f / e'hfsf] 
;DaGw k|of]u u/]sf lyP . o;sf ;fy} pgLx¿n] tf/f 
gIfqx¿sf] l:ylt dfkg ug{ klg o;sf] k|f/lDes ¿kdf 

k|of]u u/]sf lyP . kl5 lu|s ul0ft1 Hipparchus n] 
j[Qsf hLjfx¿ k|of]u u/L lqsf]0fldtLo tflnsf tof/ 
kf/]sf lyP . To;}n] pgnfO{ lqsf]0fldltsf lktf eGg] 
ul/G5 . 

lqsf]0fldltnfO{ cfhsf] :j¿kdf Nofpg ef/tLo ul0ft1 Aarya Bhatta n] sine (jya)  / 
cosine sf] cjwf/0ff ljsf; u/]sf lyP . To;kl5 O:nflds ljåfg\x¿n] tangent / cotangent 
sf] cjwf/0ff ljsf; u/] . To;kl5 Leonhard Euler n] lqsf]0fldltnfO{ kmngsf] ¿k lbP .
o;sf] k|of]uaf6 b}lgs hLjgb]lv lj1fg, k|ljlw, OlGhlgol/ª, e"dfkg, jf:t'snf /  
vuf]nzf:q;Ddsf ;d:ofx¿ ;dfwfg ug{ ;lsG5 . 

7.2 ldl>t sf]0fx¿ (Compound Angles)

lj|mofsnfk 1	

-s_ l;Gsfx¿ cyjf h'; kfOksf] k|of]u u/L lrqdf b]vfOPsf h:tf sf]0fx¿ agfpg'xf];\ .

-v_ tL sf]0fx¿dWo] 7'nf] sf]0fnfO{ A / ;fgf] sf]0fnfO{ B gfd lbg'xf];\ .

-u_ ca, tL sf]0fx¿nfO{ ldnfP/ A + B / A – B sf]0fx¿ agfpg'xf];\ .

kf7 7 lqsf]0fldlt (Trigonometry)

A AB
B

b'O{ jf b'O{eGbf a9L sf]0fx¿nfO{ hf]8]/ jf 36fP/ ag]sf] sf]0fnfO{ ldl>t sf]0f elgG5 . 
olb A / B b'O{cf]6f sf]0fx¿ x'g\ eg]  A + B / A – B ldl>t sf]0f x'g\ .

Aarya Bhatta Hipparchus

A B

A – B
A + B
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7.2.1  ldl>t sf]0fx¿ A + B / A – B sf lqsf]0fldtLo cg'kft

(Trigonometric Ratios of Compound Angles A + B and A – B)

cos (A + B) / cos (A – B) sf lqsf]0fldtLo cg'kft

lrqdf, s]Gb| O / Ps PsfO cw{Jof; ePsf] Pp6f j[Q lvlrPsf] 5 . ∠POQ = A / ∠QOR = 
B dfgf}F . ta, ∠POR = (A + B) x'G5 . ∠POS = B agfcf}F . ta, ∠QOS = (A –  B)  x'G5 .
ljGb' P (1, 0) X - cIfdf k/]sf] 5 .

lrqdf ljGb'x¿ Q, R / S sf lgb]{zfª\sx¿ j|mdzM Q(cos A, sin A), R(cos(A+B), 
sin(A– B) / S (cos B, –sin B) n]Vg ;lsG5 .

ca b'/L ;"qcg';f/,
 

P(1,0) 

Q (cos A, sin A) 

X X' 

Y 

Y' 

O 

A 
-B 

(A+B) 

B 

d	 = 

PR	 = 			 

	 = 	

	 = 	

[

	 = 

+

+

+

cos
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	 = 

QS	 = 

	 = 

	 = 

	 = 	 [

	 = 

 j[Qdf a/fa/ s]Gb|Lo sf]0f agfpg] hLjfx¿  PR / QS a/fa/ x'g] ePsfn],

PR = QS

	   = 

	 cyjf, 2 – 2cos (A + B) = 2 – 2(cos A Cos B – Sin A Sin B)  

	 ctM	 cos (A + B) = cos A cos B – sin A sin B 

	 / cos (A – B )	  = cos {A + (–B)}

		  = cos A cos (–B) – sin A sin (–B)

		  = cos A cos B + sin A sin B

ca, sin (A + B) = cos {900 – (A + B)}

			   = cos{(900 – A ) – B )}

			   = cos ( 900 – A ) cosB + sin ( 900  – A ) sinB

			   = sin A cos B + cos A sin B

/ sin (A – B)	  = sin{A + (–B)}

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

		  = sin A cos B – cos A sin B

  = 

	         = 
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			   = = 

ctM tan (A + B) 	 = 

To:t} u/L, tan(A  B) = 

ldl>t sf]0fsf lqsf]0fldtLo ;j{;ldsfx¿

1. cos (A + B) = cosA cosB –  sinA sinB  2. cos (A – B) = cosA cosB + sinA sinB

3. sin (A + B) = sinA cosB + cosA sinB    4. sin (A – B) = sinA cosB – cosA sinB

5. tan (A + B) = 
tanA  + tanB 
1 – tanA tanB 		  6. tan (A – B) = tanA  – tanB 

1 + tanA tanB

pbfx/0f 1      

k|dfl0ft ug'{xf];\ M -SofNs'n]6/ k|of]u gu/L_

sin150 =  

;dfwfg M  oxfF, 
L.H.S  = sin15°
	 = sin (45° – 30°)
	 = sin 45° cos 30° – cos 45° sin 30°

	 =    –   
×

 

	 =  

	 =  = R.H.S, k|dfl0ft eof] .

	 csf]{ tl/sf

	 sin 15° = sin (60° – 45°) 

	 = sin 60° cos 45° – cos 60° sin 45°

	 =       

	 =  

= 
 
= R.H.S, k|dfl0ft eof] .

pbfx/0f 2      

olb sinA =   / cosB =   , eP sin (A + B) / tan (A – B) sf dfg kQf nufpg'xf];\ .

;dfwfg M oxfF, 
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sin A =  / cos B =   

cos A 	 = 

	 = 

= 

= 

= 	  = 
	

ca,  sin (A + B) = sinA cosB + cosA sinB

			     = 
 

     +       =  +   =  =

	 ctM  sin (A + B) = 

km]l/, tan A =  = 
  
= 

		

tan (A B) = 
 
	 =    =     = 

	 ctM  tan (A  B) = 

pbfx/0f 3      

k|dfl0ft ug'{xf];\ -SofNs'n]6/ k|of]u gu/L_

sin105° – cos 75°  =   

sin B	 = 

	 =  

= 	

=   

=   

= 

tan B =   = 
 
= 
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;dfwfg M oxfF, 
L.H.S	 = sin105° – cos 75°
	 = sin (60° + 45°) – cos (45° + 30°)
	 = sin 60° cos 45° + cos 60° sin 45° – (cos 45° cos 30° – sin 45° sin 30°)

	 =    +  –   + 

	 =    =   =    

	 = 
 
=  R.H.S, k|dfl0ft eof] .

pbfx/0f 4      

k|dfl0ft ug'{xf];\ M sin (28° + α )  cos ( 62° – α ) + cos (28° + α ) sin (62° – α ) =  1
;dfwfg  oxfF,
L.H.S 	  = sin (28°+ α ) cos ( 62° – α ) + cos (28° + α ) sin (62° – α)    
	 Dffgf}F, 28°+ α = A  / 62° –  α = B
	 	  = sin (28° + α )  cos ( 62° – α ) + cos (28°+ α ) sin (62° – α)    
		  = sin A cos B + cos A  sin B
		  = sin (A + B)
		  =  sin (28° +α  + 62° – α ) 
		  = sin 90°
		  = 1 =  R.H.S, k|dfl0ft eof] .

pbfx/0f 5      

k|dfl0ft ug'{xf];\ M  cot (A + B ) = 

;dfwfg  oxfF,

L.H.S	 cot (A + B) =  = 

			 

cos A cos B – sin A sin B
sin A sin B     sin A sin B
sin A cos B +	 cos A sin B
sin A sin B	 sin A sin B 

=

  
			   =  = R.H.S, k|dfl0ft eof] .  

-c+z / x/nfO{ sin A sin B 
n] efu ubf{_
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pbfx/0f 6      

olb A + B =  eP k|dfl0ft ug'{xf];\ M (1 – tan A) (1 – tan B) = 2   

;dfwfg  oxfF,

	 A + B = 

	 cyjf,	 tan (A + B) = tan 

	 cyjf,	   = tan 1350

	 cyjf,	   = 1

	 cyjf,	 tan A + tan B  = 1 + tan A tan B
	 cyjf,	 1 =  – tan A – tan B + tan A tan B
	 cyjf,	 1 + 1 = 1 – tan A – tan B + tan A tan B -b'a}lt/ 1 hf]8\bf_
	 cyjf,	 2   = 1 (1 – tan A) – tan B ( 1– tan A)
	 cyjf,	 2  = (1 – tan A) (1 – tan B)
	 ctM	 (1 – tan A) (1 – tan B) = 2, k|dfl0ft eof] .  

pbfx/0f 7    

k|dfl0ft ug'{xf];\ M  cos (A + B) + cos (A  B) =  2 cos A cos B 
;dfwfg M  oxfF,
L.H.S 	  = cos (A + B) + cos (A – B)	
	 = cos A cos B – sin A sin B + cos A cos B  +  sin A sin B	
	 = 2 cos A cosB = R . H. S, k|dfl0ft eof] . 

pbfx/0f 8    

k|dfl0ft ug'{xf];\ M   = cot35°

;dfwfg M  oxfF,

 R.H.S = cot 35°	 =   = 

			   = 
cos 45° cos 10° + sin 45° sin 10° 
sin 45° cos 10° – cos 45° sin 10°
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			   = 

			   = 

			   = 

			   = L. H. S, k|dfl0ft eof] .

pbfx/0f 9    
k|dfl0ft ug'{xf];\ M tan28°   + tan17°  + tan28° tan17° = 1
;dfwfg  

oxfF, ldl>t sf]0fsf ¿kdf n]Vbf, 28° + 17° = 45°

b'a}lt/ tan lnFbf, tan (28° + 17°) = tan45°

cyjf,	
 
= 1

cyjf,	 tan28° + tan17° = 1– tan28°.   tan17°
cyjf,	 tan28° + tan17°  + tan28° tan17° = 1

ctM	 L.H.S = R. H. S, k|dfl0ft eof] .

cEof; 7.1 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 sin (A + B) tnsf dWo] s'g;Fu a/fa/ x'G5 <

	 a.	 sinA cosB  cosA sinB	 b.	 sinA cosB + cosA sinB

	 c.	 cosA cosB  sinA sinB	 d.	 sinA cosA + cosB sinB
	 -v_	 cos (A – B) tnsf dWo] s'g;Fu a/fa/ x'G5 <

	 a.	 sinA cosB  cosA sinB	 b.	 sinA cosB + cosA sinB
	 c.	 cosA cosB + sinA sinB	 d.	 sinA cosA + cosB sinB

	 -u_	 olb A  = 30° / B  = 60°   eP sin (A + B) sf] dfg slt x'G5 <

		  a.	 0 	 b.	 1	 c.	 	 d.	



93P]lR5s ul0ft, sIff !) 93

	 -3_	 olb  sin (A  + B) = 
  
/ B  = 30° eP A  sf] dfg slt x'G5 <

		  a.	 0°   		  b.	  30°   

		  c.	 45°   		  d.	  60°   

	 -ª_	 tnsf dWo] s'g ;DaGw l7s 5 <

	 a.	 tan (A + B) = tan A + tan B	 b. tan (A + B) = 

	 c.  tan (A + B) = 	 d. tan ( A + B ) = 

2. 	 k|dfl0ft ug'{xf];\ M -SofNs'n]6/ jf tflnsf k|of]u gu/L_

-s_ cos15° =  	     -v_ sin 75° =  	 -u_ tan 75° =  2 + 

-3_ cos105° =  	     -ª_ tan 105° = –(2 + )	 -r_ cot 15° =   (2 + )

3. 	 olb sin A =   / cos B =  eP dfg kQf nufpg'xf];\ M

	 -s_ sin (A + B)		  -v_ cos (A + B )	 -u_ sin (A – B)		

	 -3_ cos (A – B)		  -ª_ tan (A + B) 	 -r_ cot (A – B)

4.	 k|dfl0ft ug'{xf];\ M

	 -s_     sin (A + B) + sin (A – B) =  2 sin A cos B

	 -v_     sin (A + B) – sin (A – B) =  2 cos A sin B

	 -u_     cos (A + B) + cos (A – B) =  2 cos A cos B

	 -3_     cos (A + B) – cos (A  – B ) = 2 sin A cos B

5. 	 k|dfl0ft ug'{xf];\ M -SofNs'n]6/ jf tflnsf k|of]u gu/L_ 

	 -s_ sin 75° – sin 15°  = 		  -v_ cos15° – sin 75° = 

	 -u_ sin 105° – cos 75°  = 		  -3_ cos 105° + cos 15°  = 

	 -ª_ tan 15° + cot 15°  =  4			  -5_ cos 18° – sin 18°  =   sin 27°  

	 -h_ sin 35°  + cos 35°  =   cos 10°  	 -em_   cos 20° +   sin 20°  = 2 sin 80°  
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6.  	 k|dfl0ft ug'{xf];\ M

	 -s_  sin (25° + α) . cos ( 65° – α) + cos (25°  + α) . sin (65° – α )   =  1

	 -v_  cos (25° + α ) . cos (65° + α) –  sin (25° + α ) . sin (65° + α ) = – sin 2α

	 -u_  cos (60° + β) – cos β + cos (60 ° – β) = 0

	 -3_ 
tan (45° + φ) – tan φ

1 + tan (45° + φ) tan φ
= 1  

7. 	 olb A + B =  eP k|dfl0ft ug'{xf];\ M 

	 -s_	 tan A +  tan B + tan A tan B = 1

 	 -v_	 (1 + tan A) (1 + tan B) = 2

8.	  -s_   olb tan X =  / tan Y = 
 
, eP X + Y = 900  x'G5 egL k|dfl0ft ug'{xf];\ . 

	 -v_   olb tan A = m  / tan B =  , eP A + B = 
 
x'G5 egL k|dfl0ft ug'{xf];\ .   

9.	 k|dfl0ft ug'{xf];\ M

	 -s_ 
cos 35° – sin 35° 
cos 35° + sin 35°  = tan 10°		 -v_     cos 17° + sin 17° 

cos 17° – sin 17°  
= tan 62°

	 -u_ 
cos 8° + sin 8° 
cos 8° – sin 8°  = cot 53°		  -3_ 

cos 10° – sin 10° 
cos 10° + sin 10°  = tan 35°

10.	 k|dfl0ft ug'{xf];\ M

	 -s_  = tan A		  -v_  = tan 3A

	 -u_  = tan A	

	 -3_ tan (A + B) tan (A – B) =  	

	 -ª_  = cot B + cot A		  -r_ 
cos (A + B) 
sin A sin B = cot A cot B – 1

11.	 k|dfl0ft ug'{xf];\ M

	 -s_ tan 25° + tan 20° + tan 25°. tan 20° = 1
	 -v_ 1 – tan 27° – tan 18° – tan 27° .tan 18°  
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	 -u_ tan 65° – tan 20°   = 1 + tan 25° . tan 20°
	 -3_ 1 +  cot 18° + cot 27°  = cot 18° cot 27°  

12.	 k|dfl0ft ug'{xf];\ M

	 -s_ tan 50° + tan 60° + tan 70° = tan 50° . tan 60° . tan 70°  
	 -v_ tan 10 A – tan 6A – tan 4A = tan 10 A . tan 6A . tan 4A 
	 -u_ tan 20°. tan 30° + tan 30°. tan 40°   + tan 40°. tan 20°   = 1 
	 -3_ cot 5A. cot4A – cot 9A. cot5A – cot 9A. cot4A  =  1 

13.	 k|dfl0ft ug'{xf];\ M

	 -s_ tan 50° – tan 40° = 2 tan 10°		 -v_ tan 50° = 2 tan 30° + tan 20°

14.	 k|dfl0ft ug'{xf];\ M

	 -s_  

	 -v_  	

	 -u_ 

15.	 k|dfl0ft ug'{xf];\ M

	 -s_	    = 0

	 -v_ 	sin (A + B + C) = cos A cos B cos C (tan A + tan B + tan C – tan A tan B tan C)	

	 -u_	 cos (A + B  + C) = cos A cos B cos C (1 – tan  A. tan B – tan B. tan C – tan C.  tan  A) 

	 -3_	 tan (A + B + C) = 

 pQ/

 1.  -s_  ( b)	 -v_ ( c)	  	 -u_ ( b)		  -3_ ( a)		  -ª_ d

 3. -s_  		 -v_  		  -u_  	  	 -3_  		  -ª_   		 -r_ 	
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7.3 	ckjTo{ sf]0fx¿ (Multiple Angles )
sin 15° sf] dfg lbPsf] cj:yfdf sin 30° jf sin 45° sf] dfg s;/L kQf nufpg ;lsG5 <

s] sin 30° = sin 2 × 15° n]Vg ldN5, 5nkmn ug'{xf];\ .

To:t} u/L, sin 45° = sin 3 × 15° n]Vg ldN5 <

s'g} sf]0fnfO{ 2, 3, 4, ... n] u'0fg ubf{ aGg] sf]0fnfO{ Tof] sf]0fsf] ckjTo{ sf]0f elgG5,

h:t} M A sf ckjTo{ sf]0fx¿ 2A, 3A, 4A ... cflb x'g\ .

7.3.1 ckjTo{ sf]0fx¿sf] lqsf]0fldtLo cg'kft (Trigonometric Ratio of Multiple Angles )

1. 	 sf]0f 2A sf] lqsf]0fldtLo cg'kft 

	 -s_	 sin 2A  = sin (A + A)
	     = sin A cos A + cos A sin A	 [ sin (A + B) = sin A. cos B + cos A. sin B ]
	     = 2 sin A cos A
	 ctM sin 2A = 2 sin A cos A
	 -v_ cos 2A   = cos (A + A)

	 = cos A. cos A – sin A. sin A  [ cos (A + B) = cos A. cos B sin A. sin B ]
	 ctM cos 2A  = cos 2 A  – sin2A
	 -u_ 	cos 2A  = cos2 A – sin2A  = 1 – sin 2A – sin 2A  = 1 – 2 sin 2A
	 ctM cos 2A   = 1 – 2 sin 2A
	 -3_ cos2A     = cos 2 A – sin 2A  = cos2A  – (1 – cos 2 A)
	       		       = cos2A – 1 + cos 2 A  = 2 cos 2 A – 1
	 ctM cos 2A    =  2 cos2A – 1

	 -ª_ tan2A 	= tan (A + A)  =    = 

	 ctM tan2A =  

2. 	 sin 2A / cos 2A nfO{ tan A df ¿kfGt/0f
	 sin 2A = 2 sin A . cos A

	 =    = 	 [ 

	 = 	 =   

	 ctM sin 2A =  
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	 csf]{ tl/sf 

	 sin 2A 	 = 2 sin A cos A

			   = 2 sin A  cos A     = 2  cos2 A

			   = 2 tan A     = 

	 ctM sin 2A =  

		  cos 2A = cos 2 A – sin 2A  = 

		  =  =  = 

	 ctM cos 2A = 

3. 	 sf]0f 3A sf] lqsf]0fldtLo cg'kft 
	 sin3A 	 = sin (A + 2A)
			   = sin A. cos 2A + cos A. sin 2A
			   = sin A (1 – 2 sin2 A ) + cos A. 2 sin A . cos A
			   = sin A – 2sin3 A + 2 sin A . cos2A
			   = sin A – 2sin3 A + 2 sin A (1 – sin2A) 
			   = sin A – 2sin3A + 2 sin A – 2sin3A
			   = 3sin A – 4sin3A
	 ctM sin3A =  3sinA – 4sin3A
		  cos3A 	 = cos (A + 2A)
				    = cos A.cos 2A – sin A.sin2A
				    = cos A (2 cos2A – 1) – sin A.2 sin A.cos A
				    = 2 cos3A –  cos A – 2 cos A.sin2A
				    = 2 cos 3A – cos A – 2 cos A (1 – cos 2A)
				    = 2 cos3A – cos A – 2 cos A + 2 cos 3A
				    = 4 cos 3A – 3cos A
	 ctM cos3A 	 =  4 cos3A – 3cosA

	 ca, tan3A  = tan (A + 2A)  =    	 = 
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			    =   

			   =    = 

	 ctM tan3A = 

ckjt{s sf]0fx¿sf ;j{;ldsfx¿

1. 	 sin 2A = 2 sin A . cos A		  2. 	 cos 2A = cos2 A – sin2 A

3. 	 cos 2A = 1 – 2 sin2 A		  4. 	 cos 2A =  2 cos2 A – 1

5. 	 sin 2A =  
2 tanA 

1 + tan2 A		  6. 	 cos 2A = 1 – tan2 A
1 + tan2 A   

7. 	 tan2A =  1– tan2 A
1+ tan2 A			  8. 	 sin3 A =  3sin A – 4 sin3 A

9. 	 cos 3A =  4 cos3 A – 3cos A		 10. 	 tan 3 A = 3tan A – tan3 A
1 – 3tan2 A

 

pbfx/0f 1   

olb sin θ =  eP sin 2θ, cos 2θ / tan 2θ sf] dfg kQf nufpg'xf];\ .

;dfwfg M  oxfF, sin θ =   

	 cos θ =  =   =  =   = 	= 

	 sin 2θ = 2sin θ. cosθ   = 2     	 = 

	 cos2θ   	 =  cos2θ  sin2θ

	  		  =  	=     	 =   	 = 

	 tan 2θ = 	 = 	 = 
 

  = 

	 ctM sin 2θ =  , cos 2θ =    /  tan 2θ = 
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pbfx/0f 2   

olb cos θ =   eP sin 3θ / cos 3θ sf] dfg kQf nufpg'xf];\ .
;dfwfg  

oxfF, cos θ =   

	 sin θ =  =  = 	 =   =   = 	

	 xfdLnfO{ yfxf 5,  sin 3θ =  3sin θ   4sin3 θ

			   = 3.   4.   =   	= 0

	 cos 3θ 	 =  4cos3 θ   3cos θ

			   = 4.   3.   =   	 =   = 	 = –  1

ctM sin 3θ = 0   / cos 3θ = 1

pbfx/0f 3   

k|dfl0ft ug'{xf];\ M  cot 3A = 
;dfwfg  
oxfF,  L. H. S = cot 3A 

	 =   	=  = 

	 = 	 =  =  

	 =  =  = R. H. S, k|dfl0ft eof] .

pbfx/0f 4   
k|dfl0ft ug'{xf];\ M  tan A =  
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;dfwfg  xfdLnfO{ yfxf 5,

		  cos 2A = 

cyjf	 cos 2A (1+ tan2A) = 1– tan2A

cyjf	 cos 2A + cos 2A tan2 A = 1– tan2 A

cyjf	 tan2 A + cos 2A tan2 A = 1 – cos 2A
cyjf	 tan2 A (1 + cos2A)  = 1 – cos 2A

cyjf	 tan2 A = 

ctM tanA =    , k|dfl0ft eof] .

pbfx/0f 5   

k|dfl0ft ug'{xf];\ M  = cot A

;dfwfg  oxfF,

 L. H. S =    = 

		  =  = 
 
	 = 

		  = cot A = R. H. S, k|dfl0ft eof] .

pbfx/0f 6   

k|dfl0ft ug'{xf];\ M   = cosec 2A

;dfwfg  oxfF, 

L. H. S = 	 =   =

		  =  =  = 

	 = cosec 2A = R. H. S, k|dfl0ft eof] .
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pbfx/0f 7   

k|dfl0ft ug'{xf];\ M cos6 ϕ + sin6 ϕ = =  ( 5 + 3 cos 4ϕ)
;dfwfg  oxfF, 
  L. H. S = cos6 ϕ + sin6 ϕ
		  = (cos2 ϕ)3 + (sin2 ϕ)3

		  = (cos2 ϕ + sin2 ϕ) {(cos2 ϕ)2 – cos2 ϕ.sin2 ϕ + (sin2 ϕ)2}
		  = 1 {(cos2 ϕ)2 + (sin2 ϕ)2 – cos2 ϕ.sin2 ϕ}
		  = (cos2 ϕ + sin2 ϕ)2 – 2cos2 ϕ.sin2 ϕ – cos2 ϕ.sin2 ϕ
		  = (1)2 – 3cos2 ϕ.sin2 ϕ
		  = 1 – 3cos2 ϕ.sin2 ϕ

		  = 1    4 

		  = 1   

		  = 1   

		  = 1   

		  = 1      cos 2A = 1  2sin2 A ]

		  = 1     

		  =   

		  =
 

  	 =   

		  =   ( 5 + 3cos 4ϕ) = R. H. S, k|dfl0ft eof] .

cEof; 7.2 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_ tnsf dWo] cos 2A ;Fu a/fa/ x'g] lqsf]0fldtLo cleJo~hs s'g xf] <

		  a.	 cos 2A + sin2A		 b.	 cos2 A  sin2A 

	 c.	 1  2 cos2A 		  d.	  2sin2 A  1
	 -v_	 tnsf sin 3θ  ;Fu a/fa/ x'g] lqsf]0fldtLo cleJo~hs s'g xf] <

	 a.	 4sin θ – 3sin3 θ 	 b.	 4sin3 θ  3sin θ
	 c.	 3sin θ – 4sin3 θ	 d.	 3sin θ – 4sin4 θ
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	 -u_	 olb  A  = 30° eP sin 2A  sf] dfg slt x'G5 <

		  a. 0 		  b. 1		  c. 		  d. 

	 -3_	 olb  cos 3A  =  1 x'g A  sf] dfg slt x'g'k5{ <

		  a.	 0° 	 b. 30°		  c. 15°		  d. 60°

	 -ª_	 tnsf dWo] tan 2A ;Fu a/fa/ x'g] x'g] lqsf]0fldtLo cleJo~hs s'g xf] <

		  a.	   	 b.    c.   	     d.	   

2.	 -s_	 olb sinA =    eP,  sin 2A , cos 2A  / tan 2A sf] dfg kQf nufpg'xf];\ .

	 -v_  olb  cosA =    eP sin 2A , cos 2A / tan 2A sf] dfg kQf nufpg'xf];\ .

	 -u_  olb  cosθ  =   eP sin 3θ, cos 3θ / tan 3θ sf] dfg kQf nufpg'xf];\ .

	 -3_ olb  tany =    eP , tan 3y sf] dfg kQf nufpg'xf];\ .

3.	 -s_ olb cos 2A = =   eP,  sin A sf] dfg kQf nufpg'xf];\ .

	 -v_ olb cos 2A =   eP,  cos A sf] dfg kQf nufpg'xf];\ .

	 -u_ olb  tan 2A =   eP, tan A sf] dfg kQf nufpg'xf];\ .

4.	  k|dfl0ft ug'{xf];\ M

	 -s_  = cot A	  -v_  = tan A 	 -u_  = tan2 A 	

	 -3_  = 	-ª_  = 

	 -r_  = tan θ		  -5_  = tan θ	

	 -h_ tan A + cot A = 2 cosec 2A		  -em_ cot A – tan A = 2 cot 2A

5.	  k|dfl0ft ug'{xf];\ M

	 -s_ tan (450 + A) = 		  -v_  
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	 -u_ 2sin2 (45° – A) = 1 – sin 2A		  -3_ tan (45° + A) = sec 2θ + tan 2θ
	 -ª_ 2 cos2 (45° – A) = 1 + sin 2A		 -r_ cos2 (45° – θ) – sin2 (45° – θ) = sin 2θ

	 -5_  —   = 4 cos2A	 -h_  = sin2A

6.	 -s_  olb cos θ = ( a +  ) eP, k|dfl0ft ug'{xf];\ M cos 2θ = ( a2 +  )		

	 -v_ olb sin A = ( a +  ) eP, k|dfl0ft ug'{xf];\ M cos 2A = ( a2 +  )

	 -u_ olb sin β  = ( a +  ) eP, k|dfl0ft ug'{xf];\M sin 3β = ( a3 +  )

	 -3_ olb cos β = ( a +  ) eP, k|dfl0ft ug'{xf];\M cos 3β = ( a3 +  )

7.	  k|dfl0ft ug'{xf];\ M

	 -s_ (sin 2A + sin 2B)2 + ( cos2A  cos 2B )2 = 4 sin2 (A+B)

	 -v_ (sin 2A  sin 2B)2 + ( cos 2A + cos 2B )2 = 4 cos2 (A+B)
	 -u_ (1 + sin 2A + cos 2A)2  =  4 cos2 A (1 + sin 2A)
8.	 k|dfl0ft ug'{xf];\ M

	 -s_ sin2 A – cos2 A.cos 2B = sin2 B – cos2 B.cos 2A
	 -v_ cos2 ∝  + sin2 ∝ cos 2β = cos2 β + sin2 βcos2 ∝
9.	 k|dfl0ft ug'{xf];\ M

	 -s_	 (2cos θ  + 1) (2cos θ –1) = 	2cos 2θ + 1	
	  -v_ (2cos θ + 1) (2cos θ – 1) (2cos θ – 1) = 2cos 4θ + 1

10.	 k|dfl0ft ug'{xf];\ M 

	 -s_  = 1 –   sin2A	 -v_ cos 6θ – sin 6θ = cos 2θ ( 1 – sin2 2θ )

	 -u_ 4(sin 6θ + cos 6θ) = 4 – 3 sin2 2θ 	 -3_ cos6  θ – sin
6 θ =  (cos3 2θ + 3 cos 2θ)

	 -ª_ cos6 θ + sin6 θ =  (5 + 3 cos 4θ)	

	 -r_ sin8 θ + cos8 θ =  (8 – 8 sin2 2θ + sin4 2θ)

11.	 k|dfl0ft ug'{xf];\ M

	 -s_ cosec 10° –  sec 10° = 4		  v_  cosec 20° – sec 20° = 4

	 -u_ sec 40° +  cosec 40° = 4
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12.	 k|dfl0ft ug'{xf];\ M

	 -s_ cosec 2A + cot 4A = cot A – cosec 4A	  

	 -v_ cot 8A + cosec 4A = cot 2A – cosec 8A

	 -u_  = tan 4A cot A		  -3_  = tan8 A cot 2A

13.	 k|dfl0ft ug'{xf];\ M

	 -s_ –  = cot 4 	

	 -v_  –  = 1

14.	 k|dfl0ft ug'{xf];\ M

	 -s_ 4(cos3 10°  +  sin3 20°) = 3 (cos 10° + sin 20°)
	 -v_ 4(cos3 20°  +  sin3 50°) = 3 (cos 20° + sin 50°)
	 -u_ cos3 A.cos 3A  +  sin3 A.sin 3A = cos3 2A
15.	 k|dfl0ft ug'{xf];\ M	

	 -s_ tan θ + tan (60° + θ) – tan (60° – θ) = 3 tan 3θ
	 -v_ cot θ + cot (60° + θ) – cot (60° – θ) = 3 cot 3θ
	 -u_ tan θ + 2tan 2θ  + 4 tan 4 θ + 8cot 8θ = cot θ
16.	 -s_	 cos 4θ nfO{ sin θ  sf ¿kdf JoSt ug'{xf];\ .

	 -v_	 cos 5θ nfO{ cos θ sf ¿kdf JoSt ug'{xf];\ .

17.	 k|dfl0ft ug'{xf];\ M

	 -s_ 
 

  = tan2A	 -v_ tan2θ + sec2θ = 

	 -u_  = sec4θ		 -3_   = 

18. 	olb 2tan α  = 3 tan β  eP k|dfl0ft ug'{xf];\ M

	 -s_ tan (α + β) = 		  -v_ tan (α – β) = 	

19.	 olb tan A =   eP k|dfl0ft ug'{xf];\ M a cos 2A + b sin 2A = a
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20.	 k|dfl0ft ug'{xf];\ M  = cot A

21.	 k|dfl0ft ug'{xf];\ M	 sin4 A =    cos 2A +  cos 4A

22.	 k|dfl0ft ug'{xf];\ M	 sin4  + sin4 
 
sin4   + sin4  = 

 pQ/ 
1. -s_  b -v_   c -u_  d -3_  d -ª_  a

 2.   -s_ , ,   -v_ , ,    -u_  , , 	 -3_ 

 3.    -s_     	 -v_      -u_   or     	

7.4 ckjt{s sf]0fx¿ (Submultiple Angles )
sin 60° sf] dfg lbOPsf] cj:yfdf sin30° sf] dfg s;/L kQf nufpg] xf]nf <
s] sin15° = sin 30° 

2
 n]Vg ldN5, 5nkmn ug'{xf];\ .

To:t} u/L, sin  = sin  n]Vg ldN5 <

s'g} sf]0fnfO{ 2, 3, 4, … a/fa/ efudf afF8\bf aGg] sf]0fnfO{ Tof] sf]0fsf ckjt{s sf]0fx¿ elgG5 . 

h:t} M A sf ckjTf{s sf]0fx¿ 
A 
2 , A 

3  , A 
4 … cflb x'G5g\ .

7.4.1 	 ckjt{s sf]0fx¿sf] lqsf]0fldtLo cg'kft  (Trigonometric Ratio of 
		  Submultiple Angles )
-s_	 sf]0f

A 
2  sf ¿kdf lqsf]0fldtLo cg'kft

sin ( A + B ) = sin A. cos B + cos A.sin B

sin A  	 = sin ( A 
2  + A 

2  )

 		  = sin A 
2

 cos A 
2

 + cos A 
2

 sin A 
2

  = 2 sin A 
2

  cos A 
2

ctM  sinA = 2 sin A 
2

  cos A 
2

csf]{ tl/sf,

xfdLnfO{ yfxf 5 ls,  sin 2A = 2 sin A  cos A
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-s_ 	sinA  = sin 2 A 
2

  = 2 sin A 
2

  cos A 
2

	 ctM sinA = 2 sin A 
2

 cos A 
2

-v_ xfdLnfO{ yfxf 5 ls,

	 cos 2A = cos 2A – sin2A

	 cos A 	 = cos 2  A 
2

 = cos2 A 
2

 – sin2 A 
2

	 ctM cos A = cos2 A 
2

 – sin2 A 
2

To:t} u/L,

-u_ 	cos A   = 1 – 2 sin2 A 
2

  	

-3_ 	cos A   = 2cos2 A 
2

 –1

-ª_ 	tan A  = 
	    2 tan A 

2
		   	 1– tan2 A 

2

-r_ 	sin A  = 
	    2 tan A 

2
			   1+ tan2 A 

2

-5_ cos A  = 
	   1– tan2 A 

2
		   	   1+ tan2 A 

2

7.4.2  sin A, cos A  / tan A sf] sf]0f A 
3  sf ¿kdf lqsf]0fldtLo cg'kftx¿

A 
3 sf]0f sf ¿kdf lqsf]0fdtLo cg'kft

sin A = sin (3 × 
A 
3 )   = 3 sin  – 4 sin3 	 [  sin 3A = 3sin A –  4 sin 3A ]

ctM sin A =  3sin   –  4 sin3

To:t} u/L, k|dfl0ft ug'{xf];\ M

-s_ cos A =  4 cos3   3 cos 	  -v_ tan A = 

	 ckjTo{ sf]0fsf ;j{;ldsfx¿		  ckjt{s sf]0fsf ;j{;ldsfx¿

1. sin 2A = 2 sin A  cos A			   1. sin A = 2 sin  cos 

2. cos 2A = cos 2 A  sin 2A			   2. cos A = cos 2  sin 2

 

3. cos 2A  =	  1  2 sin 2A			   3. cos A   = 1  2 sin2   
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4. cos 2A   =	   2 cos 2A  1			   4. cos A   = 2 cos 2  1

5. sin 2A =  
	

			   5. sin A =  

6. cos 2A = 			   6. cos A = 

7. tan2A =  				    7. tanA  = 

8. sin 3A =  3sin A – 4 sin 3A			  8. sin 3A =  3sin    4 sin3

9. cos 3A =  4 cos3 A  3cos A		  9. cos A =  4 cos3 

 
  3cos 

10. tan 3A = 			  10. tan A = 

pbfx/0f 1   

olb sin  =   eP sin , cos  / tan  sf] dfg kQf nufpg'xf];\ .

;dfwfg M oxfF

sin   =  

cos   =     =  =   = 	   =  

sin  = 2 sin      = 2 ×  ×  = 

cos   =  cos 2 – sin 2    =    =  –   =   = 

tan  =   =   = 

ctM sin  =  , cos  =    /  tan  = 
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pbfx/0f 2   

olb sin
 

=   eP  cos A sf] dfg kQf nufpg'xf];\ .

;dfwfg M  oxfF,  sin   =    

xfdLnfO{ yfxf 5,

= 4   
  √ 
      √    =  

  √ 
      √   

= 
 
     

 
    = 0 

ctM cos   = 0    

 

cos 
  
   =  

 
    

 cos  
  
  = √               =  √  (  )

 
  

  = √   
   = √      = √   = √    

xfdLnfO{ yfxf 5 ls, 

cos A  =  4 cos3  
     3cos 

  
    = 4   (√  )

 
  3   √     

k]ml/,

= 4   
  √ 
      √    =  

  √ 
      √   

= 
 
     

 
    = 0 

ctM cos   = 0    

 

cos 
  
   =  

 
    

 cos  
  
  = √               =  √  (  )

 
  

  = √   
   = √      = √   = √    

xfdLnfO{ yfxf 5 ls, 

cos A  =  4 cos3  
     3cos 

  
    = 4   (√  )

 
  3   √     

	

	 ctM cosA = 0

pbfx/0f 3   

olb sin 30° =   eP, k|dfl0ft ug'{xf];\ M sin15° = 
;dfwfg M  oxfF, 

sin 30° = 

cos 30° 	 = 

cos 30° =    = 	 =    =    = 		

= 0
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ctM cos 30° = 	

cyjf,	 cos =   

cyjf,	 1  2sin215°  = 

cyjf,	 1      = 2sin215°   

cyjf,	     = 2 sin215°  

cyjf,	      = sin215°  

cyjf,	       =  sin215° 

cyjf,	      =  sin215°

cyjf,	      =  sin215°   

cyjf,	      = sin215°

cyjf,	    =  sin215°

cyjf, 	sin15° = ±  

ctM sin15° =   , k|dfl0ft eof] .  -sin15° sf] dfg ;w}F wgfTds x'g] ePsfn] ._

pbfx/0f 4

k|dfl0ft ug'{xf];\ M  
1 + cos θ

sin θ   =  cot 
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;dfwfg M oxfF, 

LHS 	 =    =     = 	     = 

	 = cot
 

 = R.H.S, k|dfl0ft eof] .

pbfx/0f 5

k|dfl0ft ug'{xf];\ M  =  tan 

;dfwfg M oxfF, 

LHS = 

       =         

       = 

        =     = 

       = tan  = RHS,  k|dfl0ft eof] .

pbfx/0f 6

k|dfl0ft ug'{xf];\ M secA – tanA = tan 

;dfwfg M oxfF, 

RHS = tan 

         =   = 
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        = 

 

   = 	 = 

x/ / c+znfO{   n] u'0fg ubf{,

	 =   

	 = 

	 = 

	
= 

	 =    

	 = secA – tanA = LHS, k|dfl0ft eof] .

cEof; 7.3 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g  -_ nufpg'xf];\ M

	 -s_	 tnsf dWo] sin A s'g;Fu a/fa/ x'G5 <

		  a.  cos 2  + sin2 		  b. cos 2  – sin2

		  c. 1 – 2 cos 2  		  d.  2 sin  . cos 

	 -v_	 tnsf dWo] s'g rflxF cos   ;Fu a/fa/ x'G5 <

		  a.	 4 sin  – 3 sin3  		  b.   4 cos3  – 3 cos 
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		  c.  3 cos  – 4 cos3 		  d.  3 sin  – 4 sin4

	 -u_	 olb  A  = 60° eP sin   sf] dfg slt x'G5 <

		  a. 0 		   b. 1		  c. 		  d. 

	 -3_	 60° sf] ckjTf{s sf]0f s'g xf] <

		  a. 15° 	 b. 25°		  c. 35°		  d. 45°

	 -ª_	 tan A ;Fu a/fa/ s'g x'G5 < 

		  a.    		  b.     	

		  c.  		  d.  

2. 	 -s_ ckjTf{s sf]0fnfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ .

	 -Vf_ sin θ  nfO{ tan  df JoSt ug'{xf];\ .	 -Uf_ cos θ  nfO{ cos   df JoSt ug'{xf];\ .

	 -3_ cos θ nfO{   df JoSt ug'{xf];\ .	 -ª_ sin θ  nfO{ sin   df JoSt ug'{xf];\ .

3.	 -s_ olb sin  =    eP,  sin A, cos A / tan A sf] dfg kQf nufpg'xf];\ .

	 -v_ olb tan   =    eP,  sin A, cos A / tan A sf] dfg kQf nufpg'xf];\ .

	 -u_  olb  cos    =    eP, sin A , cos A / tan A sf] dfg kQf nufpg'xf];\ .

	 -3_  olb  sin   =    eP, sin θ, cos θ / tan θ sf] dfg kQf nufpg'xf];\ .

	 -ª_  olb  cos   =    eP, sin θ, cos θ / tan θ sf] dfg kQf nufpg'xf];\ .

	 -r_ olb  tan   =     eP, tan θ sf] dfg kQf nufpg'xf];\ .

4.	 -s_ olb cos A =    eP, sin   sf] dfg kQf nufpg'xf];\ .
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	 -v_ olb cos A =    eP, cos   sf] dfg kQf nufpg'xf];\ .

	 -u_ olb  tan A =    eP, tan   sf] dfg kQf nufpg'xf];\ .

5.	 -s_ 	olb cos 30° =   eP, k|dfl0ft ug'{xf];\ M  

		  -c_ sin 15° = 			   -cf_ cos 15° = 

		  -O_ tan 15°  = 2  =  		  -O{_ cot 15°  = 2 + =

	 -v_  olb cos 45° =   eP, k|dfl0ft ug'{xf];\ M  

		  -c_	  =	 	     -cf_  =  	

		  -O_	  =      -O{_ cot 15°  =   + 1

6.	  k|dfl0ft ug'{xf];\ M

	 -s_  olb cos  = ( a +  ) eP, k|dfl0ft ug'{xf];\ M cos  = ( a2 +  )		

	 -v_ olb sin   = ( a +  ) eP, k|dfl0ft ug'{xf];\ M cos A = ( a2 +  )

	 -u_ olb sin  = ( a +  ) eP, k|dfl0ft ug'{xf];\M sin  = ( a3 +  )

	 -3_ olb cos  = ( a +  ) eP, k|dfl0ft ug'{xf];\ M cos  = ( a3 +  )

7.	  k|dfl0ft ug'{xf];\ M

	 -s_  = cot   	 -v_  = tan   		  -u_  = tan    	

	 -3_  = cot 	 -ª_  = 	 -r_ 

	 -5_  = 		  -h_  = 
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	 -em_  = tan 	 -`_  = cot θ 	

	 -6_ sin A + tan A = 	 -7_ tan  + cot  = 2 cosec A

8.	  k|dfl0ft ug'{xf];\ M

	 -s_ tan (45° + )  = 		  -v_ 2 sin2 (45°  )  ) = 	

	 -u_ 2 cos2 (45   ) =	 		

	 -3_ cos2 (45° – )  sin2 (450    ) = sin θ  

	 -ª_  = sin A		  -r_   =  sin A

	 -5_ tan (45° + )  =  sec A + tan A =  	

	 -h_  ×  = tan 

9.	  k|dfl0ft ug'{xf];\ M    
 
= 

 pQ/ 

1.
-s_  d -v_   b -u_  c -3_  a -ª_  c

 2.  lzIfsnfO{ b]vfpg'xf];\ .  3. -s_  , ,  	 -v_  ,  , 	   -u_  , 	  ,  		

 -3_ 1, 0,  -ª_  ,  , 	 -r_ 
 
	 4. -s_	    	 -v_ 7   2 

  12
   -u_   or  –2

p
8 8 8 8

3 5 7



115P]lR5s ul0ft, sIff !) 115

7.5	 lqsf]0fldtLo ;j{;ldsfsf] ¿kfGt/0f (Transformation of Trigonometric Identities)

7.5.1.	 u'0fgkmnnfO{ of]u / cGt/df ¿kfGt/0f (Transformation of Sum or 
		  Difference into Product)

lqsf]0fldltdf lbOPsf sf]0fx¿sf] u'0fgkmnsf ¿kdf /x]sf] cleJo~hsnfO{ of]u jf cGt/sf] 
¿kdf ¿kfGt/0f ug{ ;lsG5 . u'0fgkmnnfO{ of]u jf cGt/df abNg] jf ¿kfGt/0f ug{] s;/L  
xf]nf, 5nkmn ug'{xf];\ .

ldl>t sf]0fsf ;j{;ldsf

 sin A cos B + cos A sin B = sin (A + B)  ………..(i)

 sin A cos B – cos A sin B = sin (A – B) ………..(ii)

;dLs/0f (i) / (ii) nfO{ hf]8\bf,

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

ctM  2 sin A cos B = sin (A +B) + sin (A  B)…..(iii)

;dLs/0f (i) af6 (ii) 36fpFbf,

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

ctM  sin (A +B)  sin (A – B) = 2 cos A sin B…..(iv)

To:t} u/L,

cos (A + B) = cos A cos B   sin A sin B ……..(v)

cos (A  B) = cos A cos B  + sin A sin B………..(vi)

;dLs/0f (v) / (vi) nfO{ hf]8\bf,

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

ctM cos (A + B) + cos (A  B) = 2 cos A cos B…….(vii)

;dLs/0f (v) af6 (vi) 36fpFbf,

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

ctM cos (A + B) – cos (A – B) = – 2 sin A sin B ….(viii)

cyjf, cos (A  B)  cos (A + B) = 2 sin A sin B
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ctM	2 sin A cos B = sin (A +B) + sin (A – B)	

  	 2 cos A sin B = sin (A +B)   sin (A – B)

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

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

	 2 sin A sin B = cos (A – B) – cos (A + B)

7.5.2.	 of]u / cGt/nfO{ u'0fgkmndf ¿kfGt/0f (Transformation of Sum or 
		  Difference into Product)

dflysf ;DaGwx¿ (iii), (iv), (vii) and (viii),

sin (A +B) + sin (A – B)	 = 2 sin A cos B…………(i)
sin (A +B) –  sin (A – B)	 = 2 cos A sinB………….(ii)
cos (A +B) + cos (A – B)	  = 2 cos A cos B………(iii)

cos (A +B)  cos (A – B)	  = 2 sin A sin B………(iv)
b'O{cf]6f sf]0fsf] of]u jf cGt/n] csf]{ gofF sf]0f aGg] x'Fbf dflysf ;j{;ldsfaf6,

A + B = C …………(v)
A – B = D…………..(vi)
;DaGwx¿ (v)  / (vi) hf]8\bf,

2A = C + D

A = 

A, B,  A + B  / A – B sf dfg ;DaGwx¿ (i), (ii), (iii) / (iv) df k|lt:yfkg ubf{,

sin C + sin D = 2 sin  cos 		  sin C – sin D = 2 cos  sin

cos C + cos D = 2 cos  cos 		  cos C cos D =   2 sin   sin D – C 
2

pbfx/0f 1

tnsf u'0fgkmnnfO{ of]u / cGt/df ¿kfGt/0f ug'{xf];\ M

-s_	 sin 35°  cos 25°		  -v_ cos 25°  cos 10°	 -u_ sin10 A sin 6A

;DaGwx¿ (v) af6 (vi) 36fpFbf, 

2B = C – D

B = 
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;dfwfg M oxfF, 
-s_	 sin 35°  cos 25°  =  ( 2sin 35°  cos 25°)	

	 =  [ sin (35° + 25°) + sin (35° – 25°)]  =  [ sin 60° + sin 10°]

-v_	 cos 25°  cos 10° =  ( 2cos 25°  cos10°)	

	 =  [ cos (25° + 10°) + cos (25° – 10°)] =  [ cos 35° + cos 15°]

-u_ 	 sin 10A sin 6A =  (2 sin 10A sin 6A)

	 =  [ cos(10A – 6A) – cos (10A + 6A)] =  [ cos  4A –  cos 16A]

pbfx/0f 2

tnsf of]u / cGt/nfO{ u'0fgkmndf ¿kfGt/0f ug'{xf];\ M
-s_ sin55°  – sin25°		  -v_ cos25°+ cos15°		  -u_ sin 8 A – sin 6A
;dfwfg M oxfF,  

-s_  sin 55°  – sin 25°  = 2 cos 40°∙  sin15°	

-v_	 cos25° + cos15°    = 2 cos 20° cos5°  

-u_	 sin8A – sin 6A  = 2 cos 7A sin A

pbfx/0f 3

k|dfl0ft ug'{xf];\ M  	

;dfwfg M oxfF, 

     L.H.S.	 = 	 = 

			   =   = 

			   =   = 	 =

			   = cot 35°	 =  R.H.S., k|dfl0ft eof] .
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pbfx/0f 4

k|dfl0ft ug'{xf];\ M 2cos (45° + A ) sin (45° – A) = ( sin A – cos A)2

;dfwfg M oxfF,

	 L.H.S.    	 = 2cos ( 45° + A ) sin (45° – A)
			   = sin (45° + A + 45° – A ) – sin (45° + A – 45° + A)
			   = sin 90° – sin 2A
			   = 1 – sin 2A
			   = sin2 A + cos2 A – 2 sin A cos A
			   = (sin A – cos A)2

			   = R.H.S., k|dfl0ft eof] .

pbfx/0f 5

k|dfl0ft ug'{xf];\ M sin θ sin (60°+ θ) sin (60° – θ ) =  sin 3 θ
;dfwfg M oxfF,

	 L.H.S. = sin θ sin (60° + θ) sin (60°– θ)

		   =  sin θ [2 sin (60° + θ) sin (60°– θ )]

		  = 

	  	 = 

		  = 

		  = 

		  = 

		  = 

		  = 

		   = 
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		  =   sin 3

		  = R.H.S, k|dfl0ft eof] .

pbfx/0f 6

k|dfl0ft ug'{xf];\ M  = cot 2

;dfwfg M oxfF, 

  L.H.S. = 

		  = 

		  = 

		  = 

		  = 

		  = 	 = cot 2

		  = R.H.S., k|dfl0ft eof] .

pbfx/0f 7

k|dfl0ft ug'{xf];\ M  sin 20° sin40° sin 80° = 

;dfwfg M oxfF, 

L.H.S. = sin 20° sin 40° sin 80°

	 =  sin20° [2 sin80° sin 40°]

	 = ]]]] sin20° [(cos80° – 40° ) – cos (80° + 40°] 
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	 = ]]]] sin 20° [cos 40° – cos 120°]

	 = ]]]]  [

	 = ]]]] 

	 = 
 
]

	 = ]]]]

	 = ]]]]

	 = ]]]]

	 = 

	 = 

	 = R.H.S, k|dfl0ft eof] .

cEof; 7.4 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 tnsf dWo] 2 sin A cos B ;Fu a/fa/ x'g] lqsf]0fldtLo cleJo~hs s'g xf] <

		  a. sin (A + B) – sin (A – B)		 b. sin (A + B) + sin (A – B)

		  c.  cos(A + B) + cos (A – B)	 d. cos (A + B) – sin (A – B)

	 -v_	 tnsf dWo] (sin A – sin B) ;Fu a/fa/ x'g] lqsf]0fldtLo cleJo~hs s'g xf] <

		  a. 2 sin  cos 		 b.  – 2 sin   sin

		  c. 2 cos  sin 		 d. 2 cos  cos
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	 -u_	 tnsf dWo] (cos C  – cos D) ;Fu a/fa/ x'g] lqsf]0fldtLo cleJo~hs s'g xf] <

		  a. 2 sin  cos 	 b. 2 cos  cos

		  c. 2 sin  sin  	 d. 2 sin   sin

	 -3_	 (cos 6A  + cos 4A) nfO{ u'0fgkmndf ¿kfGt/0f ubf{ s] x'G5 <

		  a. 2 sin 6A cos 4A		  b. 2 sin 5A cos A
		  c. 2 cos 5A sin A		  d. 2 cos 5A cos A
	 -ª_	 sin 60°  + sin 40° s'g ;Fu a/fa/ x'G5  <

		  a. 2 sin 50° cos 10°		  b. 2 sin 50° sin 10°
		  c. 2 cos 50° sin 10°		  d. 2 cos 50° cos 5°
2.	 tnsf lqsf]0fldtLo cg'kftsf u'0fgkmnnfO{ of]u / cGt/df ¿kfGt/0f ug'{xf];\ M

	 -s_ sin 50°  cos 30°		  -v_ cos 25°  cos 15°		  	

	 -u_ cos 10A sin 6A	 	 -3_ sin 27°  sin 32°
3. 	 tnsf lqsf]0fldtLo cg'kftsf of]u jf cGt/nfO{ u'0fgkmndf ¿kfGt/0f ug'{xf];\ M

	 -s_ sin 50° + sin 30°		  -v_ cos 25° + cos 15°		
	 -u_ cos 7A – cos 5A		  -3_ sin 67° – sin 43° 
4.	 k|dfl0ft ug'{xf];\ M

	 -s_ cos 50° + cos 40° =   cos 5°	 -v_ sin50° –  sin70° = –sin10°
	 -u_ sin 10° + sin 70° =  sin 40°	 -u_ sin 10° + sin 70° =   sin 40°
	 -3_ cos 40° –  sin 40°  = sin 5°	 -ª_ sin 37° –  cos 67° =   sin 7°
5.	 k|dfl0ft ug'{xf];\ M 

	 -s_  		  -v_  

	 -u_  		  -3_  = cot  tan 	

	 -ª_  =  tan 		  -r_  = 

	 -5_ 2 sin (45° +  cos (45° –  = 1 + sin 2

	 -h_ 2 cos (45° +  cos (45° –  = cos 2
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6.	 k|dfl0ft ug'{xf];\ M

	 -s_  = tan 2  -v_  = tan 4A

	 -u_  = cot 3A

	 -3_  = 4 sin 5A cos A

7. 	 k|dfl0ft ug'{xf];\ M

	 -s_	 4cosθ cos(60° + θ) cos (60°– θ) =  cos3θ

	 -v_ 4cotθ cot( 60° + θ) cot (60° – θ) =  cot3θ

	 -u_   =  2 sec 

	 -3_   =  2 tan 2

8. 	 k|dfl0ft ug'{xf];\ M

	 -s_  = 		    

	 -v_  =  

	 -u_  = 	  

	 -3_  =  

	 -ª_  =        

	 -r_ = 

 pQ/ 

1. -s_  b -v_   c -u_  d -3_  d -ª_  a

 2. -s_   	 -v_       -u_   	 -3_   	
	
 3. 	 -s_ 2sin 40° cos10°	 -v_ 2cos 20° cos5°      -u_ –2 sin6A  sinA       -3_ 2 cos 55° sin12°		
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7.6 cg'alGwt ;j{;ldsf (Conditional Identities)

lj|mofsnfk 1

tnsf lqsf]0fldtLo ;DaGwx¿df θ, A /  B  sf dfgx¿ j|mdzM 00, 300, 450, 60°, 90°, … 
/fVg'xf];\ . s] tL ;DaGwx¿, sf]0fx¿ θ, A / B  sf ;a} dfgx¿sf nflu ;To x'G5g\, 5nkmn 
ug'{xf];\ . 

-s_ sin 2  = 2 sin  cos 

-v_ cos 3  = 4 cos3  – 3 cos 
-u_ sin (A + B ) = sin A cos B + cos A sin B
-3_ sin A + cos B = 1
-ª_ tan A = cot B

oxfF, ;DaGwx¿ -s_, -v_ / -u_ ;a} sf]0fsf nflu ;To x'G5g\ . t/ ;DaGw -3_ / -ª_ ;a} 
sf]0fsf nflu ;To x'Fb}gg\ .

;a} lqsf]0fldtLo ;DaGwx¿ ;a} sf]0fsf nflu ;To xF'b}gg\ . h'g lqsf]0fldtLo ;DaGwx¿ 
;a} sf]0fsf nflu ;To x'G5, To;nfO{ lqsf]0fldtLo ;j{;ldsf elgG5 . pbfx/0fsf nflu  
sin 2θ = 2 sinθ cosθ  ;a} sf]0fsf nflu ;To x'G5, To;}n] of] Pp6f ;j{;ldsf xf] . t/, tan 
A = cot B ;a} sf]0fsf nflu ;To x'Fb}g, A + B = 90°  sf] ;t{ k"/f x'Fbf dfq ;To x'G5, h'g 
lqsf]0fldtLo  s]xL lglZrt ;t{ k"/f xF'bf dfq ;To x'G5, To;nfO{ cg'alGwt lqsf]0fldtLo 
;j{;ldsf elgG5 . 

pbfx/0f 1

A = 0° / B = 30° xF'bf k/LIf0f ug'{xf];\ M sin (A + B) = sin A cos B + cos A sin B

;dfwfg M oxfF,

oxfF, A 	 = 0° / B = 30°

L.H.S. 	 = sin (A + B )  = sin (0° + 30°)  = sin 30° = 

R.H.S.  	 = sin A cos B + cos A sin B

		   = sin 0° cos 30° + cos 0° sin 30°  = 0   + 1     = 0 +     = 

ctM L.H.S. = R.H.S.
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pbfx/0f 2

A = 0° / B = 45° xF'bf k/LIf0f ug'{xf];\ M tan (A + B) = 

;dfwfg M oxfF,
L.H.S. = tan (A + B )  = tan (0° + 45°) = tan 45°  = 1

R.H.S. = 
 
	 =  =  =  	 = 1

ctM L.H.S. = R.H.S.

pbfx/0f 3

Pp6f lqe'hsf tLgcf]6f sf]0fx¿  =  90°,  = 45° /   = 45° xF'bf k/LIf0f ug'{xf];\ M 

-s_ sin (  + ) = sin 		  -v_ cos (  + ) = cos 	
;dfwfg M oxfF,

oxfF, L.H.S. = sin(  + )  = sin (90° + 45°)  = sin 135°  = 

	 R.H.S. = sin   = sin 45°   = 

	 ctM L.H.S. = R.H.S., k/LIf0f eof] .

-v_ cos (  +  ) = cos 	
;dfwfg M oxfF, 

L.H.S. = cso (  + ) = cos (90° + 45°)  = cos 135° = 

R.H.S. 	 = cos 	 = cos45    = 

	 ctM L.H.S. = R.H.S.

pbfx/0f 4

A =  30°, B = 60° /  C = 90° xF'bf k/LIf0f ug'{xf];\ M 
sin 2A + sin 2B + sin2 C = 4 sin A sin B sin C
;dfwfg M oxfF, 
A =  30° , B = 60° / C = 90° 
L.H.S. 	 = sin 2A + sin 2B + sin 2C
		  = sin 2  30° + sin 2  60° + sin 2  90°  = sin 60° + sin 120° + sin 180°

–
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	 =   +  + 0  =  =    = 

R.H.S. 	 = 4 sin A sin B sin C  = 4 sin  30° sin 60° sin 90°

		  = 4      1  = 

	 ctM L.H.S. = R.H.S.

pbfx/0f 5

DABC sf tLgcf]6f sf]0fx¿ A =  30°, B = 120° /  C = 30° 5g\ eg] k/LIf0f ug'{xf];\ M 

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

;dfwfg M oxfF,

	 A =  30°, B = 120° /  C = 30° 5g\ .

L.H.S. = tan A + tan B + tan C  = tan 30° + tan120° +  tan 30°

	 =   +(   ) +    =  = 
R.H.S. 	 = tan A tan B tan C =  tan 30° tan 60° tan 90°

		  =    (–  
 
	 = 

	 ctM L.H.S. = R.H.S.

pbfx/0f 6

DABC sf tLgcf]6f sf]0fx¿ A = 30°, B = 90° / C = 60° 5g\ eg] k/LIf0f ug'{xf];\ M

cos2A + cos2 B + cos2 C = 1 – 2 cos A cos B cos C

;dfwfg M oxfF,

DABC sf tLgcf]6f sf]0fx¿ A = 30°, B = 90° / C = 60° 5g\ .
L.H.S. 	 =  +  +   =   +  + 

		  =  + 0 +  =  +  	=   =   = 1
R.H.S. 	 = 1 – 2 cos A cos B cos C

		  = 1 – 2 cos 30° cos 90° cos 60°  = 1  2    0    = 1 – 0  = 1

ctM L.H.S. = R.H.S.
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cEof; 7.5 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g  -_ nufpg'xf];\ M

	 -s_	 tnsf dWo] s'g syg ;xL 5 <

		  a. ;j{;ldsfdf ;Tf{ cfjZos x'G5g\ .	
		  b. cg'alGwt ;j{;ldsfx¿ ;a} cj:yfdf ;To x'G5g\ .

		  c. ;j{;ldsfx¿ ;w}F ;To x'G5g\ .		

		  d. cg'alGwt ;j{;ldsfx¿ k/LIf0f ug{ cfjZos kb}{g .

	 -v_	 tan A = 1 ePdf A sf] dfg slt x'G5  <

		  a. 0°	 	 b. 30°		 	 c.  45°		 d. 60°	
	 -u_	 sin A = cos B s'g cj:yfdf ;xL x'G5 <
		  a. A = B			   b.   A + B = 90°
		  c. A  B = 90°		  d. A + B = 180°	
	 -3_	 tnsf dWo] s'g cg'alGwt ;j{;ldsf xf] <

		  a. sin2A + cos2 A = 1			   b. 1 + tan2 A =  sec2A	
		  c. olb A + B = 90°  eP cot A = tan B 	 d. sin 2A = 2 sin A cos A
	 -ª_ 	olb A + B  + C = 180°  x'Fbf s'g ;xL x'G5  <

		  a. sin (A + B) = cos C	 b. sin (A + B) = sin C	
		  c. sin (A + B) =  –sin C	 d. sin (A + B) =  – cos C	

2. 	 Pp6f lqe'hsf tLgcf]6f sf]0fx¿  =  30°,  = 90° /   = 60°  xF'bf k/LIf0f ug'{xf];\ M 

	 -s_ sin (  + ) = sin 			  -v_ cos (  ) = –os 
	 -u_ tan (  + ) =  tan 		  -3_ cot (  + ) = cot 	

	 -ª_ sin (  +  ) =  cos 			  -r_ cos (  +  ) =  sin 	
3.   	olb A =  30°, B = 120° / C = 30° 5g\ eg] k/LIf0f ug'{xf];\ M 

	 -s_ tan A + tan B + tan C = tan A tan B tan C
	 -v_ tan2A + tan2B + tan2C = tan2A tan2B tan2C
	 -u_ cotA cotB + cotB cotC + cotC cotA = 1
	 -3_ cot2A cot2B + cot2B cot2C + cot2C cot2A = 1
	 -ª_ cot 3A cot 3B + cot 3B cot 3C + cot 3C cot 3A = 0
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4.  	 olb DABC sf tLgcf]6f sf]0fx¿ A =  30°, B = 90° / C = 60° 5g\ eg] k/LIf0f ug'{xf];\ M

	 -s_ sin2A – sin2B + sin2C = 4 cosA sinB cosC
	 -v_ sin2A – sin2B – sin2C = 4 sinA cosB cosC
	 -u_ cos2A + cos2B + cos 2C = –1 –  4 cosA cosB cosC
	 -3_ cos2A – cos2B + cos 2C =  1 –  4 sinA cosB sinC

5.  	 Pp6f lqe'hsf tLgcf]6f sf]0fx¿  =  45°,  = 45°  /   = 90°  5g\ eg] k/LIf0f ug'{xf];\ M

	 -s_  +  +  =  4 sin  sin  sin 

	 -v_  +  –  = 1 – 2 cos  cos  sin 

	 -u_  –  +  = 1 – 2 sin  cos  sin 

	 -3_  –  –  = 2 cos  sin  sin  – 1

6.  	 ;j{;ldsf Sin 2A + Sin 2B + Sin 2C = 4 Sin A Sin B Sin C tn lbOPsf dWo] s'g 
	 s'g cj:yfdf dfq dfGo x'G5g\, kQf nufpg'xf];\ .
	 -s_ A + B = 90° / C = 90°	 -v_ A + B + C = 180°
	 -u_ A + B + C = 360°		  -3_ A + B + C = 90°    
  pQ/
1. -s_ c -v_ c -u_  b -3_  c -ª_ b

7.7 prfO / b'/L (Height and Distance)

xfd|f] b}lgs hLjgdf ljleGg j:t'x¿sf] prfO / tL j:t'x¿larsf] b'/L kQf nufpg] vfnsf 
;d:of ;dfwfg ug'{kg]{ x'G5, h:t} M ljBfno ejg slt cUnf] 5 < b'O{cf]6f lah'nLsf] vDaflarsf] 
b'/L slt 5 < cflb . oL ;a} cj:yfdf k|ToIf ¿kdf prfO gfKg ufx|f] x'G5 . o:tf] cj:yfdf 
;dsf]0f lqe'hsf] sf]0f, e'hfsf] ;DaGw tyf lqsf]0fldtLo cg'kftx¿ Kf|of]u u/]/ prfO / 
b'/L;DaGwL ;d:ofx¿sf] ;dfwfg ug{ ;lsG5 . 

7.7.1 pGgtf+z / cjglt sf]0f (Angle of Elevation and Depression) 	

xfdLn] cfFvfsf] ;txeGbf dfly /x]sf] j:t' x]bf{ b[li6 /]vf / 
lIflth /]vflar aGg] sf]0fnfO{ pGgtf+z sf]0f elgG5, h:t} M 
hldgaf6 3/, vDaf jf ?vsf] 6'Kkf]df x]bf{ aGg] sf]0f pGgtf+z 
sf]0f xf] . ;Fu}sf] lrqdf, θ pGgtf+z sf]0f xf] .

To:t}, ha xfdL cfFvfeGbf tn /x]sf] j:t' x]5f}}{F, cfFvfaf6 

b[li6 /]vf 

pGgtf+z sf]0f   

𝜃𝜃 

cfFvf 

a:t' 
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hfg] b[li6 /]vf / lIflth /]vflar aGg] sf]0fnfO{ 
cjglt sf]0f elgG5, h:t} M
3/sf] 5taf6 cfFugdf a;]sf] r/f x]bf{, w/x/f jf 
?vaf6 tn hldgdf /x]sf] j:t' x]bf{ aGg] sf]0f 
cjglt sf]0f xf] . ;Fu}sf] lrqdf,  cjglt sf]0f xf] .

pbfx/0f 1

Pshgf 6 ft cUnf] dflg;n] 30 ft 6f9faf6 Pp6f ?vsf] 6'Kkf]df x]bf{ pGgtf+z sf]0f 30° kfP5g\ 
eg] ;f] ?vsf] prfO slt /x]5, kQf nufpg'xf];\ .

;dfwfg M oxfF,      

AE = ¿vsf] prfO, CD = dflg;sf] prfO,  
?vsf] 6'Kkf] A df x]bf{ agfPsf] pGgtf+z sf]0f, 

∠ACB = 30° / ?v / dflg;larsf] b'/L DE 
= CB = 30 ft 5g\ .

?vsf] prfO (AE ) = x =?

;dsf]0f DABC df,  

cyjf, 

cyjf, 

cyjf, 

cyjf,     

AE = AB + BE 

17.32 + 6 = 23.23

ctM ?vsf] prfO  

pbfx/0f 2

Pp6f ?vsf] 6'Kkf]nfO{ hldgsf] Pp6f ljGb'af6 cjnf]sg ubf{ pGgtf+z sf]0f 45° kfOof] . 
;f] ljGb'af6 45 m 6f9f uP/ k]ml/ ;f]xL ?vsf] 6'Kkf]df cjnf]sg ubf{  pGgtf+z sf]0f 30° kfOof] eg] ;f] 

cjgtL sf]0f   

b[li6 /]vf   

𝛽𝛽  

a:t' 

cfFvf 

𝛽𝛽  

 

A

B

ED

C 30°

30 ft

6 ft

x = ?
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?vsf] prfO kQf nufpg'xf];\ .

;dfwfg M oxfF, 

?vsf] prfO = AB, b'O{ cjnf]sg ljGb' C / 
D af6 ?vsf] 6'Kkf] A df cjnf]sg ubf{ ag]sf 
pGgtf+z sf]0fx¿ ∠ACB = 45° / ∠ADB = 
30° 5g\ .

CD = 45 m	 AB = ?

;dsf]0f DABC df,   

cyjf,	  			 

cyjf,	 ……(i)  

;dsf]0f  df,   

cyjf,	  	

cyjf,	    	 [ (i) af6]

cyjf,	 AB = AB + 45

cyjf,	 AB  AB  =  45

cyjf,	 AB (    =  45
cyjf,	 AB (1.732 –1)  =  45

cyjf,	 AB (0.732   =  45

cyjf,	 AB   =  

cyjf,	 AB   =  61.46
ctM ?vsf] prfO  =  61.46 m

pbfx/0f 3

Pp6f  cUnf] r6\6fgsf] 6'Kkf]af6 ;dtn hldgdf Ps}lt/ /x]sf b'O{ ljGb'x¿ cjnf]sg 
ubf{ cjglt sf]0fx¿ j|mdzM 60° / 45° kfOof] . tL b'O{ ljGb'larsf] b'/L kQf nufpg'xf];\ .

45°
BD C

A

45m

30°
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;dfwfg M oxfF, 

r6\6fgsf] prfO  r6\6fgsf]
6'Kkf] A af6 b'O{ ljGb'  C / D df 
cjnf]sg ubf{ ag]sf cjglt  

sf]0fx¿ / 

5g\ .
 AB = 100 m

b'O{ ljGb'larsf] b'/L (CD ) = ?

;dsf]0f  df,  

cyjf,  			 

cyjf,	  = AB   

cyjf,	   = 100

cyjf,	   

cyjf,  ………..(i)

ca, ;dsf]0f DABD df, 

cyjf,	 1 = 
     100

       BC + CD

cyjf,	
	

[(i) af6 ]					   

cyjf,	 57.74 + CD =  100

cyjf, CD =  100 – 57.74

cyjf, CD =  42.26

ctM b'O{ ljGb'larsf] b'/L (CD ) = 42.26 m

pbfx/0f 4

Pp6f vDafsf] km]baf6 vDafsf] Ps}lt/ 25 m / 16 m b'/Ldf /x]sf b'O{ ljGb'af6 vDafsf] 6'Kkf] 
cjnf]sg ubf{ ag]sf sf]0fx¿ ;dk"/s kfOof] eg] ;f] vDafsf] prfO kQf nufpg'xf];\ .

A
E

B

100 m

CD
45°

45°

60°

60°
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;dfwfg M oxfF, 

vDafsf] prfO  = AB, b'O{ cjnf]sg ljGb' C / D af6 vDafsf] 6'Kkf]  A df cjnf]sg ubf{ 
ag]sf pGgtf+z sf]0fx¿ ∠ACB / ∠ADB 5g\ .

BC = 16 m		  BD =  25 m		  AB = ?

DffgfF}}, ∠ACB = θ dfGbf ∠ADB = 90° – θ x'G5 .

;dsf]0f DABC df,  

cyjf,   …… (i)  

ca, ;dsf]0f DABD df,

cyjf,   
AB 
25

cyjf,	  
AB 
25 					   

cyjf,	    	

cyjf,	    

cyjf,	  
25 
AB  [(i) af6]

cyjf,	 (AB)2 = 16  25 

cyjf,	 (AB)2 = 400

cyjf,	 (AB)2 = (20)2

ctM vDafsf] prfO  =  20 m

pbfx/0f 5

200 m cUnf] Pp6f y'Dsf]sf] 6'Kkf]af6 Pp6f ?vsf] 6'Kkf] / km]bdf x]bf{ cjglt sf]0fx¿ j|mdzM  
30° / 45° kfOof] eg] ;f] ?vsf] prfO kQf nufpg'xf];\ .

;dfwfg M oxfF, 

y'Dsf]sf] prfO (AB) = 200 m, 

90° – θ

A

BC
25 m

16 m

D θ
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y'Dsf]sf] 6'Kkf] A af6 ?vsf] km]b  C / 6'Kkf] D df x]bf{ ag]sf cjglt sf]0fx¿ j|mdzM
∠EAC = ∠ACB  = 45° / ∠EAD = ∠ADF  = 30°  5g\ .

?vsf] prfO (CD) = ? 

;dsf]0f DABC df,   

cyjf,	  			    

cyjf,	   

cyjf,	  = 200 ……….(i)

ca, ;dsf]0f DAFD df,   

cyjf,	  						    

cyjf,	  	 [  af6]

cyjf,    = 200	  	

cyjf,   = 

cyjf,   = 115.47

cyjf, 

cyjf, 

cyjf, 

ctM 3/sf] prfO = 84.53 m

cEof; 7.6 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\  M

	 -s_	 tnlt/ /x]sf] j:t' x]bf{ b[li6 /]vf / lIflth /]vflar aGg] sf]0fnfO{ s] elgG5 <

		  a. cjglt sf]0f	 b. Go"gsf]0f 	 c. pGgtf+z sf]0f		 d. ;dsf]0f 

	 -v_	 dflyk6\l6 /x]sf] j:t' x]bf{ b[li6 /]vf / lIflth /]vflar aGg] sf]0fnfO{ s] elgG5 <

		  a. cjglt sf]0f	 b. Go"gsf]0f 	 c. pGgtf+z sf]0f		 d. ;dsf]0f 

30°
45°

45°

D

C B

F 200 m

AE
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	 -u_	 s'g} :yfgaf6 Pp6f a:t'sf] cjnf]sg ubf{ aGg] pGgtf+z sf]0f 0° eof] eg] ;f] 
		  j:t' sxfF x'G5 <

		  a. dfly		  b. tn		  c. cfFvfsf] txdf	 d. b]lvFb}g

	 -3_	 s'g} :yfgaf6 Pp6f vDafsf] 6'Kkfsf] cjnf]sg ubf{ aGg] pGgtf+z sf]0f 45° ePsf] 
		  cj:yfdf vDafsf] prfO / ;f] :yfgaf6 vDaf;Ddsf] b'/Lsf] ;DaGw s] x'G5 <

		  a. prfO > b'/L	 b. prfO < b'/L	 c. a/fa/       d. s'g} ;DaGw xF'b}g

	 -ª_	 s'g} :yfgaf6 Pp6f 6fj/sf] 6'Kkfsf] cjnf]sg ubf{ aGg] pGgtf+z sf]0f a9\b} hfFbf 
		  b'/L s:tf] x'G5 <

		  a. a9\b} hfG5		  b. 36\b} hfG5	 c. p:t} /xG5	 d. s'g} ;DaGw xF'b}g

	 -r_	 s'g} :yfgaf6 10 m 6f9f /x]sf]  cUnf] ?vsf] 6'Kkfdf cjnf]sg ubf{ slt 
		  l8u|Lsf] pGgtf+z sf]0f aG5 <

		  a.  30°	 b. 45°	 	 c. 60°		  d. 120°  

2.  	 lbOPsf lrqx¿df x, y / θ sf dfg kQf nufpg'xf];\ M

P
A

CB RQ

xy
20 m

45° 30°

-s_ -v_

A
L

P
BNB

C
D

30 m
45 m

x
x

y
30° 30° 45°

θ

-u_ -3_

10 m
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3. -s_	 Pp6f 3/sf] 5tsf] Pp6f ljGb'nfO{ hldgsf] Pp6f ljGb'af6 cjnf]sg ubf{ pGgtf+z 
		  sf]0f 60° kfOof] . ;f] ljGb'af6 50 m 6f9f uP/ x]bf{ pGgtf+z sf]0f 30° kfOof] eg] 
		  ;f] ?vsf] prfO kQf nufpg'xf];\ .

    -v_	 Pp6f 30 ft. cUnf] vDafsf] Ps}lt/ ;dtn ;txdf Pp6} /x]sf b'O{ ljGb'af6 ;f] 
vDafsf] 6'Kkf]sf] cjnf]sg ubf{ pGgtf+z sf]0fx¿ j|mdzM 60° / 45° kfOof] eg] TfL 
b'O{ ljGb'larsf] b'/L kQf nufpg'xf];\ .

4. -s_	 Pp6f 500 m cUnf] kxf8sf] 6'Kkf]af6 hldgdf Ps}lt/ /x]sf b'O{ ljGb'x¿ cjnf]sg 
		  ubf{ cjglt sf]0fx¿ j|mdzM 60° / 30° kfOof] . tL b'O{ ljGb'larsf] b'/L kQf 
		  nufpg'xf];\ .

    -v_	 Pp6f 3/sf] 5taf6 rp/df Ps}lt/ Pp6} /]vfdf 10 ft. sf] b'/Ldf a;]sf b'O{ 
		  dflg;nfO{ cjnf]sg ubf{ cjglt sf]0fx¿ j|mdzM 60° / 45° kfOof] eg] Tof] 
		  3/sf] prfO kQf nufpg'xf];\ .

5  -s_	 Pp6f vDafsf] km]baf6 vDafsf] Ps}lt/ 40 m / 36 m b'/Ldf /x]sf b'O{ ljGb'af6 
		  vDafsf] 6'Kkf] cjnf]sg ubf{ ag]sf sf]0fx¿ Pscsf{sf ;dk"/s kfOof] eg] ;f] 
		  vDafsf] prfO kQf nufpg'xf];\ .

    -v_	 50 m b'/Ldf /x]sf b'O{cf]6f vDafdf Pp6fsf] prfO csf]{sf] bf]Aa/ 5 . tL 
		  vDafsf lardf kg]{ Ps ljGb'af6 b'a} vDafsf 6'Kkf] cjnf]sg ubf{ ag]sf sf]0fx¿  
		  Pscsf{sf ;dk"/s kfOof] eg] tL vDafsf] prfO kQf nufpg'xf];\ .

6  -s_	 Pp6f ;dtn ;txdf /x]sf] vDafsf] 5fof ;"o{sf] prfO 60° ePsf] ;dodf eGbf 
		  30° ePsf] ;dodf  50 m nfdf] x'G5 eg] ;f] vDafsf] prfO kQf nufpg'xf];\ .

    -v_	 Pp6f ;dtn ;txdf /x]sf] 35 ft. cUnf] vDafsf] 5fof ;"o{sf] prfO 45° ePsf] 

W

T
U V

xy

30°

40 m

-r_
A

F
D

C B

E

50
 m

x

30° 30°

45°

-ª_
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		  ;dodf  eGbf 30° ePsf] ;dodf  x ft nfdf] x'G5 eg] x sf] dfg kQf nufpg'xf];\ .

7  -s_	 30 m cUnf] Pp6f ejgsf] 5taf6 Pp6f :tDesf] 6'Kkf] / km]bdf x]bf{ cjglt sf]0fx¿ 
		  j|mdzM  45° / 60° kfOof] eg] ;f] :tDesf] prfO kQf nufpg'xf];\ .

    -v_	 Pp6f dlGb/sf] uh'/nfO{ Pp6f ejgsf] 5t / km]baf6 cjnf]sg ubf{ cjglt / 
		  pGgtf+z sf]0fx¿ j|mdzM  60° / 30° kfOof] . olb  ejgsf] prfO 20 m EfP dlGb/sf]
		  prfO kQf nufpg'xf];\ .

8. -s_	 Pp6f 6fj/dfly g]kfnsf] emG8f v8f ul/Psf] 5 . 6fj/sf] km]baf6 100 m k/]sf] 
		  ljGb'af6 6fj/sf] 6'Kkf] / emG8fsf] 6'Kkf]sf] pGgtf+z sf]0fx¿ j|mdzM 45°  / 60° 
		  agPsf] 5 eg] ;f] emG8fsf] prfO lgsfNg'xf];\ .

    -v_	 Ps hgf 1.8 m cUnf] dflg;n] Pp6f 3/sf] 5t / ‰ofnsf] dflyNnf] efusf] cjnf]sg
		  ubf{ pGgtf+z sf]0fx¿ j|mdzM 45° / 30° kfpF5 . olb ‰ofnsf] dflyNnf] efu 
		  hldgaf6 20 m sf] prfOdf 5 eg] ;f] 3/sf] prfO kQf nufpg'xf];\ .

9. -s_	 Pp6f 15 m cUnf] 3/sf] km]b / 5taf6 Pp6f :tDesf] 6'Kkfdf x]bf{ pGgtf+z sf]0fx¿ 
		  j|mdzM 60° / 45° kfOof] eg] :tDesf] prfO kQf nufpg'xf];\ .

   -v_	 hldgaf6 6000 m sf] l;wf / ;dfg prfOdf pl8/x]sf] Pp6f xjfO{hxfh hldgdf 
		  /x]sf] Pp6f ljGb'af6 30° sf] pGgtf+z sf]0fdf b]lvG5 . 10 ;]s]]G8kl5 ;f]xL ljGb'af6 
		  pGgtf+z sf]0f 45° df b]lvG5 eg] ;f] xjfO{hxfhsf] ult slt km k|lt306f /x]5, 
		  kQf nufpg'xf];\ .

10 -s_ 	 Pp6f 30 m km/flsnf] af6fsf] b'O{ lsgf/fdf a/fa/ prfOsf b'O{cf]6f vDafx¿ /x]sf 
		  5g\ . b'O{cf]6f vDafsf laraf6 tL vDafsf 6'Kkfdf cjnf]sg ubf{ j|mdzM 60° / 30° 
		  sf pGgtf+z sf]0fx¿ aG5 eg] tL vDafsf prfO / vDafb]lv cjnf]sg ljGb'x¿ 
		  ;Ddsf b'/L kQf nufpg'xf];\ .

   -v_	 b'O{cf]6f vDafsf laraf6 Ps hgf 1.6 m cUnf] dflg;n] b'a} vDafsf] 6'Kkfdf 
		  cjnf]sg ubf{ j|mdzM  60° / 45° sf pGgtf+z sf]0fx¿ kfpF5 . olb xf]rf] vDafsf] 
		  prfO 41.6 m 5 eg] cUnf] vDafsf] prfO / tL vDafx¿larsf] b'/L kQf nufpg'xf];\ .

11.-s_	 Pp6f vDafnfO{ Pp6f ljGb'n] hldgaf6 4:5 sf] cg'kftdf ljefhg u/]sf] 5 . b'a} 
		  efun] km]baf6 20 m 6f9fsf] ljGb'df a/fa/ sf]0fx¿ agfpF5 eg] vDafsf] prfO kQf 
		  nufpg'xf];\ .
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   -v_	 Pp6f 6fj/dfly Pp6f 5 m cUnf] emG8f 78fOPsf] 5 . hldgdf /x]sf] s'g} 
		  ljGb'df 6fj/ / emG8fn] j|mdzM 45° / 15° sf]0fx¿ agfpF5g\ eg] ;f] 6fj/sf] prfO 
		  kQf nufpg'xf];\ .

12.		  a/fa/ prfOsf b'O{cf]6f vDafx¿ 5g\ . b'a} vDafsf lardf pleP/ Ps hgf dflg;n] 
		  k|To]s vDafsf] 6'Kkf] cjnf]sg ubf{ 45° sf] pGgtf+z sf]0f kfpF5 . Pp6f vDaflt/ 
		  20 m glhs uP/ k]ml/ cjnf]sg ubf{ 60° sf] pGgtf+z sf]0f kfpF5 .

		  -s_ 	 lbOPsf] ;Gbe{nfO{ lrqdf ¿kfGt/0f ug'{xf];\ .

		  -v_ 	 vDafx¿sf] prfO kQf nufpg'xf];\ .	

 		  -u_	 vDafx¿larsf] b'/L kQf nufpg'xf];\ .

		  -3_ 	 hlt vDafx¿ glhs UfP/ cjnf]sg u¥of] plt g} pGgtf+z sf]0f a9\b} 
			   hfG5, lsg,  sf/0f;lxt k'li6 ug'{xf];\ .

13.		  Pp6f ejgsf] aflx/ leQfdf ejgsf] 5taf6 4 m tn Pp6f 10 m nfdf] e¥ofª 
		  t];f{P/ /flvPsf] 5 . e¥ofªsf] km]baf6 ejgsf] 5t;Ddsf] pGgtf+z sf]0f 60° 
		  agfPsf] 5 eg]

		  -u_	 lbOPsf] ;Gbe{nfO{ k|ltlglwTj ug]{ lrq lgdf{0f ug'{xf];\ .

		  -v_ 	 e¥ofªsf] 6'Kkfn] 3/sf] s'g prfOdf 5f]Psf] 5, kQf nufpg'xf];\ .	

 		  -u_ 	 e¥ofªsf] km]baf6 3/ slt b'/Ldf 5, kQf nufpg'xf];\ .

		  -3_  	 e¥ofªsf] km]baf6 ejgsf] 5taf6 20 m tnsf] ljGb'df agfPsf] pGgtf+z sf]0f 
			   kQf nufpg'xf];\ .

 pQ/

1.
-s_  d -v_   a -u_  c -3_  c -ª_  c -r_  b -5_  c

2. -s_  y = 20  m	 -v_  x = 5.77 m  -u_  x =  10  m,   = 600 	

-3_  x = 61.48 m, y = 61.48 m	   -ª_ x = 21.13 m, y = 50 m	 -r_ x = 40 , y = 40 	

3. -s_ 43.30 m	   -v_ 12.68 ft. 	 4. -s_ 577.35 m 	 -v_ x = 23.66 ft. 5. -s_ 37.95 m 	
-v_  17.68 m, 35.36 m     6. -s_ 43.30 m  	 -v_ 25.62 m  7. -s_ 12.68 m	 -v_ 5 m  

8. -s_ 73.2 m	  -v_ 33.32 m  	 9. -s_ 35.49 m 	 -v_ 1581.23 km/h 	 10. -s_ 12.99 m	
-v_ 15 m  		 11. -s_  15 m  	 -v_  6.83 m  	 12. -s_  47.32 m		  -v_  94.64  m  
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kl/of]hgf sfo{ 

SnfOgf]ld6/ (clinometer) sf] gd'gf tof/ kfg'{xf];\ .

SnfOgf]ld6/sf] k|of]u u/L ljBfno xftfleqsf] s'g} Pp6f ljGb'af6 glhssf] s'g} ?v jf 
ljBfno ejgsf] 5tsf] pGgtf+z sf]0f kQf nufpg'xf];\ . ?v jf ljBfno ejgb]lv cjnf]sg 
ljGb';Ddsf] b'/L klg gfKg'xf];\ / ?v jf ljBfno ejgsf] prfO kQf nufpg'xf];\ . Pp6} /]vfdf 
kg]{ ljleGg ljGb'x¿af6 cjnf]sg ubf{ aGg] sf]0f / b'/L dfkg u/L ltgLx¿sf] ;DaGwsf] vf]hL 
ug{'xf];\ . k|ltj]bg tof/ kf/L sIffdf k|:t't ug'{xf];\ .

ldl>t cEof; – ljifoIf]qut

1. cos A sin B =   / tan A + cot B = 2 lbOPsf] 5 .

-s_ 	 A  / B sf]  s'g} b'O{cf]6f ldl>t sf]0f n]Vg'xf];\ .			   

-v_   	 (A – B) sf] dfg kQf nufpg'xf];\ .

-u_	 s] A / B sf ;a} dfgdf ;DaGw cos (A – B) = cos A cos B + sin A sin B dfGo x'G5, 
		  sf/0f;lxt n]Vg'xf];\ .

2.	 cos45° =  lbOPsf] 5 . 

	 -s_  cosA nfO{ sin  df JoSt ug'{xf];\ . 

	 -v_  15°  sf s'g} b'O{cf]6f ckjt{s sf]0fx¿ n]Vg'xf];\ .	

	 -u_    k|dfl0ft ug'{xf];\ M sin  =  
 

3.  	 lqe'h ABC sf tLgcf]6f sf]0fx? A = 120°, B = 30° / C = 30° 5g\ . 

	 -s_  cos 2A nfO{ cos A sf ¿kdf n]Vg'xf];\ .

	 -v_   lbOPsf sf]0fx¿ k|of]u u/L k/LIf0f ug'{xf];\ M tanA  + tan B + tan C = tan A tan B tan C	

	 -u_  s] lbOPsf] lqe'h ABC df tan A = cot B ;To x'G5, sf/0f;lxt n]Vg'xf];\ .	

4. 	 Pp6f 3/sf] aflx/ leQfdf 5taf6 9 m tn Pp6f 9 m nfdf] e¥ofªn] hldgsf] s'g} Pp6f 
	 ljGb'df 60° sf] pGgtf+z sf]0f aGg] u/L /flvPsf] 5 . 

	 -s_	 lbOPsf] ;Gbe{nfO{ lrqdf k|:t't ug'{xf];\ .
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	 -v_ e¥ofªsf] 6'Kkfn] 3/sf] s'g prfOdf 5f]Psf] 5, kQf nufpg'xf];\ .	

 	 -u_ e¥ofªsf] km]baf6 3/ slt b'/Ldf 5, kQf nufpg'xf];\ .

	 -3_	 3/sf] 5taf6 slt ld6/ tn jf dflysf] ljGb'df e¥ofªsf] 6'Kkfn] 30° sf] pGgtf+z 
		  sf]0f agfpF5, kQf nufpg'xf];\ .

5. 	 a/fa/ prfOsf b'O{cf]6f vDaf 5g\ . b'a} vDafsf lardf pleP/ Ps hgf dflg;n] k|To]s
	 vDafsf] 6'Kkf] cjnf]sg ubf{ 60° sf] pGgtf+z sf]0f kfpF5 . Pp6f vDaflt/ 60m glhs 
	 uP/ k]ml/ ljk/Lttk{msf] vDaf cjnf]sg ubf{ 45° sf] pGgtf+z sf]0f kfpF5 .

	 -s_ pGgtf+z sf]0f eg]sf] s] xf], n]Vg'xf];\ .

 	 -v_ lbOPsf] ;Gbe{nfO{ lrqdf k|:t't ug'{xf];\ .

	 -u_ vDafx¿sf] prfO kQf nufpg'xf];\ .	

 	 -3_ pSt dflg; / vDaflarsf] b'/Lsf] pGgtf+z sf]0f;Fu s:tf] ;DaGw x'G5, n]Vg'xf];\ .

 pQ/

1	 -s)  A + B / A – B 	 -v)  45° 	 -u_ dfGo x'G5 lsgls of] ;j{;ldsf xf] .

2.  (s)  cos A = 1 –  2 sin2   	 -v)  30°, 45°

3.	(s)  2cos2 A  – 1 	 4. (v)  7.79 m	 (u)  4.5 m 	 (3)  12.29 m tn

5. (u)  141.97 m 	 (3_ ck|ToIf ljr/0f
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8.0 kl/ro (Introduction)
lgb]{zfª\s Hofldlt (coordinate geometry) eGgfn] s'g} klg ljGb'sf] 
:yfgnfO{ ;ª\VofTds ¿kdf lgb]{zfª\s -x, y_ k|of]u u/L JoSt ug]{
HofldltnfO{ a'emfpF5 . lgb]{zfª\s Hofldltsf] cjwf/0ffsf] ljsf; ug]{ 
klxnf] JolSt k|mfG;]nL ul0ft1 René Descartes x'g\ . pgs} gfdaf6 
sf6]{l;og lgb]{zfª\s k|0ffnLsf] (cartesian coordinates 
system) gfd /flvPsf] xf] . pgLafx]s Pierre de Fermat, 
Apollonius of Perga cflbsf] klg o; If]qdf of]ubfg /x]sf] 
kfOG5 . ljGb'x¿nfO{ ;ª\Vof (x, y) j|mdhf]8fdf JoSt ug]{, ;/n 
/]vf, jj|m /]vf, HofldtLo cfs[ltnfO{ ;dLs/0fåf/f JoSt ug]{ sfd 
pxfFx¿af6 ePsf] b]lvG5 . ;fy} j[Q (circle), Kof/faf]nf (parabola), OlnK; (ellipse), 
xfOk/af]nf (hyperbola) cflbnfO{ aLhul0ftLo ¿kdf JoSt ug]{ sfd u/]sf] kfOG5 .
lgb]{zfª\s aLhul0ft / Hofldltsf nflu ;femf efiff k|bfg u/]/ sf6]{l;og lgb]{zfª\s k|0ffnLsf] 
k|of]u ef}lts lj1fg, sDKo'6/ lj1fg, OlGhlgol/ª / vuf]n lj1fgdf u/]sf] kfOG5 .

8.1 	b'O{ ljGb' eP/ hfg] /]vfsf] ;dLs/0f (Equation of Lines Passing 
	 through Two Points)

-s_ 	ljGb' em'sfj ¿k (Point slope form) sf] /]vfsf] ;dLs/0f 

s'g} ljGb'af6 hfg] / em'sfj yfxf ePsf]  
cj:yfdf l;wf /]vfsf] ;dLs/0f lgDgcg';f/ kQf nufpg  
;lsG5 M

lrqdf /]vf AB sf] em'sfj tanq = m 5 . 
/]vf AB df kg]{ s'g} ljGb' P (x, y) lncf}F . 
oxfF em'sfj m ePsf] s'g} klg /]vfsf] y v08 

(OM) = c 5 eg] /]vfsf] ;dLs/0f o; k|sf/ x'G5 .

	 y = mx + c …………………………..(i)

	 lbOPsf] /]vf ljGb' Q (x1, y1) eP/ hfG5, To;}n] ;f] ljGb'n] ;dLs/0f (i) nfO{ ;Gt'i6 
	 agfpF5 .

	 To;sf/0f, y1 = mx1 + c …………………………..(ii)
	 ca, ;dLs/0f (i) af6 ;dLs/0f (ii) 36fpFbf 

kf7 8 lgb]{zfª\s Hofldlt (Coordinate Geometry)

Y

Y'

XX'
O

c
A

M

B

θ

René Descartes
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		  y - y1 = mx + c – (mx1 + c)
	 cyjf, y - y1 = mx + c – mx1 – c
	 cyjf, y - y1 = mx – mx1 
	 cyjf, y - y1 = m (x – x1) 
ctM lbOPsf] ljGb' (x1, y1) eP/ hfg] / em'sfj m ePsf] /]vfsf] ;dLs/0f y - y1 = m (x – x1) xf] . 

-v_ 	b'O{ ljGb' eP/ hfg] /]vfsf] ;dLs/0f (Equation of Lines Passing through Two Points)

dfgf}F, b'O{ ljGb'x¿ A (x1, y1) / B (x2, y2) 5g\ . 
b'O{ ljGb'x¿ eP/ hfg] Pp6f /]vf AB 5 . 
/]vf AB df csf]{ s'g} Pp6f ljGb' C (x, y) eP  

ca, ;"qcg';f/, /]vfv08 AB sf] e'msfj (m1) =   
To;} u/L, /]vfv08 CA sf] e'msfjsf nflu

dfgf}F, A (x1, y1,) = (x1, y1) / C (x, y) = (x2, y2,)

;"qcg';f/, (m2) =  =   

olb ljGb'x¿ C, A / B Pp6} l;wf /]vfdf k5{g\ eg] ltgLx¿sf] e'msfj a/fa/ x'G5 .

ctM /]vfv08 AB sf] e'msfj (m1) = /]vfv08 CA sf] e'msfj (m2)

			    = 

cyjf, y - y1 =    (x - x1) 		

ctM lbOPsf b'O{ ljGb'x¿ (x1, y1) / (x2, y2) eP/ hfg]] /]vfsf] ;dLs/0f 

y - y1 =    (x - x1) xf] . 

ljrf/0fLo k|Zg M s] /]vfv08 AB sf] em'sfj / /]vfv08 BC sf] e'msfj a/fa/ ubf{ klg 
/]vfsf] ;dLs/0f Pp6} cfpF5 t, ;f]Rg'xf];\ / 5nkmn ug'{xf];\ .

csf]{ t/Lsf 

;Fu} lbOPsf] lrqdf l;wf/]vf MN ljGb'x¿ B (x1, y1) / C (x2, y2) eP/ uPsf] 5 . ;f] /]vfdf 
s'g} ljGb' P (x, y) lncf}F .

(x, y)

A

C

B

(x1, y1)

(x2, y2)

y
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ca, OX df BG, PR / CD nDax¿ lvrf}F .
To;} u/L CD df nDa BE lvrf}F . o;n] PR 
nfO{ F df sf6\5 . oxfF,

BF = GR = OR - OG = x - x1

BE = GD = OD - OG = x2 - x1 

To;} u/L, PF = PR - FR = PR - BG
		    = y - y1

CE = CD - ED = CD - BG  = y2 - y1 
x'G5 .

lqe'hx¿ BPF / BCE ;d¿k lqe'hx¿ x'g\ . -s;/L <_ To;}n]  =  x'G5 .

cyjf,  hxfF x1 ≠ x2 / y1 ≠ y2 5 .

cyjf, y - y1 =  ( )

cyjf, y - y1 =  ( )

ctM lbOPsf b'O{ ljGb'x¿ (x1, y1) / (x2, y2) eP/ hfg]] /]vfsf] ;dLs/0f xf] .

pbfx/0f 1

lrqdf ljGb'x¿ A (-1, 1) / B (3, 2) eP/ hfg]] ;/n /]vf AB sf] ;dLs/0f kQf nufpg'xf];\ . 

;dfwfg 

dfgf}F, A (-1, 1) = (x1, y1) / B (3, 2) = (x2, y2)

;"qcg';f/, b'O{ ljGb'x¿ eP/ hfg]] /]vfsf] ;dLs/0f, y - y1 =  ( )

cyjf, y - 1 =  { }

cyjf, y - 1 =  (

cyjf, y - 1 =  (
cyjf, 4(y - 1) = x + 1

cyjf, 4y - 4 = x + 1

ctM x - 4y  + 5 = 0 /]vf AB sf] cfjZos ;dLs/0f xf] .

Y

Y'

XX' o

A(-1, 1)
B(3, 2)
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ljrf/0fLo k|Zg M olb b'O{ ljGb' eP/ hfg] /]vfsf] ;dLs/0f kQf nufpg s'g ljGb'nfO{ 
(x1, y1) / s'g ljGb'nfO{ (x2, y2)  5lgPsf] 5 eGg] tYon] km/s kf5{ ls kfb}{g, pbfx/0f;lxt 
k'li6 ug'{xf];\ . 

pbfx/0f 2
ljGb'x¿ A (-5, 3), B (-10, 6) / C (5, -3) lbOPsf 5g\ . 
-s_ /]vf AB sf] ;dLs/0f kQf nufpg'xf];\ . 
-v_ lbOPsf tLg ljGb'x¿ ;d/]v x'G5g\ egL k|dfl0ft ug'{xf];\ .

;dfwfg M oxfF,

dfgfF}, A (-5, 3), = (x1, y1) / B (-10, 6) ) = (x2, y2)

-s_ ;"qcg';f/, b'O{ ljGb' eP/ hfg]] /]vfsf] ;dLs/0f, y - y1 =  ( )

cyjf, y - 3 =  { }

cyjf, y - 3 =  (
cyjf, y - 3 =  (
cyjf, –5 (y - 3) = 3x + 15

cyjf, 0 = 3x + 15 + 5y - 15
ctM 3x + 5y = 0……….(i) lbOPsf] /]vfsf] cfjZos ;dLs/0f xf] .

-v_ ca, ;dLs/0f (i) df C (5, -3) k|lt:yfkg ubf{, 3 × 5 + 5 × (- 3) = 0
	 cyjf, 15 - 15 = 0	 cyjf, 0 = 0 h'g ;To 5 . 

	 To;}n] t];|f] ljGb' C (5, -3) klg ;dLs/0f (i) sf] /]vfdf k5{ . ctM ljGb'x¿ 

	 A (-5, 3), B (-10, 6) / C (5, -3) ;d/]v (collinear) x'G5g\ / oL tLg ljGb'x¿ eP/ 
	 hfg] ;/n /]vfsf] ;dLs/0f 3x + 5y = 0 xf] .

pbfx/0f 3
b'O{ l;wf /]vf 3x + y = 2 / 5x + 2y = 3 sf] k|ltR5]lbt ljGb' / (3, 1) eP/ hfg] Pp6f l;wf 
/]vf 5 . 

-s_ b'O{ l;wf /]vfsf] k|ltR5]lbt ljGb'sf lgb]{zfª\sx¿ kQf nufpg'xf];\ .

-v_ k|ltR5]lbt ljGb' / (3, 1) eP/ hfg] Pp6f l;wf /]vfsf] ;dLs/0f kQf nufpg'xf];\ . 

;dfwfg M oxfF,

-s_  b'O{ l;wf /]vfsf ;dLs/0f, 

	 3x + y = 2 ……………….(i) /	 5x + 2y = 3……………….(ii) 5g\ .

ljrf/0fLo k|Zg M ljGb' A / B sf] ;6\6fdf 
A / C jf B / C ljGb'x¿ lnFbf klg ;f] 
/]vfsf] ;dLs/0f Pp6} x'G5 jf x'Fb}g < 
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	 ;dLs/0f (i) af6, y = 2 - 3x
	 y sf] dfg ;dLs/0f (ii) df /fVbf

	 cyjf, 5x + 2 (2 - 3x) = 3
	 cyjf, 5x + 4 - 6x = 3
	 cyjf, -x = 3 - 4
	 cyjf, x = 1
	 k]ml/, x = 1 ;dLs/0f y = 2 - 3x df /fVbf 
	 y = 2 - 3 × 1= -1
	 ctM b''O{ /]vf k|ltR5]bg ePsf] ljGb'sf] lgb]{zfª\s (1, - 1) x'G5 .

-v_ 	dfgf}F, (3, 1) = (x1, y1) / (1, - 1) = (x2, y2) 

	 ;"qcg';f/, b'O{ ljGb' eP/ hfg]] /]vfsf] ;dLs/0f, y - y1 =  ( )

	 cyjf, y - 1 =  ( )

	 cyjf, y - 1 =  (
	 cyjf, y cyjf, y - 1 =  (
	 cyjf, 0 = x – y – 3 + 1

	 cyjf, x - y – 2 = 0

	 ctM /]vfsf] cfjZos ;dLs/0f x - y – 2 = 0 xf] .
cEof; 8.1 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 b'O{ ljGb' eP/ hfg] /]vfsf] ;dLs/0f s'g xf] <

		  a.  y = mx + c	  	 b.  +   = 1

		  c.   y - y1 =  m( )	 d.  y - y1 =  ( )

	 -v_	 ljGb'x¿ (2, 3) / (-1, 0) eP/ hfg] /]vfsf] ;dLs/0f tnsf dWo] s'g xf] <
		  a.  x - y + 1 = 0	  	 b.  x + y + 1 = 0 	
		  c.  x - y - 1 = 0 		  d.  - x - y - 1 = 0
	 -u_	 ljGb'x¿ (a, 0) / (0, b) eP/ hfg] /]vfsf] ;dLs/0f s'g xf] <

		  a.   +   = 1		   b.   +   = 1		

		  c. bx + ay = 0 		  d.  ax + by = 0
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	 -3_	 ljGb'x¿ (-4, -2) / (-3, 5) eP/ hfg] /]vfsf] ;dLs/0f tnsf dWo] s'g xf] <

		  a.  y = 7x + 26	  	 b. y = -7x + 26	

		  c.  y = -7x - 26		  d.  y =  x + 26	

2.	 b'O{ ljGb'x¿ lbOPsf] cj:yfdf /]vfsf] ;dLs/0f s;/L kQf nufpg ;lsG5, j0f{g ug'{xf];\ .

3.	 lbOPsf n]vflrqn] hgfpg] ;dLs/0f kQf nufpg'xf];\ M

4.	 lbOPsf b'O{ ljGb'af6 hfg] l;wf /]vfsf] ;dLs/0f kQf nufpg'xf];\ M

	 -s_ (2, 3) / (-1, 0)	 -v_ (4, 3) / (-2, 4) 		  -u_ (6, -3) / (-1, -5)  
	 -3_ (0, -a) / (b, 0) 	 -ª_ (p, 0) / (0, q)		  -r_ (4, 3) / (5, 6)
5.	 lbOPsf tLg ljGb'x¿ ;d/]vf (collinear) x'g\ egL k|dfl0ft ug'{xf];\ M

	 -s_ (1, –1), (5, 2) / (9, 5)		  -v_ (–3, 0), (0, –6) / (-1, –4) 	
	 -u_ (2, 4), (4, 6) / (6, 8)			  -3_ (1, -1), (2, 1) / (4, 5) 		
	 -ª_ (7, –2), (2, 3) / (–1, 6)		  -r_ (0,4), (3, –2) / (6, 0)

-s_

-u_ -3_

-v_Y

Y'

XX' O

6
5
4
3
2
1

-1
-2
-3
-4
-5
-6

-7  -6 -5 -4 -3 -2 -1 1  2   3  4  5   6  7

Y

Y'

XX' O

6
5
4
3
2
1

-1
-2
-3
-4
-5
-6

-7  -6 -5 -4 -3 -2 -1 1  2   3  4  5   6  7

Y

Y'

XX' O

6
5
4
3
2
1

-1
-2
-3
-4
-5
-6

-7  -6 -5 -4 -3 -2 -1 1  2   3  4  5   6  7

Y

Y'

XX' O

6
5
4
3
2
1

-1
-2
-3
-4
-5
-6

-7  -6 -5 -4 -3 -2 -1 1  2   3  4  5   6  7
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6.	 olb tLg ljGb'x¿ A (b, 0), B (0, c) / C (3, 3) Pp6} l;wf /]vfdf k5{g\ .

	 -s_ s] ljGb' B (0, c) nfO{ /]vf AC sf] dWoljGb' eGg ;lsG5 jf ;lsFb}g, sf/0f lbg'xf];\ . 

	 -v_ b'O{ ljGb' ¿ksf] /]vfsf] ;dLs/0fsf] k|of]u u/L k|dfl0ft ug'{xf];\ M  +   = 
7.	 olb tLg ljGb' A (p, 0), B (0, q) / C (5, 5) Pp6} l;wf /]vfdf k5{g\ .

	 -s_ lbOPsf ljGb'x¿ ;d/]vLo (collinear) 5g\ eGgfn] s] a'lemG5, n]Vg'xf];\ .

	 -v_ b'O{ ljGb' ¿ksf] /]vfsf] ;dLs/0fsf] k|of]u u/L k|dfl0ft ug'{xf];\ M  +   = 
8.	 ljGb'x¿ P(1, 0), Q (0, 1) / R (2, 3) lqe'hsf zLif{ljGb'x¿ x'g\ .

	 -s_ 	lbOPsf] cj:yfcg';f/ lqe'h PQR agfpg'xf];\ .	
	 -v_ 	e'hf QR sf] dWoljGb' kQf nufpg'xf];\ .

	 -u_ 	 zLif{ljGb' P af6 QR sf] dWoljGb' hf]8\g] /]vfv08 -dlWosf_ sf] ;dLs/0f kQf nufpg'xf];\ . 

9.	 ljGb'x¿ A(2, 2), B (2, 8) / C (–6, 2) lqe'h ABC sf zLif{ljGb'x¿ x'g\ .

	 -s_ 	e'hf BC sf] dWoljGb' M kQf nufpg'xf];\ .

	 -v_ 	dlWosf AM sf] nDafO kQf nufpg'xf];\ .

	 -u_	 zLif{ljGb' A(2, 2) af6 lvlrPsf] dlWosfsf] ;dLs/0f 3x + 4y = 14 x'G5 egL 
		  k|dfl0ft ug'{xf];\ .

10.	 ljGb'x¿ X(–1, 3), Y (1, –1) / Z (5, 1) lqe'h XYZ sf zLif{ljGb'x¿ x'g\ .

	 -s_ zLif{ljGb' X (–1, 3) af6 lvlrPsf] dlWosf XD sf] nDafO kQf nufpg'xf];\ .

	 -v_ dlWosf XD sf]] ;dLs/0f kQf nufpg'xf];\ .

11.	 b'O{ ljGb' A (a, b) / B (b, a) j|mdzM ;dLs/0fx¿ 6x – y = 1 / 2x – 5y = 5 df k5{g\ 
	 eg] tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

	 -s_ a / b sf dfgx¿ kQf nufpg'xf];\ . -v_ ljGb'x¿ A / B sf lgb]{zfª\sx¿ n]Vg'xf];\ .

	 -u_ A / B larsf] b'/L slt x'G5, kQf nufpg'xf];\ . -3_ AB sf] ;dLs/0f kQf nufpg'xf];\ . 

pQ/ 

1.	 -s_ (d)  	 -v_ (a)  		  -u_ (b)  		  -3_ (a)  	    2.	 lzIfsnfO{ b]vfpg'xf];\ .

3.	 -s_ x -3y + 5 = 0  		  -v_ x -3y - 5 = 0  		  -u_ 2x + 3y - 15 = 0  		
	 -3_ x + 2y + 4 = 0  		  4. -s_ x -y + 1 = 0  		  -v_ x + 6y - 22 = 0  	
	 -u_ 2x - 7y - 33 = 0  	 -3_ ax - by - ab = 0  		  -ª_ qx + py - pq = 0  	
	 -r_ 3x - y - 9 = 0  		  5. lzIfsnfO{ b]vfpg'xf];\ .		  6. lzIfsnfO{ b]vfpg'xf];\ .

7. lzIfsnfO{ b]vfpg'xf];\ .		  8. -v_ (1, 2) 	 -u_ x = 1 	 9. -s_ (-2, 5) 	
-v_ 5 units		  10. -s_ 5 units	 -v_ 3x + 4y - 9 = 0  
11.	 -s_ a = 1, b = 5	 -v_ A (1, 5) / B (5, 1) 	 -u_ 4  units 	 -3_ x + y -6 = 0  
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kl/of]hgf sfo{ 

ljBfno kl/;/leqaf6 s'g} b'O{ :yfg 5gf]6 ug{'xf];\, h:t} M

-s_ d'Vo u]6	 -v_ v]n d}bfg 		  -u_ sIffsf]7f 		  -3_ k':tsfno  cflb

tL b'O{ :yfgnfO{ ;dtn ;tx -graph paper jf cartesian plane_ df b'O{ ljGb'sf lgb]{zfª\s 
-x₁, y₁_ / -x₂, y₂_ sf ¿kdf hgfpg'xf];\ . 

-c_	 tL b'O{ ljGb' hf]8\g] /]vfsf e'msfj -slope_ u0fgf ug'{xf];\ . 

-cf_	b'O{ ljGb' hf]8\g] /]vfsf] ;dLs/0f klg kQf nufpg'xf];\ . k|fKt /]vfsf] ;dLs/0f ljBfnosf  
	 oL :yfgx¿larsf] l;wf af6f]nfO{ s;/L k|ltlglwTj u5{, JofVof n]Vg'xf];\ . 

-O_ 	olb dfu{nfO{ 5 ld6/ bfofF jf afofF ;fg{'k/]df gofF /]vfsf] ;dLs/0f s:tf] x'G5, JofVof 
	 ug'{xf];\ . tL b'O{cf]6f ;dLs/0fx¿sf] e'msfj a/fa/ x'G5 jf xF'b}g, lzIfs;Fu 5nkmn u/L  
	 lgisif{ lgsfNg'xf];\ .

8.2 b'O{ ;/n /]vflarsf] sf]0f (Angle between Two Straight Lines)

;Fu} lbOPsf] lrqdf l;wf /]vfx¿ PB / 
DQ ljGb' E df sfl6Psf 5g\ / sf]0fx¿ 
∠QEP = q / ∠QEB =  a ag]sf 5g\ .
e'msfj v08 ¿kdf /]vf DQ / PB sf] 
;dLs/0fx¿ j|mdzM y = m1x + c / y = m2x + c
5g\ . /]vf DQ / /]vf PB n] x cIf;Fu j|mdzM 
agfPsf sf]0fx¿ ∠DCX = q1  / ∠BAX = 
q2 5g\ eg] /]vf DQ sf] e'msfj (m1) = tanq1 
/ /]vf BP sf] e'msfj (m2) = tanq2 x'G5 .

lqe'h EAC df, ∠ECX = ∠AEC + ∠EAC  (⸪ lqe'hsf] aflx/L sf]0f cgf;Gg b'O{ leqL 
sf]0fsf] of]ukmn;Fu a/fa/ x'G5 .)

cyjf, q1 = q + q2

cyjf, q = q1 - q2

b'a}tkm{ lqsf]0fldtLo cg'kft tan lnFbf

tanq = tan(q1 - q2)

cyjf, tanq = 

cyjf, tanq =   ………(i) 	 (⸪ m1 = tanq1 / m2 = tanq2)



147P]lR5s ul0ft, sIff !) 147

xfdLnfO{ yfxf 5, a = 180° - q 	(⸪ cf;Gg sf]0fsf] of]ukmn 180° x'g] ePsfn])

b'a}tkm{ lqsf]0fldtLo cg'kft tan lnFbf

cyjf, tan a = tan (180° -q) = - tanq

	 = -   ………………………(ii)

;dLs/0f (i) / (ii) af6 

tanq = ± 

ctM b'O{ l;wf /]vflarsf] sf]0f (q) =  tan–1 
 m1 – m2
1 + m1m2

± (             )  x'G5 . 

olb tanq sf] dfg wgfTds 5 eg] b'O{ /]vflarsf] sf]0f Go"gsf]0f x'G5 . To;} u/L olb tanq sf] 
dfg C0ffTds 5 eg] b'O{ /]vflarsf] sf]0f clwssf]0f x'G5 .

b'O{ ;/n /]vfx¿ ;dfgfGt/ x'g] cj:yf (Condition for Parallelism of Two Straight Lines)

olb b'O{ l;wf /]vfx¿ DQ / PB Pscfk;df ;dfgfGt/ 5g\ eg] ltgLx¿larsf] sf]0f 
(q) = 0° cyjf 180° x'G5 . ;Fu}sf] lrqdf DQ / PB Pscfk;df ;dfgfGt/ 5g\ .

xfdLnfO{ yfxf  5, tanq = ± 

cyjf, tan0° = ± 

cyjf, 0 = ± 

cyjf, 0 × (1 + m1m2) = ± (m1 -m2)

cyjf, 0 = ± (m1 -m2) 

cyjf, 0 = m1 -m2   

(⸪ 0 nfO{ ±1 n] efu ubf{ 0 g} x'G5)

cyjf, m1 = m2 
ctM ;/n /]vfx¿ cfk;df ;dfgfGt/ 5g\ eg] tL /]vfsf e'msfjx¿ a/fa/ x'G5g\ .

b'O{ ;/n /]vfx¿ nDa x'g] cj:yf (Condition for Perpendicular of Two Straight Lines)

olb b'O{ ;/n /]vf DQ / PB Pscfk;df nDa 5g\ eg] ltgLx¿larsf] sf]0f (q) = 90° x'G5 . 
;Fu}sf] lrqdf DQ / PB Pscfk;df nDa 5g\ .

xfdLnfO{ yfxf 5, tanq = ± 

cyjf, tan90° = ± 
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cyjf,  = ± 

cyjf,  = ± 

cyjf, (1 + m1m2)  = ± 0 × (m1 -m2) 

cyjf, (1 + m1m2)  = 0		
(⸪ 0 n] h'g;'s} dfgnfO{ u'0fg ubf{ 0 g} x'G5)
cyjf, m1m2 = -1		
ctM ;/n /]vfx¿ Pscfk;df nDa 5g\ eg] tL /]vfsf e'msfjx¿sf] u'0fgkmn -1 x'G5 .

cyjf,  m1  = 
–1
 m2

cyf{t\ e'msfjx¿ Pscsf{sf] C0ffTds Jo"tj|md x'G5 .

lj|mofsnfk 1
b'O{ ;/n /]vf ;fwf/0f :j¿k a1x + b1y + c1 = 0 / a2x + b2y + c2 = 0 df 5g\ eg] tnsf 
k|Zgx¿df 5nkmn ug'{xf];\ M

-s_ 	tL /]vfx¿sf] e'msfj m1 / m2 slt x'G5 <

-v_ 	tL /]vfx¿larsf] sf]0f q 5 eg] tanq = ±  df m1 / m2 sf] dfg k|lt:yfkg 
	 ubf{ q sf] dfg slt x'G5 <

klxnf] /]vf a1x + b1y + c1 = 0 sf] em'sfj (m1) =  = -  x'G5 . 

bf];|f] /]vf a2x + b2y + c2 = 0 sf] em'sfj (m2) =  = -  x'G5 . 

To;}n],  tanq = ±   

cyjf, q = tan-1 ±  x'G5 . 

lj|mofsnfk 2
;dLs/0f ax + by + c = 0 ;Fu ;dfGffGt/ x'g] /]vfsf] ;dLs/0f s] x'G5, 5nkmn ug'{xf];\ .

lbOPsf] ;dLs/0f ax + by + c = 0…………………..(i)

klxnf em'sfj kQf nufpg'xf];\ M e'msfj (m1) =  =  

dfgf}F, ;dLs/0f (i) ;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f, y = m2x + c1 = 0…………..(ii)
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;dLs/0f (i) / (ii) ;dfgfGt/ ePsfn] m2 = m1

cyjf, m2 = 

m2 sf] dfg ;dLs/0f (ii) df /fVbf, y =  x + c1 = 0 

cyjf, by = - ax + bc1 = 0

cyjf, ax + by - bc1 = 0

cyjf, ax + by + k = 0 hxfF, k = - bc1 5 .

ctM ;dLs/0f ax + by + c = 0 ;Fu ;dfGffGt/ x'g] /]vfsf] ;dLs/0f ax + by + k = 0 x'G5 .

lj|mofsnfk 3
;dLs/0f ax + by + c = 0 ;Fu nDa x'g] /]vfsf] ;dLs/0f bx - ay + k = 0 x'G5, s;/L < 
5nkmn ug'{xf];\ / lgisif{ sIffsf]7fdf k|:t't ug'{xf];\ .

b'O{ ;/n /]vfx¿;Fu ;DalGwt ;DaGwx¿

-s_ b'O{ l;wf /]vflarsf] sf]0f (q) = tan-1 ± 

-v_ b'O{ ;/n /]vf ;dfgfGt/ x'g] cj:yf, m1 = m2 

-u_ b'O{ ;/n /]vf nDa x'g] cj:yf, m1m2 = -1,  m1  = 
–1
 m2

-3_ ;dLs/0f ax + by + c = 0 ;Fu ;dfGffGt/ x'g] /]vfsf] ;dLs/0f ax + by + k = 0 x'G5 .

-ª_ ;dLs/0f ax + by + c = 0 ;Fu nDa x'g] /]vfsf] ;dLs/0f bx - ay + k = 0 x'G5 .

pbfx/0f 1
b'O{ l;wf /]vfsf ;dLs/0fx¿ 3x + 4y -10 = 0, / 4x - 5y + 2 = 0 5g\ . 

-s_ l;wf /]vflarsf] Go"gsf]0f kQf nufpg'xf];\ . 

-v_ l;wf /]vflarsf] clwssf]0f kQf nufpg'xf];\ .

;dfwfg M  oxfF,

lbOPsf ;dLs/0fx¿ 3x + 4y -10 = 0…………………….(i)

		   / 4x - 5y + 2 = 0……………………….(ii)

	 ;dLs/0f (i) af6 e'msfj (m1) = – 
x sf] u'0ffª\s
y sf] u'0ffª\s

 = 
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	 ;dLs/0f (ii) af6 e'msfj (m2) = – x sf] u'0ffª\s
y sf] u'0ffª\s

 =  = 

-s_ b'O{ /]vflarsf] sf]0f q xf] eg], tanq = ± 

	 cyjf, tanq = ± 

	 cyjf, tanq = ± 

	 cyjf, tanq = ± 

	 cyjf, tanq = ± 

	 cyjf, q = tan–1 ± 

	 cyjf, q = 75.53° 

ctM b'O{ /]vflarsf] Go"gsf]0f q = 75.53°	 (⸪ Go"gsf]0fsf nflu wgfTds dfg dfq lnFbf)

-v_	 k]ml/, b'O{ /]vflarsf] clwssf]0f q = 180° - 75.53° = 104.47°

pbfx/0f 2

olb ;/n /]vfx¿ ax + 10y +20 = 0, / 4x - 8y + 7 = 0 Pscfk;df ;dfgfGt/ 5g\\ eg] a 
sf] dfg kQf nufpg'xf];\ . 
;dfwfg M oxfF,

lbOPsf ;dLs/0fx¿ ax + 10y +20 = 0…………………….(i)

		   		  / 4x - 8y + 7 = 0 ……………………….(ii)

;dLs/0f (i) af6 e'msfj (m1) = – x sf] u'0ffª\s
y sf] u'0ffª\s

= 

;dLs/0f (ii) af6 e'msfj (m2) = – x sf] u'0ffª\s
y sf] u'0ffª\s

=  = 

ca, lbOPsf /]vfx¿ ;dfgfGt/ ePsfn], m1 = m2  

cyjf,  = 

cyjf, -2a = 10

cyjf, a = -5
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ctM a sf] dfg -5 x'G5 .

pbfx/0f 3
ljGb' (2, 3) eP/ hfg] / /]vf 3x + 2y - 8 = 0 ;Fu nDa x'g] /]vfsf] ;dLs/0f kQf nufpg'xf];\ . 

;dfwfg  

dfgf}F, lbOPsf] /]vf AB sf] ;dLs/0f 3x + 2y - 8 = 0 …………………….(i)

ljGb' (2, 3) eP/ hfg] /]vf CD xf] h'g AB df nDa 5 .		   

;dLs/0f (i) af6 e'msfj (m1) = – x sf] u'0ffª\s
y sf] u'0ffª\s

=  

ca, ljGb' (2, 3) eP/ hfg] /]vf CD sf] ;dLs/0f, 

y - y1 = m(x – x1)

cyjf, y - 3 = m (x – 2) …………………….(ii)

;dLs/0f (ii) af6 e'msfj (m2) = m 
ca, lbOPsf /]vf nDa ePsfn], m1.m2 = -1 

cyjf,  × m = -1

cyjf, m = 

ca m sf] dfg ;dLs/0f (ii) df 
/fVbf, y - 2 = 

cyjf, y - 3 = 

cyjf, 3(y - 3) = 2 (x- 2)

cyjf, 3y - 9 = 2x - 4

cyjf, 2x-3y + 9 -4 = 0

cyjf, 2x-3y + 5 = 0 

ctM cfjZos /]vfsf] ;dLs/0f 2x-3y + 2 = 0 xf] .

pbfx/0f 4
/]vfx¿ 3x + y = 7 / 4x - 3y = 5 5g\ .

-s_ k|ltR5]b ljGb' z sf] lgb]{zfª\s kQf nufpg'xf];\ . 

-v_ ljGb' z af6 hfg] / /]vf 2x - y = 3  ;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f kQf nufpg'xf];\ . 

csf]{ tl/sf
lbOPsf] /]vfsf] ;dLs/0f 3x + 2y - 8 = 0 
ljGb' (2, 3) eP/ hfg] /]vf CD xf] h'g AB df nDa 5 .	
;dLs/0f (i) ;Fu nDa x'g] /]vfsf] ;dLs/0f
2x - 3y + k = 0 ………..(i)
;dLs/0f (i) ljGb' (2, 3) eP/ hfG5 . To;}n] 
2 × 2 - 3 × 3 + k = 0
cyjf, 4 - 9 + k = 0
cyjf, k = 5
k = 5 ;dLs/0f (i) df /fVbf,
2x - 3y + 5 = 0, cfjZos /]vfsf] ;dLs/0f xf] .

A B

D

(2, 3)

3x + 2y – 8 = 0
C
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;dfwfg M oxfF,

-s_ dfgf}F, k|ltR5]lbt /]vfx¿ AB / CD x'g\ h;sf ;dLs/0fx¿ 

3x + y = 7………………………..(i) / 

4x - 3y = 5 ………………………(ii) 5g\ .

/]vf PQ k|ltR5]bg ljGb' Z eP/ hfg] / ;dLs/0f 2x - y = 3  
ePsf] csf]{ /]vf RS ;Fu ;dfgfGt/ 5 . 

2x - y = 3 ………………………..(iii) 

;dLs/0f (i)  af6, y = (7 - 3x) ;dLs/0f (ii)  df /fVbf,

cyjf, 4x - 3(7 - 3x) = 5

cyjf, 4x - 21 + 9x = 5

cyjf, 13x = 5 + 21

cyjf, x = 26 
13 = 2

x = -4 ;dLs/0f (i) df /fVbf, y = 7 - 3 × 2 = 7 - 6 = 1
To;}n], k|ltR5]bg ljGb' Z sf] lgb]{zfª\s (2, 1) 5 .

-v_	 /]vf 2x - y = 3  ;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f 2x - y + k = 0 …..(iv) x'G5 .

(iv) n] k|ltlglwTj ubf{ /]vf ljGb' (2, 1) eP/ hfg] x'gfn], 2 × 2 - 1 + k = 0
cyjf, 4 - 1 + k = 0
cyjf, k = – 3
ca, k = 2 ;dLs/0f (iv) df /fVbf 2x - y – 3 = 0 x'G5 .

ctM /]vfsf] cfjZos ;dLs/0f 2x - y – 3 = 0 x'G5 .

pbfx/0f 5
ljGb'x¿ (4, 3) / (8, 11) hf]8\g] /]vfv08sf] nDafw{ssf] ;dLs/0f kQf nufpg'xf];\ . 

;dfwfg

dfgf}F, b'O{ ljGb'x¿ (4, 3) / (8, 11) hf]8\g] /]vfv08 AB ;Fu nDafw{s x'g] /]vfv08 CD xf] . 

dWoljGb' ;"qcg';f/, /]vfv08 AB sf] dWoljGb'sf] lgb]{zfª\s 

cyjf, (x, y) = 

cyjf, (x, y) = 

A

Z

B

C

D

P Q

R S
2x – y = 3

3x – 4y = 7
4x – 3y = 5
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cyjf, (x, y) =  = (6, 7)

b'O{ ljGb'x¿ (4, 3) / (8, 11) hf]8\g] /]vfv08sf] e'msfj (m1) =  

  =  =  = 2

dfgfF}, /]vfv08 CD sf] e'msfj (m2) = m

k|Zgfg';f/, /]vfv08 AB /]vfv08 CD ;Fu nDa ePsfn], m1.m2 = -1

cyjf, 2.m = -1

cyjf, m = 

dWoljGb' (6, 7) eP/ hfg] nDafw{s /]vfv08 CD sf] ;dLs/0f, y - 7 = …… (i)

ca, ;dLs/0f (i) df m =  /fVbf, y - 7 = 

cyjf, 2 (y -7) = -1 (x -7)

cyjf, 2y -14 = -x +7

cyjf, x + 2y -14 -7 = 0

cyjf, x + 2y -21= 0

ctM nDafw{ssf] cfjZos ;dLs/0f x + 2y -21= 0 xf] .

pbfx/0f 7
ljGb' (3, 5) eP/ hfg] tyf /]vf 3x - 4y +15 = 0 ;Fu 45° sf] sf]0f agfpg] /]vfx¿sf] 
;dLs/0f kQf nufpg'xf];\ . 

;dfwfg

dfgf}F, lbOPsf] /]vf AB sf] ;dLs/0f, 3x - 4y +15 = 0 ………………………(i)

ljGb' (3, 5) eP/ hfg] /]vfx¿ AC / BC 5g\ . 
/]vf AC / BC n] /]vf AB ;Fu 
agfPsf] sf]0f 45° 5 . 

;dLs/0f (i) af6 /]vf AB sf] e'msfj 

(m1) =  =  = 

k]ml/, (3, 5) eP/ hfg] /]vfsf] ;dLs/0f, y - 5 = ……..(ii)

;dLs/0f (i) af6 /]vfsf] e'msfj (m2) = m

;dLs/0f (i) / (ii) n] agfpg] /]vfx¿larsf] sf]0f (q) = 45° 5 .

;"qfg';f/, tanq = ± 

C

D

A (4, 3) B (8, 11)

(3, 5)

45° 45°A B

C

3x – 4y + 15 = 0



154 P]lR5s ul0ft, sIff !)154

cyjf, tan45° = ± 

cyjf, 1 = ± 

cyjf, 1 = ± 

cyjf, 4 + 3m  = ± (3 - 4m)

wgfTds lrx\g (+) lnFbf, 4 + 3m  = (3 - 4m)
cyjf, 3m + 4m =  3 - 4
cyjf, 7m =  -1

cyjf, m =  

C0ffTds lrx\g (-) lnFbf, 
4 + 3m = -(3 - 4m)
cyjf, 4 + 3m = -3 + 4m
cyjf, 3m - 4m =  -3 - 4
cyjf, -m =  -7
cyjf, m =  7

klxnf] cj:yf, m =   ;dLs/0f (ii) df /fVbf

y - 5 = 
cyjf, 7y -35 = -x + 3
cyjf, x + 7y - 35 - 3 = 0
cyjf, x + 7y - 38 = 0

bf];|f] cj:yf, m = 7 ;dLs/0f (ii) df /fVbf
y - 5 = 7
cyjf, y -5 = 7x - 21
cyjf, 7x - y -21 + 5 = 0
cyjf, 7x - y –16  = 0

ctM cfjZos ;dLs/0fx¿, x + 7y - 38 = 0 / x - y + 2 = 0 x'g\ . 
cEof; 8.2 

1.	 lbOPsf k|Zgsf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_ 	b'O{ ;/n /]vf y = m1x + c / y = m2x + c larsf] sf]0f kQf nufpg] ;"q tnsf 
		  dWo] s'g xf] <

		  a.  q = tan-1± 			   b. q = tan-1± 

		  c.   q = tan-1± 			   d.  q = tan-1± 

	 -v_ b'O{ ;/n /]vfx¿ ;dfgfGt/ x'g] cj:yf tnsf dWo] s'g xf] <

		  a.  m1 - m2 = 1      b. m1m2 = -1	 c.  m1 +  m2 = -1	 d.  m1 - m2 = 0
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	 -u_ b'O{ ;/n /]vfx¿ nDa x'g] cj:yf tnsf dWo] s'g xf] <

		  a.  m1m2 = 1	      b. m1m2 = -1	 c.  m1 + m2 = -1	 d. m1 - m2 = 0
	 -3_ ;/n /]vfx¿ 3x - y -7 = 0 / x + 3y - 6 = 0 larsf] sf]0f slt x'G5 <

		  a.  0°		 b. 30°	 	 c. 45°	 	 d. 90°	
	 -ª_ ;/n /]vfx¿ x - 3y -2 = 0 / 2x - y -1 = 0 larsf] Go"gsf]0f slt x'G5 <

		  a.  0°		 b. 30°	 	 c.  45°	 	 d. 60°	

	 -r_ ;/n /]vfx¿ x - y -5 = 0 / y + 10 = 0 larsf] clwssf]0f slt x'G5 <

		  a.  120°	 b. 135°		 c. 150°		 d. 160°	

2.	 lbOPsf /]vflarsf] Go"gsf]0f kQf nufpg'xf];\ M

	 -s_ y - 3x - 4 = 0  / y = –2x + 1		 -v_ y = 3x + 2 / x + 2y - 2 = 0	

3. 	 lbOPsf /]vflarsf] clwssf]0f kQf nufpg'xf];\ M

	 -s_ y = 3x + 4 / y = –2x + 1		  -v_ 2x + 3y -4 = 0 / x + 2y – 3 = 0	

4.	 lbOPsf /]vflarsf] sf]0fx¿ kQf nufpg'xf];\ M

	 -s_ 3x + y -2 = 0 / x + 3y + 12 =0	 -v_ 2x - y + 3 = 0 / y =  - 4	

5.	 l;wf /]vfsf ;dLs/0fx¿ lbOPsf 5g\ . tL /]vfx¿ Pscfk;df ;dfgfGt/ 5g\ egL 
	 k|dfl0ft ug'{xf];\ M

	 -s_ 2x - 3y -5 = 0 / 2x - 3y = 12 	 -v_ x - 5y = 4 / 3x - 15y + 12 =0

6.	 l;wf /]vfsf ;dLs/0fx¿ lbOPsf 5g\ . tL /]vfx¿ Pscfk;df nDa 5g\ egL k|dfl0ft 
	 ug'{xf];\ M

	 -s_ y +  x + 4 = 0 / x –  y = 5	 -v_ ax + by + c = 0 / bx - ay + c = 0

7.	 lbOPsf /]vfx¿ Pscfk;df ;dfgfGt/ 5g\ eg] a, p, q / m sf] dfg kQf 
	 nufpg'xf];\ .

	 -s_ px + 3y -12 = 0 and 4y - 3x + 7 = 0  -v_ 2x - 8y + 6 = 0 / qx -12y - 4 = 3 

	 -u_ ax + 3y -4 = 0 / 3x + 9y - 5 = 0	  -3_ 3x + my = 5  /  +   = 1 

8.	 lbOPsf /]vfx¿ Pscfk;df nDa 5g\ eg] a, p, q / m sf] dfg kQf nufpg'xf];\ M

	 -s_ px + 3y - 12 = 0 / 4y - 3x + 7 = 0	 -v_ 2x + 3y + 6 = 0 / mx - 5y + 20 = 0

	 -u_ 4x + 3y -7 = 0 / 3x + qy - 5 = 0	 -3_ ax + 5y -16 = 0 / 6x +10y - 9 = 0
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9.	 lbOPsf /]vfx¿ px + qy + r = 0 / lx - my + n = 0 5g\ .

	 -s_	 /]vf px + qy + r = 0 sf] e'msfj kQf nufpg'xf];\ .

	 -v_	 /]vfx¿ px + qy + r = 0 / lx - my + n = 0  cfk;df nDa 5g\ eg] pl = qm x'G5 
		  egL k|dfl0ft ug'{xf];\ .

10.	 -s_ 	ljGb' (3, 4) eP/ hfg] / /]vf 3x + 4y -12 = 0 ;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f 
		  kQf nufpg'xf];\ .

	 -v_	 ljGb'x¿ (2, 3) / (3, - 1) hf]8\g] /]vf;Fu ;dfgfGt/ x'g] / ljGb' (3, 1) eP/ hfg] 
		  /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

11. 	 -s_	 ljGb' (2, 5) eP/ hfg] / /]vf 2x + 5y + 31 = 0 ;Fu nDa x'g] /]vfsf] ;dLs/0f kQf  
		  nufpg'xf];\ .

	 -v_ 	ljGb'x¿ (4, 7) / (2, - 3) hf]8\g] /]vf;Fu nDa x'g] / ljGb' (3, 1) eP/ hfg] /]vfsf] 
		  ;dLs/0f kQf nufpg'xf];\ .

12.	 -s_	 /]vfx¿ 3x + 4y -7 = 0 / 5x - 2y - 3 = 0 5g\  .

		  -c_ k|ltR5]bg ljGb' z sf] lgb]{zfª\s kQf nufpg'xf];\ . 

		  -cf_ /]vf 2x + 3y = 5 ;Fu nDa x'g] Pp6f l;wf /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

	 -v_	 olb ;/n /]vf  = 1 /]vfx¿ x + y -3 = 0 / 2x - 3y - 1 = 0 sf] 
		  k|ltR5]bg ljGb' eP/ hfg] / l;wf /]vf x - y - 6 = 0 ;Fu ;dfgfGt/ x'G5 eg] a / b 
		  sf] dfg kQf nufpg'xf];\ .

13. 	 lbOPsf b'O{ ljGb' hf]8\g] /]vfsf] nDafw{ssf] ;dLs/0f kQf nufpg'xf];\ M

	 -s_ (-2, 3) / (4, 7) 	 -v_ (4, -2) / (-8, 9)		  -u_ (6, -5) / (-8, 9) 

14.	 -s_	 /]vf 2x - 3y +10 = 0 ;Fu 45° sf] sf]0f agfO{ ljGb' (3, -2) eP/ hfg] b'O{ /]vfx¿sf] 
		  ;dLs/0f kQf nufpg'xf];\ .

	 -v_ 	ljGb' (0, 0) af6 hfg] / /]vf x + y  + 3 = 0 ;Fu 60° sf]0f agfpg] b'O{ /]vfx¿sf] 
		  ;dLs/0f kQf nufpg'xf];\ .
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 pQ/ 

1. -s_ (c) 	 -v_ (d)		  -u_ (b)		  -3_ (d)		  -ª_ (c) 		  r_ (a) 
2. -s_ 45°	 -v_ q = tan-1 (7)	 3. -s_ 135°	 -v_ 172.87°	
4. -s_ 53.13°, 126.86°	 -v_ 90°		

5. lzIfsnfO{ b]vfpg'xf];\ .	 7. -s_ p = 	 -v_ q =	 3	 -u_ a =	 1  -3_ m = 2

8. -s_ p = 4		  -v_ m = 	 -u_ q = -4	 -3_ a = 

9. -s_ m1 = 	 	 10. -s_ 3x + 4y -25 = 0	 -v_ 4x + y -13 = 0	

11. -s_ 5x - 2y = 0	 -v_ x + 5y -8 = 0		 12. -s_ 3x - 2y -1 = 0 	 -v_ 1, -1

13. -s_ 3x + 2y -13 = 0	 -v_ 24x -22y +125 = 0	 -u_ x - y +3 = 0

14. -s_ 5x - y - 17 = 0 / x + 5y + 7 = 0	 -v_ (2 + )x - y = 0 / (2 - )x - y = 0

kl/of]hgf sfo{ 

tkfO{Fsf] ;d'bfo÷ljBfno jl/kl/ jf st} aflx/ 3'Dg hfFbf tkfO{Fn] b]v]sf s'g} b'O{ ;8s  
-h:t} M d'Vo ;8s / ;xfos ;8s_ sf] b'O{ b'O{ ljGb' l6kf]6 u/L ltgn] agfpg] b'O{ /]vfsf] 
;dLs/0f n]Vg'xf];\ . To;kl5 tL b'O{ ;8slarsf] sf]0f slt l8u|L 5 eg]/ u0fgf ug{'xf];\ . 
lbOPsf tLg tYox¿ ;dfj]z u/L l/kf]6{ tof/ ug{'xf];\ M 

-s_ 	;8sx¿sf] jf:tljs gfd / ltgLx¿sf] kmf]6f] ;dfj]z ug'{xf];\ .

-v_ 	b'O{ ljGb'af6 /]vfsf] ;dLs/0f s;/L lgsflnof], To;sf] JofVof ug'{xf];\ . 

-u_	 ;8sx¿larsf] sf]0f Go"gsf]0f, clwssf]0f cyjf w]/} 7'nf] 5 eg] ;8s lgdf{0f of]hgfdf  
	 s] c;/ k5{ < olb sf]0f w]/} ;fgf] 5 eg] oftfoft ;'/Iffdf s] s:tf ;d:of b]lvG5g\,  
	 o; af/]df cWoog u/L 5f]6f] ljZn]if0f l/kf]6{df pNn]v ug{'xf];\ . b'O{ af6f]x¿ hf]l8Psf]  
	 ljGb'nfO{ pb\ud ljGb' lng'xf];\ / 1 ld6/ = 1 PsfO lnO{ b'O{ ljGb'x¿ l6kf]6 ug'{xf];\ .
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8.3 ;fª\lss If]q (Conic Section)

lj|mofsnfk 1

lbOPsf lrqx¿sf] cWoog ug'{xf];\ / ;f]lwPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

     	 	    
	 lrq -s_		  lrq -v_			   lrq -u_		    lrq -3_

lrq -s_ df ePsf] 38Lsf] cufl8sf] ;tx s'g cfsf/df 5 <

lrq -v_ df ePsf] ;f}o{d08ndf u|xn] ;"o{nfO{ 3'Dg] af6f] s'g cfsf/df 5 < 

lrq -u_ df ePsf] g]kfn 6]lnsdsf] l8:s s'g HofldtLo cfsf/df 5 <

lrq -3_ df ePsf] cfj/ Unf; (hour glass) s'g HofldtLo cfsf/df 5, 5nkmn u/L lgisif{ 
lgsfNg'xf];\ .

dflysf] klxnf] lrq -s_ df 38Lsf] blvg] aflx/L efu j[Q (circle) xf] / o;sf] s]Gb|ljGb'af6 
kl/lw;Ddsf] b'/L ;a}lt/ a/fa/ x'G5 . bf];|f] lrq -v_ df j[Qsf h:t} u'0fx¿ 5g\ jf 5}gg\, kSs} 
klg 5}gg\ . o:tf] cfs[ltnfO{ bL3{j[Q (elipse) elgG5 . o;}u/L lrq -u_ / -3_ df 6]lnsdsf] 
l8:s / :ofG8 38L (hour glass) df s:tf HofldtLo u'0fx¿ 5g\ < 6]lnsdsf] l8:s h:tf] 
cfs[ltnfO{ Kff/faf]nf (parabola) elgG5 / :ofG8 38L (hour glass) sf] h:tf] cfs[ltnfO{ 
xfOk/af]nf (hyperbola) elgG5 .

8.3.1  ;f]nLsf ljleGg efusf] kl/ro (Introduction of Different Parts of Cone)
oL ;a} cfs[ltnfO{ lbOPsf] HofldtLo 7f]; j:t' ;dsf]0fL ;f]nLaf6 lgdf{0f ug{ ;lsG5 . 
lrq -ª_ df Pp6f ;dsf]0fL ;f]nL b]vfOPsf] 5 . ;f] ;f]nLsf] cfwf/sf] ;tx j[Q cfsf/df 
x'G5 . ;f]nLsf] cfwf/sf] s]Gb|af6 cfwf/;Fu 
nDa eO{ zLif{ljGb' hf]l8Psf] /]vfnfO{ ;f]nLsf] 
cIf elgG5 . lrqdf AB nfO{ ;f]nLsf] 7f8f] 
prfO jf cIf elgG5 . To;} u/L AC nfO{ 
;f]nLsf] 58\s] prfO jf h]g]/]6/ (generator) 
elgG5 . ;f]nLsf] 7f8f] prfO jf cIf;Fu 
58\s] prfO jf h]g]/]6/ (generator) n] 
agfPsf] sf]0fnfO{ semivertical angle 
elgG5 . lrqdf ∠BAC = a nfO{ semi-vertical 
angle elgG5 . 

 

A 

B C 

 
semi vertical angle 

cIf 

generator 

zLif{ljGb' (vertex) 

lrq -ª_ 
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Doubled mapped right circular cone sf] kl/ro

a/fa/ b'O{cf]6f ;dsf]0fL ;f]nLsf 
zLif{ljGb'x¿nfO{ hf]8\of}F eg] s:tf] cfs[lt 
aG5 xf]nf, 5nkmn ug'{xf];\ . ;Fu} lbOPsf] 
lrq -r_ nfO{ cWoog ug'{xf];\ . 

a/fa/ b'O{cf]6f ;dsf]0fL ;f]nLsf 
zLif{ljGb'x¿nfO{ hf]8L agfOPsf] 7f]; cfs[lt 
lbOPsf] 5 . o;/L bf]xf]/f] u/L zLif{ljGb'tkm{ 
hf]l8Psf b'O{ ;f]nLnfO{ doubled mapped 
right circular cone elgG5 . 

j[Q (Circle) 

;Fu} lbOPsf] lrq -5_ nfO{ cWoog ug'{xf];\ . Pp6f ;dtn 
;tx ABCD n] Pp6f ;f]nLnfO{ s;/L sf6]sf] 5 < o;/L 
sf6\bf aGg] cfsf/ s'g HofldtLo cfsf/df ag]sf] 5 < h'g 
cfsf/nfO{ ;Fu} lrqdf b]vfOPsf] 5 . s] o;/L sf6]kl5 aGg] 
cfsf/ j[Q cfsf/df 5, 5nkmn ug'{xf];\ .

ctM s'g} ;dtnLo ;txn] ;f]nLsf] cIf;Fu 90° agfO{ jf 
;f]nLsf cfwf/;Fu ;dfgfGt/ eO{ ;f]nLnfO{ k|ltR5]lbt ubf{ 
aGg] cfs[lt jf ;dtnLo jj|m g} j[Q (circle) xf] . 

bL3{j[Q (Ellipse) 

Pp6f ;dtn ;tx ABCD n] Pp6f ;f]nLnfO{ 
s;/L sf6]sf] 5 < ;Fu} lbOPsf] lrq -h_ nfO{ cWoog 
ug'{xf];\ . o;/L sf6\bf aGg] cfsf/ s'g HofldtLo 
cfsf/df ag]sf] 5 < h'g cfsf/nfO{ ;Fu} lrqdf  
b]vfOPsf] 5 . s] sf6]kl5 aGg] cfsf/ bL3{j[Q 
cfsf/df 5, 5nkmn ug'{xf];\ .

s'g} ;dtnLo ;txn] ;f]nLsf] Pp6f efunfO{  
sf6\bf pSt ;txn] ;f]nLsf] cIf;Fu agfPsf] sf]0f q 5 / pStsf]0f q sf] dfg olb semi 
vertical angle (a) eGbf 7'nf] / 90° eGbf ;fgf] -a < q < 90°_ 5 eg] ;f] cj:yfdf ;f]nL 
/ ;txsf] k|ltR5]bgaf6 ag]sf] ;dtnLo jj|m g} bL3{j[Q (ellipse) xf] .  

lbOPsf] lrq -h_ df Pp6f ;dtn ;tx ABCD n] Pp6f ;f]nLnfO{ sf6L bL3{j[Q (ellipse) 

 

lrq -r_ 

lzif{ljGb' (vertex) 

 

j[Q (circle) 

lrq -5_ 

D 

B 

C 

A 

 

lrq -h_ 

zLif{ljGb' (vertex)
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ag]sf] 5 . ;f] ag]sf] bL3{j[Q (ellipse) cfsf/nfO{ ;Fu}sf] lrqdf b]vfOPsf] 5 .

kf/faf]nf (parabola)

Pp6f ;dtn ;tx ABCD n] Pp6f ;f]nLnfO{ s;/L 
sf6]sf] 5 < ;Fu} lbOPsf] lrq -em_ nfO{ cWoog ug'{xf];\ . 
o;/L sf6\bf aGg] cfsf/ s'g HofldtLo cfsf/df  
ag]sf] 5 < h'g cfsf/nfO{ ;Fu} lrqdf b]vfOPsf] 5 . s]  
sf6]kl5 aGg] cfsf/ kf/faf]nf cfsf/df 5, 5nkmn 
ug'{xf];\ .

s'g} ;dtnLo ;txn] ;f]nLsf] Pp6f efunfO{ sf6\bf -k|ltR5]bg ubf{_ pSt ;dtnLo ;txn] 
;f]nLsf] cIf;Fu agfPsf] sf]0f q / semi vertical angle (a) a/fa/ (a = q ) ePsf] 
cj:yfdf cyjf generator ;Fu ;dtnLo ;tx ;dfgfGt/ 5 eg] ;dtnLo ;tx / ;f]nLsf] 
k|ltR5]bgaf6 ag]sf] ;dtnLo jj|mnfO{ g} kf/faf]nf (parabola) elgG5 . 

lbOPsf] lrq -em_ df Pp6f ;dtn ;tx ABCD n] Pp6f ;f]nLnfO{ sf6L kf/faf]nf (parabola) 
ag]sf] 5 . ;f] sf6]/ aGg] kf/faf]nfsf] cfsf/nfO{ ;Fu} lrqdf b]vfOPsf] 5 .

xfOk/af]nf (Hyperbola)

Pp6f ;dtn ;tx ABCD n] b'O{cf]6f ;f]nL
hf]8]/ agfPsf] doubled mapped right 
circular cone nfO{ s;/L sf6]sf] 5, ;Fu} 
lbOPsf] lrq -~f_ nfO{ cWoog ug'{xf];\ . o;/L 
sf6\bf aGg] cfsf/ s'g HofldtLo cfsf/df 
ag]sf] 5 < h'g cfsf/nfO{ ;Fu} lrqdf  
b]vfOPsf] 5 . s] sf6]kl5 aGg] cfsf/ xfOk/af]nf 
(hyperbola) cfsf/df 5, 5nkmn ug'{xf];\ .

lrqdf ;dtnLo ;tx ABCD n] ;f]nLsf] b'a} 
efunfO{ sf6]sf] 5 . o;/L sf6]sf] cj:yfdf 
;dtnLo ;txn] ;f]nLsf] cIf;Fu agfPsf] sf]0f 
(q), semi vertical angle (a) eGbf ;fgf] i.e. (q < a) x'G5 . ;f]nLsf] b'a} efu / ;dtnLo 
;txsf] k|ltR5]bgaf6 aGg uPsf] ;dtnLo jj|mnfO{ g} xfOk/af]nf (hyperbola) elgG5 . 

lbOPsf] lrq -~f_ df Pp6f ;dtn ;tx ABCD n] ;f]nLsf] b'a} efunfO{ sf6L xfOk/af]nf
(hyperbola) ag]sf] 5 . ;f] ag]sf] kf/faf]nfsf] cfsf/ ;Fu} lrqdf b]vfOPsf] 5 . o;/L 
xfOk/af]nf cfsf/sf] ;dtnLo jj|m agfpg b'O{cf]6f ;f]nL hf]8\g'k5{ .

 

lrq -em_ 

 

xfOk/af]nf (hyperbola) 

lrq -~f_ 

B 

A 
D 

C 

 

kf/faf]nf (parabola) 
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cEof; 8.3 

1.	 lbOPsf k|Zgx¿sf] ;xL pQ/df -_ lrx\g nufpg'xf];\ M

	 -s_	 s'g} ;dtn ;txn] Pp6f ;f]nLnfO{ cfwf/;Fu ;dfgfGt/ x'g] u/L sf6\bf s'g  
		  ;fª\lss If]q aG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  xfOk/af]nf (hyperbola)
	 -v_	 Pp6f ;dtn ;txn] ;f]nLsf] cIf;Fu nDa x'g] u/L / ;f]nLsf] zLif{ljGb'af6 ghfg] 
		  u/L k|ltR5]lbt ug]{ u/L aGg] ;fª\lss If]qnfO{ s] elgG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)	 		  d.  xfOk/af]nf (hyperbola)
	 -u_	 Pp6f ;txn] ;dsf]0fL ;f]nLnfO{ ;f]nLsf] cIf;Fu agfPsf] sf]0f cw{zLif{sf]0feGbf  
		  ;fgf] x'g] u/L k|ltR5]lbt ug]{ u/L aGg] ;fª\lss If]qnfO{ s] elgG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  xfOk/af]nf (hyperbola)
	 -3_	 Pp6f ;f]nLnfO{ ;dtnLo ;txn] ;f]nLsf] h]g]/]6/ (generator) ;Fu ;dfgfGt/ x'g] 
		  u/L sf6\bf aGg] ;fª\lss If]qnfO{ s] elgG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  xfOk/af]nf (hyperbola)
	 -ª_	 ;f]nLsf] cw{zLif{sf]0f (semi vertical angle) a / ;f]nLsf] cIf;Fu ;dtn ;txn] 
		  agfPsf] sf]0f q 5 . olb a < q < 90°  eP ;dtnLo ;tx / ;f]nLsf] 
		  k|ltR5]bgaf6 aGg] ;fª\lss If]qnfO{ s] elgG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  xfOk/af]nf (hyperbola)
	 -r_	 ;f]nLsf] cw{zLif{sf]0f (semi vertical angle) a / ;f]nLsf] cIf;Fu ;dtn ;txn] 
		  agfPsf] sf]0f q 5 . olb q = a eP ;dtnLo ;tx / ;f]nLsf] k|ltR5]bgaf6 aGg] 
		  ;fª\lss If]qnfO{ s] elgG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  xfOk/af]nf (hyperbola)
	 -5_	 ;f]nLsf] cw{zLif{sf]0f (semi vertical angle) a / ;f]nLsf] cIf;Fu ;dtn ;txn] 
		  agfPsf] sf]0f q 5 . olb q < a  eP ;dtnLo ;tx / ;f]nLsf] k|ltR5]bgaf6 aGg] 
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		  ;fª\lss If]qnfO{ s] elgG5 <

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  xfOk/af]nf (hyperbola)
	 -h_	 lbOPsf dWo] s'g ;fª\lss If]q xf]Og < 

		  a.  kf/faf]nf (parabola)		  b. bL3{j[Q (ellipse)
		  c.  j[Q (circle)			   d.  l;wf /]vf (straight line)
2.	 lbOPsf ;f]nLdf ljleGg efux¿sf] gfd n]Vg'xf];\ M

3.	 lbOPsf HofldtLo cfs[ltx¿sf]] gfd n]Vg'xf];\ M

	

 

-s_ -v_ -u_ -3_ 
4.	 lbOPsf ;fª\lss If]qnfO{ kl/eflift ug'{xf];\ M

	 -s_ j[Q (circle)			   -v_ bL3{j[Q (ellipse)		

	 -u_ kf/faf]nf (parabola)		  -3_ xfOk/af]nf (hyperbola)
5.	 lbOPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

	 -s_ 	s'g cj:yfdf j[Q aG5, n]Vg'xf];\ .    	

	 -v_ 	s'g cj:yfdf bL3{j[Q aG5, n]Vg'xf];\ .

	 -u_ 	s'g cj:yfdf kf/faf]nf aG5, n]Vg'xf];\ .	

	 -3_ 	s'g cj:yfdf xfOk/af]nf aG5, n]Vg'xf];\ .

pQ/ 
1. -s_  (d)  	 	 -v_  (c)  		 -u_ (c)   		  -3_  (b)  		
   -ª_  (a)  		  -r_ (b)   		 -5_ (a)   		 -h_ (d)    
2. lzIfsnfO{ b]vfpg'xf];\ .

3. -s_ j[Q 		  -v_ bL3{j[Q 		  -u_ kf/faf]nf 		  3_ xfOk/af]nf

4. lzIfsnfO{ b]vfpg'xf];\ .

5. -s_ q = 90°		  -v_ a < q < 90°		 -u_ a = q 		  3_ q < a

 

A 

B C 

 
…….
. 
======
=== 

……
….?. 

========= 

====
===
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kl/of]hgf sfo{ 
lunf] df6f]nfO{ jf d'nf, cfn', ufh/ h:tf s'g} 7f]; j:t' lnO{ tf5]/ Pp6f ;f]nL cfsf/  
lbg'xf];\ . tL 7f]; j:t'x¿nfO{ s;/L sf6\g'eof] eg] ;fª\lss If]qx¿ -j[Q, bL3{j[Q,  
kf/faf]nf / xfOk/af]nf_ cfs[ltx¿ aG5g\ .  o;/L sf6\bf aGg] ;tx klxrfg ug'{xf];\ / ;f]sf] 
lrq agfpg'xf];\ . kmf]6f] lvRg'xf];\ / l/kf]6{df /fVg'xf];\ . o;nfO{ ;fdfu|L;lxt sIffdf k|:t't  
ug'{xf];\ .

8.4 	 j[Q (Circle)

lj|mofsnfk 1
lrqdf b]vfOP h:t} pb\udljGb' O (0, 0) s]Gb|ljGb' lnO{ sDkf; / k]lG;nsf] k|of]u u/L sfuhdf 
Pp6f j[Q agfpg'xf];\ . ;f] j[Qsf] kl/lwdf Pp6f ljGb' P (x, y) lng'xf];\ . cGo ljGb'x¿ 
P1 (x, y), P2 (x, y), P3 (x, y), === hf]8\g'xf];\ . ca j[Qsf] s]Gb|ljGb' O / P (x, y) hf]8\g'xf];\ .

 

/]vf OP nfO{ ;f] j[Qsf] cw{Jof; elgG5 h;nfO{ r n] hgfOG5 . ca O (0, 0) = (x1, y1) / P 
(x, y) = (x2, y2) lnO{ b'/L ;"qsf] k|of]u u/L] lbOPsf] tflnsfdf vfnL 7fpF eg'{xf];\ M

1 OP2 = r2 = (x2 - x1)
2 + (y2 -y1)

2 r2 = (x - 0)2 + (y -0)2 r2 = x2 + y2  
2 OP1

2 = r2 = …………………….. ………………………   ……………
3 OP2

2 = r2 = ………………… ……………………… ……………
4 OP3

2 = r2 = ………………… ……………………… ……………

-s_	 s] OP2, OP1
2, OP2

2 / OP3
2 n] lbg] glthf Pp6} x'G5, 5nkmn ug'{xf];\ .

plNnlvt tflnsfaf6 k|fKt x'g] ;DaGw x2 + y2 = r2 nfO{ s]Gb| pb\ud ljGb' (0, 0) / cw{Jof; 
(r) ePsf j[Qsf]] ;dLs/0f elgG5 .

-v_ lrqdf OP, OP1, OP2, / OP3 sf] nDafO dfkg ug'{xf];\ . ltgLx¿sf] nDafO slt slt 5g\, 
	 n]Vg'xf];\ . s] ltgLx¿sf] nDafO a/fa/ 5 <

	 =============================================
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lj|mofsnfk 2

lrqdf lbOP h:t} Pp6} s]G›ljGb' (C) ePsf b'O{cf]6f km/s km/s 
cw{Jof;sf j[Q agfpg'xf];\ . lrqdf b]vfOP h:t} gfds/0f ug'{xf];\ . 
o;df leqL j[Qsf] cw{Jof; (BC) = r / aflx/L j[Qsf] cw{Jof; 
(AC) = R dfGg'xf];\ .

BC sf] NfDafO -r_ = =============== AC sf] nDafO -R_ = ==============

/ r / R sf] nDafO dfkg ug'{xf];\ . ltgLx¿nfO{ / t'ngf ug'{xf];\ . s'g sltn] a9L 5, n]Vg'xf];\ . 

o;/L Pp6} s]Gb|ljGb' t/ km/s cw{Jof; ePsf b'O{ j[QnfO{ Ps s]lGb|t j[Q (concentric 
circles) elgG5 . o;/L g} tLgcf]6f s]lGb|t j[Q agfO{ ltgLx¿sf cw{Jof;x¿ t'ngf ug'{xf];\ .

;fª\lss If]q (Conic section) sf cfwf/df 

Pp6f ;fdsf]0fL ;f]nLnfO{ s'g} ;dtn ;txn] cfwf/;Fu ;dfgfGt/ x'g] u/L sf6\bf ag]sf] 
cfs[ltnfO{ klg j[Q elgG5 .

ljGb'ky (Locus)  sf  cfwf/df M lglZrt ljGb'af6 a/fa/ b'/Ldf rNg] ljGb'sf] 
ljGb'ky g} j[Q xf] . Tof] lglZrt ljGb' j[Qsf] s]Gb| xf] eg] a/fa/ b'/L j[Qsf] cw{Jof;  
xf] . ;Fu} lbOPsf] j[Qdf O j[Qsf] s]Gb|ljGb' xf] . P kl/lwdf ePsf] ljGb' xf] . 
ljGb' O b]lv ljGb' P ;Ddsf] b'/LnfO{ ;f] j[Qsf] cw{Jof; elgG5 . cw{Jof;nfO{ 
r n] hgfOG5 . ctM lrqdf cw{Jof; (OP) = r x'G5 .

8.4.1 j[Qsf] ;dLs/0f (Equation of Circle)
-s_	 s]Gb| pb\udljGb' (0, 0) / cw{Jof; (r) ePsf j[Qsf]] ;dLs/0f

;Fu} lbOPsf] lrqdf pb\udljGb' O (0, 0) j[Qsf] s]Gb|ljGb' xf] . kl/lwdf Pp6f ljGb' P (x, y) ] 
lnpF . j[Qsf] s]Gb|ljGb' O b]lv kl/lwsf] ljGb' P (x, y) ;Ddsf] b'/L OP nfO{ j[Qsf] cw{Jof; 
elgG5 . hxfF OP = r x'G5 . 

dfgf}F O(0, 0) = (x1, y1 ) / P(x, y) = (x2, y2)  

ca, b'/L ;"qcg';f/, 

OP = d = 

cyjf, r = 

cyjf, r = 

cyjf, r = 

P

O
r

 

A 

C 
B 
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b'a}tkm{ ju{ ubf{,  x2 + y2 = r2

ctM s]Gb| pb\udljGb' (0, 0) / cw{Jof; (r) ePsf j[Qsf]] ;dLs/0f, x2 + y2  = r2  xG5 .

-v_ s]Gb| (h, k) / cw{Jof; (r) ePsf j[Qsf]] ;dLs/0f

;Fu} lbOPsf] lrqdf, ljGb' C (h, k) ] j[Qsf] s]Gb|ljGb' xf] . kl/lwdf Pp6f ljGb' P (x, y) ] lncf}F . j[Qsf] 
s]Gb|ljGb' C b]lv kl/lwsf] ljGb' P (x, y) ;Ddsf] b'/L CP nfO{ j[Qsf] cw{Jof; elgG5 hxfF CP = r 
x'G5 . 

ca, dfgf}F C (h, k) ] = (x1, y1) ]  

P (x, y) = (x2, y2) ]  

ca, b'/L ;"qcg';f/, CP2 = r2 

		  cyjf,	 = r2

		  cyjf,    = r2

ctM s]Gb| (h, k) / cw{Jof; (r) ePsf j[Qsf]] ;dLs/0f,   = r2 xG5 .

-u_ Jof;sf] 5]psf ljGb'x¿ (x1, y1) / (x2, y2) ePsf] j[Qsf] ;dLs/0f

;Fu}sf] lrqdf ljGb' C j[Qsf] s]Gb|ljGb' xf] . Jof; AB sf 5]psf ljGb'x¿ A (x1, y1) / B (x2, y2)
5g\ . kl/lwdf Pp6f ljGb' P (x, y) lncf}F . P, A / P, B hf]8f}F .

∠APB cw{j[Qsf] kl/lwdf ag]sf] sf]0f xf], To;}n] ∠APB = 90° x'G5 . 

ca, /]vf AP sf] e'msfjsf nflu, dfgf}F, 

A (x1, y1) = (x1, y1)  

P (x, y) = (x2, y2) 

;"qcg';f/, AP sf] e'msfj (m1) =  = 

To;} u/L, BP sf] e'msfj (m2) = 

xfdLnfO{ yfxf 5, AP / BP Pscfk;df 
nDa ePsfn], 

	 m1 ×  m2 = -1 x'G5 

cyjf,  ×  = -1 

cyjf,  = -1 
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cyjf, (y - y1)  (y - y2) = - (x - x1)  (x - x2)     
cyjf, (x - x1) (x - x2) + (y - y1) (y - y2) = 0  
ctM Jof;sf] 5]psf ljGb'x¿ (x1, y1) / (x2, y2) ePsf] j[Qsf] ;dLs/0f 

(x - x1) (x - x2) + (y - y1) (y - y2) = 0 x'G5 .

-3_ ;fwf/0f :j¿kdf j[Qsf] ;dLs/0f 

s]Gb| (h,  k)  / cw{Jof; (r) ePsf j[Qsf]] ;dLs/0f,   = r2 x'G5 .

cyjf,  x2 - 2xh + h2 + y2 - 2yk + k2 = r2

cyjf,  x2 + y2 + 2(-h) x + 2(-k)y +  h2 + k2 - r2 = 0
cyjf,  x2 + y2 + 2gx + 2f y + c = 0 nfO{ j[Qsf] ;fwf/0f :j¿ksf] ;dLs/0f elgG5 . 

hxfF, g = (-h), f = (-k) / c = h2 + k2 - r2 5 .

hxfF, h = -g, k = -f  / r2 = h2 + k2 - c, r =  x'G5 .

ctM j[Qsf] s]Gb|ljGb' (h, k) = (-g, -f)  / cw{Jof; (r) = 

;fwf/0f :j¿ksf] ;dLs/0f x2 + y2 + 2gx + 2f y + c = 0 ;Fu lbOPsf ljz]iftf x'G5g\ .

-s_	 o;df x / y df l8u|L 2 5 .

-v_	 x2 sf] u'0ffª\s = y2 sf] u'0ffª\s x'G5 .

cfjZos tYox¿ 

j|m=;= j[Qsf] cj:yf lrq j[Qsf] ;dLs/0f

1 j[Qsf] s]Gb| pb\ud 
ljGb' (0, 0) x'Fbf x2 + y2 = r2

2 j[Qsf] s]Gb| ljGb' 
(h, k) x'Fbf

  = r2

3 Jof;sf b'O{ 5]psf 
ljGb' lbFbf 

(x - x1) (x - x2) + (y - y1) 
(y - y2) = 0

4 j[Qn] X– cIfnfO{ 
5'Fbf (r = k)

  = k2

           cyjf
  = r2
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5
j[Qn] Y– cIfnfO{ 
5'Fbf (r = h)

  = h2

           cyjf
  = r2

6 j[Qn] b'a} cIfnfO{ 
5'Fbf (r = h = k)

  = h2

           cyjf
  = k2

           cyjf
  = r2

pbfx/0f 1
s]Gb|ljGb' (1, -5) / cw{Jof; 4 PsfO ePsf] j[Qsf] 
;dLs/0f kQf nufpg'xf];\ .

;dfwfg M oxfF,

j[Qsf] s]Gb|ljGb' (h, k) = (1, -5) / cw{Jof; (r) = 4 PsfO 

;"qcg';f/, j[Qsf] ;dLs/0f, = r2  

cyjf,   = (4)2

cyjf, x2 -2. x. 1 + (1)2 + y2 - 2. y. 5 + (5)2 = 16

cyjf, x2 -2x + 1 + y2 - 10y + 25 = 16

cyjf, x2 + y2 -2x - 10y + 1 + 25 - 16 = 0 

cyjf, x2 + y2 -2x - 10y + 10 = 0 cfjZos j[Qsf] ;dLs/0f xf] .

pbfx/0f 2
s'g} j[Qsf] Jof;sf 5]p5]psf ljGb'x¿ (2, -4) / (-3, 7) 5g\\ eg] ;f] j[Qsf] ;dLs/0f kQf 
nufpg'xf];\ .

;dfwfg  M oxfF,

lbOPsf j[Qsf] Jof;sf 5]p5]psf ljGb'x¿nfO{,

dfgf}F, (2, - 4) = (x1, y1) / (-3, 7) = (x2, y2)   
Jof;sf] 5]psf ljGb'x¿ (x1, y1) / (x2, y2) ePsf] j[Qsf] ;dLs/0f 
cyjf, (x - x1) (x - x2) + (y - y1) (y - y2) = 0  

Y

Y'

o XX'

A(1, -5)

A(x, y)
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cyjf, (x -2) (x + 3) + (y + 4) (y - 7) = 0  
cyjf, x(x + 3) -2 (x + 3) + y (y - 7) + 4 (y - 7) = 0 
cyjf, x2 + 3x - 2x - 6 + y2 - 7y + 4y - 28 = 0
cyjf, x2 + y2 + x - 3y  - 34 = 0 cfjZos j[Qsf] ;dLs/0f xf] .

pbfx/0f 3
Pp6f j[Qsf] ;dLs/0f 9x2 + 9y2 -36x + 6y - 107 = 0 eP ;f] j[Qsf] s]Gb|sf] lgb]{zfª\s / 
Jof; kQf nufpg'xf];\ .

;dfwfg M oxfF,

lbOPsf] j[Qsf] ;dLs/0f 9x2 + 9y2 -36x + 6y - 107 = 0

s]Gb|sf] lgb]{zfª\s (h, k) =? / Jof; (d) =?

lbOPsf] ;dLs/0fnfO{ b'a}tkm{ 9 n] efu ubf{ 

x2 + y2 - 4x + 2 
3 y  – 107 

9  = 0 ….(i)  - ljrf/0fLo k|Zg M lsg b'a}tkm{ 9 n] efu ug'{k5{ <_

;dLs/0f, (i) nfO{ ;fwf/0f :j¿ksf] ;dLs/0f x2 + y2 + 2gx + 2f y + c = 0 ;Fu t'ngf ubf{ 

2g = -4 cyjf, g = -2

2f =  cyjf f =  / c = - 

;"qcg';f/, s]Gb| (h, k) = (-g, -f) = 

cw{Jof; (r) = 

	 =  

	 = 

	 =  =  =  = 4 

Jof; (d) = 2r = 2 × 4 = 8 PsfO

ctM s]Gb|sf] lgb]{zfª\s (h, k) =  / Jof; (d) = 8 PsfO x'G5 .

pbfx/0f 4
k"0f{ ¿kdf t];|f] rt'yf{+zdf kg]{, b'a} cIfdf 5'g] cw{Jof; 5 PsfO ePsf]]] j[Qsf]] ;dLs/0f kQf 
nufpg'xf];\ . 

;dfwfg M oxfF,

cw{Jof; (r) = 5 PsfO
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k"0f{ ¿kdf t];|f] rt'yf{+zdf kg]{ / b'a} cIfdf 5'g] j[Q  
ePsfn], 

s]Gb|ljGb'sf] lgb]{zfª\s (h, k) = (-r, -r) = (-5, -5)
;"qcg';f/, j[Qsf] ;dLs/0f,   = r2  

cyjf,   = (5)2

cyjf, x2 + 2. x. 5 + (5)2 + y2 + 2. y. 5 + (5)2 = 25
cyjf, x2 +10x + 25 + y2 + 10y + 25 = 25
cyjf, x2 + y2 +10x +10y + 25 = 0 
ctM, x2 + y2 +10x +10y + 25 = 0 cfjZos j[Qsf] ;dLs/0f xf] .

pbfx/0f 5
pb\udljGb' eP/ hfg], x - v08 12 PsfO / y - v08 8 PsfO ePsf]] j[Qsf] ;dLs/0f kQf 
nufpg'xf];\ .

;dfwfg M oxfF,

x – v08 = 12 PsfO, y – v08 = 8 PsfO 5 .

j[Q pb\udljGb' eP/ hfG5 .

lrqaf6, ∠YOX = 90° 	
(⸪ X - cIf / Y - cIf larsf] sf]0f x'g] ePsfn]_

To;}n] AB j[Qsf] Jof; xf], 

hxfF A (12, 0) / B (0, 8) 5g\ . 

dfgf}F, A (12, 0) = (x1, y1) / B (0, 8) = (x2, y2)

xfdLnfO{ yfxf 5, Jof;sf] 5]psf ljGb'x¿ ePsf] j[Qsf] ;dLs/0f, 

(x - x1) (x - x2) + (y - y1) (y - y2) = 0 

cyjf, (x - 12) (x - 0) + (y - 0) (y - 8) = 0 

cyjf, (x - 12) x + y (y - 8) = 0

cyjf, x2 - 12x + y2 - 8y = 0 

cyjf, x2 + y2 - 12x - 8y = 0 cfjZos j[Qsf] ;dLs/0f xf] .

pbfx/0f 6
ljGb'x¿ A (2, 3) / B (5, 4) eP/ hfg] tyf s]Gb|ljGb' l;wf /]vf 2x + 3y = 7 df kg]{ j[Qsf] 
;dLs/0f kQf nufpg'xf];\ . 
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;dfwfg M oxfF,

dfgf}F, j[Qsf] s]Gb|ljGb' (h, k) / cw{Jof; r 5 .

s]Gb|ljGb' (h, k) l;wf /]vf 2x + 3y = 7 df k5{ To;}n], 

cyjf, 2h + 3k = 7

cyjf, h =  ========================(i)
k]ml/ ljGb'x¿ (2, 3) / (5, 4) j[Qsf] kl/lwdf 5g\\ . To;}n] PA = PB (⸪ Pp6} j[Qsf] cw{Jof; ePsfn]])

cyjf, PA2 = PB2

cyjf,  =  

cyjf, h2 - 4h + 4 + k2 - 6k  + 9 = h2 - 10h + 25 + k2 - 8k  + 16 

cyjf, 13 - 4h - 6k  = 41- 10h - 8k

cyjf, 10h - 4h = 6k - 8k + 41 - 13

cyjf, 6h = - 2k + 28

cyjf, 6  = - 2k + 28

cyjf, 3(7 -3k) = - 2k + 28

cyjf, 21 - 9k = - 2k + 28

cyjf, 21 - 28 = 9k - 2k 

cyjf, 7k = - 7

 cyjf, k = - 1

;dLs/0f (i) af6 h =  = 5
k]ml/, PA2 = r2 = 

cyjf, r2 = 9 + 16 = 25

\ r = 5 PsfO 

ca j[Qsf] ;dLs/0f,  = 52

cyjf, x2  - 10x + 25 + y2 + 2y + 1 = 25

cyjf, x2  + y2 -10x + 2y + 1 = 0  cfjZos j[Qsf] ;dLs/0f xf] .

A(2, 3)

P (h, k)

B(5, 4)

2x + 3y = 7
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pbfx/0f 7
j[Q x2  + y2 - 8x + 6y - 5 = 0 ;Fu Ps s]lGb|t x'g] / ljGb' (-2, - 7) eP/ hfg] j[Qsf] ;dLs/0f 

kQf nufpg'xf];\ .

;dfwfg M oxfF,

lbOPsf] ;dLs/0f, x2  + y2 - 8x + 6y - 5 = 0………..(i) 

/ ljGb' (–2, -7) 5g\ .

;dLs/0f (i) nfO{ ;fwf/0f :j¿ksf] ;dLs/0f 

x2 + y2 + 2gx + 2fy + c = 0  ;Fu t'ngf ubf{ 

2g = -8, 2f = 6 / c = - 5

g = - 4, f = 3 / c = - 5

;"qcg';f/, s]Gb|ljGb' (h, k) = (- g, - f) = (4, - 3)

dfgf}F, (4, - 3) = (x1, y1) / (-2, - 7) = (x2, y2) 

b'/L ;"qcg';f/, r = 

r = 
r = 
r = 
r = 

r = 2  PsfO

ca j[Qsf] ;dLs/0f,  = r2

cyjf,  =  

cyjf, x2 - 8x + 16 + y2 + 6y + 9 = 52

cyjf, x2 + y2 - 8x + 6y + 25 - 52 = 0

cyjf, x2 + y2 - 8x + 6y - 27 = 0  cfjZos j[Qsf] ;dLs/0f xf] .

cEof; 8.4 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s  lrx\g -_ nufpg'xf];\ M

	 -s_ lbOPsf ;dLs/0fx¿dWo] s]Gb|ljGb' (0, 0) / cw{Jof; 10 PsfO s'g ;dLs/0fn] 
		  hgfpF5 .

(-2, - 7)
(h, k)
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		  a.  x2 - y2 = 10			   b. x2 + y2 = 10	

		  c.  x2 - y2 = 100	 		  d. x2 + y2 = 100	

	 -v_ 	lbOPsf s'g ljGb'x¿ j[Qsf] ;dLs/0f  = 18 df k5{g\ .

		  a. (0, 0) 		  b. (1, 0)	 c. (2, 1)	 d. (0, 2)

	 -u_	 s]Gb|ljGb' (0, 0) ePsf] j[Q, ljGb' (-8, -15) eP/ hfG5 eg] ;f] j[Qsf] cw{Jof; slt 
		  x'G5 <

		  a.  8 PsfO		  b. 15 PsfO	 c.  17 PsfO	 d.  21 PsfO	

	 -3_	 ;dLs/0f x2 + y2 - 4x - 8y - 45 = 0  ePsf] j[Qsf] s]Gb|ljGb' / cw{Jof; tnsf 
		  dWo] s'g x'G5 <

		  a.  s]Gb|ljGb' (2, 4) / cw{Jof; 5 PsfO	      b. s]Gb|ljGb' (4, 8) / cw{Jof; 65 PsfO

		  c.  s]Gb|ljGb' (4, 8) / cw{Jof;  PsfO  d.  s]Gb|ljGb' (2, 4) / cw{Jof;  PsfO

	 -ª_ 	s]Gb|ljGb' (1, -2) / cw{Jof; 4 PsfO ePsf] j[Qsf] ;dLs/0f==========xf] .

		  a. ( x + 1)2 + (y - 2)2  = 42  			   b. (x + 1)2 + (y + 2)2  = 42  	

		  c.  ( x – 1)2 + (y - 2)2  = 42   		  d.  ( x – 1)2 + (y + 2)2  = 42 

2.	 lbOPsf s]Gb|ljGb' / cw{Jof; ePsf j[Qsf] ;dLs/0f kQf nufpg'xf];\ M

s]Gb| (h, k) cw{Jof; (r)  s]Gb| (h, k) cw{Jof; (r)
-s_ (–4, 1) 4 PsfO -3_ (0, 10) 5 PsfO

-v_ (–3, –4) 7 PsfO -ª_ (–a, –a) a √2 PsfO

-u_ (2, –1) 3 PsfO -r_ (a, b) b PsfO

3.	 lbOPsf j[Qsf] ;dLs/0fx¿af6 s]Gb|sf] lgb]{zfª\s / cw{Jof; kQf nufpg'xf];\ M

	 -s_ x2 + y2 = 25 				    -v_ (x - 0)2 + (y - 0)2 = 36
	 -u_ (x - 0)2 + (y + 2)2 = 36		  -3_ x2 + y2 -2y = 24			 
	 -ª_ x2 + y2 -10x + 4y + 13 = 0		  -r_ x2 + y2 + 6x - 8y - 11 = 0
	 -5_ 2x2 + 2y2 - 8x -12y + 1 = 0		  -h_ 9x2 + 9y2 - 36x + 6y - 107 = 0
4.	 lbOPsf ljGb'x¿ j[Qsf Jof;sf] 5]p5]psf ljGb'x¿ x'g\ eg] ;f] j[Qsf ;dLs/0f kQf 
	 nufpg'xf];\ M	  

	 -s_ (a, -1) / (-a, 2)	 -v_ (2, -6) / (3, -7)	 -u_ (0, -7) / (-3, 2)		
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5.	 j[Qsf] ;dLs/0f x2 + y2 - 4x + 6y - 12 = 0 5 eg], 

	 -s_ s]Gb|ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ .

	 -v_	 Pp6f Jof;sf] Pp6f 5]psf] ljGb'sf] lgb]{zfª\s (5, 3) eP csf]{ 5]psf] lgb]{zfª\sx¿
		  kQf nufpg'xf];\ .

6.	 Pp6f j[Qsf] ;dLs/0f x2 + y2 - 6x - 8y - 11 = 0 5 .

	 -s_ 	j[Qsf] s]Gb|ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ .

	 -v_ 	;f] j[Qsf] cw{Jof; kQf nufpg'xf];\ . 

	 -u_ 	olb ;f] j[Qsf] Pp6f Jof;sf] Pp6f 5]psf] ljGb'sf] lgb]{zfª\s (-2, -3) eP csf]{ 
		  5]psf] lgb]{zfª\s kQf nufpg'xf];\ .

7.	 Pp6f j[Qsf] ;dLs/0f 3x2 + 3y2 + 6x - 3y + 3 = 0 5 .

	 -s_ j[Qsf] s]Gb|ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ .

	 -v_ ;f] j[Qsf] cw{Jof; kQf nufpg'xf];\ .

	 -u_ olb ;f] j[Qsf] Pp6f Jof;sf] Ps5]p (5, 3) eP csf]{ 5]psf] lgb]{zfª\s kQf 
		  nufpg'xf];\ .

8.	 lbOPsf] cj:yfdf j[Qsf]] ;dLs/0f kQf nufpg'xf];\ M 

	 -s_ k"0f{ ¿kdf t];|f] rt'yf{+zdf kg]{, b'a} cIfdf 5'g] / cw{Jof; 5 PsfO ePsf]

	 -v_ k"0f{ ¿kdf rf}yf] rt'yf{+zdf kg]{, b'a} cIfdf 5'g] / cw{Jof; 6 PsfO ePsf]

9.	 lbOPsf] cj:yfdf j[Qsf] ;dLs/0f kQf nufpg'xf];\ M

	 -s_ x- v08 4 PsfO, y- v08 6 PsfO / pb\udljGb' eP/ hfg]  

	 -v_ x- v08 5 PsfO, y- v08 10 PsfO / pb\udljGb' eP/ hfg]

	 -u_ x- v08 12 PsfO, y- v08 8 PsfO / pb\udljGb' eP/ hfg]

10.	 lbOPsf] cj:yfdf j[Qsf] ;dLs/0f kQf nufpg'xf];\ M

-s_ -v_ 

lrqdf lbOPsf] j[Q b'O{cf]6f ljGb' M (-2, 0) 
/ N (0, -2) eP/ hfG5 / o;sf] s]Gb| 
C (h, k) /]vf 2x -3y +1 df k5{ . 

lrqdf lbOPsf] j[Q b'O{cf]6f ljGb' P (4, 1) 
/ Q (6, 5) eP/ hfG5 / o;sf] s]Gb| C 
(h, k) /]vf 4x + y = 16 df k5{ .

C(h, k)

2x–3y + 1 = 0
N(0, -2)

M(-2, 0)
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11.	 lbOPsf ljGb'x¿ eP/ hfg] j[Qsf] ;dLs/0f kQf nufpg'xf];\ M

	 -s_ (0, 0), (4, 0) / (0, 2)			  -v_ (0, 0), (5, 0) / (0, 5)	

12.	 j[Q x2  + y2 - 8x + 4 = 0 ;Fu Ps s]lGb|t x'g] / ljGb' (4, 2) eP/ hfg] j[Qsf] 

	 ;dLs/0f kQf nufpg'xf];\ .

13.	 s]Gb| (-1, 2)  ePsf] / ;dLs/0f x2  + y2 - 6x - 10y -2 = 0 ePsf] j[Qsf] s]Gb|ljGb' eP/ 
	 hfg] j[Qsf]] ;dLs/0f kQf nufpg'xf];\ .

15.	 ljBfnosf] v]n d}bfgsf lardf Pp6f j[Qfsf/ k"mnaf/L agfOPsf] 5 . k"mnaf/Lsf] s]G›nfO{ 
	 lgb]{zfª\s k|0ffnLdf (2, -1) dflgPsf] 5 / o;sf] cw{Jof; 7 ld6/ 5 . 

	 -s_ 	pSt k"mnaf/Lsf] lsgf/fnfO{ k|ltlglwTj ug]{ j[Qsf] ;dLs/0f n]Vg'xf];\ .

	 -v_ 	olb csf]{ ljBfyL{ (8, -1) ljGb'df plePsf] 5 eg] s] pm k"mnaf/Lsf] leq, aflx/ jf l7s 
		  lsgf/fdf 5, sf/0f;lxt JofVof ug{'xf];\ .

 pQ/

1. -s_ (d) 	-v_ (c)      -u_ (c)      -3_ (d)	 -ª_ (d) 	

2. -s_ x2  + y2 + 8x - 2y + 1 = 0	 -v_ x2  + y2 - 2x - 6y -90 = 0	  -u_ x2  + y2 - 4x + 2y -4 = 0   

    -3_ x2  + y2 - 20y + 75 = 0	 -ª_ x2  + y2 + 2ax + 2ay + (2a2 -9) = 0	 -r_ x2  + y2 - 2ax - 2by + a2 = 0

3. -s_ (0,0), 5	 -v_ (0,0), 6       -u_ (0,-2), 6   -3_ (0,1), 5       -ª_ (5,-2), 4    -r_ (-3, 4), 6    

    -5_ (2, 3), 	     -h_ (2, ), 4

4. -s_ x2  + y2 - y - a2 -9) = 0		  -v_ x2  + y2 - 5x + 13y + 36 = 0

  -u_ x2  + y2  + 3x + 5y -14 = 0	

5. -s_ (2, -3)	  -v_ (-1, -9)		  6. -s_ (3, 4)	  -v_ 6 PsfO	 -u_ (8, 11)

7. -s_ (-1, )	  -v_  PsfO	 -u_ (-7, 2)	

8. -s_ x2 + y2 - 10x + 10y + 25 = 0		 -v_ x2 + y2 - 12x + 12y + 36 = 0

9. -s_ x2 + y2 - 4x - 6y = 0		  -v_ x2 + y2 - 5x - 10y = 0 	  -u_ x2 + y2 - 12x - 8y = 0

10. -s_ x2 + y2 - 2x - 2y - 8 = 0		  -v_ x2 + y2 -6x - 8y + 15 = 0

11 -s_ x2 + y2 - 4x - 2y  = 0		  -v_ x2 + y2 - 5x - 5y = 0
12. x2  + y2 - 8x +12 = 0 		  13. x2  + y2  + 2x - 4y - 20 = 0 	

14. -s_ x2  + y2  - 4x + 2y - 44 = 0 		 -v_ leq	

kl/of]hgf sfo{ 

b}lgs hLjgdf j[Qsf ;dLs/0fx¿sf] pkof]u sxfF ePsf] kfOG5, cu|hx¿ jf lzIfsx¿;Fu  
;f]wvf]h jf OG6/g]6sf] ;xof]u lnO{ k|ltj]bg tof/ kfg'{xf];\ / sIffsf]7fdf k|:t't ug'{xf];\ .
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9.1 kl/ro (Introduction)

lglZrt lgodsf cfwf/df s'g} :yfgdf /x]sf] j:t'sf] :yfg  
kl/jt{g ug'{nfO{ :yfgfGt/0f elgG5 . OlhK6sf] cn]ShflG8ofdf nueu 
325 O;fk"j{ hlGdPsf lu|s ul0ft1 o'lSn8n] cfˆgf] k':ts The 
Elements df HofldltnfO{ Jojl:yt ¿kdf kl/eflift u/L :jod\l;4 
tYo / k|df0fx¿sf] k|of]u u/]sf] kfOG5 . 
o'lSn8n] k|ToIf ¿kdf :yfgfGt/0fsf] ljsf; gu/] klg Hofldltdf pgn] u/]sf] sfo{n] hd{g 
ul0ft1 Felix Klein nfO{ :yfgfGt/0fsf] cGj]if0f ug{ cfjZos cfwf/ / k|]/0ff k|bfg uof]{ . 
pgn] 19 cf}F ztfAbLsf] cGTolt/ cfˆgf] Erlangen sfo{j|mddfkm{t Hofldltsf] husf ¿kdf 
:yfgfGt/0fsf] Jojl:yt ¿kdf k|of]u u/]sf] kfOG5 . :yfgfGt/0fsf] k|of]u ul0ftdf ljz]if ¿kdf 
Hofldlt, SofNs'n; / /]vLo aLhul0ftdf ePsf] kfOG5 . To:t} :yfgfGt/0fsf] k|of]u sDKo'6/ 
lj1fg, ef}lts lj1fg, OlGhlgol/ª / ;ª\uLt cflbdf ul/G5 .  

9.2 Hofldlto cfs[ltsf] lj:yfkg (Translation of Geometrical Shapes)

lj|mofsnfk 1

lbOPsf] u|fkmdf, Ps hgf dflg; ljGb'  
A (1, 2) df plePsf 5g\ . pgL plePsf] 
:yfg A af6 l;wf bfofF ljGb' B df k'U5g\ 
/ ;f] ljGb'af6 l;wf dfly uPkl5 ljGb'  
A' (7, 6) df k'U5g\ . o; cj:yfdf 
tnsf k|Zgx¿df 5nkmn ug{'xf];\ M

-s_	 ljGb' A (1, 2) af6 slt PsfO bfofF 
	 / slt PsfO dfly lxF8]kl5 ljGb'  
	 A' (7, 6) ;Dd k'U5g\ <

-v_ 	bfofF / dfly lj:yfkg ul/Psf hf]8f  
	 ;ª\VofnfO{ s;/L hgfpg ;lsG5 <

-u_	 ljGb' A (1, 2), hf]8f ;ª\Vof / ljGb' A' (7, 6) larsf] ;DaGw s;/L b]vfpg ;lsG5 <

kf7 9 :yfgfGt/0f (Transformation)

Felix Klein (1849-1925)

Y

O
X' X

Y'

A (1, 2)

A' (7, 6)
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	 ljGb' A (1, 2) nfO{ 6 PsfO bfofF / 4 PsfO dfly lj:yfkg u/]kl5 A' (7, 6) df k'U5 . oxfF 
	 6 PsfO bfofF eGgfn] wgfTds X- cIflt/ / 4 PsfOdfly eGgfn] wgfTds Y- cIflt/

	 eGg] a'lemG5 . o;nfO{ hf]8f ;ª\Vof  cyjf (6, 4) n] hgfpg ;lsG5 . o;nfO{ 
	 lj:yfkg e]S6/ elgG5 . ljGb' A (1, 2), hf]8f ;ª\Vof / ljGb' A'(7, 6) larsf] ;DaGw 

	 o;/L b]vfpg ;lsG5 M

				    A (1, 2)                            A' (1+ 6, 2 + 4) = A' (7, 6)

	 o;/L lj:yfkg e]S6/ (   )a 
b  n] ljGb' P (x, y) nfO{ ljGb' P' (x + a, y + b) df lj:yfkg u5{ .

				    (   )a 
b

	 cyf{t\, P (x, y)                       P'(x + a, y + b) x'G5 .

ljrf/0fLo k|Zg M olb pSt dflg; ljGb' A(1, 2) af6 6 PsfO afofF / 4 PsfO tn lxF8]kl5 

k'Ug] ljGb' A' eP To; A' sf] lgb]{zfª\sx¿ slt x'G5g\, 5nkmn u/L n]Vg'xf];\ .

lj|mofsnfk 2

lgDglnlvt k|Zgx¿ ;fyLx¿lar 5nkmn u/L pQ/ sIffsf]7fdf k|:t't ug'{xf];\ M

-s_ DPQR nfO{ lbOPsf] e]S6/  sf] lbzf / kl/df0fdf lj:yfkg 

	 ubf{ sxfF k'U5 <

-v_ s] DPQR / lj:yfkg kl5 k|fKt k|ltlaDacg'¿k x'G5g\ <

oxfF,
-s_	 ljGb'x¿ P, Q / R nfO{ set square sf] k|of]u u/L  ;Fu a/fa/ / 

	 ;dfgfGt/ x'g] u/L j|mdzM ,  /  lvr]/ ljGb'x¿ P', Q' 
	 / R' hf]8\bf DP'Q'R' aG5 h'g DPQR sf] lj:yflkt k|ltlaDa xf] . 

-v_ DPQR / lj:yflkt k|ltlaDa DP'Q'R' cg'¿k 5g\ .

s'g} klg ljGb' jf j:t'nfO{ lbOPsf] lbzfdf lglZrt b'/Ldf :yfgfGt/0f ug{'nfO{ lj:yfkg 
(translation) elgG5 . lj:yfkgsf nflu o;sf] kl/df0f / lbzf pNn]v ug'{ cfjZos x'G5 . 
To;}n] lj:yfkg Pp6f e]S6/ xf] . s'g} lgb]{zfª\snfO{ bfofF lj:yfkg ubf{ -±_, afofF lj:yfkg 
ubf{ --_, dfly lj:yfkg ubf{ -±_ / tn lj:yfkg ubf{ --_ n]lvG5 .
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pbfx/0f 1

ljGb'x¿ A (3, 1) / B (-4, 2) nfO{ lj:yfkg e]S6/ T =  n] lj:yfkg ubf{ cfpg] 
k|ltlaDasf lgb]{zfª\sx¿ kQf nufpg'xf];\ .
;dfwfg M  oxfF,

lbOPsf ljGb'x¿ A (3, 1) / B (-4, 2) 5g\ . lj:yfkg e]S6/ T =  5 .
xfdLnfO{ yfxf 5,

P (x, y)                          P' (x + a, y + b) 

To;}n], 

A (3, 1)                         A' (3 + 1, 1+ 4) = A'(4, 5)

B (-4, 2)                         B' (-4 + 1, 2 + 4) = B'(-3, 6)

ctM k|ltlaDasf lgb]{zfª\sx¿ A' (4, 5) / B' (-3, 6) 5g\ .

pbfx/0f 2

X (7, -9) / Y (-1, -1) hf]8\g] /]vf XY nfO{  sf] kl/df0f / lbzfdf lj:yfkg ubf{ 

cfpg] k|ltlaDa X'Y' sf ljGb'x¿ X' / Y' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ .

;dfwfg M oxfF, 

X (7, -9) / Y (-1, -1) b'O{ ljGb'x¿ x'g\ .

 = (7, -9)  /  = (-1, -1)

To;}n],  =  -  = (-1, -1) – (7, -9) = (-8, 8)

ca,

X (7, -9)                          X' (7 - 8, -9 + 8) = X' (-1, -1)

Y(-1, -1)                          Y' (-1 - 8, -1 + 8) = Y' (-9, 7)

ctM X'(-1, -1) / Y'(-9, 7) j|mdzM ljGb'x¿ X (7, –9) / Y(–1, –1) sf k|ltlaDax¿ x'g\ .

T = (   )a 
b

T = (   )1 
4

T = (   )1 
4

XY = (   )-8 
8

XY = (   )-8 
8
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pbfx/0f 3

olb M (- 4, 3) nfO{ s'g} lj:yfkg e]S6/n] M' (4,  4) df lj:yfkg u5{ eg] lj:yfkg e]S6/ kQf 

nufpg'xf];\ . ;fy}, pSt lj:yfkg e]S6/ k|of]u u/L N (2, -5) sf] k|ltlaDa kQf nufpg'xf];\ .
;dfwfg M oxfF,

dfgf}F, lj:yfkg e]S6/ T =  xf] . M (-4, 3) / M' (4,  4) 5g\ .

ca, M (-4, 3)                M' (-4 + a, 3 + b)
t/ k|Zgfg';f/ M' (4, 4) xf] .

To;}n], (4, 4) = (-4 + a, 3 + b)

pxL ljGb'sf ;ª\ult lgb]{zfª\sx¿ a/fa/ x'g] ePsfn]  4 = - 4 + a / 4 = 3 + b

 a = 4 + 4 = 8 / b = 4 -3 = 1

t;y{, lj:yfkg e]S6/ T =  =  xf] .

km]l/, 

N (2, -5)                         N' (2 + 8, -5 + 1) = N' (10, -4)

ctM N (2, -5) sf] k|ltlaDa N' (10, -4) x'G5 .

pbfx/0f 4                          

olb DABC sf] zLif{ljGb'x¿ A (-2, 1), B (-2, -4) / C (1, 4) eP DABC nfO{ e]S6/ 

T =  df lj:yfkg ubf{ cfpg] k|ltlaDasf lgb]{zfª\sx¿ kQf nufpg'xf];\ / b'a} lqe'hnfO{ 
n]vflrqdf k|:t't ug{'xf];\ .

;dfwfg M  oxfF,

DABC sf zLif{ljGb'x¿ A (-2, 1), B (-2, -4) /

C (1, 4) 5g\ . ;fy} lj:yfkg e]S6/ T = 

xfdLnfO{ yfxf 5,

        P (x, y)                           P' (x + a, y + b)

To;}n], 

T = (   )a 
b

T = (   )8 
1

T = (   )a 
b
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A (-2, 1)                          A' (-2 + 2, 1 + 3) = A'(0, 4)

B (-2, -4)                          B' (-2 + 2, -4 + 3) = B'(0, -1)

C (1, 4)                              C' (1 + 2, 4 + 3) = C'(3, 7)

ctM A' (0, 4), B' (0, -1) / C' (3, 7) k|ltlaDa lqe'h A'B'C' sf lgb]{zfª\sx¿ x'g\ .

k]ml/, DABC / DA'B'C'  nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 . 

cEof; 9.1 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M 

	 -s_ tnsf dWo] s'g :yfgfGt/0f lj:yfkg -translation_ xf] <
		  a.  cfs[ltnfO{ 3'dfpg'		 b.  cfs[ltnfO{ Ps :yfgaf6 csf]{ :yfgdf ;fg{'	

		  c. cfs[ltnfO{ 7"nf] agfpg' 	 d. cfs[ltnfO{ P]gfaf6 k|ltlaDa agfpg'	

	 -v_ 	lqe'hnfO{ s'g} e]S6/n] lj:yfkg ubf{ To;sf] cfsf/ / If]qkmndf s] k|efj k5{ <

		  a.  cfsf/ dfq ablnG5 .		  b.   If]qkmn dfq ablnG5 .

		  c.   cfsf/ / If]qkmn b'a} ablnG5 .	 d.   cfsf/ / If]qkmn b'a} p:t} /xG5 .

	 -u_	 s'g} ljGb' P (x, y) nfO{ lj:yfkg e]S6/ T =  n] lj:yfkg ubf{ aGg] k|ltlaDa kQf 
		  nufpg] ;"q s'g xf] <

		  a.  P (x, y)                        	 P' (x + a, y + b)	

		  b. P (x, y)                           	 P' (x - a, y - b)	

		  c.  P (x, y)                           	 P' (x - a, y + b)	

		  d. P (x, y)                         	 P' (x + a, y - b)

	 -3_	 olb ljGb' Q (-2, 4) nfO{ lj:yfkg e]S6/ T =  n] lj:yfkg ubf{ aGg] k|ltlaDa 
		  Q' sf] lgb]{zfª\s tnsf dWo] s'g xf] 

		  a.  Q' (-1, 6)		 b. Q' (1, 6)	   c.  Q' (-1, -6)	 d. Q' (5, 6)
	 -ª_	 ljGb' P (3, -4) nfO{ lj:yfkg ubf{ k|ltlaDa P' (-2, -1) aG5 eg] lj:yfkg e]S6/ 
		  T  sf] dfg slt x'G5 < 

T = (   )2 
3

T = (   )2 
3

T = (   )2 
3

T = (   )a 
b

T = (   )a 
b

T = (   )a 
b

T = (   )a 
b
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		  a.  T = 		 b. T = 	  c.  T = 	   d. T = 

	 -r_	 ljGb' P(-1, 4) nfO{ x cIfdf 5 PsfO bfofFtkm{ lj:yfkg ubf{ aGg] k|ltlaDasf] 
		  lgb]{zfª\s s] x'G5 <

		  a.  P' (4, 4)		  b. P' (-6, 4)		  c. P' (-1, 9)	     d. P' (4, -4)

	 -5_	 s'g} ljGb' (x, y) nfO{ (-3, 5) n] :yfgfGt/0f u/]kl5 k|fKt ljGb' tnsf dWo] s'g xf] <

		  a. (x - 3, y -5)	 b. (x + 3, y + 5)     c. (x -3, y + 5)	 d. (x - 3, y - 5)

2.	 lbOPsf lrqx¿nfO{ lbOPsf lj:yfkg e]S6/  n] lj:yfkg ug'{xf];\ M

-s_ -v_ -u_

3.	 lj:yfkg eGgfn] s] a'leG5, pbfx/0f;lxt n]Vg'xf];\ .

4.	 lj:yfkg e]S6/ (T) =  n] lbOPsf ljGb'x¿nfO{ lj:yfkg ubf{ aGg] k|ltlaDasf] 

	 lgb]{zfª\sx¿ kQf nufpg'xf];\ M

	 -s_ A (-1, 3) 		  -v_ B (2, -2) 			   -u_ C (5, 6) 	
	 -3_ D (-4, -4) 		  -ª_ E (7, 2) 			   -r_ F (2, -4)
5.	 olb P (2, 3), Q (-2, 4) / R (4, -2) zLif{ljGb'x¿ ePsf] DPQR nfO{ lj:yfkg e]S6/ 

	 (T) =  n] DP'Q'R' df lj:yfkg u5{ eg] DP'Q'R' sf] zLif{ljGb'x¿sf lgb]{zfª\sx¿ 
	 kQf nufpg'xf];\ .

6.	 lbOPsf ljGb'x¿ A(3, 5), B (-3, 5) / C(3, -5) eP, 

	 -s_  n] ljGb' A nfO{ s'g ljGb'df lj:yfkg u5{ < 

	 -v_  n] ljGb' B nfO{ s'g ljGb'df lj:yfkg u5{ <

	 -u_  n] ljGb' C nfO{ s'g ljGb'df lj:yfkg u5{ <

7.	 s'g} lj:yfkg e]S6/n] A (-5, 6) nfO{ A'(-3, 3) df lj:yfkg u5{ eg] lj:yfkg e]S6/ 

	 kQf nufpg'xf];\ .
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8.	 lAfGb' R (4, 7) nfO{ ljGb' R' (-3, -5) df lj:yfkg ug]{ e]S6/ kQf nufpg'xf];\ . pSt 

	 lj:yfkg e]S6/n] S (4, 1) nfO{ s'g ljGb'df lj:yfkg u5{, kQf nufpg'xf];\ .

9.	 olb U(5, 3)  U' (4, 2) eP a / b sf] dfg kQf nufpg'xf];\ . e]S6/ T =  n] ljGb' 

	 V (-5, 4) nfO{ s'g ljGb'df lj:yfkg u5{, kQf nufpg'xf];\ .

10.	 DABC sf zLif{ljGb'x¿ A (1, -1), B (-2, 2) / C (3, 3) eP DABC nfO{ e]S6/ T =  

	 n] lj:yfkg ubf{ aGg] k|ltlaDa DA'B'C' sf] zLif{ljGb'x¿sf lgb]{zfª\s kQf nufpg'xf];\ . 

	 ;fy} DABC / DA'B'C' nfO{ n]vflrqdf k|:t't ug{'xf];\ .

11.	 olb A (1, 8), B (-3, 9), C (0, 13) / D (4, 12) Pp6f ;dfgfGt/ rt'e'{h ABCD sf 
	 zLif{ljGb'x¿ x'g\ eg], 

	 -s_	  kQf nufpg'xf];\ . 

	 -v_	  k|of]u u/L ;dfgfGt/ rt'e'{h ABCD nfO{ lj:yfkg u/L aGg] k|ltlaDasf] 

		  zLif{ljGb'x¿sf lgb]{zfª\s n]Vg'xf];\ / b'a} rt'e'{hnfO{ n]vflrqdf k|:t't ug'{xf];\ .

12.	 A (–4, 6), B (3, –2) / C (1, 2) DABC sf zLif{ljGb'x¿ x'g\ . DABC nfO{ T1 =  

	 e]S6/n] DA'B'C' df lj:yfkg u5{ eg] T2 =  e]S6/n] DA'B'C' nfO{ DA''B''C''df

	 lj:yfkg u5{ . 

	 -s_ DA'B'C' / DA''B''C''sf zLif{ljGb'x¿sf lgb]{zfª\s kQf nufpg'xf];\ .

	 -v_	 tL lqe'h DABC,  DA'B'C' / DA''B''C'' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

13.	 s'g} ljGb' P(x, y) nfO{ x = 1 /]vfdf k/fj{tg u/]/ cfpg] k|ltlaDanfO{ k]ml/ x = 3 /]vfdf 

	 k/fjt{g ubf{ cfpg] k|ltlaDa / pSt ljGb' P (x, y) nfO{ lj:yfkg e]S6/ T (4, 0) n] 

	 lj:yfkg ubf{ cfpg] k|ltlaDa t'ngf ug'{xf];\ . o;af6 s] lgisif{ lgsfNg ;lsG5, :ki6  

	 kfg'{xf];\ .
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pQ/ 

1 - 3 lzIfsnfO{ b]vfpg'xf];\ .

4. -s_  A' (1, 1) 	 -v_ B' (4, -4) 	 -u_  C' (7, 4)   -3_  D' (-2, -6)     -ª_ E' (9, 0)      -r_  F' (4, -6)

5. P' (5, 5), Q' (1, 6), R' (7, 0)	 6. -s_  A' (-3, 5) 	    -v_  B' (3, –5) 	-u_  C' (3, 5)

7. (   ) 2 
–3  		  8. (    )–7 

–12 , (-3, -11) 	 9. a = -1, b = -1, (–6, 3)

10. A' (3, 2), B' (0, 5), C' (5, 6) n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

11. -s_  =    -v_ A' (-3, 9), B' (-7,10), C' (-4, 14), D' (0, 13) / n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

12. s_ A' (-3, 4), B' (4, -4), C' (2, 0), A'' (-5, 7), B'' (2, -1), C''(0, 3) 

   -v_ n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

13.	 lzIfsnfO{ b]vfpg'xf];\ .

9.3 ;+o'St :yfgfGt/0f (Combined Transformation)

lj|mofsnfk 1

lbOPsf n]vflrqx¿sf] cWoog ug'{xf];\ / ;f]lwPsf k|Zgx¿df 5nkmn ug'{xf];\ M

-s_ -v_

x 
= 

0 

y = 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

y = 0 
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-c_ lrqdf A, A' / A'' sf lgb]{zfª\sx¿ 
   s] s] 5g\ < 
-cf_ s'g /]vfdf k/fjt{g ubf{ A sf] 
    k|ltlaDa A' aGf]sf] 5 < 
-O_ A' nfO{ s'g /]vfdf k/fjt{g ubf{ A'' 
     aGf]sf] 5 < 
-O{_ s] b'a} k/fjt{gn] hgfpg] /]vfx¿  
   Pscfk;df k|ltR5]lbt 5g\ jf 5}gg\ <
-p_ ljGb' A sf] k|ltlaDa A'' x'g s'g 
    Psn :yfgfGt/0fn] sfo{ u5{,   
    5nkmn ug'{xf];\ .

-c_ lrqdf B, B' / B'' sf lgb]{zfª\sx¿ s] 
    s] 5g\ < 
-cf_ s'g /]vfdf k/fjt{g ubf{ B sf] k|ltlaDa 
    B' aGf]sf] 5 < 
-O_ B' nfO{ s'g /]vfdf k/fjt{g ubf{ B'' aGf]sf] 
   5 <  
-O{_ b'a} k/fjt{gn] hgfpg] /]vfx¿ Pscfk;df  
   k|ltR5]lbt jf ;dfgfGt/ s] 5g\ <
-p_ ljGb' B sf] k|ltlaDa B'' x'g s'g Psn 
   :yfgfGt/0fn] sfo{ u5{, 5nkmn  
   ug'{xf];\ .

-Uf_ -3_

-c_ lrqdf M, M' / M'' sf lgb]{zfª\sx¿ 
    s] s] x'G5g\ < 
-cf_ s'g ljGb'sf] jl/kl/ slt l8u|Ldf /  
  s'g lbzfdf kl/j|md0f ubf{ M sf] 
    k|ltlaDa M' aGf]sf] 5 <  

-O_ s'g ljGb'sf] jl/kl/, slt l8u|Ldf / s'g  

   lbzfdf kl/j|md0f ubf{ M' sf] k|ltlaDa 

   M'' aGf]sf] 5 < 

-O{_  ljGb' M sf] k|ltlaDa M'' x'g s'g Psn 

 :yfgfGt/0fn] sfo{ u5{, 5nkmn ug'{xf];\ .

-c_ lrqdf lqe'h ABC, A'B'C' / A''B''C'' 
    sf lgb]{zfª\sx¿ s] s] x'G5g\ < 
-cf_  DABC nfO{ slt PsfO bfofF / slt PsfO 
   dfly lj:yfkg ubf{ k|ltlaDa DA'B'C' 
     aGf]sf] 5 <  
-O_  DA'B'C' nfO{ slt PsfO bfofF / slt PsfO 
  tn lj:yfkg ubf{ k|ltlaDa DA''B''C'' 
    aGf]sf] 5 <  
-O{_ DABC sf] k|ltlaDa DA''B''C'' aGg s'g   
  Psn :yfgfGt/0fn] sfo{ u5{, 5nkmn  
   ug'{xf];\ .

s'g} j:t' jf HofldtLo lrqnfO{ r1 / r2 :yfgfGt/0fn] j|mdzM l:ylt A af6 A' / A' af6 

A'' df k'¥ofpF5g\ eg] A af6 A'' k'¥ofpg] Psn :yfgfGt/0fnfO{ ;+o'St :yfgfGt/0f elgG5 .
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9.3.1 ;dfg b'O{cf]6f :yfgfGt/0fsf] ;+o'St :yfgfGt/0f 

	  (Combined Transformation of Two Identical Transformation)

b'O{ :yfgfGt/0fx¿ j|mdzM Pskl5 csf]{ k|of]u ubf{ k|fKt x'g] gofF :yfgfGt/0fnfO{ g} ;+o'St 

:yfgfGt/0f elgG5 . b'O{ ;+o'St k/fjt{g, b'O{ ;+o'St kl/j|md0f, b'O{ ;+o'St lj:yfkg / b'O{ ;+o'St 

lj:t[tLs/0fnfO{ ;dfg b'O{cf]6f :yfgfGt/0fsf] ;+o'St :yfgfGt/0f eGg] a'lemG5 . 

;+o'St k/fjt{g (Combined Reflection)

-s_ k/fjt{g ug]{ b'O{ /]vfx¿ s'g} Pp6f ljGb'df k|ltR5]bg x'Fbf 

;Fu} lbOPsf] lrqdf, ljGb' P(5, - 2) 
nfO{ X- cIf -/]vf y = 0_ df k/fjt{g 

ubf{ To;sf] k|ltlaDa P' (5, 2) aG5 . 

k]ml/ ljGb' P' (5, 2) nfO{ /]vf y = x df 

k/fjt{g ubf{ k|ltlaDa P''(2, 5) aG5 . 

oxfF /]vfx¿ y = 0 / y = x Pscfk;df 

ljGb' O df k|ltR5]lbt ePsf 5g\ . P 
(5, - 2) sf] clGtd k|ltlaDa P''(2, 5) 
h'g,  h:t} 

5, h;n] pb\udljGb'sf] jl/kl/ + 90° sf] 

kl/j|md0fnfO{ hgfpF5 . /]vf y = x n] x 
cIf;Fu 45° sf] sf]0f agfPsf] 5 . o;/L k|fKt x'g] ;+o'St k/fjt{gnfO{ /]vf y = x / x cIf (y = 0)
k|ltR5]bg ePsf] ljGb' O s]Gb|ljGb' / /]vf y = x / X- cIflarsf] sf]0f b'O{ u'0ffsf] sf]0fdf ePsf] 

kl/j|md0fdf JoSt ug{ ;lsG5 . o; lrqdf P(5, - 2) sf] clGtd k|ltlaDa P'' (2, 5) aGbf ePsf] 

;+o'St :yfgfGt/0f pb\udljGb'sf] jl/kl/ 90° df ePsf] kl/j|md0f;Fu ;dt'No x'G5 .

Pp6f k/fjt{gkl5 csf]{ k/fjt{gsf] ;+o'St :yfgfGt/0f tL b'O{ k/fjt{gsf cIfx¿larsf] 

sf]0fsf] b'O{ u'0ff a/fa/sf] sf]0fn] ul/Psf] kl/j|md0f;Fu ;dt'No x'G5 . k/fjt{g ug]{ b'O{  

/]vfx¿ k|ltR5]lbt x'g] ljGb' g} kl/j|md0fsf]] s]G› xf] / klxnf] k/fjt{g ug]{ /]vfaf6 bf];|f]  

k/fjt{g ug]{ /]vftkm{sf] lbzf kl/j|md0fsf] lbzf x'G5 . olb R1 / R2 n] k|ltR5]lbt x'g] 

k/fjt{gsf cIfx¿nfO{ hgfpF5g\ eg] oL b'O{ k/fjt{gsf] ;+o'St :yfgfGt/0f kl/j|md0f xf] . 

;f] kl/j|md0fsf] s]Gb| cIfx¿ k|ltR5]lbt ePsf] ljGb' x'G5 . To;}n] ;+o'St :yfgfGt/0f,  

R2 o R1 = 2 × k/fjt{gsf cIfx¿larsf] sf]0f x'G5 .

y = 0

M
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-v_ k/fjt{g ug]{ b'O{ cIfx¿ Pscfk;df ;dfgfGt/ x'Fbf 

;Fu} lbOPsf] lrqdf ljGb' A (5, 2) nfO{ 

/]vf x = 3 df k/fjt{g ubf{ To;sf] k|ltlaDa 

A' (1, 2) aG5 . km]l/, ljGb' A' (1, 2) nfO{ 

/]vf x = -2 df k/fjt{g ubf{ k|ltlaDa A'' 
(-5, 2) aG5 . oxfF /]vfx¿ x = 3 / x = -2 
Y- cIf;Fu ;dfgfGt/ 5g\ . A (5, 2) sf] 

clGtd k|ltlaDa A'' (-5, 2) aGbf lj:yfkg ePsf] dflgG5 hxfF lj:yfkgsf] e]S6/  = 
2  =  x'G5 . 

Pp6f k/fjt{gkl5 csf]{ k/fjt{g ubf{ tL b'O{ k/fjt{g ug]{ cIfx¿larsf] lj:yfkgsf] b'O{ 

u'0ff a/fa/sf] lj:yfkg;Fu a/fa/ x'G5 . To;}n] k/fjt{g ug]{ cIfx¿ Pscfk;df ;dfgfGt/ 

ePsf] cj:yfdf Psn :yfgfGt/0f lj:yfkg;Fu ;dt'No x'G5 . 

olb R1 / R2 n] j|mdzM /]vfx¿ x = h1 / x = h2 df x'g] k/fjt{gnfO{ hgfpF5g\ / Y cIf;Fu 

;dfgfGt/ x'G5g\ eg] b'O{ k/fjt{gsf] ;+o'St :yfgfGt/0f eg]sf] lj:yfkg xf] . o; cj:yfdf 

lj:yfkg e]S6/ s;/L kQf nufpg ;lsG5, 5nkmn ug'{xf];\ .

R2oR1 = lj:yfkg e]S6/ =  =  /

R1οR2 = lj:yfkg e]S6/ =  =  

To;} u/L, olb r1 / r2 n] j|mdzM /]vfx¿  y = k1 / y = k2 df x'g] k/fjt{gnfO{ hgfpF5g\ / X 
cIf;Fu ;dfgfGt/ x'G5g\ eg] b'O{ k/fjt{gsf] ;+o'St :yfgfGt/0f eg]sf] klg lj:yfkg g} xf] . 

o; cj:yfdf lj:yfkg e]S6/ s;/L kQf nufpg ;lsG5, 5nkmn ug'{xf];\ .

r2 or1 = lj:yfkg e]S6/ =  =  /

r1or2 = lj:yfkg e]S6/ =  =  

;+o'St kl/j|md0f (Combined Rotation)

;Fu} lbOPsf] lrqdf, ljGb' A (4, 2) nfO{ 

pb\udljGb'sf] jl/kl/ -180° kl/j|md0f u/fpFbf 

To;sf] k|ltlaDa A' (-4,- 2) aG5 . km]l/ ljGb' 

A' (-4,- 2) nfO{ pb\udljGb'sf] jl/kl/ -90° df 

kl/j|md0f u/fpFbf To;sf] k|ltlaDa A'' (-2, 4) aG5 . 

 

180
 
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oxfF A (4, 2) sf] clGtd k|ltlaDa A'' (-2, 4) h'g,  h:t} 5, h;n] 

pb\udljGb'sf] jl/kl/ + 90° jf - 270° sf] kl/j|md0fnfO{ hgfpF5 .

kl/j|md0fsf s]Gb|x¿ pxL / sf]0f ;dfg jf km/s ePsf b'O{ kl/j|md0fx¿sf] :f+o'St :yfgfGt/0f, 

kl/j|md0fx¿sf] s]Gb| pxL / sf]0f b'O{ tL b'O{ sf]0fx¿sf] of]ukmn;Fu a/fa/ xg] kl/j|md0f;Fu 

;dt'No x'G5 . olb R1 / R2 Pp6} s]Gb|df cfwfl/t kl/j|md0fx¿ eP ;+o'St kl/j|md0f M 

R1 o R2 = R2 o R1 = R1 + R2 x'G5 . cyf{t\ olb R1 [(0, 0), q1] / R2 [(0, 0), q2] b'O{cf]6f 

kl/j|md0fx¿ eP ;+o'St kl/j|md0f M R2 o R1 = R1 o R2 = R [ [(0, 0), q1 + q2)] x'G5 .

ljrf/0fLo k|Zg M olb b'O{cf]6f kl/j|md0fx¿ R1 [(0, 0), q1] / R2 [(0, 0), -q2] eP ;+o'St 

kl/j|md0f M R2 o R1 sf] s]Gb| s] / sf]0f slt x'G5, 5nkmn ug'{xf];\ .

;+o'St lj:yfkg (Combined Translation)

;Fu} lbOPsf] n]vflrqdf, ljGb' A (2, 1)
 nfO{ lj:yfkg e]S6/ (T1) =   n] lj:yfkg ubf{ 

k|ltlaDa A' (5, 2) aG5 . To;} u/L k|ltlaDa ljGb' 

A' (5, 2) nfO{ lj:yfkg e]S6/ (T2) =  n] lj:yfkg 

ubf{ k|ltlaDa A'' sf lgb]{zfª\sx¿ s] aG5g\, 5nkmn 

ug'{xf];\ . ctM ljGb' A (2, 1) sf] clGtd k|ltlaDa 

A'' (6, -3) x'G5 . 

xfdLnfO{ yfxf 5, A'' (6, -3) = (2 + 4, 1 -4)

	  			          =  +   

				           =  +   =  +  + 

	 ctM A'' = A + (T1 + T2)

b'O{ lj:yfkgx¿sf] ;+o'St :yfgfGt/0f klg lj:yfkg g} x'G5 h;df lj:yfkg e]S6/ b'O{ 

lj:yfkg e]S6/sf] of]ukmn;Fu a/fa/ x'G5 . olb T1 / T2 b'O{ lJf:yfkgx¿ eP ;+o'St lj:yfkg 

T2 o T1 = T1 o T2 = T1 + T2 cyf{t\ olb lj:yfkg e]S6/, T1 =  nfO{ T2 =  n] k5\ofpg] 

xf] eg] ;+o'St lj:yfkgnfO{ T2 o T1  cyjf T2 T1  n] hgfOG5 . hxfF T2 o T1 = T1 + T2 =

  +  =  x'G5 . To;} u/L lj:yfkg e]S6/ T1 o T2 = T2 + T1 =  +  

=  x'G5 . ctM lj:yfkg e]S6/ T1 o T2 / T2 o T1 a/fa/ x'G5g\ .
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;+o'St lj:t[tLs/0f (Combined Enlargement)

;Fu} lbOPsf] n]vflrqdf, lqe'h ABC nfO{ lj:t[tLs/0fsf] s]Gb| (centre of enlargement) 
pb\udljGb' O (0, 0) / lj:t[tLs/0fsf] gfkf] (scale factor) 2 lnP/ lqe'h A'B'C'  df lj:tf/ 

ul/Psf] 5 . To;} u/L lqe'h A'B'C' nfO{ klg lj:t[tLs/0fsf] s]Gb| pb\udljGb' O (0, 0) / 
lj:t[tLs/0fsf] gfkf] (scale factor) 2 lnP/ lj:tf/ ul/Psf] 5 . lqe'h ABC nfO{ lqe'h 

A'B'C'  df lj:tf/ ubf{ (O, 2) df lj:tf/ ePsf] elgG5 eg], 

-s_ 	lqe'h ABC nfO{ lqe'h 

A''B''C''  df lj:tf/ ubf{ 

lj:t[tLs/0fsf]  

s]Gb| slt 5 < 

-v_ 	To;} u/L lqe'h ABC nfO{ 

lqe'h A''B''C''  df lj:tf/ ubf{ 

lj:t[tLs/0fsf] gfkf] slt x'G5 < 

s;/L kQf nufpg ;lsG5 < 

-u_ 	lqe'h ABC nfO{ lqe'h A''B''C''  
df lj:tf/ ubf{ lj:t[tLs/0fsf] gfkf] slt ePsf] elgG5, 5nkmn ug'xf];\ .

n]vflrqdf, AA'', BB'' / CC'' Pp6} ljGb' O df sfl6Psf 5g\, To;}n] DABC nfO{ DA''B''C''  
df lj:tf/ ubf{ lj:t[tLs/0fsf] s]Gb| pb\udljGb' O (0, 0) g} x'G5 . 

oxfF, DABC nfO{ DA'B'C' df lj:tf/ ubf{ lj:t[tLs/0fsf] gfkf] (k1) = 2 / DA'B'C' nfO{ A''B''C'' 
df lj:tf/ ubf{ lj:t[tLs/0fsf] gfkf] (k2) = 2 ePsfn] ;+o'St lj:t[tLs/0fsf] gfkf] (k) = k1 × k2 = 
2 × 2 = 4 x'G5 . lqe'h ABC nfO{ lqe'h A''B''C''  df lj:tf/ ubf{ lj:t[tLs/0fsf] gfkf] (0, 4)
cyjf E[(0, 0), 4] ePsf] elgG5 . o;/L lqe'h ABC sf] clGtd k|ltlaDa lqe'h A''B''C'' x'G5 

h;nfO{ lgb]{zfª\ssf ¿kdf b]vfpFbf,

hxfF, A (1, 2)                   A'' (4 × 1, 4 × 2) = A'' (4, 8) 

       B (2, 1)                            B'' (4 × 2, 4 × 1) = B'' (8, 4)

       C (3, 2)                            C'' (4 × 3, 4 × 2) = C'' (12, 8)

 

E [(0, 0), 4]

E [(0, 0), 4]

E [(0, 0), 4]



188 P]lR5s ul0ft, sIff !)188

lj:t[tLs/0fsf s]Gb|x¿ pxL / lj:t[tLs/0fsf] gfk ;dfg jf km/s ePsf b'O{ lj:tf/sf] 

:f+o'St :yfgfGt/0f, lj:t[tLs/0fsf]] s]Gb| pxL / lj:t[tLs/0fsf] gfkf] tL b'O{ lj:t[tLs/0fsf] 

gfkf]sf] u'0fgkmn;Fu a/fa/ xg] lj:t[tLs/0f;Fu ;dt'No x'G5 .

-s_ b'O{cf]6f lj:t[tLs/0f E1 [(0, 0), k1] / E2 [(0, 0), k2] eP ;+o'St lj:t[tLs/0f  

	 E2o E1 = E1o E2 = E[(0, 0), k1 × k2] x'G5 .

-v_ b'O{cf]6f lj:t[tLs/0f E1 [(a, b), k1] / E2 [(a, b), k2] eP ;+o'St lj:t[tLs/0f

	 E2o E1 = E1o E2 = E[(a, b), k1 × k2] x'G5 .

pbfx/0f 1

olb R1 n] X- cIfdf x'g] k/fjt{g / R2 n] Y- cIfdf x'g] k/fjt{gnfO{ hgfpF5 eg] :f+o'St 

:yfgfGt/0f R2o R1 n] s'g Psn :yfgfGt/0f hgfpF5, n]Vg'xf];\ / ;f]xL Psn :yfgfGt/0fsf] 

k|of]u u/L ljGb' A (2, 3) sf] k|ltlaDa kQf nufpg'xf];\ .   

;dfwfg  oxfF,

R1 = X-cIfdf x'g] k/fjt{g / R2 = Y-cIfdf df 

x'g] k/fjt{g Pscfk;df pb\udljGb'df k|ltR5]lbt  

x'G5g\ To;}n] Psn :yfgfGt/0f R2o R1 kl/j|md0f xf] .

 X-cIf / Y-cIflarsf] sf]0f 90° 5 . 

;+o'St kl/j|md0f =  R1 o R2 = 2 × 90° = 180° / 
kl/j|md0fsf] s]Gb| (0, 0) 

lbOPsf] ljGb' A (2, 3) 5 . xfdLnfO{ yfxf 5, 

P (x, y) 			        	 P'(-x, -y)

ca, A (2, 3) 		                      A' (-2, -3)

ctM ljGb' A (2, 3)  sf] k|ltlaDa A' (-2, -3) x'G5 .

pbfx/0f 2

olb R1 n] X-cIfdf x'g] k/fjt{g / R2 n] y = 3 df x'g] k/fjt{gnfO{ hgfpF5 eg] :f+o'St 

:yfgfGt/0f R2 o R1 n] s'g Psn :yfgfGt/0f hgfpF5, n]Vg'xf];\ . ;f]xL Psn :yfgfGt/0fsf] 

k|of]u u/L ljGb' B (2, -1) sf] k|ltlaDa kQf nufpg'xf];\ .   

csf]{ tl/sf
R1 = X-cIfdf x'g] k/fjt{g / 
R2 = Y-cIfdf x'g] k/fjt{g 
hgfpF5g\, ca, R1o R2 (2, 3) 
         = R1(R2 (2, 3))
         = R1 (-2, 3)
         = (-2, -3)
ctM ljGb' A (2, 3)  sf] k|ltlaDa 
A' (-2, -3) x'G5 .

R1 o R2 [(0, 0),180°]

R1 o R2 [(0, 0),180°]
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;dfwfg M oxfF, 

R1 = X-cIfdf x'g] k/fjt{g / R2 n] y = 3 df x'g] k/fjt{g hgfpF5 . R1 / R2  Pscfk;df 

;dfgfGt/ 5g\ To;}n] R2 o R1 n] hgfpg] Psn :yfgfGt/0f lj:yfkg xf] .

lbOPsf] ljGb' B (2, -1) 5 . 

R2oR1 = T  =  = 2  = 2  = 

xfdLnfO{ yfxf 5, P (x, y) 	             P' (x + a, y + b)

ca, 	

B (2, -1) 	               B' (2 + 0, -1 + 6) = B' (2, 5)

ctM ljGb' B (2, -1) sf] k|ltlaDa B' (2, 5) x'G5 .

pbfx/0f 3

T1 =  / T2 =  b'O{cf]6f lj:yfkg x'g\ . ;+o'St :yfgfGt/0f T1oT2 cyjf T2oT1 k|of]u 

u/L ljGb' Q (-3, -4) sf] k|ltlaDa kQf nufpg'xf];\ .   

;dfwfg M oxfF, 

T1 =  / T2 =  b'O{cf]6f lj:yfkg x'g\ . lbOPsf] ljGb' Q (-3, -4) 5 . b'O{cf]6f 

lj:yfkgsf] ;+o'St :yfgfGt/0f T1 o T2 cyjf T2oT1 n] klg lj:yfkg g} hgfpF5 . 

;+o'St lj:yfkg e]S6/ T1 o T2 cyjf T2oT1 = T2 + T1 =  +  = (   )5
–1

ca, lj:yfkg e]S6/ T = T1oT2  = (   )5
–1

;"qcg';f/,  

ca,  = Q' (2, -7) x'G5 .

ctM ljGb' Q (-3, -4) sf] k|ltlaDa Q' (2, -7) x'G5 .

pbfx/0f 4

E1 [(0,0), 2)] / E2 [(0, 0), )] b'O{cf]6f lj:t[tLs/0fx¿ x'g\ . ;+o'St :yfgfGt/0f E1oE2 sf] 

k|of]u u/L ljGb' M (5, -7) sf] k|ltlaDa kQf nufpg'xf];\ .   

 

T = (   )a 
b

T = (   )0 
6
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;dfwfg M oxfF, 

 E1 [(0,0), 2)] / E2 [(0, 0), )] b'O{cf]6f lj:t[tLs/0fx¿ x'g\ . lbOPsf] ljGb' M (5, -7) 5 . 

xfdLnfO{ yfxf 5, b'O{cf]6f lj:t[tLs/0fsf] ;+o'St :yfgfGt/0fn] klg lj:t[tLs/0f g} hgfpF5 . 

;+o'St lj:t[tLs/0f E1oE2 sf] s]Gb|ljGb' (0, 0) / lj:t[tLs/0fsf] gfkf] (k) = k1 × k2 = 2 ×  = 3

lj:t[tLs/0fsf] s]Gb|ljGb' (0, 0) / lj:t[tLs/0fsf] gfkf] (k) ePsf] cj:yfdf, 

P (x, y) 	                      P'(kx, ky)

ca, 

M (5, -7)                      M' (3 × 5, 3 × (-7)) = M' (15, -21)

ctM ljGb' M (5, -7) sf] k|ltlaDa M' (15, -21) x'G5 .

pbfx/0f 5

Pp6f lqe'h ABC sf zLif{ljGb'x¿ A (-6, 1), B (-4, 3) / C (-2, 1)  5g\ . olb R1 n] 

x = -1 /]vfdf x'g] k/fjt{g / R2 n] x = 4 /]vfdf x'g] k/fjt{gnfO{ hgfpF5 eg] ;+o'St 

:yfgfGt/0f R2 o R1 n] s'g Psn :yfgfGt/0fnfO{ hgfpF5, ;f]xL Psn :yfgfGt/0fsf] k|of]u 

u/L DABC sf] k|ltlaDa kQf nufpg'xf];\ . ;fy} DABC / k|ltlaDa DA'B'C' nfO{ Pp6} n]

vflrqdf k|:t't ug'{xf];\ .  

;dfwfg M oxfF, 

R1 n] x = -1 /]vfdf x'g] 

k/fjt{g / R2 n] x = 4 /]vfdf 

x'g] k/fjt{gnfO{ hgfpF5 . 

A (-6, 1), B (-4, 3) / 
C (-2, 1) DABC sf 

lgb]{zfª\sx¿ x'g\ . k/fjt{g 

ug]{ /]vfx¿ x = -1 / x = 4 
Pscfk;df ;dfgfGt/ x'G5g\ 

To;}n] ;+o'St :yfgfGt/0f 

R2 o R1 n] hgfpg] :yfgfGt/0f lj:yfkg e]S6/;Fu a/fa/ x'G5 . b'O{cf]6f k/fjt{g ug]{ 

/]vfx¿larsf] b'/L MN 5 . 

R2o R1 = T  =  = 2  = 2  = 

E [(0,0), k]

E [(0,0), 3]
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xfdLnfO{ yfxf 5, 

ca,  = A' (4, 1)

 = B' (6, 3)

 = C' (8, 1)
ctM DABC sf] k|ltlaDa DA'B'C sf lgb]{zfª\sx¿ A' (4, 1), B' (6, 3) / C' (8, 1) x'G5g\ .

DABC / k|ltlaDa DA'B'C nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .  

pbfx/0f 6

Pp6f lqe'h PQR sf zLif{ljGb'x¿ P (4, -2), Q (2, 1) / R(5, 2)  5g\ . oL ljGb'x¿nfO{ 

kl/j|md0f [(0, 0), 180°] / pxL lbzfdf kl/j|md0f [(0, 0), 90°] af6 ;'? x'g] ;+o'St :yfgfGt/0fn] 

s'g Psn :yfgfGt/0fnfO{ hgfpF5 < ;f]xL Psn :yfgfGt/0fsf] k|of]u u/L DPQR sf] k|ltlaDasf] 

lgb]{zfª\sx¿ kQf nufpg'xf];\ . ;fy} DPQR / k|ltlaDa DP'Q'R' nfO{ Pp6} n]vflrqdf k|:t't 

ug'{xf];\ .  

;dfwfg M oxfF, 

lqe'h PQR sf zLif{ljGb'x¿ P (4, -2), Q (2, 1) / R (5, 2)  5g\ . dfgf}F, R1 / R2 n] j|mdzM 

kl/j|md0f [(0, 0), 180°] / pxL lbzfdf kl/j|md0f [(0, 0), 90°] nfO{ hgfpF5g\ . 

To;}n], ;+o'St :yfgfGt/0f R2 o R1 n] hgfpg] :yfgfGt/0f kl/j|md0f xf] .  

R2oR1 = [(0, 0), 180°+ 90] = [(0, 0), 270°] 

xfdLnfO{ yfxf 5,

 ca,

ctM DPQR sf] k|ltlaDa DP'Q'R' sf lgb]{zfª\sx¿ P' (-2, -4), Q' (1, -2) / R' (2, -5) 
x'G5g\ . DPQR / k|ltlaDa DP'Q'R' nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .  
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cEof; 9.2.1 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 R1 n] 𝑥–cIfdf x'g] k/fjt{g / R2 n] y–cIfdf x'g] k/fjt{g hgfpF5g\ eg] ;+o'St 

		  :yfgfGt/0f R1 o R2 n] s'g Psn :yfgfGt/0fnfO hgfpF5 < 

		  a.  [(0, 0), -90°] sf] kl/j|md0f hgfpF5	    b. [(0,0), 90°] sf] kl/j|md0f hgfpF5

		  c.  [(0, 0), 180°] sf] kl/j|md0f hgfpF5	    d. [(0, 0), 270°] sf] kl/j|md0f hgfpF5 

	 -v_	 R1 n] 𝑥–cIfdf x'g] k/fjt{g / R2 n] y–cIfdf x'g] k/fjt{g hgfpF5g\ eg] ljGb' 

		  A (2, 3) nfO{ ;+o'St :yfgfGt/0f R1 o R2 n] :yfgfGt/0f ubf{ aGg] k|ltlaDa s'g xf] < 

		  a.  A' (2, -3)		 b. A' (-2, 3)	  c.  A' (-2, -3)		 d) A' (3, 2)
	 -u_	 r1 / r2 n] j|mdzM kl/j|md0f [(0, 0), 45°] / pxL lbzfdf kl/j|md0f [(0, 0), 45°] 
		  hgfpF5g\ eg] ;+o'St :yfgfGt/0f r1or2 af6 ljGb' M (1, 2) sf] k|ltlaDa slt x'G5 <

		  a.  A' (-2, 1)		 b. A' (1, 2	 c.  A' (-1, 2)		  d. A' (2, 1)
	 -3_ 	/]vfx¿ x = 3 / x = 5 Dff x'g] k/fjt{gsf] ;+o'St :yfgfGt/0fn] s'g :yfgfGt/0f lbG5 < 

		  a.   n] lj:yfkg		  b. (+180°) sf] kl/j|md0f 

		  c.  (+90°) sf] kl/j|md0f 	 d.   n] lj:yfkg

	 -ª_	 kl/j|md0f R1 [(0,0), q] / R2 [(0,0), a]n] lbg] ;+o'St :yfgfGt/0f R1oR2 s] x'G5 < 

		  a.  R1oR2 [(0,0), q - a ]		  b.  R1oR2 [(0,0), q + a]	

		  c.  R1oR2 [(0,0), q × a]		  d. R1oR2 [(0,0), q × ] 
	 -r_ olb lj:yfkgx¿ T1 =  / T2 =  eP ;+o'St :yfgfGt/0f T2oT1 slt x'G5 <

		  a.  T2oT1 = 		  b. T2oT1 = 		

		  c.  T2oT1 = 		  d. T2oT1 = 

	 -5_ lj:tf/ E1 [(a, b), K1]  / E2 [(a, b), K2] sf] ;+o'St :yfgfGt/0f E1oE2 s] x'G5 <

		  a.  E1oE2 [(0,0), K1 + K2]		  b. E1oE2 [(0,0), (K1 - K2)]	

		  c.  E1oE2 [(0,0), K1 × K2]		  d. E1oE2 [(0,0), K1 × ] 

2.	 -s_	 zLif{ljGb'x¿ A (2, 2), B (6, 2) / C (2, 5) ePsf] rt'e'{h ABCD nfO{ klxn] X- 
	 cIfdf / To;kl5 Y- cIfdf k/fjt{g u/fpFbf ;+o'St :yfgfGt/0fåf/f aGg] k|ltlaDasf] 

	 lgb]{zfª\s kQf nufpg'xf];\ . j:t' / k|ltlaDanfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\  



193P]lR5s ul0ft, sIff !) 193

	 ;+o'St :yfgfGt/0f s] x'G5, n]Vg'xf];\ .

-v_ 	zLif{ljGb'x¿ A  (1, 2), B (4, -1) / C (2, 5) ePsf] lqe'hnfO{ j|mdzM /]vf x = -3 / y = 4
df k/fjt{g ul/Psf] 5 . pSt ;+o'St :yfgfGt/0faf6 k|fKt k|ltlaDa DA''B''C'' / 
DABC nfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

-u_ 	zLif{ljGb'x¿ A (1, 2), B (4, -1), / C (2, 5) ePsf] lqe'hnfO{ /]vfx¿ 
r1(x = 4) / r2(x = -1) df nuftf/ k/fjt{g ul/Psf] 5  . b'a} :yfgfGt/0fx¿n] 

hgfpg] ;+o'St :yfgfGt/0f R2 oR1 kQf nufpg'xf];\ . R2 oR1 åf/f k|fKt k|ltlaDa 
DA'B'C' / DABC nfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

3.	 -s_	 Pp6f lqe'h ABC sf zLif{ljGb'x¿ A (4, 0), B (3, 3) / C (1, -1) 5g\ . oL 

		  ljGb'x¿nfO{ pb\udljGb'sf] jl/kl/ kl/j|md0f [(0, 0), 90°] / pxL lbzfdf kl/j|md0f 

		  [(0, 0), 180°] af6 ;'? x'g] ;+o'St :yfgfGt/0fn] s'g Psn :yfgfGt/0fnfO{ hgfpF5 < 

		  ;f]xL Psn :yfgfGt/0fsf] k|of]u u/L DA'B'C' sf] k|ltlaDasf] lgb]{zfª\sx¿ kQf 

		  nufpg'xf];\ . ;fy} DABC / k|ltlaDa DA'B'C' nfO{ n]vflrqdf k|:t't ug'{xf];\ .

-v_ 	ljGb'x¿ P (1, 2), Q (4, -1) / R (2, 5) Pp6f lqe'h PQR sf zLif{ljGb'x¿ x'g\ . oL 

ljGb'x¿nfO{ 	 kl/j|md0f [(0, 0), -90°] / pxL lbzfdf kl/j|md0f [(0, 0), -180°] 
af6 x'g] ;+o'St :yfgfGt/0fn] s'g Psn] :yfgfGt/0fnfO{ hgfpF5, n]Vg'xf];\ . ;f]xL 

Psn :yfgfGt/0fsf] k|of]u u/L aGg] k|ltlaDax¿sf] lgb]{zfª\sx¿ kQf nufpg'xf];\ . 

b'O{cf]6} lqe'hx¿nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

-u_ 	olb R1 n] pb\udljGb'sf] jl/kl/ 90o
 df x'g] k/fjt{g / R2 n] pb\udljGb'sf] 

jl/kl/ -270o 
 df x'g] k/fjt{gnfO{ hgfpF5g\ eg] ;+o'St :yfgfGt/0f R2 o R1 n] 

s]nfO{ hgfpF5 < R2 o R1 åf/f zLif{ljGb'x¿ A (–4, 0), B (-6, 2), C (-4, 3) / 
D (2, 5) ePsf] rt'e'{hnfO{ :yfgfGt/0f ug{'xf];\ . k|fKt k|ltlaDa / j:t'nfO{ Pp6} 

n]vflrqdf k|:t't ug{'xf];\ .

-3_ 	A (3, 0), B (4, 2), C (2, 3), / D (1, 2), 5g\ . o;nfO{ pb\udljGb'sf] jl/kl/ 

+180o df kl/j|md0f u/]kl5 k|fKt k|ltlaDanfO{ k'gM pb\udljGb'sf] jl/kl/ 90o n] 

wgfTds lbzfdf k/fjt{g ul/Psf] 5 . ;+o'St :yfgfGt/0fåf/f k|fKt k|ltlaDa rt'e'{h 

A'B'C'D' / rt'e'{h ABCD nfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

4.	 ljGb'x¿ P (2, 1), Q (-1, 4) / R (-2, 2) Pp6f lqe'h PQR sf zLif{ljGb'x¿ x'g\ . olb 

T1 =  / T2 =  b'O{cf]6f lj:yfkg e]S6/ eP,

	 -s_	 ;+o'St :yfgfGt/0f T1 o T2 cyjf T2 o T1 sf] k|of]u u/L DPQR sf lgb]{zfª\sx¿sf] 

		  k|ltlaDa kQf nufpg'xf];\ . 
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	 -v_	 DPQR / k|ltlaDa DP'Q'R' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

5.	 Pp6f lqe'h BUN sf zLif{ljGb'x¿ j|mdzM B (5, 3), U (1, 4) / N(2, 1) 5g\ . 

	 olb b'O{cf]6f lj:yfkg e]S6/ T1 =  / T2 =  eP,

	 -s_	 ;+o'St :yfgfGt/0f T1 o T2  kQf nufpg'xf];\ .

	 -v_	 ;+o'St :yfgfGt/0f T2 o T1 k|of]u u/L DBUN sf lgb]{zfª\sx¿sf] k|ltlaDa kQf 

		  nufpg'xf];\ . 

	 -u_	 DBUN / k|ltlaDa DB'U'N' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

6.	 /]vfv08 PQ df P (-3, 5) / Q (7, -4)  5g\ . olb E1 [0, 2] / E2 = [0,  ] b'O{cf]6f 

	 lj:tf/ eP, /]vfv08 PQ nfO{ E1oE2 n] :yfgfGt/0f u5{ eg],

	 -s_	 ;+o'St :yfgfGt/ E1 o E2 n] hgfpg] lj:t[tLs/0fsf] s]Gb| / lj:t[tLs/0fsf] gfkf] slt 

		  x'G5, kQf nufpg'xf];\ .

	 -v_ 	k|ltlaDa /]vfv08 P'Q' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ . 

	 -u_	 /]vfv08 PQ  / k|ltlaDa /]vfv08 P'Q' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

7.	 DABC sf zLif{ljGb'x¿ A (2, 3), B (4, 5) / C(6, 2)  5g\ . olb b'O{cf]6f lj:tf/ 

	 E1 = [(0, 0), 4] / E2 = [(0, 0), ] eP,

	 -s_ 	;+o'St lj:t[tLs/0f E2 o E1 sf] lj:t[tLs/0fsf] gfkf] kQf nufpg'xf];\ .

	 -v_	 E2oE1 sf] k|of]u u/L DABC sf] k|ltlaDa DA'B'C' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ .

 		  ;fy} DABC / k|ltlaDa DA'B'C' nfO{ n]vflrqdf k|:t't ug'{xf];\ .

 pQ/

1. -s_ (c) 		 -v_ (c) 	  -u_ (a) 	        -3_ (d) 	 -ª_ (b)		  -r_ (b) 		 -5_ (d)	

2. -s_ A'' (-2, -2), B'' (-6, -2), C'' (-2, -5)		  -v_ A'' (-7, 6), B'' (-10, 9), C'' (-8, 3)

 -u_ A'' (-9, 2), B'' (-6, -1), C'' (-8, 5)

3. -s_ A'' (0, -4), B'' (3, -3), C'' (-1, -1)		  -v_ P'' (2, –1), Q'' (–1, –4), R'' (5, –2)

   -u_ A'' (4, 0), B'' (6, -2), C'' (4, -3), D'' (-2, -5) 	 -3_ A'' (0, -3), B'' (2, -4), C'' (3, -2), D'' (2, -1)

4.  -s_ P'(7, 0), Q' (4, 3), R' (3, 1)

5. -s_ T = 
 

 		 -v_ B'(-3, 2), U' (-4, 1), N' (-2, -1)    -u_ n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

6. -s_ E [(0, 0), 3] 	 -v_ P' (-9, 15), Q' (21, -12)	 -u_ n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

7. -s_ k = 2 		  -v_ A' (4, 6), B' (8, 10), C' (12, 4) / n]vflrq lzIfsnfO{ b]vfpg'xf];\ .
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9.3.2	 km/s km/s b'O{cf]6f :yfgfGt/0fsf] ;+o'St :yfgfGt/0f 

		  (Combined transformation of Two Different Transformation)

lj|mofsnfk 1

;Fu} lbOPsf] n]vflrqdf, ljGb'  

A (4, 2) nfO{ y = x df k/fjt{g ubf{  

k|fKt k|ltlaDa ljGb' A' (2, 4) x'G5 . 

-s_ 	k|ltlaDa A' (2, 4) nfO{ 

pb\udljGb'sf] jl/kl/ s'g lbzfdf 

kl/j|md0f ul/Psf] 5 <

-v_	 ;f] k|ltlaDa A' (2, 4) nfO{ slt 

l8u|Lsf] sf]0fdf kl/j|md0f ubf{ A'' 
aG5 <

-u_	 clGtd k|ltlaDa A'' sf lgb]{zfª\sx¿ s] s] 5g\, 5nkmn ug'{xf];\ .

-3_ 	lbOPsf] ;+o'St :yfgfGt/0fnfO{ hgfpg] Psn :yfgfGt/0f s] x'G5, 5nkmn ug'{xf];\ / 

lgisif{ kQf nufpg'xf];\ .

olb F / G n] s'g} b'O{cf]6f km/s :yfgfGt/0fnfO{ hgfpF5g\ eg],

-s_ 	;+o'St :yfgfGt/0f GoF df klxn] F åf/f x'g] :yfgfGt/0faf6 k|fKt k|ltlaDanfO{ G af6 

x'g] 	:yfgfGt/0fn] :yfgfGt/0f u/L clGtd k|ltlaDa kQf nufOG5 . 

-v_ 	;+o'St :yfgfGt/0f FoG df klxn] G åf/f x'g] :yfgfGt/0faf6 k|fKt k|ltlaDanfO{ F åf/f 

x'g] 	:yfgfGt/0fn] :yfgfGt/0f u/L clGtd k|ltlaDa kQf nufOG5 .

-u_ 	Psn :yfgfGt/0f kQf nufpg ;'?sf] ljGb'sf]] lgb]{zfª\s / clGtd k|ltlaDasf]  

lgb]{zfª\snfO{ cWoog u/L ltgLx¿sf] ;DaGwsf cfwf/df kQf nufOG5 .

pbfx/0f 1

zLif{ljGb'x¿ A (1, 0), B (2, 1) / C (3, -1) ePsf] lqe'hnfO{ lj:yfkg e]S6/ (T) =  n] 

lj:yfkg ubf{ k|fKt x'g] k|ltlaDasf] lgb]{zfª\sx¿ kQf nufpg'xf];\ . pSt k|ltlaDanfO{ k]ml/  

x = 2 df k/fjt{g ug{'xf];\ . DABC / clGtd k|ltlaDa DA''B''C'' nfO{ Pp6} n]vflrqdf k|:t't 

ug{'xf];\ .
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;dfwfg  

oxfF, DABC sf zLif{ljGb'x¿ A (1, 0), B (2, 1) / C (3, -1) 5g\ . lj:yfkg e]S6/ (T) = 
 / k/fjt{g ug]{ /]vf x = 2 5g\ . 

;"qcg';f/, 

 = A' (2, 2)

 = B' (3, 3)

 = C' (4, 1)

ctM DABC nfO{ lj:yfkg e]S6/ (T) =  n] lj:yfkg u/]kl5 k|fKt k|ltlaDa DA'B'C' sf 

lgb]{zfª\sx¿ A' (2, 2), B' (3, 3) / C' (4, 1) 5g\ . k]ml/, DA'B'C' nfO{ x = 2 df k/fjt{g ubf{, 

 

 = A'' (2, 2) 

 = B'' (1, 3)

 = C'' (0, 1)

ctM DABC / clGtd k|ltlaDa DA''B''C'' nfO{ 

Pp6} n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 2

E n] s]Gb| (-3, -4,) af6 x'g] gfkf] 2 ePsf] lj:t[tLs/0f / R n] y = 0 df x'g] k/fjt{gnfO{ 

hgfpF5g\ . Pp6f lqe'h ABC sf zLif{ljGb'x¿ A (2, 0), B (3, 1) / C (1, 1) 5g\ . 

-s_ 	;+o'St :yfgfGt/0f EoR n] P(x, y) nfO{ s'g ljGb'df :yfgfGt/0f u5{ < 

-v_	 lqe'h ABC nfO{ EoR åf/f :yfgfGt/0f ug{'xf];\ . DABC / k|fKt k|ltlaDa DA'B'C' nfO{ 

	 Pp6} n]vflrqdf k|:t't ug{'xf];\ .

Scale: 5 small boxes = 1 unit 
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;dfwfg  

oxfF, lj:t[tLs/0fsf] s]Gb|, (a, b) = (–3, –4) / lj:t[tLs/0fsf] gfkf] (k) = 2

R n] y = 0 df x'g] k/fjt{gnfO{ hgfpF5 . 

-s_ 	xfdLnfO{ yfxf 5, lj:t[tLs/0fsf] s]Gb|, (a, b) / lj:t[tLs/0fsf] gfkf] (k) lbPsf] cj:yfdf

	  /, y = 0 df x'g] k/fjt{g 5 eg],

	

ca, EoR (x, y) = E [R (x, y)] 

		  = E (x,-y)

		  = [2(x - (-3)) -3, 2 (-y - (-4)) - 4)]

		  =2(x + 3) -3, 2 (–y + 4) - 4)

		  = (2x + 6 -3, –2y + 8 -4) 

		  = (2x + 3, –2y +4)

	 ctM  (2x + 3, – 2y + 4) df :yfgfGt/0f u5{ .

-v_ 	To;}n],  = A'(4 + 3, 0 + 4) = A' (7, 4)

	  (2 × 3 + 3, – 2 ×1 + 4) = B' (6 + 3, –2 + 4) = B' (9, 2)

	  (2 × 1 + 3, – 2 × 1 + 4) = C' (2 +3, –2 + 4) = C' (5, 2)

ctM DABC / clGtd k|ltlaDa DA''B''C'' nfO{ dfly Pp6} n]vflrqdf k|:t't ul/Psf] 5 .

cEof; 9.2.2 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 ljGb' A (4, 2) nfO{ y = x df k/fjt{g ubf{ k|fKt k|ltlaDa ljGb' A' (2, 4) nfO{ 

		  pb\udljGb'sf] jl/kl/ wgfTds 90° df kl/j|md0f u/fpFbf aGg] ;+o'St :yfgfGt/0fn] 

		  s'g Psn :yfgfGt/0fnfO{ hgfpF5 < 

		  a.  X cIfdf k/fjt{g			   b. Y cIfdf k/fjt{g

		  c.  /]vf y = x k/fjt{g			  d.  /]vf y = -x k/fjt{g
	 -v_	 lbOPsf] ;DaGwdf P(x, y) sf] clGtd k|ltlaDa P''(-y, -x) aG5 eg] ;+o'St 

		  :yfgfGt/0fn] s'g Psn :yfgfGt/0fnfO{ hgfpF5 < 

		

Scale: 5 small boxes = 1 unit 
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		  a.  X cIfdf k/fjt{g			   b. Y cIfdf k/fjt{g

		  c.  /]vf y = x k/fjt{g			  d. /]vf y = -x k/fjt{g

	 -u_ 	ljGb' A (4, -1) nfO{ klxn] /]vf y = x df k/fjt{g ug{'xf];\ . k|fKt k|ltlaDa A'  nfO{ k'gM 

		  pb\udljGb'sf] jl/kl/ cw{kl/j|md0f u/fpFbf k|fKt clGtd k|ltlaDa A'' sf] lgb]{zfª\sx¿

		  tnsf dWo] s'g x'G5g\ <

		  a.  A'' (-1, 4)		 b. A'' (-1, -4)	   c.  A'' (1, -4)	 d. A'' (1, 4)	
	 -3_	 ljGb' B (3, 2) nfO{ klxn] E [(1, 2), -2] af6 lj:t[tLs/0f ubf{ k|fKt k|ltlaDanfO{ 

		  lj:yfkg e]S6/ (T) =  n] lj:yfkg ubf{ aGg]] k|ltlaDa B'' sf] lgb]{zfª\sx¿ 

		  tnsf dWo] s'g x'G5g\ <

		  a. B'' (-2, 4)		 b. B'' (-2, 3)	   c. B'' (2, -4)		 d. B'' (-3, 2)
2.	 zLif{ljGb'x¿ A (2, -1), B (2, 1) / C (4, -1) ePsf]DABC nfO{ klxn] /]vf y - x = 0 df

	 k/fjt{g ug{'xf];\ . k|fKt k|ltlaDanfO{ k'gM pb\udljGb'sf] jl/kl/ cw{kl/j|md0f u/fpg'xf];\ . 

	 k|fKt clGtd k|ltlaDa DA''B''C'' / DABC nfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

3.	 -s_	 zLif{ljGb'x¿ B (1, 2), I (-1, -2) / N (5, 0) ePsf] DBIN nfO{ lj:yfkg e]S6/ 

		  (T) =  n] lj:yfkg ubf{ aGg]] k|ltlaDanfO{ X cIfdf k/fjt{g ul/Psf] 5 . o;/L 

		  k|fKt k|ltlaDax¿sf zLif{ljGb'x¿sf lgb]{zfª\sx¿ n]v]/ DBIN / o;sf 

		  k|ltlaDax¿nfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

	 -v_	 zLif{ljGb'x¿ M (-1, 2), A (2, 1) / N (1, 0) ePsf] DMAN nfO{ (T) =  n] 

		  lj:yfkg ubf{ k|fKt x'g] k|ltlaDasf] lgb]{zfª\sx¿ kQf nufpg'xf];\ . pSt k|ltlaDanfO{  

		  k]ml/ /]vf x = -2 df k/fjt{g ug{'xf];\ / DMAN / DM''A''N'' nfO{ Pp6} n]vflrqdf 

		  k|:t't ug{'xf];\ .

4.	 -s_	 lj:yfkgnfO{ T / kl/j|md0fnfO{ R n] hgfOPsf] 5 . A (2, 1), B (2, 4) / C (5, 2) 
		  ePsf] DABC nfO{  åf/f lj:yfkg / pb\udljGb'sf] jl/kl/ wgfTds lbzfdf 90° 
		  kl/j|md0f ul/Psf] 5 . ;+o'St :yfgfGt/0f RoT cg';f/ k|ltlaDa kQf nufpg'xf];\ . 

		  DABC / k|ltlaDanfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

-v_	 A (1, 4), B (4, 1) / C (7, 5) zLif{ljGb'x¿ ePsf] DABC nfO  åf/f lj:yfkg / 
pb\udljGb'sf] jl/kl/ C0ffTds lbzfdf 90° kl/j|md0f ul/Psf] 5 . lj:yfkgnfO{ T 

/ kl/j|md0fnfO{ R n] hgfOPsf] 5 . ;+o'St :yfgfGt/0f RoT cg';f/ k|ltlaDa kQf 

nufpg'xf];\ . DABC  / k|ltlaDanfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

5.	 -s_	 zLif{ljGb'x¿ X (2, 3), Y (2, 6) / Z (3, 4) ePsf] lqe'h XYZ nfO{  
		  n] lj:yfkg ubf{ aGg]] k|ltlaDanfO{ E [(0, 0), 2] n] lj:t[tLs/0f ul/Psf] 5 . o;/L 
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		  k|fKt k|ltlaDasf zLif{ljGb'x¿sf lgb]{zfª\sx¿ n]vL o;sf k|ltlaDax¿ Pp6}  

		  n]vflrqdf k|:t't ug{'xf];\ .

	 -v_	 DMNP sf zLif{ljGb'x¿ M (1, 1), N (3, 1), / P (2, 3) sf] k|ltlaDa pb\udljGb'sf] 

		  jl/kl/ 90o wgfTds kl/j|md0fcg';f/ kQf nufpg'xf];\ . k|fKt k|ltlaDanfO{ k'gM (-1, 2)
		  s]Gb| / gfkf] 2 ePsf] lj:tf/åf/f lj:t[tLs/0f ug{'xf];\ . clGtd k|ltlaDa DM''N''P'' 
		  / j:t' DMNP nfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

6.	 -s_	 E n] s]Gb|ljGb' (3,1) / gfkf] 2 ePsf] lj:t[tLs/0f / R n] y = x df x'g] 

		  k/fjt{g hgfpF5g\ . zLif{ljGb'x¿ A (2, 3), B (4, 5) / C (1, -2) ePsf] DABC 
		  nfO{ ;+o'St :yfgfGt/0f EoR åf/f x'g] k|ltlaDa kQf nufpg'xf];\ . b'a} lrq Pp6} 

		  n]vflrqdf k|:t't ug'{xf];\ .

	 -v_	 G1 n] s]Gb|ljGb' (3, 4) af6 x'g] gfkf] 2 ePsf] lj:t[tLs/0f / G2 n] /]vf y = x df 

		  k/fjt{g x'g] :yfgfGt/0f hgfpF5g\ . olb zLif{ljGb'x¿ P (–3, 5), Q (7, 4) / R (6, -2)
		  EfPsf] DPQR nfO{ G2 o G1 åf/f :yfgfGt/0f ubf{ DPQR sf] k|ltlaDa DP'Q'R' df 
		  P', Q' / R' sf] lgb]{zfª\sx¿ kQf nufpg'xf];\ . b'a} lrq Pp6} n]vflrqdf k|:t't ug'{xf];\ .

7.	 -s_	 lqe'h CUT sf zLif{ljGb'x¿ C (2, 5), U (-1, 3) / T (4, 1) 5g\ . DCUT nfO{ 

		  pb\udljGb'sf] jl/kl/ 90° C0ffTds lbzfdf kl/j|md0f u/L k]ml/ E [(0, 0), 2] df 

		  lj:t[tLs/0f ubf{ aGg] k|ltlaDax¿sf] lgb]{zfª\s kQf nufpg'xf];\ . j:t' /  

		  k|ltlaDax¿nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

	 -v_ 	 Pp6f ;dfgfGt/ rt'{e'h GITA sf zLif{ljGb'x¿ G (2, 2), I (6, 2), T (7, 4) / 
		  A (3, 4) 5g\ . ;f] ;dfgfGt/ rt'{e'h GITA nfO{ pb\udljGb'sf] jl/kl/ 90° 
		  n] wgfTds lbzfdf kl/j|md0f u/L k]ml/ E [(0, 0), 3] df lj:t[tLs/0f ubf{ aGg] 

		  k|ltlaDax¿sf] lgb]{zfª\s kQf nufpg'xf];\ . j:t' / k|ltlaDax¿nfO{ Pp6}  

		  n]vflrqdf k|:t't ug'{xf];\ .

8.	 -s_	 lqe'h BAT sf zLif{ljGb'x¿ j|mdzM B (4, 6), A (2, 2) / T (8, 2) 5g\ . o;nfO{ 

		  ljGb' P(1, 3) sf] jl/kl/ wgfTds lbzfdf 90° kl/j|md0f u/L k]ml/ X- cIfdf 

		  k/fjt{g ul/Psf] 5 . DBAT sf k|ltlaDax¿sf] lgb]{zfª\s kQf nufpg'xf];\ . b'a} 

		  j:t' / k|ltlaDax¿nfO{ pxL Pp6} n]vflrqdf k|:t't ug'{xf];\ .

	 -v_ 	 Pp6f ;dfgfGt/ rt'{e'h DUCK sf zLif{ljGb'x¿ D (2, 3), U (1, 1), C (4, 1) / 
		  K (5, 3) 5g\ . o;nfO{ ljGb' A (4, 0) sf] jl/kl/ wgfTds lbzfdf 90° kl/j|md0f u/L 

		  k]ml/ x = y /]vfdf k/fjt{g ul/Psf] 5 . ;dfgfGt/ rt'{e'h DUCK sf k|ltlaDax¿sf] 

		  lgb]{zfª\s kQf nufpg'xf];\ . ;fy} j:t' / k|ltlaDax¿nfO{ Pp6} n]vflrqdf k|:t't  

		  ug'{xf];\ .



200 P]lR5s ul0ft, sIff !)200

 pQ/

1. -s_ (b) 	 -v_ (d) 	    -u_ (a) 	 -3_ (d) 	    2. A''(1, -2), B'' (-1, -2), C'' (1, -4)	

3. -s_ B' (2, 4), I' (0, 0), N' (6, 2) / B'' (2, -4), I'' (0, 0), N'' (6, -2)	

 -v_ M' (0, 4), A' (3, 3), N' (2, 2) / M''(-4, 4), A'' (-7, 3), N'' (-6, 2)	

4. -s_ A' (-4, 2), B' (-7, 2), C' (-5, 5)	 -v_ A'(5, -7), B' (2, -10), C' (6, -13)	

5. -s_ X' (0, 6), Y' (0, 9), Z' (1, 7) / X''(0, 12), Y'' (0, 18), Z'' (2, 14)	

-v_ M' (-1, 1), N' (-1, 3), P' (-3, 2) / M'' (-1, 0), N'' (-1, 4), P'' (-5, 2)

6. -s_ A' (3, 2), B' (5, 4), C' (-2, 1) / A'' (3, 3), B'' (7, 7), C'' (-7, 1)	

-v_ P' (-9, 6), Q' (11, 4), R' (9,-8) / P'' (6, -9), Q'' (4, 11), R'' (-8, 9)

7. -s_ C'(5, –2), U' (3, 1), T' (1, -4) / C''(10, –4), U'' (6, 2), T'' (2, -8)	

-v_ G' (-2, 2), I' (-2, 6), T' (-4, 7), A' (-4, 3) / G'' (-6, 6), I'' (-6, 18), T'' (-12, 21), A'' (-12, 9)

8. -s_ B' (-2, 6), A' (2, 4), T' (2, 10) / B'' (-2, -6), A'' (2, -4), T'' (2, -10)	

-v_ D' (1, -2), U' (3, -3),z C' (3, 0), K' (1, 1) / D'' (-2, 1), U'' (-3, 3), C'' (0, 3), K'' (1, 1)

kl/of]hgf sfo{ 

1.	 xfdLn] b}lgs hLjgdf b]Vg] jf k|of]u ug]{ w]/} j:t'x¿df lj:yfkg / lj:t[tLs/0f h:tf 
	 ul0ftLo wf/0ffx¿ k|of]u eO/x]sf x'G5g\ . 
	 -s_ tkfO{Fsf] 3/, ljBfno jf jl/kl/sf] jftfj/0faf6
		  -c_ 	 lj:yfkg;Fu ;DalGwt sDtLdf 2 cf]6f pbfx/0fx¿ lbg'xf];\ .
		  -cf_	 lj:tf/;Fu ;DalGwt sDtLdf 2 cf]6f pbfx/0fx¿ 5gf]6 ug{'xf];\ .
	 -v_	 k|To]s pbfx/0fsf nflu
		  -c_ 	 j:t'sf] ;'?sf] cj:yfsf] lrq agfpg'xf];\ .
		  -cf_ 	 lj:yfkg jf lj:tf/kl5 ag]sf] gofF cj:yfsf] lrq agfpg'xf];\ . lj:yfkg 
			   ePdf lbzf / b'/L pNn]v ug{'xf];\ . lj:tf/ ePdf lj:tf/sf] gfk pNn]v  
			   ug{'xf];\ .

	 -u_	 lj:yfkg / lj:tf/sf] t'ngf ug{'xf];\ .

2.	 tkfO{Fsf] jl/kl/sf] b}lgs hLjgdf k|of]u x'g] s'g} Pp6f j:t' jf ultljlw 5fGg'xf];\ hxfF 
	 klxnf k/fjt{g / To;kl5 kl/j|md0f -jf pN6f] j|mddf_ b]Vg ;lsG5 . 
	 -s_ rog ul/Psf] j:t'÷ultljlwsf] k|f/lDes cj:yf, k/fjt{gkl5 ag]sf] cj:yf /  
		  k/fjt{gkl5 kl/j|md0f ubf{ ag]sf] clGtd cj:yfsf] :ki6 lrq;lxt b]vfpg'xf]; \.
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	 -v_	 lrqdf lgDglnlvt tYox¿ :ki6 ¿kdf b]vfpg'xf];\ M

		  k/fjt{gsf] cIf -X–axis, Y–axis jf s'g} /]vf_

		  kl/j|md0fsf] s]G›, kl/j|md0fsf] sf]0f -h:t} M 90°, 180°)
	 -u_	 k/fjt{g / kl/j|md0f cnu cnu ubf{ / ;+o'St ¿kdf ubf{ j:t'sf] cj:yfdf  
		  cfPsf] kl/jt{g t'ngf ug{'xf];\ . olb ¿kfGt/0fsf] j|md kl/jt{g ul/of] eg] -klxnf  
		  kl/j|md0f / kl5 k/fjt{g_, clGtd cfs[lt pxL /xG5 ls km/s k5{, lrqsf cfwf/df 

		  sf/0f;lxt JofVof ug{'xf];\ .

9.4 	d]l6«S;sf] k|of]u u/L :yfgfGt/0f (Transformation Using Matrix)

lj|mofsnfk 1

s'g} ljGb' jf HofldtLo lrqx¿nfO{ d]l6«S; k|of]u u/L lglZrt lbzf / b'/Ldf :yfgfGt/0f ug]{ 

lj|mofnfO{ d]l6«S; :yfgfGt/0f elgG5 . s'g} ljGb' A (x, y) nfO{ 2 × 1 d]l6«S;  n] :yfgfGt/0f 

ug'{xf];\ / ;f]lwPsf k|Zgx¿df 5nkmn ug'{xf];\ M

-s_ :yfgfGt/0f ubf{ aGg]] gofF ljGb' A' sf] lgb]{zfª\sx¿ s] s] x'G5g\ < 

-v_ s] ljGb' A (x, y) nfO{ d]l6«S;sf ¿kdf n]Vg ;lsG5 < 

s'g} ljGb' A (x, y) jf j:t'sf zLif{ljGb'x¿nfO{ nfO{ 2 × 1 d]l6«S;n] :yfgfGt/0f ug'{ 

eg]sf] lj:yfkg xf] . To;}n], A (x, y)  A' (x + a, y + b) x'G5 . ctM A' sf] lgb]{zfª\sx¿ 

A' (x + a, y + b) aG5g\ . A (x, y) nfO{ d]l6«S;sf ¿kdf n]Vbf  n]lvG5 . To;} u/L, A' sf] 

lgb]{zfª\sx¿nfO{ d]l6«S;sf ¿kdf n]Vg'xf];\ .

9.4.1 Pp6f 2 × 1 d]l6«S;sf] k|of]u u/L :yfgfGt/0f

;Fu} lbOPsf] n]vflrqdf ljGb' A (–2, 1) nfO{ lj:yfkg e]S6/  n] lJf:yfkg ubf{ aGg] 

k|ltlaDa A' sf] lgb]{zfª\sx¿ A' (-2 + 5, 1 + 2) = A' (3, 3) 5g\ . of] :yfgfGt/0fnfO{ 

d]l6«S;sf ¿kdf klg n]Vg ;lsG5 . hxfF, 

j:t' (O) = A (–2, 1) =    

lj:yfkg e]S6/ (T) =  =   

k|ltlaDa (I) = j:t' (O) + lj:yfkg 
e]S6/ (T)

k|ltlaDa (I) =  +  =   
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s'g} ljGb' jf HofldtLo lrqsf lgb]{zfª\sx¿nfO{ d]l6«S;n] :yfgfGt/0f u¥of] eg] To; 

:yfgfGt/0fnfO{ d]l6«S; :yfgfGt/0f elgG5 .  :yfgfGt/0f e]S6/ (T) =  n] ljGb' P (x, y) 
sf] nx/ d]l6«S;  nfO{ :yfgfGt/0f ubf{ k|ltlaDa P' (x+ a, y + b) aG5 . o;nfO{ d]l6«S; 

¿kdf n]Vbf, 

k|ltlaDa (I) =  +  =  

ctM k|ltlaDa (I) = j:t' (O) + lj:yfkg e]S6/ 

9.4.2 Pp6f 2 × 2 d]l6«S;sf] k|of]u u/L :yfgfGt/0f

dfgf}F, Pp6f 2 × 2 d]l6«S; (M) =  xf] . s'g} Pp6f ljGb' P (x, y) nfO{ nx/ d]l6«S;sf] 

¿kdf n]Vbf  x'G5 . olb lbOPsf] nx/ d]l6«S;sf] cufl8af6 2 × 2 d]l6«S;n] u'0ff u¥of] eg] 

dfgf}F, csf]{ Pp6f nx/ d]l6«S;  aG5, h:t} M 

M   = 

cyjf,   = 

cyjf,  = 

hxfF, x1 = ax + by / y1 = cx + dy

ctM olb 2 × 2 d]l6«S;  n] P (x, y) sf] d]l6«S; ¿k  nfO{ :yfgfGt/0f ubf{ 

k|ltlaDasf] lgb]{zfª\s (ax + by, cx + dy) aG5 . 

-s_ X- cIfdf x'g] k/fjt{gnfO{ hgfpg] 2 × 2 :yfgfGt/0f d]l6«S; 

s'g} ljGb' P (x, y) nfO{ X- cIfaf6 k/fjt{g u¥of] eg] o;sf] k|ltlaDa P' (x, -y) aG5 eg] 

o;nfO{ hgfpg] d]l6«S; s;/L kQf nufpg ;lsG5 < s] of] 2 × 2 j|mdsf] dfq x'G5 < lsg ;f] 

d]l6«S; 2 × 1 x'Fb}g, 5nkmn ug'{xf];\ .

dfgf}F, ljGb' P (x, y) nfO{ X- cIf (y = 0) df k/fjt{g u/fpFbf k|fKt x'g] k|ltlaDa P' (x', y') xf] .
o;nfO{ o;/L klg n]Vg ;lsG5, 

P (x, y) 
y = 0

P' (x', y')
t/, jf:tljs ¿kdf, ljGb' P (x, y) nfO{ X- cIf (y = 0) df k/fjt{g u/fpFbf 

P (x, y) 
y = 0

P' (x, -y) x'G5 .

dfly P' sf lgb]{zfª\snfO{ t'ngf ubf{ k|ltlaDa

P' (x', y') = P' (x, -y)
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x' = x = 1 × x + 0 × y………(i)

y' = -y = 0 × x + (-1) × y………(ii)

;dLs/0f (i) / (ii) nfO{ d]l6«S; ¿kdf JoSt ubf{

 =  
 

ctM X- cIf (y = 0) df x'g] k/fjt{gn] k|ltlglwTj ug]{ cfjZos 2 × 2 :yfgfGt/0f 
d]l6«S;  xf] . hxfF,  =   nfO{ j|mdzM k|ltlaDa d]l6«S;, :yfgfGt/0f 

d]l6«S; / j:t' d]l6«S; elgG5 . 

To;}n] k|ltlaDa d]l6«S; (I) = :yfgfGt/0f d]l6«S; (M) × j:t' d]l6«S; (O) n]Vg ;lsG5 .

ljrf/0fLo k|Zg M o;} u/L, Y- cIf (x = 0) df x'g] k/fjt{g, /]vf y = x df x'g] k/fjt{g, /]vf 

y = -x df x'g] k/fjt{g, /]vf x = h df x'g] k/fjt{g, / /]vf y = k df x'g] k/fjt{gn] k|ltlglwTj 

ug]{ cfjZos 2 × 2 :yfgfGt/0f d]l6«S; s] s] xf]nfg\ < 

-v_	 pb\udljGb'sf] jl/kl/ wgfTds lbzfdf 90° sf] kl/j|md0fnfO{ hgfpg] 2 × 2 :yfgfGt/0f 
	 d]l6«S; 

s'g} ljGb' P (x, y) nfO{ pb\udljGb'sf] jl/kl/ wgfTds 90° df kl/j|md0f u¥of] eg] o;sf] 

k|ltlaDa P' (-y, x) aG5 eg] o;nfO{ hgfpg] d]l6«S; s;/L kQf nufpg ;lsG5, 5nkmn 

ug'{xf];\ .

dfgf}F, ljGb' P (x, y) nfO{ pb\udljGb'sf] jl/kl/ (+90°) x'g] kl/j|md0f u/fpFbf k|fKt x'g] k|ltlaDa 

P' (x', y') xf] . o;nfO{ o;/L klg n]Vg ;lsG5, 

P (x, y)  [(0, 0), +90°] P' (x', y')

t/, jf:tljs ¿kdf, ljGb' P (x, y) nfO{ pb\udljGb'sf] jl/kl/ (+90°) x'g] kl/j|md0f u/fpFbf 

P (x, y)
 [(0, 0), +90°]

 P' (-y, x) x'G5 .

dfly P' sf lgb]{zfª\snfO{ t'ngf ubf{ k|ltlaDa

P' (x', y') = P' (-y, x)
x' = -y = 0 × x + (-1) × y………(i)
y' = x = 1 × x + 0 × y………(ii)
;dLs/0f (i) / (ii) nfO{ d]l6«S;sf ¿kdf JoSt ubf{

 =  
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ctM pb\udljGb'sf] jl/kl/ (+ 90°) x'g] kl/j|md0fn] k|ltlglwTj ug]{ cfjZos 2 × 2 :yfgfGt/0f 
d]l6«S;  xf] .

ljrf/0fLo k|Zg M pb\udljGb'sf] jl/kl/ C0ffTds lbzfdf (-90°) sf] kl/j|md0f, 180° sf] 

kl/j|md0fn] k|ltlglwTj ug]{ cfjZos 2 × 2 :yfgfGt/0f d]l6«S; s] s] xf]nfg\, 5nkmn ug'{xf];\ . 

-u_	 lj:t[tLs/0fsf] s]Gb| (0, 0) / lj:t[tLs/0fsf] gfkf] (k) hgfpg] 2 × 2 :yfgfGt/0f d]l6«S; 

s'g} ljGb' P (x, y) nfO{ lj:t[tLs/0fsf] s]Gb| (0, 0) / gfkf] (k) lnO{ lj:tf/ u¥of] eg] o;sf] 

k|ltlaDa P' (kx, ky) aG5 . o;nfO{ hgfpg] d]l6«S; s;/L kQf nufpg ;lsG5, 5nkmn ug'{xf];\ .

dfgf}F, ljGb' P (x, y) nfO{ lj:t[tLs/0fsf] s]Gb| (0, 0) / gfkf] (k) lnO{ lj:tf/ u/fpFbf k|fKt x'g] 

k|ltlaDa P' (x', y') xf] . o;nfO{ o;/L klg n]Vg ;lsG5, 

P (x, y) 
E [(0, 0), k]

P' (x', y')

t/ jf:tljs ¿kdf, ljGb' P (x, y) nfO{ lj:t[tLs/0fsf] s]Gb| (0, 0) / gfkf] (k) lnO{ lj:tf/ 

u/fpFbf 

P (x, y) 
E [(0, 0), k]

 P' (kx, ky) x'G5 .

dfly P' sf lgb]{zfª\snfO{ t'ngf ubf{ k|ltlaDa

P' (x', y') = P' (kx, ky)

x' = kx = k × x + 0 × y………(i)

y' = ky = 0 × x + k × y………(ii)

;dLs/0f (i) / (ii) nfO{ d]l6«S;sf ¿kdf JoSt ubf{

 =  

ctM lj:t[tLs/0fsf] s]Gb| (0, 0) / gfkf] (k) af6 lj:tf/ u/fpFbf cfjZos 2 × 2 :yfgfGt/0f 
d]l6«S;   xf] . hxfF,  =   nfO{ j|mdzM k|ltlaDa d]l6«S;, :yfgfGt/0f 

d]l6«S; / j:t' d]l6«S; elgG5 .

km/s km/s :yfgfGt/0fdf k|of]u u/Lg] 2 × 2 d]l6«S;x¿sf] ljj/0f 

2 × 2 :yfgfGt/0f d]l6«S;df k|ltlaDa d]l6«S; = :yfgfGt/0f d]l6«S;  × j:t' 
d]l6«S;  n]Vg ;lsG5 . oxfF ‘n' n] j:t' / k|ltlaDadf ePsf zLif{ljGb'x¿sf] ;ª\VofnfO{ 

hgfpF5 . ‘n' sf] dfg /]vfv08, lqe'h / rt'e'{hsf nflu j|mdzM 2, 3 / 4 x'G5 . km/s km/s 
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:yfgfGt/0fdf k|of]u ul/g] 2 × 2 d]l6«S;x¿sf] ljj/0f tn tflnsfdf lbOP h:t} x'G5 M

j|m=;= :yfgfGt/0f
j:t' 

ljGb'

k|ltlaDa

 ljGb'
2 × 2 :yfgfGt/0f 

d]l6«S;

1 X-cIfdf x'g] k/fjt{g P (x, y) P' (x, -y)

2 Y-cIfdf x'g] k/fjt{g P (x, y) P' (-x, y)

3 y = x cyjf y - x = 0 /]vfdf 
x'g] k/fjt{g

P (x, y) P' (y, x)

4 y = -x cyjf y + x = 0 

/]vfdf x'g] k/fjt{g

P (x, y) P' (-y, -x)

5 R[(0, 0), +90°] cyjf [(0, 
0), -270°] df x'g] kl/j|md0f

P (x, y) P' (-y, x)

6 R[(0, 0), -90°] cyjf [(0, 0),
+ 270°] df x'g] kl/j|md0f

P (x, y) P' (y, -x)

7 R[(0, 0), 180°] df x'g] 
kl/j|md0f

P (x, y) P' (-x, -y)

8 R[(0, 0), 360°] df x'g] 
kl/j|md0f

P (x, y) P' (x, y)

9 E [(0, 0), k] af6 x'g] 
lj:t[tLs/0f

P (x, y) P' (kx, ky)

ljrf/0fLo k|Zg M lj:t[tLs/0fsf] s]Gb| (a, b) / lj:t[tLs/0fsf] gfkf] k ePsf] cj:yfdf 

:yfgfGt/0f d]l6«S; s] x'G5, 5nkmn ug'{xf];\ .

9.3.3 PsfO ju{sf] kl/ro (Introduction of Unit Quare) 

PsfO ju{ eGgfn] lrqdf b]vfOP h:t} k|To]s e'hfsf] nDafO 1 PsfO 

ePsf] ju{nfO{ hgfpF5 . ;Fu} lbOPsf] n]vflrqdf OABC Pp6f PsfO 

ju{ xf] h;sf zLif{ljGb'x¿ O (0, 0), A (1, 0), B (1, 1) C (0, 1) 5g\ .

o;sf zLif{ljGb'x¿nfO{ d]l6«S;sf :j¿kdf n]Vbf,  x'G5 .
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pbfx/0f 1

ljGb' A (a, b) nfO{ ljGb' A (a + 2, b -3) df :yfgfGt/0f ug]{ 2 × 1 d]l6«S; kQf nufpg'xf];\ . 

;f]xL d]l6«S;sf] k|of]u u/L ljGb' (5, 7) sf] k|ltlaDa kQf nufpg'xf];\ .

;dfwfg M oxfF,

dfgf}F, 2 × 1  :yfgfGt/0f d]l6«S; (M) = 

A (a, b)                  	        A'(a + p, b + q)

lbOPsf], 

A (a, b)                  	       A'(a + 2, b -3)

j|mdfut ;b:ox¿sf] dfg a/fa/ ubf{, 

cyjf, a + 2 = a + p,
	 \ p = 2 
To;} u/L, b -3 = b + q 
	 \ q = –3 
ctM 2 × 1 d]l6«S; (M) =   = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) + j:t' (O) 

k|ltlaDa (I) =  +  = 

ctM (5, 7) sf] k|ltlaDa  xf] .

pbfx/0f 2

d]l6«S;  n] k|ltlglwTj ug]{ :yfgfGt/0f s'g xf], kQf nufpg'xf];\ . 

;dfwfg M oxfF

lbOPsf] :yfgfGt/0f d]l6«S;, (TM) = 
 
dfgf}F, j:t' (O) = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) × j:t' (O)  

=   × 
  
=    = 

ctM P (x, y) × P'(-y, -x)

To;}n], lbOPsf] d]l6«S;  n] k|ltlglwTj ug]{ :yfgfGt/0f y = -x df x'g] k/fjt{g xf] .

(T) = (   )a 
b

(T) = (   )a 
b
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pbfx/0f 3

d]l6«S;  n] s'g :yfgfGt/0fnfO{ k|ltlglwTj u5{ . d]l6«S; k|of]u u/]/ ljGb' A (6, -2) 
sf] k|ltlaDa kQf nufpg'xf];\ .

;dfwfg M oxfF

klxnf] cj:yfcg';f/, lbOPsf] :yfgfGt/0f d]l6«S;, (TM) = 
dfgf}F, j:t' (O) = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) × j:t' (O)  

=   × 
	

= 
	

= 

ctM P (x, y) × P'(-y, x)

To;}n], lbOPsf] d]l6«S;  n] k|ltlglwTj ug]{ :yfgfGt/0f pb\udljGb'sf] jl/kl/ 
(+ 90°) sf] kl/j|md0fnfO{ hgfpF5 .

bf];|f] cj:yfcg';f/, lbOPsf] ljGb' A (6, –2) nfO{ d]l6«S;sf ¿kdf n]Vbf 

k|ltlaDa (I)  =    × 

k|ltlaDa (I) =  

k|ltlaDa (I) =  = 

ctM ljGb' A (6, -2) sf] k|ltlaDa A'(2, 6) xf] .

pbfx/0f 4

/]vf y = -x df x'g] k/fjt{gn] k|ltlglwTj ug]{ 2 × 2 :yfgfGt/0f d]l6«S; kQf nufpg'xf];\ .

;dfwfg M oxfF,

dfgf}F, ljGb' P (x, y) nfO{ /]vf y = -x df k/fjt{g u/fpFbf k|fKt x'g] k|ltlaDa P' (x', y') xf] . 
o;nfO{ o;/L klg n]Vg ;lsG5, 

P (x, y) y = –x P' (x', y')

t/, jf:tljs ¿kdf, ljGb' P (x, y) nfO{ /]vf y = -x df k/fjt{g u/fpFbf 

P (x, y) y = –x P' (–y, –x) x'G5 .

ljGb' A (a, b) nfO{ ljGb' A (a + 2, b -3) df :yfgfGt/0f ug]{ 2 × 1 d]l6«S; kQf nufpg'xf];\ . 

;f]xL d]l6«S;sf] k|of]u u/L ljGb' (5, 7) sf] k|ltlaDa kQf nufpg'xf];\ .

;dfwfg M oxfF,

dfgf}F, 2 × 1  :yfgfGt/0f d]l6«S; (M) = 

A (a, b)                  	        A'(a + p, b + q)

lbOPsf], 

A (a, b)                  	       A'(a + 2, b -3)

j|mdfut ;b:ox¿sf] dfg a/fa/ ubf{, 

cyjf, a + 2 = a + p,
	 \ p = 2 
To;} u/L, b -3 = b + q 
	 \ q = –3 
ctM 2 × 1 d]l6«S; (M) =   = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) + j:t' (O) 

k|ltlaDa (I) =  +  = 

ctM (5, 7) sf] k|ltlaDa  xf] .

d]l6«S;  n] k|ltlglwTj ug]{ :yfgfGt/0f s'g xf], kQf nufpg'xf];\ . 

;dfwfg M oxfF

lbOPsf] :yfgfGt/0f d]l6«S;, (TM) = 
 
dfgf}F, j:t' (O) = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) × j:t' (O)  

=   × 
  
=    = 

ctM P (x, y) × P'(-y, -x)

To;}n], lbOPsf] d]l6«S;  n] k|ltlglwTj ug]{ :yfgfGt/0f y = -x df x'g] k/fjt{g xf] .

   (T) = 

   (T) = 
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dfly P' sf lgb]{zfª\snfO{ t'ngf ubf{ k|ltlaDa

P' (x', y') = P' (–y, -x)

x' = - y = 0 × x + (-1) × y………(i)

y' = - x = (-1) × x + 0 × y………(ii)

;dLs/0f (i) / (ii) nfO{ d]l6«S; ¿kdf JoSt ubf{

 =  

ctM /]vf y = -x df x'g] k/fjt{gn] k|ltlglwTj ug]{ cfjZos 2 × 2 :yfgfGt/0f d]l6«S; 

  xf] .

pbfx/0f 5

olb ljGb' P (a, b) nfO{  n] :yfgfGt/0f ubf{ P' (-10, -8) aG5 eg] a / b sf] dfg 

kQf nufpg'xf];\ .

;dfwfg M oxfF,

P = 

:yfgfGt/0f d]l6«S;, (TM) = 
k|ltlaDa (P') = 

xfdLnfO{ yfxf 5, 

k|ltlaDa (P') = :yfgfGt/0f d]l6«S; (TM) × ljGb' (P)  

cyjf,  =   × 

cyjf,   = 

;ª\ult ;b:ox¿sf] dfg a/fa/ ubf{, 

cyjf,-10 = -2b, × b = 5
cyjf,-8 = -2a, × a = 4
ctM a = 4 / b = 5

pbfx/0f 6

lqe'h PQR sf zLif{ljGb'x¿ P (4, 3), Q (6, 4) / R (8, 1) nfO{ 2 × 2 d]l6«S;  

:yfgfGt/0f u/L k|ltlaDa DP'Q'R' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ . 
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;dfwfg M oxfF,

lqe'h PQR sf zLif{ljGb'x¿ P (4, 3), Q (6, 4) / R (8, 1) 5g\ .  2 × 2 d]l6«S;  5g\ .

lqe'h PQR sf zLif{ljGb'x¿nfO{ d]l6«S;sf ¿kdf n]Vbf, j:t' (O) = 

:yfgfGt/0f d]l6«S;, (TM) = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) × j:t' (O)  

k|ltlaDa (I) 	 =   × 

			   = 

			   = 

			   = 

ctM k|ltlaDa DP'Q'R' sf lgb]{zfª\sx¿ P'(13, 6), Q'(18, 8) / R'(11, 2) 5g\ . 

pbfx/0f 7

zLif{ljGb'x¿ A (1, 2), B (4, 1) / C (2, 5) ePsf] lqe'h ABC nfO{ k|ltlaDa DA'B'C' sf 

lgb]{zfª\sx¿ A' (5, 2), B' (6, 1) / C' (12, 5) df ¿kfGt/0f ug]{ 2 × 2 :yfgfGt/0f d]l6«S; 

kQf nufpg'xf];\ . 

;dfwfg M oxfF,

dfgf}F, 2 × 2 :yfgfGt/0f d]l6«S; (M) = 

lqe'h ABC sf lgb]{zfª\sx¿ zLif{ljGb'x¿ A (1, 2), B (4, 1) / C (2, 5)  nfO{ d]l6«S;sf] 

:j¿kdf n]Vbf, 

j:t' (O) = 

k|ltlaDa DA'B'C' sf lgb]{zfª\sx¿ A' (5, 2), B' (6, 1) / C' (12, 5) nfO{ d]l6«S;sf] :j¿kdf n]Vbf, 

k|ltlaDa (I) =  

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) × j:t' (O)  

cyjf,  =   ×  

cyjf,   = 
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j|mdfut ;b:ox¿sf] dfg a/fa/ ubf{, 

a + 2b = 5 
cyjf, a = 5 - 2b ……………….(i)
4a + b = 6
cyjf, 4 (5 - 2b) + b = 6 (⸪ ;dLs/0f (i) af6_ 
cyjf, 20 - 8b + b = 6
cyjf, -7b = 6 -20
ctM, b =  = 2

;dLs/0f (i) df b = 2 /fVbf,
a = 5 - 2b = 5 - 2 × 2 = 1 
k]ml/, c + 2d = 2
cyjf, c = 2 - 2d ……………… (ii)
/  4c + d = 1
cyjf,  4 (2 -2d) + d = 1 ( ⸪ ;dLs/0f (ii) af6_
cyjf,  8 - 8 d + d = 1
cyjf,-7d = 1 - 8
\ d = 1
;dLs/0f (ii) af6 c = 2- 2 × 1 = 0

ctM 2 × 2 :yfgfGt/0f d]l6«S;, (M) =   = 

pbfx/0f 8

zLif{ljGb'x¿ A (2, 3), B (4, 3), C (4, 5) / D (2, 5) ePsf] ju{ ABCD nfO{ 2 × 2 d]l6«S;n] 

:yfgfGt/0f ubf{ zLif{ljGb'x¿ A' (3, 2), B' (3, 4) C' (5, 4) / D' (5, 2) ePsf] ju{ A'B'C'D' 
x'G5 eg] ;f] 2 × 2 :yfgfGt/0f d]l6«S; kQf nufpg'xf];\ . 

;dfwfg M oxfF,

dfgfF}, 2 × 2 :yfgfGt/0f d]l6«S; (M) = 

ju{ ABCD sf zLif{ljGb'x¿ A (2, 3), B (4, 3), C (4, 5) / D (2, 5) nfO{ d]l6«S;sf] :j¿kdf 

n]Vbf, 

j:t' (O) = 
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k|ltlaDa ju{ A'B'C'D' sf zLif{ljGb'x¿ A' (3, 2), B' (3, 4) C' (5, 4) / D' (5, 2) nfO{ 

d]l6«S;sf] :j¿kdf n]Vbf, 

k|ltlaDa (I) = 

xfdLnfO{ yfxf 5, k|ltlaDa (I) = :yfgfGt/0f d]l6«S; (TM) × j:t' (O)  

cyjf,  =   ×  

cyjf,   = 

j|mdfut ;b:ox¿sf] dfg a/fa/ ubf{, 

2a + 3b = 3 

cyjf, a = ……………….(i)

4a + 3b = 3

cyjf, 4  + 3b = 3  (⸪ ;dLs/0f (i) af6_) 
cyjf, 6 - 6b + 3b = 3
cyjf, -3b = 3 -6

cyjf, -3b = -3

ctM, b =  1

;dLs/0f (i) df b = 1 /fVbf, a =  = 0 

k]ml/, 2c + 3d = 2

cyjf, c =  ……………… (ii)

/ 4c + 3d = 4

cyjf,  4  + 3d = 4	  ( ⸪ ;dLs/0f (ii) af6)
cyjf,  4 - 6 d + 3d = 4
cyjf, -3d = 4 - 4 
\ d = 0
;dLs/0f (ii) af6 c = =  = 1

ctM 2 × 2 :yfgfGt/0f d]l6«S;, (M) =   = 
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pbfx/0f 9

/]vf y = x df k/fjt{g u/]kl5 pb\udljGb'sf] jl/kl/ 90° wgfTds lbzfdf kl/j|md0f u/fpFbf 

x'g] ;+o'St :yfgfGt/0f /]vf Y - cIfdf x'g] k/fjt{g;Fu ;dt'No x'G5 egL k/LIf0f ug'{xf];\ .

;dfwfg M oxfF,

/]vf y = x df k/fjt{g xF'bf hgfpg] d]l6«S;, dfgf}F (A) = 

pb\udljGb'sf] jl/kl/ 90° wgfTds lbzfdf kl/j|md0f u/fpFbf hgfpg] d]l6«S;, 

dfgf}F (B) = 

/]vf Y- cIfdf x'g] k/fjt{g xF'bf hgfpg] d]l6«S;, dfgf}F (C) = 

ca, AB 	 =  

		  =  

		  =  = 

cEof; 9.3 

1.	 lbOPsf k|Zgsf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_ d]l6«S;  n] s'g :yfgfGt/0fnfO{ hgfpF5 <

		  a.  X cIfdf k/fjt{g			   b. Y cIfdf k/fjt{g

		  c.  /]vf y = x k/fjt{g			  d.  /]vf y = -x k/fjt{g

	 -v_ klxnf] rt'yf{+zdf kg]{ PsfO ju{n] hgfpg] d]l6«S; tnsf dWo] s'g xf] <

		  a.  		  b. 

		  c.  			   d. 

	 -u_ X- cIfsf] k/fjt{g;Fu ;DalGwt 2 × 2 d]l6«S; s'g xf] <

		  a. 			   b. 

		  c.  			   d. 

	 -3_ 	pb\udljGb'sf] jl/kl/ x'g] wgfTds 90° ;Fu ;DalGwt 2 × 2 d]l6«S; s'g xf] <

		  a)  	 b)       c)  		 d) 
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2.	 PsfO ju{ / d]l6«S; :yfgfGt/0fnfO{ kl/eflift ug'{xf];\ .

3.	 ljGb' A (-4, 6) nfO{ lbOPsf d]l6«S;x¿åf/f :yfgfGt/0f ug{'xf];\ M

	 -s_     	 -v_     	 -u_ 		  -3_ 

4.	 -s_ 	ljGb' (x, y) nfO{ (2x + y, 3x + 4y) df :yfgfGt/0f ug]{ 2 × 2 d]l6«S; kQf nufpg'xf];\ .

	 -v_	 ljGb' (x, y) nfO{ (x -2y, 2x -3y) df :yfgfGt/0f ug]{ d]l6«S; kQf nufpg'xf];\ . 

5.	 -s_ 	/]vf v08 PQ sf lgb]{zfª\sx¿ P (3, 4) / Q (8, 4) 5g\ . PQ nfO{ d]l6«S;  

		  n] :yfgfGt/0f ubf{ k|fKt k|ltlaDasf lgb]{zfª\sx¿ n]Vg'xf];\ .

	 -v_	 zLif{ljGb'x¿ A (2, 3), B (2, 6), C (5, 2), / D (5, 6) ePsf] Pp6f cfotnfO{ 2 × 2 
		  d]l6«S;  n] :yfgfGt/0f ubf{ k|ltlaDa rt'e'{h A'B'C'D' k|fKt x'G5 . ;f] 

		  k|ltlaDa rt'e'{h A', B', C' / D' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ . 

	 -u_	 PsfO ju{  nfO{ 2 × 2 d]l6«S;  n] :yfgfGt/0f ubf{ rt'e'{h 

		  O'A'B'C' k|fKt x'G5 . ;f] rt'e'{h O'A'B'C' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ . 

6.	 -s_ 	PsfO ju{  nfO{ ;dfgfGt/ rt'e'{h  df :yfgfGt/0f 

		  ug]{ 2 × 2 d]l6«S; kQf nufpg'xf];\ .

	 -v_ PsfO ju{  nfO{ ;dfgfGt/ rt'e'{h  df 

		  :yfgfGt/0f ug]{ Pp6f 2 × 2 :yfgfGt/0f  d]l6«S; kQf nufpg'xf];\ .

	 -u_	 PsfO ju{nfO{ ;dfgfGt/ rt'e'{h  df :yfgfGt/0f ug]{ Pp6f 2 × 2 
		  :yfgfGt/0f  d]l6«S; kQf nufpg'xf];\ .

7.	 -s_	 pb\udljGb'sf] jl/kl/ -90° df kl/j|md0f u/L /]vf x = 0 df k/fjt{g ubf{ x'g] ;+o'St 

		  :yfgfGt/0f /]vf y = -x df x'g] k/fjt{g;Fu ;dt'No x'G5 egL d]l6«S; :yfgfGt/0fåf/f 

		  k|dfl0ft ug{'xf];\ .  

	 -v_	 d]l6«S; :yfgfGt/0f k|of]u u/L pb\udljGb'sf] jl/kl/ +90° wgfTds lbzfdf 

		  kl/j|md0f u/L Y- cIfdf k/fjt{g ubf{ x'g] ;+o'St :yfgfGt/0f /]vf y = x df k/fjt{g;Fu

		  ;dt'No x'G5 egL k|dfl0ft ug{'xf];\ .

 pQ/ 

1. -s_ (d) 		 -v_ (c) 	 -u_ (a) 	      -3_ (b) 	 2. lzIfsnfO{ b]vfpg'xf];\ .		

3. -s_ (–1, 6)		  -v_ (2, 6), 	 -u_ (-1, 8) 	     -3_    4. -s_ 
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-v_ 
	

5. s_ P' (17, 7), Q' (32, 12)  	 -v_ A' (2, 7), B' (2, 10), C' (5, 12) D' (5, 16)

-u_ O' (0, 0), A' (3, 1), B' (5, 6) C' (2, 5)

6. -s_ 	 -v_ 	 -u_ 

7. -s_ / -v_ lzIfsnfO{ b]vfpg'xf];\ .		

kl/of]hgf sfo{

s'g} Pp6f lqe'hfsf/ cfs[ltsf] 6'j|mfnfO{ n]vflrqdf /fvL pSt lqe'hsf zLif{ljGb'sf  

lgb]{zfª\sx¿ kQf nufpg'xf];\ . pSt lqe'hnfO{ km/s km/s s'g} rf/cf]6f 2 × 2 d]l6«S;åf/f 

:yfgfGt/0f ug{'xf];\ . o;/L :yfgfGt/0faf6 k|fKt k|ltlaDax¿nfO{ n]vflrqdf k|:t't ug{'xf];\ . 

pSt n]vflrqaf6 tL lqe'hx¿ sf6\g'xf];\ . j:t' / k|ltlaDax¿nfO{ Pp6} rf6{k]k/df 6fF;L 

cfk"mn] u/]sf] sfd sIffsf]7fdf k|:t't ug{'xf];\ .

ldl>t cEof; – ljifoIf]qut 

1.	 s'g} j[Q ljGb'x¿ (-2, 0) / (0, -2) eP/ hfG5 / s]Gb|ljGb' ;Lwf /]vf 2x -3y + 1= 0 
	 df k5{ eg],

	 -s_ 	;fª\lss If]qsf cfwf/df j[QnfO{ kl/eflift ug'{xf];\ .				  

	 -v_ 	j[Qsf] s]Gb|ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ .					   

	 -u_ 	j[Qsf] s]Gb|ljGb' eP/ hfg] / /]vf 2x -3y + 1= 0 df nDa x'g] /]vfsf] ;dLs/0f kQf 
		  nufpg'xf];\ .

2. 	 ljGb'x¿ P (2, -3) / Q (-4, 9) eP/ hfg] Pp6f /]vfv08 PQ 5 eg],

	 -s_ 	/]vf PQ sf] ;dLs/0f kQf nufpg'xf];\ .	

	 -v_ 	/]vf PQ ;Fu ;dfgfGt/ x'g] / ljGb' M (-1, 1) eP/ hfg] /]vfsf] ;dLs/0f kQf 
		  nufpg'xf];\ . 

	 -u_	 /]vf PQ ;Fu nDa x'g] / ljGb' N (1, 3) eP/ hfg] /]vfsf] ;dLs/0f kQf nufpg'xf];\ . 

	 -3_	 lj:yfkg e]S6/ PQ n] ljGb'x¿ P (2, –3) / Q (–4, 9) nfO{ :yfgfGt/0f ubf{ aGg] k|ltlaDa 
		  P' / Q' sf lgb]{zfª\sx¿ kQf nufpg'xf];\ .

3. 	 Pp6f ;f]nLn] agfPsf] zLif{sf]0f 70° 5 . ;f] ;f]nLnfO{ Pp6f ;dtn ;txn] k|ltR5]bg 
	 ubf{ kf/faf]nf (parabola) aG5 eg],
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	 -s_ bL3{j[QnfO{ kl/eflift ug'{xf];\ .

	 -v_ ;f] ;f]nLsf] cIf / ;dtn ;txlarsf] sf]0f slt x'G5, kQf nufpg'xf];\ .

4. 	 Pp6f j[Qsf] ;dLs/0f 4x2 + 4y2 - 24x -20y -3 = 0 5 eg],

	 -s_	 s'g} ;dtn ;txn] Pp6f ;f]nLnfO{ cfwf/;Fu ;dfgfGt/ x'g] u/L sf6\bf s'g  
		  ;fª\lss aG5, n]Vg'xf];\ .

	 -v_	 j[Qsf] s]Gb|ljGb' / cw{Jof; kQf nufpg'xf];\ .

	 -u_	 olb ;f] j[Qsf] Pp6f Jof;sf] Ps 5]p (1, 2) eP Jof;sf] ;dLs/0f kQf nufpg'xf];\ .

5. 	 Pp6f j[Qsf] ;dLs/0f x2 + y2 - 2x + 4y - 4 = 0 5 eg],

	 -s_	 ;fª\lss If]qsf cfwf/df j[QnfO{ kl/eflift ug'{xf];\ . 

	 -v_	 j[Qsf] s]Gb|ljGb' kQf nufpg'xf];\ .

	 -u_	 olb ;f] j[Qsf] Pp6f Jof;sf] Ps 5]p (1, 2) / Jof;;Fu nDa x'g] / ljGb' B (-3, 1) 
		  eP/ hfg] /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

6. 	 olb R1 n] X- cIfdf x'g] k/fjt{g / R2  n] Y- cIfdf x'g] k/fjt{gnfO{ hgfpF5 . ljGb'x¿ 
	 A (1, 5), B (5, 1) / C (8, 3) lqe'h ABC sf lgb]{zfª\sx¿ x'g\ eg],

	 -s_ lqe'h ABC sf e'hfx¿ AB / BC sf ;dLs/0fx¿ kQf nufpg'xf];\ .

	 -v_ 	;+o'St :yfgfGt/0f R1oR2 n] s'g Psn :yfgfGt/0f hgfpF5 < 			 

	 -u_	 ;f] Psn :yfgfGt/0fsf] k|of]u u/L DABC sf] k|ltlaDa DA'B'C' kQf nufpg'xf];\ . 

	 -3_ 	DABC / k|ltlaDa DA'B'C' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .	

7. 	 P (1, 2), Q (5, 2) / R (1, 5) lqe'h PQR sf lgb]{zfª\sx¿ x'g\ eg], 
	 -s_	 X- cIfdf x'g] k/fjt{gnfO{ hgfpg] :yfgfGt/0f d]l6«S; n]Vg'xf];\ .

	 -v_	 d]l6«S;  n]] DPQR nfO{ :yfgfGt/0f ubf{ k|fKt x'g] k|ltlaDasf lgb]{zfª\sx¿ 
		  kQf nufpg'xf];\ . 								      

	 -u_	 DPQR sf] zLif{ljGb' P af6 QR df lvlrPsf] NfDa PS sf] ;dLs/0f kQf 
		  nufpg'xf];\ .

8. 	 M (-2, 2), U (2, 2) / N (2, 8) zLif{ljGb'x¿ ePsf] lqe'h MUN nfO{ :yfgfGt/0f 
	 e]S6/ T1 =  / T2 =  åf/f :yfgfGt/0f ul/Psf] 5 eg], 

	 -s_ ;+o'St :yfgfGt/0f T1oT2 kQf nufpg'xf];\ .

	 -v_ ;+o'St :yfgfGt/0f T1oT2 sf] k|of]u u/L DMUN sf] k|ltlaDa DM'U'N' sf 
		  lgb]{zfª\s kQf nufpg'xf];\ .		
	 -u_ 	DMUN / k|ltlaDa DM'U'N' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .
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9. 	 olb R1 n] y = x /]vfdf x'g] k/fjt{g / R2  n] x = 0 /]vfdf x'g] k/fjt{gnfO{ hgfpF5 . 
	 lqe'h ABC sf lgb]{zfª\sx¿ A (3, 2), B (1, 2) / C (2, 3) 5g\ eg],	
	 -s_ 	;+o'St :yfgfGt/0f R1oR2 n] s'g Psn :yfgfGt/0fnfO{ hgfpF5 < 		

	 -v_ 	;f] Psn :yfgfGt/0fsf] k|of]u u/L DABC sf] k|ltlaDa DA'B'C' kQf nufpg'xf];\ . 

	 -u_ 	DABC / k|ltlaDa DA'B'C' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ . 

	 -3_	 zLif{ljGb' A (3, 2) af6 BC df lvlrPsf] prfO AD sf] ;dLs/0f kQf nufpg'xf];\ .

10. 	 B (3, 2), U (1, -1) / T (5, -5) lqe'h BUT sf zLif{ljGb'x¿ x'g\ eg], 

	 -s_	 olb b'O{ l;wf /]vfx¿sf e'msfjx¿ j|mdzM m1 / m2 5g\ / ltgLx¿larsf] sf]0f q 
		  eP m1, m2  / q sf] ;DaGw n]Vg'xf];\ . 			 
	 -v_	 u'?Tjs]Gb| G af6 hfg] / e'hf UT ;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f kQf 
		  nufpg'xf];\ . 

	 -u_	 d]l6«S;  n]] DBUT nfO{ :yfgfGt/0f ubf{ k|fKt x'g] k|ltlaDa DB'U'T' 
		  sf lgb]{zfª\sx¿ kQf nufpg'xf];\ . 	   
pQ/ 

1. -s_ lzIfsnfO{ b]vfpg'xf];\ . 	 -v_ (1, 1) 			   -u_ 3x + 2y – 5 = 0
2. -s_ 2x + y –1 = 0	 	 -v_ 2x + y + 1 = 0		  -u_ x – 2y + 5 = 0
-3_ P' (–4, 9), Q' (–10, 21)
3. -s_ lzIfsnfO{ b]vfpg'xf];\ . 		  -v_ 35° 			  -u_ 3x + 2y – 5 = 0
4. -s_ j[Q 				    -v_ (3, 5 

2), 4 PsfO	 -u_ (5, 3)
5. -s_ lzIfsnfO{ b]vfpg'xf];\ .		  -v_ (1,–2), 3 PsfO	 -u_ y – 1 = 0
6. -s_ x + y − 6 = 0, 2x – 3y – 7 = 0 			   -v_ 180º kl/j|md0fsf] s]Gb| (0, 0)
  -u_ A′ (−1, −5), B′(−5,−1) / C′(−8,−3)	 -3_ lzIfsnfO{ b]vfpg'xf];\ .	

7. -s_ lzIfsnfO{ b]vfpg'xf];\ .		  -v_ P' (7, 4) Q' (11, 12) R' (16, 7)

  -u_ 4x – 3y + 2 = 0			   -3_ lzIfsnfO{ b]vfpg'xf];\ .	

8. -s_ (  )  	 -v_ M'(2, 5), U'(6, 5) / N'(6, 11)		  -u_ lzIfsnfO{ b]vfpg'xf];\ .		

9. -s_ 270° sf] kl/j|md0f s]Gb|ljGb' (0,0)	 -v_ A'(2, –3), B'(2, –1) / C'(3, –2)

-u_ lzIfsnfO{ b]vfpg'xf];\ .			  -3_ x + y – 5 = 0

10. -s_ tan =  (        
        

) 	 -v_ 3x + 3y – 5 = 0      -u_ B'(–3, –2), U'(–1, 1) / T'(–5, 5)>t 
cEof;- ljifoIf
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10.1 kl/ro (Introduction)

dfg / lbzf b'a} hgfpg] ef}lts /flznfO{ e]S6/ elgG5 . e]S6/sf] cjwf/0ff, k|frLg lu|s 
Hofldlt;Fu hf]l8P klg 19 cf}F ztfAbLdf cfP/ ef}lts lj1fg / ul0ftsf ;d:ofx¿ xn 
ug]{ j|mddf ljsf; ePsf] dflgG5 . e]S6/sf] cfw'lgs ljZn]if0f cfo/NofG8sf ul0ft1 William 
Rowan Hamilton (1805 – 1865) n] ;g\ 1843 df Quaternion sf] 
cfljisf/ u/]kl5 ePsf] lyof] . pgn] kl/df0f / lbzfnfO{ Ps};fy hgfpg 
Quaternion l;4fGt k|ltkfbg u/]sf lyP . To;kl5, cd]l/sL j}1flgs 
Josiah Willard Gibbs / a]nfotL OlGhlgo/ Oliver Heaviside n] 
Hamilton sf] l;4fGtnfO{ ;/n agfpFb}] e]S6/ ljZn]if0fsf] cjwf/0ff 
ljsf; u/], h;n] cfw'lgs OlGhlgol/ª / lj1fgsf] ljsf;df 7'nf] 6]jf 
k'¥ofPsf] kfOG5 . o;sf] k|of]u ef}lts lj1fg, ul0ft, OlGhlgol/ª tyf 
sDKo'6/ lj1fgsf ljleGg ;d:ofx¿ ;dfwfg ug{ pkof]uL x'G5 . 

10.2 :s]n/ u'0fgkmn (Scalar Product)
10.2.1 :s]n/ u'0fgkmnsf] kl/ro (Introduction of Scalar Product)

lj|mofsnfk 1	 		

;Fu}sf] lrq cjnf]sg u/L tnsf k|Zgx¿df 5nkmn ug'{xf];\ M

-s_ dflg;n] k|of]u u/]sf] an, lj:yfkg / sfdsf] kl/df0fdWo] s'g /flz e]S6/ jf :s]n/  
xf] < lsg <

-v_ dflg;n] u/]sf] sfdnfO{ ;dLs/0fdf s;/L 
JoSt ug{ ;lsG5 <

-u_ pSt dflg;n] slt sfd u/]sf] /x]5 <

oxfF, Pp6f dflg;n] lIflth;Fu θ sf]0f agfO{ 
FN a/fa/sf] an nufP/ 3fF; sf6\g] d]l;gn] 
3fF; sfl6/x]sf] 5 . o; cj:yfdf dflg;n] d 
(BC) a/fa/sf] 3fF; sf6]sf 5g\ . t;y{ pSt 
dflg;n] 3fF; sf6\g] d]l;gdf lj:yfkgsf] lbzfdf 
kg]{ an F cosθ nufPsf 5g\ . o; cj:yfdf 

kf7 10 e]S6/ (Vector)

William Hamilton
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dflg;n] nufPsf] an (F) / lj:yfkg u/]sf] b'/L (d) b'a} e]S6/ kl/0ffd x'g\ lsgls oL b'a} 
/flzn] lbzf / dfg b'a} lbG5g\ . t/ sfo{ (W) :s]n/ kl/0ffd xf] h;n] dfg /flz dfq lbG5 .

xfdLnfO{ yfxf 5,

W = F d.  = F cosθd =  cosθ

   ctM W =  cosθ

o;/L s'g} klg j:t'df an nufpFbf lj:yfkgsf] lbzfdf kg]{ an / lj:yfkg ePsf] b'/Lsf] 
u'0fgkmnn] sfo{sf] kl/df0f hgfpF5 h'g :s]n/ /flz x'G5 . o;/L b'O{ e]S6/  /  nfO{ u'0fg 
ubf{ :s]n/ kl/df0f cfpg] ePsfn] o; u'0fgnfO{ :s]n/ u'0fgkmn elgPsf] xf] . sfo{sf] PsfO 
h'n (Joule) x'G5 . 

s'g} klg j:t'df an nufpFbf lj:yfkgsf] lbzfdf kg]{ an / j:t'n] lj:yfkg u/]]sf] b'/Lsf] 
u'0fgkmnnfO{ sfo{ elgG5 . sfo{n] kl/0ffd dfq hgfpg] ePsfn] sfo{ :s]n/ /flz x'G5 . sfo{ 
= an × lj:yflkt b'/L, cyf{t\  W =  F d.  = |F| |d| cosθ.

lj|mofsnfk 2	 		

;Fu}sf] lrqsf] cjnf]sg u/L tnsf k|Zgx¿df 5nkmn ug'{xf];\ M

Pp6L aflnsfn] ;dtn ;8sdf /x]sf] 6«nLnfO{ F N sf] an nufP/ l;wf lbzfdf ws]Nbf t 
ldg]6df 6«nL V m/s sf] ;dfg ultn] cufl8 
a9\5 .

-s_ ;fdYo{ an tyf ultdWo] s'g s'g 
e]S6/ /flz x'g\ / s'g s'g :s]n/  
/flz x'g\, sf/0f;lxt n]Vg'xf];\ . 

-v_ ;fdYo{, an / ultlarsf] ;DaGw  
hgfpg] ;dLs/0f n]Vg'xf];\ . 

-u_	 aflnsfn] 6«nLdf nufPsf] ;fdYo{  
slt x'G5 <  

oxfF, aflnsfn] F N a/fa/sf] an nufP/ 6«nLnfO{ l;wf /]vfdf ws]Nbf t ldg]6df 6«nL v m/s 
sf] ;dfg ultn] cufl8 a9\5 . o; cj:yfdf aflnsfn] 6«nLnfO{ lj:yfkgsf] lbzfdf kg]{  
an F cosθ nufPsL l5g\ . o; cj:yfdf aflnsfn] nufPsf] an (F) / 6«nLsf] ult (v) b'a} 
e]S6/ kl/df0f x'g\ lsgls oL b'a} /flzn] lbzf / dfg b'a} lbG5g\ . t/ k|of]u ul/Psf] zlSt (P) 
:s]n/ kl/0ffd xf] lsgls o; /flzn] dfg dfq lbG5 .
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xfdLnfO{ yfxf 5,

zlSt (P) = .  = F cosθ v =  cosθ
ctM P = cosθ

o;/L s'g} klg j:t'df an nufpFbf lj:yfkgsf] lbzfdf kg]{ an / j:t' ;g]{ ultsf] u'0fgkmnn] 
zlStsf] kl/df0f hgfpF5 h'g :s]n/ /flz x'G5 . o;/L b'O{ e]S6/  /  nfO{ u'0fg ubf{ :s]n/ 
kl/df0f cfpg] ePsfn] o;nfO{ e]S6/sf] :s]n/ u'0fgkmn elgG5 . zlStsf] PsfO jf6 (watt) 
x'G5 . 

s'g} klg j:t'df an nufpFbf lj:yfkgsf] lbzfdf kg]{ an / Tof] ansf] lbzfdf j:t'  

;g]{ ultsf] u'0fgkmnnfO{ zlSt elgG5 . zlStn] kl/0ffd dfq hgfpg] ePsfn] zlSt :s]n/ 

/flz x'G5 . zlSt = an × ult, cyf{t\ P =    =  cosθ

dflysf b'O{cf]6f lj|mofsnfkx¿af6 :ki6 x'G5 ls s'g} b'O{cf]6f e]S6/sf] :s]n/ u'0fgkmn eGgfn] 
klxnf] e]S6/sf] dfg, bf];|f] e]S6/sf] dfg / cosθ sf] u'0fgkmnnfO{ hgfpF5 . t;y{ b'O{cf]6f 
e]S6/ /flz u'0fg ubf{ :s]n/ kl/df0f cfpg] ePsfn] o; cjwf/0ffnfO{ g} :s]n/ u'0fgkmn 
elgPsf] xf] .

b'O{cf]6f e]S6/x¿ a  / b  / ltgLx¿larsf] sf]0f θ(0 < θ < p) 5 eg]  a  / b  sf] 

:s]n/ u'0fgkmnnfO{ a = b  = | a | | b | cosθ sf ¿kdf kl/eflift ul/G5 . :s]n/ u'0fgkmnnfO{ 

86 u'0fgkmn klg elgG5 . b'O{ e]S6/larsf] sf]0f θ kQf nufpg cosθ =  a = b
| a | | b |

 k|of]u 
ul/G5 .

10.2.2 e]S6/x¿ ;dfgfGt/ / nDa x'g] cj:yf

  (Conditions for Parallel and Perpendicular of Vectors)
-s_ b'O{ e]S6/ cfk;df ;dfgfGt/ x'Fbf ltgLx¿larsf] sf]0f 0° jf 180° x'G5 .                          

      θ = 0°  x'Fbf,   = | | | | cosθ 

          cyjf,  = | | | | cos0°  

         cyjf,  = | | | | . 1

            ctM  = | | | | 

b'O{ e]S6/x¿  /  cfk;df ;dfgfGt/ x'Fbf 
 
= ±| | | | x'G5 .

-v_ b'O{ e]S6/ cfk;df nDa x'Fbf ltgLx¿larsf] sf]0f 90° x'G5 .                          

                    = | | | | cosθ

      θ = 180°  x'Fbf,   = | | | | cosθ 

          cyjf,  = | | | | cos180°  

         cyjf,  = | | | | (–1)

            ctM  = –| | | | 
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        cyjf,  = | | | | cos 90°  

        cyjf,  = | | | | . 0

           ctM  = 0

b'O{ e]S6/x¿  /  cfk;df nDa x'Fbf  = 0 x'G5 .

10.2.3 	lgb]{zfª\ssf ¿kdf :s]n/ u'0fgkmn 
(Scalar Product in Terms of Coordinates)

b'O{cf]6f e]S6/x¿  = (x1, y1) /  = (x2, y2) 5g\ . e]S6/x¿  /  nfO{ PsfO e]S6/sf ¿kdf 

¿kfGt/0f ubf{,	  = x1 i  + y1 j  /  = x2 i  + y2 j  x'G5 .

ca, .    = (x1 i  + y1 j ). (x2 i  + y2 j ) 
	        = x1 i .x2 i  + x1 i . y2 j  + y1 j  . x2 i  + y1 j . y2 j

	        = x1x2 + y1. y2 [ i  . i  = 1 / i . j  = 0]

b'O{cf]6f e]S6/x¿  = (x1, y1) /   = (x2, y2) sf ¿kdf eP .   = x1x2 + y1. y2 x'G5 .

10.2.4 :s]n/ u'0fgkmnsf] HofldtLo cy{ (Geometrical Meaning of Scalar Product)

dfgf}F, PA  =  / PB =   b'O{cf]6f e]S6/x¿ x'g\ / 
ltgLx¿larsf] sf]0f q (0 < q < p ) 5 ca, ljGb' 
B af6 PAdf nDa lvRbf ;dsf]0fL lqe'h PMB aG5 . 

ca lqe'h PMB df, 

cos q = PM 
PB  = PM 

| b |
cyjf,	 PM = | b | cos q

ca  .   = (|  |) (| | cos q)

	  = (  sf] nDafO) PM

	 = (  sf] nDafO) (  sf]  df k|If]k0f )

To;} u/L,  .  = (| |)(| | cos q)

          = (
 
sf] nDafO) (  sf] 

 
df k|If]k0f )

 

A
M

B

θP

PM = | | cosθ
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b'O{cf]6f e]S6/x¿sf] :s]n/ u'0fgkmnsf] HofldtLo cy{ klxnf] e]S6/sf] nDafO / bf];|f]  
e]S6/sf] klxnf] e]S6/df x'g] k|If]k0fsf] u'0fgkmn xf] . o;nfO{, bf];|f] e]S6/sf] nDafO / klxnf]  
e]S6/sf] bf];|f] e]S6/df x'g] k|If]k0fsf] u'0fgkmnsf ¿kdf klg lnOG5 .

10.2.5 :s]n/ u'0fgkmnsf] u'0fx¿ (Properties of Scalar Product)

-s_	 j|md ljlgdo u'0f (commutative property) : olb b'O{ e]S6/x¿  /  5g\ eg] .  = 

.  x'G5 .

-v_ 	ljt/0f u'0f (distributive property) : olb e]S6/x¿ ,  / c  5g\ eg], .(  + c ) = 

.  + . c  x'G5 .

-u_ 	:s]n/n] u'0fg (multiplication by scalar) : olb b'O{ e]S6/x¿  /  5g\ / k Pp6f :s]n/ 

/flz xf] eg], (k ) .  = .(k ) = k( . ) 

-3_ 	clwstd dfg : olb b'O{ e]S6/x¿ Pp6} lbzfdf 5g\ eg] (q = 0°), .  = | ||  | x'G5 . 
of] :s]n/ u'0fgkmnsf] ;a}eGbf 7'nf] dfg xf] .

-ª_ 	Go"gtd dfg :  olb b'O{ e]S6/x¿ ljk/Lt lbzfdf 5g\ eg] (q =180°),  .  = –  | ||  | 
x'G5 . of] :s]n/ u'0fgkmnsf] ;a}eGbf ;fgf] dfg xf] .

10.2.6 e]S6/ hf]8sf] lqe'h lgod (Triangle Law of Vector Addition)

lbOPsf] n]vflrq cWoog u/L lgDglnlvt k|Zgx¿sf] pQ/ n]Vg'xf];\ M

-s_ PQ, QR  / PR nfO{ lgb]{zfª\ssf ¿kdf n]Vg'xf];\ . 

-v_ PQ, QR  / PR larsf] ;DaGw vf]hL ug'{xf];\ .

lrqdf, PQ n] ljGb' P nfO{ ljGb' Q df / QR  n] ljGb' 
Q nfO{ ljGb' R df lj:yfkg u5{g\ eg] ltgLx¿sf] 

;du| lj:yfkg PR n] -ljGb' P af6 ljGb' R ;Ddsf] 

lj:yfkg_ n] lbG5 . cyf{t\, PQ + QR  =  PR x'G5 .

e]S6/ hf]8sf] of] lgodnfO{ e]S6/ hf]8sf] lqe'h lgod 
(triangle law of vector addition) elgG5 .

ljrf/0fLo k|Zg M PQ /  QR  nfO{ cGo b'O{ e]S6/sf 
¿kdf s;/L JoSt ug{ ;lsG5 <
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olb b'O{cf]6f e]S6/x¿nfO{ lqe'hsf b'O{cf]6f e'hfn] j|mdcg';f/ k|ltlglwTj ul/Psf] 5 eg] tL 
b'O{ e]S6/x¿sf] hf]8 lqe'hsf] t];|f] e'hfn] ljk/Lt lbzfdf k|ltlglwTj u5{ .

pbfx/0f 1	 	

olb OA = 2
3(   )  / OB  = 5

1(   )  eP, OA .OB  sf] dfg kQf nufpg'xf];\ .

;dfwfg

oxfF,	 OA  = 2
3(   )  =  x1

y1
(   )  / OB  = 5

1(  )  = x2
y2

(   )  

		  xfdLnfO{ yfxf 5, OA .OB  = x1x2 + y1y2

										            = (2 × 5) + (3 × 1)
								         	         = 10 + 3  = 13

ctM OA .OB  = 13

pbfx/0f 2	 	

olb | a | = 5, | b | = 6 / ltgLx¿larsf] sf]0f q  = 60° eP a . b  sf] dfg kQf nufpg'xf];\ .

;dfwfg

oxfF, | a | = 5, | b | = 6, q = 60°
ca, a . b    	 = | a | b | cos q
 		  = 5 × 6 cos 60°

	      	 = 5 × 6 × (   = 15

ctM a . b  = 15

pbfx/0f 3	 	

ljGb'x¿ A(1, –3) / B (3, 4) 5g\ . pb\udljGb' O(0, 0) xf] . s] OA  / OB  Pscfk;df nDa 

5g\, cfˆgf] pQ/nfO{ k'li6 ug'{xf];\ .

;dfwfg

oxfF, OA  =   1
–3(   ) = 

x1
y1

(  ) / OB  = 3
4(  ) = 

x2
y2

(  )
xfdLnfO{ yfxf 5, :s]n/ u'0fgkmn ( a . b  ) = x1x2 + y1y2

oxfF, OA .OB = (1 × 3) + (–3 × 4)
			      = 3 – 12 = –9

	 ctM OA .OB  = –9
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xfdLnfO{ yfxf 5, olb b'O{ e]S6/x¿ Pscfk;df nDa x'gsf nflu ltgLx¿sf] :s]n/ u'0fgkmn 
z"Go (0) x'g'k5{ .

		  ctM  OA  / OB  Pscfk;df nDa 5}gg\ .	

pbfx/0f 4	 	

lrqdf tLgcf]6f ljGb'x¿ P(– 2, 1), 
Q (3, – 4) / R (2, 5) lbOPsf 5g\ .	

-s_ 	PQ .QR  kQf nufpg'xf];\ .

-v_ 	olb PQ .QR  sf] dfg C0ffTds cfof] eg] 
	 ∠PQR sf] k|s[lt (Go"gsf]0f jf clwssf]0f_ 
	 s:tf] x'G5, ljZn]if0f ug'{xf];\ .

;dfwfg

oxfF, lbOPsf ljGb'x¿ P (– 2, 1), Q (3, – 4) / R (2, 5) x'g\ .

-s_ 	olb b'O{ ljGb'x¿ A (x1, y1) / B (x2, y2) 5g\ eg], AB  = 
x2 – x1 
y2 – y1

(       )
	 oxfF P (– 2, 1) / Q (3, – 4) 5g\ .

	  PQ 	 = 
x2 – x1 
y2 – y1

(       )  = 3 – (–2)
–4 – 1(           ) = 3 + 2

   5(       )= 
  5
–5(   )

	 To:t}, Q (3, – 4) / R (2, 5) 5g\ .

	  QR 	 = 
x2 – x1 
y2 – y1

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

   5 + 4(       )= 
–1
  9(   )

	 ctM  PQ  = 
5
-5(  )  / QR  = 

–1
 9(  )

 	 PQ .QR  = 5 × (– 1) + (–5) × 9 =  – 5 – 45 = – 50

	 ctM PQ .QR  = –50

-v_ 	PQ .OR  = –50 h'g C0ffTds 5 . ha b'O{ e]S6/x¿sf] :s]n/ u'0fgkmn C0ffTds x'G5, 
	 ltgLx¿larsf] sf]0f clwssf]0f (> 90°) x'G5 . t;y{ aflx/L sf]0f clwssf]0f ePkl5, 
	 lqe'hsf] leqL sf]0f ∠PQR Go"gsf]0f x'G5 .

csf]{ tl/sf 

sf]0f ∠PQR kQf nufpg, xfdLn] ljGb' Q af6 ;'? x'g] b'O{ e]S6/x¿ QP / QR  sf] 

:s]n/ u'0fgkmn x]g{'k5{ .
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PQ  = – QP  = – 
5
-5(  )

QR    = 
–1
  9(   )

oxfF, QP .QR   = (– 5 ) × (– 1) + (5 × 9) = 5 + 45 = 50 (wgfTds_

b'O{ e]S6/x¿sf] u'0fgkmn wgfTds ePsfn] ltgLx¿larsf] sf]0f ∠PQR Go"gsf]0f x'G5 .

pbfx/0f 5	 	

b'O{cf]6f e]S6/x¿ OA =  
5

 m(  )  / OB  =  4
 –2(   )  lbOPsf 5g\ . oL b'O{ e]S6/x¿larsf] sf]0f 

∠AOB = 90° 5 .

-s_	 olb b'O{ e]S6/x¿ Pscfk;df nDa 5g\ eg] ltgLx¿sf] :s]n/ u'0fgkmn slt x'G5 <

-v_	 OA .OB  lgsfnL m sf] dfg kQf nufpg'xf];\ .

-u_	 olb OA  / OB  nDa x'g'sf] ;6\6f ;dfgfGt/ ePsf] eP m sf] dfg slt x'GYof], t'ngf 

	 ug'{xf];\ .
;dfwfg

oxfF, OA  =  
5
 m(  )   hxfF (x1, y1) = (5, m) / OB  = 

  4
 –2(   )  hxfF (x2, y2) = (4, –2) / b'O{ 

e]S6/larsf] sf]0f ∠AOB = 90°

-s_ 	olb b'O{ e]S6/ Pscfk;df nDa 5g\ eg] ltgLx¿sf] :s]n/ u'0fgkmn ;w}F z"Go (0) x'G5 . 

	 \	 OA .OB  = 0
-v_ 	 :s]n/ u'0fgkmncg';f/,

      		   OA .OB   = x1x2 + y1y2

	 cyjf,  OA .OB  = 5 × 4 + m × (–2)

	 cyjf,  OA .OB  = 20 – 2m
		  ∠AOB = 90° ePsfn] OA .OB  = 0 x'G5 .
         	  20 – 2m = 0
	 cyjf, 20 = 2m
	 ctM m = 10
-u_ 	 e]S6/x¿ ;dfgfGt/ ePsf] cj:yfdf,

	 olb OA  / OB   ;dfgfGt/ x'Fbf,  x1y2 = x2y1

	 cyjf,	 5 × (– 2) = 4 × m
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	 cyjf,	 –10 = 4m

	 ctM m = – 2.5

b'O{ e]S6/x¿ nDa x'gsf nflu m sf] dfg 10 x'g'k5{, t/ ltgLx¿ ;dfgfGt/ x'gsf nflu m 
sf] dfg –2.5 x'g'k5{ . oL b'a} cj:yfdf m sf] dfg km/s km/s x'G5 .

pbfx/0f 6	 	

tLgcf]6f e]S6/x¿ a , b  / c  df | a | = 3, | b | = 5, | c | = 4 / ( a  + b  + c ) = (0, 0) 5g\ .

-s_ s'g} e]S6/ a  sf] ju{ ( a )2 / o;sf] kl/df0fsf] ju{ (| a |)2 larsf] ;DaGw n]Vg'xf];\ .

-v_ a . c  sf] dfg kQf nufpg'xf];\ .

-u_	 a . c  sf] dfg / e'hfx¿sf] gfknfO{ ljZn]if0f ubf{ oL tLg e]S6/x¿n] s:tf] k|sf/sf] 
	 lqe'h aG5 <

;dfwfg 

oxfF, a  + b  + c  = 0, | a | = 3, | b | = 5 / | c | = 4

-s_ s'g} klg e]S6/sf] ju{  / pSt e]S6/sf] kl/df0fsf] ju{  ;w}F a/fa/ x'G5g\ .

-v_ dflysf] ;dLs/0f ( a  + c  = – b ) sf] b'a}tkm{ ju{ ubf{,

( a  + c )2 = (– b )2 

cyjf,	  ( a )2 + 2 a . c  + ( c )2 = ( b )2

cyjf,	 | a |2 + 2 a . c  + | c |2 = | b |2		

cyjf,	 (3)2 + 2 a . c  + (4)2 = (5)2

cyjf,	 9 + 2 a . c  + 16 = 25

cyjf,	 25 + 2 a . c  = 25
cyjf,	 2 a . c  = 25 – 25
cyjf,	 2 a . c  = 0
\	 a . c  = 0 
-u_ a . c  = 0 ePsfn] ltgLx¿ Pscfk;df nDa x'G5g\ . lbOPsf tLg e]S6/x¿n] Pp6f 
    ;dsf]0fL lqe'h agfpF5g\ .

cEof; 10 .1

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M

	 -s_ b'O{ e]S6/x¿ a  / b  larsf] sf]0f q eP, ltgLx¿sf] :s]n/ u'0fgkmn s'g xf] <
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		  a. a . b = | a || b |  sin q		  b. a . b  = | a || b | cos q

		  c. a . b  = | a | + | b | cos q		  d. a . b  = | a | + | b | cos q

	 -v_	 olb a  = (x1, y1) / b  = (x2, y2) eP, a . b  sf] dfg slt x'G5 <

		  a.  x1y1 + x2y2		  b.  x1x2 – y1y2	

		  c. x1x2 + y1y2			  d. x1y2 +x2y1

	 -u_	 olb a . b = 0, | a | ≠ 0 / | b | ≠ 0 eP, a  / a  larsf] sf]0f slt x'G5 <

	 	 a. 0°		  b.  45°		  c. 90°		  d.  180°

	 -3_	 olb a  / b  Pp6} lbzfdf ;dfgfGt/ 5g\ eg], a . b  sf] dfg slt x'G5 <

		  a. | a || b |	        	 b. | a ||b|	 c. 0			   d. 1

	 -ª_	 olb a  = (   )2 
3   / b  = (   )–3 

2  eP, a  . b   sf] dfg kQf nufpg'xf];\ .

		  a. 12		    b.  0		  c. –12			   d.  6

	 -r_ olb a   = (   )2 
3  eP, a2 sf] dfg slt x'G5 <

		  a. 5		         b. 13		  c.   13		  d. 25

	 -5_ 	olb OA  = (   )5 
m , OB  = (   ) 4 

–2   / ∠AOB = 90° eP, m sf] dfg slt x'G5 <

		  a.  10		       b. –10		  c. 6		  d.  –6

2.	 b'O{ e]S6/x¿sf] :s]n/ u'0fgkmn eg]sf] s] xf], pbfx/0f;lxt :ki6 kfg{'xf];\ .

3. 	 b'O{ e]S6/x¿ s'g cj:yfdf nDa jf ;dfgfGt/ x'G5, sf/0f lbg'xf];\ .

4. 	 tnsf e]S6/x¿sf] :s]n/ u'0fgkmn kQf nufpg'xf];\ M

	 -s_ i   = (   )1 
0  / j  = (   )0 

1 		  -v_ a   = (   )2 
0  / b   = (   )3 

0

  	 -u_ a   = (   )4 
2  / b  = (   )1 

2  		  -3_ p   = (   )3 
1  / a  = (   )3 

–1  	  

5.	 tnsf e]S6/x¿larsf] sf]0f kQf nufpg'xf];\ M

  	 -s_ i  = (   )1 
0  / j  = (   )0 

1 		  -v_ a  = (   )2 
0  / b  = (   )0 

3

  	 -u_ a  = (   )-4 
2   / b  = (   )1 

2  		  -3_ p  = (   )3 
1  / q  = (   ) 3 

–3
6.	 tnsf e]S6/x¿ Pscfk;df nDa jf ;dfgfGt/ s] 5g\, k|dfl0ft ug'{xf];\ M

  	 -s_  i   = (   )1 
0  / j   = (   )0 

1 		  -v_ a  = (   )2 
0  / b  = (   )0 

3
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7.	 tnsf e]S6/x¿ Pscfk;df nDa eP m sf] dfg kQf nufpg'xf];\ M

  	 -s_ i   = (   )2 
m  / j   = (   )3 

2 		  -v_ a  = (   )3 
m  / i   = (   )6 

4
  	 -u_ a = 3 i  + m j  / b  = 6 i  – 2 j 	 -3_ 3 i  – 2 j / m i  + 3 j

8.	 tnsf e]S6/x¿ Pscfk;df ;dfgfGt/ eP m sf] dfg kQf nufpg'xf];\ M

  	 -s_ i  = (   )2 
m  / j   = (   )3 

2 	 	 -v_ (   )3 
m  / i   = (   )6 

4
  	 -u_ a  = 3 i  + m j  / b  = 6 i  – 2 j 	 -3_ 3 i  – 2 j  / m i  + 3 j

9.	 a = 
x1
y1

(  )  / b  = 
x2
y2

(  )  b'O{ e]S6/x¿ x'g\ .

	 -s_ :s]n/ u'0fgkmn a . b  slt x'G5 < 

	 -v_ olb a . b = 0 eP a  / b  larsf] ;DaGw s:tf] x'G5 <

	 -u_ olb a  = 
2
3(  ) / b  = 

4
5(  )  eP a . b  sf] dfg kQf nufpg'xf];\ .

	 -3_ a . b  sf] dfg s'g cj:yfdf clwstd x'G5, sf/0f;lxt JofVof ug'{xf];\ .

10.	 rf/cf]6f ljGb'x¿ A(– 2, 1), B(– 1, – 3), C(3, – 2) / D(2, 2) lbOPsf 5g\ .

	 -s_ olb A(x1, y1) / B(x2, y2) eP, e]S6/ AB   slt x'G5 <

	 -v_ AB  / BD  nfO{ nx/ e]S6/sf ¿kdf n]Vg'xf];\ .

	 -u_ AC  / BD   larsf] sf]0f kQf nufpg'xf];\ .

	 -3_ ABCD Pp6f cfot jf ju{ s] xf], e'hfsf] 

		  gfk / sf]0fsf] cfwf/df k'li6 ug'{xf];\ .

11.	 olb a  + b  + c  = 0 lbOPsf] 5 .

	 -s_ a  + b  + c   = 0 x'g'sf] cy{ s] xf] <

	 -v_	 olb | a | = 3, | b | = 5 / | c | = 4 eP a . c  lgsfNg'xf];\ .

12.    olb | a  + b | = | a  – b | eP e]S6/x¿ a   / b  Pscfk;df nDa x'G5 egL k|dfl0ft 
	 ug'{xf];\ .

 pQ/
1. -s_ b 	 -v_ c	 -u_ c	 -3_ a	 -ª_ b 	  -r_ c   -5_ a  2 - 3. lzIfsnfO{ b]vfpg'xf];\ .	

4. -s_ 0		  -v_ 6	 -u_ 0	 -3_ 0 5. -s_ 90°	 v_ 0°	 -u_ 90°		  -3_ 90°

 

o

Y'

X'
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6. -s_ nDa	 -v_ ;dfgfGt/	 -u_ ;dfgfGt/	 -3_ ;dfgfGt/  7. -s_ –3	 -v_ –9 
 2 	

-u_ 9		  -3_ 2	 8. -s_ 4 
3

	 -v_ 2		  -u_ –1	      -3_ –9 
 2 	

9. -s_ x1x2 + y1. y2 	 -v_ nDa		  -u_ 23    	-3_ lzIfsnfO{ b]vfpg'xf];\ .

10. -s_
x2–x1 
y2 – y1

(     )
	-v_ (   ) 1

–4 (  ) 3
 5

 -u_ 0° 	 -3_ lzIfsnfO{ b]vfpg'xf];\ .

11. -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_ 0	 13. lzIfsnfO{ b]vfpg'xf];\ .

kl/of]hgf sfo{

Pp6f u|fkmk]k/sf] lar efudf X- cIf / Y- cIf sf]g{'xf];\ / ltgsf] sfl6Psf] ljGb'nfO{ pb\udljGb'
O(0, 0) dfGg'xf];\ . ;f] u|fkmk]k/sf] ljleGg efudf -km/s km/s rt'yf{+zdf kg]{ u/L_ s'g} 5 cf]6f 
;fgf cfs[ltx¿ sf]g{'xf];\ jf yf]Knf lbg'xf];\, h:t} M 3/ (A), ?v (B), ljBfno (C), dlGb/ (D) 
/ kf]v/L (E) .

-s_ k|To]s j:t'sf] lgb]{zfª\s (x, y) kQf nufpg'xf];\ .

-v_ tL lgb]{zfª\sx¿nfO{ l:ylt e]S6/ / nx/ e]S6/df n]Vg'xf];\ .

-u_ lbOPsf] tflnsf / k|Zgx¿sf cfwf/df lx;fa ug'{xf];\ M

j|m=;= j:t'sf] gfd ;ª\s]t lgb]{zfª\s l:ylt e]S6/ kl/df0f :s]n/ u'0fgkmn

1. 3/ A .............. .............. AO / OB
2. .............. .............. ............... ............... OA / OB
3. ............... ............... ............... ............... AB / BC
4. .............. .............. .............. .............. ..............
5. ............... ............... ............... ............... ...............

o;nfO{ k|ltj]bg tof/ kf/L sIffdf k|:t't ug'{xf];\ .

10.3 e]S6/ Hofldlt (Vector Geometry)

lj|mofsnfk 1	 	

dfgf}F, tkfO{F 3/ -ljGb' A) af6 ljBfno -ljGb' C) hfg'kg]{ 5 . o:tf] cj:yfdf lrqsf cfwf/df
;Defljt af6fx¿ s] s] x'g ;S5g\ < Pp6f 5f]6f] af6f] ljGb' A af6 l;w} ljGb' C ;Dd hfg 
;lsG5 . csf]{ af6f] ljGb' A af6 ljGb' B x'Fb} ljGb' C df k'Ug ;lsG5 .

-s_ 	tkfO{Fn] lxF8]sf] af6f] ljGb' A af6 ljGb' B x'Fb} ljGb' C df k'Ubf s'n b'/L slt x'G5, s] of] 
	 A b]lv C ;Ddsf] l;wf b'/L (AC) ;Fu a/fa/, sd jf a9L x'G5, 5nkmn ug'{xf];\ .
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-v_	 ca b'/L / lbzfsf] s'/f ubf{ tkfO{F A af6 B k'Ug'eof] . k]ml/ ToxfFaf6 ljGb' C ;Dd 
	 k'Ug'eof] . tkfO{F sxfFaf6 lxF8\g ;'? u/]/ sxfF k'Ug'eof] < lxF8]sf cfwf/df s]  AB + BC   =  AC  
	 x'G5, 5nkmn ug'{xf];\ .

AB

C

B

AC BC

A

ljBfno

k;n

C

B
AB

AC BC

A
3/

10.3.1 dWoljGb' ;fWo (Mid-point Theorem)

s'g} klg lqe'hdf s'g} Ps e'hfsf] dWoljGb' hf]8\g] dlWosf (median) e]S6/ ;f]xL ljGb'af6 hfg] 
cGo b'O{ e'hfx¿sf] e]S6/ of]ukmnsf] cfwf x'G5 .

k|df0f

dfgf}F, DABC df e'hfx¿ BC, AC / AB sf dWoljGb'x¿ j|mdzM D, E / F 5g\ . oxfF, AD 
lqe'h ABC sf] dlWosf xf] .

DABD df e]S6/ hf]8sf] lqe'h lgodcg';f/, 

AD  = AB  + BD ....... (i)

To:t}, DACD df,

AD  = AC  + CD ........ (ii)

;dLs/0f (i) / (ii) nfO{ hf]8\bf,

AD  + AD  = (AB  + AC ) + (BD  + CD )

cyjf, 2AD  = (AB  + AC ) + (BD  + CD )

cyjf, 2AD  = (AB  + AC ) + 0 	 				     

cyjf, 2AD  = AB  + AC

ctM AD  = 1 
2 (AB  + AC )

o;} u/L cGo dlWosfx¿sf nflu klg lgDglnlvt ;DaGw :yflkt ug{ ;lsG5 M

BE  = 1 
2 (BA  + BC ) / CF   =  1 

2  (CA  + CB )



230 P]lR5s ul0ft, sIff !)230

olb e]S6/sf] ;6\6f ljGb'x¿sf]  
lgb]{zfª\s lbOPsf] 5 eg] M

;Fu}sf] lrqdf ljGb' A sf] 
lgb]{zfª\s (x1, y1) / ljGb' B sf] 
lgb]{zfª\s (x2, y2) 5 . /]vfv08 
AB sf] dWoljGb' C sf] l:ylt 
e]S6/ jf lgb]{zfª\s  

OC  = ( x1 + x2  
2  , y1 + y2  

2 ) x'G5 .

10.3.2 leqL ljefhg;DaGwL ;fWo (Internal DivisionTheorem)

olb ljGb' A / B sf l:ylt e]S6/x¿ j|mdzM a  / b  5g\ . oL b'O{ ljGb' hf]8\g] /]vfv08 AB nfO{ 

m:n sf] cg'kftdf leqL ljefhg ug]{ ljGb' P sf] l:ylt e]S6/ p  = 
n a  + m a

m + n x'G5 .

k|df0f
pb\udljGb' O xf] . OA  = a , OB  = b  / OP = p  5g\ . 

ljGb' P n] AB nfO{ m : n cg'kftdf leqL ljefhg 
ub{5, cyf{t\ AP : PB = m : n

cyjf, 
AP  
PB = m  

n
\ n AP  = m PB  ....................(i)

xfdLnfO{ yfxf 5, XY  = OY  – OX  x'G5 .

To;}n], AP  = OP  – OA

	 = p  – a  / 

PB  	= OB  – OP  = b  – p

;dLs/0f (i) df oL dfgx¿ /fVbf 

n ( p  – a ) = m ( b  – p )

cyjf,	 n p  – n a  = m b  – m o

cyjf,	 n p  + m p  = n a  + m b

cyjf,	 (n + m) b  = n a  + m b

\ p  = n a  + m b
m + n
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ctM leqL ljefhg ug]{ ljGb'sf] l:ylt e]S6/ p  = n a  + m b
m + n x'G5 .

10.3.3 aflx/L ljefhg;DaGwL ;fWo (External Division Theorem)

olb ljGb' A / B sf l:ylt e]S6/x¿ j|mdzM a  / b  5g\ . oL b'O{ ljGb' hf]8\g] /]vfv08 AB nfO{ 
m : n sf] cg'kftdf aflx/L (Externally) ljefhg ug]{ ljGb' P sf] l:ylt e]S6/,  

OP  = p  = 
m b  – n a

m – n  x'G5 .

k|df0f
pb\udljGb' O 5 . OA  = a , OB  = b   ljGb' P n] AB /]vfv08nfO{ aflx/af6 m:n cg'kftdf 
ljefhg u5{, cyf{t\ AP : PB = m : n

ljGb'x¿ A, B / P Pp6} /]vfdf (Collinear) k5{g\ .

	 AP 
PB  = 

m 
n

\ n AP  = m PB  ....................(i)
l:ylt e]S6/sf] kl/efiffcg';f/ 

 XY  =  OY  –  OX  x'G5 . 

To;}n],  AP  =  OP  –  OA  = p   – a   /  BP  

		  =  OP  –  OB  = p   – b 	
;dLs/0f (i) df oL dfgx¿ /fVbf,

n ( p  – a ) = m ( p  – b )
cyjf,	 n p   – n a  = m p  – m b

cyjf,	 m b  – n a  = m p  – n p  
cyjf,	 m b  – n a  = (m – n) p

\	 p  = m b  – n a
m – n  

ctM aflx/L ljefhg ug]{ ljGb'sf] l:ylt e]S6/ p  = m b  – n a
m – n   x'G5 .

10.4 ;fWox¿ (Theorems)
xfdLn] ;dtn Hofldltdf lqe'hsf ;fWox¿ k|dfl0ft u/] h;/L g} e]S6/sf] :s]n/ u'0fg /  
e]S6/ hf]8sf] lqe'h lgod k|of]u u/L lqe'hsf s]xL ;fWox¿ k|dfl0ft ug{ ;S5f}F .

;fWo 1 M dWoljGb' ;fWo

lqe'hsf s'g} b'O{cf]6f e'hfx¿sf] dWoljGb' hf]8\g] /]vfv08 t];|f] e'hf;Fu ;dfgfGt/ eO{ cfwf 
x'G5 .
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k|df0f

yfxf lbPsf] M Pp6f DABC 5 . ljGb' E / F j|mdzM e'hf AB / AC sf dWoljGb' x'g\  .

k|dfl0ft ug'{kg]{ M EF  = 1 
2  BC  / EF//BC

oxfF, DAEF df e]S6/ hf]8sf] lqe'h lgodcg';f/ 

EF  = EA  + AF  .................... (i)

EA  = 
1 
2  BA  / AF  = 

1 
2  AC  [∵ E / F j|mdzM 

AB / AC sf dWoljGb' ePsfn]] ]

ca ;dLs/0f (i) af6

EF  = 
1 
2 BA  + 

1 
2 AC

cyjf,	 EF  = 
1 
2 (BA + AC )

cyjf,  EF  = 
1 
2 BC  (∵ DABC df M BA  + AC  = BC ) 

      \ EF  = 
1 
2  BC

;dfgfGt/ e]S6/sf] kl/efiffcg';f/  = k.  hxfF, k = 
1 
2  To;}n] EF  / BC  

e]S6/x¿ cfk;df ;dfgfGt/ 5g\ .

ctM lqe'hsf s'g} b'O{cf]6f e'hfx¿sf] dWoljGb' hf]8\g] /]vfv08 t];|f] e'hf;Fu ;dfgfGt/ eO{ 
cfwf x'G5 .

;fWo 2

;dsf]0fL lqe'hsf] s0f{sf] dWoljGb' lqe'hsf  
tLgcf]6} zLif{ljGb'x¿af6 ;db'/Ldf k5{ .
k|df0f
yfxf lbPsf] M DABC Pp6f ;dsf]0fL  lqe'h xf], 
hxfF ∠B = 90° 5 . e'hf AC lqe'hsf] s0f{ xf] . 
ljGb' D s0f{ AC sf] dWoljGb' xf] .

k|dfl0ft ug'{kg]{ M ljGb' D af6 A, B / C ;Ddsf] b'/L a/fa/ x'G5 . cyf{t\, AD = BD = CD

oxfF, ∠ABC = 90° ePsfn] BA  / BC  Pscfk;df nDa 5g\ .

To;}n], BA . BC = 0 ............ (i)

DABD df AC  = BD  + DA  / DBCD df BC  = BD  + DC

 

C B 

A 

F E 
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;dLs/0f (i) df dfg k|lt:yfkg ubf{,  BA .BC = 0

cyjf, (BD  + DA ).(BD  + DC ) = 0

cyjf, (BD  + DA ).(BD  – DA ) = 0   (AC sf] dWoljGb' D ePsfn] DC  = – DA  n]Vg ;lsG5 ._

cyjf, (BD )2 – (DA )2 = 0  [( a  + b ) .( a  – b ) = | a |2 – | b |2 x'G5 .

cyjf, |BD |2 – |DA |2 = 0

cyjf, BD2 = DA2

cyjf, BD = DA
oxfF, D dWoljGb' ePsfn] DA = DC x'G5 .
t;y{, AD = DC = BD

ctM ;dsf]0fL lqe'hsf] s0f{sf] dWoljGb' lqe'hsf tLgcf]6} zLif{ljGb'x¿af6 ;db'/Ldf k5{ .

;fWo 3: rt'e'{hsf] e'hfx¿sf] dWoljGb' 

rt'e'{hsf e'hfx¿sf dWoljGb'x¿nfO{ j|mdzM hf]8\b} hfFbf aGg] rt'e'{h Pp6f ;dfgfGt/ rt'e'{h 
x'G5 .

k|df0f

yfxf lbPsf] M ABCD Pp6f rt'e'{h xf] . F, G, H / E 
j|mdzM e'hfx¿ AB, BC, CD / AD sf dWoljGb'x¿ 
x'g\ . oL dWoljGb'x¿nfO{ j|md};Fu hf]8]/ rt'e'{h  
EFGH agfOPsf] 5 .

k|dfl0ft ug'{kg]{ M rt'e'{h EFGH Pp6f ;dfgfGt/ rt'e'{h xf] .

cyf{t\ M EF  = HG  jf EH  = FG )

/rgf M zLif{ljGb' B / D nfO{ hf]8f}F .

DABD df F / E j|mdzM AB / AD sf dWoljGb'x¿ x'g\ . e]S6/sf] dWoljGb' ;fWocg';f/ 
lqe'hsf] b'O{ e'hfsf] dWoljGb' hf]8\g] /]vf t];|f] e'hf;Fu ;dfgfGt/ eO{ cfwf x'G5 .

EF = 1 
2 DB ..................... (i)

To;} u/L, lqe'h DCBD df,

HG  = 
1 
2  DB  ..................(ii)

;dLs/0f (i) / (ii) af6 EF  = HG

a/fa/ e]S6/x¿ ;w}F ;dfgfGt/ x'G5g\, To;}n] EF// HG x'G5 .

k|df0f

yfxf lbPsf] M Pp6f DABC 5 . ljGb' E / F j|mdzM e'hf AB / AC sf dWoljGb' x'g\  .

k|dfl0ft ug'{kg]{ M  =   / EF//BC

oxfF, DAEF df e]S6/ hf]8sf] lqe'h lgodcg';f/ 

 =  +  .................... (i)

 =   /  =   [∵ E / F j|mdzM 

AB / AC sf dWoljGb' ePsfn]] ]

ca ;dLs/0f (i) af6

 =  + 

cyjf,	  = ( + )

cyjf,   =  (∵ DABC df M  +  = ) 

      \  =  

;dfgfGt/ e]S6/sf] kl/efiffcg';f/  = k.  hxfF, k =  To;}n]  /  
e]S6/x¿ cfk;df ;dfgfGt/ 5g\ .

ctM lqe'hsf s'g} b'O{cf]6f e'hfx¿sf] dWoljGb' hf]8\g] /]vfv08 t];|f] e'hf;Fu ;dfgfGt/ eO{ 
cfwf x'G5 .

;fWo 2

;dsf]0fL lqe'hsf] s0f{sf] dWoljGb' lqe'hsf  
tLgcf]6} zLif{ljGb'x¿af6 ;db'/Ldf k5{ .
k|df0f
yfxf lbPsf] M DABC Pp6f ;dsf]0fL  lqe'h xf], 
hxfF ∠B = 90° 5 . e'hf AC lqe'hsf] s0f{ xf] . 
ljGb' D s0f{ AC sf] dWoljGb' xf] .

k|dfl0ft ug'{kg]{ M ljGb' D af6 A, B / C ;Ddsf] b'/L a/fa/ x'G5 . cyf{t\, AD = BD = CD

oxfF, ∠ABC = 90° ePsfn]  /  Pscfk;df nDa 5g\ .

To;}n], . = 0 ............ (i)

DABD df  =  +  / DBCD df  =  + 

C
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To;} u/L, zLif{ljGb' A / C nfO{ hf]8\g] xf] eg] =  / //   [∵ dflysf] h:t} k|lj|mofcg';f/]

To;}n], EFGH Pp6f ;dfgfGt/ rt'e'{h xf] .

ctM rt'e'{hsf e'hfx¿sf dWoljGb'x¿nfO{ j|mdzM hf]8\b} hfFbf aGg] rt'e'{h Pp6f ;dfgfGt/ 
rt'e'{h x'G5 .

;fWo 4 M cw{j[Qdf ag]sf] sf]0f Ps ;dsf]0f x'G5 .

k|df0f

yfxf lbPsf] M O s]G›ljGb' ePsf] Pp6f 
cw{j[Q 5 . AB pSt cw{j[Qsf] Jof; xf] . 
C cw{j[Qsf] kl/lwdf kg]{ s'g} Pp6f ljGb' xf] .

k|dfl0ft ug'{kg]{ M ∠ACB Ps ;dsf]0f xf] .

j[Qsf] s]G›af6 kl/lw;Ddsf] b'/L -cw{Jof;_ ;w}F a/fa/ x'G5 .

To;}n], |OA | = |OB | = |OC | = r 
ca, AC .BC   = (OC  – OA ).(OC  – OB )

	              	 = (OC  – OA  ).(OC  – AO )   [AO  = OB ]  
		   	 = (OC  – OA  ). (OC  + OA )  [OA  = – AO] 
			   = (OC )2 – (OA )2

			   = |OC |2 – |OA |2

			   = OA2 – OA2 [\ |OC | = |OA | = r ]
			   = 0
AC .BC  = 0 ePsf] x'gfn] AC  / BC  Pscfk;df nDa x'G5g\ .

ctM cw{j[Qdf ag]sf] sf]0f Ps ;dsf]0f (90°) x'G5 .

pbfx/0f 1	 	

ljGb' A / B sf l:ylt e]S6/x¿ j|mdzM 4 i  + 3 j  / 2 i  – j  5g\ . AB sf] dWoljGb' M sf] 
l:ylt e]S6/ kQf nufpg'xf];\ .
;dfwfg 
oxfF, OA  = 4 i  + 3 j , OB  = 2 i  – j
dWoljGb' ;fWocg';f/

OM  = 1 
2

(OA  + OB )  = 1 
2

(4 i  + 3 j  + 2 i  – j )   = 1 
2

(6 i  + 2 j )  = 3 i  + j

ctM M sf] l:ylt e]S6/ = 3 i  + j  x'G5 .
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pbfx/0f 2	 	

ljGb' A / B sf l:ylt e]S6/x¿ j|mdzM x1
i + y1

j  / x2
i + y2

j  5g\ . ljGb' P n] /]vfv08  AB 
nfO{{ leqL ¿kdf m :n cg'kftdf ljefhg u5{  . ljGb' P  sf] l:ylt e]S6/nfO{ i  / j  sf ¿kdf 
n]Vg'xf];\ .

;dfwfg 

oxfF, OA  = a  = x1
i + y1

j  र  OB  = b  = x2
i + y2

j  5g\ .

ljGb' P n] AB nfO{ m : n cg'kftdf leqL ljefhg u5{ .

v08;"q ;fWocg';f/ M OP = mOB  + nOA
m + n

cyjf, 

OP  = 

n(x1 i


+ y1 j


) + m(x2 i


+ y2 j


)
m+n  

cyjf, 

OP  = 

nx1 i


 + ny1 j


 + mx2 i


 + my2 j


m+n  

cyjf, 

OP  = 

(mx2 + nx1) i


 + (my2 + ny1) j


m+n  

ctM 

OP  = 

(mx2 + nx1) i


 + (my2 + ny1) j


m+n  

 
pbfx/0f 3	 	

ljGb'x¿ A / B sf l:ylt e]S6/x¿ j|mdzM OA  = 4 i  + 3 j  / OB  = 3 i  – 4 j 5g\ .

-s_	 ljGb' M n] AB nfO{ leqL ¿kdf 3 : 2 cg'kftdf ljefhg u5{ eg] M sf] l:ylt e]S6/ kQf 
	 nufpg'xf];\ .

-v_	 ljGb' N n] AB nfO{ aflx/k6\l6af6 5 : 3 cg'kftdf ljefhg u5{ eg] N sf] l:ylt e]S6/ 
	 kQf nufpg'xf];\ .

;dfwfg

oxfF, OA = 4 i  + 3 j  / OB  = 3 i  – 4 j

-s_	 leqaf6 ljefhg ug]{ ljGb' M xf] eg] m:n = 3:2 5 .
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ca, v08 ;"q cg';f/, 

OM = 

n

OA + m

OB

m + n  

cyjf, 

OM = 

2(4 i


 + 3 j


) + 3(3 i


 – 4 j


)
3 + 2  

cyjf, 

OM = 

(8 i


 + 6 j


) + (9 i


 – 12 j


)
5  

cyjf, 

OM = 

(8+9) i


 + (6–12) j


5  

cyjf, 

OM = 

17 i


 – 6 j


5  

cyjf, 

OM = 

17
5 i


 – 
6
5 j


 

ct M 

OM sf] dfg 

17
5 i


 – 
6
5 j


x'G5 . 

 
-v_	 oxfF, OA  = a = 4 i  + 3 j  / OB  = b  = 3 i  – 4 j  5g\ . aflx/af6 ljefhg ug]{ ljGb' N 
	 xf] eg] m:n = 5:3  5 .

ca,  aflx/L v08;"q cg';f/, 

ON = 

mb


– na


m – n  

cyjf, 

ON = 

5(3 i


-4 j


) -3(4 i


+3 j


)
5-3  

cyjf, 

ON = 

(15 i


 - 20 j


) - (12 i


 + 9 j


)
2  

cyjf, 

ON = 

(15 -12) i


 + (–20 – 9) j


2  

cyjf, 

ON = 

3
2 i


 – 
29
2 j


 

ctM 

ON sf] dfg

3
2 i


 – 
29
2 j


x'G5 . 

 

ca, v08;"qcg';f/,
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cEof; 10.2 

1.	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 lqe'h ABC df AB  + BC  s'g e'hf;Fu a/fa/ x'G5 <

		  a.	 CA 			   b.	 BA 	

		  c.	 AC 			   d.	 CB 	

	 -v_ 	lbOPsf] DABC df D, E, F dWoljGb'x¿ x'g\ . 
		  2AD  s'g e'hf;Fu a/fa/ x'G5 <

	 	 a.	 AB 	  – AC 		  b.	 AB 	  + AC 	

		  c.	 AC 	 – AB 		  d.	 1 
2

(AB 	 + AC 	 )

	 -u_ 	olb A / B sf l:ylt e]S6/x¿ j|mdzM a  / b  eP, /]vfv08 AB sf] dWoljGb'sf] l:ylt 
		  e]S6/ tnsf dWo] s'g xf] <

		  a.	 a  + b 		 b. a  – b
2

	    c. a  + b
2

		  d.  2( a  + b  )

	 -3_ 	olb OA   = 4i +3j  / OB   = 3i – 4j eP, AB sf] dWoljGb'sf] l:ylt e]S6/ 
		  slt x'G5 <

		  a.	 7 i – j       b. 1 
2

(7 i – j )	 c.  i  + 7j 	 d.  1 
2

 (i  + 7j )

	 -ª_	 olb ljGb' P n] a  / b  nfO{ hf]8\g] /]vfv08nfO{ leqL ¿kdf m:n sf] cg'kftdf 
		  ljefhg u5{ eg], P sf] l:ylt e]S6/ p s'g xf] <

		  a. m a  + n b
m + n

     b. n a  + m b
m + n

	    c.  n a  – m b
n – m

	 d. mb  + n a
m – n

	

2.	 -s_ 	olb ljGb'x¿ P / Q sf l:ylt e]S6/x¿ j|mdzM 4i  + 7j  / 4i  – 3j eP PQ sf] 
		  dWoljGb' R sf] l:ylt e]S6/ kQf nufpg'xf];\ .

     -v_ olb ljGb'x¿ R / S sf l:ylt e]S6/x¿ j|mdzM 5i – 4j  / 3i + 6j  eP RS sf] 
		  dWoljGb' T sf] l:ylt e]S6/ kQf nufpg'xf];\ .

3.	 A(2, – 3) / B(3, 2) /]vfv08 AB sf] 5]psf ljGb'x¿ x'g\ .

	 -s_ 	M n] AB nfO{ 2 : 3 sf] cg'kftdf leqaf6 ljefhg u/]sf] 5 eg] M sf] l:ylt e]S6/ 
		  kQf nufpg'xf];\ .

	 -v_ 	N n] AB nfO{ 3:1 sf] cg'kftdf aflx/k6\l6af6 ljefhg u/]sf] 5 eg] N sf] l:ylt 

		  e]S6/ kQf nufpg'xf];\ .
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4.	 b'O{ ljGb'x¿ A / B sf l:ylt e]S6/x¿ j|mdzM OA  = 6i  – 2j / OB = 2i +3j 5g\ .

	 -s_	 P n] AB nfO{ 3 : 1 sf] cg'kftdf leqaf6 ljefhg u/]sf] 5 eg] P sf] l:ylt e]S6/ 
		  kQf nufpg'xf];\ .

	 -v_ 	Q n] AB nfO{ 2 : 1 sf] cg'kftdf aflx/k6\l6af6 ljefhg u/]sf] 5 eg] Q sf] l:ylt 
		  e]S6/ kQf nufpg'xf];\ .

5.	 DABC df e'hfx¿ AB / AC sf dWoljGb'x¿ j|mdzM F / E x'g\ .

	 -s_ e]S6/df dWoljGb' ;fWosf] syg n]Vg'xf];\ .

	 -v_	 lqe'hsf] hf]8sf] lgod k|of]u u/L BC   nfO{
		  AB  / AC  sf] kbdf JoSt ug'{xf];\ .

	 -u_	 e]S6/ ljlwaf6 k|dfl0ft ug'{xf];\ M 

		  EF  = 1 
2 CB  (cyjf, FE  = 1 

2 BC )
	 -3_	 olb D e'hf BC sf] dWoljGb' xf] eg] k|dfl0ft ug'{xf];\ ls AD  + BE  + CF  = 0 
		  x'G5 .

6.	 ljGb' A / B sf l:ylt e]S6/x¿ a  / b  5g\ . ljGb' P n] AB nfO{ m:n cg'kftdf leqL 
	 ljefhg u5{ .

	 -s_ 	leqL ljefhg ug]{ ljGb' P sf] l:ylt e]S6/ p lgsfNg] ;"q n]Vg'xf];\ .

	 -v_	 lrqdf AP : PB = m:n nfO{ e]S6/sf 
		  ¿kdf nAP  = mPB  lsg n]lvG5 < 
		  sf/0f lbg'xf];\ .

	 -u_ 	olb a  = i +2j  / b  = 4i + 8j eP, 
		  AB nfO{ 1:2 sf] cg'kftdf leqL ljefhg 
		  ug]{ ljGb'sf] l:ylt e]S6/ kQf nufpg'xf];\ .

	 -3_ 	 s'g cj:yfdf p =   a  + b
2

 x'G5, sf/0f lbg'xf];\ .

7.	 ljGb' P n] ljGb' a  / b  nfO{ hf]8\g] /]vfv08nfO{ aflx/af6 m : n sf] cg'kftdf ljefhg 
	 u5{ .
	 -s_	 aflx/L ljefhgsf nflu l:ylt e]S6/ p  lgsfNg] ;"q n]Vg'xf];\ .

	 -v_	 e]S6/ ljlwaf6 k|dfl0ft ug'{xf];\ M p  =  mb  – n a
m – n

	 -u_	 olb a  = i + 4j  / b  = 5i  – 3j  eP, AB nfO{ 1 : 2 sf] cg'kftdf aflx/af6 
		  ljefhg ug]{ ljGb'sf] l:ylt e]S6/ kQf nufpg'xf];\ .

A

B

F E

C
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	 -3_	 olb m:n = 1:1 eof] eg] aflx/L ljefhg ljGb' P sf] cl:tTj /xG5 ls /xFb}g, 
		  ts{;lxt JofVof ug'{xf];\ .

8.  	 e]S6/ ljlwaf6 k|dfl0ft ug'{xf];\ M

    	-s_	 rt'e'{hsf e'hfx¿sf dWoljGb'x¿nfO{ j|mdzM hf]8\b} hfFbf aGg] rt'e'{h Pp6f 
		  ;dfgfGt/ rt'e'{h x'G5 .

      -v_	cw{j[Qdf ag]sf] sf]0f Ps ;dsf]0f x'G5 .

pQ/

1. -s_ c 	 -v_ b	     -u_ c    -3_ b	    -ª_ b 	       2. -s_ 4i  + 2 j 	 -v_ 4 i  + 2 j

3. -s_ 

 

i  –  j 	    -v_ 

 

i  + 
 

j 	 4. -s_ 3 i + 
 

j 	  -v_ -2 i  + 8 j

5.– 6. -s_ / -v_ lzIfsnfO{ b]vfpg'xf];\ .	 -u_ 2 i  + 4 j

7. -s_ / -v_ lzIfsnfO{ b]vfpg'xf];\ .		 -u_  3 i  + 5 j  		 -3_ lzIfsnfO{ b]vfpg'xf];\ .

8. -s_ / -v_ lzIfsnfO{ b]vfpg'xf];\ .

ldl>t cEof; – ljifoIf]qut

1.	 b'O{cf]6f e]S6/x¿ a  = 3i + 4 j  / b  = x i – 2 j  5g\ .

	 -s_ olb a  = (x1, y1) / b  = (x2, y2) 5 eg] a =b  nfO{ i  / j  sf ¿kdf n]Vg'xf];\ .

	 -v_	 olb a  / b  e]S6/ nDa eP x sf] dfg kQf nufpg'xf];\ .

	 -u_	 x sf] dfg slt x'Fbf b  n] Y–cIf;Fu 45° sf]0f agfpF5, kQf nufpg'xf];\ .

	 -3_	 olb ljGb'x¿ A / B sf l:ylt e]S6/x¿	  2i + 4 j  /   4 i – 2 j  eP /]vf AB 
		  sf] dWoljGb'sf] l:ylt e]S6/ kQf nufpg'xf];\ .

2.	 lqe'h ABC df ljGb'x¿sf] l:ylt e]S6/ 

	 OA  = 2i  + 3j , OB  = 4i  + j  / OC  

	 =  6i  + 5j 5g\ .
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	 -s_	 olb D ljGb' A / B sf] dWoljGb' xf] eg] OD nfO{ i  / j  sf ¿kdf JoSt ug'{xf];\ .

	 -v_	 olb E ljGb' A / C sf] dWoljGb' xf] eg] OE  nfO{ i  / j  sf ¿kdf JoSt ug'{xf];\ .

	 -u_	 e]S6/ ljlwaf6 DE  = 1 
2 BC  x'G5 egL k|dfl0ft ug'{xf];\ .

	 -3_	 s] DE  / BC  ;dfgfGt/ 5g\, k'li6 ug'{xf];\ .

3.	 ljGb' P / Q sf l:ylt e]S6/x¿ p  = 2 i + j  / q  = i – 3j 5g\ . ljGb' R n] PQ nfO{ 
	 3 : 2 sf] cg'kftdf ljefhg u5{ .

	 -s_	 b'O{cf]6f ljGb'x¿ hf]8\g] /]vfnfO{ m : n sf] cg'kftdf ljefhg ug]{ ljGb'sf] l:ylt 
		  e]S6/ lgsfNg] ;"q n]Vg'xf];\ .

	 -v_	 ljGb' R sf] l:ylt e]S6/  r  kQf nufpg'xf];\ .

	 -u_	 ∠POR  sf] dfg kQf nufpg'xf]; .

	 -3_	 ∠POR  / ∠QOR  t'ngf ug'{xf];\ .

4.	 ljGb' A / B sf l:ylt e]S6/x¿ j|mdzM 3 i  + 2 j  / i  – 4 j  5g\ . ljGb' P n] AB nfO{ 
	 aflx/af6 2 : 3 sf] cg'kftdf ljefhg u5{ . 

	 -s_	 b'O{cf]6f ljGb'x¿ hf]8\g] /]vfnfO{ m : n sf] cg'kftdf aflx/af6 ljefhg ug]{ ljGb'sf] 
		  l:ylt e]S6/ lgsfNg] ;"q n]Vg'xf];\ .

	 -v_	 ljGb' P sf] l:ylt e]S6/ kQf nufpg'xf];\ .

	 -u_ 	olb m > n eP aflx/L ljefhg ug]{ ljGb' P,  ljGb' A jf B dWo] s'gaf6 glhs 
		  x'G5, sf/0f;lxt n]Vg'xf];\ .

	 -3_	 ∠AOB  sf] dfg kQf nufpg'xf];\ .

 pQ/

1. -s_ x1 x2 + y1 y2	 -v_ 
8 
3 	 	 -u_ ±2	 	 -3_  3 i +  j

2.  -s_ OD  = 3 i + 2 j ;   OE  =  4 i + 4 j   	 -v_ – -3_ lzIfsnfO{ b]vfpg'xf];\ .  

3.  -s_ 
nOA + mOB

m + n    v_ 7/5( i  –  j )   -u_ cos–1 
1

√10
  -3_ lzIfsnfO{ b]vfpg'xf];\ .  

4. -s_  
n b  – m a

m – n    -v_ 7 i + 14 j  	 -u_  lzIfsnfO{ b]vfpg'xf];\ . 	 -3_ cos–1 

–5

√221 
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kl/of]hgf sfo{

7'nf] u|fkmk]k/df X–cIf / Y–cIf sf]g{'xf];\ . ;f] u|fkmk]k/df Pp6f ;x/sf] l8hfOg ug'{xf];\ . pSt 
;x/sf rf/cf]6f d'Vo :yfgx¿ tf]Sg'xf];\ / ltgnfO{ u|fkmdf cª\lst ug'{xf];\ .

	 -s_ ljBfno (A) : s'g} Ps lgb]{zfª\sdf (h:t} M 2i  + 5 j )

	 -v_ c:ktfn (B) : (h:t} M 6 i  + 2 j )

	 -u_ l;g]df xn (C) : (h:t} M 3 i  + 4 i )

	 -3_ v]n d}bfg (D) : (h:t} M 2 i – 3 j )

-c_ 	b'O{ 7fpFsf lardf Pp6f …k':tsfnoÚ sxfF /fVg] eg]/ lx;fa u/L l8hfOg ug'{xf];\ .

-cf_ 	b'O{cf]6f af6f] Pscfk;df nDa (90°) 5g\ ls 5}gg\, kQf nufpg'xf];\ .
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11.1. kl/ro (Introduction)

s'g} klg tYofª\ssf] ;ª\sng, ljZn]if0f, JofVof tyf k|:t'tLs/0f ug]{ ul0ftsf] zfvfnfO{ 
tYofª\szf:q elgG5 . tYofª\szf:qsf] Oltxf; dfgj ;Eotf hlQs} k'/fgf] 5 . ;'?cftL 
;dodf tYofª\ssf] k|of]u d'VotM /fHo ;~rfngsf nflu ul/GYof] . k|frLgsfndf a]lanf]lgof, 
OlhK6 / rLgdf hg;ª\Vof Pjd\ ;|f]t;fwgsf] u0fgf ug{ tYofª\szf:qsf] k|of]u ul/GYof] . John 
Graunt (1620 - 1674) n] nG8gsf] d[To'b/ ljZn]if0f u/L klxnf] k6s j}1flgs 9ª\un] tYofª\s 
k|:t't u/]sf lyP . la;f}F ztfAbLdf Sir Ronald A. Fisher n] cfw'lgs tYofª\szf:qsf] hu 
a;fn]sf lyP . To;}n] pgnfO{ tYofª\szf:qsf lktf elgG5 . kl5 Karl Pearson  / William 
Sealy Gosset (1876 - 1937) n] o; If]qdf yk of]ubfg k'¥ofPsf lyP . cfhsf] l8lh6n 
o'udf sDKo'6/ / lau 8]6f (big data) n] tYofª\szf:qnfO{ cem zlStzfnL / Jofks agfPsf] 
5 ;fy} lj1fg k|ljlwnufot ;a} If]qdf tYofª\szf:qsf] k|of]u ePsf] kfOG5 .

ljr/0fzLntf (Dispersion)

tYofª\szf:qdf s'g} klg tYofª\ssf] ;d"x cWoog ubf{ xfdL k|foM s]G›Lo k|j[lQsf] dfkg 
-measure of central tendency_ kQf nufP/ ;'? u5f}{F, h:t} M dWos -mean_, dlWosf 
-median_, jf /Llt -mode_. oL dfkgx¿n] tYofª\ssf] s]G› jf Pp6f cf};t cj:yfnfO{ 
k|ltlglwTj u5{g\ . s]G›Lo k|j[lQsf] dfkgn] w]/} hfgsf/Lx¿nfO{ ;/n / cy{k"0f{ tl/sfn] a'‰g 
dbt u5{ .

oBlk, s]G›Lo k|j[lQsf] dfkgn] dfq} ;w}F tYofª\ssf af/]df k"/} tYo atfpg ;Sb}g . b'O{ jf a9L 
tYofª\sx¿sf] s]G›Lo dfg Pp6} eP tfklg ltgLx¿sf] ljt/0f -distribution_ jf cª\sx¿sf] 
k}mnfj6 w]/} km/s x'g ;S5 . pbfx/0fsf nflu lbOPsf tLgcf]6f km/s sIffsf ljBfyL{n] k|fKt 
u/]sf cª\sx¿nfO{ ljrf/ u/f}F M

;d"x A sf ljBfyL{x¿sf] k|fKtfª\s  $* $( %) %! %@ %)

;d"x B sf ljBfyL{x¿sf] k|fKtfª\s $) $% %) %% ^) %)

;d"x C sf ljBfyL{x¿sf] k|fKtfª\s @) #% %) ^% *) %)

kf7 11 tYofª\szf:q (Statistics)
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0	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100

tYofª\s A: sd leGgtf

dWos = 50
4849505152

tYofª\s B: dWod leGgtf

dWos = 50
40   45   50   55   60

0	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100

tYofª\s C: pRr leGgtf

dWos = 50
20                   35              50                  65                  80

0	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100

lrqdf b]vfOPcg';f/ oL tLgcf]6} tYofª\ssf] cf};t 50 eP klg logLx¿sf] k|s[lt km/s 5 M

-s_	 tYofª\s A -sd leGgtf – low variation_ M oxfF ;a} cª\sx¿ dWos -%)_ sf] w]/} glhs 
	 5g\ . o;n] ljBfyL{x¿sf] pknlAw nueu ;dfg /x]sf] b]vfpF5 .

-v_	 tYofª\s B -dWod leGgtf – moderate variation_ M oxfF cª\sx¿ l7Sssf] b'/Ldf 
	 km}lnPsf 5g\ .

-u_	 tYofª\s C -pRr leGgtf – high variation_ M oxfF cª\sx¿ w]/} 6f9f 6f9f km}lnPsf 5g\, 
	 h;n] ljBfyL{sf] pknlAwdf 7'nf] cGt/ /x]sf] b]vfpF5 .

olb xfdLn] dWosnfO{ dfq x]of}{F eg] oL tLgcf]6} ;d"x sf ljBfyL{sf] pknlAw ;dfg 5 eGg] 
unt lgisif{ lg:sg ;S5 . oL tYofª\snfO{ Pscsf{af6 leGg agfpg] d'Vo s'/f ltgLx¿sf]  
km}nfj6 jf leGgtf -degree of spread or variation_ xf] .

s'g} klg tYofª\ssf cjnf]sgx¿ -observations_ Pscsf{af6 jf s]G›Lo dfgaf6 slt 
km/s 5g\ eGg] s'/fnfO{ ljr/0fzLntf elgG5 . ljr/0fzLntfsf] dfkgn] of] km}nfj6nfO{ 
dfqfTds ¿kdf JoSt u5{ / xfdLnfO{ tYofª\ssf] ljt/0f :ki6 ¿kdf a'‰g dbt u5{ .

ljr/0fzLntfsf] dfkgn] xfdLnfO{ lgDglnlvt kIfx¿df dbt u5{ M

-s_	 tYofª\s slQsf] Ps¿k -consistent_ jf kl/jt{gzLn -variable_ 5 egL lgwf{/0f ug{ .
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-v_	 b'O{ jf ;f]eGbf a9L tYofª\sx¿sf] ljZj;gLotf -reliability_ t'ngf ug{ .

-u_	 s]G›Lo k|j[lQn] tYofª\snfO{ slQsf] /fd|/L k|ltlglwTj u5{ egL hfFRg .

-3_	 lzIff, Joj;fo, cy{zf:q / lj1fg h:tf If]qx¿df lg0f{o lngsf nflu ulx/f] cGtb{[li6  
	 k|fKt ug{ .

o;/L, s]G›Lo k|j[lQsf] dfkgn] tYofª\ssf] s]G› -centre_ sf] j0f{g u5{ eg] lj:tf/sf] dfkgn] 
tYofª\ssf] km}nfj6 -spread_ nfO{ a'emfpF5 . s'g} klg tYofª\snfO{ k"0f{ ¿kdf a'‰g oL b'a} 
cfjZos 5g\ .

11.2 rt'yf{+zLo ljrng (Quartile Deviation)

lj|mofsnfk 1	

tnsf k|Zgx¿df 5nkmn ug'{xf];\ M

-s_ tkfOF{sf] sIffdf ePsf ;a} hgf ljBfyL{x¿sf] prfO ;]lG6ld6/df gfk]/ af]8{df n]Vg'xf];\ . 

-v_ ;f] prfOsf] tYofª\snfO{ tflnsfdf k|:t't ug'{xf];\ . 

-u_ ;f] tYofª\ssf] dWos, dlWosf, klxnf] rt'yf{+z, t];|f] rt'yf{+zsf], rt'yf{+zLo ljrng /  
	 o;sf] u'0ffª\ssf] dfg kQf nufpg'xf];\ . 

-3_	 s] s'g} tYofª\s dWoljGb'af6 slt km}lnPsf] 5 eg]/ dfkg ug{ lj:tf/ (range), rt'yf{+zLo 
	 ljrng (quartile deviation), dWos leGgtf (mean deviation), :t/Lo leGgtf 
	 (standard deviation), dWos leGgtf (mean deviation) / logsf u'0ffª\ssf] u0fgf 
	 ug{ ;lsG5 < 

lj|mofsnfk 2	

Pp6f sIffsf 40 hgf ljBfyL{sf] tf}n (kg) df o; k|sf/ lbOPsf] 5 . pSt tYofª\ssf] cWoog 
ug'{xf];\ .

40 40.5 45 47 60 61 56.4 39.5 56 52
42 62.5 69.5 42 43 46 55 56.5 35 51
58 61 49 57 51 59 47 52 57 59.5

48.5 58 54 67 46 56 39 48 51 60

-s_ 	dflysf] tYofª\snfO{ tflnsfdf k|:t't s;/L ug]{ xf]nf, 5nkmn ug'{xf];\ .

-v_ 	olb xfdLn] x/]s tf}nnfO{ 5'6\6f5'6\6} n]VofF} eg] tflnsf s:tf] aGnf <
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-u_ 	dflysf] tYofª\snfO{ 5 juf{Gt/ (class interval) df afF8]/ x]/f}F .

Tff}n (kg df_ ldnfg lrx\g ljBfyL{ ;ª\Vof
35 - 40 || 2
40 - 45 ||||  | 6
45 - 50 … 8
50 - 55 … 6
55 - 60 … 11
60 - 65 … 5
65 - 70 … 2

oxfF, 55 - 60 eGgfn] 55 kg b]lv 60 kg EfGbf sd tf}n eGg] a'lemG5, h:t} M 55, 56, 56.5, 
57, 58, 59, 59.5 t/ 60 rflxF 55 - 60 df kb}{g, 60 - 65 df k5{  .

k"0f{ ;ª\Vofdf dfq geO{ bzdnjdf klg JoSt x'g] / lglZrt cGt/fndf km}lnPsf]  
tYofª\snfO{ cljlR5Gg >]0fL (continuous series) elgG5 . 

11.3	 cljlR5Gg >]0fLsf] rt'yf{+zLo ljrng 

		  (Quartile Deviation of Continuous Series)

rt'yf{+zLo ljrng / o;sf] u'0ffª\s (Quartile Deviation / Semi Interquartile Range 
and its Coefficient)

lj|mofsnfk 3	

Pp6f sIffsf] ul0ft ljifosf] k/LIffdf k|fKt u/]sf] k|fKtfª\snfO{ tn tflnsfdf lbOPsf] 5 . 
;d"xdf 5nkmn u/L -s_ klxnf] rt'yf{+z -v_ t];|f] rt'yf{+z -u_ rt'yf{+zLo ljrng / -3_ 
rt'yf{+zLo ljrngsf] u'0ffª\s kQf nufpg'xf];\ .

k|fKtfª\s 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70

ljBfyL{ ;ª\Vof 2 5 10 11 5 2

ljrf/0fLo k|Zg M s] rt'yf{+zLo ljrngsf] u'0ffª\ssf] dfg 1 eGbf 7'nf] x'g ;S5 < 

lbOPsf] tYofª\snfO{ tn 25 % / dfly 75 % efudf ljefhg ug{] dfgnfO{ klxnf] rt'yf{+z 
elgG5 . 50 % / 50 % efudf ljefhg ug]{ dfgnfO{ dlWosf / bf];|f] rt'yf{+z elgG5 eg] 
tn 75 % / dfly 25 % efudf ljefhg ug]{ dfgnfO{ t];|f] rt'yf{+z elgG5 .

t];|f] jf dflyNnf] rt'yf{+z / klxnf] jf tNnf] rt'yf{+zsf] km/snfO{ rt'yf{+zlarsf] lj:tf/ 
elgG5 . cyf{t\ rt'yf{+zlarsf] lj:tf/ (interquartile range) = Q3 – Q1 x'G5 . t];|f] jf 



246 P]lR5s ul0ft, sIff !)246

dflyNnf] rt'yf{+z / klxnf] jf tNnf] rt'yf{+zsf] leGgtfsf] cfwfnfO{ rt'yf{+zLo leGgtf jf 

rt'yf{+zLo ljrng elgG5 cyf{t\ rt'yf{+zLo ljrng (Q.D.)  = 
Q3 – Q1

2  
/ Q.D. sf] 

u'0ffª\s = 
Q3 – Q1

Q3 + Q1

 x'G5 .

 pbfx/0f 1	

lbOPsf] tYofª\saf6 rt'yf{+zLo ljrng / o;sf] u'0ffª\s u0fgf ug'{xf];\ M

Hofnf -;o ?lkofFdf_   6 - 8 8 - 10 10 - 12 12 - 14 14 - 16 16 - 18

sfdbf/ ;ª\Vof 60 75 85 70 50 10

;dfwfg 

oxfF,	rt'yf{+zLo ljrng / o;sf] u'0ffª\s u0fgf

Hofnf -;o ?lkofFdf_   sfdbf/ ;ª\Vof (f) ;l~rt af/Daf/tf (cf)
6 - 8 60 60
8 - 10 75 135
10 - 12 85 220
12 - 14 70 290
14 - 16 50 340
16 - 18 10 350

N = 350

Q1 kg]{ juf{Gt/ = 
 cf}F kb =  cf}F kb = (87.5) cf}F kb

;l~rt af/Daf/tf tflnsfcg'';f/ (87.5) cf}F kb kg]{ juf{Gt/ 8 – 10 x'G5, To;}n] Q1 

kg]{ juf{Gt/ klg  8 - 10 x'G5 .

Q1  = l    i………………….(1)	

hxfF, l = 8
	 f = 75
	 cf = 60
	 i  = 10 – 8 = 2
ca, (1) af6,

	 Q1  	 = 8    2

	     	 = 8 + 0.73 	 = 8.73



247P]lR5s ul0ft, sIff !) 247

Q3 kg]{ juf{Gt/ = 
 cf}F kb =

 
 cf}F kb = (262.5) cf}F kb

;l~rt af/Daf/tf tflnsfcg'';f/ (262.5) cf}F kb kg]{ juf{Gt/ 12 - 14 x'G5, To;}n] Q3 

kg]{ juf{Gt/ klg  12 - 14  x'G5 .

Q3  = l    i	

	 Q3  = 12   2

	     = 12 + 1.21 = 13.21

rt'yf{+zLo ljrng  (Q.D.) = 
Q3 – Q1

2

				    =   =  =  2.24

Q.D. sf] u'0ffª\s = 
Q3 – Q1

Q3 + Q1

		  = 

		   =  = 0 . 20

ctM rt'yf{+zLo ljrng  (Q.D.)  = 2.24  /  Q.D. sf] u'0ffª\s = 0.20

pbfx/0f 2	

lbOPsf] tYofª\saf6 rt'yf{+zLo ljrng / o;sf] u'0ffª\s u0fgf ug'{xf];\ M

sfd ug]{ ;do 
-306fdf_   

2 eGbf 
sd

4 eGbf 
sd

6 eGbf 
sd

8 eGbf 
sd

10 eGbf 
sd

12 eGbf 
sd

sfdbf/ ;ª\Vof 5 7 8 15 25 30

;dfwfg

sfd ug]{ ;do -306fdf_   sfdbf/ ;ª\Vof (f) ;l~rt af/Daf/tf (cf)
2 eGbf sd 5 5

2 - 4 7 – 5 = 2 7
4 - 6 8 – 7 =1 8
6 - 8 15 – 8 = 7 15
8 - 10 25 – 15 = 10 25

10 - 12 30 – 25 = 5 30
N = 30
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Q1 kg]{ juf{Gt/ = 
 cf}F kb =

 
 cf}F kb =(7.5)  cf}F kb

;l~rt af/Daf/tf tflnsfcg'';f/ (7.5)  cf}F kb kg]{ juf{Gt/ 4 - 6 x'G5, To;}n] Q1 kg]{ juf{Gt/ 
klg  4 – 6 x'G5 .

Q1  	 = l    i	

Q1  	 = 4    2 = 4 + 1 = 5

Q3 kg]{ juf{Gt/ = 
 cf}F kb =

 
 cf}F kb (22.5)  cf}F kb

;l~rt af/Daf/tf tflnsfcg'';f/ (8.75) cf}F kb kg]{ juf{Gt/ 8 - 10 x'G5, To;}n] Q3 

kg]{ juf{Gt/ klg  8 - 10  x'G5 .

Q3  	 = l    i	

Q3  	 = 8    2  = 8 + 1.5  = 9.5

rt'yf{+zLo ljrng (Q.D.)  = 
Q3 – Q1

2

				      =  =  =  2.25

Q.D. sf] u'0ffª\s = 
Q3 – Q1

Q3 + Q1

			   =    =  = 0 . 31

ctM rt'yf{+zLo ljrng  (Q.D.)  = 2.25  /  Q.D. sf] u'0ffª\s = 0.31
cEof; 11.1 

1.	  lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_	 rt'yf{+zLo ljrngsf] csf]{ gfd s] xf] <

		  a. la:tf/	 b. dWos leGgtf     c. :t/Lo leGgtf	 d. cw{ rt'yf{+zLo lj:tf/

	 -v_	 rt'yf{+zLo ljrngn] >]0fLsf larsf] slt k|ltzt tYofª\snfO{ ;d]6\5 <

		  a.	 25 %	 	 b. 50 %	 c. 75 %		  d. 100 %

	 -u_	 rt'yf{+zLo ljrng (Q.D.)  kQf nufpg] ;"q s'g xf] <

		  a.	 Q3 – Q1	 b.
Q3 – Q1

2
	 c.  

Q3 + Q1

2
	  	 d. 

Q3 – Q1

Q3 + Q1
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	 -3_	 olb Q1 = 10  / Q3 = 30  eP rt'yf{+zLo ljrngsf] dfg slt x'G5 <

		  a. 10		 b. 20		  c. 30		  d. 40
	 -ª_	 rt'yf{+zLo ljrng u0fgf ubf{ s'g dfgnfO{ a]jf:tf ul/G5 <

		  a. tYofª\ssf ;a} dfgx¿nfO{				    b. larsf 50% dfgnfO{

		  c. ;'?sf 25% / clGtdsf 25% dfgx¿nfO{	  	 d. cf};t dfgnfO{

	 -r_	 olb rt'yf{+zLo ljrng = 10  / dflyNnf] rt'yf{+z = 30  eP tNnf] rt'yf{+zsf] dfg 
		  slt x'G5 <

		  a. 40			  b. 30		  c. 20			   d. 10	

2. 	 lbOPsf] tYofª\saf6 rt'yf{+zLo ljrng / o;sf] u'0ffª\s u0fgf ug'{xf];\ M

-s_ k|fKtfª\s 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50

ljBfyL{ ;ª\Vof 4 10 20 10 6

-v_ Hofnf -?= xhf/df_ 0 - 5 5 - 10 10 - 15 15 - 20 20 - 25 25 - 30

sfdbf/ ;ª\Vof 4 6 3 8 12 7

-u_ tf}n -kg_ 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 70 - 80 80 - 90

ljBfyL{ ;ª\Vof 4 5 10 15 8 7 1

-3_
k|fKtfª\s 0 ≤ x < 10 10 ≤  x < 20 20 ≤ x <30 30 ≤ x <40 40 ≤ x <50

ljBfyL{  
;ª\Vof

5 10 15 10 5
    

-h_ k|fKtfª\s -eGbf sd_ <20 <30 <40 <50 <60

ljBfyL{ ;ª\Vof 5 12 27 40 50

-em_ Hofnf -eGbf a9L_
k|lt306f -?=_ 100 200 300 400 500

sfdbf/ ;ª\Vof 100 80 60 40 20
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3.	 Pp6f sIffsf 30 hgf ljBfyL{n] ul0ft ljifodf k|fKt u/]sf k|fKtfª\sx¿ lbOPsf] 5 M

12 25 36 45 18 22 33 54 42 29
38 41 15 20 48 52 30 24 19 37
44 21 35 40 14 26 49 31 23 50

	 -s_	 klxnf] juf{Gt/ 10 - 20 lnP/ lbOPsf] tYofª\snfO{ Pp6f af/Daf/tf tflnsfdf 
		  k|:t't ug'{xf];\ .

	 -v_	 klxnf] rt'yf{+zsf] dfg kQf nufpg'xf];\ .

	 -u_ 	t];|f] rt'yf{+zsf] dfg kQf nufpg'xf];\ .

	 -3_ 	rt'yf{+zLo ljrng u0fgf ug'{xf];\ . 

	 -ª_ 	rt'yf{+zLo ljrngsf] u'0ffª\s lgsfNg'xf];\ . 

pQ/ 

1. -s_  d -v_  b -u_  b -3_  a
-ª_  b -r_  c -5_  c -h_  d

2. -s_  8.875,0.23	 3. -3_ 10.22,  	 -ª_ 0.307	

11.4 dWos leGgtf (Mean Deviation)

lj|mofsnfk 1	

Pp6f ljBfnodf 75 k"0ff{ª\ssf] ul0ft ljifosf] k/LIffdf ljBfyL{n] k|fKt u/]sf] k|fKtfª\s lbOPsf] 5 M

k|fKtfª\s 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70

ljBfyL{ ;ª\Vof 5 7 8 10 6 4

-s_	 lbOPsf] tYofª\ssf cfwf/df dfg kQf nufO{ tnsf] tflnsf eg'{xf];\ M

k|fKtfª\s ljBfyL{  
;ª\Vof (f)

dWodfg 
(m)

fm D =  
m – X   = f|D|

10 - 20 5
20 - 30 7
30 - 40 8
40 - 50 10
50 - 60 6
60 - 70 4

N = Σfm = Σf|D| = 

-v_ 	dWosaf6 dWos leGgtf kQf nufpg'xf];\ .
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-u_	 dWos leGgtfsf] u'0ffª\s kQf nufpg'xf];\ .

-3_	 lbOPsf] tYofª\ssf cfwf/df dfg kQf nufO{ tflnsf eg'{xf];\ M

k|fKtfª\s
ljBfyL{  

;ª\Vof (f) cf dWodfg 
(m)   = |m –Md| f|D|

10 - 20 5
20 - 30 7
30 - 40 8
40 - 50 10
50 - 60 6
60 - 70 4

N =   Σf|D| = 

-ª_ dlWosfaf6 dWos leGgtf kQf nufpg'xf];\ .

-r_	 dWos leGgtfsf] u'0ffª\s kQf nufpg'xf];\ .

s'g} klg tYofª\sdf /x]sf k|To]s kbx¿ ltgLx¿sf] cf};t -dWos, dlWosf / /Lt_ af6 
slt b'/Ldf /x]sf 5g\ eg]/ lgsflng] cf};t g} dWos leGgtf xf] . o;n] tYofª\sx¿larsf] 
km}nfj6nfO{ a'emfpF5 . dWos leGgtf lgsfNbf kbx¿sf] / cf};tsf] km/s wgfTds jf 
C0ffTds h] eP klg To;nfO{ wgfTds g} dflgG5 . o;sf nflu lg/k]If dfgsf] k|of]u  
ul/G5 .

s'g} klg tYofª\sdf /x]sf k|To]s kbx¿ / ltgLx¿sf] dWos jf dlWosflarsf] km/ssf]  
lg/k]If dfgsf] cf};tnfO{ dWos leGgtf elgG5 .

dWos leGgtfsf nflu cfjZos ;DaGwx¿

-s_ 	dWosaf6 dWos leGgtf   = Σf |m – X | 
N  = 

-v_	dWosaf6 dWos leGgtfsf] u'0ffª\s = dWosaf6 dWos leGgtf 
dWos

 = 

-u_	 dlWosfaf6 dWos leGgtf   = 
Σf |m – Md |

N  = 

-3_ dlWosfaf6 dWos leGgtfsf] u'0ffª\s = 
dlWosfaf6 dWos leGgtf 

dlWosf
= 
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pbfx/0f 1	

Pp6f ljBfnosf sIff 10 sf 40 hgf ljBfyL{sf] tf}n 35 kg b]lv  70 eGbf sd /x]5 .
o;nfO{ tn tflnsfdf lbOPsf] 5 . ;f] tYofª\ssf] dWosaf6 dWos leGgtf / o;sf] u'0ffª\s 
kQf nufpg'xf];\ .

tf}n -kg_ ljBfyL{ ;ª\Vof

35 eGbf a9L 40

40 eGbf a9L 36

45 eGbf a9L 30

50 eGbf a9L 20

55 eGbf a9L 15

60 eGbf a9L 10

65 eGbf a9L 4     
;dfwfg M oxfF, 
lbOPsf] tflnsfaf6

Tff}n ljBfyL{ ;ª\Vof (f) dWodfg 
(m)

fm  =
f

35 - 40 40 – 36 = 4 37.5 150 14.375 57.5
40 - 45 36 – 30 = 6 42.5 255 9.375 56.25
45 - 50 30 – 20 = 10 47.5 475 4.375 43.75
50 - 55 20 – 15 = 5 52.5 262.5 0.625 3.125
55 - 60 15 – 10 = 5 57.5 287.5 5.625 28.123
60 - 65 10 – 4 = 6 62.5 375 10.625 63.75
65 - 70 4 67.5 270 15.625 62.5

N = 40 fm = 2075  f  315

dWos (  =  =  =  51.875

dWosaf6 dWos leGgtf (MD) =    =   = 7.875

dWosaf6 dWos leGgtfsf] u'0ffª\s =  =  = 0.1518 x'G5 .

ctM dWosaf6 dWos leGgtf = 7.875 / dWosaf6 dWos leGgtfsf] u'0ffª\s = 0.1518 
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cEof; 11.2 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M
	 -s_	 dWos leGgtf kQf nufpg] ;"q s'g xf] <

		  a.	 		  b. MD 
Md

		 c. 	 	 d.

	 -v_	 olb s'g} tYofª\ssf] ;a} kbx¿ a/fa/ 5g\ eg] dWos leGgtf slt x'G5 <

		  a. 1		  b. cgGt	 c. 0		  d= eGg ;lsFb}g

	 -u_	 dWos leGGftf s]Gb|Lo k|j[lQsf] s'g gfkaf6 u0fgf ug{ ;lsG5 <
		  a. dWos	 b. dlWosf	 c. /Lt 		  d. dflysf ;a}

	 -3_	 olb  f / dWos – 40 EfP dWos leGgtfsf] u'0ffª\s 
		  slt x'G5 <

		  a. 12.75	 b. 17		  c. 0.425	 d. 0.75
2. 	 lbOPsf] tYofª\ssf] dWosaf6 dWos leGgtf / o:fsf] u'0ffª\s u0fgf ug'{xf];\ M

-s_ Tff}n -kg_ 0 - 4 4 - 8 8 - 12 12 - 16 16 - 20 20 - 24
afnaflnsf ;ª\Vof

7 7 10 15 7 6  

-v_ Kf|fKtfª\s 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60

ljBfyL{ ;ª\Vof 8 12 20 40 12 8 

3. 	 lbOPsf] tYofª\ssf] dlWosfaf6 dWos leGgtf / o:fsf] u'0ffª\s u0fgf ug'{xf];\ M

-s_ Tff}n -kg_ 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 70 - 80

ljBfyL{ ;ª\Vof 7 12 18 28 16 14 

-v_
Tff}n -kg_ 3 - 5 5 - 7 7 - 9 9 - 11 11 - 13

s's'/sf] ;ª\Vof 1 4 6 4 1 

4.	 Pp6f ljBfnodf 50 k"0ff{ª\ssf] ul0ft ljifosf] k/LIffdf 10 hgf ljBfyL{n] k|fKt 
	 u/]sf] k|fKtfª\s lbOPsf] 5 . ;f] tYofª\ssf] dWosaf6 dWos leGgtf / o;sf] u'0ffª\s  
	 kQf nufpg'xf];\ M

Kf|fKtfª\s 10 eGbf sd 20 eGbf sd 30 eGbf sd 40 eGbf sd 50 eGbf sd

ljBfyL{ ;ª\Vof 1 3 7 9 10
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	 -s_ ;f] tYofª\ssf] dWosaf6 dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ . 

	 -v_ ;f] tYofª\ssf] dlWosfaf6 dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ .

5.	 Pp6f sf/vfgfdf sfd ug]{ sfdbf/x¿sf] k|lt306f Hofnf ?= 100 b]lv ?= 800 eGbf sd 
	 /x]5 . o;nfO{ tflnsfdf lbOPsf] 5 . ;f] tYofª\ssf] dWosaf6 dWos leGgtf /  
	 o;sf] u'0ffª\s kQf nufpg'xf];\ .

k|lt 306f Hofnf sfdbf/ ;ª\Vof

100 eGbf a9L 60

200 eGbf a9L 56

300 eGbf a9L 50

400 eGbf a9L 40

500 eGbf a9L 20

600 eGbf a9L 10

700 eGbf a9L 4     

6.	 Pp6f ljBfnodf cWoog/t sIff 10  sf 28 hgf ljBfyL{n] ul0ft ljifosf] k/LIffdf 
	 k|fKt u/]sf] k|fKtfª\s lbOPsf] 5 M

15 62 50 70 74 34 60
41 14 48 28 38 64 21
57 40 34 30 47 20 75
45 56 29 22 13 53 66

	 -s_ 	dflysf] tYofª\snfO{ klxnf] juf{Gt/ 10 - 20 ePsf] af/Daf/tf tflnsfdf k|:t't 
		  ug'{xf];\ .

	 -v_  	dWosaf6 dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ . 

	 -u_	 dlWosfaf6 dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ .

 pQ/
1. -s_  d -v_   c -u_  d -3_  c

2. -s_ 5.08, 0.42	 -v_ 10.40, 0.34	 3.-s_ 11.53, 0.21	 -v_ 1.5, 0.1875
4. -s_ 8, 0.32	 -v_ 8, 0.32	 5. 113.3, 0.25	 6. -v_ 15.81, 0.35	
-u_ 15.85, 0.36
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kl/of]hgf sfo{

cfˆgf] sIffsf ;fyLx¿n] ul0ft ljifosf] b'O{cf]6f PsfO k/LIffdf k|fKt u/]sf k|fKtfª\s  
;ª\sng ug'{xf];\ M 

-s_ pSt k|fKtfª\snfO{ pko'St >]0fL cGt/ /fvL af/Daf/tf tflnsfdf k|:t't ug'{xf];\ .

-v_ cf};t k|fKtfª\s u0fgf ug'{xf];\ .

-u_ cf};t k|fKtfª\ssf cfwf/df t'ngf ug'{xf];\ .

-3_ rt'yf{+zLo ljrng kQf nufpg'xf];\ .

-ª_ dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ .

-r_ dWos leGgtfsf cfwf/df s;/L t'ngf ug]{ xf]nf <

11.4 :t/Lo leGgtf (Standard Deviation)

lj|mofsnfk 1	

s'g} Pp6f k/LIffdf b'O{ hgf ljBfy{L{sf] k|fKtfª\s lbOPsf] 5 . oL k|fKtfª\ssf] cWoog u/L 
lbOPsf k|Zgx¿df 5nkmn ug'{xf];\ M

ljBfyL{ A: 68, 70, 72, 69, 71, 70, 70
ljBfyL{ B: 40, 95, 50, 90, 60, 70, 80
-s_ 	s'g ljBfy{L{sf] glthf /fd|f] 5 <

-v_ 	s'g ljBfy{L{sf] glthf /fd|f] 5 eg]/ s;/L yfxf kfpg ;lsG5 <

-u_ 	ljBfyL{ A / B sf] cf};t k|fKtfª\s kQf nufpg'xf];\ .

-3_	 b'j} ljBfyL{sf] cf};t k|fKtfª\s ;dfg ePsf] cj:yfdf s;/L t'ngf ug{ ;lsG5, kQf  
	 nufpg'xf];\ .

ª_ 	 laBfyL{ A / B k|fKtfª\ssf] :t/Lo leGgtf k|fKtfª\s kQf nufpg'xf];\ .

dfly lbOPsf ljBfyL{ A / B b'a}sf] cf};t k|fKtfª\s 70 x'G5 . t/ pgLx¿sf] k|fKtfª\ssf] k|s[lt 
p:t} 5}g . ljBfyL{ A n] ;a} ljifodf p:t} p:t} cª\s NofPsf] 5 t/ ljBfyL{ B n] s'g} ljifodf 
pRr cª\s NofPsf] 5 eg] s'g} ljifodf Go"g cª\s NofPsf] 5 .

laByL{ A sf] k|fKtfª\ssf] :t/Lo leGgtf 1.19 / laBfyL{ B sf] k|fKtfª\ssf] :t/Lo leGgtf 
19.45 x'G5 . o;/L Pp6} cf};t dfg / km/s :t/Lo leGgtf ePdf s] lgisif{ lgsfNg 
;Sg'x'G5 <
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s'g} klg tYofª\s cfˆgf] cf};taf6 slt 6f9f jf glhs 5l/P/ /x]sf] 5 eg]/ dfkg  
ug]{ ljr/0fzLntfsf] gfknfO{ :t/Lo leGgtf elgG5 . :t/Lo leGgtfnfO{ ljr/0fzLntfsf] 
gfkx¿ -lj:tf/, rt'yf{+zLo ljrng, dWos leGgtf / :t/Lo leGgtf_ dWo] ;a}eGbf a9L  
k|of]u ul/g] / ;a}eGbf :t/Lo gfksf ¿kdf dflgG5 . :t/Lo leGgtfnfO{ ;fdfGotM lu|s 
efiffsf] cIf/ σ (small sigma) n] hgfOG5 . :t/Lo leGgtfsf] ju{nfO{ Variance elgG5 
/ ;ª\s]tdf σ2 n]lvG5 .

ljrf/0fLo k|Zg M :t/Lo leGgtfnfO{ lsg ;a}eGbf pko'St ljr/0fzLntfsf] gfksf ¿kdf lnOG5 <

11.4.1 :t/Lo leGgtfsf] k|of]u (Uses of Standard Deviation)

:t/Lo leGgtfnfO{ ljr/0fzLntfsf gfkx¿dWo] dxŒjk"0f{ gfksf ¿kdf lnOg'sf ;fy} w]/} 
If]qdf o;sf] k|of]u ul/G5, h:t} M

-s_	 lzIff If]q M ljBfyL{sf] k/LIffsf] glthfdf slQsf] ;dfgtf 5 jf leGgtf 5, t'ngf ug{ .

-v_	 df};d k"jf{g'dfg M tfkj|md jf jiff{sf] cf};t ptf/r9fj dfkg ug{ .

-u_	 ;]o/ ahf/ M s'g} :6s jf nufgLdf slQsf] hf]lvd 5 eg]/ kQf nufpg .

-3_	 u'0f:t/ lgoGq0f M sf/vfgfaf6 pTkflbt ;fdfgx¿ Pp6} u'0f:t/sf 5g\ ls 5}gg\ eg]/  
	 lglZrt ug{ .

11.4.2 :t/Lo leGgtfsf] u'0ffª\s (Coefficient of Standard Deviation)
:t/Lo leGgtfnfO{ dWosn] efu ubf{ cfpg] dfgnfO{ :t/Lo leGgtfsf] u'0ffª\s elgG5 . 
km/s km/s PsfO ePsf tYofª\sx¿sf] t'ngf ug{ :t/Lo leGgtfsf] u'0ffª\s cfjZos x'G5 . 
:t/Lo leGgtfsf] u'0ffª\s t'ngfTds ¿kdf hlt ;fgf] x'G5 Tolt g} tYofª\ssf] ljt/0fdf a9L 
Ps¿ktf jf l:y/tf ePsf] dflgG5 . To:t} :t/Lo leGgtfsf] u'0ffª\s hlt 7'nf] x'G5 Tolt g} 
tYofª\ssf] ljt/0fdf sd Ps¿ktf jf l:y/tf tyf a9L ljljwtf ePsf] dflgG5 . o;sf nflu 
lgDglnlvt ;"q k|of]u ul/G5 M

:t/Lo leGgtfsf] u'0ffª\s = 

11.5  ljr/0fzLntfsf] u'0ffª\s (Coefficient of Variation)

:t/Lo leGgtfsf] u'0ffª\ssf] k|ltztnfO{ g} ljr/0fzLntfsf] u'0ffª\s (coefficient of 
variation) elgG5 . :t/Lo leGgtfsf] u'0ffª\s 0 b]lv 1 ;Dd x'g] ePsfn] o;nfO{ k|ltztdf 
abn]/ k|of]u ug]{ ul/G5 . o;nfO{ ;ª\s]tdf C.V. n]lvG5 .  o;df klg :t/Lo leGgtfsf] 
u'0ffª\sdf h:t} ljr/0fzLntfsf] u'0ffª\s t'ngfTds ¿kdf hlt ;fgf] x'G5 Tolt g} tYofª\ssf] 
lat/0fdf a9L Ps¿ktf jf l:y/tf ePsf] dflgG5 . To:t} ljr/0fzLntfsf] u'0ffª\s hlt 7'nf] 
x'G5 Tolt g} tYofª\ssf] ljt/0fdf sd Ps¿ktf, sd l:y/tf jf a9L ljljwtf ePsf] dflgG5 . 
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o;sf nflu lgDglnlvt ;"q k|of]u ul/G5 M

ljr/0fzLntfsf] u'0ffª\s (C.V.)   100% 

cljlR5Gg >]0fLsf] :t/Lo leGgtf (Standard Deviation of Continuous Series)

cljlR5Gg >]0fLsf] :t/Lo leGgtf kQf nufpg] ljlwx¿ o; k|sf/ 5g\ M

Jff:tljs dWos ljlw (Actual Mean Method) 
of] ljlwdf tYofª\ssf] jf:tljs dWos / dWodfgsf] km/s lgsfn]/ :t/Lo leGgtf u0fgf  
ul/G5 . o;sf nflu lbOPsf] ;"q k|of]u ul/G5 M

:t/Lo leGgtf   

	 hxfF, m = dWodfg , N = af/Daf/tfsf] of]ukmn /  = dWos x'G5 .

:t/Lo leGgtf u0fgf ug]{ r/0fx¿

-s_ 	juf{Gt/sf] dWodfg (m) kQf nufpg] .

-v_ 	k|To]s f / ltgLx¿sf] ;ª\ult m  u'0fg u/]/ fm / fm sf] of]ukmn  fm kQf nufpg] .

-u_ 	dWos  kQf nufpg] . 

-3_ 	k|To]s m af6  36fP/ u0fg u/L ltgLx¿sf] ju{  kQf nufpg] .

-ª_ 	k|To]s  / ltgLx¿sf] ;ª\ult f  u'0fg u/]/  kQf nufpg] .

-r_ 	  x¿sf] of]ukmn  kQf nufpg] .

-5_	 dfly lbOPsf] ;"q (i) k|of]u u/L :t/Lo leGgtf kQf nufpg] .

pbfx/0f 1	

lbOPsf] tYofª\saf6 Jff:tljs dWos ljlwaf6 :t/Lo leGgtf / o;sf] u'0ffª\ssf] u0fgf ug'{xf];\ M	

Tfna -?= xhf/df_ 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60

sd{rf/L ;ª\Vof 8 12 20 40 12 8

Σf(m – X)2
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;dfwfg

tna
sd{rf/L  

;ª\Vof (f)
dWodfg 

(m)
fm f 

0 - 10 8 5 40 676 5408
10 - 20 12 15 180 256 3072
20 - 30 20 25 500 36 720
30 - 40 40 35 1400 16 640
40 - 50 12 45 540 196 2352
50 - 60 8 55 440 576 4608

N = 100  fm = 
3100

 fm2 = 
16800

dWos   
 
= 31

:t/Lo leGgtf  	  =    = 12.96

ctM :t/Lo leGgtf   =  12.96

:t/Lo leGgtfsf] u'0ffª\s 
 

  0.418

ctM :t/Lo leGgtf  =  12.96  / o;sf] u'0ffª\s  0.418 x'G5 .

k|ToIf ljlw (Direct Method )

s'g} jf:tljs dWos jf cg'dflgt dWos k|of]u gu/L tYofª\sdf ePsf ;ª\Vofx¿ l;w} k|of]u 
u/L :t/Lo leGgtf kQf nufpg] tl/sfnfO{ k|ToIf ljlw elgG5 . o;sf nflu lbOPsf] ;"q Jff 
;DaGwsf] k|of]u ul/G5 . tYofª\sdf ;fgf ;ª\Vofx¿ ePdf of] ljlw pko'St x'G5 .

	 :t/Lo leGgtf  	
	

				   	 hxfF, m = dWodfg / N = af/Daf/tfsf] of]ukmn x'G5 .

r/0fx¿

-s_ dWodfg (m) kQf nufpg] .

-v_ k|To]s f / ltgLx¿sf] ;ª\ult m  u'0fg u/]/ fm kQf nufpg] .

Σf(m – X)2
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-u_ k|To]s fm / ltgLx¿sf] ;ª\ult m u'0fg u/]/ fm2 kQf nufpg] .

-3_ ;a} fm sf] of]ukmn  fm / ;a} fm2 sf] of]ukmn  fm2 kQf nufpg] .

-ª_ dfly lbOPsf] ;"q  k|of]u u/L :t/Lo leGgtf kQf nufpg] .

pbfx/0f 2	

lbOPsf] tYofª\ssf] k|ToIf ljlwaf6 :t/Lo leGgtf u0fgf ug'{xf];\ M

k|fKtfª\s 0 - 10 10 - 20 20 - 30 30 - 40 40 - 50

ljBfyL{ ;ª\Vof 3 5 7 3 2

;dfwfg 

k|fKtfª\s ljBfyL{ ;ª\Vof (f) dWodfg (m) fm fm2

0 - 10 3 5 15 75
10 - 20 5 15 75 1125
20 - 30 7 25 175 4375
30 - 40 3 35 105 3675
40 - 50 2 45 90 4050

N = 20  fm = 460  fm2 = 13300

	 :t/Lo leGgtf  

	   =  11.66

ctM :t/Lo leGgtf  = 11.66 
5f]6s/L ljlw jf cg'dflgt dWos ljlw (Short-cut Method or Assumed  Mean Method ) 

o; ljlwdf juf{Gt/sf dWodfg / cg'dflgt dWossf] leGgtfaf6 :t/Lo leGgtf u0fgf ul/G5 . 
o;sf nflu lbOPsf] ;"q Jff ;DaGwsf] k|of]u ul/G5 . jf:tljs dWos dfg bzdnjdf cfpg] 
cj:yfdf of] ljlw k|efjsf/L x'G5 .

:t/Lo leGgtf  

hxfF, m = dWodfg / N = af/Daf/tfsf] of]ukmn, , d  = m - A /  A = cg'dflgt dWos x'G5 .



260 P]lR5s ul0ft, sIff !)260

5f]6s/L ljlw jf cg'dflgt dWos ljlwaf6 :t/Lo leGgtf kQf nufpg] r/0fx¿

-s_ dWodfg (m) kQf nufpg] .

-v_	 dWodfgsf] larsf] dfgnfO{ sfNklgs dWos A dfg]/ k|To]s dWodfg / A sf] leGgtf 
	 d  = m – A  kQf nufpg] .

-u_ 	k|To]s d / ltgLx¿sf] ;ª\ult f  u'0fg u/]/ kQf nufpg] .

-3_ 	k|To]s fd / ltgLx¿sf] ;ª\ult d u'0fg u/]/ fd2 kQf nufpg] .

-ª_	 ;a} fd sf] of]ukmn  fd / ;a} fd2 sf] of]ukmn  fd2 kQf nufpg] .

-r_ 	dfly lbOPsf] ;"q (iii) k|of]u u/L :t/Lo leGgtf kQf nufpg] .

pbfx/0f 3	

lbOPsf] tYofª\saf6 5f]6s/L ljlwcg';f/ :t/Lo leGgtf u0fgf ug'{xf];\ M

k|fKtfª\s 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70

ljBfyL{ ;ª\Vof 10 15 20 8 7

;dfwfg 

k|fKtfª\s ljBfyL{  
;ª\Vof (f)

dWodfg 
(m)

d = (m – A)

= (m – 45)

fd fd2

20 - 30 10 25 –20 –200 4000
30 - 40 15 35 –10 –150 1500
40 - 50 20 45 (A) 0 0 0
50 - 60 8 55 10 80 800
60 - 70 7 65 20 140 2800

N = 60  fd = –130  fd2 = 9100

:t/Lo leGgtf   	
	

   =     = 12.12

ctM :t/Lo leGgtf   =  12.12 x'G5 .
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kb ljrng ljlw (Step Deviation Method ) 
tYofª\sdf k|of]u ePsf ;ª\Vofx¿ 7'nf / jf:tljs dWos u0fgf ug{ sl7g ePsf] cj:yfdf 
of] ljlwaf6 :t/Lo leGgtf u0fgf ;xh x'G5 . o;sf nflu lbOPsf] ;"q Jff ;DaGwsf]  
k|of]u ul/G5 .	

:t/Lo leGgtf  

hxfF, m = dWodfg / N = af/Daf/tfsf] of]ukmn, d'  =   , h =  juf{Gt/ / 
A = cg'dflgt dWos x'G5 .

r/0fx¿

-s_ 	dWodfg (m) kQf nufpg] .

-v_ 	dWodfgsf] larsf] dfgnfO{ cg'dflgt dWos A dfg]/ k|To]s dWodfg / A sf] leGgtfnfO{ 
	 juf{Gt/ h n] efu u/L d ' kQf nufpg] . .

-u_ 	k|To]s d ' / ltgLx¿sf] ;ª\ult f  u'0fg u/]/ fd ' kQf nufpg] .

-3_ 	k|To]s fd' / ltgLx¿sf] ;ª\ult d' u'0fg u/]/ fd'2 kQf nufpg] .

-ª_ 	;a} fd' sf] of]ukmn fd' / ;a} fd'2 sf] of]ukmn  fd'2 kQf nufpg] .

-r_ 	dfly lbOPsf] ;dLs/0f (iv) sf] ;"q k|of]u u/L :t/Lo leGgtf kQf nufpg] .

pbfx/0f 4	

lbOPsf] tYofª\ssf] 5f]6s/L ljlwcg';f/ :t/Lo leGgtf u0fgf ug'{xf];\ M

Hofnf ?= -k|lt 306f_ 0 - 100 100 - 200 200 - 300 300 - 400 400 - 500

sfdbf/ ;ª\Vof 5 8 7 3 2

;dfwfg 

Hofnf ?= 
-k|lt306f_

sfdbf/  
;ª\Vof (f)

dWodfg 
(m) d'  fd' fd'2

0 - 100 5 50   –2 –10 20
100 - 200 8 150 –1 –8 8
200 - 300 7 250 0 0 0
300 - 400 3 350 1 3 3
400 - 500 2 450 2 4 8

N = 25  fd' = –11  fd'2 =39
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:t/Lo leGgtf    h

  100	
	

	  100

  =  1.1689  100
   =  116.89

ctM :t/Lo leGgtf  =  116.89

pbfx/0f 5	

b'O{cf]6f pBf]usf sd{rf/Lx¿sf] tnasf] ljZn]if0f tflnsfdf lbOPsf] 5 . s'g pBf]usf] tna 
ljt/0fdf a9L Ps¿ktf /x]5, kQf nufpg'xf];\ M

pBf]u cf};t dfl;s tna tnasf] :t/Lo leGgtf 

A ?= 50000 ?=100
B ?= 40000 ?= 110

;dfwfg 

oxfF, pBf]u A sf] cf};t tna ( ) = ? 50000

	 pBf]u B sf] cf};t tna ( ) = ? 40000

	 pBf]u A sf] :t/Lo leGgtf tna ( ) = ? 100

	 pBf]u B sf] :t/Lo leGgtf tna ( ) = ? 110

	 pBf]u A sf] ljr/0fzLntfsf] u'0ffª\s (C.V.)   100 %

				                        =   100 %  = 0.2 %

	 pBf]u B sf] ljr/0fzLntfsf] u'0ffª\s (C.V.)   100 %

				    =   100 %  = 0.275 %

oxfF, pBf]u B eGbf pBf]u A sf] ljr/0fzLntfsf] u'0ffª\s sd ePsfn] pBf]u B eGbf 
pBf]u pBf]u A sf sd{rf/Lx¿sf] tna ljt/0fdf a9L Ps¿ktf 5 .
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cEof; 11.3 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ .

	 -s_	 tnsf dWo] :t/Lo leGgtf s'g rflxF xf] < 

	 a.  s]Gb||Lo k|j[lQsf] gfk    b= dWos     c= 	ljr/0fzLntfsf] gfk     d. dlWosf

	 -v_	 :t/Lo leGgtfsf] u'0ffª\s kQf nufpg] ;"q s'g xf] <

    a.	  		  b. 		  c= 	
 

 100	 d.   

	 -u_ olb s'g} tYofª\ssf] ljr/0f (σ2) = 64 EfP :t/Lo leGgtf slt x'G5 <

		  a=  8			  b= 16		  c= 32			   d= 4096
	 -3_	 b'O{cf]6f tYofª\sdWo] ljr/0fzLntfsf] u'0ffª\s (C.V.)  w]/} x'g] tYofª\s ljr/0fzLntfsf] 

	 u'0ffª\s yf]/} x'g] tYofª\seGbf s:tf] x'G5 <

	 a. a9L Ps¿ktf		  b= sd Ps¿ktf

	 c= a9L ljrng ePsf]		  d. s'g} ljrng gePsf]

	 -ª_		 olb Σf(m – X)2 = 6400  /  N = 100  EfP :t/Lo leGgtf slt xG5 <

	 a.  10			  b= 64		  c= 32	 		  d. 8

2. 	 -s_ :t/Lo leGgtf eg]sf] s] xf], n]Vg'xf];\ .

 		  -v_ ljr/0fzLntfsf] u'0ffª\s eg]sf] s] xf] <

	 -u_ dWos leGgtf / :t/Lo leGgtfdf s] km/s 5, n]Vg'xf];\ .

	 -3_ :t/Lo leGgtfsf] u'0ffª\s / ljr/0fzLntfsf] u'0ffª\sdf s] km/s 5, n]Vg'xf];\ .

3. 	 -s_	 olb N = 100,  fm = 400 / = 4000  eP dWos / :t/Lo leGgtf kQf 
		  nufpg'xf];\ .

	 -v_ 	olb N = 40,  fd ==  400 / = 5000,   hxfF d ==  m A  / A cg'dfg 
		  ul/Psf] dWos xf] eg] :t/Lo leGgtf kQf nufpg'xf];\ .	

4. 	 lbOPsf] tYofª\ssf] :t/Lo leGgtf / o:fsf] u'0ffª\s u0fgf ug'{xf];\ M

Tff}n -kg_ 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60

ljBfyL{ ;ª\Vof 5 10 12 7 6
-s_
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Kf|fKtfª\s 10 - 20 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70

ljBfyL{ ;ª\Vof 8 12 15 20 12 8

Tff}n -ls=u|f=_ 3 - 5 5 - 7 7 - 9 9 - 11 11 - 13

s's'/sf] ;ª\Vof 1 3 5 4 2

5.	 Pp6f ljBfnodf 50 k"0ff{ª\ssf] ul0ft ljifosf] k/LIffdf 40 hgf ljBfyL{n] k|fKt u/]sf] 
k|fKtfª\s lbOPsf] 5 M

Kf|fKtfª\s 10 eGbf sd 20 eGbf sd 30 eGbf sd 40 eGbf sd 50 eGbf sd

ljBfyL{ ;ª\Vof 5 11 25 35 40

	 -s_  dWos k|fKtfª\s kQf nufpg'xf];\ . 

	 -v_ 	:t/Lo  leGgtf / o:fsf] u'0ffª\s kQf nufpg'xf];\ .

6.	 Pp6f sf/vfgfdf sfd ug]{ sfdbf/x¿sf] b}lgs Hofnf ?= 600 b]lv ?= 1200 eGbf a9L 
/x]5 . o;nfO{ tflnsfdf lbOPsf] 5 M

b}lgs Hofnf sfdbf/ ;ª\Vof
600 eGbf a9L 100
700 eGbf a9L 80
800 eGbf a9L 55
900 eGbf a9L 25

1000 eGbf a9L 15
1100 eGbf a9L 8
1200 eGbf a9L 4

	 -s_ cf};t Hofnf kQf nufpg'xf];\ . 

-v_ :t/Lo leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ .	
-u_ ljr/0fzLntf kQf nufpg'xf];\ .

-3_ ljr/0fzLntfsf] u'0ffª\s kQf nufpg'xf];\ . 

7. 	 b'O{cf]6f h'Qf sf/vfgfsf sfdbf/x¿sf] dfl;s tnasf] ljZn]if0f u/L tflnsfdf lbOPsf] 
	 5 M

sf/vfgf A sf/vfgf B
sfdbf/ ;ª\Vof 40 50
cf};t dfl;s tna ?=35000 ?=45000
:t/Lo  leGgtf ?=40 ?=35

-v_

-u_
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	 -s_  s'g sf/vfgfn] tnadf w]/} vr{ ubf]{ /x]5, kQf nufpg'xf];\ . 

	 -v_  s'g sf/vfgfsf] tna ljt/0fdf a9L Ps¿ktf /x]5, sf/0f;lxt n]Vg'xf];\ .

8.	 Pp6f ljBfnodf cWoog/t sIff 10 sf 36 hgf ljBfyL{n] ul0ft ljifosf] k/LIffdf 
k|fKt u/]sf] k|fKtfª\s lbOPsf] 5 M

35 62 72 50 70 74 34 60 36
21 14 75 48 28 38 64 21 45
57 40 19 34 30 47 20 75 51
45 56 22 29 22 13 53 66 62

	 -s_ 	dflysf] tYofª\snfO{ klxnf] juf{Gt/ 10 - 20 ePsf] af/Daf/tf tflnsfdf k|:t't 
	 ug'{xf];\ .	

	 -v_ 	cf};t k|fKtfª\s kQf nufpg'xf];\ . 

	 -u_  	:t/Lo leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ . 

	 -3_	 ljr/0fzLntf / ljr/0fzLntfsf] u'0ffª\s kQf nufpg'xf];\ .

pQ/

1. -s_  c -v_   b -u_  b -3_  b -ª_  d

2. lzIfsnfO{ b]vfpg'xf];\ .   3.-s_ 4, 4.899	 -v_ 	 3. -v_ 11.53, 0.21	(u_ 1.5, 0.1875

4. -s_ 12.35, 0.355	  -v_ 14.74, 0.365 		 -u_ 2.22, 0.264

5 -s_ 26  -v_ 11.79, 0.453    6.-s_ 837 (v_ 155.34, 0.186  -u_ 24130.5156 	 -3_ 18.6%	

7. -s_ B  (v_ B    8.  -s_ lzIfsnfO{ b]vfpg'xf];\ . -v_ 45.28    -u_ 19.07, 0.42   -3_ 363.67, 42.1%
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11.6 lXj:s/ aS; Kn6 (Whisker Box Plot)
tYofª\szf:qdf lXj:s/ aS; Kn6 8]6fsf] jf:tljs agf]6 a'‰g / b'O{ ;d"xlar ;fy{s t'ngf 
ug{ k|of]u ul/g] Ps e/kbf]{ ljlw xf] . s]jn cf};t -mean_ dfgn] slxn]sfxLF 8]6fleqsf] 
jf:tljs leGgtfnfO{ n'sfpg ;S5 t/ aS; Kn6n] xfdLnfO{ 8]6fsf] ljt/0f -distribution_ / 
km}nfj6 -spread_ sf] :ki6 lrq k|bfg u5{ .

lj|mofsnfk 1	

xfdLn] sIff 9 df whisker box plot sf af/]df cWoog ul/;s]sf 5f}F . ;f]xL cfwf/df lbOPsf] 
u|fkm x]g'{xf];\ / lgDglnlvt k|Zgx¿df 5nkmn u/L lgisif{ lgsfNg''xf];\ M

-s_ dflysf] n]vflrq s]sf] n]vflrq xf], n]Vg'xf];\ .

-v_ dflysf] n]vflrqdf ljGb'x¿ A, B, C, D / E n] s] s] hgfpF5g\, n]Vg'xf];\ .

-u_ ljGb'x¿ A b]lv B tyf D b]lv E ;Ddsf] efunfO{ s] elgG5 <  

-3_ ljGb'x¿ B b]lv D ;Ddsf] efunfO{ s] elgG5 < 

-ª_ lrqdf ljGb'x¿ A, B, C, D / E sf dfgx¿ slt slt 5g\ <

dflysf] lrq lXj:s/ aS; Kn6 (Whisker Box Plot) sf] lrq xf] . s'g} klg tYofª\ssf larsf] 
50% efunfO{ aS;df / afFsL /x]sf] 50% efunfO{ b'a} 5]plt/sf /]vfdf kg]{ u/L tof/ kfl/Psf] 
lrqfTds k|:t'ltnfO{ lXj:s/ aS; Kn6 elgG5 . o; lXj:s/ aS; Kn6sf kfFrcf]6f ljGb'x¿n] 
;f] tYofª\ssf] kfFrcf]6f dfgx¿nfO{ hgfpF5 . lrqdf ljGb' A n] ;a}eGbf ;fgf] dfg (lowest 
value), ljGb' B n] klxnf] rt'yf{+z (Q1), ljGb' C n] dlWosf (Q2), ljGb' D n] t];|f] rt'yf{+z (Q3) / 
ljGb' E n] ;a}eGbf 7'nf] dfg (highest value) hgfpF5g\ . lbOPsf] lXj:s/ aS; Kn6df ljGb'x¿ 
A b]lv B ;Dd tyf ljGb'x¿ D b]lv E ;Ddsf] efunfO{ aS; elgG5 . dflysf] lXj:s/ aS; 
Kn6df ljBfyL{sf] prfO -;]=dL=_ lbOPsf] 5 . t;y{, lbOPsf] tYofª\sdf ljBfyL{sf] prfOsf] 
Go"gtd dfg 100 ;]=dL=, klxnf] rt'yf{+z 114 ;]=dL=, dlWosf 126 ;]=dL=, t];|f] rt'yf{+z 145 ;]=dL= 
/ clwstd dfg 151 ;]=dL= 5g\ .

s'g} klg tYofª\ssf larsf] 50% efunfO{ aS;df / afFsL /x]sf] 50% efunfO{ b'a} 5]plt/sf 
/]vfdf kg]{ u/L tof/ kfl/Psf] lrqfTds k|:t'ltnfO{ lXj:s/ aS; Kn6 (Whisker Box Plot) 
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elgG5 . lXj:s/ aS; Kn6sf kfFrcf]6f ljGb'x¿n] lbPsf] tYofª\ssf] kfFrcf]6f dfgx¿ j|mdzM 
;a}eGbf ;fgf] dfg, klxnf] rt'yf{+z, dlWosf, t];|f] rt'yf{+z / ;a}eGbf 7'nf] dfg hgfpF5g\ . 

lXj:s/ aS; Kn6 tof/ kfbf{ ckgfpg] r/0fx¿

r/0f 1 : 	lbOPsf] tYofª\snfO{ a9\bf] j|mddf /fVg] .

r/0f 2 : lbOPsf] tYofª\ssf] ;a}eGbf ;fgf] dfg, dlWosf, rt'yf{+zx¿ / ;a}eGbf 7'nf] dfg 
		  kQf nufpg] . 

r/0f 3 M 	n]vflrqdf :s]n agfO{ kfFrcf]6f d'Vo dfgx¿ M ;a}eGbf ;fgf] dfg, klxnf] rt'yf{+z, 
		  dlWosf, t];|f] rt'yf{+z / ;a}eGbf 7'nf] dfg ;f] n]vflrqdf cª\lst ug]{ .

r/0f 4 M 	klxnf] rt'yf+{z / t];|f] rt'yf{+zlarsf] efudf aS; tof/ ug]{ / ;a}eGbf ;fgf] 
		  dfgnfO{ klxnf] rt'yf{+z;Fu tyf ;a}eGbf 7'nf] dfgnfO{ t];|f] rt'yf{+z;Fu /]vfx¿ lvRg] .     

pbfx/0f 1	

P3f/ hgf ljBfyL{sf] pd]/nfO{ -jif{_ tnsf] tflnsfdf lbOPsf] 5 . pSt tYofª\ssf] ;a}eGbf ;fgf] 
dfg, klxnf] rt'yf{+z, dlWosf, t];|f] rt'yf{+z / ;a}eGbf 7'nf] dfg lgsfn]/ lXj:s/ aS; Kn6df 
b]vfpg'xf];\ .

13    17	 16	 14	 11	 13	 10	 16	 11	 18	 12	

;dfwfg 

lbOPsf] tYofª\snfO{ a9\bf] j|mddf /fVbf 
10	 11		  11	 12	 13	 13	 14	 16	 16	 17	 18	

oxfF, ;a}eGbf ;fgf] dfg = 10 

ca, klxnf] rt'yf{+z (Q1) =  cf}F kb =  cf}F kb =  cf}F kb = 3 cf}F kb

ctM  Q1 = 11 

dlWosf (Md) = =  cf}F kb =  cf}F kb = 6 cf}F kb

ctM Md = 13 

t];|f] rt'yf{+z (Q3) =   cf}F kb =  cf}F kb = 9 cf}FF kb 

ctM Q3  = 16 / ;a}eGbf 7'nf] dfg = 18 

ca, dfly lgsflnPsf ;a}eGbf ;fgf] dfg, Q1, Md, Q3/ ;a}eGbf 7'nf] dfgsf cfwf/df lbPsf] 

tYofª\snfO{ lXj:s/ aS; Kn6df b]vfpFbf 
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11.2.2 lXj:s/ aS; Kn6 k|of]u u/L b'O{cf]6f tYofª\slarsf] t'ngf (Comparision of 
Two Data using Whisker Box Plot)

lj|mofsnfk 2	

b'O{ hgf lj|ms]6 v]nf8Ln] kl5Nnf P3f/cf]6f lj|ms]6 v]ndf NofPsf] :sf]/ -/g_ nfO{ tnsf 
tflnsfdf b]vfOPsf]] 5 M

v]nf8L A 21 25 71 5 42 15 85 64 110 32 35

v]nf8L B 12 55 101 34 60 41 72 6 22 7 18

-s_ pSt b'O{cf]6f tYofª\ssf] ;a}eGbf ;fgf] dfg, klxnf] rt'yf{+z, dlWosf, t];|f] rt'yf{+z / 
	 ;a}eGbf 7'nf] dfg lgsfNg'xf];\ . 

-v_ 	b'O{cf]6f tYofª\ssf] 5'6\6f5'6\6} lXj:s/ aS; Kn6nfO{ n]vflrqdf b]vfpg'xf];\ .

-u_ 	lXj:s/ aS; Kn6sf cfwf/df v]nf8L A / v]nf8L B n] k|fKt u/]sf] :sf]/nfO{ dlWosf 
	 (median) / cGt/ rt'yf{+zLo lj:tf/ (interquartile range) sf cfwf/df t'ngf ug'{xf];\ .

v]nf8L A sf nflu M

v]nf8L A sf] :sf]/nfO{ j|mddf /fVbf M 5, 15, 21, 25, 32, 35, 42, 64, 71, 85, 110	

oxfF, ;a}eGbf ;fgf] dfg = 5 

ca, klxnf] rt'yf{+z (Q1) =  cf}F kb =  cf}F kb =   cf}F kb = 3 cf}F kb 

ctM Q1 = 21 

dlWosf (Md) =  cf}F kb =  cf}F kb = 6 cf}F kb

ctM Md = 35 

t];|f] rt'yf{+z (Q3) =  cf}F kb =  cf}F kb = 9 cf}F kb 

ctM Q3 = 71 /  ;a}eGbf 7'nf] dfg = 110 

ljBfyL{sf] pd]/ 
-jif{_
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v]nf8L B sf nflu M

v]nf8L B sf] :sf]/nfO{ j|mddf /fVbf M 6, 7, 12, 18, 22, 34, 41, 55, 60, 72, 101	

oxfF, ;a}eGbf ;fgf] dfg = 6 

ca, klxnf] rt'yf{+z (Q1) =  cf}F kb =  cf}F kb =   cf}F kb = 3 cf}F kb

ctM Q1 = 12 

dlWosf (Md) =  cf}F kb =  cf}F kb = 6 cf}F kb

ctM Md = 34 

t];|f] rt'yf{+z (Q3) =  cf}F kb =  cf}F kb = 9 cf}F kb

ctM Q3 = 60 / 

;a}eGbf 7'nf] dfg = 101 

ca, dfly lgsflnPsf v]nf8L A / B  sf] :sf]/sf] ;a}eGbf ;fgf] dfg, Q1, Md, Q3/ ;a}eGbf 

7'nf] dfgsf cfwf/df lbPsf] tYofª\snfO{ lXj:s/ aS; Kn6df b]vfpFbf 

dflysf b'O{ lXj:s/ aS; Kn6af6 v]nf8L A n] k|fKt u/]sf] :sf]/nfO{ v]nf8L B n] k|fKt u/]sf] 
:sf]/;Fu dlWosf / cGt/ rt'yf{+zLo lj:tf/sf cfwf/df o;/L t'ngf ug{ ;lsG5 .

 v]nf8L B sf] :sf]/
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-s_	 dlWosfsf] cfwf/df 

oxfF, v]nf8L A n] k|fKt u/]sf] :sf]/sf]] dlWosf 35 / v]nf8L B n] k|fKt u/]sf] :sf]/sf] dlWosf 
34 5 . o;y{, v]nf8L B n] k|fKt u/]sf] cf};t :sf]/eGbf v]nf8L A n] k|fKt u/]sf] cf};t :sf]/ 
a9L 5 .

-v_	 cGt/rt'yf{+zLo lj:tf/sf cfwf/df 

v]nf8L A n] k|fKt u/]sf] :sf]/sf] cGt/rt'yf{+zLo lj:tf/ (IQR) = Q3 –  Q1= 71 – 21 = 50, 
/ v]nf8L B n] k|fKt u/]sf] :sf]/sf] cGt/ rt'yf{+zLo lj:tf/ (IQR) = Q3 – Q1 = 60 – 12 = 48 
5 . v]nf8L B n] k|fKt u/]sf] :sf]/sf] cGt/rt'yf{+zLo lj:tf/eGbf v]nf8L A n] k|fKt u/]sf] 
:sf]/sf] cGt/ rt'yf{+zLo lj:tf/ a9L ePsfn] v]nf8L B sf] :sf]/eGbf v]nf8L A sf] :sf]/sf] 
leGgtf (Variation) a9L 5, cyf{t\ v]nf8L B sf] :sf]/eGbf v]nf8L A sf] :sf]/sf] Ps¿ktf 
(Consistency) sd 5 .

cEof; 11.2 

1. 	 b'O{cf]6f df]afOn a|fG8 -a|fG8 A / a|fG8 B_ sf Aof6«Lx¿ slt 306f l6S5g\ eg]/ k/LIf0f 
	 ul/Psf] 5 . b'a}sf] aS; Kn6 lbOPsf] 5 M

-s_	 ;fdfGotM s'g a|fG8sf] Aof6«L w]/} ;do l6Sg] b]lvG5 -median sf cfwf/df_ <

	 a.	 a|fG8 A 	 b. a|fG8 B 	 c. b'a} a/fa/ 5g\ 	 d. s'g} klg xf]Og

-v_  s'g a|fG8sf] Aof6«Lsf] l6sfpkgdf æPs¿ktfÆ -consistency_ a9L 5 < 

	 a. a|fG8 B, lsgls o;sf] /]Gh -range_ 7'nf] 5 . 	

	 b. a|fG8 A, lsgls o;sf] afs; ;fgf] -interquartile range- IQR) 5 / ;a} dfgx¿ 
	    glhs 5g\ . 

	 c. b'a} a|fG8 plQs} e/kbf{ 5g\ . 

	 d. a|fG8 B, lsgls o;n] #* 306f;Dd Aof6«L Aofsck lbG5 .

Comparison of Smartphone Battery Life (hours)

Battery Life in HOurs (English Numerals)

Brand B

Brand A

M
ob

ile
 

 B
ra

nd
s
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-u_ 	s'g a|fG8sf] Aof6«Lsf] ;a}eGbf sd l6sfpkg a9L ;'lglZrt 5 < 

	 a. a|fG8 B -!% 306f_ 			   b. a|fG8 A -@) 306f_ 	

	 c. b'a}sf] ;a}eGbf sd ;do Pp6} 5 . 	 d. eGg ;lsFb}g .

-3_ 	aS; Kn6sf] /ftf] /]vfn] s] hgfpF5 < 

	 a. Aof6«Lsf] ;a}eGbf a9L l6sfpkg 		 b. Aof6«Lsf] ;a}eGbf sd l6sfpkg 

	 c. Aof6«Lsf] larsf] l6sfpkg -%)Ü dfgx¿ hxfF k5{g\_ 	 d. Aof6«Lsf] d"No

2.	 b'O{ km/s dn -fertilizer A / B_ k|of]u ubf{ bz jif{df ePsf] wfgsf] pTkfbg -kg df_ nfO{ 
	 aS; Kn6df k|:t't ul/Psf] 5 . pSt aS; Kn6sf cfwf/df ;f]lwPsf k|Zgsf] pQ/ lbg'xf];\ .

-s_	 s'g dn k|of]u ubf{ wfgsf] ;a}eGbf sfd pTkfbg a9L ;'lglZrt b]lvG5 <

-v_	 olb tkfO{F Ps ls;fg x'g'x'G5 / tkfO{FnfO{ æhf]lvdÆ sd lng' 5 eg] s'g dn /f]Hg'x'G5, lsg <  
	 -Hint: IQR x]g{'xf];\ ._

-u_	 s] s'g} o:tf] jif{ 5 hxfF dn …BÚ n] c;fwf/0f ¿kdf w]/} pTkfbg lbof] < of] Kn6df s;/L b]lvG5 <

3.  	lbOPsf] b'O{cf]6f aS; Kn6n] b'O{cf]6f Aof6«Lsf] l6sfpkg -battery life_ b]vfpF5g\ . 
	 aS; Kn6sf cfwf/df ;f]lwPsf k|Zgsf] pQ/ lbg'xf];\ .

  

Comparison of Battery Life: Battery A vs Battery B

Battery Life (Hours)

Battery B

Battery A

Fertilizer A

Fertilizer B

Rice Yield Comparison: Fertilizer A vs B

Rice Yield (kg)
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	 -s_ 	Aof6«L A sf]  median l6sfpkgf slt 5 <

	 -v_	 Aof6«L B  sf]  median l6sfpkgf slt 5 <

	 -u_ 	Aof6«L A / Aof6«L B b'a}sf] l6sfpkgfsf] range kQf nufpg'xf];\ .

	 -3_ 	tkfO{F s'g Aof6«L lsGg'x'G5 < cfˆgf] lg0f{onfO{ sf/0f;lxt k'li6 ug{'xf];\ .

4.	 b'O{cf]6f df]afOn k;nn] Ps xKtfdf laj|mL u/]sf df]afOnx¿sf] cfFs8fnfO{ tnsf tflnsfdf 
	 b]vfOPsf]] 5 M

	 k;n s M 8	   5	 14	 9	 11	 7	 18	

	 k;n v M 10	   12	 8	 16	 6	 3	 2

	 -s_	 pSt b'O{cf]6f tYofª\ssf] ;a}eGbf ;fgf] dfg, klxnf] rt'yf{+z, dlWosf, t];|f] rt'yf{+z / 
		  ;a}eGbf 7'nf] dfg lgsfNg'xf];\ . 

	 -v_	 b'O{cf]6f tYofª\ssf] 5'6\6f5'6\6} lXj:s/ aS; Kn6nfO{ n]vflrqdf b]vfpg'xf];\ .

	 -u_	 lXj:s/ aS; Kn6sf cfwf/df k;n s / k;n v n] laj|mL u/]sf] df]afOn ;ª\VofnfO{ 
		  dlWosf / cGt/ rt'yf{+zLo lj:tf/sf cfwf/df t'ngf ug'{xf];\ .

 pQ/
 1. -s_ b	    -v_ b	 -u_ b 	 -3_ c    	     2. k|Zg g= 2 b]lv 4 ;Dd lzIfsnfO{ b]vfpg'xf];\ .

ldl>t cEof; – ljifoIf]qut

1. 	 s'g} k/LIffdf ljBfyL{n] k|fKt u/]sf] k|fKtfª\s o; k|sf/ 5 M

k|fKtfª\s 20-30 30-40 40-50 50-60 60-70 70-80 80-90

ljBfyL{ ;ª\Vof 4 6 10 17 11 9 3

	 -s_	 rt'yf{+zLo ljrng, klxnf] rt'yf{+z / t];|f] rt'yf{+z eP ltgLx¿sf] ;DaGw n]Vg'xf];\ . 

	 -v_	 dflysf] tYofª\ssf cfwf/df :t/Lo leGgtf kQf nufpg'xf];\ .

	 -u_	 ljr/0fzLntfsf] u'0ffª\s kQf nufpg'xf];\ .

2. 	 Pp6f sIffsf 40 hgf ljBfyL{x¿n] ul0ft ljifosf] låtLo q}dfl;s k/LIffdf k|fKt u/]sf 
	 k|fKtfª\s tflnsfdf lbOPsf] 5 M

k|fKtfª\s 20 - 30 30 - 40 40 - 50 50 - 60 60 - 70 70 - 80

ljBfyL{ ;ª\Vof 5 9 12 7 4 3

	 -s_ 	dWosaf6 dWos leGgtf kQf nufpg] ;"q n]Vg'xf];\ .		
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	 -v_ 	:t/Lo leGgtf kQf nufpg'xf];\ .					   

	 -u_ 	olb k|yd q}dfl;s k/LIffsf] k|fKtfª\ssf] :t/Lo leGgtf 8.75 lyof] eg] k|yd / 
		  låtLo q}dfl;s k/LIffsf k|fKtfª\ssf] t'ngf ug'{xf];\ .

3. 	 Pp6f a}ª\sdf sfd ug]{ 50 hgf sd{rf/Lx¿sf] dfl;s tna tflnsfdf lbOPsf] 5 M

tna 
-?= xhf/df_

20000 
eGbf a9L

30000
eGbf 
a9L

40000
eGbf a9L

50000
eGbf a9L

60000
eGbf a9L

70000
eGbf a9L

sd{rf/L 
;ª\Vof

50 45 25 9 4 2

	 -s_ 	rt'yf{+zLo larng eg]sf] s] xf], n]Vg'xf];\ .

	 -v_ 	lbPsf] tYofª\ssf nflu pko'St ljr/0fzLntfsf] gfk s'g xf], sf/0f;lxt k'li6 ug'{xf];\ . 

	 -u	 tYofª\saf6 rt'yf{+zLo larng / o:fsf] u'0ffª\s kQf nufpg'xf];\ .

4. 	 Pp6f sIffsf 40 hgf ljBfyL{x¿sf] s'g} k/LIffdf ul0ft ljifosf] k|fKtfª\s o; k|sf/ 
	 lbOPsf] 5 M

75 35 45 47 60 61 56 39 56 52
42 60 69 42 43 46 55 56 35 51
58 61 49 57 51 59 47 52 57 55
48 58 54 67 46 56 39 48 51 60

	 -s_ 	ljr/0fzLntfsf] u'0ffª\s u0fgf ug]{ ;"q n]Vg'xf];\ .

	 -v_ 	dflysf] tYofª\snfO{ 5 juf{Gt/ ePsf] af/Daf/tf tflnsfdf k|:t't ug'{xf];\ .

	 -u_ 	ljr/0fzLntfsf] u'0ffª\s u0fgf ug'{xf];\ .

	 -3_ 	Pp6f k/LIffdf b'O{ hgf ljBfyL{ A / B sf] glthf ljZn]if0f ubf{ ljr/0fzLntfsf] 
		  u'0ffª\s j|mdzM 21 % / 12 % kfOof] eg] s;sf] glthfdf a9L Ps¿ktf /x]5, 
		  sf/0f;lxt n]Vg'xf];\ .

5. 	 Pp6f ljBfnosf 60 hgf ljBfyL{ ul0ft tyf lj1fg ljifodf k|fKt u/]sf] cª\snfO{ 
	 tnsf b'O{cf]6f tflnsfdf b]vfOPsf] 5 M

ul0ft ljifosf]] 
k|fKtfª\s

30 - 40 40 - 50 50 - 60 60 - 70 70 - 80 80 - 90 90 - 100

ljBfyL{ ;ª\Vof 5 11 16 12 10 4 2

-s_
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lj1fg ljifosf]] 
k|fKtfª\s

30 – 40 40 – 50 50 – 60 60 – 70 70 – 80 80 – 90 90 – 100

ljBfyL{ ;ª\Vof 4 8 16 20 6 4 2

	 -s_	 dflysf b'O{cf]6f ljifosf] k|fKtfª\ssf] ;a}eGbf ;fgf] dfg, klxnf] rt'yf{+z, dlWosf, t];|f] 
		  rt'yf{+z / ;a}eGbf 7'nf] dfg lgsfNg'xf];\ . 

	 -v_ pSt b'O{cf]6f tYofª\ssf] rt'yf{+zLo leGgtf / o;sf] u'0ffª\s lgsfNg'xf];\ .

	 -u_ 	b'O{cf]6f ljifosf] k|fKtfª\sdWo] s'g rflxF k|fKtfª\sdf Ps¿ktf 5, sf/0f;lxt n]Vg'xf];\ .

	 -3_ 	b'O{cf]6f tYofª\ssf] 5'6\6f5'6\6} lXj:s/ aS; Kn6 agfO{{ n]vflrqdf b]vfpg'xf];\ .

pQ/	

1.	 lzIfsnfO{ b]vfpg'xf];\ .

2.	 -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_ 14	  -u_ låtLo q}dfl;s k/LIffeGbf k|yd q}dfl;s 

	 k/LIffsf] k|fKtfª\sdf sd ljrng  

3. 	 -s_  lzIfsnfO{ b]vfpg'xf];\ . 	 -v_ open ended class ePsfn] rt'yf{+zLo larng pko'St x'G5 . 

	 -u_  7.03, 0.172 
4.	 -s_ / -v_ lzIfsnfO{ b]vfpg'xf];\ . 	 -u_ 16.86% 	 -3_ B sf] glthfdf a9L Ps¿ktf

5.	 lzIfsnfO{ b]vfpg'xf];\ .

 

-v_
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12.1 kl/ro (Introduction)

s'g} klg /]vf lglZrt juf{Gt/df st} klg g6'6L alx/x]sf] 5 eg] pSt  /]vfnfO{ lg/Gt/ (continuous) 
/]vf elgG5 . k|frLg lu|s ul0ft1 Aristotle n] lg/Gt/tfsf] cjwf/0ffsf af/]df ;'?cft u/]sf lyP . 

;qf}F ztfAbLdf Newton n] ult lg/Gt/ x'G5 eGg] tYo k|dfl0ft u/] eg] c7f/f}F

ztfAbLdf Leonhard Euler n] ul0ftLo ;DaGwx¿nfO{ s;/L lg/Gt/

n]Vg ;lsG5 egL dfu{lgb]{z u/]sf lyP . To;kl5 pGgfO;f}F ztfAbLdf 

Cauchy / Karl Weiertrass n] lg/Gt/tfnfO{ yk ljsf; u/L cfw'lgs 

ul0ft;Fu hf]8]/ o;sf] cfwf/:tDesf ¿kdf :yflkt u/]sf lyP . 

xfd|f] b}lgs Jojxf/nufot ul0ft, lj1fg tyf k|ljlw, OlGhlgol/ª, Jofkf/, 

cy{zf:q, :f"rgf tyf ;~rf/ cflb If]qdf lg/Gt/tfsf] k|of]u ul/G5 .

12.2 lg/Gt/tf / ljlR5Ggtf (Continuity and Discontinuity)
lj|mofsnfk 1	 		

tnsf lrqx¿ cjnf]sg u/L lbOPsf k|Zgx¿df 5nkmn ug{'xf];\ M

         

1 | P a g e  
 

                             
                    

-s_ ;k{ / Eofu'tfsf] lxF8fOdf s] leGgtf kfpg'x'G5 <

-v_ ;k{ / Eofu'tfsf] lxF8fOdf logLx¿sf] hldg;Fu s:tf] ;DaGw kfpg'x'G5 <

-u_ s'g hLjsf] lxF8fO lg/Gt/ jf cljlR5Gg 5, sf/0f lbg'xf];\ . 

;k{n] cfk"m lxF8]sf] af6fdf kg]{ hldgsf ;a} ljGb'x¿nfO{ 5'Fb} cufl8 a9\5 eg] Eofu'tf pkF|mb} 

cufl8 a9\g] xF'bf o;n] cfk"m lxF8\g] af6fdf kg]{ hldgsf ;a} ljGb'x¿nfO{ 5'Fb}g . To;}n] ;k{n] 

lxF8\bf agfpg] af6fn] lg/Gt/tf hgfpF5 eg] Eofu'tf lxF8\bf agfpg] af6fn] ljlR5Ggtf hgfpF5 .

Aristotle 

kf7 12  lg/Gt/tf (Continuity)
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lj|mofsnfk 2	 	

lbOPsf lrqx¿ agfpg ;'? u/]b]lv lrq k"/f geP;Dd snd gp7fO{ agfpg] k|of; ug{'xf];\ M

	 lrq -s_				   lrq -v_				   lrq -u_

snd gp7fO{ tkfO{Fn] s'g s'g lrq agfpg ;Sg'eof] <

olb snd p7fpg'kg]{ jf gkg]{ sfdnfO{ ul0ft1x¿n] ljleGg zAbx¿ lbOPsf 5g\ . lrq -s_ 

/ -v_ sf]bf{ ;'?b]lv cGTo;Dd sndsf] 6'Kkf]n] sfuh 5f]8\g'kb}{g eg] lrq -u_ sf]bf{ sndsf]  

6'Kkf]n] sfuh 5f]8\g'k5{ . To;}n] lrq -s_ / -v_ n] cljlR5Gg, nuftf/ jf lg/Gt/ (continuous) 
hgfpF5g\ eg] lrq -u_ sf]bf{ s'g} ljGb'df k'u]kl5 snd p7fP/ csf]{ 7fpFdf n}hfg'kg]{ ePsfn] 

pSt lrq ljlR5Gg (discontinuous) x'G5 .  

lrq sf]bf{ ;'?b]lv cGTo;Dd sndsf] 6'Kkfn] sfuh 5f]8\g'kb}{g eg] Tof] lrq cljlR5Gg x'G5 .

lrq sf]bf{ s'g} ljGb'df k'u]kl5 snd p7fP/ csf]{ 7fpFdf n}hfg'k¥of] eg] Tof] lrq ljlR5Gg  
x'G5 .  

lj|mofsnfk 3	 	

tnsf] ;ª\Vof /]vf cjnf]sg ug'{xf];\ / ;f]lwPsf k|Zgx¿df 5nkmn ug'{xf];\ M

–5	 –4	 –3	 –2	 –1	 0	 1	 2	 3	 4	 5	

–4.25 –1.75 1.5 e = 2.72

p = 3.14

1 
2

–1 
2

–7 
2

-s_ 	s] 1 / 2 sf lardf s'g} k|fs[lts ;ª\Vof 5 < s] k|fs[lts ;ª\Vofn] lg/Gt/ /]vf agfpF5g\ < 

-v_ 	s] 3 / 4 sf lardf s'g} k"0f{ ;ª\Vof 5 < s] k"0f{ ;ª\Vofn] lg/Gt/ /]vf agfpF5g\ <

-u_ 	s] – 1 / 0 sf lardf s'g} k"0ff{ª\s 5 < s] k"0ff{ª\s ;ª\Vofn] lg/Gt/ /]vf agfpF5g\ <

oxfF 1 af6 2 df hfFbf jf 3 af6 4 df hfFbf jf –1 af6 0 df hfFbf lardf ævfnL 7fpFÆ 5 . 

To;}n] k|fs[lts ;ª\Vofx¿, k"0f{ ;ª\Vofx¿ / k"0ff{ª\ssf ;d"xx¿n] lg/Gt/ /]vf agfpFb}gg\  . 

ha xfdL jf:tljs ;ª\Vofx¿nfO{ ;ª\Vof /]vfdf /fV5f}F, ta s'g} klg 7fpF vfnL /xFb}g . /]vfsf]  

x/]s ljGb'n] s'g} Pp6f jf:tljs ;ª\Vof hgfpF5 . oxfF s'g} vf8n, Kjfn jf km8\sf] x'Fb}g .  

To;}n] jf:tljs ;ª\Vofsf] /]vf lg/Gt/ x'G5 .
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k|fs[lts ;ª\Vofx¿, k"0f{ ;ª\Vofx¿ / k"0ff{ª\ssf ;d"xx¿n] lg/Gt/ /]vf agfpFb}gg\ eg] 

jf:tljs ;ª\Vofx¿n] ;ª\Vof /]vfdf lg/Gt/tf b]vfpF5g\ .

pbfx/0f 1	 	

lbOPsf jj|m s'g ljGb'b]lv s'g ljGb';Dd lg/Gt/ / s'g ljGb'df ljlR5Gg 5g\, n]Vg'xf];\ .

-s_						      -v_	

;dfwfg M oxfF,

-s_ 	lbOPsf] jj|m x = – 4 af6 4 ;Dd s'g} klg ljGb'df g6'6L lg/Gt/ ¿kdf clu a9]sf] 5 . 

	 To;}n] of] jj|m – 4 ≤ x ≤ 4 df lg/Gt/ 5 . 

-v_ 	lbOPsf] jj|m x = –4 af6 4 ;Dddf Pp6f ljGb' x = 1 df 6'6]sf] 5 t/ cGo ljGb'df 

	 lg/Gt/ 5 . To;}n] of] jj|m  x = 1 ljGb'df ljlR5Gg 5 t/ – 4 ≤ x < 1 / 1<  x ≤ 4 df 

	 lg/Gt/ 5 .  

cEof; 12.1 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g () nufpg'xf];\ M

  	 -s_ olb s'g} jj|m snd gp7fO{ lvRg ;lsG5 eg] pSt jj|mnfO{ s] elgG5 < 

		  a.   ljlR5Gg jj|m			   b. lg/Gt/ jj|m	

		  c.  6'6]sf] jj|m				    d.  sfl6Psf] jj|m

 	 -v_ b}lgs hLjgdf lg/Gt/tfsf] pbfx/0f s'g x'g ;S5 < 

		  a.   af]6la?jfsf] prfO a9\g'		  b. lj|ms]6sf] :sf]/ a9\g'

		  c. sIffdf ljBfyL{sf] ;ª\Vof 		  d. uf]hLdf ePsf] l;Ssfsf] ;ª\Vof

  	 -u_ 	 –2 b]lv +2 ;Ddsf jf:tljs ;ª\Vofx¿n] ;ª\Vof /]vfsf] s'g s'g efu cf]u6\5g\ < 

		  a. –2 / +2 larsf s]xL ljGb'x¿ 	 b. –2 b]lv +2 ;Ddsf ;a} ljGb'x¿

		  c.  –2, 0 / +2 ljGb'x¿ dfq 		  d. –2, –1, 0, +1, +2 ;Ddsf ;a} ljGb'x¿

Y

Y'

XX'

Y

Y'

XX'
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  	 -3_ 	 s'g} kmng x = a df lg/Gt/ x'g tnsf dWo] s'g ;t{ cfjZos x'G5 < 

		  a. u|fkm x = a df sfl6Psf] x'g'k5{ .	 b. u|fkm x = a df 6'6]sf] x'g'k5{ .

		  c. u|fkm x = a df g6'6]sf] x'g'k5{ .	 d. u|fkmdf x = a df Kjfn k/]sf] x'g'k5{ .

2. 	 s'g} klg jj|m lg/Gt/ jf ljlR5Gg x'g' eg]sf] s] xf], pbfx/0f;lxt k|:6 kfg{'xf];\ .

3.  	 s'g} klg jj|m –5 af6 +5 ;Dd lg/Gt/ 5 eGg'sf] cy{ s] xf], lrq;lxt b]vfpg'xf];\ .

4. 	 lbOPsf jj|mx¿ s'g ljGb'b]lv s'g ljGb';Dd lg/Gt/ / s'g ljGb'df ljlR5Gg 5g\, n]Vg'xf];\ .

	 -s_ 				       -v_ 	   	         -u_ 
Y

Y'

XX'

Y

Y'

XX'

Y

Y'

XX'

5.	 Pp6f 3/sf] jfol/ª (wiring) k|0ffnL tnsf] cg';f/sf] 5 M

tf/ A M of] tf/ l;wf / st} 6'lj|mPsf] 5}g, h;af6 lg/Gt/ ljB't\ k|jfx eO/x]sf] 5 .

tf/ B M of] tf/nfO{ sf]7fsf] s'gfdf 90 l8u|Lsf] sf]0fdf ltvf] u/L df]l8OPsf] 5 t/ 
tf/ leqaf6 r'Fl8Psf] 5}g .

tf/ C M d';fn] 6f]s]/ jf k'/fgf] eP/ 7\ofSs} 4 ld6/ (x = 4) sf] b'/Ldf tf/ r'Fl8Psf] 

5, h;n] ubf{ ToxfF ljB't\ k|jfx /f]lsPsf] 5 .

Y

Y'

XX'
O

Y

Y'

XX'
O

Y

Y'

XX'
O

tf/ A tf/ B tf/ C
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-s_	 tf/ A lg/Gt/ jf ljl5Gg s] 5, sf/0f lbg'xf];\ .

-v_	 tf/ B, x = 3 df lg/Gt/ jf ljl5Gg s] 5, sf/0f lbg'xf];\ .

-u_	 ul0ftLo efiffdf tf/ C df x = 4 df ePsf] r'Fl8Psf] efunfO{ s] elgG5 <

-3_	 tf/ B -ltvf] df]8_ / tf/ C -r'Fl8Psf] tf/_ lar t'ngf ug{'xf];\ . s'g cj:yfdf kmng 

	 -ljB't\ k|jfx_ lg/Gt/ x'G5 / s'gdf ljlR5Gg x'G5 < tf/ ltvf] u/L df]l8Fbf klg lsg  

	 lg/Gt/tf eª\u x'Fb}g <

pQ/

1. -s_ (b)         -v_ (a)	      -u_ (b)	 -3_ (c)      2 - 5. lzIfsnfO{ b]vfpg'xf];\ .

kl/of]hgf sfo{ 

cfˆgf] 6f]n cyjf l5d]sdf a:g] dflg;sf] pd]/ ;f]wL lbOPsf] tflnsf eg'{xf];\ M

pd]/ jif{df 0 - 20 20 - 40 40 - 60 60 - 80 80 eGbf dfly
dflg;sf] ;ª\Vof ===== ===== ===== ===== =====

pSt tYofª\ssf cfwf/df eGbf sd / eGbf a9L ;l~rt af/Daf/tf jj|m lvRg'xf];\ . 

s'g} lglZrt ljGb'df pSt jj|mx¿sf] lg/Gt/tf / ljlR5Ggtfsf] k|ltj]bg tof/ kf/L pSt  

k|ltj]bgnfO{ sIffsf]7fdf k|:t't ug'{xf];\ .
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12.2 kmngsf] lg/Gt/tf / ljlR5Ggtf (Continuity and Discontinuity of a Function)

lj|mofsnfk 1	 	

tnsf n]vflrqx¿ cjnf]sg u/L lbOPsf k|Zgx¿df 5nkmn ug{'xf];\ M

               lrq g= 1 :   lrq g= 2 :
-s_ 	s] lrq g= 1 sf] n]vflrqdf jj|m st} 6'6]sf] b]lvG5 <

-v_ 	s] lrq g= 2 sf] n]vflrqdf x = 2 sf] :yfgdf /]vf 6'6]sf]] 5 < 

-u_ 	olb y =
 x2 – 4

     x – 2 df x = 2 /fVbf y sf] dfg slt x'G5 < o:tf] cj:yfdf (x, y) nfO{ 

	 n]vflrqdf b]vfpg ;lsG5 < y =
 x2 – 4

     x – 2  sf] n]vflrqdf x = 2 sf] ljGb'df /]vf 

	 hf]l8Psf] b]lvG5 ls 6'lj|mPsf], cfˆgf ts{ k]; ug{'xf];\ .

lrq g= 1 sf] n]vflrqdf jj|m st} 6'6]sf] 5}g . oxfF jj|m x/]s ljGb'df lg/Gt/ 5 . o;sf] cy{ 

jj|m k"/} cGt/fndf lg/Gt/ 5 . lrq g= 2 sf] n]vflrqdf x = 2 sf] :yfgdf /]vf 6'6]sf]] 5 . o;sf] 

cy{ x = 2 df jj|m ljlR5Ggtf 5 . x = 2 afx]s c¿ ljGb'df jj|m lg/Gt/ 5 .

lj|mofsnfk 2 	

Pp6f nf]sdfu{sf] tLg :yfgdf ;8ssf] cj:yf km/s km/s lsl;dsf 5g\ M

-s_ cj:yf A : ;8s ;'?b]lv cGTo;Dd lrNnf] / st} gelTsPsf] 5 . 

-v_ cj:yf B : ;8sdf Pp6f ltvf] "V" cfsf/sf] df]8 5, t/ ;8s st} 6'6]sf] 5}g . 

-u_ cj:yf C : e"sDksf sf/0f l7s 4 lsnf]ld6/ (x = 4) sf] lrx\gdf ;8s efl;Psf] 5, h;n] 

	 ubf{ ToxfF Pp6f vf8n ag]sf] 5 .

Y

Y'

XX'

Y

Y'

XX'O O

y =
 x2 – 4

     x – 2 y = x2
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dfly lbOPsf tLgcf]6f cj:yfx¿ cWoog u/L k|Zgx¿df 5nkmn ug{'xf];\ M

-s_ 	cj:yf A df s:tf] n]vflrq ag]sf] 5 <

-v_ 	cj:yf B  / cj:yf C lar t'ngf ug{'xf];\ . s'g rflxF lg/Gt/ kmng xf] / s'g ljlR5Gg 

	 kmng xf], sf/0f;lxt :ki6 kfg{'xf];\ .

-u_ 	Pp6f sf/ cj:yf C ;8sdf u'l8/x]sf] 5 . x = 4 df ;8s elTsPsf] b]vfpg tkfO{F s:tf] 

	 ;ª\s]t agfpg'x'G5, lbOPsf n]vflrqx¿sf cfwf/df JofVof ug{'xf];\ .

-3_ 	cj:yf C df olb lgdf{0f 6f]nLn] x = 4 df ePsf] vf8n k'g{ l7s ;8ss} ;txdf ldNg] 

	 u/L vfN8f] k'¥of] eg], 
  lim 
x → 4  f (x) / kmngsf] dfg ( f (4)) sf] cjwf/0ff k|of]u u/L 

	 ljZn]if0f ug{'xf];\ .

cj:yf A df ;8s ;'?b]lv cGTo;Dd st} klg g6'6L Psgf;n] cufl8 a9]sf] 5 . of] lg/Gt/ 

kmngsf] pbfx/0f xf] . cj:yf B df ltvf] df]8 5 . of] klg lg/Gt/ kmngsf] pbfx/0f xf] lsgls 

o; cj:yfsf] ;8sdf ltvf] 'V' cfsf/sf] df]8 eP tfklg ;8s st} 6'6]sf] 5}g . To;}n] Pp6f 

uf8L df]8df k'u]/ g/f]lsO{ cufl8 a9\g ;S5 . cj:yf C df Pp6f vf8n 5 . of] ljlR5Gg 

kmngsf] pbfx/0f xf]  lsgls o; cj:yfdf ljGb' x = 4 df ;8s efl;P/ vf8n  ag]sf] 5 . oxfF 

af6f] 6'6]sf] x'gfn] pSt ljGb'af6 uf8L] l;w} cufl8 a9\g ;Sb}g . vf8n k'l/of] eg] Tof] ;8s 

lg/Gt/ aG5 . cj:yf C sf] n]vflrq x]bf{, ha x sf] dfg 4 sf] glhs k'Ubf, ;8ssf] prfO 

[y = f(x)] 3 sf] glhs k'U5 . o; cj:yfsf] ;d:ofnfO{ tflnsf agfP/ ;LdfGtdfg lgsfNbf x 
sf] dfg 4 sf] bfofF / afofFaf6 glhlsP/ f(x) sf] dfgsf] k|s[lt cjnf]sg u/f}F .

cj:yf x sf] dfg 4 sf] glhs hfFbf f(x) sf] dfg

afofFlt/af6
3.9 2.9
3.99 2.99

3.999 2.999 
lardf  x = 4 ........

Y

Y'

XX'

Y

Y'

XX'

Y

Y'

XX'

cj:yf A cj:yf B cj:yf C

               lrq g= 1 :   lrq g= 2 :
-s_ 	s] lrq g= 1 sf] n]vflrqdf jj|m st} 6'6]sf] b]lvG5 <

-v_ 	s] lrq g= 2 sf] n]vflrqdf x = 2 sf] :yfgdf /]vf 6'6]sf]] 5 < 

-u_ 	olb df x = 2 /fVbf y sf] dfg slt x'G5 < o:tf] cj:yfdf (x, y) nfO{ 

	 n]vflrqdf b]vfpg ;lsG5 <  sf] n]vflrqdf x = 2 sf] ljGb'df /]vf 

	 hf]l8Psf] b]lvG5 ls 6'lj|mPsf], cfˆgf ts{ k]; ug{'xf];\ .

lrq g= 1 sf] n]vflrqdf jj|m st} 6'6]sf] 5}g . oxfF jj|m x/]s ljGb'df lg/Gt/ 5 . o;sf] cy{ 

jj|m k"/} cGt/fndf lg/Gt/ 5 . lrq g= 2 sf] n]vflrqdf x = 2 sf] :yfgdf /]vf 6'6]sf]] 5 . o;sf] 

cy{ x = 2 df jj|m ljlR5Ggtf 5 . x = 2 afx]s c¿ ljGb'df jj|m lg/Gt/ 5 .

	

Pp6f nf]sdfu{sf] tLg :yfgdf ;8ssf] cj:yf km/s km/s lsl;dsf 5g\ M

-s_ cj:yf A : ;8s ;'?b]lv cGTo;Dd lrNnf] / st} gelTsPsf] 5 . 

-v_ cj:yf B : ;8sdf Pp6f ltvf] "V" cfsf/sf] df]8 5, t/ ;8s st} 6'6]sf] 5}g . 

-u_ cj:yf C : e"sDksf sf/0f l7s 4 lsnf]ld6/ (x = 4) sf] lrx\gdf ;8s efl;Psf] 5, h;n] 

	 ubf{ ToxfF Pp6f vf8n ag]sf] 5 .
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bfofFlt/af6 

4.001 3.001 
4.01 3.01
4.1 3.1
3.9 2.9

afofF kIfsf] ;LdfGtdfg (LHL) : lim 
x → 4–  f (x) = 3

bfofF kIfsf] ;LdfGtdfg (RHL) : lim 
x → 4+  f (x) = 3

lgisif{ M b'a} lt/af6 ;8s Pp6} prfOdf cfPsfn] ;LdfGt dfgsf] (Limit) cl:tTj 5 .

        To;}n]  lim 
x → 4  f (x) = 3 x'G5 .

lgdf{0f 6f]nLn] 7\ofSs} ;8ss} ;txdf ldNg] u/L vfN8f] k'¥of] eg]sf], x = 4 df kmngsf] dfg 

tf]Sg' xf] . ;8ssf] prfO 3 ePsfn], k'/fO klg 3 prfO;Dd g} k'Ug'k5{ .  f (4) = 3 x'G5 . 

ctM vf8n k'l/of] / ;8s lg/Gt/ eof] .

lj|mofsnfk 3	 	

tnsf b'O{cf]6f lrqx¿ cjnf]sg u/L u/L k|Zgx¿df 5nkmn ug{'xf];\ M

 

X

L

c

y =(x)

;LdfGtdfgsf] cl:tTj x'G5 .
L.H.S = R.H.S

Y

X

L

c

y =(x)

;LdfGtdfgsf] cl:tTj x'G5 .
L.H.S = R.H.S

Y

-s_ 	s] dflysf] lrqx¿ s / v b'a}sf] ljGb' x = c df ;LdfGtdfg kl/eflift x'G5 <

-v_ 	s] dflysf] lrqx¿ s / v b'a}sf] ljGb' x = c df kmngsf] dfg kl/eflift x'G5 <

-u_ 	dflysf] s'g lrqdf ljGb' x = c df kmngsf] dfg Pjd\ ;LdfGtdfg kl/eflift x'G5 / 

	 ltlgx¿ a/fa/ 5g\ <

-3_	 dflysf] s'g lrqdf ljGb' x = c df kmng lg/Gt/ 5g\ <

dflysf] lrqx¿ s / v b'a}sf] ljGb' x = c df ;LdfGtdfgsf] cl:tTj b]lvG5 . cyf{t\ ;LdfGtdfg 

kl/eflift 5g\ . To;}n]  lim 
x → c f (x)  sf] cl:tTj b]lvG5 . dflysf] lrq s df ljGb' x = c df 

lrq s lrq v

afofFaf6 bfo
fFaf6

afofFaf6 bfo
fFaf6

;LdfGtdfg kl/eflift x'G5 . ;LdfGtdfg kl/eflift x'G5 .
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kmngsf] dfgsf] cl:tTj b]lvFb}g lsgls x = c df y sf] dfg kl/eflift 5}g h;nfO{ vfnL j[Qn] 

hgfOPsf] 5 . lrq v df ljGb' x = c df kmngsf] dfgsf] cl:tTj b]lvG5 lsgls x = c df y 
sf] dfg kl/eflift 5 h;nfO{ uf9f -/ª el/Psf]_ j[Qn] hgfOPsf] 5 . lrq v df ljGb' x = c 

df kmng lg/Gt/ 5 .

ljrf/0fLo k|Zg M s] ;LdfGtdfgsf] cl:tTj x'Fb}df kmngsf] dfgsf] cl:tTj b]lvG5 t < 

dflysf] lj|mofsnfkaf6 lgDglnlvt lgisif{df k'Ug ;S5f}F M 

s'g} klg ljGb' x = c df kmng lg/Gt/ x'gsf nflu tLgcf]6f ;t{x¿ k"/f u/]sf] x'g'k5{ M

1.	 ljGb' x = c df ;LdfGtdfg 
  lim 
x → c  f (x) sf] cl:tTj x'g'k5{ .  

2.	 ljGb' x = c df kmngsf] dfg f (c) kl/eflift x'g'k5{ . 

3.	 ;LdfGtdfg / kmngsf] dfg Pp6} x'g'k5{ M  lim 
x → c f (x) = f (c)

olb oL tLgdWo] s'g} Pp6f ;t{ k""/f ePg eg] Tof] kmng ljlR5Gg x'G5 .

pbfx/0f 1	 	

         f (x) = x + 1 Pp6f kmng 5 . 

-s_ x = 1.9, 1.99, 1.999 / 1.9999 x'Fbf  f (x) sf] dfg slt x'G5, kQf nufpg'xf];\ .

-v_ x = 2.1, 2.01, 2.001,] / 2.0001 x'Fbf  f (x) sf] dfg slt x'G5, kQf nufpg'xf];\ .

-u_  f (2) slt x'G5, kQf nufpg'xf];\ . 

-3_ 	  lim 
x → 2– f (x) /  lim 

x → 2+  f (x) sf] dfg slt slt x'G5g\, kQf nufpg'xf];\ .

-ª_ 	 s] ljGb' x = 2 df f (x) lg/Gt/ x'G5, kQf nufpg'xf];\ . 

;dfwfg 

-s_ oxfF, f (x) = x + 1 df x sf] dfg j|mdzM 1.9, 1.99, 1.999 / 1.9999 /fVbf,

	 f (1.9) 	 = 1.9 + 1 	 = 2.9

	 f (1.99) 	 = 1.99 + 1 	 = 2.99

	 f (1.999) 	 = 1.999 + 1 	 = 2.999

	 f (1.9999)	= 1.9999 + 1	 = 2.9999
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-v_ यहा,ँ f (x) = x + 1 df x sf] dfg j|mdzM 2.1, 2.01, 2.001, / 2.0001 /fVbf
	 f (2.1) 		  = 2.1 + 1 		  = 3.1

	 f (2.01) 		  = 2.01 + 1 		  = 3.01

	 f (2.001) 		  = 2.001 + 1 		  = 3.001

	 f (2.0001)	 	 = 2.0001 + 1 		  = 3.0001

-u_ 	oxfF,    f (2) = 2 + 1 = 3

-3_ 	oxfF, (s) af6,  lim 
x → 2–  f (x) = 3  / (v) af6, lim 

x → 2+  f (x) = 3

-ª_ 	oxfF, lim 
x → 2– f (x) = lim 

x → 2+ + f (x) = f (2) ePsfn] x = 2 df f (x) lg/Gt/ x'G5 .

pbfx/0f 2	 	

kmng f (x) = { x + 2,      1 < x < 2}		           4x – 2,     x > 2          5 . 

	 -s_ 	x = 1.99 x'Fbf f (x) sf] dfg kQf nufpg'xf];\ . 

	 -v_ 	x = 2.01 x'Fbf f (x) sf] dfg kQf nufpg'xf];\ . 

	 -u_	  lim 
x → 2–  f (x) /  lim 

x → 2+  f (x) sf] dfg slt slt x'G5g\, kQf nufpg'xf];\ . s] 

		  x = 2 df kmng  f (x) lg/Gt/ x'G5, sf/0f lbg'xf];\ . 

;dfwfg 

-s_ oxfF,  x = 1.99 x'Fbf kmng f (x) = x + 2 x'G5 .	

	 ctM  f (1.99) = 1.99 + 2 = 3.99

-v_ oxfF,  x = 2.01 x'Fbf kmng f (x) = 4x + 2  x'G5 .

	 ctM f (2.01) =  4 × 2.01 – 2  = 8.04 – 2  = 6.04

-u_ oxfF, (s) af6,  lim 
x → 2– f (x) = 4 / (v) af6,  lim 

x → 2+  f (x) = 6

           To;}n],   lim 
x → 2– f (x) ≠  lim 

x → 2+  f (x)

	 ctM x = 2 df f (x) lg/Gt/ x'Fb}g .



285P]lR5s ul0ft, sIff !) 285

pbfx/0f 3	 	

kmng f (x) = 
x2 – 1
x – 1  df x sf ljleGg dfgx¿ /fvL x = 1 df kmngsf] lg/Gt/tf jf 

ljlR5Ggtf k/LIf0f ug'{xf];\ . 

;dfwfg  

s'g} klg kmng f (x), ljGb' x = 1 df lg/Gt/ x'gsf nflu f (1) =   lim 
x → 1 f (x) x'g'k5{ .

 x sf] 1 sf lgs} glhs -afofF / bfofFaf6_ sf dfgx¿nfO{ f (x) = 
x2 – 1
x – 1   df /fVbf,

x -afofFaf6_ f (x) x -bfofFaf6_ f (x)

0.9 1.9 1.1 2.1
0.99 1.99 1.01 2.01
0.999 1.999 1.001 2.001
0.9999 1.9999 1.0001 2.0001

dflysf] tflnsfaf6 xfdL :ki6 b]Vg ;S5f}F ls M

x sf] dfg hlt hlt 1 sf] glhs k'U5 -afofF jf bfofFaf6_, f (x) sf] dfg 2 sf] glhs k'U5 .

   To;}n],  lim 
x → 1 f (x) = 2 x'G5 .

   x = 1 df kmngsf] dfg (f (1))  = f (1) = 
12 – 1
1 – 1  = 

0 
0

of] Pp6f clgZrosf] ¿k (Indeterminate form) xf] . To;}n] f (x), x = 1 df kl/eflift 5}g .

oxfF,  lim 
x → 1 f (x) sf] cl:tTj 5 / of] 2 ;Fu a/fa/ 5 . t/, x = 1 df kmngsf] jf:tljs 

dfg (f (1)) kl/eflift 5}g .

	 ctM  lim 
x → 1 f (x) ≠ f (1) ePsf] x'gfn], of] kmng ljGb' x = 1 df ljlR5Gg 5 .

pbfx/0f 4	 	

kmng f (x) = 
x2 + x – 6

x + 3  ljGb' x = – 3 df lg/Gt/ 5}g egL k|dfl0ft ug'{xf];\ .

;dfwfg

 x sf] dfgx¿ k|of]u u/L ;LdfGtdfg 
  lim 
x → –3 f (x)) kQf nufpgsf nflu

	 f (x) = 
x2 + x – 6

x + 3  = 
(x – 2) (x + 3)

x + 3  = x – 2   (x ≠ – 3 x'Fbf)
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tflnsf : x → – 3 x'Fbf f (x) sf] dfgx¿

x -afofFaf6_ f (x) = x – 2 x -bfofFaf6_ f (x) = x – 2

– 3.1 – 5.1 – 2.9 – 4.9
– 3.01 – 5.01 – 2.99 – 4.99
– 3.001 – 5.001 – 2.999 –4.999
– 3.0001 – 5.0001 – 2.9999 –4.9999

tflnsfaf6 :ki6 x'G5 ls ha x → – 3, ta f (x) → – 5 . ctM 
 lim 
x → –3 f (x) = – 5

x = – 3 df kmngsf] dfg (f (– 3))

lbOPsf] kmng f (x) = 
x2 + x – 6

x + 3  df x = –3 /fVbf

			    f (– 3) = 
(3)2 + (–3) – 6

– 3 + 3

				    f (– 3) = 
9 – 3 – 6 

0  = 
0 
0

oxfF 
0 
0  Pp6f clgZrosf] ¿k (indeterminate form) xf] . t;y{ kmng f (x) ljGb' 

x = – 3 df kl/eflift 5}g . 

oxfF,    lim 
x → –3  f (x) = –5 5 t/ ljGb' x = – 3 df kmng f (– 3) kl/eflift 5}g . To;}n]

kmng f (x) = x2 + x – 6
x + 3

 ljGb' x = – 3 df lg/Gt/ 5}g egL k|dfl0ft eof] .

cEof; 12.2 

1. 	 lbOPsf k|Zgx¿sf] pko'St ljsNkdf l7s lrx\g -_ nufpg'xf];\ M

	 -s_   lim 
x → a– f (x) n] kmngsf] s:tf] ;LdfGtdfgnfO{ hgfpF5 <

		  a. bfofF ;LdfGtdfg		  b. afofF ;LdfGtdfg 

		  c. kmngsf] dfg		  d. dflysf s'g} klg xf]Ogg\ .

	 -v_ 	s'g} ljGb' x = c df kmng f (x) sf] ;LdfGtdfg cl:tTjdf x'g s'g ;t{ k"/f x'g'k5{ <

		  a.    lim 
x → c–  f (x) >  lim 

x → c+ f (x) 	 b.   lim 
x → c–  f (x) <   lim 

x → c+ f (x)  

		  c.  im 
x → c–  f (x) =   lim 

x → c+ f (x) )	 d.  f (c) = 0
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	 -u_ 	kmng f (x) = 3x sf] x = 1 df kmngsf] dfg slt x'G5 <

		  a. 1			   b. 3		  c.  0		  d. 4

	 -3_ 	s'g} kmng f (x), ljGb' x = c df lg/Gt/ x'gsf nflu tnsf dWo] s'g ;t{ cfjZos 5 <

		  a.  
lim 
x → c–  f (x) > 

lim 
x → c+ f (x)  		  b. 

 lim 
x → c–  f (x) < 

lim 
x → c+ f (x)   

		  c.  
lim 
x → c–  f (x) = 

lim 
x → c+ f (x) = f(a)  	 d. f (c) = 0

	 -ª_ 	olb f (x) =  x + 1 xf] eg], lim 
x → 1

1 
f (x)  sf] dfg slt x'G5 <

		  a.  0               b.  1	    c. 
1 
3 		  d.  

1 
2 	

2.      
lim 
x → c–  f (x), /  

lim 
x → c+  f (x) n] s] hgfpF5g\, pbfx/0f;lxt JofVof ug{'xf];\ . 

3. 	 s'g} ljGb' x = a df kmng f (x) lg/Gt/ x'gsf nflu cfjZos 3 cf]6f ;t{x¿ s] s] x'g\ <

4.	 olb kmng g(x) = x + 3 eP, 

	 -s_  x = 2.9, 2.99, 2.999 df g(x) sf] dfg slt x'G5, kQf nufpg'xf];\ . 

	 -v_	 x = 3.1, 3.01, 3.001 df g(x) sf] dfg slt x'G5, kQf nufpg'xf];\ .

	 -u_	 g (3) slt x'G5, kQf nufpg'xf];\ .

	 -3_	 lim 
x → 3+  g (x) / lim 

x → 3–  g (x) sf] dfg slt slt x'G5g\, kQf nufpg'xf];\ . 

	 -ª_	 s] ljGb' x = 3 df g(x) lg/Gt/ x'G5, sf/0f lbg'xf];\ .

5.	 olb kmng h(x) = 2x – 1 eP,  
	 -s_  x = 0.9, 0.99, 0.999 df h(x) sf] dfg slt x'G5, kQf nufpg'xf];\ .

	 -v_	 x = 1.1, 1.01, 1.001 df h(x) sf] dfg slt x'G5, kQf nufpg'xf];\ .

	 -u_	 h(1) slt x'G5, kQf nufpg'xf];\ .

	 -3_	
  lim 
x → 1+  h(x) /  

lim 
x → 1– h(x) sf] dfg slt slt x'G5g\, kQf nufpg'xf];\ .

	 -ª_	 s] ljGb' x =1 df h(x) lg/Gt/ x'G5, kQf nufpg'xf];\ .

6.	 Pp6f kmng f (x) o; k|sf/ 5 .

	
k(x) = { 3 – x,  0 < x < 1

	     	           x + 1,    x > 1	
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	 -s_  x = 0.99 x'Fbf k(x) sf] dfg kQf nufpg'xf];\ .

	 -v_	 x = 1.01 x'Fbf k(x) sf] dfg kQf nufpg'xf];\ .

	 -u_	  
lim 
x → 1– k(x) र  lim 

x → 1+  k(x) sf] dfg slt slt x'G5g\, kQf nufpg'xf];\ .

	 -3_	 s] x = 1 df kmng k(x) lg/Gt/ x'G5, kQf nufpg'xf];\ .

7.	  Pp6f kmng f (x) o; k|sf/ 5 M

	      
   p(x) = { 2x +1,   1 < x < 3

			          x + 4,     x > 3

	 -s_  x = 2.99 x'Fbf p(x) sf] dfg kQf nufpg'xf];\ .

	 -v_	 x = 3.01 x'Fbf p(x) sf] dfg kQf nufpg'xf];\ . 

	 -u_   
lim 
x → 3–  p(x) र  lim 

x → 3+  p(x) sf] dfg slt slt x'G5g\, kQf nufpg'xf];\ .

	 -3_	 s] x = 3 df kmng p(x) lg/Gt/ x'G5, kQf nufpg'xf];\ .

8.	 kmng f (x) df x sf ljleGg dfgx¿ /fvL kmngsf] lg/Gt/tf jf ljlR5Ggtf k/LIf0f ug'{xf];\ M

	 -s_ 	 f (x) = 2x + 5, x = 1   -v_  f (x) = x2 – 4
x – 2

; x = 2   -u_  f (x) = x3 – 27
x – 3

; x = 3

9.	 Pp6f kmng f (x) o; k|sf/ 5 .

	 -s_ f (x) = 
7x – 2‚   x < 3
5‚          x = 3
6x + 1‚  x > 3

{
		  x = 3 df kmng f (x) sf] lg/Gt/tf k/LIf0f ug'{xf];\ .

	 -v_  g(x) = x + 2‚  0 < x  < 1
3‚         x > 1{

		  x = 1 df kmng f (x) sf] lg/Gt/tf k/LIf0f ug'{xf];\ .

10. kmng f (x) o; k|sf/ 5 .

	 f (x) = 
2x – 3‚   x < 2
2k – 3‚   x = 2
x + k‚     x > 2

{
	 x = 2 df kmng f (x) lg/Gt/ x'gsf nflu k sf] dfg slt x'g'k5{ <

 pQ/

 1. -s_ (b)   -v_ (c)      -u_ (b)	 -3_ (c)	   -ª_ (d) 		 2 - 10. lzIfsnfO{ b]vfpg'xf];\ .
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kl/of]hgf sfo{ 

tkfO{F a:g'ePsf] :yfgsf] s'g} Ps lbgsf] 6 306fsf] tfkj|md x/]s cfwf 306fsf] km/sdf 

tfkj|md gfkL tYofª\s ;ª\sng ug'{xf];\ . pSt tYofª\ssf] /]vflrq agfpg'xf];\ . ;f] /]vflrqsf] 

cfwf/df lg/Gt/tf  / ljlR5Ggtf cfˆgf ;fyLnfO{ s;/L a'emfpg'x'G5, ;f]sf af/]df Pp6f 

k|ltj]bg tof/ kf/L sIffsf]7fdf k|:t't ug'{xf];\ .

ldl>t cEof; – ljifoIf]qut

1.	 kmng g(x) = x + 3  lbOPsf] 5 .
	 -s_	 s'g} klg jj|m lglZrt ljGb'df lg/Gt/ jf ljlR5Gg x'g' eg]sf] s] xf], pbfx/0f;lxt 
		  k|:6 kfg{'xf];\ .
	 -v_	 jj|m –4 af6 +4 ;Dd lg/Gt/ 5 eGg'sf] cy{ s] xf], n]Vg'xf];\ .
	 -u_	 s] lbOPsf] kmng g(x), x = 3 df lg/Gt/ x'G5, sf/0f lbg'xf];\ .

2.	 kmng f(x) = 4x + 1 kl/eflift 5 eg],

	 -s_ 	f (1.999) / f (2.001) sf dfgx¿ u0fgf ug'{xf];\ . 

	 -v_ 
  lim 
x → 2– f(x) / 

  lim 
x → 2+ f(x) sf dfgx¿ kQf nufpg'xf];\ . 

	 -u_	 f(2) sf] dfg u0fgf ug'{xf];\ .

	 -3_	 s] x = 2 df kmng f (x) lg/Gt/ x'G5, sf/0f lbg'xf];\ .

3.	 kmng
 
p(x) = { x +5,     x  < 3

			          4 x – 4,     x > 3    
lbOPsf] 5 .

	 -s_	 s'g cj:yfdf s'g} kmng f(x) ljGb' x = a df  lg/Gt/ x'G5, ;ª\s]tdf n]Vg'xf];\ .
	 -v_	 x = 2.9999 df f (x) sf] dfg kQf nufpg'xf];\ . 
	 -u_	 x =3.0001 df f (x) sf] dfg kQf nufpg'xf];\ . 
	 -3_ s] x = 3 df kmng f(x) lg/Gt/ 5, sf/0f lbg'xf];\ .

4.	 Pp6f kmng h(x) = lbOPsf] 5 .

	 -s_ lg/Gt/ kmng eg]sf] s] xf] <

	 -v_ 
  lim 
x → 1+ h(x)  / 

  lim 
x → 1+ sf dfgx¿ kQf nufpg'xf];\ . 

	 -u_ olb kmng h(x), x = 1 df lg/Gt/ x'G5 eg] k sf] dfg kQf nufpg'xf];\ .

 pQ/

 1–5. lzIfsnfO{ b]vfpg'xf];\ .
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ldl>t cEof; – cGt/ ljifoIf]qut 

1.	 lbOPsf] n]vflrqdf lqe'h ABC n] tLgcf]6f c;dfgtfx¿sf] xn If]qnfO{ hgfpF5 .

 	 -s_ 	tLgcf]6} c;dfgtfnfO{ dfGo x'g] dfgaf6 
		  4x - 5y sf] clwstd / Go"gtd dfg u0fgf ug'{xf]];\ .

	 -v_	 /]vf BC / AC larsf] clwssf]0f kQf nufpg'xf];\ . 

	 -u_ 	olb kmng y = f(x) = x + 1 kl/eflift 5 eg], 
		  f(2.999) / f (3.001) sf dfgx¿ kQf nufpg'xf];\ . 

	 -3_	 s] x = 3 df kmng f(x) lg/Gt/ x'G5, sf/0f lbg'xf];\ .

2.	 Pp6f kmng f(x) = 

	 -s_	 lbOPsf] kmng f(x) = 5x + 1 x'Fbf f -1(11) ;Dej x'G5, x'G5 eg] kQf nufpg'xf];\ .	

	 -v_ kmng f(x) sf] x = 2 df lg/Gt/tf / ljlR5Ggtf k/LIf0f ug'{xf];\ . 		

3.	 Pp6f cljl5Gg >]0fLsf] :t/Lo leGgtf y, :t/Lo leGgtfsf] u'0ffª\s 5x -1 / dWos 10 
	 5g\ eg],

	 -s_ :t/Lo leGgtf y sf] dfg x sf ¿kdf kQf nufpg'xf];\ .

	 -v_ olb y = f(x) eP f -1(2) sf] dfg kQf nufpg'xf];\ .

	 -u_ /]vf 5x -1 ;Fu nDa x'g] / ljGb' (2, -3) eP/ hfg] /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

4.	 olb kmng g(x) = 5x + 2 kl/eflift 5 eg], 

	 -s_ g(2.999) / g (3.001) sf dfgx¿ kQf nufpg'xf];\ . 

	 -v_ s] x = 3 df kmng g(x) lg/Gt/ x'G5, sf/0f lbg'xf];\ .

	 -u_ olb g(x) = y  n] hgfpg] ;Lwf /]vf;Fu ;dfgfGt/ x'g] / ljGb' (2, -3) eP/ hfg] 
		  /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

	 -3_	 g–1(x) kQf nufpg'xf];\ .

5.	 lbOPsf] ju{ ;dLs/0f 3x2 + 5x + 2 = 0 5 . 

	 -s_ ;dLs/0f 3x2 + 5x + 2 = 0 nfO{ n]vflrqåf/f xn ug'{xf];\ . 

	 -v_ ;dLs/0f 3x2 + 5x + 2 = 0 sf u'0fgv08x¿ (3x + 2) / (x + 1) nfO{ j|mdzM f(x) / 
		  g(x) n] hgfpg'xf];\ . olb gof –1(x) = 2 eP x sf] dfg kQf nufpg'xf];\ .

	 -u_	 /]vf y = 3x + 2 ;Fu nDa x'g] / ljGb' (-3, -2) eP/ hfg] /]vfsf] ;dLs/0f kQf 
		  nufpg'xf];\ .
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6.	 lbOPsf] j[Qdf AC, AB / BC tLg hLjfx¿ x'g\, 
	 hxfF A (4, 3) / C (6, -3) 5g\ . hLjf BC sf] 
	 ;dLs/0f -x + 3y + 5 = 0 5 .

	 -s_ 	hLjf AC sf] ;dLs/0f kQf nufpg'xf];\ .

	 -v_ 	hLjf AC / hLjf BC larsf] sf]0f kQf nufpg'xf];\ .

	 -u_ 	hLjf BC j[Qsf] Jof; xf] egL k|dfl0ft ug'{xf];\ . 

	 -3_	 hLjf AC / BC sf ;dLs/0fx¿ j|mdzM y= f(x) =  / y = g(x) = -3x + 15 
		  sf ¿kdf k|:t't ubf{ gof(2) sf] dfg kQf nufpg'xf];\ .

7.	 lqe'h ABC sf zLif{ljGb'x¿ j|mdzM A (-4, 6), B (-6, -10) / C (12, -8) 5g\ . olb 
	 R1 n] /]vf y = 0 df x'g] k/fjt{g / R2  n] x - y = 0 df x'g] k/fjt{gnfO{ hgfpF5g\ . 

	 -s_ 	R1 / R2  n] k|ltlglwTj ug]{ b'O{ /]vflarsf] Go"gsf]0f kQf nufpg'xf];\ .

	 -v_	 ;+o'St :yfgfGt/0f R2oR1  sf] k|of]u u/L DABC sf] k|ltlaDa kQf nufpg'xf];\ .

	 -u_ 	  /  sf] :s]n/ u'0fgkmn slt x'G5, kQf nufpg'xf];\ .

8.	 ;Fu} lbOPsf] lrqdf, AB 3/sf] prfO xf] . pxL ;dtn 
	 ;txdf /x]sf ljGb' C / D af6 3/sf] 5tdf x]bf{ aGg] 
	 pGgtf+z sf]0fx¿ j|mdzM 45° / 30° / CD = 10 m 5g\ .

	 -s_ pGgtf+z sf]0fsf] kl/efiff n]Vg'xf];\ .

	 -v_ e'hf AB sf] nDafO slt x'G5, kQf nufpg'xf];\ . 

	 -u_  /  sf] :s]n/ u'0fgkmn kQf nufpg'xf];\ .

	 -3_  n] a'emfpg] HofldtLo cy{ s] xf], n]Vg'xf];\ .

9.	 ;Fu} lbOPsf] lrqdf, AD Pp6f 6fj/ xf] h;sf] prfO 
	 80 m 5 . Pp6} ;dtn ;txdf /x]sf] 6fj/sf] ljk/Lt 
	 lbzfdf /x]sf b'O{ hgf dflg;n] ljGb' B 
	 / C af6 6fj/sf] 6'Kkfdf x]bf{ aGg] b'a} pGgtf+z 
	 sf]0fx¿ 45° kfP5g\ . 

	 -s_ 	cjglt sf]0fsf] kl/efiff n]Vg'xf];\ . 

	 -v_ 	b'O{ hgf dflg;larsf] b'/L kQf nufpg'xf];\ . 

	 -u_	 ;dsf]0f lqe'h ABC df s0f{sf] dWoljGb' D k|To]s zLif{ljGb'af6 a/fa/ b'/Ldf 
		  x'G5 egL e]S6/ ljlwaf6 k|dfl0ft ug''{xf];\ .

C (6, –3)
– x + 3y + 6 = 0

B

A (4, 3)

A

BC
45°30°D

10 m

80 m

DB C

A

45°45°
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10. 	 lqe'h ABC sf zLif{ljGb'sf lgb]{zfª\sx¿ A(2, 1), B(4, 2)  / C(1, 3) 5g\ . 

  	 -s_	 s'g} ljGb'nfO{ pbud ljGb'sf] jl/kl/ 90° sf] kl/j|md0f u/fpg] d]l6«S; T kQf 
		  nufpg'xf];\ .

 		  -v_ T sf] j|mdkl/jt{g d]l6«S; Tt  kQf nufpg'xf];\ .

	 -u_ d]l6«S; Tt n] lqe'h ABC nfO{ :yfgfGt/0f ubf{ aGg] k|ltlaDasf] zLif{ljGb'sf 
	 lgb]{zfª\sx¿ kQf nufpg'xf];\ .

	 -u_ s] d]l6«S; T sf] ljk/Lt d]l6«S;  kl/eflift x'G5, sf/0f;lxt n]Vg'xf];\ .

11.  ;Fu} lbOPsf] lqe'h PQR sf zLif{ljGb'sf lgb]{zfª\sx¿ P(5, 1), Q(–4, 1)  / R(5, 6) 5g\ 

	 hxfF,  / QR sf] dWoljGb' S 5 .

	 -s_	 e'hf PQ sf] e'msfj m1 / e'hf PR sf] e'msfj m2 eP
		   m1 / m2 sf] ;DaGw n]Vg'xf];\ .  .

	 -v_	   /   sf] :s]n/ u'0fgkmn slt x'G5 < 

	 -u_ 	 e'hf QR sf] ;dLs/0f kQf nufpg'xf];\ .

	 -3_  	ljGb' S  lqe'h PQR  sf zLif{ljGb'x¿af6 ;db'/Ldf x'G5 egL e]S6/ ljlwaf6 
		  k|dfl0ft ug'{xf];\ .

12.  c;dfgtfx¿  3x + 2y + 4 > 0, 3y < 6 / x >  0   lbOPsf] 5 . 

 	 -s_   lbOPsf c;dfgtfx¿sf ;Ldf /]vfsf ;dLs/0fx¿ n]Vg'xf];\ .
 	 -v_   lbOPsf c;dfgtfx¿nfO{ n]vflrqdf k|:t't u/L xn If]q kQf nufpg'xf];\ .
	 -u_   xn If]q hgfpg] ax'e'hsf] s'g} Pp6f sf]0f kQf nufpg'xf];\ .

	 -3_	 xn If]q hgfpg] ax'e'hnfO{ d]l6«S; T =  n] :yfgfGt/0f ubf{ aGg] k|ltlaDasf] 
		  zLif{ljGb'sf lgb]{zfª\sx¿ kQf nufpg'xf];\ .

13. 	 DABC df A(1, 3), B(5, 7) / C(7, 3)
 
5g\ . e'hf BC sf] dWoljGb' D xf] . 

-s_	 ljGb'x¿ A / B sf l:ylt e]S6/x¿ a   / b  eP /]vf AB sf] dWoljGb'sf] l:ylt 	

		 e]S6/ slt x'G5 <

-v_ 	 ljGb' D sf] l:ylt e]S6/ kQf nufpg'xf];\  . 

-u_ :s]n/ u'0fgkmnsf] k|of]u u/L  /  larsf] sf]0f kQf nufpg'xf];\ .  

P Q

R

S
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-3_ AD sf] ;dLs/0f kQf nufpg'xf];\ . 

14. 	 ljGb'x¿ A, B / C sf l:ylt e]S6/x¿ j|mdzM 2 i  + 3 j , 6 i  + 7 j  / 8 i  + 3 j eP,

-s_ 	 ljGb' A af6 BC e'hf;Dd lvlrPsf] dlWosfsf] ;dLs/0f kQf nufpg'xf];\ .

-v_ 	 ljGb' A af6 BC e'hf;Dd lvlrPsf] dlWosf / e'hf BC larsf] sf]0f kQf 

		 nufpg'xf];\ . 

15. 	kmng f(x) = (x + 2)2 + 5 lbOPsf] 5 .

	 -s_ pSt kmngn] agfpg] n]vflrq :s]r ug{'xf];\ .

	 -v_ pSt n]vflrq lg/Gt/ jf cljlR5Gg s:tf] x'G5, sf/0f lbg'xf];\ .

	 -u_ s] 
lim 
x → 3– , 

lim 
x → 3+  / f (3) sf dfgx¿ a/fa/ x'G5g\, sf/0f lbg'xf];\ .

pQ/ 

1 -s_ Max. value: –3 Min. value: – 31	 -v_ 108.43°	 -u_ 3.999, 4.001	 -3_ 5

2. -s_ ;Dej 5, f –1(11) = 2	 -v_ lg/Gt/tf 5 .

3. -s_ y = 50x – 10	 -v_ f1 (x) = 
x + 10

50 	 -u_ x + 5y + 13 = 0

4. -s_ 16.995, 17.005	 -v_ y 

lim 
x → 3–  

lim 
x → 3+ f(x) = g(3) = 17  -u_ 5x – y – 13 = 0	

	   -3_ g–1(x) = x – 2
5

5. -s_ –1, – 1 
2

		  -v_ 5		  -u_ x + 3y + 9 = 0

6. -s_ 3x + y – 15 = 0	 -v_ 90°		  -u_ lzIfsnfO{ b]vfpg'xf];\ .	 -3_ gof(2) = 18

7. -s_ 45°	 -v_ A' (–6, –4), B'(10, –6), C'(8, 12)	 -u_ 68

8. -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_ 13.66 m	 -u_ 559.80  -3_ lzIfsnfO{ b]vfpg'xf];\ .

9. -s_ lzIfsnfO{ b]vfpg'xf];\ .	 -v_ 160 m		  -u_ lzIfsnfO{ b]vfpg'xf];\ .

 10. -s_ 	 -v)   	 -u_ A' (1, –2), B' (2, –4) / C' (3, –1)  

	 -3_   0 ePsfn] d]l6«S; T sf] ljkl/t d]l6«S;  kl/eflift x'G5 .

11. 	 -s_  m1  m2 = –1	 -v_   .   = 0	 (u) 5x – 9y + 29 = 0 
		  -3_  lzIfsnfO{ b]vfpg'xf];\ .
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12.	 -s_ 3x + 2y + 4 =  0, 3y =  6 / x =  0   -v_  lzIfsnfO{ b]vfpg'xf];\ . -u_ 900 			 

	 -3_   A' (8, 10), B' (–8, –10) / C' ( , )  

13. -s_
 (a  + b )

2
   -v_ 6 i  + 5 j 	 -u_    -3_ 2x – 5y + 13 = 0	  	

14.  -s_ 2x – 5y + 11 = 0     -v_ 

15.   lzIfsnfO{ b]vfpg'xf];\ .  
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