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1.1  kl/ro (Introduction)

b'O{cf]6f rn/flzlarsf] :ki6 kl/eflift ;DaGw hgfpg] ul0ftLo jfSonfO{ kmng  
elgG5 . kmng eGg] zAb ;g\ 1694 df hd{g ul0ft1 n]algh (Leibniz) n] Pp6f kl/df0fsf] 
csf]{ kl/df0f;Fu ePsf] lge{/tfnfO{ hgfpg ;j{k|yd k|of]u u/]sf lyP .

b}lgs hLjgsf ljleGg lj|mofsnfkx¿df ;d]t kmngsf] k|of]u ePsf] 
kfOG5 . h:t} MlglZrt ;fjfFåf/f lglZrt Aofhb/df nufgL ubf{ ;do 
/ Aofh /sdlarsf] ;DaGw, ;dfg ultdf u'l8/x]sf] cj:yfdf j:t'n] 
kf/ ug]{ b'/L / ;dolarsf] ;DaGw kmngsf] pbfx/0f xf] .  kmngsf] 
k|of]u ul0ft, lj1fg, sDKo'6/ lj1fg, cy{zf:q, OlGhlgol/ª,  
 lrlsT;fzf:q cflb If]qdf ePsf] kfOG5 . 

1.1.1 j|mdhf]8f (Ordered Pair)
 tnsf] tflnsf k"/f ug'{xf];\ M

;d"x A ;d"x B hf]8fdf j|mdhf]8fdf
2 4 (2, 4) (2, 4)
3 6 ……..
4 8 ……..
5 10 ……..

lgDgfg';f/sf k|Zgdf 5nkmn ug'{xf];\ .

 -s_  hf]8fdf n]Vbf, (2, 4), (3, 6), (4, 8), (5, 10) df ;d"x A sf k|To]s ;b:osf] dfg 
  / ;d"x B sf ;ª\utL ;b:osf] dfglarsf] ;DaGw s:tf] 5 <

 -v_  olb hf]8fdf ePsf ;b:ox¿sf] j|md kl/jt{g ul/of] eg] ltgLx¿larsf] ;DaGwdf s]  
  c;/ knf{ < 

 -u_  s] klxn]s} ;DaGw sfod /xG5 < vf]hL ug'{xf];\ .

oxfF, Hff]8fx¿ (2, 4), (3, 6), (4, 8), (5, 10) df A sf ;b:o B sf ;b:osf] cfwf 5 . olb tL 
;b:ox¿sf] j|md kl/jt{g ul/of] eg], (4, 2), (6, 3), (8, 4), (10, 5)  x'G5 . ca A sf ;b:o 
B sf ;b:osf] bf]Aa/sf] ;DaGw x'G5 . To;}n] oL ;b:ox¿sf] j|md kl/jt{g u/L n]Vbf 
;DaGw klg kl/jt{g x'G5 . o:tf j|md kl/jt{g ubf{ dfg / cy{ kl/jt{g x'g] hf]8fnfO{ 
j|mdhf]8f elgG5 . 

kf7 1
;DaGw / kmng  

(Relation and Function)

Leibniz
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 ljrf/0fLo k|Zg M s] (4, 5) / (5, 4) n] Pp6} ljGb' hgfpF5 < n]vflrqdf k|:t't u/L lgisif{ 
 lgsfNg'xf];\ .

 j|mdhf]8fdf j|mdsf] cy{ dxŒjk"0f{ x'G5, j|md kl/jt{g x'Fbf ;DaGw klg kl/jt{g x'g 
 hfG5 .  j|mdhf]8f (4, 5) df klxnf] ;b:o 4 / bf];|f] ;b:o 5 xf] . 

b'O{cf]6f j|mdhf]8fx¿ a/fa/ x'gsf nflu ltgLx¿sf j|mdfut ;b:ox¿ a/fa/ x'g'k5{ . 
olb (a, b) = (c, d) eP a = c / b = d x'G5, pbfx/0fsf nflu ( 4, 6 

2 ) = ( 12 
3

, 3) olb (a, b) 

= (b, a) eP a = b x'g'k5{ . 

cNklj/fd (comma) lrx\g (,) n] 5'6\ofO{ ;fgf]sf]i7 (parentheses) leq lglZrt ;DaGw ePsf 
j|mddf cfpg] hf]8L ;b:ox¿nfO{ j|mdhf]8f elgG5 . j|mdhf]8fnfO{ (x, y) sf] :j¿kdf n]lvG5 
/ x nfO{ klxnf] ;b:o (Antecedent) / y nfO{ bf];|f] ;b:o (consequent) elgG5 . 

pbfx/0f 1

olb j|mdhf]8fx¿ (x, 8) / (4, y) a/fa/ 5g\ eg] x / y sf] dfg kQf nufpg'xf];\ . 

;dfwfg 

oxfF, (x, 8) = (4, y) 

;ª\utL ;b:ox¿nfO{ Pscfk;df a/fa/ ubf{, 

∴ x = 4 / y = 8 

pbfx/0f 2

olb j|mdhf]8fx¿ (a, 3) / (5, b) n] ;DaGw 3x + 5y = 30 nfO{ dfGo u5{g\ eg] j|mdhf]8f (a, b) sf] 
dfg kQf nufpg'xf];\ . 

;dfwfg

j|mdhf]8f (a, 3) n] ;DaGw 3x + 5y = 30 nfO{ 
dfGo ug]{ ePsfn],
3 × a + 5 × 3 = 30

cyjf, 3a + 15 = 30

cyjf, 3a  =  30 – 15

cyjf, 3a = 15
∴ a = 5

j|mdhf]8f (5, b) n] ;DaGw 3x + 5y = 30 nfO{ 
dfGo ug]{ ePsfn],
3 × 5 + 5 × b = 30

cyjf, 15 + 5b = 30

cyjf, 5b  =  30 – 15

cyjf, 5b = 15
∴ b = 3

cfjZos j|mdhf]8f, (a, b) = (5, 3)
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cEof; 1.1 (A)

1.  -s_ j|mdhf]8fnfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ . 

    -v_  s:tf j|mdhf]8fx¿ a/fa/ j|mdhf]8f x'G5g\ < pbfx/0f;lxt n]Vg'xf];\ . 

    -u_  olb (a, b) = (m, n) eP a / m sf] ;DaGw n]Vg'xf];\ . 

2. tn lbOPsf cj:yfdf x / y sf] dfg kQf nufpg'xf];\ M 

 -s_ (x, 4) = (5, y)     -v_ (x – 1, y + 2) = (6, 7) 

 -u_ (x – 3, y + 7) = (2, – 5)    -3_ (2x – 5, 4) = (9, y + 4) 

 -ª_  ( 
x
3 + 1, y – 

2 
3 ) = (

5 
3 ,

2 
3 )   -r_ (2x + y, 4) = (6, 3x – y) 

3. -s_ p / q sf] dfg slt slt x'Fbf j|mdhf]8fx¿ (2p + 4, p – q) / (8, q) a/fa/ x'G5g\ <
  n]Vg'xf];\ . 

 -v_  m / n sf] dfg slt slt x'Fbf j|mdhf]8fx¿ (3m – 5, 2n + m) / (7, m + 2) a/fa/ 
  x'G5g\ < n]Vg'xf];\ .

4.  olb tnsf] j|mdhf]8fx¿n] ;DaGw y = 2x + 4 nfO{ dfGo u5{g\ eg] j|mdhf]8fx¿sf] afFsL   
 ;b:ox¿ kQf nufpg'xf];\ M    

 -s_ (1, …)  -v_ (3, …)   -u_ (…, 0)   -3_ (…, –2)

5.  -s_ olb j|mdhf]8fx¿ (3, p) / (q, 4) n] ;DaGw 4x + 3y = 24 nfO{ dfGo u5{g\ eg] 
  j|mdhf]8f (p, q) sf] dfg kQf nufpg'xf];\ . 

 -v_  olb j|mdhf]8fx¿ (3, m) / (n, 7) n] ;DaGw 7x – 3y = 21 nfO{ dfGo u5{g\ eg] 
  j|mdhf]8f (m, n) sf] dfg kQf nufpg'xf];\ .

k|of]ufTds sfo{

cfkm\gf] ljBfnosf sIff 1 b]lv sIff 10 ;Ddsf ljBfyL{x¿sf] sIffut hDdf ljBfyL{ ;ª\Vof 
kQf nufO{ sIff / ljBfyL{ ;ª\VofnfO{ j|mdhf]8fdf k|:t't ug'{xf];\ .

pQ/

1. lzIfsnfO{ b]vfpg'xf];\ .

2. -s_ x = 5, y = 4  -v_  x = 7, y = 5  -u_ x = 5, y = –12   -3_ x = 7, y = 0

 -ª_ x = 2, y =
4
3   -r_ x = 2, y = 2    

3. -s_ p = 2, q = 1  -v_ m = 4, n = 1    4. -s_ 6 -v_ 10    -u_ –2 -3_ –3

5.  -s_ (4, 3)  -v_ (0, 6) 
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1.1.2 sf6]{l;og u'0fgkmn (Cartesian Product)

lj|mofsnfk 1  sf6]{l;og u'0fgkmnsf] cjwf/0ff

bfofFsf] lrqdf Pp6f sDkgLn] pTkfbg u/]sf 
df]6/;fOsnsf] df]8]nnfO{ ;d"x M / ltgLx¿sf] 
/ªnfO{ ;d"x C n] hgfO{ ltgLx¿larsf] ;DaGwnfO{ 
k|:t't ul/Psf] 5 . ;a} j|mdhf]8fx¿sf] Pp6f ;d"x 
lgdf{0f ug'{xf];\ .  

k|lj|mof M k|To]s ljBfyL{{n] dflysf] ;d:ofnfO{ 
;dfwfg u/L o:tf] ;d"xnfO{ s] elgG5, lzIfs;Fusf] 
;xsfo{df lgisif{ lgsfNg'xf];\ .

oxfF, M = {a, b} / C = {/ftf], sfnf], lgnf]} 5g\ . sDkgLsf] pTkfbg df]8]n / /ªx¿nfO{ 
j|mdhf]8fsf] ;d"xdf k|:t't ubf{,

M × C = { (a, /ftf]), (a, sfnf]), (a, lgnf]), (b, /ftf]), (b, sfnf]), (b, lgnf])} o;nfO{ ;d"x M / 
C sf] sf6]{l;og u'0fgkmn elgG5 . 

ljrf/0fLo k|Zg M dfly h:t} u/L C × M nfO{ klg j|mdhf]8fsf ¿kdf n]Vg'xf];\ . s] M × C / C × M nfO{ 
a/fa/ ;d"x eGg ;lsG5 < vf]hL ug'{xf];\ . 

b'O{cf]6f ;d"x A ≠ φ  / B ≠ φ df klxnf] ;b:o A af6 / bf];|f] ;b:o B af6 lnP/ agfPsf 
;Dk"0f{ j|mdhf]8fx¿sf] ;d"xnfO{ A / B sf] sf6]{l;og u'0fgkmn elgG5 . 
t;y{ A × B = {(x, y) : x ∈ A, x ∈ B}

sf6]{l;og u'0fgkmnnfO{ k|:t't ug]{ tl/sfx¿ (Ways of Representing Cartesian Product)

dfgf}, A = {1, 2} / B = {3, 4, 5}, A × B nfO{ k|:t't ug]{ tl/sfx¿ o;k|sf/ 5g\ M

sf6]{l;og u'0fg,  A × B = {(1, 3), (1, 4), (1, 5), (2, 3), (2, 4), (2, 5)}

tflnsf ljlw

A

B
× 3 4 5
1 (1, 3) (1, 4) (1, 5)
2 (2, 3) (2, 4) (2, 5)

M

a

b

C

/ftf]

sfnf]

lgnf]

A

1

2

B

3

4

5

ldnfglrq ljlw
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j[Iflrq ljlw      n]vflrq ljlw

A  B   A × B

  3  (1, 3)

1  4  (1, 4)

  5  (1, 5)

  3  (2, 3)

2  4  (2, 4)

  5  (2, 5) 

pbfx/0f 1

olb A × B = {(2, 4), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6)} eP ;d"x A / B kQf 
nufpg'xf];\ . n(A), n(B) / n(A × B) klg kQf nufpg'xf];\ . s] A × B / B × A  a/fa/ 5g\ < 
n]Vg'xf];\ . 

;dfwfg 

A × B = {(2, 4), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6)} 

A = j|mdhf]8fsf klxnf] ;b:ox¿sf] ;d"x  = {2, 3} 

B = j|mdhf]8fsf bf];|f] ;b:ox¿sf] ;d"x = {4, 5, 6} 

To;}n], n(A) = 2, n(B) = 3, n(A × B) = n(A) × n(B) = 2 × 3 = 6

ca, B × A = {4, 5, 6} ×{2, 3} = {(4, 2), (4, 3), (5, 2), (5, 3), (6, 2), (6, 3)}

∴ A × B ≠ B × A  

pbfx/0f 2

olb A = {x : x < 5, x ∈ N  } / B = { x: x2 – 4 = 0, x ∈ Z} eP A × B / B × A kQf nufpg'xf];\ . 
oxfF  n n] k|fs[lts ;ª\Vof / z n] k"0ff{ª\sx¿ hgfpF5 . 

;dfwfg 
A = { x: x < 5, x ∈ N} = {1, 2, 3, 4, 5},  

B = {x : x2 – 4 = 0} = {–2, 2}

k]ml/, 
A × B  = {(1, –2), (1, 2), (2, –2), (2, 2), (3, –2),  
  (3, 2), (4, –2), (4, 2), (5, – 2),(5, 2)}
B × A   = {(–2, 1) (–2, 2), (–2, 3), (–2, 4) (–2, 5),  
  (2, 1), (2, 2), (2, 3), (2, 4), (2, 5)}

Y

X

8
7
6
5
4
3
2
1
00    1    2    3    4    5    6 

(1,5) (2,5)

(1,4) (2,4)

(1,3) (2,3)

x2 – 4 = 0 

cyjf, (x – 2) (x + 2) = 0

cyjf, x – 2 = 0, x + 2 = 0 

cyjf, x = 2, x = –2   
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cEof; 1.1 (B)

1. -s_  sf6]{l;og u'0fgkmn eg]sf] s] xf] < pbfx/0f;lxt n]Vg'xf];\ . 

 -v_ ;d"x A / B sf] u0fgfTdstf j|mdzM 3 / 2 5 eg] A × B sf] u0fgfTdstf slt 
  x'G5 < n]Vg'xf];\ . 

 -u_  olb n(A ×  B) = x, n(A) = y / n(B) = z eP x, y / z sf] ;DaGw n]Vg'xf];\ . 

2. -s_  olb A = {2, 3} /  B = {7} eP A × B kQf nufO{ n]vflrq / ldnfglrqaf6 k|:t't ug'{xf];\ .

     -v_  olb A = {2, 3} / B = {4, 5, 6} eP B × A kQf nufO{ ldnfglrq / tflnsfdf 
  k|:t't ug'{xf];\ . 

3.  -s_ olb A × B = {(a, 1), (a, 5), (a, 2), (b, 2), (b, 1), (b, 5)} eP ;d"x A, ;d"x B, 
  n(A), n(B), B × A  / n(B × A) sf] dfgx¿ kQf nufpg'xf];\ .

  -v_  olb A × B = {(1, 4), (1, 5), (1, 6), (2, 4) (2, 5), (2, 6), (3, 4), (3, 5) (3, 6)} 

  eP ;d"x A, ;d"x B, n(A), n(B), B × A / n(B × A) kQf nufpg'xf];\ .

4. -s_  olb A = {x : x < 4, x ∈ N} / B = {x : x2  – 5x + 6 = 0, x ∈ N} eP A × B / B × A 

  kQf nufpg'xf];\ . ;fy} tflnsf, ldnfglrq / j[Iflrqdf k|:t't ug'{xf];\ . 

 -v_ olb M = {x:  x ≤ 3, x ∈ N} / N = {y : y  = x – 1, x ∈ M} eP M × N  kQf nufpg'xf];\ .
  ;fy} n]vflrqdf k|:t't ug'{xf];\ .

 pQ/
1. -s_ lzIfsnfO{ b]vfpg'xf];\ .  -v_ 6  -u_ x = y z

2. -s_  A × B = {(2, 7), (3, 7)}, k|:t'lt lzIfsnfO{ b]vfpg'xf];\ .

 -v_  B × A = {(4, 2), (4, 3), (5, 2), (5, 3), (6, 2), (6, 3)}, k|:t'lt lzIfsnfO{ b]vfpg'xf];\ .

3. -s_ A = {a, b}, B = {1, 2, 5}, n (A) = 2, n (B) = 3, B × A= {(1, a), (1, b),
   (2, a), (2, b), (5, a), (5, b)}, n (B × A) = 6, k|:t'lt lzIfsnfO{ b]vfpg'xf];\ .

 -v_  A = {1, 2, 3}, B = {4, 5, 6}, n (A) = 3, n (B) = 3, B × A= {(4, 1), (4, 2), 
  (4, 3), (5, 1) (5, 2), (5, 3), (6, 1), (6, 2) (6, 3)}, n (B × A) = 6, k|:t'lt 
  lzIfsnfO{ b]vfpg'xf];\ .

4. -s_  A = {1, 2, 3, 4}, B = {2, 3}, A × B = {(1, 2), (1, 3), (2, 2), (2, 3), (3, 2), (3, 3), (4, 2), (4, 3)}, 
  B × A= {(2, 1), (2, 2), (2, 3), (2, 4), (3, 1), (3, 2), (3, 3), (3, 4)}, k|:t'lt lzIfsnfO{ b]vfpg'xf];\ .

 -v_  M = {1, 2, 3}, N = {0, 1, 2}, M × N = {(1, 0), (1, 1), (1, 2), (2, 0), (2, 1),  (2, 2), (3, 0), (3, 1), (3, 2)}, 
  k|:t'lt  lzIfsnfO{ b]vfpg'xf];\ .
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1.1.3 ;DaGw (Relation)

lj|mofsnfk 1  
tnsf] ;DaGw cWog ug'{xf];\ M

→ /];dsL 5f]/L lznf

→ ldngsL 5f]/L ;lsgf

→ ;'/]Gb|sL 5f]/L ;'l:dtf

oxfF, k|:t't ;DaGwnfO{ j|mdhf]8fdf /fVbf, -/];d, lznf_, -ldng, ;lsgf_, -;'/]Gb|, ;'l:dtf_ x'G5 . 

oxfF, a'afx¿sf] ;d"x, A ={/];d, ldng, ;'/]Gb|} / 5f]/Lx¿sf] ;d"x B = {lznf, ;lsgf, ;'l:dtf} 
eP ;d"x A / ;d"x B sf ;b:ox¿sf] lardf æsf] 5f]/LÆ eGg] ;DaGw /x]sf] x'G5 . pSt 
;DaGwnfO{ R dfGbf, R = {-/];d, lznf_, -ldng, ;lsgf_, -;'/]Gb|, ;'l:dtf_} 

o;}u/L ul0ftdf b'O{ ;d"xx¿lar ;b:ox¿sf] ;DaGwnfO{ klg eGbf 7'nf], eGbf ;fgf], a/fa/,  
bf]Aa/, cfwf, ju{ h:tf ljleGg tl/sfn] k|:t't ug]{ ul/G5 .

oxfF, R / ;d"x A × B  lar s:tf] ;DaGw kfpg'eof] < vf]hL ug'{xf];\ . s] ;d"x R sf ;a} 
;b:ox¿ ;d"x A × B df 5g\ < p;f]eP R nfO{ A × B sf] pk;d"x eGg ;lsG5 <

;d"x A / B larsf] ;DaGw R tL b'O{ ;d"xx¿larsf] sf6]{l;og u'0fgkmn A × B  sf] pk;d"x 
x'G5, o;nfO{ ;ª\s]tdf R ⊆ A ×B n]lvG5 . 

ljrf/0fLo k|Zg M olb s'g} Ps ;d"x jf b'a} ;d"x vfnL ePdf b'O{ ;d"xsf ;b:ox¿lar s:tf] 
;DaGw kl/eflift ug{ ;lsPnf < 5nkmn ug'{xf];\ . 

b'O{ ;d"xx¿larsf] sf6]{l;og u'0fgkmnsf] pk;d"xnfO{ ;DaGw elgG5 . olb A / B larsf] 
;DaGwnfO{ R n] hgfPdf R ⊆ A × B x'G5 . A × B sf j|mdhf]8fx¿df ePsf klxnf / bf];|f 
;b:ox¿larsf] ;DaGwx¿sf cfwf/df pk;d"x R nfO{ kl/eflift ug{ ;lsG5 . ;DaGw R 
df ePsf j|mdhf]8fdf bf];|f] ;b:onfO{ klxnf] ;b:osf] k|ltljDa klg elgG5 .  

;DaGwnfO{ k|:t't ug]{ tl/sfx¿ (Ways of Representing of a Relation)

s'g} b'O{ ;d"xx¿ A = {1, 2, 3}, B = {2, 7} larsf] ;DaGw R, “A sf ;b:o B sf eGbf ;fgf]Æ 5, 
ca of] ;DaGwnfO{ lgDgfg';f/ k|:t't ug{ ;lsG5 M

A × B = {(1, 2), (1, 7), (2, 2), (2, 7), (3, 2), (3, 7)}

R = {(1, 2), (1, 7), (2, 7), (3, 7)}
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ldnfg lrqaf6 n]vflrqaf6

tflnsfaf6

x 1 1 2 3
y 2 7 7 7

j|mdhf]8fsf] ;d"xaf6 

R =  {(1, 2), (1, 7), (2, 7), (3, 7)}

;d"x lgdf{0f ljlw 

R= {(x, y): x < y} 

pbfx/0f 1

olb A × B = { (1, 2), (1, 3), (1, 4), (2, 2), (2, 3), (2, 4), (3, 2), (3, 3) (3, 4)} eP tnsf ;DaGwx¿ 
j|mdhf]8fdf n]Vg'xf];\ .

-s_ eGbf ;fgf]  -v_ a/fa/  -u_ ju{    -3_ eGbf 7'nf]  -ª_ ju{d"n    

;dfwfg  

oxfF, A × B = {(1, 2), (1, 3), (1, 4) (2, 2), (2, 3), (2, 4), (3, 2), (3, 3), (3, 4)} 

-s_ eGbf ;fgf] ;DaGw = {(x, y) : x < y} = {(1, 2), (1, 3), (1, 4), (2, 3), (2, 4), (3, 4)}

-v_  a/fa/ ;DaGw = {(x, y) : x = y} =  {(2, 2), (3, 3)}

-u_  ju{ ;DaGw  = {(x, y) : x = y2 } = φ

-3_  eGbf 7'nf] ;DaGw =  {(x, y):  x > y} =  {(3, 2)}

-ª_  ju{d"n ;DaGw =  { (x, y):  x = √y } =  {(2, 4)}

pbfx/0f 2

olb s'g} ;DaGw R = {(x, y): y = 2x , x < 4, x  ∈ N} eP 

;DaGw R sf] ;a} j|mdhf]8fx¿ kQf nufpg'xf];\ .

A B

1

2

3

2

7

X

Y8
7
6
5
4
3
2
1
00    1    2    3    4    5    6 

(2,7)
(3,7)(1,7)

(1,2)
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;dfwfg 

lbOPsf] ;DaGw, R = {(x, y): y = 2x , x < 4, x ∈ N}, x = 1, 2, 3 /  y =  2x

x = 1, y = 2x = 2 × 1 = 2, t;y{ j|mdhf]8f (1, 2)

x = 2, y = 2x = 2 × 2 = 4, t;y{, j|mdhf]8f (2, 4)

x = 3, y = 2x = 2 × 3 = 6, t;y{, j|mdhf]8f (3, 6)

∴ R = {(1, 2), (2, 4) , (3, 6)}

;DaGwsf k|sf/x¿ (Types of Relation)
olb ;DaGw R sf6]{l;og u'0fg A × A sf] pk;d"x eP, R nfO{ ;d"x A ≠ φ leqsf] ;DaGw 
elgG5 . 

h:t} : olb A = {1, 2, 3} / R =  {(x ,y): y = x2} eP, 

A × A = {(1, 1), (1, 2), (1, 3), (2, 1), (2, 2), (2, 3), (3, 1), (3, 2), (3, 3)} / R = {(1, 1)}

oxfF ;DaGw R nfO{ ;d"x A leqsf] ;DaGw elgG5 . 

;DaGwx¿ d'Vo u/L tLg k|sf/ x'G5g\ M 

-s_ l/ˆn]lS;e ;DaGw (Reflexive Relation)

tnsf pbfx/0fx¿ cWoog ug'{xf];\ M

-c_ ;/n/]vfx¿larsf] ;dfgfGt/ ;DaGw l/ˆn]lS;e xf] lsgls s'g} ;/n/]vf l sf nflu  
 l || l  x'G5 .  

-cf_ HofldtLo j:t'x¿larsf] cg'¿ktf ;DaGw l/ˆn]lS;e xf] lsgls h:t} ∆ABC ≅ ∆ABC 

 x'G5 . To:t} sf]0fx¿lar, /]vfv08x¿lar, ax'e'hx¿lar klg cg'¿ktfsf] ;DaGw x'G5  
 h'g l/ˆn]lS;e ;DaGw xf] . 

;d"x A sf ;a} ;b:ox¿sf] cfkm\gf] cfkm};Fu ;DaGw 5 eg] To:tf] ;DaGw R nfO{ l/ˆn]lS;e 
;DaGw elgG5 . h:t} M ;ª\Vofdf x'g] a/fa/ ;DaGw l/ˆn]lS;e xf] lsgls s'g} ;ª\Vof a sf 
nflu a = a x'G5 .  

 olb ;d"x A sf] s'g} ;DaGw R df A sf ;a} ;b:ox¿ x sf nflu (x, x) ∈ R cyf{t\ R = {(x, x): 

for all x ∈ A} eP To:tf] ;DaGw R nfO{ l/ˆn]lS;e elgG5 . 

pbfx/0f 1

A = {1, 2, 3}, R = {(1, 1), (2, 2), (3, 3)} eP 
1 ∈ A → (1, 1) ∈ R
2 ∈ A → (2, 2) ∈ R

3 ∈ A → (3, 3) ∈ R

1

2

3

1

2

3

R

A A
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oxfF ;d"x A sf ;a} ;b:ox¿sf] cfk\mgf] cfkF}m;Fu ;DaGw 5 To;}n] R nfO{ l/ˆn]lS;e ;DaGw xf] . 

ljrf/0fLo k|Zg M olb R1 = {(1, 1), (1, 2), (2, 2), (2, 3)} ePsf] eP R1 nfO{ klg l/ˆn]lS;e eGg 
;lsG5 < sf/0f lbg'xf];\ .

-v_ l;d]l6«s ;DaGw (Symmetric Relation)

tnsf] pbfx/0fx¿ cWoog ug'{xf];\ M

-c_ b'O{ ;ª\Vofx¿ x / y larsf] a/fa/ ;DaGw l;d]l6«s 
 xf] lsgls x = y eP, y = x klg x'G5 .  

-cf_ b'O{ ;/n/]vfx¿ l / m larsf] ;dfgfGt/ 
 ;DaGw l;d]l6«s xf] lsgls l || m eP m || l klg x'G5 .  

-O_ b'O{ HofldtLo j:t'x¿larsf] cg'¿ktf ;DaGw l;d]l6«s xf] . h:t} M ∆ABC ≅ ∆DEF

  eP ∆DEF ≅ ∆ABC klg x'G5 . To:t} sf]0fx¿lar, /]vfv08x¿lar, ax'e'hx¿lar klg 
 cg'¿ktfsf] ;DaGw x'G5 h'g l;d]l6«s ;DaGw xf] . 

;d"xsf b'O{ ;b:ox¿ x / y sf nflu x sf] ;DaGw y ;Fu eO{ y sf] klg x ;Fu pxL ;DaGw 5 
eg] To:tf] ;DaGwnfO{ l;d]l6«s ;DaGw elgG5 . 

;d"x A df ePsf] ;DaGw R df olb (x, y) ∈ R x'Fbf (y, x) ∈ R cyf{t\ R = {(x, y) : (x, y) ∈ R → (y, x) 

∈ R, x, y ∈ A } ePdf R nfO{ l;d]l6«s ;DaGw elgG5 . 

olb R: A→ A ;DaGw xf] h;df xRy → yRx eP pSt ;DaGw R nfO{ l;d]l6«s ;DaGw elgG5 .  

pbfx/0f 2

olb  A = {1, 2, 3} / R = {(1, 1), (1, 2), (2, 2), (3, 1)} eP 

(1, 1) ∈ R → (1, 1) ∈ R,  (1, 2) ∈ R t/  (2, 1) ∉ R

(2, 2) ∈ R → (2, 2) ∈ R,  (3, 1) ∈ R t/ (1, 3) ∉ R

h'g;'s} b'O{ ;b:ox¿ lnFbf, olb (x, y) ∈ R x'Fbf (y, x) ∈ R 5}g . t;y{ dflysf] ;DaGw R l;d]l6«s xf]Og . 

ljrf/0fLo k|Zg M olb R1 = {(1, 2), (1, 1), (2, 1), (2, 3), (3, 2)} nfO{ l;d]l6«s eGg ;lsG5 < 
sf/0f;lxt n]Vg'xf];\ . 

-u_ 6«flGhl6e ;DaGw (Transitive Relation)
tnsf pbfx/0f cWoog ug'{xf];\ M

-c_ tLg ;ª\Vofx¿ x, y / z larsf] a/fa/ ;DaGw 6«flGhl6e 
 xf] lsgls x = y, y = z eP x = z klg x'G5 .  

-cf_ tLg ;/n/]vfx¿ l, m / n larsf] ;dfgfGt/ ;DaGw
 6«flGhl6e xf] lsgls l || m / m || n eP l || n klg x'G5 .  

m

l

m

n

l
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-O_ s'g} tLg HofldtLo j:t'x¿larsf] cg'¿ktf ;DaGw 6«flGhl6e xf] . h:t} M ∆ABC ≅ ∆ 

DEF, ∆DEF ≅ ∆GHI eP ∆ABC ≅ ∆GHI klg x'G5 . To:t} sf]0fx¿lar, /]vfv08x¿lar, 
ax'e'hx¿lar klg cg'¿ktfsf] ;DaGw x'G5 h'g 6«flGhl6e ;DaGw xf] . o:f}u/L ;d¿k 
lqe'hx¿larsf] ;DaGw klg 6«flGhl6e ;DaGw x'G5 . 

olb ;d"xsf] s'g} ;b:o x sf] ;DaGw csf]{ ;b:o y ;Fu / y sf] ;f]xL ;DaGw csf]{ ;b:o z ;Fu 
ePdf dfq x sf] klg ;f]lx ;DaGw z ;Fu ePdf To:tf] ;DaGw R nfO{ 6«flGhl6e ;DaGw elgG5 . 

;d"x A sf s'g} tLgcf]6f ;b:ox¿ x, y / z sf nflu olb (x, y) ∈ R / (y, z) ∈ R x'Fbf (x, z) 

∈ R  ePdf R nfO{ 6«flGhl6e ;DaGw elgG5 . 

;DaGw R: A→A df x R y / y R z eP  x R z x'G5 . 

ljrf/0fLo k|Zg M olb ;d"x  A = {1, 2, 3} / R = {(1, 2), (2, 3), (1, 3)} eP s] R nfO{ 6«flG;l6e 
;DaGw elgG5 < sf/0f lbg'xf];\ .
-3_ ;dt'No ;DaGw (Equivalence Relation)
olb s'g} ;DaGw l/ˆn]lS;e (reflexive), l;d]l6«s (symmetric) / 6«flGhl6e (transitive) 

tLgcf]6} cj:yfdf eP pSt ;DaGwnfO{ ;dt'No ;DaGw (equivalence relation) elgG5 . 
dflysf pbfx/0fcg';f/ a/fa/, ;dfgfGt/ / cg'¿ktf cflb ;a} ;dt'No ;DaGw x'g\ . 

pbfx/0f 3

olb A = {1, 2, 3, 4} 5 / R = {(1, 1), (2, 2), (3, 3), (4, 4), (2, 3), (3, 4)} eP s] ;DaGw R nfO{ 
;dt'No ;DaGw eGg ;lsG5 < k/LIf0f u/L lgisif{ n]Vg'xf];\ . 

;dfwfg

A = {1, 2, 3, 4} / R = {(1, 1), (2, 2), (3, 3), (4, 4), (2, 3), (3, 4)} lbOPsf] 5 eg]

;DaGw R, l/ˆn]lS;e, l;d]l6«s, 6«flGhl6e ;a} 5 jf 5}g k/LIf0f u/f}F .

-s_  l/ˆn]lS;e (Reflexive): 
 1 ∈ A → (1, 1) ∈ R,  2 ∈ A →  (2, 2) ∈ R
 3 ∈A → (3, 3) ∈ R, 4 ∈ A → (4, 4) ∈ R

∴ ;d"x A sf ;a} ;b:o x sf nflu (x, x) ∈ R 5 To;}n] R l/ˆn]lS;e ;DaGw xf] . 

-v_ l;d]l6«s ;DaGw (Symmetric):
  (1, 1) ∈ R → (1, 1) ∈ R,  (2, 2) ∈ R →  (2, 2) ∈ R
 (3, 3) ∈ R → (3, 3) ∈ R,  (4, 4) ∈ R → (4, 4) ∈ R

 (2, 3) ∈ R,  (3, 2) ∉ R,  (3, 4) ∈ R,  (4, 3) ∉ R

∴ R df ePsf] ;a} (x, y) sf nflu (y, x) ∉ R ePsfn] R l;d]l6«s xf]Og .

 o;y{ R nfO{ ;dt'No ;DaGw eGg ;lsb}g . 



12 P]lR5s ul0ft, sIff (

pbfx/0f 4

olb M ={1, 2} eP R = M × M kQf nufpg'xf];\ . s] R nfO{ ;dt'No ;DaGw eGg 
;lsG5 < k/LIf0f u/L lgisif{ lgsfNg'xf];\ .

;dfwfg

oxfF , M ={1, 2}, R = M × M = {(1, 1), (1, 2), (2, 1), (2, 2)}

-s_  l/ˆn]lS;e (Reflexive) 

 1 ∈ M → (1, 1) ∈ R   2 ∈ M →  (2, 2) ∈ R

 o;/L ;d"x A sf ;a} ;b:o x sf nflu (x, x) ∈ R, 5 . To;}n] R nfO{ l/ˆn]lS;e elgG5 . 

-v_  l;d]l6«s ;DaGw (Symmetric)
  (1, 1) ∈ R → (1, 1) ∈ R  (1, 2) ∈ R →  (2, 1) ∈ R

  (2, 1) ∈ R → (1, 2) ∈ R  (2, 2) ∈ R → (2, 2) ∈ R

 o;/L R df ePsf] ;a} (x, y) sf nflu (y, x) x¿ klg R df 5g\ . To;}n] R l;d]l6«s xf] .

-u_  6«flGhl6e (Transitive Relation)

 (1, 2) / (2, 1) ∈ R → (1, 1) ∈ R  (1, 2) / (2, 2) ∈ R → (1, 2) ∈ R

 (2,1) / (1, 1) ∈ R → (2, 1) ∈ R  (2, 1) / (1, 2) ∈ R → (2, 2) ∈ R

∴;a} j|mdhf]8fx¿ (x, y) / (y, z) ;DaGw R df x'Fbf (x, z) klg ;DaGw R df 5g\ . t;y{ R, 
6«flGhl6e xf] .  

lgisif{ : dflysf] k/LIf0faf6 lbOPsf] ;DaGw R, l/ˆn]lS;e (reflexive), l;d]l6«s (symmetric) / 
6«flGhl6e (transitive) ePsfn] R nfO{ ;dt'No ;DaGw elgG5 .

cEof; 1.1 (C)

1.  -s_  ;DaGwsf] kl/efiff pbfx/0f;lxt n]Vg'xf];\ . 

 -v_  ;DaGw hgfpg] tl/sfx¿ s] s] x'g\ < n]Vg'xf];\ .

 -u_  tnsf ;DaGwx¿nfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ M

  (i) l;d]l6«s (Symmetric relation)  (ii) l/ˆn]lS;e (Reflexive Relation) 

  (iii) 6«flGhl6e (Transitive relation)  (iv) ;dt'No (Equivalence relation) 

 -3_  olb R = {(a, a), (b, b)} eP R s:tf] ;DaGw xf] <  

 -ª_  olb R = {(a, b)} eP R sf] l;d]l6«s ;DaGw n]Vg'xf];\ .   

2.  olb A × B = {(1, 4), (1, 5), (1, 6), (2, 4), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6)} eP 
 tn lbOPsf ;DaGwx¿ kQf nufO{ ldnfglrqdf k|:t't ug'{xf];\ M

 -s_ R1 = {(x, y): x + y = 6}  -v_ R2 = {(x, y): x < y}  
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 -u_ R3 = {(x, y): y = x2}

3.  olb A = {1, 2, 3} / B = {2, 3, 4} eP A × B lgsfnL tn lbOPcg';f/sf ;DaGwx¿ 
 kQf nufpg'xf];\ M

 -s_ eGbf 7'nf] (is greater than)   -v_ a/fa/ (is equal to)     -u_ b'O{ u'0ff (is double of)  
 -3_ cfwf (is half of )      -ª_ ju{ (is square of)

4.  olb A = {6, 7, 8, 10} / B = {2, 4, 6} eP A × B af6 tn lbOPcg';f/sf ;DaGwx¿ 
 kQf nufO{ tf]lsPsf cfwf/df k|:t't ug'{xf];\ M 

 (i)  j|mdhf]8fx¿sf] ;d"xåf/f  (ii)  ldnfglrqaf6  (iii) n]vflrqaf6 (iv)  tflnsfaf6 

 -s_ R1 = {(x, y): x + y < 12, x∈A, x∈B}  -v_ R2 = {(x, y): 2x + y > 10, x∈A, y∈B}

5.  ;d"x {1, 2, 3} df kl/eflift ;DaGw R = {(1, 1),(2, 2}, (3, 3), (1, 2), (2, 3)} eP R ;dt'No 
 ;DaGw xf] jf xf]Og < k/LIf0f u/L kQf nufpg'xf];\ .  

6.  ;d"x A = {4, 5, 6} eP kQf nufpg'xf];\ M 

 -s_ A × A    -v_ A df l/ˆn]lS;e (reflexive) x'g] ;DaGw R1

 -u_ A df l;d]l6«s (symmetric) x'g] ;DaGw R2 

 -3_ A df 6«flGhl6e (transitive) x'g] ;DaGw R3

pQ/
1. -s_, -v_, -u_  lzIfsnfO{ b]vfpg'xf];\ . -3_ l/ˆn]lS;e  -ª_  R = {(b, a)}

2. -s_ R1 = {(1,  5), (2, 4)}   -v_ R2 = {(1, 4), (1, 5), (1, 6), (2, 4), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6)}  

 -u_ R3 = {(2, 4)} ldnfglrqdf u/]sf] k|:t'lt lzIfsnfO{ b]vfpg'xf];\ .
3. A × B =  {(1, 2), (1, 3), (1, 4), (2, 2), (2, 3), (2, 4), (3, 2), (3, 3), (3, 4)}

 -s_ R = {(x, y): x > y} = {(3, 2)} -v_ R = {(x, y): x = y} = {(2, 2), (3, 3)}   -u_ R = {(x, y): x  = 2y} = φ  

 -3_ R = {(x, y): x = 
y 
2 } = {(1, 2), (2, 4)}  -ª_ R = {(x, y): x = y2} =  φ

4. A × B = {(6, 2), (6, 4), (6, 6), (7, 2), (7, 4), (7, 6), (8, 2), (8, 4), (8, 6), (10, 2), (10, 4), (10, 6)}

 -s_  R = {(x, y): x + y < 12} = {(6, 2), (6, 4), (7, 2), (7, 4), (8, 2)}

 -v_  R = {(x, y): 2x + y >10} = {(6, 2), (6, 4), (6, 6), (7, 2), (7, 4), (7, 6), (8, 2), (8, 4), (8, 6), 
  (10, 2), (10, 4), (10, 6)}

  k|:t'tLs/0f lzIfsnfO{ b]vfpg'xf];\ .

6. -s_  A × A = {(4, 4), (4, 5}, (4, 6), (5, 4), (5, 5), (5, 6), (6, 4), (6, 5), (6, 6)}

 -v_ R1 = {(x, x): x∈ A} = {(4, 4), (5, 5}, (6, 6)} 

 -u_ R2 = {(x, y): (x, y)  ∈ R implies (y, x) ∈ R} = {(4, 5), (5, 4}, (5, 6), (6, 5)}

 -3_ R3 = {(x, y): (x, y)  ∈ R and  (y, z) ∈ R implies (x, z) ∈ R } = {(4, 5), (5, 6), (4, 6)}
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1.1.4  ;DaGwsf] If]q, lj:tf/If]q / ;xIf]q  
  (Domain, Range and Co-domain of Relation)

oxfF ;d"x A / B larsf] ;DaGw R 5 . R df ePsf ;a} j|mdhf]8fx¿sf] klxnf] ;b:ox¿sf] 
;d"xnfO{ ;DaGw R sf] If]q elgG5 .

t;y{, ;DaGwsf] If]q = {x ∈ A: (x, y) ∈ R} 

h:t} M olb A = {1, 2, 3} / B = { 2, 3, 4 } /  

R = {(x, y): y = 2x} = {(1, 2), (2, 4)} eP 

R sf] If]q = {1, 2}

R df ePsf ;a} j|mdhf]8fx¿sf] bf];|f] ;b:ox¿sf] ;d"xnfO{ ;DaGw R sf] lj:tf/If]q elgG5 . 

t;y{, ;DaGwsf] lj:tf/If]q = { y ∈ B: (x, y)∈ R, x} 

R sf] lj:tf/If]q = {2, 4}

;DaGwsf] ;xIf]q (Co-domain of Relation)
dfgf}F ;d"x A / B larsf] ;DaGw R 5 . ;d"x B nfO{ ;DaGwsf] ;xIf]q elgG5 . lj:tf/If]q 
hlxn] klg ;xIf]qsf] pk;d"x x'G5 . dflysf] pbfx/0fdf,

R sf] ;xIf]q = ;d"x B =  {2, 3, 4}

pbfx/0f 1

olb ;DaGw R = {(x, y): y = 3x; x ∈{1, 2, 3}} eP 

-s_  R n] hgfpg] ;a} j|mdhf]8fx¿sf] ;d"x n]Vg'xf];\ . 

-v_  ldnfglrqdf k|:t't ug'{xf];\ .

-u_  ;DaGw R sf] If]q / lj:tf/If]q n]Vg'xf];\ .

;dfwfg 

-s_  lbOPsf] ;DaGw, y = 3x; x ∈ {1, 2, 3}

 x = 1, x'Fbf,  y = 3 × 1 = 3

 x = 2, x'Fbf,  y = 3 × 2 = 6

 x = 3, x'Fbf,  y = 3 × 3 = 9

 t;y{, R = {(1, 3), (2, 6), (3, 9)}

1

2

3

2

3

4

R

A B
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 -v_  ldnfglrqdf k|:t't ubf{,    -u_  R sf] If]q  = {1, 2, 3}

           R sf] lj:tf/If]q  = {3, 6, 9}

pbfx/0f 2

k|fs[lts ;ª\Vofx¿sf] ;d"x N df ;DaGw R kQf nufpg'xf];\ hxfF R= {(x, y) : y = x + 3, x < 4 

and x, y ∈ N)} ;fy} pSt ;DaGwsf] If]q / lj:tf/If]q kQf nufpg'xf];\ . 

;dfwfg

lbOPsf] ;DaGw R= {(x, y) : y = x + 3, x < 4 and x, y ∈ N}

R sf] If]q = {x : x < 4, x ∈ N} = {1, 2, 3}

oxfF, x = 1, 2, 3 To:t}, y = x + 3
x = 1, y = 1 + 3 = 4
x = 2, y = 2 + 3 = 5

x = 3, y = 3+ 3 = 6

t;y{ , R =  {(1, 4), (2, 5), (3, 6)} 

To;}n] ;DaGw R sf] If]q = {1, 2, 3}, ;DaGwsf] lj:tf/If]q = {4, 5, 6}

cEof; 1.1 (D)

1. -s_ ;DaGwsf] If]q / lj:tf/If]qsf af/]df pbfx/0f;lxt n]Vg'xf];\ .

-v_  ;DaGw R nfO{ tflnsfdf k|:t't ul/Psf] 5 . R sf] If]q / lj:tf/If]q n]Vg'xf];\ . 

x 1 3 5
y 5 7 9

 -u_ olb R = {(a, b), (c, d)} eP R sf] If]q / lj:tf/If]q n]Vg'xf];\ . 

2.  tnsf ;DaGwx¿sf] If]q / lj:tf/If]q kQf nufpg'xf];\ M

 -s_  R = {(1, 3), (1, 5), (2, 3), (2, 5), (3, 3), (3, 5)} 

 -v_  R = {(2, 4), (2, 6), (3, 6), (3, 9), (4, 8), (4, 12)} 

 -u_  R = {(3, – 1), (4, – 2), (5, – 3), (6, – 4)} 

1

2

3

3

6

9

R
A B
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 -3_  R = {(4, – 2), (4, 2), (1, – 1), (1, 1)}

 -ª_  R = {(5, 8), (6, 9), (7, 10), (8, 11)} 

3.  tnsf ;DaGwx¿sf] lj:tf/If]q n]Vg'xf];\ M

 -s_ y = 2x, x ∈ {0, 1, 5} 

 -v_ y = 2x + 3, x ∈ {–1, 1, 2} 

 -u_ y = 3x2 – 4, –2 <  x  ≤ 3, x ∈ W

4.  lbOPsf] lrqdf ;d"x A af6 B df ;DaGw R nfO{ 
 b]vfOPsf] 5 . 

 -s_  ;DaGw R nfO{ j|mdhf]8fx¿sf] ;d"xsf] ¿kdf n]Vg'xf];\ .  

 -v_  ;DaGw R sf] If]q / lj:tf/If]q n]Vg'xf];\ .    

5.   tnsf ;DaGwx¿sf] If]q / lj:tf/If]q kQf nufO{ j|mdhf]8f / ldnfglrqdf k|:t't ug'{xf];\ . 

 -s_ R = {(x, y): y = 2x + 1, 0 ≤ x ≤ 3, x ∈ W} 

 -v_ R = {(x, y): y = x2 – 2, 0 ≤ x ≤ 3, x ∈ W} 

 -u_ R = {(x, y): y = 3x2 – 2x –1, 1 ≤ x ≤ 4, x ∈ W } 

 -3_ R =  {(x, y): y = x2 – x, 0 ≤ x ≤ 3, x ∈ W }

pQ/

1. -s_  lzIfsnfO{ b]vfpg'xf];\ .    -v_ R sf] If]q = {1, 3, 5}, lj:tf/If]q = {3, 5} 

 -u_  R sf] If]q = {a. c}, lj:tf/If]q = {b, d}

2. -s_  R sf] If]q = {1, 2, 3}, lj:tf/If]q = {3, 5}   -v_ R sf] If]q = {2, 3, 4}, lj:tf/If]q = {4, 6, 8, 9, 12} 

 -u_  R sf] If]q = {3, 4, 5, 6}, lj:tf/If]q = {–1, –2, –3, –4}  

 -3_  R sf] If]q = {1, 4}, lj:tf/If]q = {1, –1, 2, – 2}  

 -ª_  R sf] If]q = {5, 6, 7, 8}, lj:tf/If]q = {8, 9, 10, 11}

3. -s_ lj:tf/If]q = {0, 2, 10}   -v_ lj:tf/If]q = {1, 5, 7}    -u_ lj:tf/If]q = {–1, –4, –1, 8, 23}

4. -s_  R = {(1, 5), (2, 6), (3, 6), (4, 7)},   -v_ R sf]  If]q = {1, 2, 3, 4}, lj:tf/If]q = {5, 6, 7}

5. -s_  R sf]  If]q = {0, 1, 2, 3}, lj:tf/If]q = {1, 3, 5, 7}  

 -v_ R sf]  If]q = {0, 1, 2, 3}, lj:tf/If]q = {–2, –1, 2, 7}  

 -u_  R sf]  If]q = {1, 2, 3, 4}, lj:tf/If]q = {0, 7, 20, 39}  

 -3_  R sf]  If]q = {0, 1, 2, 3}, lj:tf/If]q = {0, 2, 6}

1
2
3
4

5
6

7

R
A B
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1.1.5 ljk/Lt ;DaGw (Inverse Relation)

lj|mofsnfk 1  

;d:of M olb A = {1, 2, 3},  B = {2, 3, 4}  / R = {(x, y): y = x + 1, x ∈ A} eP R sf] ljk/Lt 
;DaGw kQf nufO{ ldnfglrqdf k|:t't ug'{xf];\ . 

k|lj|mof M  sIffsf k|To]s ljBfyL{{n] R nfO{ j|mdhf]8fx¿sf] ;d"xdf n]vL ldnfglrqdf k|:t't 
ug'{xf];\ . ;DaGw R df ePsf] j|mdhf]8fx¿sf] klxnf] / bf];|f] ;b:ox¿nfO{ Pscsf{df 
kl/jt{g u/]/ gofF ;d"x agfpg'xf];\ . R–1 nfO{ klg ldnfglrqdf k|:t't u/L R / R–1  sf] 
If]q / lj:tf/If]qx¿ Pp6} 5g\ jf 5}gg\ t'ngf ug'{xf];\ . 

lgisif{ M ==============

ldnfglrqaf6 x]bf{ 

1

2

3

2

3

4

R
A B

2

3

4

1

2

3

R–1

B A

;d"x A ≠ φ af6 B ≠ φ df ePsf] ;DaGw R sf] If]q / lj:tf/If]qnfO{ Pscsf{df kl/jt{g
ubf{ aGg] gofF ;DaGwnfO{ R sf] ljk/Lt ;DaGw elgG5 / o;nfO{ R–1 n] hgfOG5 . cyf{t\, 
;DaGw R df ePsf] j|mdhf]8fx¿sf] klxnf] / bf];|f] ;b:ox¿nfO{ Pscsf{df kl/jt{g u/]/ 
agfOPsf] j|mdhf]8fx¿sf] gofF ;d"xnfO{ ;DaGw R sf] ljk/Lt ;DaGw elgG5, o;nfO{ R–1 
n] hgfOG5 .

pbfx/0f 1  

olb A = {1, 2, 3, 4} 5 / R = {(1, 1), (2, 2), (3, 3), (4, 4), (2, 3), (3, 4)} eP 

-s_ ;DaGw R sf] ljk/Lt ;DaGw R–1 nfO{ j|mdhf]8fx¿sf] ;d"xsf ¿kdf n]Vg'xf];\ . 

-v_  R–1 sf] If]q / lj:tf/If]q n]Vg'xf];\ . 

;dfwfg
-s_  R–1 = {(1, 1), (2, 2), (3, 3), (4, 4), (3, 2), (4, 3)}

-v_  R–1 sf] If]q = {1, 2, 3, 4}, R–1 sf] lj:tf/If]q = {1, 2, 3, 4}
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pbfx/0f 2  

Pp6f ;DaGw R = {(x, y): y = x2 – 1, 0 ≤ x ≤ 3, x ∈ W}  sf] ljk/Lt ;DaGwsf] If]q / lj:tf/If]q 
kQf nufpg'xf];\ . 

;dfwfg

oxfF R sf] If]q = {x: 0 ≤ x ≤ 3, x ∈ W } = {0, 1, 2, 3}
x = 0,  y = x2 – 1= 02 – 1 = –1
x = 1,  y = x2 – 1= 12 – 1 = 0
x = 2,  y = x2 – 1= 22 – 1 = 3

x = 3,  y = x2 – 1= 32 – 1 = 8

R = {(0, –1), (1, 0), (2, 3), (3, 8)} 

R–1 = {(–1, 0), (0, 1), (3, 2), (8, 3)}

R–1 sf] If]q = {–1, 0, 3, 8}, R sf] lj:tf/If]q = {0, 1, 2, 3}

cEof; 1.1 (E)

1. -s_ ljk/Lt ;DaGw eGgfn] s] a'em\g'x'G5 < pbfx/0f;lxt n]Vg'xf];\ .  

 -v_ olb R = {(a, b), (c, d)} EfP R–1 n]Vg'xf];\ .  

2. tnsf ;DaGwx¿sf]  ljk/Lt ;DaGw n]Vg'xf];\ M

 -s_ R = {(1, 3), (1, 5), (2, 3), (2, 5), (3, 3), (3, 5)} 

 -v_ R = {(1, 3), (1, 6), (2, 3), (2, 6), (3, 3), (3, 6)} 

 -u_ R = {(3, – 1), (4, – 2), (5, – 3), (6, – 4)} 

 -3_ R = {(8, 6), (7, 5), (6, 4), (5, 3), (4, 2), (3, 1)}

3. tnsf ;DaGwx¿nfO{ j|mdhf]8fx¿sf] ¿kdf n]vL ljk/Lt ;DaGw kQf nufpg'xf];\ . 

 -s_ R = { (x, y): y = 3x, x ∈{1, 2, 3}}  -v_ R = {(x, y): y = 2x + 3, x ∈ {1, 2, 3}}

 -u_ R = {(x, y): y = x – 2, x ∈{6, 7, 8}} -3_ R = {(x, y): y = x2, x ∈ {0, 1, –1}}

4. lbOPsf] lrqdf ;d"x B af6 A df ;DaGw R–1 nfO{ 
 b]vfOPsf] 5 . 

     -s_ ;DaGw R–1 nfO{ j|mdhf]8fx¿sf] ;d"xsf ¿kdf 
  n]vL If]q / lj:tf/If]q n]Vg'xf];\ .  

     -v_  ;DaGw R sf] If]q / lj:tf/If]q n]Vg'xf];\ . 

 -u_ R–1 / R nfO{ ;d"x lgdf{0f ljlwcg';f/ n]Vg'xf];\ .

–1
0
3
8

0
1
2
3

R–1

1

2

3

3

6

9

R–1

B A
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5. dfgf}F ;d"x A = {2, 3, 4, 5, 6, 7, 8, 9} ;DaGw R = {(x, y) : y = x sf] ckjTo{} eP R 
 nfO{ j|mdhf]8fx¿sf] ;d"xsf ¿kdf n]vL tnsf] ;d"xx¿ kQf nufpg'xf];\ .

 -s_ R sf] If]q /  lj:tf/If]q  -v_ R sf] ljk/Lt ;DaGw R–1 

 -u_ R–1 sf] If]q / lj:tf/If]q

6. olb A = {2, 3, 4, 5} 5 . A df kl/eflift ;DaGw R = {(x, y): y sf] u'0fgv08 x} eP 
 ;DaGw R nfO{ j|mdhf]8fsf ¿kdf JoSt u/L kQf nufpg'xf];\ M

 -s_ R sf] If]q   -v_ R sf] lj:tf/If]q 

 -u_ ljk/Lt ;DaGw (R–1)  kQf nufO{ ldnfglrqdf k|:t't ug'{xf];\ .

7. tnsf ;DaGwx¿sf] ljk/Lt ;DaGwx¿ lgsfnL If]q / lj:tf/If]q;d]t n]Vg'xf];\ / 
 ldnfglrqdf k|:t't ug'{xf];\ M

 -s_ {(x, y): y = x – 1, 4 ≤ x ≤ 7, x ∈ N}  -v_ {(x, y): y = x2 – 1, 0 ≤ x ≤ 3, x ∈ W} 

 -u_ {(x, y): y = 3x2 – 2x – 1, 1≤ x ≤ 4, x ∈ W } 

pQ/

1. lzIfsnfO{ b]vfpg'xf];\ . 

2. -s_  R–1 = {(3, 1), (5, 1), (3, 2), (5, 2), (3, 3), (5, 3)}    -v_ R–1 = {(3, 1), (6, 1), (3, 2), (6, 2), (3, 3), (6, 3)}  

 -u_  R–1 = {(– 1, 3), (– 2, 4), (– 3, 5), (– 4, 6)}     -3_ R–1 = {(6, 8), (5, 7), (4, 6), (3, 5), (2, 4), (1, 3)}

3. -s_  R–1 = {(1, 3), (2, 6), (3, 9)}    -v_ R–1  = {(1, 5), (2, 7), (3, 9)} 

 -u_  R–1 = {(6, 4), (7, 5), (8, 6)}   -3_ R–1 = {(0, 0), (1, 1), (–1, 1)} 

4. -s_  R–1 = {(1, 3), (2, 6), (3, 9)}, R–1 sf] If]q = {1, 2, 3}, R–1 sf] lj:tf/If]q = {3, 6, 9}

 -v_ R sf] If]q = {3, 6, 9}, R sf] lj:tf/If]q = {1, 2, 3} u_ R–1 = {(x, y), y = 3x} R = {(x, y), y = 
x
3 } 

5. R = {(2, 2), (2, 4), (2, 6), (2, 8), (3, 3), (3, 6), (3, 9), (4, 4), (4, 8), (5, 5), (6, 6),  (7, 7), (8, 8), (9, 9)}, 

 -s_ R sf] If]q = {2, 3, 4, 5, 6, 7, 8, 9}, R sf] lj:tf/If]q = {2, 3, 4, 5, 6, 7, 8, 9}

 -v_  R–1 = {(2, 2), (4, 2), (6, 2), (8, 2), (3, 3), (6, 3), (9, 3), (4, 4), (8, 4), (5, 5), (6, 6), (7, 7), (8, 8), (9, 9)}

 -u_  R–1 sf] If]q = {2, 3, 4, 5, 6, 7, 8, 9}, R–1 sf] lj:tf/If]q = {2, 3, 4, 5, 6, 7, 8, 9}

6. R = {(2, 2), (2, 4), (3, 3), (4, 4), (5, 5)}, 

 -s_ R sf] If]q = {2, 3, 4, 5}, R sf] lj:tf/If]q = {2, 3, 4, 5}

 -v_ R–1 = {(2, 2), (4, 2), (3, 3), (4, 4), (5, 5)}

 -u_ R–1 sf] If]q = {2, 3, 4, 5}, R–1 sf] lj:tf/If]q = {2, 3, 4, 5}

7 -s_  R–1 = {(3, 4), (4, 5), (5, 6), (6, 7)}, R–1 sf] If]q = {3, 4, 5, 6}, R–1 sf] lj:tf/If]q = {4, 5, 6, 7}  

 -v_  R–1 = {(–1, 0), (0, 1), (3, 2), (8, 3)}, R–1 sf] If]q = {–1, 0, 3, 8}, R–1 sf] lj:tf/If]q = {0, 1, 2, 3}  

 -u_  R–1 = {(0, 1), (7, 2), (20, 3), (39, 4)}, R–1 sf] If]q = {0, 7, 20, 39}, R–1 sf] lj:tf/If]q = {1, 2, 3, 4}

  ldnfglrqsf] k|:t'lt lzIfsnfO{ b]vfpg'xf];\ .
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1.1.6  kmng (Function)

lj|mofsnfk 1   

;d:of M tnsf b'O{cf]6f ;d"x ;b:ox¿sf larsf] ;DaGw cWoog ug'{xf];\ . klxnf] ;d"xdf 
;do / bf];|f] ;d"xdf tfkj|md (°C) df lbOPsf] 5 . h;df s'g} Pp6f ;x/sf] Ps lbgsf]
ljleGg ;dosf] tfkj|md lbOPsf] 5 . o:tf] ;DaGwnfO{ s] elgG5 xf]nf < 5nkmn u/L lgisif{ 
lgsfNg'xf];\ . 

k|lj|mof M k|To]s ljBfyL{{n] Ps ;dodf Pp6f dfq tfkj|md 5 of 5}g cjnf]sg ug'{xf];\ / 
lzIfsssf] ;xof]udf lgisif{ lgsfNg'xf];\ . 

6:00 am

8:00 am

10:00 am

12;00 pm

2:00 pm

15° C

10° C

20° C

25° C

28° C

B A
f

dflysf] ;d"xnfO{ cWoog ubf{ klxnf] ;d"xsf] k|To]s ;dosf] bf];|f] ;d"xsf] Ps dfq 
tfkj|md;Fu ;DaGw /x]sf] 5 . cyf{t\ Pp6} ;dodf b'O{cf]6f tfkj|md;Fu ;DaGw 5}g . o;/L 
b'O{ rnx¿ ;do / tfkj|mdlarsf] o:tf] vfnsf] ljz]if ;DaGwnfO{ kmng elgG5 . 

tnsf] lrq cWoog ug'{xf];\ .

    

dflysf] lrqdf d]l;gn] k|To]s input sf nflu Pp6f dfq output lbPsf] 5 . t;y{ kmngdf 
k|To]s input sf nflu Pp6f dfq output x'G5 . 

Inputs (x)
x1, x2, x3

Function (Rule)
(f)

Outputs (y)
y1, y2, y3
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b'O{ ;d"xdWo] klxnf] ;d"xsf] k|To]s ;b:ox¿sf] bf];|f] ;d"xsf] Pp6f dfq ;b:o;Fu ;DaGw 
ePdf To:tf] ljz]if ;DaGwnfO{ g} kmng elgG5 . b'O{ ;d"xx¿ A ≠ φ / B ≠ φ df olb ;d"x A 
af6 ;d"x B df kl/eflift ul/Psf] ;DaGwdf ;d"x A sf k|To]s ;b:ox¿sf] Psn k|ltljDa, 
;d"x B df 5 eg] pSt ;DaGwnfO{ kmng elgG5 . o;nfO{ f: A → B hgfOG5 / ;ª\s]tdf, 
y = f (x) n]lvG5 hxfF x ∈ A / y ∈ B x'G5 / y nfO{ x sf] kmng xf] egL kl9G5 .

pbfx/0f 1  

tnsf] ljleGg ;DaGw hgfpg] ldnfglrqx¿ cWoog ug'{xf];\ / s'g s'g ;DaGwx¿ kmng x'g\ 
jf xf]Ogg\ sf/0f;lxt n]Vg'xf];\ .

2
3
4

5
6
7

R1

 

1
2
3
4

2
3
4
5

R2

 

1
2
3
4

2
3
4
5
6

R3

 

–1
1

–2
2

1

4

5

R4

        

dflysf ;DaGwx¿dWo] R1, R3 / R4 df ;d"x A sf k|To]s ;b:osf] ;d"x B sf Pp6f dfq 
;b:o;Fu ;DaGw 5 . oL ;DaGwx¿ kmng (Function) x'g\ . t/ ;DaGw R2 kmng x}g . 

pbfx/0f 2  

tnsf s'g s'g s'g ;DaGwx¿ kmng x'g\, sf/0f;lxt n]Vg'xf];\ . 

 -s_ R1 = {(2, 3), (3, 4), (5, 6)}

 -v_ R2 = {(2, 3), (2, 5), (5, 6)}

-u_ Input (x) 0 1 2 0

Output (y) –4 –2 0 4

;dfwfg 

-s_  R1 kmng xf] lsgls klxnf] ;d"xsf] k|To]s ;b:osf] Pp6f;Fu dfq ;DaGw 5 . 

-v_  R2 df klxnf] ;d"xsf] ;b:o 2 sf] 3 / 5 u/L bf];|f] ;d"xsf] b'O{cf]6f ;b:o;Fu ;DaGw 
 ePsfn] of] kmng xf]Og . 

-u_  of] ;DaGw kmng xf]Og lsgls 0 sf] –4 / 4 u/L b'O{cf]6f ;b:o;Fu ;DaGw 5 . 

A B A B A B A B
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pbfx/0f 3  

y = f (t) sf] cy{ n]Vg'xf];\ . 

;dfwfg

y = f(t) sf] cy{, t sf] kmng y xf] eGg] a'lemG5 . oxfF t df lj|mof ubf{ y sf] dfg k|fKt x'G5 . 
y cfl>t rn xf] eg] t cgfl>t rn xf] .

pbfx/0f 4  

ju{sf] If]qkmn A nfO{ o;sf] kl/ldlt P sf] kmngsf ¿kdf JoSt ug'{xf];\ ;fy} kl/ldlt 8 m 

ePsf] ju{sf] If]qkmn lgsfNg'xf];\ . 

;dfwfg

ju{sf] kl/ldlt P = 4 l cyjf, l =  
P 
4

ca, ju{sf] If]qkmn,  A  = l2   = P 
4( ) 2   = 

P2

16

t;y{, A = f(P), hxfF, f(P) = 
P2

16   [ lsgls If]qkmnsf] dfg kl/ldltdf cfl>t 5 . ]

k]ml/, kl/ldlt (P) = 8m eP ju{sf] If]qkmn, A = f(P) = 
P2

16  = 
82

16  = 4 m2.

-s_ kmngsf] k|:t'tLs/0f (Representation of Function)

 kmngnfO{ ljleGg tl/sfn] k|:t't ug{ ;lsG5 . h;nfO{ tn k|:t't ul/Psf] 5 .

 -s_  kmngsf] lrqfTds k|:t'lt 
  (Visualization of a Function): 

 -c_  ldnfglrq (Arrow Diagram): dfgf}F 
  ;d"x A =  {1, 2, 3}, / ;d"x B =  {3, 4, 5} 5 / 
  olb f (1) = 3, f (2) = 4, f (3) = 5 eP kmng f 
  nfO{ lgDgfg';f/ ldnfglrqdf k|:t't ug{ ;lsG5 M

-cf_  n]vflrq (Graph): o; ljlwcg';f/ kmngsf] 
klxnf] ;d"xsf] / bf];|f] ;d"xsf] ;DaGw 
ePsf ;b:ox¿lar j|mdhf]8fx¿ agfO{ pSt 
j|mdhf]8fx¿nfO{ g} n]vflrqdf cª\sg ul/G5 . 
h:t} dflysf] pbfx/0fcg';f/ lgb]{zfª\sx¿ j|mdzM 
(1, 3), (2, 4) / (3, 5) x'G5 / o;nfO{ n]vflrqdf 
k|:t't ul/Psf] 5,

1

2

3

3

4

5

f

A B

Y

X

9
8
7
6
5
4
3
2
1

0    1    2    3    4    5    6 

(3, 5)

(2, 4)
(1, 3)
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-v_  ;ª\VofTds k|:t'lt (Numerically Representation)

 -c_ j|mdhf]8fx¿sf] ;d"x (Set of Order Pairs): dflysf] pbfx/0fcg';f/ kmng f  nfO{ 
  j|mdhf]8fx¿sf] ;d"xsf ¿kdf lgDgfg';f/ k|:t't ug{ ;lsG5 

  f = {(1, 3), (2, 4), (3,5)}

 -cf_  tflnsf (Table): o; tl/sfcg';f/ klxnf] ;d"xsf] ;b:ox¿ / ltgLx¿;Fu ;DaGw 
  ePsf bf];|f] ;d"xsf] ;b:ox¿nfO{ tflnsfdf /fvL k|:t't ul/G5 . h:t} dflysf]  
  pbfx/0fdf kmng f nfO{ tflnsfdf k|:t't ubf{,

x 1 2 3
y = f (x) 3 4 5

-u_  zflAbs k|:t'lt (Verbal Representation)

kmngnfO{ jfSoåf/f k|:t't ug{ ;lsG5 h;n] input variable / output variable larsf] 
;DaGwnfO{ JofVof u5{ . o;sf nflu b'O{ ;d"xx¿larsf] ;b:ox¿sf] ;DaGw yfxf kfpg 
cfjZos /xG5 . h:t} dflysf] kmng f = {(1, 3), (2, 4), (3, 5)} nfO{ zflAbs ¿kdf JofVof 
ubf{ olb k|To]s x sf nflu f (x) sf] dfg 2 n] a9L 5 . 

-3_  aLhul0ftLo k|:t'lt (Algebraically Representation): 

kmngnfO{ hgfpg] of] ;a}eGbf a9L k|of]udf cfpg] tl/sf xf] . o; ljlwcg';f/, y = f (x) 

eGg] kmngsf nflu x / f(x) sf] ;DaGwnfO{ aLhul0ftLo ;"qaf6 k|:t't ul/G5 . h:t} 
dflysf] pbfx/0fdf, f (x) sf] dfg x sf] dfgeGbf 2 n] a9L ePsfn],  f (x) = x + 2 x'G5 . 

pbfx/0f 5  

kmng f = {(2, 1), (4, 2), (6, 3)} nfO{ tflnsf, aLhul0ftLo ;"q / n]vflrqdf k|:t't ug'{xf];\ . 

;dfwfg 

lbOPsf] kmng, f = {(2, 1), (4, 2), (6, 3)}

tflnsfdf k|:t't ubf{, 

x 2 4 6
y 1 2 3

aLhul0ftLo ;"qdf k|:t't ubf{,

oxfF, y nfO{ x sf] kmngsf] ¿kdf dfGbf, y sf] dfg x sf] 
cfwf ePsfn],

y = f(x) = x
2

Y

X

9
8
7
6
5
4
3
2
1

0    1    2    3    4    5    6 

n]vflrqdf k|:t't ubf{, 

(2,1)

(4,2)

(6,3)
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7f8f] /]vf k/LIf0f (Vertical Line Test)
;DaGwx¿nfO{ n]vflrqdf klg k|:t't ug{ ;lsG5 t/ ;DaGwx¿sf ;a} n]vflrqx¿ kmng gx'g 
;S5g . If]qsf k|To]s km/s km/s ;b:ox¿sf] ;xIf]qsf] Ps dfq ;b:o;Fu ;DaGw 5 eg] 
To:tf] ;DaGwnfO{ kmng elgG5 . cyf{t\ kmngdf s'g} Pp6f x sf] dfgsf] b'O{ jf b'OeGbf a9L 
y sf dfgx¿;Fu ;DaGw x'Fb}g . oxL cjwf/0ffnfO{ k|of]u u/L xfdL lbOPsf] n]vflrq kmngsf] 
n]vflrq xf] jf xf]Og egL 5'6\ofpg 7f8f] /]vfsf] k/LIf0f u5f}{F . 7f8f] /]vfsf] k/LIf0f ubf{ 
lgDgcg';f/ lgisif{ lgsflnG5 M
-c_ lbOPsf] n]vflrqdf ;DaGwsf] If]q leq X – cIf;Fu nDa x'g] u/L y'k|} 7f8f /]vfx¿ lvRg] 

/ olb pSt k|To]s 7f8f] /]vfn]  lbOPsf] n]vflrqsf] Pp6f dfq ljGb'df e]6 u/]df pSt  
n]vflrq kmngsf] n]vflrq xf] . 

-cf_ lbOPsf] n]vflrqdf ;DaGwsf] If]q leq X – cIf;Fu nDa x'g] u/L y'k|} 7f8f] /]vfx¿ lvRg] 
/ olb pSt k|To]s 7f8f] /]vfx¿dWo] s'g} Pp6fn] dfq klg lbOPsf] n]vflrqsf] b'O{ jf  
;f]eGbf a9L ljGb'df e]6 u/]df pSt n]vflrq kmngsf] n]vflrq xf]Og . 

o; v08df xfdLn] lnPsf ;a} n]vflrqx¿sf] If]q eg] jf:tljs ;ª\Vofx¿larsf]  
cGt/fnx¿nfO{ dflgPsf] 5 . cGt/fnsf] cWoog kl5Nnf] PsfOdf ug]{ 5f}F .

pbfx/0f 5  

bfofF lbOPsf] n]vflrq kmngsf] n]vflrq xf] jf xf]Og sf/0f;lxt  
n]Vg'xf];\ .
;dfwfg
7f8f] /]vf k/LIf0f ubf{,

Dfflysf] k/LIf0fdf, X– cIf;Fu nDa x'g] u/L lvlrPsf 
l;wf/]vfx¿n] lbOPsf] n]vflrqsf] b'O{cf]6f ljGb'x¿df e]6 u/]sfn]  
lbOPsf] n]vflrq kmngsf] n]vflrq xf]Og . 

 cEof; 1.1. (F)

1. Jofjxfl/s hLjgdf x'g] s'g} Ps kmngsf] pbfx/0f;lxt kmngsf] kl/efiff n]Vg'xf];\ . 

2. -s_ kmngsf] ;ª\s]t y = f (t) sf] cy{ n]Vg'xf];\ .

 -v_ kmngsf] ;ª\s]t P = f (D) sf] cy{ n]Vg'xf];\ hxfF D n] kfgLsf] 3gTj / P n] rfk 
  hgfpF5 . 

 -u_  kmngsf] ;ª\s]t y = f (x) sf] cy{ n]Vg'xf];\ .

3. -s_ ju{sf] kl/ldlt (P) nfO{ If]qkmn (A) sf] kmngsf ¿kdf JoSt ug'{xf];\ .

O

Y

X

O

Y

X
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 -v_  j[Qsf]] If]qkmn (A) nfO{ kl/lw (C) sf] kmngsf ¿kdf JoSt ug'{xf];\ .

 -u_  uf]nfsf] cfotg (V) nfO{ o;sf] ;txsf] If]qkmn (A) sf] kmngsf ¿kdf JoSt ug'{xf];\ .

3. tnsf s'g s'g ;DaGwx¿ kmng x'g\ of xf]Ogg\ sf/0f;lxt n]Vg'xf];\ . 

 -s_     -v_

1

2

3

3

4

5

R1

A B

1
–1
2
–2

R2

A B

1

4

9

 -u_                              -3_

1

2

3

a

b

c

R3

A B

6
–1
8
10

R4

A B

5

7

9

 -ª_  R5                           -r_ R6

Y

X

9
8
7
6
5
4
3
2
1
00    1    2    3    4    5    6 

Y

X

9
8
7
6
5
4
3
2
1
00    1    2    3    4    5    6 

 -5_ R7 = {(2, 4)}, (3, 6), (4, 8)}           -h_ R8 = {(3, 6), (2, 4)}, (3, 9), (4, 16)}                                                                                                                                      

 -em_  R9                                 -`_ R10              

x 3 4 5
y 2 3 4

x 2 1 2
y 7 6 3

5. dfly k|Zg g= 4 df ePsf kmngx¿nfO{ aLhul0ftLo ;"qåf/f n]Vg'xf];\ . 



26 P]lR5s ul0ft, sIff (

-s_     -v_    -u_

-3_     -ª_    -r_

-5_     -h_    -em_

-`_     -6_    -7_

O
X

Y

O X

Y

O X

Y

6.  tnsf k|To]s n]vflrqx¿ kmngsf n]vflrq x'g jf xf]Ogg\ < sf/0f;lxt n]Vg'xf];\ .

7. tn lbOPsf kmngnfO{ tflnsf, ;"q / n]vflrqdf k|:t't ug'{xf];\ .

 -s_ f1 = {(1, 1), (2, 4), (3, 9)} -v_ f2 = {(1, 5), (2, 7), (3, 9)}

 -u_ f3 = {(3, 1), (5, 3), (7, 5)}  -3_ f4 = {(0, 3), (1, 4), (2, 5)}
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l;h{gfTds lj|mofsnfk 

Pp6f :ofpsf] d"No ?= 10 k5{ . olb Jofkf/Ln] x cf]6f :ofp a]Rof] eg] slt ?lkofF sdfpF5 < 

1.  of] ;d:ofnfO{ sdfOnfO{ I dfg]/ kmngsf ¿kdf k|:t't ug'{xf];\ . 

2.  ;f] kmngdf x sf dfgx¿ /fvL Pp6f n]vflrq tof/ ug'{xf];\ . 

3.  olb ;f] Jofkf/Ln] ?= 8000 eGbf a9L sdfO ug'{ 5 eg] s] s] ug'{knf{ < sf/0f;lxt hjfkm 
 lbg'xf];\ . ;s];Dd w]/} ;Defjgfx¿ ;d]6]/ hjfkm lbg'xf];\ . 

pQ/

1 lzIfsnfO{ b]vfpg'xf];\ .

2 -s_  y = f (t) eGgfn] y nfO{ t sf] kmng elgG5 .     -v_ P = f (D) eGgfn] P nfO{ D sf] kmng elgG5 .  

 -u_ y = f (x) eGgfn] y nfO{ x sf] kmng elgG5 . 

3 -s_  P = 4 √A    -v_ A = C2

4π     -u_ V = A3

36π
4 -s_  R1 kmng xf] lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf] Ps dfq ;b:o;Fu ;DaGw 5 .

 -v_  R2 kmng xf] lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf] Ps dfq ;b:o;Fu ;DaGw 5 .

 -u_  R3 kmng xf]Og lsgls klxnf] ;d"xsf ;b:o 3 sf] bf];|f] ;d"xsf] ;b:o;Fu ;DaGw 5}g .

 -3_  R4 kmng xf]Og lsgls klxnf] ;d"xsf ;b:o 5 sf]  bf];|f] ;d"xsf b'O{cf]6f ;b:o;Fu ;DaGw 5 .

 -ª_  R5 kmng xf]Og lsgls x = 2  sf] bf];|f] ;d"xsf b'O{cf]6f ;b:o 1 / 4 ;Fu ;DaGw 5 .

 -r_  R6 kmng xf] lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf Ps dfq ;b:o;Fu ;DaGw 5 .

 -5_  R7 kmng xf] lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf Ps dfq ;b:o;Fu ;DaGw 5 .

 -h_  R8 kmng xf]Og lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf Ps dfq ;b:o;Fu ;DaGw 5}g .

 -em_  f9 kmng xf] lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf Ps dfq ;b:o;Fu ;DaGw 5 .

 -`_  R10 kmng xf]Og lsgls klxnf] ;d"xsf ;a} ;b:ox¿sf] bf];|f] ;d"xsf Ps dfq ;b:o;Fu ;DaGw 5}g .

5. y = f1 (x) =  x + 2,   y = f2 (x) = x2, y = f6 (x) = x, y = f7 (x) = 2x, y = f9 (x) = x – 1

6. -s_ kmng xf]   -v_ kmng xf]  -u_ kmng xf]Og   -3_ kmng xf]     -ª_ kmng xf]   

 -r_ kmng xf]Og -5_ kmng xf]Og  -h_ kmng xf]Og   -em_ kmng xf]Og -`_ kmng xf]  

 -6_ kmng xf]Og      -7_ kmng xf] 

7. lzIfsnfO{ b]vfpg'xf];\ . 
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1.1.7  kmngsf] If]q, ;xIf]q / lj:tf/If]q (Domain, Co-domain and Range of 
  Function), kmngsf] k|ltljDa tyf k"j{ k|ltljDa (Image and Pre-image 
  of Function)

kmng f : A →B df ;d"x A nfO{ If]q (Domain), ;d"x 
B nfO{ ;xIf]q (Co-domain) elgG5 . To;}u/L ;d"x A 
sf ;b:ox¿;Fu ;DaGw ePsf ;d"x B sf ;b:ox¿sf] 
;d"xnfO{ lj:tf/If]q (Range) elgG5 . ;d"x B sf 
;b:ox¿sf] ;d"x A ;Fu Associate ePsf x'G5g\ . 
logLx¿nfO{ f sf] k|ltljDa elgG5 / ;DalGwt A sf] 
;b:onfO{ k"j{ k|ltljDa elgG5 . 

h:t}:  olb ;d"x A = {1, 2, 3},  ;d"x B = {2, 3, 4, 5} /  

f = {(1, 2), (2, 3), (3, 4)} eP

kmng f sf] If]q (Domain) = {1, 2, 3}

kmng f sf] ;xIf]q (Co-domain)  = {2, 3, 4, 5}

kmng f sf] lj:tf/If]q (Range)  = {2, 3, 4}

lj:tf/If]q hlxn] klg ;xIf]qsf] pk;d"x x'G5 . h;nfO{ bfofFsf] lrqdf k|:t't ul/Psf] 5 . 

1 sf] k|ltljDa 2 jf 2 sf] k"j{ k|ltljDa 1 xf] o;nfO{ f(1) = 2 n]lvG5 . o;/L g} f(2) =3, f(3) = 

4 x'G5 .

pbfx/0f 1  

olb kmng f = {(1, 2), (–2, –4), (3, 6), (–4, –8)} =eP f  sf] If]q / lj:tf/If]q kQf nufpg'xf];\ . 

;dfwfg 

lbOPsf] kmng, f = {(1, 2), (–2, –4), (3, 6), (–4, –8)}

kmng f  sf] If]q (Domain) = j|mdhf]8fx¿sf] klxnf] ;b:ox¿sf] ;d"x = {1, –2, 3, –4}

kmng f sf] lj:tf/If]q (Range)  = j|mdhf]8fx¿sf] bf];|f] ;b:ox¿sf] ;d"x ={2, –4, 6, –8}

pbfx/0f 2  

olb kmng f(x) = 7x – 8 sf] lj:tf/If]q 13 eP To;sf] If]q slt x'G5 < kQf nufpg'xf];\ . 

;dfwfg

lbOPsf] kmng, f(x) = 7x – 8, lj:tf/If]q =13, To;}n] f(x) = 13

oxfF,  f(x) = 13

cyjf, 7x – 8 = 13

cyjf, 7x  = 21, x = 3, If]q (Domain) = {3}

1

2

3

2

3

4

5

f

A B

x

A B

y = (f)x

f
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pbfx/0f 3  

f: A → B sf nflu A = {–1, 0, 1, 2} / f(x) = 2x + 1, eP f sf] lj:tf/ kQf nufO{ 
ldnfglrqdf k|:t't ug'{xf];\ M 

;dfwfg 
oxfF, f(x) = 2x + 1 
f( –1) = 2 × ( –1) + 1 = –2 + 1 = –1 
f(0) = 2 × 0 + 1 = 0 + 1 = 1 
f(1) = 2 × 1 + 1 = 2 + 1 = 3 

f(2) = 2 × 2 + 1 = 4 + 1 = 5 

To;}n] f sf] lj:tf/ {–1, 1, 3, 5} x'G5 .

pbfx/0f 4  

olb kmng f (x) = 2x + 3 eP s'g ;b:osf] k|ltljDa 7 x'G5 < kQf nufpg'xf];\ . 

;dfwfg 
oxfF, dfgf}F x sf] k|ltljDa 7 xf], To;}n], f (x) = 7, x = ?

 f (x) = 7

cyjf, 2x + 3 = 7

cyjf, 2x  = 4, x =  2

t;y{ 2 sf] k|ltljDa 7 x'G5 .

pbfx/0f 5  

;Fu}sf] tflnsfdf sndsf] ;ª\Vof / d"No lbOPsf] 5 .

tnsf] k|Zgx¿sf] pQ/ lbg'xf];\ 
-s_  sndsf] ;ª\VofnfO{ x / d"NonfO{ y dfGbf, oL b'O{ 
 rnx¿larsf] ;DaGwnfO{ kmngsf ¿kdf  
 ;"qåf/f JoSt ug'{xf];\ .
-v_  pSt kmngsf] If]q n]Vg'xf];\ .  -u_ pSt kmngsf] lj:tf/If]q n]Vg'xf];\ .

;dfwfg 
-s_ sndsf] ;ª\VofnfO{ x / d"NonfO{ y dfGbf, 
 x = 1, y = 10 = 10 × 1
 x = 2, y = 20 = 10 × 2
 x = 3, y = 30 = 10 × 3

 x = 4, y = 40 = 10 × 4

 To;}n], y = 10 × x

 b'O{ rnx¿larsf] ;DaGwnfO{ kmng f  dfGbf f (x) = 10 x x'G5 . 
-v_  kmng f sf] If]q (Domain) ={1, 2, 3, 4}   -u_ kmng f sf] lj:tf/If]q (Range) ={10, 20, 30, 40}

–1

0

1

2

–1

1

3

5

f

A B

sndsf] ;ª\Vof d"No
1 10
2 20
3 30
4 40
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 cEof; 1.1 (G)

1. -s_  kmngsf] If]q, ;xIf]q, lj:tf/If]qnfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ .

 -v_  kmngsf] k|ltljDa tyf k"j{ k|ltljDanfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ . 

2. tnsf] tflnsfn] kmng f nfO{ hgfpF5 . 

x 1 2 3 4
y 1 4 9 16

 -s_  kmng f nfO{ j|mdhf]8fx¿sf] ;d"xsf ¿kdf n]Vg'xf];\ .

 -v_  kmng f sf] If]q / lj:tf/If]q n]Vg'xf];\ . 

 -u_  9 sf] k"j{ k|ltljDa slt xf] < n]Vg'xf];\ . 

 -3_  kmng f nfO{ ;"qåf/f n]Vg'xf];\ .

3. lbOPsf] ldnfglrqaf6 tnsf k|Zgx¿sf] pQ/ lbg''xf];\ M

 -s_  s] g n] kmng hgfpF5 < sf/0f;lxt n]Vg'xf];\ .

 -v_  8 sf] k"j{ k|ltljDa slt x'G5 < 

 -u_  g sf] If]q, ;xIf]q / lj:tf/If]q n]Vg'xf];\ . 

 -3_  g(5) + g(7) sf] dfg slt x'G5 <

 -ª_  kmng g nfO{ ;"qåf/f n]Vg'xf];\ . 

4. tnsf] k|To]s ca:yfdf kmngsf] lj:tf/If]q kQf nufpg'xf];\ M

 -s_ f = {(2, 4), (3, 6), (4, 8)}

 -v_ g =  {(x, y): y = x – 3, 2 < x < 5, x ∈ N }

 -u_ h (x)  = x2 – 2x , If]q = {0, 1, 2} 

5. tnsf k|To]s ca:yfdf kmngsf] If]q kQf nufpg'xf];\ M

 -s_ f (x)  = 3x + 5 , lj:tf/If]q = {2, 8} 

 -v_  g(x)  = 4x – 5 , lj:tf/If]q = {–1, 7}

 -u_  h(x) = x2, lj:tf/If]q = {9, 16}

 -3_  g(x)  = 2x + 5 sf] k|ltljDax¿sf] ;d"x = {7, 11, 15} eP k"j{ k|ltljDax¿sf] ;d"x 
  kQf nufpg'xf];\ . 

 -ª_  olb kmng f (x) = 4x – 3  sf] k|ltljDax¿sf] ;d"x {1, 5, 9} eP k"j{ k|ltljDax¿sf] 
  ;d"x kQf nufpg'xf];\ . 

6. tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

 -s_  kmng f (x) = 
(2x – 3)

5  sf] If]qdf x'g] s'g ;b:osf] k|ltljDa 7 x'G5 < kQf nufpg'xf];\ . 

 -v_  kmng f (x) = 3x + 5 sf] If]qdf x'g] s'g ;b:osf] k|ltljDa 8 x'G5 <

3

5

7

6

8

10

13

g

A B
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 -u_ kmng f (x) = 
2 

x – 4 sf] If]qdf x'g] s'g ;b:osf] k|ltljDa 
1 
2  x'G5 <

 -3_  kmng f (x) = 2x – 5 sf] kmng If]qdf x'g] s'g ;b:osf] k|ltljDa 9 x'G5 <

7. olb kmng f: A → W hxfF A = {0 ≤ x  ≤ 4, x ∈ W} df f (x) = 2x – 3 åf/f kl/eflift ul/Psf] 5 . 

 -s_  kmngsf] If]q n]Vg'xf];\ . 

 -v_  kmngsf] lj:tf/If]q kQf nufpg'xf];\ .

 -u_  kmngnfO{ ldnfg lrq df k|:t't u/L s:tf] k|sf/sf] kmng xf] n]Vg'xf];\ .

pQ/

1  lzIfsnfO{ b]vfpg'xf];\ .

2.  -s_  f = {(1, 1), (2, 4), (3, 9), (4, 16)}  
 -v_  D = {1, 2, 3, 4}, R = {1, 4, 9, 16}   -u_ 3  -3_  f (x) = x2

3.  -s_  g n] kmng hgfpF5 lsgls If]qsf k|To]s ;b:ox¿sf] Pp6f dfq k|ltljDa 5g\ . 

 -v_  5 -u_ If]q = {3, 5, 7 },  ;xIf]q = {6, 8, 10, 13}, la:tf/ If]q = {6, 8, 10}

 -3_ 18 -ª_ g(x) = x + 3

4.  -s_ {4, 6, 8}   -v_ {0, 1} -u_ {0, –1} 
5.  -s_  {–1, 1}  -v_ {1, 3} -u_ {±3,  ±4} -3_ { 1, 3, 5} -ª_ {1, 2, 3}

6. -s_ 19  -v_ 1  -u_ 8  -3_ 7

7. -s_ {0, 1, 2, 3, 4}, -v_ { –3, –1, 1, 3, 5}

kmngsf k|sf/ (Types of Function)

tn lbOPsf kmngsf pbfx/0fx¿ cWoog u/L sIffdf 5nkmn ug'{xf];\ M

;Dk"0f{ kmng (Onto Function)

olb kmng  f : A → B df lj:tf/If]q / ;xIf]q pxL jf a/fa/ eP To:tf] 
kmngnfO{ ;Dk"0f{ kmng elgG5 . cyf{t\ ;xIf]qsf ;a} ;b:ox¿sf] k"j{ 
k|ltljDa ePsf] kmngnfO{ ;Dk"0f{ kmng elgG5 . h:t} M

ck"0f{ kmng (Into F unction)

olb kmng  f : A → B df ;xIf]qsf ;a} ;b:ox¿sf] k"j{k|ltljDa 
gePsf] kmngnfO{ ck"0f{ kmng elgG5 . o;k|sf/sf] kmngdf lj:tf/If]q 
;xIf]qsf] pko'St pk;d"x x'G5 . h:t} M

3

5

7

6

8

10

f

A B

3

5

7

6

8

10

13

f

A B
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Ps Ps kmng (One to One Function)

olb kmng  f : A → B df If]qsf km/s km/s ;b:ox¿sf] ;xIf]qsf klg 
km/s km/s ;b:ox¿;Fu ;DaGw ePdf To:tf] kmngnfO{ Ps Ps kmng 
elgG5 . cyf{t\, lj:tf/If]qsf k|To]s ;b:osf] Psdfq k"j{ k|ltljDa 
ePsf] kmngnfO{ Ps Ps kmng elgG5 . 

ax'Ps kmng (Many to One Function)

olb kmng  f : A → B df If]qsf PseGbf a9L ;b:ox¿sf] ;xIf]qsf
Ps ;b:ox¿;Fu ;DaGw ePdf To:tf] kmngnfO{ ax'Ps kmng elgG5 . 
cyf{t\, lj:tf/If]qsf sDtLdf Pp6f ;b:osf] PseGbf a9L k"j{ 
k|ltljDa ePsf] kmngnfO{ ax'Ps kmng elgG5 . 

1

2

3

3

4

5

f

A B

1

-1

2

1

4

9

f

A B

1

2

3

4

f

A B
x1

x2

x3

c

f

A B

s]xL ljz]if k|sf/sf kmngx¿
crn kmng (Constant Function)

kmng f : A→B df If]qsf k|To]s ;b:osf] k|ltljDa Pp6f dfq ePdf To:tf] kmngnfO{ crn 
kmng elgG5 . f (x) = c :j¿ksf] kmngnfO{ crn kmng elgG5 h;df c Pp6f crn xf] .  

x s

A
1

2

3

1

2

3

f

A B B

f

X

Y

–3 –2 –1  0   1   2   3 

4
3
2
1

–1
–2
–3

f(x)

PsfTds kmng (Identity Function)

kmng f : A→A df If]qsf k|To]s ;b:osf] k|ltljDa cfk}Fm cyf{t\ k|ltljDa / k"j{ k|ltljDa Ps} 
ePdf To:tf] kmngnfO{ PsfTds kmng elgG5 . o;sf] :j¿ksf] f (x) = x x'G5 .  

X

Y

–3 –2 –1  0   1   2   3 

4
3
2
1

–1
–2
–3

f(x)



33P]lR5s ul0ft, sIff (

;dfwfg 

lbOPsf] kmng f Ps Ps ;Dk"0f{ kmng xf] lsgls If]qsf k|To]s ;b:ox¿sf] km/s km/s k|ltljDa 
/x]sf] 5 / ;xIf]q / lj:tf/If]q klg a/fa/ 5 .

3

5

7

6

8

10

f

A B

cEof; 1.1 (H)

1. tnsf k|To]s kmngx¿sf] pbfx/0f;lxt kl/eflift ug'{xf];\ M

 -s_ ;Dk"0f{ kmng  -v_ ck"0f{ kmng -u_ /]vLo kmng  -3_ crn kmng

2.  tn lbOPsf k|To]s kmngx¿sf] sf/0f;lxt k|sf/ n]Vg'xf];\ M 

-s_ -v_ -u_

a

b

c

d

a

b

c

a

b

c

f g h

A A AB B B
1

2

3

4

1

2

3

1

2

3

/]vLo kmng (Linear Function)
f (x) = mx + c :j¿ksf] kmngnfO{ /]vLo kmng elgG5 . /]vLo kmngsf] n]vflrq hlxn] klg l;wf 
/]vf x'G5 .  m n] l;wf /]vfsf] e'msfj / c n] Y – v08nfO{ hgfpF5 . m sf] ljleGg dfgcg';f/
sf] /]vLo kmngsf] n]vflrq tn k|:t't ul/Psf] 5 . 

pbfx/0f 1  

;Fu}sf] ldnfglrqdf kmng f nfO{ b]vfOPsf] 5 . 
of] s'g k|sf/sf] kmng xf] < sf/0f;lxt  
n]Vg'xf];\ .

X

Y

 –3 –2 –1 0    1   2   3 

4
3
2
1

–1
–2
–3

f(x)

X

Y

–3 –2 –1    0  1  2   3 

4
3
2
1

–1  
–2
–3

f(x)

m = 1

m = –1
c = 0

(1, 1)
(2, 2)

(3, 3)

Y

X

y = c

m = 0

c = 0
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-3_

1

2

a

b

c

f

A B

-ª_ -r_

3. tnsf n]vflrqx¿n] hgfpg] kmngsf] k|sf/ n]Vg'xf];\ M

-s_

 

 -v_

 

-u_

4.  olb A = {1, 3}, B = {4, 6, 8} 5 . A af6 B df tnsf kmngx¿ lgdf{0f ug'{xf];\ . 
 -s_ Ps Ps kmng  -v_ Ps Ps ck"0f{ kmng       -u_ ax'Ps ck"0f{ kmng
5.  olb P = {3, 4, 5}, Q = {4, 5, 6} 5 . P af6 Q df tnsf kmngx¿ lgdf{0f ug'{xf];\ . 
 -s_ Ps Ps ;Dk"0f{ kmng  -v_ crn kmng 
 -u_  ax'Ps ck"0f{ kmng  -3_ PsfTds kmng
6.  tnsf k|To]s kmngx¿nfO{ ldnfg lrqdf k|:t't u/L ltgsf k|sf/ n]Vg'xf];\ .
 -s_  f = {(1, 2), (2, 4), (3, 6)}  -v_  g = {(1, 1), (– 1, 1), (2, 4), (3, 9)}

 -u_  h = {(1, 0), (2, 0), (3, 0)}

 pQ/
 1. lzIfsnfO{ b]vfpg'xf];\ . 

 2.  s_ If]qsf km/s km/s ;b:ox¿sf] ;xIf]qsf klg km/s km/s ;b:ox¿;Fu ;DaGw /x]sf] / ;xIf]q 
  / lj:tf/If]q klg a/fa/ ePsfn] kmng f Ps Ps ;Dk"0f{ kmng xf] . 

 -v_ b]lv -r_ ;Ddsf] pQ/ lzIfsnfO{ b]vfpg'xf];\ .  

 3.  -s_ /]vLo,   -v_ /]vLo,   -u_ crn k|Zg 4 / 5 sf] pQ/ lzIfsnfO{ b]vfpg'xf];\ . 

 6. -s_ Ps Ps ;Dk"0f{      -v_ ax'Ps ;Dk"0f{     -u_ crn kmng

a

b

c

j

A B
1

2

3

d

k

A B
a

b

c

X X
X

Y Y
Y
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1.1.8  kmng;Fu ;DalGwt ;d:ofx¿ (Problems Related To Function)

kmngsf] dfg (Values of Function)

olb kmng f(x) n] k|To]s x sf] dfgsf nflu Pp6f dfq y lbG5 
eg] y = f (x) nfO{ pSt kmngsf] dfg elgG5 . lrqdf f(x) = x 

+ 5 df x =  2 sf] nflu kmngsf] dfg f(2) = 2 + 5 = 7 x'G5 . f(x) 
nfO{ x sf] k|ltljDa (Image) elgG5 eg] x nfO{ y jf f (x) sf] k"j{ 
k|ltljDa (Pre-Image)  elgG5 . 

pbfx/0f 1  

olb kmng f (x) = 2x – 4 eP f (1), f (–1), f (2), f (–2) sf dfgx¿ 
kQf nufpg'xf];\ . 

;dfwfg

oxfF, f (x) = 2x – 4
  f (1) = 2 × 1 – 4 = –2
      f (–1) = 2× (–1) – 4 = –6
 f (2) = 2 × (2) – 4 = 0
 f (–2) = 2 × (–2) – 4 = –8

∴ f (1) = –2, f (–1) = –6  , f (2) = 0, f (–2) = –8 

pbfx/0f 2  

olb f (x + 3) = 2x + 1 eP f (x) / f ( –3) sf] dfg kQf nufpg'xf];\ . 

;dfwfg 

oxfF, f (x + 3) = 2x + 1, f (x + 3) = 2 (x + 3) – 5

cyjf,  x + 3 sf] ;6\6f x /fVbf, 

cyjf, f (x) = 2x – 5

km]l/, f (– 3) = 2 × (–3) –  5 =  –6 – 5 = –11

pbfx/0f 3  

olb f (x) = 2x  eP f (a + b) =  f (a) + f (b) x'G5 egL k|dfl0ft ug'{xf];\ . 

;dfwfg 

oxfF, f(x) = 2x  , f(a) = 2a , f (b) = 2b, f (a + b) = 2(a + b)

ca, L.H.S. =  f (a + b) = 2(a + b) = 2a + 2b = f (a) + f (b) = R. H. S. 

Inputs (x = 2)

Function (Rule)
y = f(x) = x + 5

Outputs (y = 7)

j}slNks tl/sf
dfgf}F, x + 3 = a, 

cyjf, x = a – 3
f (x + 3) = 2x + 1

cyjf,  f (a) = 2 (a – 3) + 1

cyjf,   f (a) = 2a – 5

cyjf,   f (x) = 2x – 5 (x sf] ;6\6f a /fVbf)



36 P]lR5s ul0ft, sIff (

pbfx/0f 4  

olb Pp6f kmng  f : R → R nfO{ f (3x) =  f (3) + f (x)  åf/f kl/eflift ul/Psf] 5 eg] f (1),  f (3) 

/ f (9) sf] dfg kQf nufpg'xf];\ . 

;dfwfg 

oxfF, f (3x) =  f (3) + f (x)  

x =  1 /fVbf,  f (3 × 1) =  f (3) + f (1)  

 cyjf,  f (3) =  f (3) + f (1)  

 cyjf,  f (1) =  f (3) – f (3) = 0
 ∴   f (1) = 0

x =  0 /fVbf,  f (3 × 0) =  f (3) + f (0)  

 cyjf,  f (0) =  f (3) + f (0)  

 cyjf, , f (3) =  f (0) – f (0) = 0
 ∴   f (3) = 0

x =  3 /fVbf,  f (3 × 3) =  f (3) + f (3)  

 cyjf,  f (9) =  0 + 0  = 0

 ∴   f (9) = 0

pbfx/0f 5  

olb kmng f (x) = p x + q / f (1) = 4 / olb f (3) = 6  eP 

-s_  p / q sf] dfgx¿ kQf nufpg'xf];\ .  -v_ kmng f (x) kQf nufpg'xf];\ . 

-u_  f (–3) + f (0) sf] dfg kQf nufpg'xf];\ .

;dfwfg

-s_  oxfF, f (x) = px + q / f (1) = 4 / olb f (3) = 6

 t/, f (1) = p + q / f (3) = 3p + q 

 k|Zgaf6,  p + q = 4 …  (i)

   3p + q = 6 …  (ii)

 ;dLs/0f (i) / (ii) nfO{ xn ubf{, p = 1 / q = 3

-v_  kmng f (x) = px + q = x + 3

-u_  oxfF, f (x) =  x + 3, f (0 ) =  0 + 3 = 3, f (–3) =  –3 + 3 = 0

 ca,  f (–3) + f (0) = 0 + 3 = 3.

cEof; 1.1 (H)

1 .  -s_  olb  f (x) = 4x + 5, eP f (2),  f (3),  f (5) sf] dfgx¿ kQf nufpg'xf];\ . 

 -v_  olb  f (x) = 2x2  – 1, eP f (–1),  f (0),  f (2) sf] dfgx¿ kQf nufpg'xf];\ . 

 -u_  olb  h (x) = 3x2 + 2x – 1, eP h (0),  h (2),  h (4) sf] dfgx¿ kQf nufpg'xf];\ . 

 -3_  olb  g(x) = x3  – 2, eP g(1),  g(–1),  g(2),  g(–2) sf] dfgx¿ kQf nufpg'xf];\ . 
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 -ª_  olb  f (x) = (x2 + 3x – 2)
(x – 2) x – 2 ≠ 0 eP f (4) – f (1) +  f (0) sf] dfg kQf nufpg'xf];\ . 

2.  -s_  olb  f (2x + 3) = 2x – 1, eP   f (x), / f (–2) sf] dfgx¿ kQf nufpg'xf];\ . 

 -v_  olb  f (3x – 4) = 6x – 5, eP   f (x), /  f (2) sf] dfgx¿ kQf nufpg'xf];\ . 

 -u_  olb  f (3x – 5) = 6x – 13, eP f (5x), /  f (–3) sf] dfgx¿ kQf nufpg'xf];\ . 

 -3_  olb  f (3x + 2) = 12x – 5, eP f (x), /  f (6) sf] dfgx¿ kQf nufpg'xf];\ . 

3.   -s_  olb f (y) = ay , eP f (a – b) =   f (a) ÷ f (b) x'G5 egL k|dfl0ft ug'{xf];\ . 

 -v_  olb f (x) = 5x , eP f (a + b) =   f (a) × f (b) x'G5 egL k|dfl0ft ug'{xf];\ . 

 -u_ olb f (m) = 7m , eP f (x∙y) =   (f (y))x   x'G5 egL k|dfl0ft ug'{xf];\ . 

4.  -s_  olb Pp6f kmng f : R → R nfO{ f (5x) =  f (5) + f (x) åf/f kl/eflift ul/Psf] 5 
 eg] f (1),  f (5) / f (25) sf] dfg kQf nufpg'xf];\ . 

 -v_  olb Pp6f kmng f (x + 3) =  f (3) + f (x)  eP f (0) = 0,   f (–3) = – f (3) x'G5 egL k|dfl0ft 
  ug'{xf];\ .

 -u_  olb Pp6f kmng f (x + 7) =  f (10) + f (x)  eP f (3) = 0,  f (–4) = – f (10) x'G5 egL 
  k|dfl0ft ug'{xf];\ .

 -3_  olb Pp6f kmng f (x + a) =  f (x) + f (a), a ∈ R eP f (0) = 0,   f (–a) = – f (a) x'G5 egL 
  k|dfl0ft ug'{xf];\ .

5. -s_  olb Pp6f kmng  f (x) = 2x2  – 1 /  g (x) = 1 – 3x a/fa/ x'g] If]q kQf nufpg'xf];\ . 

 -v_  olb Pp6f kmng  f (x) = 3x2 + 4x – 5 /  g (x) = 2x2 – 3x – 17 5 x sf] dfgx¿ 
  slt slt x'Fbf f (x) = g (x) x'G5 kQf nufpg'xf];\ . 

 -u_  olb Pp6f kmng  h (t) = 5t2 – 3t + 4  /  g (t) = t2 + 4t + 1 5 / h (t) = g (t) eP x sf] 
  dfgx¿ kQf nufpg'xf];\ . 

6.  -s_  olb kmng f (x ) = ax + b  / f (2) = 2,   f (–3) = –13 eP 

  -c_ a / b sf dfgx¿ kQf nufpg''xf];\ .  -cf_  kmng f (x) kQf nufpg'xf];\ . 

  -O_ f ( 1 
3 ) sf] dfg kQf nufpg'xf];\ . 

 -v_  olb kmng f (x ) = mx + c / f (3) = 9,   f (5) = 13 eP m / c sf dfgx¿ kQf nufpg''xf];\ .

pQ/

1. -s_ 13, 17, 25 -v_ 1, –1, 7 -u_ –1, 15, 55 -3_ –1, –3, 6, –10  -ª_ 16

2. -s_ x – 4, –6 -v_  2x +3, 7 -u_ 10x – 3, –9 -3_  4x + 3, 27

4. -s_  0, 0, 0   5. -s_  {–2, 1 
2 }  -v_  –3, –4 -u_ 1,

3 
4   

6.  -s_  -c_ 3, –4 -cf_ 3x – 4,  -O_ –3 v_ 2, 3
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1.1.9 ;DaGw / kmnglar leGgtf (Difference Between Relation and Function)
tnsf] tflnsf cWoog ug'{xf];\ .

;DaGw kmng

b'O{ ;d"xlarsf] sf6]{l;og u'0fgkmnsf]
pk;d"xnfO{ ;DaGw elgG5 .

kmng ljz]if k|sf/sf] ;DaGw xf] h;df If]qsf]  
k|To]s ;b:osf] ;xIf]qsf] Ps dfq ;b:o;Fu 
;DaGw /x]sf] x'G5 .

b'O{ ;d"xx¿ A / B larsf] ;DaGwnfO{ 
R : A → B n] hgfOG5 . oxfF ;DaGwsf] If]q, 
A sf] pk;d"x klg x'g ;S5 .

olb A / B nfO{ j|mdzM If]q / ;xIf]q dfGbf A 
/ B larsf] kmngnfO{ f : A → B n] hgfOG5 .
oxfF, kmngsf] If]q ;d"x A g} x'G5 .

pbfx/0f M

R = {(1,1). (1, –1), (4, 2), (4, –2)}

pbfx/0f M

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

ljrf/0fLo k|Zg M ;DaGw / kmngsf] ;DaGw hgfpg tnsf] s'g lrq ;xL 5 < lgisif{ klg 
n]Vg'xf];\ . kmng

;DaGw

(a)

;DaGw

kmng

(b)

pbfx/0f 1  

tnsf ;DaGwx¿ kmng x'g\ of xf]Ogg\ sf/0f;lxt n]Vg'xf];\ .

-s_ R = {(1, 2), (2, 3), (2, 4), (3, 5)}

-v_ R

x 1 2 3 4
y 1 4 9 16

-u_  ;DaGw R nfO{ tnsf] n]vflrqdf k|:t't ul/Psf] 5, 
Y

X

5
4
3
2
1
0

-1
-2

-1    0    1    2    3    4    
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(x, f(x))
(y = f(x))

f(x))

X
xO

Y

;dfwfg 

-s_  If]qsf] Pp6f ;b:o 2 sf] 3 / 4 ;Fu ;DaGw ePsfn] lbOPsf] ;DaGw kmng xf]Og .

-v_  If]qsf] k|To]s ;b:osf] lj:tf/If]qsf] Pp6f dfq ;b:o;Fu ;DaGw ePsfn] lbOPsf] ;DaGw  
 kmng xf] .

-u_  n]vflrqaf6 2 sf] ;DaGw 2 / 4 ;Fu ePsfn] lbOPsf] ;DaGw kmng xf]Og . 

1.1.10   kmng y = xn (n = 1, 2, 3) sf] n]vflrq (Graph of the Function y = xn, n = 1, 2, 3)

s'g} klg kmng y = f (x) sf] n]vflrq eg]sf] pSt kmngsf] lrqfTds k|:t'lt xf] h;n] kmngsf] 
Jojxf/nfO{ b[ZofTds ¿kdf k|:t't u5{, 
h;af6 w]/} s'/fsf] JofVof, ljZn]if0f tyf 
cg'dfg ug{ ;lsG5 . 

kmng y = f (x) sf] n]vflrq eGgfn] pSt 
kmngnfO{ dfGo x'g] ;a} (x, f (x)) jf 
(x, y) x¿sf] ;d"x xf] . o; v08df xfdL 
kmngx¿ y = x, y = x2 / y = x3 sf] n]vflrq 
lvRg l;Sg] 5f}F .

o; v08df xfdLn] lnPsf ;a} kmngx¿sf]  
If]q / lj:tf/If]q, jf:tljs ;ª\Vofx¿sf] 
;d"x (set of real numbers) nfO{ dflgPsf] 5 .

lj|mofsnfk 1  

-s_   y = f (x) = x sf] n]vflrq (Graph of y = x)

;dfwfg 

x –2 –1 0 1 2
y –2 –1 0 1 2

j|mdhf]8fx¿ (–2, –2), (–1, –1), (0, 0), (1, 1), (2, 2) 

x¿nfO{ n]vflrqdf cª\sg u/L hf]8\bf bfofFsf] n]vflrq  
aG5 .
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-v_  kmng y = f (x) = x2 nfO{ n]vflrqdf eg'{xf];\ .

 lbOPsf] tflnsf e/L x / y dfgx¿sf] j|mdhf]8f (x, y) agfO{ n]vflrqdf cª\sg ug'{xf];\ .

x 0 1 –1 2 –2 3 –3
y … … … … … … …

kmng f(x) = y = x2 nfO{ n]vflrqdf b]vfpg] s]xL ljGb'x¿ kQf nufcf}F .

lbOPsf] kmng y = x2

x :jtGq rn tyf y lge{/ rn xf] . To;}n] x sf] dfgx¿ 
xfdL cfkm}Fn] /fvL y sf] dfgx¿ lgsfnL (x, y) sf] 
j|mdhf]8f agfpFbf 

x –2 –1 0 1 2
y 4 1 0 1 4

j|mdhf]8fx¿ (–2, 4), (–1, 1), (0, 0), (1, 1), (2, 4) 
x¿nfO{ n]vflrqdf cª\sg u/L hf]8\bf, 
gf]6 M y = x2 sf] n]vflrqnfO{ kf/fjf]nf (parabola) elgG5 . o;nfO{ zLif{ljGb' (Turning point or vertex ) 

(0, 0) ePsf] ju{kmngsf] n]vflrq elgG5 .
-u_  kmng y =  f (x) = x3 sf] n]vflrq 
lbOPsf] kmng y = x3

x :jtGq rn tyf y lge{/ rn xf] . To;}n] x sf] dfgx¿ xfdL cfkm}Fn] /fvL y sf] dfgx¿ 
lgsfnL (x, y) sf] j|mdhf]8f agfpFbf 

x –2 –1 0 1 2
y –8 –1 0 1 8

j|mdhf]8fx¿ (–2, –8), (–1, –1), (0, 0), (1, 1), (2, 8) x¿nfO{ n]vflrqdf cª\sg u/L hf]8\bf
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pbfx/0f 1  

lbOPsf] n]vflrqaf6 tf]lsPsf x sf] dfgsf] cfwf/df 
y jf f (x) sf] dfg lgsfNg'xf];\ .

x 0 1 2 –1
y = f (x) … … … …

;dfwfg

n]vflrqaf6, x = 0 x'Fbf, f (x) = 0 5 .

 x = 1 x'Fbf f (x) = 1     x = 2 x'Fbf f (x) = 4  x = –1 x'Fbf f (x) = 1 

1

–1

2

1

4

9

R

A B

cEof; 1.1 (I)

1. tnsf s'g s'g ;DaGw kmng x'g\, sf/0f;lxt n]Vg'xf];\ M

 -s_ R = {(1, 2), (3, 5), (5, 7), (7, 9)}  -v_ R = {(1, 2), (2, 3), (3, 5), (3, 6)}

 -u_ R = {(1, 3), (1, 5), (4, 3)}

2. tnsf s'g s'g ;DaGwx¿ kmng x'g\, sf/0f;lxt n]Vg'xf];\ M

 -s_      -v_ R    -u_ R
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 -3_  R

x 1 2 3
y 1 4 9

 -r_

1

–1

2

1

4

R

A B

3. -s_ kmng f (x) = x sf] n]vflrq lvRg'xf];\ . -v_ kmng f (x) = x2 sf] n]vflrq lvRg'xf];\ .

 -u_ kmng f (x) = x3 sf] n]vflrq lvRg'xf];\ .

4.  tnsf] n]vflrqsf cfwf/df tf]lsPsf] ljGb'df x jf y sf] dfg lgsfNg'xf];\ .

-ª_   R

x 1 1 2
y 1 –1 4

x 3 –1 x .... ...
y … ........ y 4 1

5. bfofF kmng f (x) sf] n]vflrq lbOPsf] 5 . 

 n]vflrqaf6 f (0), f (–1), f (2)  sf] dfgx¿ 
 n]Vg'xf];\ . 

pQ/

k|Zg 1 b]lv 3 ;Ddsf] pQ/ lzIfsnfO{ b]vfpg'xf];\ .

4. -s_ 3, –1  -v_ 2, 1 5. f (0) = 0,   f (–1) = –1,   f (2) = 8
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1.2 ax'kbLo (Polynomials)

1.2.0  kl/ro (Introduction)

lu|ssf ljåfg Diophantus n] ljleGg ;dLs/0fx¿sf] cWoog ;'? 
u/]sf lyP . P]ltxfl;s ¿kdf ax'kbLosf] cWoog ju{;dLs/0f / o;sf] xn  
ug]{] ;d:ofaf6 ;'? eO{ HofldtLo tl/sfn] cyf{t\ ju{ k"/f u/]/ xn ug]{  
tl/sf eg] klxnf] k6s c/aL ul0ft1 cn–Vjfl/HdLn] (Al-Khwarizmi) 
u/]sf lyP . ax'kbLosf] k|of]u ul0ftdf dfq geO{ cy{zf:q, sDKo'6/ lj1fg 
tyf cGo ljljw If]qx¿sf ;d:of ;dfwfg ug{;d]t ul/G5 .

1.2.1 ax'kbLosf] cjwf/0ff / o;sf] d"nx¿ (Concept of Polynomial and Its Roots)

lj|mofsnfk 1  Ps rno'St ax'kbLo

 ;d:of 

bfofFsf] lrqdf nDafO 2x + 3  PsfO / rf}8fO x + 2 PsfO ePsf] Pp6f cfot lbOPsf] 5 . 

-s_ pSt cfotsf] If]qkmn slt x'G5 <  

-v_ If]qkmn slt kbLo ljhLo cleJo~hs xf] <

-u_ k|To]s kbdf rnsf] 3ftfª\s slt 5g\ < n]Vg'xf];\ . 

-3_ s] ;a} 3ftfª\sx¿ k"0f{;ª\Vof x'g\ <

-ª_ k|To]s kbx¿df rnsf] u'0ffª\sx¿ slt slt 5g\ <

cxn sf] :j¿kdf ePsf] cfg'kflts cleJo~hsx¿nfO{ g} Pp6f rn x df ePsf] ax'kbLox¿ 
(Polynomials in one Variable) elgG5, hxfF n Pp6f k"0f{;ª\Vof (whole Number) / c  crn 
(constant) /flz xf] . ax'kbLox¿nfO{ p(x), q(x), r(x),... cflb ;ª\s]tx¿n] hgfOG5 . h:t} M 

p(x) = 5x3 – 3x2 + 2x – 6, q(x) = 3x – 2 cflb ax'kbLox¿ x'g\ t/ x–3 + 2x2 – 5x, 
1 
x  + 5 cflb 

ax'kbLox¿ xf]Ogg\ lsgeg] oxfF x–3 df x sf] 3ftfª\s –3 k"0f{;ª\Vof xf]Og . To;}u/L 
1 
x  df 

x sf] 3ftfª\s –1 k"0f{;ª\Vof xf]Og .

pbfx/0f 1  

tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

-s_  ax'kbLo p(x) = x3 + 3x2 – 2x – 6 df sltcf]6f kbx¿ /x]sf 5g\ < x3 / x sf] u'0ffª\sx¿ s] 
 s] x'g\ < n]Vg'xf];\ . 

-v_  p(x) =  x84  + 5x – 2  / q(x) = x3  + 5x – 2 ax'kbLox¿ x'g\ jf xf]Ogg\ < sf/0f;lxt n]Vg'xf];\ . 

Al-Khwarizmi
(780-850 C.E.)

2x + 3

x 
+ 

2
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;dfwfg 
-s_  oxfF, p(x) = x3 + 3x2 – 2x – 6 5 . pSt ax'kbLodf hDdf rf/cf]6f kb /x]sf 5g\ . 
 x3 / x sf] u'0ffª\sx¿ j|mdzM 1 / –2 5g\ . 

-v_  p(x) = x84  + 5x – 2 = (x8 ) 4
1
  + 5x – 2 = x2 + 5x – 2 x'G5 . oxfF k|To]s kbx¿df 

 rnsf] 3ftfª\s k"0f{;ª\Vofdf ePsfn] p(x) ax'kbLo xf] . 

 bf];|f] cleJo~hs, q(x) = x3  + 5x – 2 5 . o;df klxnf] kbdf x3  /x]sf] 5 h;nfO{ 

 x3  = x3
1

 ) n]Vg ;lsG5 . t;y{, q(x) = x3  + 5x – 2 = x3
1

 + 5x – 2, df rn x sf] 
 3ftfª\s  3

1  k"0f{ ;ª\Vof gePsf]n] q(x) ax'kbLo xf]Og . 

ax'kbLox¿sf] :t/Lo :j¿k / l8u|L (Standard Form of a Polynomial and it’s Degree)
ax'kbLodf rnsf] 3ftfª\sx¿ j|mdzM 36\bf] jf a9\bf] j|mddf ePdf To;nfO{ :t/Lo :j¿ksf] 
ax'kbLo (polynomial in standard form) elgG5 . p(x) = 2x4 – 5x3 + 3x2 + 5x – 4 nfO{ :t/Lo 
:j¿ksf] ax'kbLo elgG5 lsgls rnsf] 3ftfª\sx¿ j|mdzM 36\bf] j|mddf 5g\ . To;}u/L, q(x) 

= 2x4 + 3x2 – 4 sf] ¿kdf n]vL rnsf] 3ftfª\sx¿ j|mdzM 36\bf] j|mdsf] k"0f{ ;ª\Vofx¿df agfO{ 
:t/Lo :j¿ksf] ¿kdf n]Vg ;lsG5 . 

ax'kbLox¿sf] k|To]s kbx¿df ePsf] rnsf] 3ftfª\sdWo] ;a}eGbf 7'nf] 3ftfª\snfO{ pSt 
ax'kbLosf] l8u|L elgG5 . ax'kbLosf] ;a}eGbf 7'nf] 3ftfª\s ePsf] kbsf] u'0ffª\snfO{ d'Vo 
u'0ffª\s (leading coefficiant) elgG5 .

pbfx/0f 2  

ax'kbLo p(x) = 3x5 – 6  nfO{ :t/Lo :j¿kdf n]Vg'xf];\ . o;sf] l8u|L slt 5 < d'Vo u'0ffª\s 
slt 5 < 

;dfwfg  

lbOPsf] ax'kbLo p(x) = 3x5 – 6  nfO{ lgDgfg';f/ :t/Lo :j¿kdf n]Vbf,  

 p(x) = 3x5 + 0∙x4 + 0∙x3 + 0∙x2 + 0∙x – 6  

o;sf] l8u|L 5 x'G5 . d'Vo u'0ffª\s 3 xf] . 

cEof; 1.2 (A)

1. ax'kbLosf] kl/efiff pbfx/0f;lxt n]Vg'xf];\ .

2. ax'kbLo 4x5 + 2x3 – 7x + 6 df x3 / x2 sf] u'0ffª\sx¿ n]Vg'xf];\ . 

3. ax'kbLo 4x6 – 7x + 6   df sltcf]6f kb 5g\ < o;sf] l8u|L slt x'G5 <

4. tnsf] dWo] s'g s'g ax'kbLox¿ x'g\ / s'g s'g ax'kbLox¿ xf]Ogg\ < sf/0f;lxt n]Vg'xf];\ . 

 -s_ x2 + √5  -v_  √ y + 3      -u_  z + 
5 
z       
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 -3_  √y + y√3   -ª_  x3 – 7x2 + 2x – 4      -r_  3x2 – 11x + 6    -5_  4x3+ 3 x  

5. tn lbOPsf ax'kbLox¿sf] l8u|L n]Vg'xf];\ M 

 -s_  2x4 –5x2 – 1                  -v_  x10 + 2x – 4 + 3x3  

 -u_ x5 + 2x3 – 7x7 + 6              -3_  –2x3  + 5x2  + 7x + x5

6. tnsf] ax'kbLox¿nfO{ :t/Lo :j¿kdf n]Vg'xf];\ M 

 -s_  2x3 + 5x2  + 7x + 9x4   -v_  x4 + 2x + 1 + 3x3  

 -u_  x5 + 2x3 – 7x + 6     -3_ 2x4 + 7x2 – 3  

pQ/ 

1. lzIfsnfO{ b]vfpg'xf];\ . 

2. x3 / x2 sf] u'0ffª\sx¿ j|mdzM 2 / 0 x'G5 . 

3. kbx¿sf] ;ª\Vof = 3, l8u|L = 6  4. lzIfsnfO{ b]vfpg'xf];\ . 

5. -s_ 4     -v_  10            -u_  7            -3_  5

6. -s_ 2x3 + 5x2  + 7x + 9x4 = 9x4 + 2x3  + 5x2  + 7x

 -v_ x4 + 2x + 1 + 3x3  = x4 + 3x3 + 0x2 + 2x + 1 

 -u_ x5 + 2x3 – 7x + 6 = x5 + 0x4 + 2x3 + 0.x2 – 7x + 6

 -3_ 2x4 + 7x2 – 3 = 2x4 + 0x3 +  7x2 + 0x – 3  

ax'kbLox¿sf] d"n (Root of the Polynomials)

lj|mofsnfk 1  

lgb]{zg M Pp6f ax'kbLo p(x) = x2 – 7x + 12  5 . tnsf] tflnsf eg'{xf];\ . 

x 1 2 3 4 ...
p(x)

 x sf] dfg slt x'Fbf p(x) sf] dfg 0 cfof] <

lbOPsf] ax'kbLodf rn/flzsf] dfg /fVbf h'g dfgn] ax'kbLonfO{ z"Go agfpF5, ;f]xL dfgnfO{ 
pSt ax'kbLosf] d"n (root) elgG5 . cyf{t\ olb x = a /fVbf ax'kbLo p(a) = 0 ePdf x sf] Pp6f 
d"n a x'G5 . 

csf]{ tl/sfn] dflysf] ax'kbLosf] d"n lgsfNbf, 

dfgf}F, p(x) sf] d"n a eP p(a) = 0 x'G5 . 

  p(a) = 0  

cyjf, a2 – 7a + 12 = 0    

cyjf, (a – 4) (a – 3) = 0
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cyjf, a – 3 = 0

oxfF, a – 4 = 0, a = 4 jf a = 3 

t;y{, p(x) sf d"nx¿ 3 / 4 x'G5g\ .

pbfx/0f 1  

bfofFsf] lrqdf p(x) = x3 sf] n]vflrq lbOPsf] 5 . pSt 
n]vflrq x]/L p(x) sf] Pp6f d"n (root) slt x'G5 kQf nufpg'xf];\ . 

;dfwfg 

lbOPsf] n]vflrqdf p(x) n] X – cIfdf x = 0 df e]6 
u/]sf] 5 . To;}n] o;sf] d"n (root), 0 x'G5 . 

cyf{t\, p(0) = 03= 0

pbfx/0f 2  

olb ax'kbLo p(x) = 2x2 – kx + 8 sf] Pp6f d"n 4 eP k sf] dfg slt x'G5 < kQf nufpg'xf];\ . 

;dfwfg

lbOPsf] ax'kbLo p(x) sf] Pp6f d"n 4 5 To;}n] p(4) = 0 x'G5 

 p (4) = 0

cyjf, 2∙42 – k∙4 + 8 = 0 

cyjf, 32 – 4k +8 = 0 

cyjf, 40 – 4k = 0

cyjf, k = 10

t;y{, k sf] dfg 10 x'G5 . 

cEof; 1.2 (B)

1.   ax'kbLosf] d"n eGgfn] s] a'lemG5 . pbfx/0f;lxt n]Vg'xf];\ . ;fy} o;sf] HofldtLo cy{ 
 klg n]Vg'xf];\ . 

2. -s_ olb ax'kbLo p(x) sf] Pp6f d"n 2 eP o;sf] n]vflrqn] X – cIfsf] s'g ljGb'df 
  e]6 u/]sf] x'G5 < n]Vg'xf];\ . 

 -v_  olb ax'kbLo p(x) sf] Pp6f d"n –1 eP o;sf] n]vflrqn] X – cIfsf] s'g ljGb'df 
  e]6 u/]sf] x'G5 < n]Vg'xf];\ .

 -u_  olb ax'kbLo p(x) sf] d"nx¿ 3 / –1 eP o;sf] n]vflrqn] X – cIfsf] s'g s'g 
  ljGb'x¿df e]6 u/]sf] x'G5 < n]Vg'xf];\ .
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3.  tnsf] ax'kbLosf d"nx¿ kQf nufpg'xf];\ M

 -s_  p(x) = x + 3  -v_ p(x) = x2 – 9  -u_  p (x) = x2 – 1 

 -3_  p(x) = 2x2 – 7x + 6 -ª_ p(x) = x2 – 5x + 6

4. -s_ olb ax'kbLo p(x) = kx + 3 sf] Pp6f d"n 3 eP k sf] dfg slt x'G5 < 
  kQf nufpg'xf];\ . 

 -v_  olb ax'kbLo p(x) = x2 – kx + 6 sf] Pp6f d"n 3 eP k sf] dfg slt x'G5 < kQf 
  nufpg'xf];\ . 

 -u_  olb ax'kbLo p(x) = kx2 – 25 sf] Pp6f d"n 5 eP k sf] dfg slt x'G5 < kQf 
  nufpg'xf];\ . 

5.  tnsf] n]vflrqaf6 ax'kbLo p(x) sf] d"n kQf nufpg'xf];\ . 
 -s_                   -v_                      -u_       

                                       

pQ/ 
1 lzIfsnfO{ b]vfpg'xf];\ .

2 -s_ (2, 0)      -v_  (–1, 0)      -u_  (–1, 0) / (3, 0)

3 -s_ –3        -v_  3 / –3     -u_ 1 / –1     -3_  2 /  
3 
2       -ª_ 2 / 3

4 -s_ –1        -v_  5         -s_ 1

5 -s_ 1         -v_ 1, 3        -u_ –1

1.2.2  ax'kbLox¿sf] efu (Division of Polynomials)

;ª\lIfKt efuljlw (Synthetic Division)
;ª\lIfKt efuljlw, ax'kbLonfO{ b'O{kbLon] efu ug]{ 5f]6s/L ljlw xf] . ljleGg ax'kbLox¿sf] 
u'0fgv08 kQf nufpg tyf ax'kbLox¿sf] d"n kQf nufpg of] ljlwsf] k|of]u ug{ ;lsG5 .  
o;sf] tl/sf cWoogsf nflu tnsf] efu lj|mof cWoog ug'{xf];\ .

ax'kbLo 4x3 – 3x2 + x + 9 nfO{ x – 2 n] efu u/L efukmn / z]if kQf nufpg'xf];\ .  

oxfF, efhs x – 2  / efHo 4x3 – 3x2 + x + 9 5g\ . ;fwf/0f efuljlwaf6 efu ubf{,
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4x3 −  8x2 
−     + 

x−2 
4x3 − 3x2 + x + 9 

4x2 + 5x + 11 

−     + 

          5x2 + x  
          5x2 −10 x  

11 x + 9  

11 x − 22  

31 
−        + 

 4 −3 1 9 
2 

4 

8 

5 

10 

11 

22 

31 

dflysf] efunfO{ Ps}k6s 5f]6s/Ldf ubf{, 

lbOPsf] ax'kbLonfO{ -efHo_ :t/Lo :j¿kdf gePdf klxnf :t/Lo :j¿kdf /fVg'k5{ . dfly 
lbOPsf] ax'kbLo :t/Lo :j¿kdf 5 . ca x – 2 xfd|f] efhs xf] To;}n] 2 n] efu ug]{ . lrqdf b]
vfP h:t} u/L ;j{k|yd efHo ax'kbLodf ePsf] u'0ffª\sx¿ n]Vg'k5{  / dflysf] ;a} k|lj|mofx¿ 
Ps}k6s ug'{k5{ . 

t;y{ efukmn (Quotient) = 4x2 + 5x + 11  / z]if (Remainder)  = 31 

oxfF efHosf] l8u|LeGbf efhssf] l8u|L 1 sd x'G5 . 

ax'kbLo p(x) nfO{ b'OkbLo (x – a) n] efu ug]{ 5f]6s/L ljlw g} ;ª\lIfKt efuljlw (Synthetic 

Dividion Method) xf] . o; ljlwaf6 efu ubf{ efukmnsf] l8u|L efHosf] l8u|LeGbf Ps sd 
x'G5 . ljz]ifu/L ax'kbLosf] u'0fgv08x¿ kQf nufpg, efukmn tyf z]if kQf nufpg o; 
ljlwsf] k|of]u ul/G5 . 

 

 

 

 

 

 

 Zf]if 

cr/ kbsf] dfg 

x sf] u'0ffª\s 

x2 sf] u'0ffª\s 

 4 −3 1 9 
2 

4 

8 

5 

10 

11 

22 

31 

4 / 2 u'0fg u/L dfly 8 /fv]sf] / –3 df 8 hf]8\bf 
5 x'G5 . o;}u/L 5 / 11 sf] klg 2 ;Fu u'0fg u/L 
lrqdf h:t}u/L hf]8 ug]{ .
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pbfx/0f 1  
x3 – 3x2  – 2x + 5  nfO{ x – 2 n] efu u/L efukmn / z]if kQf nufpg'xf];\ .  
;dfwfg 
oxfF lbOPsf] ax'kbLo :t/Lo :j¿kdf 5 .  efhs x – 2  ePsfn] xfdL ;ª\lIfKt efuljlwdf 2 
n] efu u5f{}F . cyf{t\ efhs x – 2 nfO{ (x – a) ;Fu t'ngf ubf{ a = 2 x'G5 .

;ª\lIfKt efuljlwaf6 efu ubf{,

  3  4  11

5

  8

  2

  2

 3 

2

12

z]if

cr/ kbsf] dfg 

x sf] u'0ffª\sx2 sf] u'0ffª\s

efukmn (Quotient) = x2 – x – 4  z]if (Remainder) = –3

pbfx/0f 2  

ax'kbLo 8x3 – 1  nfO{   2x – 1 n] ;ª\lIfKt efuljlw k|of]u u/L efukmn / z]if kQf nufpg'xf];\ .  

;dfwfg 

oxfF lbOPsf] ax'kbLo :t/Lo :j¿kdf n]Vbf,  8x3 + 0∙x2 + 0∙x – 1,  rn /flzsf] u'0ffª\sx¿ j|mdzM 
8, 0, 0 / –1 5g\ .  efhs 2x – 1  ePsfn] efhs 2x – 1  nfO{ (x – a) ;Fu t'ngf ubf{, 2x – 1= 

2 (x – 1 
2

 ),   a = 1 
2
   x'G5 . t;y{ 1 

2
 n] efu ubf{, 

;ª\lIfKt efuljlwcg';f/,

0248

 1  

1

0

2

0

4

81
2

z]if

cr/ kbsf] dfg 
x sf] u'0ffª\sx2 sf] u'0ffª\s

∴ efukmn (Quotient) = 1 
2

(8x2 + 4x + 2) = 4x2 + 2x + 1 (lsg ?)    z]if (Remainder) =  0

cEof; 1.2 (C)

1.  ;ª\lIfKt efuljlwdf efhssf] l8u|L slt x'G5 <

2.  ;ª\lIfKt efuljlwdf efukmn / efHolarsf] l8u|Lsf] cGt/ tnsf dWo] slt x'G5 <
 -s_  –1  -v_ 1  -u_  n – 1  -3_  n 

– –

–

– –

–

–

–
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3.  ;ª\lIfKt efuljlw k|of]u u/L tnsf] ax'kbLox¿nfO{ tf]lsPsf] efhsn] efu ubf{ cfpg] 
 efukmn / z]if kQf nufpg'xf];\ M 

 -s_ efHo = x3 – 3x2 + 4x – 3, efhs = x – 1 

 -v_ efHo = 2x3 + 4x2 – 5x + 6, efhs =  x – 2 

 -u_ efHo = 2x3 –  11x2 – 19x – 10, efhs = x – 5 

 -3_ efHo = y3 –  3y2 – 4y + 12,  efhs = y + 2 

 -ª_ efHo = m3 – 7m2 + 7m + 15, efhs = m + 1 

 -r_ efHo = 5x2 – 6x – 9, efhs = x – 2 

4.  ;ª\lIfKt efuljlwsf] k|of]u u/L efukmn / z]if kQf nufpg'xf];\ M

 -s_ efHo = 2x3 + 9x2 + 7x – 6, efhs = 2x – 1 

 -v_ efHo = 2x3 + 3x2 – 11x – 6, efhs = 2x + 1 

 -u_ efHo = 6x3 – 5x2 – 3x + 2, efhs = 3x + 2 

 -3_ efHo = 3x3 – 13x2 + 16, efhs = 3x – 4 

 -ª_ efHo = 6x3 – 4 + 13x2, efhs = 3x + 2 

5.  -s_ olb 2x3 – 7x2 + x + 10 = (x – 1) ∙  Q(x) + R eP Q(x) / R sf] dfg kQf nufpg'xf];\ . 

 -v_  olb x3 – 19x – 30 = (x + 2) ∙  Q(x) + R eP Q(x) / R sf] dfg kQf nufpg'xf];\ . 

 -u_  olb x3 – 21x – 20 = (x + 1) ∙  Q(x) + R eP Q(x) / R sf] dfg kQf nufpg'xf];\ .

pQ/

1. 1  2. 1

3 -s_ efukmn =   x2 – 2x + 2       z]if =  –1 -v_ efukmn =   2x2 + 8x + 11      z]if = 28

 -u_ efukmn =  2x2 – x –  24      z]if =  –130 -3_ efukmn =   x2 – 5x + 6        z]if =  0

 -ª_ efukmn =   x2 – 8x + 15      z]if =  0  -r_ efukmn =   5x + 4           z]if = –1

4 -s_ efukmn =   x2 – 5x + 6      z]if = 0  -v_ efukmn =   x2 + x – 6          z]if = 0

 -u_ efukmn =  2x2 – 3x + 1       z]if = 0  -3_ efukmn =   x2 – 3x – 4       z]if = 0

 -ª_ efukmn =   2x2 + 3x – 2     z]if = 0

5 -s_ Q(x) =  2x2 – 5x – 4 ,        R = 6  -v_ Q(x) =  x2 – 2x – 15,            R = 0

 -u_ Q(x) = x2 – x – 20,                R = 0
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1.3  ;dLs/0f / c;dfgtf (Equation and Inequality)

1.3.0  kl/ro (Introduction)

xfdLn] b}lgs hLjgdf ljleGg zAbx¿ h:t} s'g} 7fpFsf] ofqf ubf{ nfUg] ;do atfpg …a9Ldf 
2 306fÚ jf,  s'g} ;fdfgsf] d"No tf]Sbf jf k;n];Fu d"No 36fpg cg'/f]w ubf{ …sDtLdf krf; 
?lkofFÚ tyf …a9Ldf ?= Ps xhf/ lbg ;Sg]Ú eGbf sd, eGbf a9L h:tf zAb jf jfSox¿  
k|of]u ul//x]sf x'G5f}F . oL ;a} s'/fx¿ c;dfgtf;Fu ;DalGwt 5g\ .

tnsf pbfx/0fx¿ x]/f}F M

– df]xgn] Ps 306fdf a9Ldf ? 90 sdfpF5 . 

– ;l/gfn] Ps 306fdf sDtLdf ?= 80 sdfpFl5g\ . 

olb df]xgsf] Ps 306fsf] sdfOnfO{ x / ;l/gfsf] Ps 306fsf] sdfO y eP, pgLx¿sf] 
sdfOnfO{ ul0ftLo jfSodf s;/L n]Vg ;lsG5 < ;f]Rg'xf];\ .

df]xg / ;l/gfsf] sdfOnfO{ ul0ftLo jfSodf n]Vbf, 

– df]xgsf] Ps 306fsf] sdfO x < 90

– ;l/gfsf] Ps 306fsf] sdfO y > 80

oL b'a} jfSox¿nfO{ ul0ftdf c;dfgtf elgG5 .  

l6«sf]6f]dLsf lrXgx¿ (<, >, ≤, ≥) k|of]u ePsf ul0ftLo sygx¿nfO{ c;dfgtf elgG5 . 
c;dfgtfdf rn /flzsf] l8u|L Ps ePsf] c;dfgtfx¿nfO{ /]vLo c;dfgtf (Linear In-

equlity) elgG5 . h:t} x ≤ 4,  y > 10, x + 2y ≥ 5 cflb . 

b}lgs hLjgsf Go"gtd tyf clwstd ;d:ofx¿sf] ;dfwfg ug{ tyf dflyNnf] sIffx¿df 
cWoogsf nflu xfdLnfO{ c;dfgtfsf] cWoog cfjZostf k5{ .

1.3.1 Psrno'St /]vLo c;dfgtf / n]vflrqdf k|:t't (Linear Inequality of 
  Single Variable and Its Graphical Representation)

lj|mofsnfk 1  

p2]Zo M lbOPsf] sygnfO{ c;dfgtfdf JoSt ug'{

;d:of M ;x/ A af6 ;x/ B df ofqf ubf{ sDtLdf 2 306fsf] ;do nfU5 eGg] sygnfO{ 
c;dfgtfdf s;/L JoSt ug{ ;lsG5 <
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olb /]vLo c;dfgtfdf Pp6f dfq rn/flz ePdf To:tf] c;dfgtfnfO{ Psrno'St /]vLo 
c;dfgtf elgG5 . Psrno'St /]vLo c;dfgtfsf ljleGg :j¿kx¿ o;k|sf/ 5g\ 
syg        c;dfgtf
x sf] dfg a eGbf sd       x < a jf a > x

x sf] dfg a eGbf a9L      x > a jf a < x

x sf] dfg sDtLdf a 5, a cyjf a eGbf a9L 5   x ≥ a  jf a ≤ x

x sf] dfg a9Ldf a 5, a cyjf a eGbf sd 5   a ≥ x  jf x ≤ a

pbfx/0f 1  

Ps hgf v]nf8Ln] tf]lsPsf] ;dodf cfk\mgf] k|lt:kwL{eGbf 5 u'0ff bf}l8Fbf p;n] 200 m jf ;f] 
eGbf a9L b'/L kf/ u5{ eg], 

-s_ dflysf] ;d:ofnfO{ c;dfgtfdf JoSt ug'{xf];\ .

-v_ c;dfgtfsf] xn u/L k|lt:kwL{n] kf/ u/]sf] Go"gtd b'/L slt xf]nf < kQf nufpg'xf];\ . 

;dfwfg

dfgf}F, k|lt:kwL{ v]nf8Ln] kf/ u/]sf] b'/L = x m, v]nf8Ln] kf/ u/]sf] b'/L =  5x m

-s_  Kff/ u/]sf] b'/L 200 m eGbf a9L ePsfn],

  5x – x ≥ 200

-v_ dflysf] c;dfgtf xn ubf{, 

 cyjf, 5x – x ≥ 200

 cyjf, 4x ≥ 200

 cyjf, x ≥  200 
4     [b'a}lt/ 4 n] efu u/]sf]]

 cyjf, x ≥ 50

t;y{, Go"gtd kf/ u/]sf] b'/L 50 /x]5 . 

c;dfgtfx¿sf] xn ubf{ Wofg lbg'kg]{ s'/fx¿

– ;ª\VofnfO{ c;dfgtfsf] b'a}lt/ hf]8\bf jf 36fpFbf c;dfgtfsf] lrXg kl/jt{g x'Fb}g .

– pxL wgfTds ;ª\Vofn] c;dfgtfsf] b'a}lt/ u'0fg jf efu ubf{ c;dfgtfsf] lrXg kl/jt{g  
 x'Fb}g .

– pxL C0ffTds ;ª\Vofn] c;dfgtfsf] b'a}lt/ u'0fg jf efu ubf{ c;dfgtfsf] lrXg  
 kl/jt{g x'G5 .

lj|mofsnfk 1  

x ≥ 2 / x < –1 nfO{ ;ª\Vof /]vf / n]vflrqdf k|:t't ug]{ tl/sfnfO{ cWoog ug'{xf];\ . 
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klxnf] c;dfgtf x ≥ 2  lnFbf, 

oxfF x sf] dfg 2 jf 2 eGbf 7'nf] /x]sf] 5 . 
t;y{ x = 2 n] hgfpg] l;wf/]vf lbOPsf] 
c;dfgtfsf] l;df /]vf x'G5 . 

klxnf x = 2 ljGb' /fVg] c;dfgtf lrXg "≥ " df eGbf 7'nf] / a/fa/ klg ePsfn] l;df/]vf lvRbf 
uf9f /]vf (Solid line) lvRg'k5{ . x sf] dfg 2 / 2 eGbf w]/} ePsfn] n]vflrqdf b]vfP h:t} x 

= 2 sf] bfofFlt/ 5fof kf/L xnIf]qnfO{ b]vfpg'k5{ . 

bf];|f] c;dfgtf x < –1  lnFbf, 

oxfF x sf] dfg –1 eGbf ;fgf] /x]sf] 5 .

t;y{ x = –1 n] hgfpg] l;wf/]vf lbOPsf] c;dfgtfsf] 
l;df /]vf x'G5 . 

n]vflrqdf klxnf x = –1 n] hgfpg] l;wf/]vf lvRg] / 
c;dfgtf lrXgdf eGbf ;fgf] (< ) ePsfn] l;df/]vf
lvRbf n]vflrqdf h:t} yf]Kn] /]vf (dotted line) 
lvRg'k5{ . x sf] dfg –1 eGbf ;fgf]  ePsfn] n]vflrqdf b]vfP h:t} x = –1 sf] afofFlt/ 5fof 
kf/L xnIf]qnfO{ b]vfpg'k5{ . 

Ps jf b'O{ rno'St /]vLo c;dfgtfx¿sf] xnIf]qnfO{ n]vflrqdf k|:t't ubf{ tnsf k|lj|mofx¿ 
ckgfOG5 

– olb c;dfgtfdf "≤" jf "≥" lrXg ePdf l;df/]vfsf ljGb'x¿ klg xnIf]qdf kg]{ hgfpg 
 uf9f l;df/]vf lvRg'k5{ . 

– olb c;dfgtfdf "<" jf ">" lrXg ePdf l;df/]vfsf ljGb'x¿ xnIf]qdf gkg]{ hgfpg 
 86 ePsf] l;df/]vf lvRg'k5{ . 

cEof; 1.3 (A)

1.  /]vLo c;dfgtf eGgfn] s] a'e\mg'x'G5 < pbfx/0f;lxt n]Vg'xf];\ . 

2.  tnsf c;dfgtfx¿nfO{ n]vflrqdf k|:t't u/L xnIf]qnfO{ 5fof kf/L b]vfpg'xf];\ .

 -s_ x ≥ 0       -v_ x ≤ 0        -u_ x ≥ 3        -3_ x > 1            -ª_ x ≥ –2  
 -r_ x > –3      -5_ x < 2       -h_ y ≥ 0        -em_ y ≤ 0            -`_ y ≥ 1   

 -6_ y > 3        -7_ y ≥ –4      -8_ y > –5       -9_ y < 2  

–3  –2 –1 0       1       2      3

x < –1 x > 2
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3.  tnsf] c;dfgtfx¿ xn u/L c;dfgtf If]qdf 5fof kf/L b]vfpg'xf];\ . 

 -s_ 2x + 5 ≤ 15 -v_   2x + 5 ≥ 15        -u_ x + 3 >7 

 -3_  5x ≤  20 -ª_   7 – x
2  ≥1      -r_  2 + x

3  < 1                    

 -5_   (3x + 1) ≥ 2 
3  (4x – 3)             -h_  

5 
4 (x + 1) ≤  

3 
2 (x – 1)     

 -em_ 
1 
3 (x + 2) ≥ 

1 
5 (x + 6)       -`_  3x + 1

 2
 ≤  2x – 1

 3

 -6_    4x + 1
 3

 >  3x – 1
 2

4. tnsf sygx¿ cWoog u/L c;dfgtfdf JoSt u/L ;dfwfg ug'{xf];\ .

 -s_  s'g} ;ª\Vofsf] tLg u'0ffdf 4 hf]8\bf 13 eGbf sd x'G5 .

 -v_  olb 3 nfO{ s'g} ;ª\Vofsf] b'O{ u'0ffaf6 36fpFbf 5 eGbf 7'nf] jf a/fa/ x'G5 .

-u_  olb Pp6f /fhdfu{df df]6/;fOsn sDtLdf 40 ls=dL= k|lt306fsf b/n] / a9Ldf 60 
ls= dL= k|lt306fsf b/n] s'bfpFbf 120 ls=dL= kf/ ug{ nfUg] ;dosf] cGt/fn slt 
x'G5 < n]Vg'xf];\ . 

-3_  ;xa'l4gn] klxnf], bf];|f] / t];|f] k/LIffsf] cltl/St ul0ft ljifosf] k/LIffdf j|mdzM 
72, 85 / 75 cª\s k|fKt u/] eg] ca cf};t k|fKtfª\s sDtLdf 80 x'g pgn] rf}yf] 
k/LIffdf slt cª\s k|fKt ug'{knf{ < kQf nufpg'xf];\ .

-ª_  nfSkf;Fu ?= 500 5 . p;n] ? 20 k|ltuf]6f kg]{ Psfy/L snd cfwf bh{g / ? 40 

k|ltuf]6f kg]{ csf]{y/L snd a9Ldf sltcf]6f lsGg ;S5 < kQf nufpg'xf];\ . ca 
pm;Fu slt /sd afFsL /xG5 < 

-r_  ;gdn] ?= 2000 df b'O{vfn] k'/:sf/sf] kfs]6 tof/ ug{ nufOg\ h;df klxnf]vfn] 
k'/:sf/sf] k|ltkfs]6 ?= 300 / bf];|f]vfn] k'/:sf/nfO{ k|ltkfs]6 ?= 500 k5{ . olb 
klxnf] vfnsf] k'/:sf/ 3 cf]6f rflxPsf] 5 eg] bf];|f] vfnsf] k'/:sf/ a9Ldf sltcf]6f 
lsGg ;lS5g xf]nf < slt /sd afFsL /xG5 xf]nf <

-5_  s'g} Pp6f lqe'hsf] cfwf/ 5 cm 5 . olb If]qkmn 20 ju{ ;]=dL= b]lv 30 ju{ ;]=dL= 
sf] lardf /xFbf prfOsf] cGt/fn slt x'G5 < n]Vg'xf];\ . 

-h_  olb s'g} ju{sf] kl/ldlt 40 cm b]lv 200 cm ;Dd k5{ eg] of] cj:yf dfGotf x'g] 
u/L ;Defljt nDafO kQf nufpg'xf];\ . 

-em_  A n] T20 lj|ms]6sf] klxnf] b'O{ v]ndf j|mdzM 30 / 85 /g agfP5 ca cf};tdf 
sDtLdf 50 /g agfpg t];|f] v]ndf p;nfO{ sDtLdf slt /g cfjZos k5{ < 



55P]lR5s ul0ft, sIff (

5.  tnsf] u|fkmn] hgfpg] c;dfgtfx¿nfO{ ul0ftLo sygsf ¿kdf n]Vg'xf];\ . 

 -s_     -v_   -u_ 

pQ/ 

1 / 2. lzIfsnfO{ b]vfpg'xf];\  

3. -s_ x ≤ 5   -v_ x ≥ 5   -u_ x > 4       -3_ x ≤ 4   -ª_ x < 5   -r_ x < 1   

 5_ x ≥ –9  -h_ x ≥  11   -em_ x ≥  4   `_ x ≤ –1   -6_ x ≤ 5       n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

4. -s_ x < 3   -v_ x ≥ 4   -u_ 2 < t < 3     -3_ x > 118    

 -ª_ 9, 20    -r_ 2, 100   -5_ 2 < h < 3 -h_ 10 < l < 50   -em_ x > 35

5. -s_ x ≥ 1    -v_ x < –1  -u_ y >  2

1.3.2 b'O{ rno'St /]vLo c;dfgtf / n]vflrqdf k|:t't (Linear Inequality of 
  Two Variable and Graphical Representation)

lj|mofsnfk 1  

;d|f6nfO{ cfdfn] rsn]6 lsGg egL ?= 30  lbg'eof] . k;ndf b'O{ k|sf/sf rsn]6 5g\ . 
klxnf] k|sf/sf] rsn]6sf] d"No k|ltuf]6f ?= 5 / csf]{ k|sf/sf] rsn]6sf] d"No ?= 10 k|ltuf]6f 
kg]{ /x]5 . ca ;d|f6n] ?= 30 af6 b'a} k|sf/sf rsn]6 a9Ldf slt sltcf]6f lsGg ;S5 
xf]nf < klxnf] k|sf/sf] rsn]6 x cf]6f / bf];|f] k|sf/sf] rns]6 y cf]6f lsg]df hDdf vr{nfO{ 
c;dfgtfdf s;/L JoSt ug]{ xf]nf < pSt c;dfgtfnfO{ n]vflrqdf s;/L k|:t't ug]{  
xf]nf < 5nkmn ug'{xf];\ .  

cfdfn] ;d|f6nfO{ lbg'ePsf] hDdf /sd ?= 30 5 .  

klxnf] k|sf/sf] x cf]6f rsn]6sf] k|ltuf]6f ?= 5 sf] b/n] hDdf vr{ =  ?= 5x

bf];|f] k|sf/sf] y cf]6f rsn]6sf] k|ltuf]6f ?= 10 sf] b/n] hDdf vr{ =  ?= 10y 

b'a} rsn]6sf] hDdf vr{ ≤ 30 

ca dflysf] ca:yfnfO{ c;dfgtfdf JoSt ubf{,
5x + 10y ≤ 30
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dflysf] c;dfgtfdf b'O{cf]6f rn/flzx¿ x / y /x]sf 5g To;}n] o:tf] c;dfgtfnfO{ b'O{ 
rno'St c;dfgtf elgG5 . b'O{ rno'St c;dfgtfnfO{ n]vflrqdf k|:t't ubf{ 

-s_ Ps rno'St c;dfgtfdf h:t} M xfdLn] ;a}eGbf klxnf lbOPsf] c;dfgtfsf] ;Ldf/]vf  
 lgsfNg'k5{ . dflysf] c;dfgtfsf] ;Ldf/]vf 5x + 10 y = 30 x'G5 . 

-v_  ;dLs/0f 5x + 10y = 30 nfO{ dfGo x'g] u/L tnsf] h:t} u/L j|mdhf]8f (x, y) agfpg'k5{ .

x 0 2
y 3 2

j|mdhf]8fx¿ (0, 3) / (2, 2)

-u_  j|mdhf]8fx¿  (0, 3) / (2, 2) nfO{ j|mdzM n]vflrqdf b]vfP h:t} cª\sg u/L :s]nsf 
;xfotfn] hf]8L l;wf/]vf lvRg'k5{ . o;/L l;wf/]vf lvRbf c;dfgtf lrXg x]g'{k5{ . oxfF 
c;dfgtf lrXg "≤" ePsfn] uf9f l;wf /]vf lvRg'k5{ .

-3_  xnIf]q kQf nufpgsf nflu l;df/]vfdf gkg]{ s'g} Ps ljGb' k/LIf0f ug'{k5{ . h;sf nflu 
lbOPsf] c;dfgtfdf (0, 0) /fvL k/LIf0f ug{ ;lsG5 . olb k/LIf0f ubf{ ;DaGw ;To ePdf 
k/LIf0fljGb'tk{m 5fof kf/L xnIf]q b]vfpg'k5{ eg] olb k/LIf0f c;To cfPdf xn If]qnfO{ 
k/LIf0f ljGb'sf] ljk/Lt lbzfdf 5fof kf/L b]vfpg'k5{ . o;sf] cy{ 5fof kfl/Psf] If]qsf] 
h'g;'s} ljGb' lnP/ dflysf] c;dfgtfdf /fVbf ;w}F ;To jf dfGo x'G5 . 

-ª_  pb\ud ljGb' (0, 0) k/LIf0f ubf{,

 5x + 10y < 30

 cyjf, 5 × 0 + 10 × 0 < 30

 cyjf, 0 < 30 (True)

 pb\ud ljGb' ePsf] If]qdf 5fof kf/L xnIf]q lvRbf

b'O{cf]6f rn/flzx¿ ;dfj]z ePsf] c;dfgtfnfO{ b'O{rno'St c;dfgtf elgG5 . o:tf] 
c;dfgtfx¿nfO{ n]vflrqdf cª\sg ubf{ ;a}eGbf klxnf l;df/]vfsf] ;dLs/0fnfO{  
n]vflrqdf cª\sg ug'{k5{ . xnIf]q b]vfpg ;Ldf /]vfdf gkg]{ ljGb'sf] k/LIf0f ug'{k5{ . o;sf 
nflu lbOPsf] c;dfgtfdf k/LIf0f ljGb' (0, 0) /fVbf, olb ;To ePdf k/LIf0f ljGb'lt/ 5fof 
kf/L xnIf]q b]vfpg'k5{ eg] olb c;To cfPdf xnIf]qnfO{ k/LIf0f ljGb'sf] ljk/Lt lbzfdf 
5fof kf/L b]vfpg'k5{ .
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pbfx/0f 1  

2x + 3y ≤ 12 nfO{ n]vflrqdf k|:t't ug'{xf];\ .

;dfwfg

lbOPsf] c;dfgtf, 2x + 3y ≤ 12  ;Ldf/]vf, 2x + 3y = 12

dflysf] ;dLs/0f dfGo x'g]u/L x / y sf] dfgx¿ lgsfNbf,
x 3 0
y 2 4

ljGb'x¿ (3, 2) / (0, 4) nfO{ n]vflrqdf 
cª\sg ubf{

pb\ud ljGb' (0, 0) k/LIf0f
2x + 3y < 12

2 × 0 + 3 × 0 < 12

0 < 12 (;To eof] )

cEof; 1.3 (B)

1.  b'O{ rno'St /]vLo c;dfgtf eGgfn] s] a'em\g'x'G5 < pbfx/0f;lxt n]Vg'xf];\ . 

2.  tnsf c;dfgtfx¿nfO{ n]vflrqdf 5fof kf/L k|:t't ug'{xf];\ M

 -s_ y ≤ x + 5 -v_ y ≥ 3x + 2     -u_ y ≤ 2x – 3      -3_ 2y ≥ x – 4 

    -ª_ 3x + 2y ≥ 6 -r_ 2x – y ≤ 10      -5_ 3x – 5y + 15 ≥0       -h_ 3x + 4y ≤ 24

3.  tnsf sygx¿nfO{ c;dfgtfdf JoSt ug'{xf];\ M

 -s_ /dg;Fu ? 5000 5 . p;n] pSt /sd kfOG6 / l6;6{ lsGg vr{ u5{ . 
  olb k|ltuf]6f kfOG6sf] d"No ? 1000 / k|ltuf]6f l6;6{sf] d"No ? 500 eP p;n] 
  lsGg ;Sg] ;Defljt kfOG6 / l6;6{sf] ;ª\VofnfO{ c;dfgtfdf JoSt ug'{xf];\ . 

 -v_  /Ltf;Fu ?= 1000 5 h;af6 pgn] ?= 50 kg]{ / ?= 80 kg]{ b'O{vfnsf] sfkLx¿ lsGg] 
  of]hgf agfOg\ . pgn] lsGg ;Sg] ;Defljt sfkLx¿sf] ;ª\Vofx¿nfO{ c;dfgtfdf  
  JoSt ug'{xf];\ . 

 -u_  3 lsnf] :ofp / 2 lsnf] cgf/ lsGbf ?= 1,200 eGbf sd nfU5 eg] vr{x¿nfO{ 
  c;dfgtfdf JoSt ug'{xf];\ . 

pQ/

 1 / 2 lzIfsnfO{ b]vfpg'xf];\ . 3. -s_ 2x + y ≤ 10    -v_ 5x + 8y ≤ 100   -u_ 3x + 2y < 1200
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1.4   ;ª\Vof k4lt (Number System)

1.4.0 k'g/jnf]sg (Review)

tnsf k||Zgx¿df 5nkmn ug'{xf];\ 

-s_  cfg'kflts (rational) / cgfg'kflts (irrational) ;ª\Vofx¿lar s] km/s 5 < 

-v_  16 , 273  , 273  sf] lglZrt dfg cfpF5 < 

-u_  2 , 3 , 63  nfO{ cgfg'kflts ;ª\Vofx¿ eGg ;lsG5 < 

1.4.1 ;8{sf] kl/ro / o;sf lj|mofx¿ (Introduction to Surd and Its Operations)

1.4.1.1 ;8{sf] kl/ro (Introduction to Surd)

tnsf] ju{d"n tyf 3gd"nx¿ cWoog u/L dfg kQf nufpg'xf];\ . 

16  = ?  9  = ?   643 = ?  4    = ?     3   = ?      43   = ?   2   = ?     

2  , 3   tyf  43  sf] dfg lglZrt ug{ ;lsPg . To;}n] oL ;a} ;8{x¿ x'g\ . oL ;a} 
;ª\Vofx¿ ;fwf/0fd"ns lrXg (Radical Sign) “  ” leq /x]sf 5g\ / pSt lrXgleqsf 
;ª\Vofx¿ h:t} 2, 3 / 4 eg] cfg'kflts ;ª\Vofx¿ x'g\ . logLx¿sf] k"0f{ ju{d"n kQf nufpg 
klg ;lsFb}g . o:tf ;ª\Vofx¿nfO{ ;8{ elgG5 . of] Pp6f ljz]if vfnsf] d"n lrXg ;dfj]z 
ePsf] cgfg'kflts ;ª\Vof (Irrational Number) xf] . 

;fwf/0fd"ns lrXgleq /x]sf ;ª\Vofx¿sf] d"n k"0f{ ;ª\Vof jf cfg'kflts ;ª\Vofdf kQf  
nufpg ;lsFb}g eg] To:tf ;ª\Vofx¿ ;8{x¿ x'g\ . s'g} ;8{  an  df olb a Pp6f 
cfg'kflts ;ª\Vof / n Pp6f k|fs[lts ;ª\Vof eP  an  nfO{ n j|md (nth order ) ePsf] 
;8{ elgG5 . h:t}  53  sf] j|md 3 xf] o;nfO{ Third order root klg elgG5 . ;a} ;8{x¿ 
cgfg'kflts ;ª\Vofx¿ x'g\, t/ ;a} cgfg'kflts ;ª\Vofx¿ ;8{ gx'g ;S5g\ . h:t} π, e cflb .
oxfF e o'n/ ;ª\Vof xf] hxfF, e = 2.7.828... x'G5 . 

pbfx/0f 1  

;8{x¿  154   /  127   sf] j|md n]Vg'xf];\ .

;dfwfg 

lbOPsf] ;8{x¿sf] j|md j|mdzM 4 / 7 xf] . 
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pbfx/0f 2  

;8{x¿ 2 3  , 5  2
3  /  54  nfO{ ;dfg j|md ePsf] ;8{x¿df abNg'xf];\ .

;dfwfg 

lbOPsf] ;8{x¿sf] j|mdx¿ j|mdzM 2, 3 / 4 5g\ . ltgLx¿sf] n=;= 12 x'G5 . ca ;a} ;8{x¿sf] 
j|mdnfO{ 12 agfpFbf, 

 √   √       √      

 √    √       √     

√   √      √     
 

 
pbfx/0f 3  

;8{x¿ 5  ,  43  /  276  nfO{ 7'nf]b]lv ;fgf] j|mddf ldnfP/ /fVg'xf];\ .

;dfwfg 

oxfF, ;8{x¿sf] j|md 2, 3 / 6 sf] n=;=6 x'G5 . ca ;a} ;8{x¿sf] j|md 6 agfPkl5 j|md ldnfpg 
;lsG5 . To;}n], 

√  √       √     

√4   √4      √    

√     √   
  

 
oxfF 16 < 27 < 125 ePsfn] ,  43  <  276  < 5  x'G5 . 

;8{sf lj|mofx¿ (Operation on Surds)

;8{x¿sf] hf]8 tyf 36fp (Addition and Subtraction on Surds)

;hftLo ;8{x¿dfq} hf]8\g tyf 36fpg ;lsG5 . o;/L ;hftLo ;8{x¿ hf]8 tyf 36fp ubf{ 
u'0ffª\sx¿ dfq hf]8\g] tyf 36fpg] ul/G5 . h:t} M

-s_ 2 3  + 5 3  = 7 3   -v_ 2 3  – 5 3  = –2 3
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;8{x¿sf] u'0fg tyf efu  (Multiplication and Division of Surds)

;dfg j|md ePsf ;8{x¿sf] u'0fg / efu u/]sf] pbfx/0f x]/f}FM

-s_ 7√ ×2√   

= (7  2)√     

= 14√ 0  

-v_ 8√ 0 ÷ 2√   

     =  √   √   

      =     √     

       = 4√    

 
pbfx/0faf6 ;dfg j|md ePsf ;8{x¿ u'0fg jf efu ubf{ ;8{sf u'0ffª\s;Fu u'0ffª\s / ;8{;Fu 
;8{sf] u'0fg jf efu ul/G5 eGg] a'em\g ;lsG5 .   
c;dfg j|md ePsf ;8{x¿sf] pbfx/0f x]/f}FM

km/s km/s j|md ePsf ;8{x¿ klg u'0fg ug{ tyf efu ug{ ;lsG5 t/ To;sf nflu ;j{k|yd 
;dfg j|mddf abNg'k5{ .  dflysf] pbfx/0fdf  53  ÷  3  df, ;8{x¿sf j|md 3 / 2 sf] n=;= 
6 ePsfn] ;dfg j|md 6 agfOPsf] xf] . 

ljrf/0fLo k|Zg M ;8{x¿sf] hf]8, 36fp, u'0fg tyf efu ul/;s]kl5sf] glthf s] ;w}F ;8{ g} x'G5 <

;8{;DaGwL s]xL lgodx¿ (Laws of Radicals)

;fwf/0ftM ;8{;Fu ;DalGwt s]xL ;d:ofx¿ ;dfwfg ubf{ cfjZos kg]{ lgodx¿ tn k|:t't 
ul/Psf] 5 :

1. √  = ( )
 
    

2. √  × √  = √    

3. √  

√  = √  
  

4. √√   = √   = √ √    

 
pbfx/0f 4  

;/n ug'{xf];\ :  27  +  75  – 8  3
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;dfwfg 

oxfF lbOPsf],  

 

;8{x¿sf] cfg'kflts/0f (Rationalization of Surd)

leGgsf] x/df ePsf] ;8{nfO{ cfg'kflts ;ª\Vofdf ¿kfGt/0f ug]{ k|lj|mofnfO{ ;8{o'St leGgsf] 
cfg'kflts/0f elgG5 . 

h:t} M -s_  
 
√   

√  √ 
√   √ 

   oxfF ;8{sf] x/ cfg'kflts ;ª\Vofdf ¿kfGt/0f ePsf] 5 . 

     -v_ 
√ 

 √ 
 √ 

 √ 
 √ 
√ 

  √ 
  (√ ) 

 √ 
  

lbOPsf] ;8{nfO{ u'0fg u/L cfg'kflts ;ª\Vofdf abNg] ;ª\VofnfO{ pSt lbOPsf] ;8{sf] cfg'kflts 
u'0fgv08 (rationalizing factor) elgG5 . h:t} 3   sf] cfg'kflts u'0fgv08 3  g} xf] lsgls 

3  × 3  = 3 x'G5 h'g Pp6f cfg'kflts ;ª\Vof xf] . 

To:t} √5 – √3 sf] cfg'kflts u'0fgv08 √5 + √3 xf] lsgls  

 (√  √ ) (√ + √ )  (√ )  (√ )  =5 – 3 = 2 h'g Pp6f cfg'kflts ;ª\Vof xf] . 

t;y{ a  – b  / a + b  Pscsf{sf] cfg'kflts u'0fgv08 x'g . 

pbfx/0f 5  

;/n ug'{xf];\ :
x – 1
x  + 1

;dfwfg 
oxfF lbOPsf], 

     
√     

 

=  √  
        

√     
 

=  √       √       √    
  [                 ] 

= √    
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pbfx/0f 6  

;/n ug'{xf];\ : : √    √ 
√    √ 

 √    √ 
√    √ 

 
;dfwfg

oxf lbOPsf], 

= 
√    √ 
√    √ 

 √    √ 
√    √ 

 

=  √    √ 
√    √ 

× √    √ 
√    √ 

 √    √ 
√    √ 

 × √    √ 
√    √ 

  [x/nfO{ cfg'kflts/0f u/L ;/n ubf{] 

=    √    √   

(√ )   (√ ) 
  √    √   

(√ )   (√ ) 
                         [                  ] 

 

=       √              √                                          [                  ] 

=    √         

 
j}slNks tl/sf

= √    √ 
√    √ 

 √    √ 
√    √ 

 

=  √    √  
    √    √   

 √    √   √    √  
 [ x/x¿sf] n=;= lnFbf ] 

= 
 √      √ √     √     ( √       √ √    (√ ) )

(√ )   (√ ) 
  

[                 ,                   ] 

=      √              √            

=   √         

 
 

[x/nfO{ cfg'kftLs/0f u/L ;/n ubf{]
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-

-

-

-

-

-

cEof; 1.4 (A)

1.  ;8{nfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ . 

2.  tnsf ;8{x¿sf] j|md n]Vg'xf];\ M

   -s_ 6   -v_ 9  3    -u_  3 6  7       -3_ a  n

3.  -s_  m sf] dfg slt x'Fbf x3 / xm–1
3

 a/fa/ x'G5g <

    -v_  olb y4 / y2x  4
 a/fa/ eP x sf] dfg slt xf]nf <

4.  ;/n ug'{xf];\ M 

    s_ √  √   v_ √  √   u_  √  √   3_  √  
 

√  
 

 ª_  √    √     r_ √  
 

√  
 

5.  ;/n ug'{xf];\ M 

s_  √    √   √      v_ 
  
√ 
   
√ 

      u_  √   
√ 

   3_ √      
 

 ª_ √    
 r_  √  √      √     √  

5_ √    √    √  h_  √       √      √   
   

em_  √       √      √    
 `_ √     √   √  

 6.  ;/n ug'{xf]; 

-s_ √  √  √     -v_ √    √     

-u_  √    √   
   -3_ √   √   

-ª_ ( √   √ ) ( √   √ ) -r_ (√   √ ) (√    √ )  

-5_ (   √ )     -h_ (   √ )   

-em_ ( √   √ )
 
   -`_ (√  √ ) (√  √ ) 

-6_ (√  √ ) (√  √ )  

-7_ 
√     √   

 √  
  -8_ 

√   √  
√    -9_ 

 √    √    √  
 √   

 

7.  x/nfO{ cfg'kflts/0f u/L ;/n ug'{xf];\  

 -s_ 
  

√  √ 
 -v_ 

  √ 
  √ 

 -u_ 
 √   √ 
√   √  

  -3_ 
√   
√   

 

 -ª_ 
√  √ 
√  √ 

 √  √ 
√  √ 

   -r_ 
√  √ 
√  √ 

 √  √ 
√  √ 

  

 -5_   
  √    
  √         -h_ 

√  √ 
√  √ 

 √  √ 
√  √ 

    

 -em_ 
 

  √     
 

  √     -`_ 
  √    
  √     

  √    
  √     

 

-

-

-

-

- -

-

- - -

6.  ;/n ug'{xf];\ M

7.  x/nfO{ cfg'kftLs/0f u/L ;/n ug'{xf];\ M
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6.  ;/n ug'{xf]; 

-s_ √  √  √     -v_ √    √     

-u_  √    √   
   -3_ √   √   

-ª_ ( √   √ ) ( √   √ ) -r_ (√   √ ) (√    √ )  

-5_ (   √ )     -h_ (   √ )   

-em_ ( √   √ )
 
   -`_ (√  √ ) (√  √ ) 

-6_ (√  √ ) (√  √ )  

-7_ 
√     √   

 √  
  -8_ 

√   √  
√    -9_ 

 √    √    √  
 √   

 

7.  x/nfO{ cfg'kflts/0f u/L ;/n ug'{xf];\  

 -s_ 
  

√  √ 
 -v_ 

  √ 
  √ 

 -u_ 
 √   √ 
√   √  

  -3_ 
√   
√   

 

 -ª_ 
√  √ 
√  √ 

 √  √ 
√  √ 

   -r_ 
√  √ 
√  √ 

 √  √ 
√  √ 

  

 -5_   
  √    
  √         -h_ 

√  √ 
√  √ 

 √  √ 
√  √ 

    

 -em_ 
 

  √     
 

  √     -`_ 
  √    
  √     

  √    
  √     

 
pQ/

1 lzIfsnfO{ b]vfpg'xf];\ . 2. -s_ 2        -v_ 3       -u_ 7   3_ n

3 -s_ 10      -v_ 8

4 -s_ 15      -v_  4       -u_ 3         -3_ 
1 
2       -ª_ 10   r_ 1

5 -s_ 5 37     -v_ 2 3      -u_ 5 3   -3_ 7 47   

 -ª_ 5 32     -r_ 7 44 + 15 2    -5_ 0    -h_ 0     -em_ 0    -`_ 3 5

6 -s_ 10   -v_ 6   -u_ 84 36   -3_ 12 5     -ª_ 6 + 10     -r_ 0    -5_ 3 (7 – 4 3 )   

 -h_ 33 + 20 2      -em_ 27 – 28 35     -`_ a – b    -6_ 2   -7_ 1  -8_ 5   -9_ 
1 
3

7 -s_ 6 (7 + 5 )  -v_
11 + 4 7

–3    -u_
54 + 6

20   -3_ 2 + 3     -ª_ 8   -r_ 10   

 -5_ 2x2 – 2x x2–1  – 1   -h_
2(x +a)
x – a   -em_  2x   -`_ 4x x2–1

1.4.2 jf:tljs ;ª\Vof (Real Numbers)

lj|mofsnfk 1  

tnsf] lrq cWoog u/L ljleGg k|sf/sf ;ª\Vofsf ;d"x / ltgsf pk;d"x kQf nufpg'xf];\ .   

k|fs[lts ;ª\Vofx¿sf] 
;d"x (N)

k"0f{ ;ª\Vofx¿sf] ;d"x (W)
k"0ff{ª\sx¿ 
       ;d"x (Z) cfg'kflts 

;ª\Vofx¿sf] 
;d"x (Q)

cgfg'kflts 
;ª\Vofx¿sf]  
;d"x (Qc)

jf:tljs ;ª\Vofx¿sf] ;d"x (R)
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cfg'kflts (Rational) / cgfg'kflts (Irrational) ;ª\Vofx¿sf] ;d"xsf] ;+of]hg (Union) g} 
jf:tljs ;ª\Vofx¿ (Real Numbers) sf] ;d"x xf] . jf:tljs ;ª\Vofx¿nfO{ lgDgfg';f/ jf:tljs 
;ª\Vof/]vf (Real Number Line) df klg k|:t't ug{ ;lsG5 M

–10  –9   –8   –7   –6   –5   –4  –3   –2   –1    0     1     2     3     4    5     6     7     8     9     10

   3

  2 2 π 8.13133...–   27 2 +   5
–   250

  2
π
2

ljrf/0fLo k|Zg M s'g} b'O{ jf:tljs ;ª\Vofx¿lardf sltcf]6f jf:tljs ;ª\Vofx¿ x'G5g\ xf]nf < 
cg'dfg ug'{xf];\ . 

s'g} b'O{cf]6f jf:tljs ;ª\Vofx¿lar c;Lldt (Infinite)  jf:tljs ;ª\Vofx¿ x'G5g\ . pbfx/0fsf 
nflu s'g} b'O{ jf:tljs ;ª\Vofx¿ 1 / 2 sf] lardf c;Lldt (Infinite) jf:tljs ;ª\Vofx¿ 
x'G5g\, h:t} M 1.01, 1.001, 1.4,  1.0011, 1.00005 ... cflb . t;y{ b'O{ jf:tljs ;ª\Vofx¿lar o:tf 
cguGtL jf:tljs ;ª\Vofx¿ e]l6G5g\ . 

cfg'kflts (Rational) / cgfg'kflts (Irrational) ;ª\Vofx¿sf] ;d"xsf] ;+of]hg (Union) g} 
jf:tljs ;ª\Vofx¿ (Real Numbers) sf] ;d"x xf] . s'g} b'O{cf]6f jf:tljs ;ª\Vofx¿lar 
c;Lldt (Infinite)  jf:tljs ;ª\Vofx¿ x'G5g . jf:tljs ;ª\Vofx¿nfO{ x]g{sf nflu xfdLn] 
;ª\Vof /]vf (Number Line) df k|:t't ul/G5 .

cGt/fnsf] cjwf/0ff (Concept of Interval)

lj|mofsnfk 1  

;d:of M x jf:tljs ;ª\Vof xf] /  x < 2,  x ≤ 2, x > 2, x ≥ 2, –1 < x < 2 /  –1 ≤ x ≤ 2 sf] cy{ 
n]vL ;ª\Vof/]vfdf b]vfpg'xf];\ . 

x < 2 eg]sf] x sf] dfg 2 eGbf ;fgf ;a} jf:tljs ;ª\Vofx¿ x'g\ h;df 2 5}g  / 2 eGbf 
;fgf jf:tljs ;ª\Vofx¿ c;Lldt x'g] ePsfn] o:tf] ;d"xdf c;Lldt ;b:ox¿ x'G5g\ . To:t}  

–2 –1 0 1 2

x < 2 x < 2

–2 –1 0 1 2

x ≤ 2 eg]sf] x sf] dfg 2 ;lxtsf] 2 eGbf ;fgf ;a} jf:tljs ;ª\Vofx¿ x'g\ , 2 / 2 eGbf ;fgf 
jf:tljs ;ª\Vofx¿ c;Lldt x'g] ePsfn] o:tf] ;d"xdf klg c;Lldt ;b:ox¿ x'G5g\ . o;nfO{ 
;ª\Vof/]vfdf lgDgfg';f/ k|:t't ug{ ;lsG5 .
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To:t} x > 2 / x ≥ 2  

– x > 2  eg]sf] x sf] dfg 2 eGbf 7'nf ;a} jf:tljs ;ª\Vofx¿sf] ;d"x xf] h;df 2 5}g .

– x ≥ 2 eg]sf] x sf] dfg 2 ;lxtsf] 2 eGbf 7'nf ;a} jf:tljs ;ª\Vofx¿sf] ;d"x xf] . 

o;nfO{ ;ª\Vof/]vfdf lgDgfg';f/ k|:t't ug{ ;lsG5 M

To:t} csf]{ pbfx/0f x]/f}F M  –1 < x < 2 /  –1 ≤ x ≤ 2 

–1 < x < 2 eg]sf] x  sf] dfg –1 / 2 afx]s  –1 b]lv 2 ;Dddf ;a} jf:tljs ;ª\Vofx¿ x'g\ . 
o:tf] ;d"xdf c;Lldt jf:tljs ;ª\Vofx¿ x'G5g\ . 

To:t} –1 ≤ x ≤ 2 eg]sf] x sf] dfg –1 / 2 ;lxtsf] –1 b]lv 2 ;Dddf ;a} jf:tljs 
;ª\Vofx¿ x'g\ . o:tf] ;d"xdf klg c;Lldt jf:tljs ;ª\Vofx¿ x'G5g\ . 

o;nfO{ ;ª\Vof/]vfdf lgDgfg';f/ k|:t't ug{ ;lsG5 M 

0        1         2        3          4

x > 2

0       1        2         3        4

x > 2

dflysf] pbfx/0faf6 xfdLn] of] eGg ;S5fF} ls b'O{ jf:tljs ;ª\Vofx¿ –1 / 2 larsf] 
cGt/fnnfO{  –1 < x < 2 /  –1 ≤ x ≤ 2 n] hgfOG5 .  oxfF –1 / 2 nfO{ cGt/fnsf] clGtd ljGb'x¿ 
elgG5 . o; cGt/fndf klxnf]df –1 / 2 kb}{gg\ eg] bf];|f]df b'a} k5{g\ . x < 2 / x > 2 tyf x ≤ 

2 / x ≥ 2  x¿nfO{ cGt/fn elgb}g lsgls lolgx¿df b'O{ clGtd ljGb'x¿ 5}gg\ . 

s'g} b'O{ jf:tljs ;ª\Vofx¿nfO{ clGtd ljGb'x¿ dfgL cGt/ljgf (Without Gap) tL 
b'O{ ljGb'x¿larsf] ;a} jf:tljs ;ª\Vofx¿sf] ;d"x g} cGt/fn (Interval) xf] . o:tf 
cGt/fnx¿df c;Lldt jf:tljs ;ª\Vofx¿ x'G5g\ .  o:tf cGt/fnx¿df lglZrt ul/Psf b'O{ 
clGtd ljGb'x¿ kg{ klg ;S5g\ cyjf gkg{ klg ;S5g . b'O{ jf:tljs ;ª\Vofx¿ a / b -h;df 
a < b 5_ sf] cGt/fnnfO{ a / b k/]df a ≤ x ≤ b / a / b gk/]df a < x < b n] hgfpg ;lsG5 . 

cGt/fnx¿nfO{ lgDg k|sf/x¿df juL{s/0f ul/Psf] kfOG5 : 

  –1          0            1           2          3

–1 < x < 2

 –1           0            1          2           3

–1 < x < 2
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-s_  aGb cGt/fn (Closed Interval)

dfgf}F cGt/fnsf b'O{ clGtd jf:tljs ;ª\Vofx¿ a / b (a < b) 5g . a b]lv b ;Ddsf] aGb 
cGt/fn a / b ;lxt a b]lv b ;Ddsf ;a} jf:tljs ;ª\Vofx¿sf] ;d"x xf] o;nfO{ [a, b] 

n] hgfOG5 .  

ul0ftLo ¿kdf n]Vbf, [a, b] = { x : a ≤ x ≤ b, x ∈ R} 

;ª\Vof/]vfdf k|:t't ubf{, 

pbfx/0f 1  

2 b]lv 5 ;Ddsf] aGb cGt/fn eGgfn] s] a'‰g'x'G5 < ;ª\s]tdf n]vL ;ª\Vof/]vfdf k|:t't ug'{xf];\ .

;dfwfg

2 b]lv 5 ;Ddsf] aGb cGt/fn eGgfn] 2 / 5 ;lxtsf] 2 b]lv 5 ;Ddsf] ;a} jf:tljs 
;ª\Vofx¿sf] ;d"x eGg] a'lemG5 . o;nfO{ ;ª\s]tdf [2, 5] n]lvG5 . 

ul0ftLo ¿kdf n]Vbf, [2, 5] = {x : 2 ≤ x ≤ 5, x ∈ R }

;ª\Vof/]vfdf k|:t't ubf{, 

a < x < b

a b

0 1        2       3     4   5

2 < x < 5

-v_  v'nf cGt/fn (Open Interval)

dfgf}F cGt/fnsf b'O{ clGtd jf:tljs ;ª\Vofx¿ a / b 5g\ h;df b eGbf a ;fgf] 5 
cyf{t\ a < b 5 . a b]lv b ;Ddsf] v'nf cGt/fn eg]sf] a / b afx]s a b]lv b ;Ddsf ;a} 
jf:tljs ;ª\Vofx¿sf] ;d"x xf] h;nfO{ (a, b) n] hgfOG5 .  

 ul0ftLo ¿kdf n]Vbf, (a, b) = { x : a < x < b, x ∈ R } 

 ;ª\Vof/]vfdf k|:t't ubf{, 

a < x < b

a b

R

R



68 P]lR5s ul0ft, sIff (

pbfx/0f 2  

–2 b]lv 1 ;Ddsf] v'nf cGt/fn eGgfn] s] a'‰g'x'G5 < ;ª\s]tdf n]vL ;ª\Vof/]vfdf k|:t't ug'{xf];\ .

;dfwfg

–2 b]lv 1 ;Ddsf] v'nf cGt/fn eg]sf] –2 / 1 afx]ssf ;a} jf:tljs ;ª\Vofx¿sf] ;d"x eGg] 
a'lemG5 . o;nfO{ ;ª\s]tdf (–2, 1) n]lvG5 . 

ul0ftLo ¿kdf n]Vbf, (–2, 1) = { x : –2 < x < 1, x ∈ R }

;ª\Vof/]vfdf k|:t't ubf{, 

-u_  afofF aGb bfofF v'nf cGt/fn (Left closed Right opened Interval)
dfgf}F cGt/fnsf b'O{ clGtd jf:tljs ;ª\Vofx¿ a / b 5g\ h;df (a < b) 5 . a b]lv 
b ;Ddsf] bfofF v'nf afofF aGb cGt/fn eg]sf] a ;lxt b afx]ssf] a b]lv b ;Ddsf ;a} 
jf:tljs ;ª\Vofx¿sf] ;d"x xf], h;nfO{ [a, b) n] hgfOG5 .  

 ul0ftLo ¿kdf n]Vbf, [a, b) = { x : a ≤ x < b, x ∈ R } 

 ;ª\Vof/]vfdf k|:t't ubf{, 

pbfx/0f 3  

[–1, 1)  sf] cGt/fn eGgfn] s] a'‰g'x'G5 < ;d"xdf n]vL ;ª\Vof/]vfdf k|:t't ug'{xf];\ .

;dfwfg

 [–1, 1)  sf] cGt/fn eg]sf] –1 ePsf] /  1 afx]ssf]  –1 b]lv 1 ;a} jf:tljs ;ª\Vofx¿sf] 
;d"x eGg] a'lemG5 . o;nfO{ ;ª\s]tdf [–1, 1) n]lvG5 . 

ul0ftLo ¿kdf n]Vbf, [–1, 1) = {x : –1 ≤ x < 1, x ∈ R }

;ª\Vof/]vfdf k|:t't ubf{, 

-3_  afofF v'nf bfofF aGb cGt/fn (Left open/Right closed interval)

dfgf}F cGt/fnsf b'O{ clGtd jf:tljs ;ª\Vofx¿ a / b  (a < b) 5g\ . a b]lv b ;Ddsf] 
afofF v'nf bfofF aGb cGt/fn eg]sf] a afx]s b ;lxtsf] a eGbf 7'nf] / b ;Ddsf ;a} 
jf:tljs ;ª\Vofx¿sf] ;d"x xf] h;nfO{ (a, b] n] hgfOG5 .  

–2       –1        0         1       2    3

–2 < x < 1

R

a b

a < x < b
R

–2     –1      0   1      2      3

–1 < x < 1

R
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 ul0ftLo ¿kdf n]Vbf, (a, b] = { x : a < x ≤ b, x ∈ R } 

 ;ª\Vof/]vfdf k|:t't ubf{, 

pbfx/0f 4  

(–2, 1]  sf] cGt/fn eGgfn] s] a'‰g'x'G5 < ;ª\s]tdf n]vL ;ª\Vof/]vfdf k|:t't ug'{xf];\ .

;dfwfg 

(–2, 1]  sf] cGt/fn eGgfn] –2 afx]s –2 eGbf 7'nf  1 ;Ddsf] ;a} jf:tljs ;ª\Vofx¿sf] 
;d"x xf] .  

ul0ftLo ¿kdf n]Vbf, (–2, 1] = {x : –2 < x ≤ 1, x ∈ R }

;ª\Vof/]vfdf k|:t't ubf{, 

a b

a < x < b
R

–2     –1      0     1    2      3

–2 < x < 1
R

cEof; 1.4 (B)

1.  aGb cGt/fn eGgfn] s] a'‰g'x'G5 < pbfx/0f;lxt n]Vg'xf];\ .

2.  v'nf cGt/fn eGgfn] s] a'‰g'x'G5 < pbfx/0f;lxt n]Vg'xf];\ .

3.  tnsf dWo] bfofF v'nf / afofF aGb ePsf] cGt/fn s'g xf] M

 -s_ [a, b]  -v_ (a, b]  -u_ [a, b) -3_ (a, b)

4  tnsf] cGt/fnx¿sf] cy{;lxt ;ª\Vof/]vfdf k|:t't ug'{xf];\ M

 -s_ [1, 3]  -v_ (–2, 4)  -u_ (–3, 0) -3_  (0, 5)

5.  tnsf] ;ª\Vof/]vfn] hgfpg] cGt/fnnfO{ ;ª\s]tdf n]Vg'xf];\ M
 -s_      -v_

 -u_      -3_  

 

pQ/

 1 / 2. lzIfsnfO{ b]vfpg'xf];\ .  3. -u_ (a, b)  4. lzIfsnfO{ b]vfpg'xf];\ . 
 5. -s_ (–1, 2)   -v_ [–1, 3]  -u_ [0, 2]   -3_ [1, 3]

 –1      0      1       2      3
R

 –1      0      1       2      3
R

 –1      0      1       2      3
R

 –1      0      1       2      3
R
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1.5  d]l6«S; (Matrix)

1.5.0 kl/ro (Introduction)

Matrix eGg] zAbsf] ;'?cft ;g\ 1850 df Sylvester n] u/]sf x'g\ . 
d]l6«S;nfO{ hgfpg cª\u|]hL j0f{dfnfsf 7'nf cIf/x¿ h:t} A , B, ... sf] k|of]
u ug]{ sfd eg] Cayley n] ;g\ 1858 df u/] eGg] Oltxf;df kfOG5 . 

ul0ftsf] ljleGg ljwfx¿df d]l6«S;sf] 1fg cToGt cfjZos 5 . b}lgs 
hLjgsf ljljw ;d:ofx¿ ;dfwfg;lxt cfw'lgs OlGhlgol/ª, tYofª\szf:q, 
jfl0fHozf:q, ef}lts lj1fg, /;fog lj1fg, sDKo'6/ lj1fg, Cryptography, 
:yfgfGt/0fsf] cWoog, cy{zf:qnufotsf] ljljw ljwfx¿df d]l6«S;sf] k|of]u ul/G5 . 

1.5.1 d]l6«S;sf] kl/ro (Introduction to Matrix)

lj|mofsnfk 1  

tnsf] tflnsf x]/f}F M

tLgcf]6f k;ndf Psaf]/f rfdnsf] d"No lbOPsf] 5 .

k;n÷rfdn af;dtL lh/f dl;gf] ;f]gf dg;'nL
A ?= 2200 ?= 2000 ?= 2450
B ?= 2210 ?= 2050 ?= 2500
C ?= 2190 ?= 2010 ?= 2480

dflysf] tflnsfnfO{ ce}m 5f]6s/Ldf k;nx¿sf] gfd / d"No kª\lStdf -t];f]{ /]vfdf_ / 
rfdnx¿sf] gfd / d"NonfO{ nx/df -7f8f] /]vfdf_ /fvL k|ltaf]/f d"Nox¿nfO{ lgDgcg';f/ klg 
k|:t't ug{ ;lsG5 M

    af;dtL rfdn   lh/f dl;gf]   ;f]gf dg;'nL

kª\lSt → ! A        2200      2000         2450

kª\lSt → @ B        2210      2050         2500

kª\lSt → # C        2190      2010         2480

         nx/ !     nx/ @   nx/ #

dflysf] 7'nf] sf]i7  ' [  ] '  leq /flvPsf] ;Dk"0f{ ;ª\VofTds dfg;lxtsf] k"/f k|:t'ltnfO{ d]l6«S; 
(Matrix)  elgG5 . o;nfO{ lgDgfg';f/ cª\u|]hL j0f{dfnfsf] 7'nf cIf/n] hgfO{ n]Vg ;lsG5 M

Cayley
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        2200    2000     2450
      R =    2210    2050     2500

        2190        2010     2480

dflysf] d]l6«S; R leqsf k|To]s dfgx¿nfO{ d]l6«S; R sf ;b:ox¿ elgG5 . 

nx/ (Column) / kª\lSt (Row) sf ¿kdf [ ] jf ( )  lrXgleq tYofª\ssf] cfotfsf/ k|:t'ltnfO{ 
d]l6«S; (Matrix) elgG5 .

kª\lSt / nx/sf ¿kdf /x]sf ;ª\Vofx¿sf] cfoftsf/ k|:t'ltnfO{ d]l6«S; (Matrix) 
elgG5 . d]l6«S;nfO{ [ ] jf ( ) sf]i7sleq n]lvG5 . ;fdfGotM d]l6«S;nfO{ cª\u|]hL j0f{dfnfsf 
7'nf cIf/x¿ A, B, C... OToflbn] hgfOG5 . d]l6«S;sf ;b:ox¿ (elements) nfO{ cª\u|]hL 
j0f{dfnfsf ;fgf cIf/x¿ a, b, c, … OToflbn] hgfOG5 . d]l6«S;, tYofª\ssf] k|:t'tLs/0fsf] 
Pp6f tl/sf dfq xf], o;sf] cfˆgf] kl/df0ffTds jf ;ª\VofTds dfg x'Fb}g . 

pbfx/0f 1  

tnsf] tflnsfdf tLg hgf ljBfyL{x¿sf] :t/ cª\s (Grade point) lbOPsf] 5 . pSt hfgsf/Lx¿nfO{
d]l6«S;sf ¿kdf n]Vg'xf];\ :

ljBfyL{sf] gfd
ljifo

ul0ft lj1fg tyf k|ljlw g]kfnL

;gd 3.8 3.6 3.2

/xdfg 3.6 3.2 3.8

k]Daf 3.8 3.6 3.2

;dfwfg

dflysf] tflnsfdf ePsf] tYofª\snfO{ d]l6«S;df lgDgfg';f/ k|:t't ug{ ;lsG5 M

  3.8 3.6 3.2
    A = 3.6 3.2 3.8

         3.8        3.6 3.2

d]l6«S;sf] j|md (Order of Matrix):

lbOPsf] d]l6«S; X = 
1 2
3 1
2 6

 df d]l6«S; X sf nx/ sltcf]6f 5g\ < To;}u/L kª\lSt sltcf]6f 5g\ < 

nx/ / kª\lSt k|of]u u/L o;sf] j|md n]Vg'xf]; . d]l6«S; X df hDdf slt ;b:ox¿ 5g\ < s] 
nx/ / kª\lSt u'0fg ubf{ ;a} ;b:o ;ª\Vof cfpF5 < k/LIf0f ug'{xf];\ .
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d]l6«S; X sf] j|mdnfO{, kª\lSt × nx/sf ¿kdf n]Vbf, 3 × 2 x'G5 . o;nfO{ 3 cross 2 d]l6«S; 
egL k9\g ;lsG5 . o;nfO{ X3 × 2 n]lvG5 . 

d]l6«S;df -kª\lStsf] ;ª\Vof_ × -nx/sf] ;ª\Vof_ sf ¿kdf ul/Psf] k|:t'ltnfO{ 
d]l6«S;sf] j|md elgG5 . cyf{t\, d]l6«S;sf] j|md = kª\lStsf] ;ª\Vof × nx/sf] ;ª\Vof x'G5 .  

Am × n d]l6«S;sf] j|md m × n df klxnf] ;ª\Vof m n] kª\lSt ;ª\Vof / bf];|f] ;ª\Vof  n  n] nx/ 
;ª\Vof hgfpF5 .

d]l6«S;df, d]l6«S;sf] hDdf ;b:o ;ª\Vof = kª\lStsf] ;ª\Vof × nx/sf] ;ª\Vof x'G5 .  

pbfx/0f 2  

tnsf d]l6«S;x¿sf] j|md kQf nufpg'xf];\ .

-s_    A = [1  0   3]   -v_    P  =  
1 –2 3
–4 –3 0

-u_    I   = 
1 0
0 1    -3_    V  =  

1 0 3
0 1 0
–3 0 1

;dfwfg

-s_ d]l6«S; A sf] j|md = 1 × 3    -v_ d]l6«S; P sf] j|md = 2 × 3 

-u_ d]l6«S; I sf] j|md  = 2 × 2    -3_ d]l6«S; V sf] j|md = 3 × 3 

pbfx/0f 3  

olb Pp6f d]l6«S;sf] hDdf ;b:o ;ª\Vof 10 eP pSt d]l6«S;sf] ;Defljt j|mdx¿ s] s] x'g 
;S5g\ < n]Vg'xf];\ . 

;dfwfg

oxfF d]l6«S;sf] hDdf ;b:o ;ª\Vof = 10, j|md m × n ePsf] d]l6«S;sf hDdf mn ;b:ox¿ x'G5g\ .
To;}n] u'0fg ubf{ 10 cfpg] k|fs[lts ;ª\Vofx¿sf] j|mdhf]8f agfpFbf,

(1, 10), (10, 1), (2, 5), (5, 2)

;Defljt j|mdx¿ = 1 × 10, 10 × 1, 5 × 2 / 2 × 5 

d]l6«S;sf ;b:ox¿sf] :yfg (Positions of Elements of Matrix)

tnsf pbfx/0fx¿ cWoog ug'{xf];\ M 

A  =   
1 –2 3
–4 –3 0   =   

a11 a12 a13
a21 a22 a23
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dflysf] pbfx/0fdf, 

a11 = klxnf] kª\lSt / klxnf] nx/sf] ;b:o = 1

a12 = klxnf] kª\lSt / bf];|f] nx/sf] ;b:o = –2

a13 = klxnf] kª\lSt / t];|f] nx/sf] ;b:o = 3

a21 = bf];|f] kª\lSt / klxnf] nx/sf] ;b:o = –4

a22 = bf];|f]] kª\lSt / bf];|f] nx/sf] ;b:o = – 3

a23 = bf];|f]] kª\lSt / t];|f] nx/sf] ;b:o = 0

t;y{, d]l6«S; A sf ;b:ox¿sf] :yfgaf6 ;lhn} ;b:ox¿ klxrfg ug{ ;lsG5 .

d]l6«S;sf x/]s ;b:ox¿sf] cfˆgf] Ps dfq :yfg x'G5 . tL k|To]s ;b:ox¿sf] :yfgnfO{  
kª\lStsf] ;ª\Vof / nx/sf] ;ª\Vofåf/f lgwf{/0f ug{ ;lsG5 .  s'g} klg d]l6«S; A sf] ;b:ox¿nfO{ 
aij n] hgfOG5 hxfF i n] kª\lStsf] ;ª\Vof / j n] nx/sf] ;ª\VofnfO{ hgfpF5 .  

d]l6«S;sf ;b:ox¿nfO{ amn 
sf ¿kdf n]Vg] ul/G5, hxfF m eg]sf] kª\lStsf] ;ª\Vof / n 

eg]sf] nx/sf] ;ª\Vof xf] . d]l6«S;sf ;b:ox¿sf] :yfgx¿sf] ;DaGw k|of]u u/L ljleGg 
j|mdsf d]l6«S;x¿ lgdf{0f ug{ ;lhnf] x'G5 . 

;fwf/0ftM ;b:ox¿sf] :yfgsf cfwf/df d]l6«S;nfO{ lgDgfg';f/ k|:t't ug{ ;lsG5 :

   [
             
             
 
   

       
          

] 

 t;y{ dflysf] d]l6«S;nfO{ A =  [aij ]m × n n] hgfOG5, hxfF i = 1, 2, 3, ..., m / j = 1, 2, 3, ..., n 

pbfx/0f 4  

Pp6f d]l6«S; Q = 

0 –1 5 3
2 4 5 0
1 –3 8 0

 5, h;sf cfwf/df tnsf k|Zgsf] pQ/ lbg'xf];\ .

-s_ d]l6«S; Q sf] j|md n]Vg'xf];\ .

-v_ a21, a14, a33 / a24 sf] dfgx¿ n]Vg'xf];\ . -u_ a21 + a34 – a23 sf] dfg slt x'G5 < n]Vg'xf];\ . 

;dfwfg M oxfF

-s_ d]l6«S; Q sf] j|md 3 × 4 x'G5 . 

-v_ oxfF, Q = 

0 –1 5 3
2 4 5 0
1 –3 8 0

 =  
a11 a12 a13 a14
a21 a22 a23 a24
a31 a32 a33 a34

  a21 = bf];|f] kª\lSt / klxnf] nx/ = 2   a14 = klxnf] kª\lSt / rf}yf] nx/ = 3

 a33 = t];|f] kª\lSt / t];|f] nx/ = 8  a24 = bf];|f] kª\lSt / rf}yf] nx/ = 0
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-u_  a21+ a34 – a23 
 = 2 + 0 – 5 
 = –3

pbfx/0f 5  

j|md 3 × 4  ePsf] d]l6«S; lgdf{0f ug'{xf];\ h;sf ;b:ox¿ aij = 2i +j sf ¿kdf /x]sf 5g\ .

;dfwfg

dfgf}F, A = [aij]3 × 4 eP A = 
a11 a12 a13 a14
a21 a22 a23 a24
a31 a32 a33 a34

oxfF, aij = 2i + j

To;}n],
a11 = 2 × 1 + 1 = 3   a21 =  2 × 2 + 1 = 5  a31 =  2 × 3 + 1 = 7
a12 =  2 × 1 + 2 = 4  a22 =  2 × 2 + 2 = 6  a32 =  2 × 3 + 2 = 8
a13 =  2 × 1 + 3 = 5  a23 =  2 × 2 + 3 = 7  a33 =  2 × 3 + 3 = 9
a14 =  2 × 1 + 4 = 6  a24 =  2 × 2 + 4 = 8  a34 =  2 × 3 + 4 = 10

cfjZos d]l6«S; A =  
a11 a12 a13 a14
a21 a22 a23 a24
a31 a32 a33 a34

  =  
3 4 5 6
5 6 7 8
7 8 9 10

 

cEof; 1.5 (A)

1.  tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

 -s_  d]l6«S;nfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ . o;nfO{ hgfpg] ;ª\s]t klg  
  n]Vg'xf];\ .

 -v_  d]l6«S;sf] j|md eGgfn] s] a'‰g'x'G5 < pbfx/0f;lxt n]Vg'xf];\ . 

 -u_  d]l6«S; 2    –1
1     0

 df a22 sf] dfg slt x'G5 < n]Vg'xf];\ . 

 -3_  s'g} d]l6«S; A df a23 n] tnsf dWo] s'g :yfgnfO{ hgfpF5 <

  -c_ bf];|f] kª\lSt t];|f] nx/   -cf_ bf];|f] nx/ t];|f] kª\lSt   
  -O_ t];|f] nx/ bf];|f] kª\lSt  -O{_ t];|f] kª\lSt bf];|f] nx/

 -ª_  olb s'g} d]l6«S;sf] j|md 3 × 2 eP pSt d]l6«S;sf] hDdf ;b:o ;ª\Vof tnsf dWo] 
  s'g xf] <

  -c_ 5  -cf_ 1  -O_ 6  -O{_ 9
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2. tnsf] d]l6«S;x¿sf] j|md;lxt ;ª\s]tdf n]Vg'xf];\ M

 -s_ P = [1  4   2]  -v_ X = 

  0   4
–7   0
  2 –3
 1 –5

 -u_ M = 

  1   2
  2   4
–3 –2

3.  olb A = 
1 0 3
2 1 0
2 0 1

 eP tnsf] k|Zgx¿sf] pQ/ lbg'xf];\ M
 

 -s_ a32 df s'g ;b:o 5 <

 -v_ (a32 + a21)
2  sf] dfg slt x'G5 < n]Vg'xf];\ . 

 -u_ a31 – a22 + a13 sf] dfg slt x'G5 < n]Vg'xf];\ . 

4.  tn lbOPsf d]l6«S;x¿ lgdf{0f ug'{xf];\ M

 -s_ d]l6«S; A = [aij]2×3  hxfF aij = 3i + 2j 5 . 

 -v_ d]l6«S; B = [ bij]3×2  hxfF bij = 2i2 – j 5 . 

 -u_ d]l6«S; X = [ xij]3×3  hxfF xij = |2i – j| 5 . 

 -3_ d]l6«S; M = [ mij]2×4  hxfF mij =
(i – j)2

2 5 .

 -ª_ d]l6«S; P = [ pij]2×3  hxfF pij = (i × j)2 5 .

5.  tLg hgf ljBfyL{x¿n] tLg ljifodf k|fKt u/]sf] :t/ cª\s (grade point) n]vL Pp6f 
 d]l6«S; agfpg'xf];\ . To;sf] j|md / cjojx¿ ;fyLx¿;Fu 5nkmn u/L kQf nufpg'xf];\ .

 pQ/

1. -s_ lzIfsnfO{ b]vfpg'xf];\ .  -v_ lzIfsnfO{ b]vfpg'xf];\ . -u_ 0  -3_ bf];|f] kª\lSt t];|f] nx/  -ª_ 6

2. -s_ P sf] j|md = 1 × 3 ,  P = [pij]1×3   -v_ X sf] j|md = 4 × 2 , X = [xij]4×2  

 -u_ M sf] j|md = 3 × 2, M = [mij]3×2     3. -s_ 0    -v_ 4     -u_ 4

4. 
- -

--

-
  

5. lzIfsnfO{ b]vfpg'xf];\ .
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d]l6«S;sf k|sf/x¿ (Types of Matrices) 

tnsf pbfx/0f x]/f}F M 

kª\lSt d]l6«S; nx/ d]l6«S; cfotsf/ d]l6«S; ju{ d]l6«S;

A = [1   2   3]
B = 

–4
1
5

C = 
  7 9
–8 5
  3 6

D = 
1 0 4
0 1 2
3 1 2

dflysf pbfx0fdf,

– klxnf] d]l6«S; A df Pp6f dfq kª\lSt 5 . To;}n] o;nfO{ kª\lSt d]l6«S; (Row matrix) 

 elgG5 . 

– bf];|f] d]l6«S; B df Pp6f dfq nx/ 5 . To;}n] o;nfO{ nx/ d]l6«S; elgG5 . 

– t];|f] d]l6«S; C df nx/ / kª\lSt PseGbf a9L 5g\ / ltgsf] ;ª\Vof a/fa/ 5}g . o:tf] 
 d]l6«S;nfO{ cfotsf/ d]l6«S; elgG5 . 

– rf}yf] d]l6«S; D df nx/ / kª\lStsf] ;ª\Vof a/fa/ 5 . o:tf] d]l6«S;nfO{ ju{ d]l6«S; 
 (Square matrix) elgG5 . 

ljrf/0fLo k|Zg M s] ;a} d]l6«S; cfotsf/ d]l6«S; eGg ;lsG5 < 

z"Go jf vfnL d]l6«S; (Zero or Null Matrix)

d]l6«S;x¿ [0 0 0 0
0 0 0 0] ,   [

0 0
0
0

0
0
] ,  [0 0

0 0]  
 sf] j|mdx¿ slt slt xf]nfg < 

ltgLx¿sf] ;b:ox¿ s:tf 5g\ <   

lbOPsf ;a} d]l6«S;x¿sf] ;b:ox¿ z"Go 5g\ To;}n] j|md hlt eP klg ;a} ;b:ox¿ z"Go 
ePsfn] dflysf d]l6«S;x¿nfO{ z"Go d]l6«S;x¿ elgG5 . 

;a} ;b:ox¿ z"Go ePsf d]l6«S;x¿nfO{ z"Go d]l6«S;x¿ (Zero Matrix) elgG5 . z"Go 
d]l6«S;x¿nfO{ Om×n n] hgfOG5  . 

-r_  ljs0f{ d]l6«S; (Diagonal Matrix)

tnsf] k|Zgx¿sf] pQ/ vf]hL ug'{xf];\ M

ju{ d]l6«S;x¿  M = 
1 0
0 2  / N =  

1 0  0
0 5  0
0 0 –4

 df d'Vo ljs0f{x¿df s] s] ;b:o 
5g\ < 

d'Vo ljs0f{df eGbf afx]ssf 7fpFdf s:tf ;b:ox¿ 5g\ < o:tf] d]l6«S;nfO{ s] elgG5 
xf]nf < 
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dflysf klxnf] ju{ d]l6«S; M df d'Vo ljs0f{df 1 / 2 5g\ / cGo :yfgsf ;a} ;b:ox¿ 
z"Go 5g\ . To;}u/L ju{ d]l6«S; N df d'Vo ljs0f{df 1, 5 / –4 5g\ / cGo :yfgsf ;a}  
;b:ox¿ z"Go 5g\ . b'a} juf{sf/ d]l6«S;x¿df d'Vo ljs0f{afx]ssf ;a} ;b:ox¿ z"Go 
ePsfn] o:tf d]l6«S;x¿nfO{ ljs0f{ d]l6«S; elgG5 . 

ljrf/0fLo k|Zg M s] ju{ d]l6«S;x¿ M = 0 0
0 0

 / N =  
0 0 0
0 0 0
0 0 0

 nfO{ klg ljs0f{ 
d]l6«S; eGg ;lsG5 < 

d'Vo ljs0f{afx]ssf ;a} ;b:ox¿ z"Go ePsf ju{ d]l6«S;x¿nfO{ ljs0f{ d]l6«S;  (Diagonal 

matrix) elgG5 . ljs0f{ d]l6«S; A = [aij]n×n df  i ≠ j sf nflu aij = 0 x'G5 . 

-5_  :s]n/ d]l6«S; (Scalar Matrix)

ju{ d]l6«S;x¿  1 0
0 1  / 

5 0 0
0 5 0
0 0 5

 df d'Vo ljs0f{df s:tf ;b:ox¿ 5g\ < 

s] tL ;a} a/fa/ 5g\ < d'Vo ljs0f{ afx]ssf ;b:ox¿ s:tf 5g\ <

dflysf b'a} ju{ d]l6«S;x¿df d'Vo ljs0f{x¿df Pp6} ;b:ox¿ 5g\ / d'Vo ljs0f{afx]ssf 
;a} ;b:ox¿ z"Go 5g\ . o:tf ju{ d]l6«S;x¿nfO{ :s]n/ d]l6«S; elgG5 . 

d'Vo ljs0f{sf ;a} ;b:ox¿ Pp6} -a/fa/_ ePsf] ljs0f{ d]l6«S;nfO{ :s]n/ d]l6«S; elgG5 . 
dflysf d]l6«S;x¿ :s]n/ d]l6«S;x¿ x'g\ . ;fdfGotM ljs0f{ d]l6«S; A = [aij]n×n df  i ≠ j sf 
nflu aij = 0 / i = j sf] nflu aij = k x'G5 . 

-h_  PsfO jf PsfTds d]l6«S; (Unit or Identity Matrix)

ju{ d]l6«S;x¿   
1 0
0 1  / 

1 0 0
0 1 0
0 0 1

 df d'Vo ljs0f{df s:tf ;b:ox¿ 5g\ < 

s] tL ;a} a/fa/ 5g\ < slt 5g\ < d'Vo ljs0f{afx]ssf ;b:ox¿ s:tf 5g\ <

dflysf b'a} ju{ d]l6«S;x¿df d'Vo ljs0f{x¿df ;a} ;b:ox¿ 1 5 / d'Vo ljs0f{afx]ssf
;a} ;b:ox¿ z"Go 5g\ . o:tf ju{ d]l6«S;x¿nfO{ PsfO d]l6«S; (Unit or Identity 

Matrix) elgG5 . 

d'Vo ljs0f{sf ;a} ;b:ox¿ 1 ePsf] :s]n/ d]l6«S;nfO{ PsfO d]l6«S; (Unit or Identity 

Matrix)  elgG5 . dflysf d]l6«S;x¿ :s]n/ d]l6«S;x¿ x'g\ . ;fdfGotM ljs0f{ d]l6«S; A = [aij]

n×n df  i ≠ j sf] nflu aij = 0 / i = j sf] nflu aij = 1 x'G5  . PsfO d]l6«S;x¿nfO{ I n] hgfOG5 .
h:t} 2×2 sf] PsfO d]l6«S; I = 1 0

0 1
  x'G5 . 

ljrf/0fLo k|Zg M s] ;a} PsfTds d]l6«S;nfO{ :s]n/ d]l6«S; eGg ;lsG5 < 
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-em_ lqe'hfsf/ d]l6«S; (Triangular Matrix)

tnsf d]l6«S;x¿ cWoog u/L 5nkmn ug'{xf];\ M

[2 4
0  ],    [

2  2
0
0

3 8
0 6

],  [2 0
5  ], [

2 0 0
5
8

3 0
 3 6

] 

oL d]l6«S;sf ljz]iftfx¿ vf]hL ug'{xf];\ . 

oxfF, klxnf] b'O{ d]l6«S;x¿df d'Vo ljs0f{eGbf tnk6\l6sf ;b:ox¿ z"Go 5g\ . o;/L d'Vo 
ljs0f{eGbf tnk6\l6sf ;a} ;b:ox¿ z"Go ePsfn] klxnf] b'Ocf]6f  juf{sf/ d]l6«S;nfO{ dflyNnf] 
lqe'hfsf/ d]l6«S; (upper triangular matrix) elgG5 . 

To;}u/L kl5Nnf b'O{ d]l6«S;x¿df d'Vo ljs{0feGbf dflysf ;a} ;b:ox¿ z"Go 5g\ . o;/L d'Vo 
ljs0f{eGbf dflyk6\l6sf ;a} ;b:ox¿ z"Go ePsfn] kl5NNff b'O{ juf{sf/ d]l6«S;x¿nfO{ tNnf] 
lqe'hfsf/ d]l6«S; (lower triangular matrix)  elgG5 . 

o;/L dflysf ;a} d]l6«S;x¿nfO{ lqe'hfsf/ d]l6«S; elgG5 . 

d'Vo ljs0f{eGbf dfly jf tnk6\l6sf ;a} ;b:o x¿ z"Go ePsf] juf{sf/ d]l6«S;nfO{ 
lqe'hfsf/ d]l6«S; (Triangular Matrix) elgG5 . of] dflyNnf] lqe'hfsf/ d]l6«S; (upper 

triangular matrix) / tNnf] lqe'hfsf/ d]l6«S; (lower triangular matrix) u/L b'O{ k|sf/sf] x'G5 . 
ju{ d]l6«S; A, lqe'hfsf/ d]l6«S; eP,  A = [aij]n×n df  i > j jf i < j sf] nflu aij = 0  x'G5  .

-`_  ;dldlt d]l6«S; (Symmetric Matrix)

juf{sf/ d]l6«S; A =  
2 1 2
1 3 8
2 8 6

  df kª\lStdf ePsf ;b:ox¿nfO{ nx/df / nx/df  

ePsf ;b:ox¿nfO{ kª\lStdf n]Vg'xf];\ . s] km/s kfpg'eof] < s] klxn]s} d]l6«S; aGof] <

dflysf] d]l6«S; A df kª\lSt / nx/ ;f6f;f6 ubf{ ;f]xL d]l6«S; aG5 . o:tf] vfnsf] u'0f 
ePsfn] d]l6«S; A nfO{ ;dldlt d]l6«S; elgG5 . 

Pp6f juf{sf/ d]l6«S;df nx/ (column) nfO{ kª\lSt (row) df / kª\lSt (row) nfO{ nx/ 
(column) df kl/j{tg ubf{ d]l6«S;df s'g} kl/j{tg gePdf To:tf] d]l6«S;nfO{ ;dldlt d]l6«S; 
(symmetric matrix) elgG5 . olb d]l6«S; A ;dldlt d]l6«S; eP A = [aij]n×n df  i ≠ j sf] nflu 

aij = aji x'G5 .

-6_  a/fa/ d]l6«S;x¿ (Equal Matrices)

ju{ d]l6«S;x¿ A = 
a11 a12
a21 a22

  / B = 
b11 b12
b21 b22

 5g\ . oxfF aij / bij x¿nfO{ ;ª\utL ;b:ox¿ elgG5 . 
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h:t} a12 / b12 
;ª\utL ;b:ox¿ x'g\ . t;y{ s'g} b'O{ d]l6«S;x¿ j/fa/ 5 5}g egL x]g{ j|md / 

;ª\utL ;b:ox¿ x]g'{k5{ . 

h:t} M A = [  
  ] / B =  [

  
 8
 

 
 
] , C= [  

  ] D =   [
  
 8
 

 
 
] df  d]l6«S;x¿ A / C sf] j|md pxL 

5 / ;ª\utL ;b:ox¿ klg a/fa/ 5g\ To;}n} oL b'a} d]l6«S;x¿nfO{ a/fa/ d]l6«S; elgG5 . 
o;nfO{ A = C n] hgfOG5 . To;}u/L d]l6«S;x¿ B / D sf] j|md pxL 5 / ;ª\utL ;b:ox¿ klg 
a/fa/ 5g\ To;}n} oL b'a} d]l6«S;x¿nfO{ a/fa/ d]l6«S; elgG5 . o;nfO{ B = D n] hgfOG5 .

t/ d]l6«S;x¿ A / B  sf] j|md pxL 5}g / ;ª\utL ;b:ox¿ klg a/fa/ 5}gg\ To;}n} oL b'a} 
d]l6«S;x¿nfO{ a/fa/ d]l6«S; elgb}g . o;nfO{ A ≠ B n] hgfOG5  To:t} A ≠ D x'G5 . 

j|md pxL / ;ª\utL ;b:ox¿ klg a/fa/ ePsf d]l6«S;x¿nfO{ a/fa/ d]l6«S; elgG5 . To;}u/L 
olb b'O{ d]l6«S;x¿ a/fa/ ePdf ltgLx¿sf] j|md / ;ª\utL ;b:ox¿ klg a/fa/ x'G5g\ . 

h:t} M 
z    x
b   a  = 2   3

5   1   eP a =1, b = 5, x = 3 / z = 2 x'G5 . 

pbfx/0f 1  

pbfx/0f;lxt ljs0f{ d]l6«S;sf] k/Lefiff lbg'xf];\ .

;dfwfg 

s'g} klg ju{ d]l6«S;sf] d'Vo ljs0f{sf ;b:ox¿afx]s cGo ;a} ;b:ox¿ z"Go 5g\ eg] To:tf] 

d]l6«S;nfO{ ljs0f{ d]l6«S; elgG5 . h:t} A = 
2   0   0
0   3   0
0   0   0

pbfx/0f 2  

olb 
x    4
5   y  =  

2      a2

10b  1   eP a, y, a /  b sf dfgx¿ kQf nufpg'xf];\ . 

;dfwfg 

lbOPsf] 
x    4
5   y  =  

2      a2

10b  1   

b'O{ d]l6«S;x¿ a/fa/ ePsfn] logLx¿sf] ;ª\utL ;b:ox¿ klg a/fa/ x'G5g\ . To;}n] ;ª\utL 
;b:ox¿ t'ngf ubf{, 

x = 2 y = 1 a2 = 4

cyjf, a = ±  4 

cyjf, a = ±2  

10b = 5

cyjf, b = 
5 
10

cyjf, b = 
1 
2

 ∴ x = 2, y = 1, a = ±2, b = 
1 
2

/ ,,/
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pbfx/0f 3  

x / y sf] s'g s'g dfgx¿n] ubf{ d]l6«S;x¿ 
2x + y   4
   5        8  / 

6      4
5    x + y  a/fa/ x'G5g\ < kQf 

nufpg'xf];\ . 

;dfwfg 

dfgf}F , 
2x + y   4
   5        8  = 

6      4
5    x + y

;ª\utL ;b:ox¿ t'ngf ubf{,
2x + y = 6 … (i)

x + y = 8 … (ii)

dflysf b'a} ;dLs/0fx¿ xn ubf{,

    2x + y     =    6 
    _x + y    =    8
     x             = –2

x sf] dfg ;dLs/0f (i) df /fVbf, y = 6 – 2x = 6 – 2×(–2) = 6 + 4 = 10

∴ x = –2, y = 10 ePdf b'O{ d]l6«S;x¿ a/fa/ x'G5g\ . 

cEof; 1.5 (B)

1. -s_  olb d]l6«S; A = [aij]m×n eP tnsf dWo] s'g cj:yfdf A ju{ d]l6«S; x'G5 <

  -c_  m < n   -cf_ m > n

  -O_ m = n   -O{_ s'g} klg xf]Og 

 -v_ pbf/x0f;lxt tnsf d]l6«S;x¿sf] kl/ro lbg'xf];\ M 

  -c_ juf{sf/ d]l6«S;    -cf_ ljs0f{ d]l6«S;     
  -O_ :s]n/ d]l6«S;    -O{_ ;dldlt d]l6«S;

 -u_ PsfTds d]l6«S; / :s]n/ d]l6«S;lar t'ngf ug'{xf];\ .

2.  lbOPsf d]l6«S;sf k|sf/ n]Vg'xf];\ M

 

- - -

- - -
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3.  tnsf k|To]s cj:yfdf x , y / z sf dfgx¿ kQf nufpg'xf];\ .

-s_ [    
   ] / [

  
   ] a/fa/ d]l6«S; x'g\ .  

-v_ [     
      ] Pp6f PsfTds d]l6«S; xf] . 

-u_ [   
   ] = [

   
     ] 

-3_ [
     
  

 
] d'Vo ljs0f{df 7 ePsf] :s]n/ d]l6«S; xf] .  

-ª_ [     
   ] Pp6f ;dldlt d]l6«S; xf] . 

-r_  [    
  ] = [

  
    ] 

-5_  [        
     ] = [

    
     ] 

-h_  [        
  ] = [

 
  
     

]  hxfF    ,  ,     ° 

4.  olb [    
  ] = [

  
   ]  

 
5.  olb d]l6«S; A df kª\lStsf] ;ª\Vof (2x–3) / nx/sf] ;ª\Vof (y + 5) 5 To;}u/L d]l6«S; 
 B df kª\lStsf] ;ª\Vof (x + 2) / nx/sf] ;ª\Vof (3y – 1) 5 . olb A / B a/fa/ d]l6«S;x¿ 
 eP d]l6«S; A sf] j|md kQf nufpg'xf];\ .

 

pQ/

1. lzIfsnfO{ b]vfpg'xf];\ .  2.-s_ :s]n/ d]l6«S;  -v_ PsfO d]l6«S;  

 -u_ tNnf] lqe'hfsf/ d]l6«S;  -3_ kª\lSt d]l6«S;  -ª_ ;dldlt d]l6«S;  -r_ ljs0f{ d]l6«S;

3. -s_ x = 8, y = 5, z = 5  -v_ x = 2 
5 , y = 0, z = – 4 

   3    -u_ x = ± 4, y = ±2, z = 4  
 -3_ x = 2, z = 21  -ª_ y = 5  -r_ x = 4, y = 0  -5_ x = 6, y = –2, z = –3 

 -h_ x = 30°, y = 0°, z = 45°

4.  a = 4, b = 2 cyjf a = –2, b = –4  5.   7 × 8

eP a / b sf] ;Defljt dfgx¿ slt slt xf]nfg\ .
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1.5.2 d]l6«S;sf lj|mofx¿ (Operations On Matrix)

d]l6«S;x¿sf] hf]8 (Addition of Matrices)

lj|mofsnfk 1  

s'g} b'O{cf]6f k;ndf ut xKtf cfOtaf/b]lv dª\unaf/;Dd laj|mL ePsf cfn', uf]ne]F8f /  
sfpnLsf kl/df0fx¿ (kg) tn tflnsfdf pNn]v ul/Psf] 5 :

   klxnf] k;n                                                 

lbg÷kl/df0f cfn' uf]ne]F8f sfpnL

cfOtaf/ 3 4 6

;f]daf/ 5 7 10

dª\unaf/ 8 5 11

dflysf b'O{ tflnsfx¿ cWoog u/L lgDglnlvt k|Zgx¿sf pQ/ n]Vg'xf];\ M

-s_ cfOtaf/ b'O{cf]6f k;ndf u/L hDdf slt s]=hL (kg) cfn' laj|mL eof] xf]nf <

-v_ dª\unaf/ b'O{cf]6f k;ndf u/L hDdf slt s]=hL= (kg) sfpnL laj|mL eof] xf]nf <

-u_ cfOtaf/b]lv dª\unaf/;Dd b'O{cf]6} k;ndf u/L k|To]s t/sf/Lx¿ slt slt s]=hL=  
 laj|mL eof] <

pko'{St 5nkmnsf cfwf/df klxnf] k;n / bf];|f] k;nsf k|To]s t/sf/Lsf] laj|mL kl/df0fnfO{ 
d]l6«S;åf/f lgDgfg';f/ /fVg ;lsG5 M

   [
   
   
    

],    [
   
    
    

] 

ca d]l6«S; hf]8sf] :j¿kcg';f/ d]l6«S; A / B nfO{ cfk;df hf]8\bf 

A + B = [
   
   
    

]   [
   
    
    

]   [
         
          
           

]   [
    
     
     

] 

 cfOtaf/b]lv dª\unaf/;Dd cfn' j|mdz: 8 kg, 9 kg / 15 kg , ufne]F8f j|mdz : 11 kg, 
13 kg / 8 kg To;}u/L sfpnL j|mdz: 9 kg, 15 kg / 21 kg laj|mL eof] .

;dfg j|md ePsf d]l6«S;x¿ dfq hf]8\g / 36fpg ;lsG5 . o;/L d]l6«S;x¿ hf]8 ubf{ ;dfg 
:yfgsf ;b:ox¿ cyf{t\ ;ª\utL ;b:ox¿ hf]8\g'k5{ . d]l6«S;x¿sf] 36fpdf klg hf]8sf] 
h:t} k|lj|mof ckgfOG5 . 

   bf];|f] k;n

lbg÷kl/df0f cfn' uf]ne]F8f sfpnL

cfOtaf/ 5 7 3

;f]daf/ 4 6 5

dª\unaf/ 7 3 10
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pbfx/0f 1  

olb A = 
0 –5 2
1 5 3  / B = 

2 6 1
7 3 0  eP A + B tyf A – B kQf nufpg'xf];\ . 

;dfwfg 

oxfF,  A + B  = [    
   ] [

   
   ] 

  =  [          
         ] 

  = [   
   ] 

A   B  = [    
   ]  [

   
   ] 

  =  [          
         ] 

  = [      
    ] 

 

1.5.3 d]l6«S; hf]8sf u'0fx¿ (Properties of Matrix Addition)

-s_ aGbL lgod (Closure Property)

tnsf] pbfx/0f cWoog ug'{xf];\ M

olb P = 
3 5
2 4  / Q = 

1 3
2 5  eP P + Q s:tf] d]l6«S; aGnf < s] P, Q / P + Q sf 

j|mdx¿ Pp6} xf]nfg\ <

oxfF, 

d]l6«S; P / Q sf] j|md 2 × 2 x'Fbf ltgLx¿sf] of]ukmn P + Q klg Pp6f d]l6«S; g} xf] h;sf] j|md 
klg 2 × 2  5 . 

b'O{cf]6f ;dfg j|mdsf d]l6«S;x¿sf] of]ukmn klg pxL j|mdsf] d]l6«S; g} x'G5 . d]l6«S; hf]8sf] 
of] u'0fnfO{ aGbL u'0f (closure property) elgG5 .

ljrf/0fLo k|Zg M s] d]l6«S;x¿sf] 36fpdf klg aGbL lgod dfGo x'G5 < pbfx/0f;lxt k/LIf0f u/L 
lgisif{ lgsfNg'xf];\ .

-v_ j|md ljlgod u'0f (Commutative Property)

s'g} b'O{ d]l6«S;x¿ lncf}F, h:t} M A = 
3 5
2 4  / B = 

1 3
2 5

oxfF,
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A + B / B + A lgsfNbf s] Pp6} glthf cfpF5 <

     [  
  ] [

  
  ]  [

      
      ]   [

  
  ] 

     [  
  ] [

  
  ]  [

      
      ]   [

  
  ] 

 o;/L, A + B = B + A eof] . t;y{ h'g;'s} d]l6«S;x¿df A + B = B + A x'G5 . d]l6«S; hf]8sf] o:tf] 
u'0fnfO{ j|md ljlgod u'0f (Commutative Property) elgG5 . 

h'g;'s} ;dfgj|mdsf d]l6«S;x¿ A / B df A + B = B + A x'G5 . d]l6«S; hf]8sf] o:tf] u'0fnfO{ 
j|md ljlgod u'0f (Commutative Property) elgG5 .

ljrf/0fLo k|Zg M s] d]l6«S;x¿sf] 36fpdf klg j|mdljlgdo lgod dfGo x'G5 < pbfx/0f;lxt 
k/LIf0f u/L lgisif{ lgsfNg'xf];\ .

-u_  ;ª\3Lo u'0f (Associative Property)

 

dfgf}, d]l6«S;x?    *  
  +,    *

  
  + / C   *

  
  + 5 .  

(A + B) + C / A + (B + C) lgsfNbf, 

(A + B) + C = (*  
  + *

  
  +) *

  
  + = *  

  + *
  
  +   *

  
  + 

A + (B + C) = *  
  + (*

  
  + *

  
  + )= *  

  + *
  
  +   *

  
  + 

 ∴ (A + B)+ C = A + (B + C) 

ctM d]l6«S;x¿sf] hf]8df ;ª\3Lo u'0f x'G5 .

s'g} tLgcf]6f ;dfgj|mdsf d]l6«S;x¿ A, B / C  df (A + B) + C = A + (B + C) x'G5 cyf{t\ klxnf 
A / B of]ukmndf C nfO{ hf]8L cfpg] of]ukmn / A df B / C sf] of]ukmn nfO{ hf]8\bf cfpg] 
of]ukmn ;w}F a/fa/ x'G5 . d]l6«S; hf]8sf] o:tf] u'0fnfO{ ;ª\3Lo u'0f (Associative property) elgG5 .

ljrf/0fLo k|Zg M s] d]l6«S;x¿sf] 36fpdf klg ;ª\3Lo lgod dfGo x'G5 < pbfx/0f;lxt 
k/LIf0f u/L lgisif{ lgsfNg'xf];\ .

-3_ PsfTds u'0f (Existence of Additive Identity)

 dfgf}F A = 
1 1
2 3  / O = 

0 0
0 0  5 . 

dfgf}F, d]l6«S;x¿
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 ca,

A + O = [  
  ] [

  
  ]  [

      
      ]  [

  
  ]    

O + A = [  
  ] [

  
  ] [

      
      ]  [

  
  ]    

 
o;/L dflysf] d]l6«S; A sf] nflu, A + O = O + A = A x'g] u/L hlxn] klg ;f]xL j|mdsf] 
Pp6f z"Go d]l6«S; kfOG5 . o:tf] vfnsf] d]l6«S; hf]8sf] u'0fnfO{ PsfTds u'0f  
(Existence of additive identity) elgG5 . 

s'g} klg d]l6«S; A sf] nflu, A + O = O + A = A x'g] u/L hlxn] klg ;f]xL j|mdsf] Pp6f z"Go 
d]l6«S; kfOG5 . d]l6«S; hf]8sf] o:tf] u'0fnfO{ PsfTds u'0f (Existence of additive identity) 
elgG5 . 

-ª_  hf]8sf] ljk/Lt lgod (Existence of Additive Inverse)

Pp6f d]l6«S; lncf}F, A= 
0    –5 2
1 5 3 , s] d]l6«S; A ;Fu hf]8 ubf{ z"Go d]l6«S; cfpg] 

u/L csf]{ ;dfg j|mdsf] d]l6«S; kQf nufpg ;lsG5 <

cjZo ;lsG5 h:t} csf]{ Pp6f d]l6«S; B =  0     5     –2
–1  –5    –3  lncf}F

ca, A + B = [    
   ] [

    
      ]  [

   
   ]  O 

       B + A = [     
      ] [

    
   ]  [

   
   ]  O 

 o;/L A + B = B  + A = O (z"Go d]l6«S;) 

dflysf b'O{ d]l6«S;x¿ hf]8 ubf{ z"Go d]l6«S; cfPsfn] dflysf b'O{ d]l6«S;x¿nfO{ Pscsf{sf] 
ljk/Lt d]l6«S; elgG5 . 

s'g} klg d]l6«S; A sf] nflu, A + B = B  + A = O (z"Go d]l6«S;) x'g] u/L csf]{ ;dfg j|mdsf] d]l6«S; 
B = –A e]l6G5 . d]l6«S; hf]8sf] of] u'0fnfO{ ljk/Lt u'0f (Existence of additive inverse) elgG5 .
o:tf] cj:yfdf A / B nfO{ Pscsf{sf] ljk/Lt d]l6«S; elgG5 . cyf{t\, s'g} klg d]l6«S; A sf] 
ljk/Lt d]l6«S; ;f]xL j|mdsf] csf]{ d]l6«S; –A x'G5 . 

1.5.4 d]l6«S;sf] :s]n/ u'0fg (Scalar Multiplication of Matrix)

d]l6«S; A nfO{ s'g} :s]n/ k n] u'0fg ubf{ A sf] ;a} ;b:ox¿nfO{ k n] u'0fg ug'{k5{ . 

h:t} M olb A= 
a   b
c   d  eP  kA = 

ka kb
kc kd    x'G5 . 
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pbfx/0f 1  

olb A =  
2   3
4   2  eP 3A sf] dfg lgsfNg'xf];\ . 

;dfwfg 

oxfF lbOPsf] d]l6«S; A =  
2   3
4   2

ca, 3A  [  
  ]   [

 ×   ×  
 ×   ×  ]   [

  
   ]  

  3A = [   
   ] 

 pbfx/0f 2  

olb A =   1    3
–9   0  / B =  

x  2y
9   0  5 / A + B ;dfg j|mdsf] Pp6f z"Go d]l6«S; eP x / y sf] 

dfgx¿ kQf nufpg'xf];\ . 
;dfwfg
oxfF A + B Pp6f z"Go d]l6«S; ePsfn] 

 
1    3
–9  0 + 

 x  2y
 9   0  = 

0    0
0    0 

cyjf,   1 + x    3 + 2y
–9 + 9    0 + 0  = 

0    0
0    0 

cyjf,   1 + x    3 + 2y
     0          0

 = 
0    0
0    0 

ca, ;ª\utL dfgx¿ a/fa/ ubf{, 

1+ x = 0 , x = –1 , To;}u/L, 3 + 2y = 0, cyjf, 2y = –3 cyjf, y = 
–3 
 2   

cEof; 1.5 (C)

1.  d]l6«S;sf] hf]8 / 36fpsf k"j{ ;t{x¿ s] s] x'g\ < n]Vg'xf];\ . 

2.  -s_ d]l6«S; hf]8sf u'0fx¿ s] s] x'g\, n]Vg'xf];\ .

   -v_  olb A / B ;dfg j|mdsf d]l6«S;x¿ 5g\ . A + B = B + A nfO{ d]l6«S; hf]8sf] s'g 
  u'0f elgG5 < n]Vg'xf];\ . 

    -u_  d]l6«S; hf]8sf] ;ª\3Lo u'0f n]Vg'xf];\ . 

3.  tnsf s'g s'g d]l6«S;x¿ hf]8 ug{ ;lsG5 < sf/0f;lxt n]Vg'xf];\M

 -s_ A =  
1    1
2    0  -v_ P = 

  1   1
  2   0 
–4   2 

   -u_ Q = [1   2   –2]

 -3_ R = 
  3   7
  2   5 
–4   2 

    -ª_ X = 1    5
7    0 
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4. olb X = 4    6
8    0  / Y = 1    5

7    0  eP tnsf] d]l6«S;x¿ kQf nufpg'xf];\ M

 -s_ X + Y  -v_ X – Y  -u_ 2X + 3Y  -3_ 
1 
2 X – 2Y

5  -s_  olb X = –2  2
 8   6  / Y = –4 –5

  7   0   eP d]l6«S; hf]8sf] j|mdljlgdo u'0fsf] k/LIf0f

  u/L k|dfl0ft ug'{xf];\ . s] d]l6«S;x¿larsf] 36fpdf klg j|mdljlgdo u'0f dfGo x'G5 < 
  k/LIf0f u/L lgisif{ n]Vg'xf];\ .

    -v_  olb P = 
4    2
8    6 , Q = 

4    5
6    1 / R = 

4    8
3    0 eP d]l6«S; hf]8sf] ;ª\3Lo u'0fsf] 

  k/LIf0f u/L k|dfl0ft ug'{xf];\ .

 -u_ olb M   [    
   ], N   [    

   ], H   [    
   ] eP tnsf] sygx¿ 

  k|dfl0ft ug'{xf];\ M

  -c_  M + H = H + M  -cf_ (M + H) + N = M + (H + N)

  -O_ M + (–M) = O (O Pp6f ;dfg j|md ePsf] z"Go d]l6«S; xf] .)

6.  tnsf] k|To]s cj:yfdf x / y sf] dfgx¿ kQf nufpg'xf];\ M

 

 -s_  [   
  ] + [  

  ] = [  
  y] 

 -v_  [   
  ] + [  

  ] =  I Pp6f     j|mdsf] PsfTds d]l6«S; xf] .  

 -u_ olb d]l6«S; [x    
  y  ] sf] ljk/Lt d]l6«S; [  

   ] xf] . 

 -3_   [   
    ] +  [   

   ] = [  
   ] 

 -ª_   [   
    ] +  [  

  ] Pp6f ;dfg j|mdsf] z'Go d]l6«S; xf] .  

 
-s_  olb P   [  

   ] /  3P + X = [  
  ] eP d]l6«S; X kQf nufpg'xf];\ .  

-v_ olb P   [  
   ]  / R   [

  
  ] eP 2P   3X  = 3R x'g] u/L d]l6«S;  

 X kQf nufpg'xf];\ .  

 
8.  olb d]l6«S; P + Q = 

5    0
3  –2  /  P – Q = 

8    4
2    6  eP d]l6«S;x¿ P / Q kQf nufpg'xf];\ . 

9.  olb d]l6«S; X = 
–3 –1
 6   7  eP d]l6«S; X sf] ljk/Lt d]l6«S; kQf nufpg'xf];\ . 

7.
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pQ/ 

1. ;dfg j|md

2. -s_ lzIfsnfO{ b]vfpg'xf];\ .  -v_ j|mdljlgdo u'0f  

 -u_  olb A, B / C ;dfg j|mdsf] d]l6«S; xf], h;df (A + B) + C = A + (B + C) nfO{ ;ª\3Lo u'0f elgG5 . 

3.   ;dfg j|md ePsfn] d]l6«S; A / X, d]l6«S; P / R

4. -s_ X + Y = 
5   11
15  0  -v_ X – Y =  3   1

 1   0   -u_ 2X + 3Y = 
 11 27
 37  0   -3_ 

1 
2 X– 2Y = 

 0   –7
–10  0 

5. -s_ d]l6«S;x¿larsf] 36fpdf j|mdljlgdo u'0f dfGo x'Fb}g . -v_ / -u_ lzIfsnfO{ b]vfpg'xf];\ .  

6= -s_ x = 3 
2 , y = 3   -v_ x = –2 

3
, y = –2,  -u_ x = – 9, y = 5   -3_ x = 5 

8 , y = 12    -ª_ x = –2 , y = –6

7. -s_ X = 
 –1  6
–3  12  -v_ X =  

 –10  –8 
    3
 –3    –4 
  3 

  8. P =  
 13     2 
  2
 5      2 
 2 

, Q = 
 –3     –2 
  2
 1      –4 
 2 

9.  
 3    1
–6  –7   10.  1    0

 0    1 , PsfTds d]l6«S;

kl/of]hgf sfo{ 

1.  5/5 hgfsf] ;d"x agfO{ glhs}sf b'O{cf]6f :6];g/L k;ndf hfg'xf];\ . Ps} lsl;dsf] s'g} 5 
cf]6f :6];g/L ;fdu|Lx¿sf] df}Hbft ;ª\VofnfO{ d]l6«S;sf ¿kdf n]vL b'a} :6];g/L k;nsf 
;f] ;fdu|Lx¿sf] hDdf df}Hbft ;ª\Vof / ;f]xL lbg laj|mLkl5 afFsL /x]sf ;fdu|Lx¿sf]  
;ª\Vof kQf nufpg k|of]u x'g] d]l6«S;sf lj|mofx¿ n]Vg'xf];\ . ;f]xL lj|mofåf/f afFsL  
df}Hbft kQf nufO{ k|ltj]bg tof/ u/L sIffsf]7fdf k|:t't ug'{xf];\ . 

2.  5/5 hgfsf] ;d"x agfO{ ljBfnosf] rd]gfu[xdf hfg'xf];\ . s'g} tLg lbgsf] nuftf/ v]/ 
uPsf vfgfx¿ (vfgf, t/sf/L tyf cGo) cnu cnu kl/df0fx¿ (kg) sf] tYofª\s 
;ª\sng ug'{xf];\ . tL tYofª\snfO{ d]l6«S;sf] :j¿kdf n]vL k|To]s lbg hDdf slt  
kl/df0fdf vfgf v]/ uP d]l6«S;sf] lj|mof u/L kQf nufpg'xf];\ . tf]lsPsf] 9fFrfdf  
k|ltj]bg tof/ u/L sIffsf]7fdf k|:t't ug'{xf];\ . 

3.  k|To]s ljBfyL{{n] cfˆgf] 3/df pknAw ePsf] df]afOn jf sDKo'6/sf] OG6/g]6 a|fph/ -h:t} M
Google, Chrome, Firefox, Internet Explorer etc.) vf]nL d]l6«S;sf] s'g} kfFrcf]6f k|of]ux¿ 
vf]hL u/L sIffsf]7fdf k|:t't ug'{xf];\ . 
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2.1 kl/ro

lqe'hsf tLgcf]6f sf]0f / e'hfx¿sf] dfkgdf cfwfl/t ul0ftsf] Pp6f ljwf lqsf]0fldlt xf] . 
lxKkfs{; (Hipparchus) nfO{ lqsf]0fldltsf lktf elg lrlgG5 lsgeg] pgn] g} lqsf]0fldtLo tflnsf 
;ª\sng u/]sf lyP .  

lqsf]0fldltsf] k|of]u vuf]n lj1fg / e"uf]ndf ;'? ePsf] kfOG5 / cfhef]ln ef}lts lj1fg, 
OlGhlgol/ª If]qdf cTolws ePsf] kfOG5 . pbfx/0fsf nflu cUnf ejg / kxf8x¿sf] prfOsf] 
gfk lng, k'n lgdf{0fsf] ;e]{ ug{, ;8s lgdf{0f cflbsf] ;e]{ ug{ h:tf sfo{x¿df lqsf]0fldltsf] 
k|of]u eO/x]sf] 5 . 

kf7 2
lqsf]0fldlt  

(Trigonometry)

k[YjLb]lv ;"o{ / rGb|;Ddsf] b'/L s;/L kQf 
nufpg] xf]nf <

 of] kxf8df r9]/ kxf8sf] prfO gfKg ;lsFb}g .   
kxf8sf] prfO s;/L kQf nufpg] xf]nf <

2.1.1 sf]l0fs gfk (Measurement of Angles)

-s_ if6\bzf+zs k4lt (Sexagesimal System)

o; k4ltdf sf]0fnfO{ l8u|L (°) PsfOdf gflkG5 . 
kl/j|mdL /]vfn] k|f/lDes /]vf;Fu Ps kmGsf] nufpFbf 
360° sf] sf]0f aG5 / Ps ;dsf]0fdf 90° x'G5 . 
k|To]s 1° nfO{ 60 ldg]6 / 1 ldg]6nfO{ 60 ;]s]G8df 
ljefhg ul/Psf] x'G5 .  

;DaGw M  1 ;dsf]0f = 90° -l8u|L_  

  1° -l8u|L_  = 60' -ldg]6_  

  1' -ldg]6_ = 60" -;]s]G8_

;"o{rGb|df

k[YjL

b'/L
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-v_  ztf+zs k4lt (Centesimal System)
o; k4ltdf sf]0fnfO{ u|]8 (g) PsfOdf gflkG5 . kl/j|mdL 
/]vfn] k|f/lDes /]vf;Fu Ps kmGsf] kl/j|md0f ubf{ 400g sf] 
sf]0f aG5 / 1 ;dsf]0fdf 100g x'G5 . k|To]s 1g nfO{ 100 ldg]6 
/ k|To]s 1 ldg]6nfO{ 100 ;]s]G8df ljefhg ul/Psf] x'G5 .    
 1 ;dsf]0f = 100g -u|]8_  

 1g -u|]8_  = 100'-ldg]6_  

 1' -ldg]6_ = 100"-;]s]G8_

pbfx/0f 1  

-s_  60°15' 30" nfO{ if6\bzf+zs k4ltsf] ;]s]G8df abNg'xf];\ . 

-v_  20° 10' 12" nfO{ l8u|Ldf abNg'xf];\ .

;dfwfg

-s_ oxfF, 60°15 30"  = (60 × 60 × 60 + 15 × 60 + 30)"
    = (216000 + 900 + 30)" = 216930''

-v_  20°10'12"   

pbfx/0f 2  

-s_  ztf+zs k4ltsf] ;]s]G8df abNg'xf];\ M 27g 50' 60"  

-v_  u|]8df abNg'xf];\ M 45g 40' 90"

;dfwfg 

-s_ 27g 50' 60" = (27 × 100 × 100 + 50 ×100 + 60)" = (270000 + 5000 + 60)'' = 275060"

-v_  45g 40' 90" 

= (     
     

  
        )

 
  

= (    
    

 
    )

 
=  (                   )

 
= (         )

 
= 45.409g 
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2.1.2 if6\bzf+zs / ztf+zs k4ltaf6 Pscsf]{ k4ltdf ¿kfGt/0f (Conversion of 
  System of Sexagesimal and Centesimal to each other System)

if6\bzf+zs / ztf+zs k4ltlarsf] ¿kfGt/0f lgDgcg';f/ ug{ ;lsG5 M

if6\bzf+zs k4ltaf6 ztf+zs k4ltdf 
kl/jt{g ug]{ tl/sf 

ztf+zs k4ltaf6 if6\bzf+zs k4ltdf 
kl/jt{g ug]{ tl/sf

xfdLnfO{ yfxf 5, 

1 ;dsf]0f = 90° -l8u|Ldf_

1 ;dsf]0f = 100g -u|]8df_

ctM 90° = 100g 

 
1° = (     )

 
 = (   )

 
 

ctM s'g} sf]0fsf] l8u|L dfg D° 5 eg], 

D° =  (     )
 
 

xfdLnfO{ yfxf 5, 

1 ;dsf]0f = 90° -l8u|Ldf_

1 ;dsf]0f = 100g -u|]8df_

ctM 100g = 90°  

 
1g = (      )

°
 = (    )

°
 

ctM s'g} sf]0fsf] u|]8 dfg Gg 5 eg],

Gg =  (     )
°
 

pbfx/0f 3  

if6\bzf+zs k4ltdf lbOPsf] sf]0f 81° nfO{ ztf+zs k4lt -u|]8_ df ¿kfGt/0f ug'{xf];\ .

;dfwfg 

oxfF, lbOPsf] sf]0f = 81° 

xfdLnfO yfxf 5, 1° =  (   )
 
 

ca, 81° = (      )
 
 = (    )  = 90g 

ctM 81° = 90g 
 

pbfx/0f 4  

ztf+zs k4ltdf lbOPsf] sf]0f 60g nfO{ if6\bzf+zs k4ltdf -l8u|L_ df ¿kfGt/0f ug'{xf];\ .

;dfwfg 

oxfF, lbOPsf] sf]0f = 60g

xfdLnfO{ yfxf 5, 1g =  (    )
 
 

ca, 60g = (       )
 
 = (   )  = 54  

ctM 60g = 54  
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pbfx/0f 5  

lbOPsf] sf]0f 64°51'45'' nfO{ ztf+zs -u|]8_ k4ltdf ¿kfGt/0f ug'{xf];\ .

;dfwfg 

oxfF, lbOPsf] sf]0f = 64°51'45''

ca, 64°51'45'' = 64° + (    )
 
+ (   

       )
 
  

= 64° + 0.85 + 0.0125 
= 64.8625 

 
ca u|]8df abNbf, xfdLnfO{ yfxf 5, 1° =  (10 

9 )g

To;}n], 64.8625  = (      .    )
 
  

 = 72.06944g 
 = 72g (0.06944 ×100)' = 72g 6.944' 

 = 72g 6' (0.944 ×100)'' 
 = 72g 6' 94.4'' 
ctM 64°51'45'' = 72g 6' 94'' 

 
pbfx/0f 6  

lbOPsf] sf]0f 56g 87' 50'' nfO{ if6\bzf+zs -l8u|L_ k4ltdf ¿kfGt/0f ug'{xf];\ .
;dfwfg M 
oxfF, lbOPsf] sf]0f = 56g 87' 50''

ca, 56g 87' 50'' = 56g + (      )
 
+ (   

         )
 
  

= 56g + 0.87g + 0.005g 
= 56.875g 

 
ca, u|]8nfO{ l8u|Ldf abNbf, 1g =  ( 9 

10)
°

To;}n], 56.875g = ( 9 
10

 
× 56.875 )° 

   =  51.1875°
   =  51°(0.1875× 60)'
   =  51° 11' (0.25 × 60)''
   = 51° 11' 15''

ctM 56g 87' 50'' = 51° 11' 15''
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pbfx/0f 7   

b'O{ sf]0fx¿sf] of]u 100° / km/s 20g eP ltgLx¿sf] gfk l8u|Ldf kQf nufpg'xf];\ .

;dfwfg M 

oxfF, cfjZos sf]0fx¿sf] dfg x / y dfgf}F .

xfdLnfO{ yfxf 5, 1g =  ( 9 
10)

°

20g =  ( 9 
10× 20)o  = 18°

klxnf] ;t{cg';f/, x + y Ö 100° 

cyjf, x  = 100° – y …………………..(i)

bf];|f] ;t{cg';f/, x – y = 18°   {
∴

20g = 18° x'g] ePsfn]}

cyjf, x  = 18° + y …………………..(ii)

ca, ;dLs/0f (i) sf] x sf] dfg ;dLs/0f (ii) df /fVbf

cyjf, 100° – y =   18° + y  

cyjf, 100° – 18° = y + y  

cyjf, 2y = 82°

cyjf, y = 
82° 
2

cyjf, y = 41°

km]l/, y sf] dfg ;dLs/0f -i_ df /fVbf

cyjf, x = 100°– 41°

cyjf, x = 59° 

ctM cfjZos sf]0fx¿ 41° / 59° x'g\ .

pbfx/0f 8   

lqe'hsf b'O{ sf]0fx¿ 3:8 sf] cg'kftdf 5g\ / t];|f] sf]0f 81° 5 . lqe'hsf ;a} sf]0fx¿nfO{ 
u|]8df ¿kfGt/0f ug''{xf];\ .

;dfwfg 

oxfF, lqe'h ABC Dff, 

Dffgf}F, lqe'hsf] klxnf] sf]0f (∠A) = (3x)g 

lqe'hsf] bf];|f] sf]0f (∠B) = (8x)g

lqe'hsf] t];|f] sf]0f (∠C) = 81° =  (10 
9  × 81)g

 = 90g

C

90g

8xg

3xg B
A
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xfdLnfO{ yfxf 5, lqe'h ABC df

cyjf, 3x + 8x + 90g = 200g

cyjf, 11x = 200g – 90g

cyjf, 11x = 110g

cyjf, x = 
110g

11  = 10g

ctM lqe'hsf] klxnf] sf]0f = 3 × 10g = 30g

lqe'hsf] bf];|f] sf]0f = 8 × 10g = 80g

lqe'hsf] t];|f] sf]0f = 90g

cEof; 2.1 (A)

1. VffnL 7fpF eg'{xf];\ .

 -s_ 1 ;dsf]0f = …..  -l8u|L_ -v_ 1 ;dsf]0f = …..  -u|]8_ 

 -u_ 2 ;dsf]0f = …… -u|]8_  -3_ 200g = …… -l8u|L_  

 -ª_ 1° = ( ... 
... )

g
   -r_ 1g =( ... 

... )
°

2. if6\bzf+zs k4ltsf] ;]s]G8df abNg'xf];\ M
 -s_  35'   -v_ 50' 40"   -u_ 30° 40' 50"

 -3_ 55° 30' 10" -ª_ 10° 25' 48"   -r_ 55° 56' 28"

3. if6\bzf+zs k4lt (sexagesimal system) / ztf+zs k4lt (centesimal system) nfO{ 
 kl/eflift ub}{ ;f]sf] k|of]u sxfF ul/G5 . ¿kfGt/0f s;/L ul/G5 < pbfx/0f;lxt n]Vg'xf];\  .

4. if6\bzf+zs -l8u|L_ k4ltdf abNg'xf];\ M
 -s_  30g 20' 10"  -v_  25g 15' 10"  -u_  45g 35' 25"

 -3_  30g 12'  -ª_  26g 15"  -r_  47g 48' 49"

5. ztf+zs -u|]8_ k4ltdf abNg'xf];\ M
 -s_  25° 45' 30"  -v_  30° 15' 15"   -u_  49° 50' 25"

 -3_  44° 35' 25"  -ª_  80° 50' 20"  -r_  76° 26' 33"

6. l8u|Ldf abNg'xf];\ M

 -s_  50g  -v_  80g   -u_  130g -3_  160g   -ª_  70g    -r_  250g

7. u|]8df abNg'xf];\ M

 -s_  50g 40' 8"  -v_  40g 32' 33"   -u_  56g 85' 50"

 -3_  45g 35"   -ª_  37g 50'  -r_   98g 42' 37"

tLg sf]0fsf] of]u s] 
200g g} x'g] xf] <

lqe'hsf leqL sf]0fsf] 
of]u 200g x'g] ePsfn]
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8. u|]8df abNg'xf];\ M

 -s_  45°   -v_  270° -u_  18° -3_  36° -ª_   108°    -r_  54°

9. s'g} ;dsf]0f lqe'hsf] Pp6f sf]0f 60° 5 .

 -s_ Pp6f sf]0f slt l8u|L ePsf] lqe'hnfO{ ;dsf]0f lqe'h elgG5 < n]Vg'xf];\ .

 -v_ ;dsf]0f lqe'hdf ;aeGbf 7'nf] sf]0f slt u|]8sf] x'g'k5{ < n]Vg'xf];\ .

 -u_ afFsL sf]0fsf] gfk l8u|Ldf kQf nufpg'xf];\ .

10. lqe'hsf tLg leqL sf]0fx¿ 1: 2 : 3 sf] cg'kftdf 5g\ . lqe'hsf k|To]s sf]0fx¿ l8u|Ldf 
 kQf nufpg'xf];\ .

11. Pp6f lqe'hsf tLgcf]6f sf]0fx¿sf] gfksf] cg'kft 2 : 3 : 4 5 . 

 -s_ ltgLx¿sf] dfg l8u|Ldf kQf nufpg'xf];\ .

 -v_ ltgLx¿sf] dfg u|]8df kQf nufpg'xf];\ .

12. Pp6f lqe'hsf sf]0fx¿sf] cg'kft 5 : 7 : 8 5 .

 -s_ ltgLx¿sf] dfg l8u|Ldf kQf nufpg'xf];\ .

 -v_ ltgLx¿sf] dfg u|]8df kQf nufpg'xf];\ .

13. rt'e{'hsf rf/ leqL sf]0fx¿sf] cg'kft 3 : 4 : 5  :6 5 . 

 -s_  ltgLx¿sf] gfk l8u|Ldf kQf nufpg'xf];\ .

 -v_  ;a}eGbf ;fgf] sf]0f / ;a}eGbf 7'nf] sf]0fnfO{ u|]8df kl/jt{g u/L ltgLx¿sf] km/s  
  kQf nufpg'xf];\ .

14. ;Fu} lbOPsf] lqe'hdf Pp6f sf]0f 72° 5 . afFsL b'O{ sf]0fx¿sf] cg'kft 1 : 3 5 .

 -s_  afFsL b'O{ sf]0fx¿sf] gfk l8u|Ldf kQf nufpg'xf];\ .

 -v_  lqe'hsf ;a} sf]0fx¿sf] gfk u|]8df kQf nufpg'xf];\ .

 -u_  afFsL b'O{ sf]0fx¿sf] cg'kft 1:5 x'gsf nflu pSt sf]0fx¿sf] l8u|L gfk slt slt 
  x'g'k5{ < 

15. lqe'hsf b'O{ sf]0fx¿ 3: 4 sf] cg'kftdf 5g\ / t];|f] sf]0f 60g 5 . 

 -s_ 60g a/fa/ slt l8u|L x'G5, kQf nufpg'xf];\ .

 -v_ lqe'hsf tLg} sf]0fx¿sf] l8u|L dfg kQf nufpg'xf];\ .

 -u_ sf]0fsf cfwf/df ;f] lqe'h s:tf] k|sf/sf] lqe'h xf], sf/0f;lxt n]Vg'xf];\ .

16. Pp6f ;dsf]0f lqe'hsf] Pp6f Go"gsf]0f Ps ;dsf]0fsf] 
3 
10  efu 5 . 

 -s_ Ps ;dsf]0f a/fa/ slt l8u|L x'G5, n]Vg'xf];\ .

 -v_ Ps ;dsf]0fsf] 
3 
10  efu eGgfn] slt l8u|L a'lemG5, n]Vg'xf];\ .

 -u_ csf]{ Go"gsf]0f slt u|]8 xf]nf, kQf nufpg'xf];\ .

72°
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17. b'O{ sf]0fx¿sf] of]u 100° / tL sf]0fx¿sf] km/s 20g 5 eg],

 -s_ 1 l8u|L a/fa/ slt u|]8 x'G5, n]Vg'xf];\ .

 -v_ b'O{ sf]0fx¿sf] l8u|L dfg kQf nufpg'xf];\ .

 -u_ pSt sf]0fx¿ u|]8df kQf nufpg'xf];\ .

18. b'O{ sf]0fx¿sf] of]u 45° / tL sf]0fx¿sf] km/s 30g 5 .

 -s_ 1 u|]8 a/fa/ slt l8u|L x'G5, n]Vg'xf];\ .

 -v_ b'O{ sf]0fx¿sf] l8u|L dfg slt slt x'G5, kQf nufpg'xf];\ .

 -u_ pSt sf]0fx¿ u|]8df kQf nufpg'xf];\ .

pQ/

1. -s_ 90°  -v_ 100g -u_ 200g -3_ 180°  -ª_ (10 
9 )g

     -r_  ( 9 
10 )°

2. -s_ 2100''    -v_ 3040'' -u_ 110450'' -3_ 19810''   -ª_  37548''  -r_ 201388''

3.  lzIfsnfO{ b]vfpg'xf];\ .  4. -s_ 27°10'51.24"  -v_ 22°38'9.24"      -u_ 40°49'21" 

 -3_ 27°6'28.8"  -ª_ 23°24'48.6"    -r_ 42°44'11.07"   5. -s_ 28g62'37.03"   -v_ 33g61'57.40''

 -u_ 55g37'80.86'' -3_ 49g54'47.53''    -ª_ 89g82'98.76'' -r_ 84g93'61.11''  6. -s_ 45° 

 -v_ 72°  -u_ 117° -3_ 144°  -ª_ 63°  -r_ 225°  7.-s_ 50.4g    -v_ 40.32g 
 -u_ 56.85g   -3_ 45.0035g  -ª_ 37.5g -r_ 98.42g 8.-s_ 50g    -v_ 300g

 -u_ 20g  -3_ 40g -ª_ 120g  -r_ 60g 9. -s_ 90°  -v_ 100g 

 -u_ 30° 10. 30°, 60°,90°  11. -s_ 40°, 60°, 80°   -v_ 44.44g, 66.66g, 88.88g 

12. -s_ 45°, 63°, 72° -v_ 50g, 70g, 80g   13.-s_ 60°, 80°, 100°, 120° -v_ (600 
9 )g

14. -s_ 27°, 81°  -v_ 30g, 80g, 90g -u_ 18°, 90°  15. -s_ 54° -v_ 54°, 54°, 72° 

 -u_ ;dlåafx'  16. -s_ 90° -v_ 27° -u_ 70g 17.  -s_ (10 
9 )g

  

 -v_ 41°, 59°   -u_ (590 
9 )g

, (410 
9 )g

  18. -s_ ( 9 
10 )°

   -v_ 9°, 36° -u_ 10g, 40g
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2.1.3 j[QLo gfk k4lt (System of Circular Measure)

/]l8og (1c) sf]0fsf] /rgf

lj|mofsnfk 1   

pko'St ;d"xdf a:g'xf];\ . cw{Jof; 3 cm eGbf a9L lnO s]Gb|ljGb' O ePsf] Pp6f j[Q 
lvRg'xf];\ . j[Qsf] s]Gb|ljGb' O af6 kl/lwsf] ljGb' A lnO{ cw{Jof; lvRg'xf];\ . cw{Jof;;Fu 
a/fa/ x'g] rfk lng'xf];\ . cw{Jof;n] kl/lwdf 5f]Psf] ljGb' A af6 ;f]xL rfkn] kl/lwsf] 
csf]{ ljGb' B df sf6\g'xf];\ . sfl6Psf] ;f] ljGb' B / s]Gb|ljGb' O hf]8\g'xf];\ . ca o;/L j[Qsf] 
s]Gb|df ag]sf] sf]0f AOB sf] dfg l8u|Ldf slt x'G5 < of] sf]0fnfO{ (1c) /]l8og elgG5 . 

j[QLo gfk sf]0f gfKg] dfgs k4lt xf] . o; k4ltdf sf]0fnfO{ /]l8og (radian) (c) PsfOdf gflkG5 .
(1c) /]l8ogsf] sf]0f eg]sf] j[Qsf] s]G›df j[Qsf] cw{Jof; a/fa/sf] rfkn] agfPsf] sf]0f xf] .

/]l8og sf]0fsf] k|fdfl0fs PsfO (standard unit) xf] . lbOPsf] j[Qdf s]G›ljGb' O / cw{Jof; 
OA = r ePsf] Pp6f j[Q 5 . hxfF cw{Jof; OA ;Fu a/fa/ ePsf] rfk AB 5 . To;}n],

 OA = AB  = r 

ctM ∠AOB = 1c x'G5 . 

kl/j|mdL /]vfn] k|f/lDes /]vf;Fu 1 kmGsf] nufpFbf 2πc sf] sf]0f aG5 . To:t} 
j[Qsf] s]G›df aGg] k"/f sf]0f klg 2πc x'G5 .

2.1.4 /]l8og gfk k4ltdf ;fWo (Theorem on System of Radian Measure) 

j[QLo gfk k4ltdf ljZjJofkL ¿kdf dflgFb} cfPsf s]xL l;4fGtx¿ 5g\ . ltgLx¿nfO{ ;fWosf 
¿kdf k|dfl0ft ul/Psf] 5 .

;fWo 1 "/]l8og Pp6f crn sf]0f xf] . (Radian is a constant angle)"

k|df0f: s]G›ljGb' O / cw{Jof; OA = r ePsf] Pp6f j[Q 5 . cw{Jof; OA ;Fu a/fa/ ePsf] rfk 
AB 5 . To;}n] OA = AB  = r 5 . cw{Jof; r ;Fu a/fa/ nDafO ePsf] rfk AB lnP/ s]G›Lo 
sf]0f AOB lvrf}F . /]l8og (radian) sf] kl/efiffcg';f/ ∠AOB = 1c x'G5 . 

cw{Jof; AO nfO{ ljGb' C ;Dd nDAofO Jof; AC agfcf}F . ;"qcg';f/, j[Qsf] 
kl/lw (C) = 2πr 

ca, cw{j[Qsf] kl/lw (ABC ) = 
1 
2  × 2πr = πr 

s]Gb|Lo sf]0f ∠AOC = ;/n sf]0f = 180°

B

A

r

O
1c

r

B

A

r

O
1c

r
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ca, HofldtLsf] ;fWocg';f/, s]Gb|Lo sf]0fx¿sf] cg'kft ltg} ;ª\ult sf]0fx¿sf] ;Dd'v rfksf] 
cg'kft;Fu a/fa/ x'G5 . To;}n],

      
     =  

cyjf, 
   
    =      

        

        1c =       
 1c sf] dfg cw{Jof; (r) ;Fu cgfl>t x'G5 . To;}n] 180° / π b'a} crn /flz ePsfn] 1c Pp6f 
crn sf]0f xf] .

lj|mofsnfk 2   

l8u|L, u|]8 / /]l8oglarsf] ;DaGw yfxf kfpg tnsf] tflnsf cWoog u/L vfnL 7fpF k"/f ug'{xf];\ .

sf]0f l8u|L u|]8 /]l8og

Ps kl/j|md0f ……… 400g 2πc

Ps ;dsf]0f  
360° 

4 = 90°
……… 2πc πc

4   2=

b'O{ ;dsf]0f 180° ……… ………

2.1.5 rfksf] nDafO, cw{Jof; / s]Gb|Lo sf]0fsf] ;DaGw (The relationship among 
  length of arc, radius and central angle)

lj|mofsnfk 3   

cw{Jof; 4 cm eGbf a9L lnO{ s]Gb|ljGb' O ePsf] j[Q lvRg'xf];\ . rfk AB / CD lng'xf];\ . clg rfk 
AB / CD rfkdf cfwfl/t s]Gb|Lo sf]0fx¿ j|mdzM AOB / COD rfk agfpg'xf];\ . clg k|f]6]S6/sf]
;xfotfaf6 rfk AOB / COD sf] dfkg u/L ltgLx¿sf] cg'kft kQf nufpg'xf];\ . To;}u/L, wfuf] / 
?n/sf ;xfotfaf6 sf]0fx¿ AOB / COD  dfkg u/L ltgLx¿sf] cg'kft kQf nufpg'xf];\ . 

s] s]Gb|Lo sf]0f o;sf] ;Dd'v rfk;Fu l8u|L dfkgdf a/fa/ x'G5 eGg] tYodf cfwfl/t eP/  
ag]sf] x'G5 < 5nkmn ug'{xf];\ .

;fWo 2: cw{Jof; r PsfO ePsf] j[Qdf nDafO l PsfO ePsf] rfkn] s]G›df agfPsf] sf]0f θ sf] dfg 

θ = ( l
r )c

 x'G5 .

k|df0f M Dffgf}F ABC Pp6f j[Q xf], h;sf] s]G›ljGb' O / cw{Jof; OA 

= r 5g\ . b'O{ km/s rfk AB  / ABC ) df ag]sf b'O{ s]Gb|Lo sf]0fx¿ 
j|mdzM ∠AOB / ∠AOC x'g\ . AB  = OA = radius (r) 5g\ . /]l8og 
(radian) sf] kl/efiffcg';f/ ∠AOB = 1c x'G5 . 

ABC = l / OA / OC larsf] s]Gb|Lo sf]0f ∠AOC = θ 5 .

[  s]Gb|Lo sf]0f / ;Dd'v rfksf] ;DaGwaf6 ] AB

 
ABC

[  ∠AOC = 180° / ABC  =  πr, cw{j[Qsf] kl/lw ]
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ca, HofldtLsf] ;fWocg';f/, s]Gb|Lo sf]0fx¿sf] cg'kft ltg} ;ª\utL sf]0fx¿sf] ;Dd'v rfksf] 
cg'kft;Fu a/fa/ x'G5 . To;}n], 

ca,  ∠AOC   ABC   

 ∠AOB  
=
   AB

cyjf,  θ       1
     1c  =   r

∴ θ = ( l
r )c

ctM s'g} klg j[Qsf] s]Gb|Lo sf]0f (θ) = 
 sf]0fnfO{ j[Qsf] s]Gb|df kl/j]li6t ug]{ rfk  

/]l8og x'G5 . 
         j[Qsf] cw{Jof;

pbfx/0f 1   

lbOPsf] sf]0f 75° nfO{ /]l8og k4ltdf ¿kfGt/0f ug'{xf];\ .

;dfwfg 

oxfF, lbOPsf] sf]0f = 75°

xfdLnfO{ yfxf 5, 1 = (  
   )

 
 

cq, 75° = (  
      )

 
= (    )

 
 

ctM 75° = (    )
 
 x'G5 . 

 
pbfx/0f 2   

lbOPsf] sf]0f
πc

4 nfO{ l8u|Ldf abNg'xf];\ .

;dfwfg  

oxfF, lbOPsf] sf]0f =
πc

4

xfdLnfO{ yfxf 5, 1c = (    )
 
 

ca,  
 

  = (      
 )

 
 = 45° 

ctM  
 

  = 45° x'G5 . 
 

ct,
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pbfx/0f 3   

lbOPsf] sf]0f 90g nfO{ /]l8ogdf abNg'xf];\ .

;dfwfg 

oxfF, lbOPsf] sf]0f = 90g 

xfdLnfO{ yfxf 5,  200g = πc

1g  =     π
c

   200

ca, 90g = (  π   
× 90)c

     200 

ctM 90g =
    9πc

 x'G5 .
   20 

pbfx/0f 4   

lbOPsf]
5πc

8 nfO{ u|]8df abNg'xf];\ .

;dfwfg

lbOPsf] sf]0f = 
5πc

8

xfdLnfO{ yfxf 5,  πc = 200g

1c =    
 

  

ca, 
   
  = (          )

 
= 125g 

ctM    
 

  = 125g x'G5 . 
 pbfx/0f 5   

Pp6f ;dsf]0f lqe'hsf b'O{ Go"gsf]0fx¿sf] km/s
πc

9 5 .

-s_ 
πc

9 a/fa/ slt l8u|L sf]0f x'G5 < 

-v_  b'O{ Go"gsf]0fx¿sf] dfg x° / y° lnFbf aGg]] b'O{ ;dLs/0fx¿ n]Vg'xf];\ .

-u_  b'O{ Go"gsf]0fx¿sf] dfg l8u|Ldf kQf nufpg'xf];\ .

;dfwfg 

-s_  
πc

9 nfO{ l8u|Ldf abNbf,
πc

9  = ( π 
9 × 180 

π )°= 20°

-v_  k|Zgcg';f/, x + y + 90° = 180°
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 cyjf, x + y = 90° ......... (i)

  /  x – y = 
πc

9  

 cyjf, x – y = 20° ......... (ii) { ∴πc

9 = 20°}

-u_  ca, ;dLs/0f -i_ / -ii_ hf]8\bf 
  x + y = 90°
 x – y = 20°

 2x = 110°

  cyjf, x =
110° 

2  

 cyjf, x = 55° 

 k]ml/, x sf] dfg ;dLs/0f -i_ df /fVbf
 55° + y = 90° 
 cyjf, y = 90° – 55°

 cyjf, y = 35°

 ctM tL sf]0fx¿sf] dfg 55° / 35° x'G5 .

pbfx/0f 6   

38Lsf] ldg]6 ;'O{ / 306f ;'O{sf] lardf 2:30 aHbf slt /]l8ogsf] sf]0f 
aG5, kQf nufpg'xf];\ .

;dfwfg 

38Ldf 2:30 ah]sf] j]nf ldg]6sf] ;'O{ l7s 6 df / 306fsf] ;'O{ b'O{ / tLgsf] lardf x'G5 .

2:30 ah] = 2 306f + 30 ldg]6 = (2 306f + 
30 
60  306f)  = (2 306f + 0.5 306f_ = 2.5 306f

ca, xfdLnfO{ yfxf 5,
38Lsf] 306f ;'O{n] 12 306fdf Ps rSs/ nufpFbf agfpg] sf]0f = 2πc

38Lsf] 306f ;'O{n] 1 306fdf Ps rSs/ nufpFbf agfpg] sf]0f =
2πc

12
38Lsf] 306f ;'O{n] 2.5 306fdf Ps rSs/ nufpFbf agfpg] sf]0f = 

2πc

12 × 2.5 = 
5πc

12
To;}u/L, 38Lsf] ldg]6 ;'O{n] 30 ldg]6 kf/ ul/;s]sf] 5 .

38Lsf] ldg]6 ;'O{n] 60 ldg]6df Ps rSs/ nufpFbf agfpg] sf]0f = 2πc

38Lsf] 306f ;'O{n] 1 ldg]6df Ps rSs/ nufpFbf agfpg] sf]0f = 
2πc

60  

38Lsf] 306f ;'O{n] 30 ldg]6df Ps rSs/ nufpFbf agfpg] sf]0f = 
2πc

12 × 30 = πc

ctM 306f ;'O{ / ldg]6 ;'O{larsf] sf]0f = πc ˗ 
5πc

12 = 
12πc – 5πc

12 =
7πc

12  

gf]6M s] o; ;d:ofnfO{ km/s tl/sfn] klg ;dfwfg ug{ ;lsG5 < ;lsG5 eg] ;dfwfg u/L t'ngf ug'{xf];\ .
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pbfx/0f 7   

;Fu} lbOPsf] j[Qdf cw{Jof; 5 cm / j[Qdf 9 cm sf] rfkn] s]G›df agfPsf sf]0f (θ) 5 . 

-s_  s]Gb|Lo sf]0f (θ) kQf nufpg] ;"q n]Vg'xf];\ .

-v_  s]Gb|Lo sf]0f (θ) /]l8og k4ltdf kQf nufpg'xf];\ .

;dfwfg 

oxfF, cw{Jof;sf] nDafO (r) = 5 cm 

rfksf] nDafO (l) = 9 cm 

s]G›Lo sf]0f (θ) = ? 

-s_ s]Gb|Lo sf]0f kQf nufpg] ;"q (θ) = 
 l
 r(  )c

-v_ ca, ;"qcg';f/, s]Gb|Lo sf]0f (θ) = 
 l
 r(  )c

=  (    )c 9 cm 
 5 cm  = 1.8c x'G5 .

pbfx/0f 8   

Ps hgf 5fqfn] lkª v]Nbf lkªsf] s]Gb|af6 15° sf] sf]0f aG5 / lbOPsf] lkªsf] nDafO 8 m 5 .
-s_ 15° nfO{ /]l8ogdf abNg'xf];\ .
-v_  15° nfO{ /]l8ogdf kl/jt{g ug'{sf] sf/0f lbg'xf];\ .
-u_ 5fqfn] Ps k6sdf lkªdf s]G›af6 Psftkm{ slt b'/L kf/ ul5{g\,  
 kQf nufpg'xf];\ .
;dfwfg 
oxfF, lkªsf] nDafO = j[Qsf] cw{Jof; (r) = 8m

-s_  s]G›Lo sf]0f (θ) = 15°  o;nfO{ /]l8ogdf abNbf, 15° = (  
      )

 
= (    )

 
 

-v_  lsgls (θ) =  
 l
 r(  )c

 ;"q k|of]u ubf{ s]Gb|Losf]0f (θ) ;w}F /]l8ogdf x'g'k5{ . To;}n], 15° 

 /]l8ogdf kl/jt{g ug'{k5{ .

-u_  5fqfn] Ps k6sdf lkªdf s]G›af6 Psftkm{ kf/ u/]sf] b'/L (l) = < 

 ca, s]Gb|Lo sf]0f (θ) = 
 l
 r(  )c

 cyjf, 
 π
12(  )c

=  (  )c l
 8   

 cyjf,      
22

7 × 12  = 
l
8

 cyjf, l = 
8 × 22

7 × 12  

 cyjf, l = 2.095m  

∴ Ps k6sdf 5fqfn] lkªdf s]G›af6 Psftkm{ 2.095m b'/L kf/ ul5{g\ .

15° 8 m8 m

l

θ
5 cm

9 cm
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cEof; 2.1 (B)

1. VffnL 7fpF eg'{xf];\ M

 -s_ 2 ;dsf]0f = ….. /]l8og   -v_ 200 u|]8 = ….. /]l8og 

 -u_ πc =  ….. l8u|L    -3_ 1 /]l8og = ….. l8u|L 

 -ª_ 1° = ….. /]l8og    -r_ 1g = ….. /]l8og

2. Ps /]l8og eGgfn] s] a'lemG5, n]Vg'xf];\ .

3. j[QLo gfk k4lt eg]sf] s] xf] < o; k4ltdf sf]0fnfO{ s'g PsfOdf gflkG5 n]Vg'xf];\ .

4. s]Gb|Lo sf]0f (θ) =  
 l
 r(  )c

 df l / r n] s] s] hgfpF5g\, n]Vg'xf];\ .

5. dflysf] lj|mofsnfnfk 2 / 3 cWoog u/L k|fKt lgisif{ n]Vg'xf];\ .

 lj|mofsnfnfk 2 af6 k|fKt lgisif{ ========================================================================

 lj|mofsnfnfk 3 af6 k|fKt lgisif{=========================================================================

6. lbOPsf sf]0fx¿nfO{ /]l8ogdf abNg'xf];\ M

 -s_ 30°  -v_ 45°   -u_ 50 g

 -3_ 70g  -ª_  120°  -r_ 150 g 

7. lbOPsf sf]0fx¿nfO{ l8u|Ldf abNg'xf];\ M

     -s_  
πc

2   -v_ 
3πc

2    -u_ 
7πc

50   -3_ 
3πc

4   -ª_  
2πc

3  

 -r_  
5πc

6   -5_ 
4πc

9    -h_  
5πc

12    -em_ 
πc

9  

8. lbOPsf sf]0fx¿nfO{ u|]8df abNg'xf];\ M

 -s_   
πc

5   -v_  
3πc

10    -u_   
4πc

25  -3_ 
πc

4    

 -ª_   
πc

8    -r_  
3 
2 πc

9. ;dsf]0f lqe'h ABC lbOPsf] 5 . 

 -s_ ;f] ;dsf]0f lqe'h ABC df ∠ABC slt l8u|L x'G5, 
  n]Vg'xf];\ .

 -v_ lrqdf ∠ABC sf] 
3 
5  efusf] dfg /]l8ogdf slt x'G5 <

 -u_   lrqdf ∠ABC sf] 40% sf] /]l8og dfg slt x'G5 < kQf nufpg'xf];\ . 

10. s'g} ;dsf]0f lqe'hsf] Pp6f sf]0f 60° eP, 

 -s_ l8u|L / /]l8ogsf] ;DaGw n]Vg'xf];\ .

 -v_ afFsL sf]0fsf] dfg /]l8ogdf kQf nufpg'xf];\ .

A

B C
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 -u_ Go"gsf]0fx¿sf] km/s /]l8ogdf slt x'G5, kQf nufpg'xf];\ .

11. Pp6f ;dsf]0f lqe'hdf Pp6f Go"gsf]0fsf] dfg 50° 5 . 

 -s_ afFsL sf]0fsf] dfg /]l8ogdf kQf nufpg'xf];\ .

 -v_ Go"gsf]0fx¿sf] km/s /]l8ogdf slt x'G5, kQf nufpg'xf];\ .

 -u_  ;/n sf]0fsf] Ps ltxfOsf] /]l8og dfg slt x'G5 <

12. -s_  ;dsf]0f lqe'h PQR sf b'O{ Go"gsf]0fx¿ ∠QPR / ∠PRQ 
  sf] km/s 3πc

10 5 . k|To]s sf]0fx¿sf] dfg u|]8df 
  kQf nufpg'xf];\ . 

 -v_ lbOPsf] ;dafx' lqe'h ABC df k|To]s sf]0fx¿sf] dfg 
  j[QLo gfk k4ltdf kQf nufpg'xf];\ . 

13. tnsf k|To]s cj:yfdf 38Lsf] 306f ;'O{ / ldg]6 ;'O{larsf] sf]0fsf] dfg j[QLo gfkdf 
 kQf nufpg'xf];\ M

                            

14. -s_ olb Pp6f j[Qsf] 44 cm sf] rfkn] s]G›df 60° sf] sf]0f agfpF5 eg] ;f] j[Qsf] 
  cw{Jof; kQf nufpg'xf];\ .

 -v_  Pp6f j[Qsf] 18 cm rfkn] s]G›df 81° sf] sf]0f agfpF5 eg] j[Qsf] cw{Jof; kQf nufpg'xf];\ .

 -u_  15 cm sf] rfkn] s]G›df 
3πc

4  sf] sf]0f agfpF5 eg] j[Qsf] cw{Jof; kQf nufpg'xf];\ .

15. -s_ 18 cm cw{Jof; ePsf] j[Qdf 11 cm rfkn] s]G›df agfpg] sf]0f l8u|L]df kQf 
  nufpg'xf];\ .

 -v_ cw{Jof; 7.254 cm ePsf] j[Qdf 3.8 cm sf] rfkn] j[Qsf] s]G›df slt l8u|Lsf] sf]0f agfpF5 <

16. Pp6f 38Lsf] ldg]6 ;'O{ 3 cm nfdf] 5 . 20 ldg]6df ;'O{sf] 6'Kkf]n] slt b'/L kf/ u5{ <

17. Pp6f ufO{nfO{ 10 m nfdf] 8f]/Ln] Pp6f lsnfdf afFlwPsf] 5 . 8f]/L tlGsg] u/L pSt ufO{ 

 3'ld/x]sf] j]nf 8f]/Lsf] k|f/lDes cj:yfaf6 clxn]sf] cj:yfdf 8f]/Ln] 
7πc

18  sf]0f agfpF5 . 

P

Q R

A

B C

-s_ 4:00 -v_ 1:30 -u_ 6:45 -3_ 3:30
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 -s_ 
7πc

18  nfO{ l8u|Ldf kl/jt{g ug'{xf];\ .

 -v_ ufO{n] ;'?b]lv 
7πc

18  sf]0f agfpFbf;Dd kf/ u/]sf] b'/L kQf nufpg'xf];\ .

18. Pp6f afv|fnfO{ 14 m nfdf] 8f]/Ln] lsnfdf aflwPsf] 5 . 8f]/L 
 tGsg] u/L 3'ld/xFbf 8f]/Ln] lsnfdf 70° sf] sf]0f agfpF5 . 

 -s_  70° nfO{ /]l8ogdf kl/jt{g ug'{xf];\ .

 -v_  70° sf] sf]0f agfpFbf afv|fn] 3'd]sf] b'/L kQf nufpg'xf];\ . 

 -u_  olb afv|fn] 3'd]sf] b'/L klxnfeGbf bf]Aa/ eof] eg] 8f]/Ln] lsnfdf slt l8u|Lsf] sf]0f  
  agfpF5 < kQf nufpg'xf];\ .

19. bf]ns -k]G8'nd_ n] 20.5 cm sf] b'/L 3'Dbf s]G›df 
 5° sf] sf]0f agfpF5 . 

 -s_ cw{Jof; kQf nufpg'xf];\ .

 -v_ pSt j[Qfsf/ af6fsf] kl/lw kQf nufpg'xf];\ .

20. s'g} JolSt k|ltldg]6 100 m sf b/n] j[Qfsf/ af6fdf 3'Dbf 
 36 ;]s]G8df j[Qsf] s]G›df 56° sf]0f agfpF5 .

 -s_ pSt JolStn] 36 ;]s]G8df k"/f u/]sf] b'/L kQf nufpg'xf];\ .

 -v_ af6f]sf] cw{Jof; kQf nufpg'xf];\ .

 -u_ pSt j[Qfsf/ af6fsf] kl/lw kQf nufpg'xf];\ .

21. olb D, G / C n] j|mdzM s'g} sf]0fsf] l8u|L, u|]8 / /]l8og dfg lbG5 eg] k|dfl0ft ug{'xf];\

 
   D      G          C 
180  =   200  =    π

kl/of]hgf sfo{ 

 1.  l8u|L, u|]8 / /]l8ogsf] ;DaGw s] 5 pNn]v ug'{xf];\ / ¿kfGt/0f hgfpg] rf6{ tof/ kfg'{xf];\ .
ljZjsf s'g s'g b]zdf l8u|L, u|]8 / /]l8ogdWo] s'g k4ltsf] kl/ro / k|of]u klxnf  
ul/G5 < xfd|f] b]zdf ul0ftdf s'g k4ltsf] k|of]u ePsf] kfOG5 < lsg ;a} k4ltaf/]df 
hfGg cfjZos 5 < s] l8u|L, u|]8 / /]l8ogsf] ulx/f] cWoog ugf{n] ljZjsf h'gs'g} b]zdf 
uP/ ul0ftsf] cWoog ug{ ;lhnf] x'G5 jf o;n] vf;} c;/ ub}{g < lsg u|]8 / /]l8ognfO{ 
sIff ( sf] P]lR5s ul0ftaf6 kl/ro u/fOPsf] xf]nf < oL ;a} k|Zgx¿sf cfwf/df tof/  
kfl/Psf] vf]hnfO{ rf6{ k]k/, kfj/ kf]OG6 jf cGo pko'St ljlwsf dfWodaf6 sIffsf]7fdf 
k|:t't ug'{xf];\ .

 2. OG6/g]6sf] ;xof]udf google map jf cGo s'g} ljlwaf6 tkfO{Fsf] ljBfno /x]sf] :yfg 
slt l8u|L, ldg]6 / ;]s]G8df k5{ kQf nufpg'xf];\ .

20.5 cm

5°
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pQ/

1 b]lv 5 ;Ddsf k|Zgx¿ lzIfsnfO{ b]vfpg] .

6.  -s_ 
πc

6   -v_ 
πc

4  -u_ 
πc

4  -3_ 
7πc

20  -ª_ 
2πc

3  -r_  
3πc

4
7.  -s_ 90°  -v_ 270°  u_ 25.2°  -3_ 135° -ª_ 120°  -r_ 150° 

 -5_ 80° -h_ 75°  -em_ 20°

8. -s_ 40g   -v_ 60g     u_ 32g -3_ 50g  -ª_ 25g  -r_ 300g 

9. -s_ 90°   -v_  
3πc

10  -u_  
πc

5  10. -s_ 180° = πc  -v_ 
πc

6    -u_ 
πc

6  

11. -s_ 
2πc

9  -v_  
πc

18  -u_  
πc

3   12. -s_ 100g, 80g, 20g  -v_ 
πc

3  

13. -s_ 
2πc

3   -v_  
3πc

4   -u_  
3πc

8  -3_  
5πc

12
14. -s_ 42 cm   -v_ 12.73 cm  -u_ 6.36 cm

15. -s_ 35°    -v_ 30°    16. 6.28 cm  

17.-s_ 70°    -v_ 12.22 m

18.  -s_ 
7πc

18   -v_ 17.11 m  -u_ 139.99 cm 

19.  -s_ 234.82 cm -v_ 1476 cm  

20.  -s_ 60 m  -v_ 61.36 m -u_ 385.71 m  21. lzIfsnfO{ b]vfpg'xf];\ . 
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2.2 lqsf]0fldtLo cg'kftx¿sf ;j{;ldsfx¿ (Identities of Trigonometric Ratios)

2.2.1 lqsf]0fldtLo cg'kftx¿ (Trigonometric Ratios)

;dsf]0f lqe'hx¿df e'hfx¿larsf] ;DaGw kfOyfuf]/; ;fWo (h2 = p2 + b2) sf] k|of]u lqsf]0fldtLo 
cg'kftsf] k|of]udf pkof]u ug]{ ul/G5 .

lj|mofsnfk 1   

lbOPsf] ;dsf]0f lqe'hnfO{ cjnf]sg ug{xf];\ . 90° sf] ;Dd'v 
e'hfnfO{ s0f{ (hypotenuse) elgG5 . ;Gbe{ sf]0f (θ) sf] ;Dd'v 
e'hf (opposite side) nfO{ nDa (perpendicular) elgG5 / ;Gbe{ 
sf]0f / 90° sf] cf;Gg e'hf (adjacent side) nfO{ cfwf/ e'hf 
(base side) elgG5 . ca ;dsf]0f lqe'h BAN sf s'g} b'O{ 
e'hfx¿af6 aGg] ;Defljt ;a} cg'kftsf] ;"rL agfpg'xf];\ . 

lqsf]0fldtLo cg'kftx¿nfO{ kl/eflift o;k|sf/ ul/G5 .

1. cg'kftx¿ dWo]af6 
;Dd'v e'hf (Oppsite side)

s0f{ (hypotenuse)
 nfO{ sine cyjf 5f]6s/Ldf sin elgG5 .

        ctM sinθ = 
p 
h  

2.  To:t} 
cf;Gg e'hf (adjacent side)

s0f{ (hypotenuse)
 nfO{ cosinse / 5f]6s/Ldf cos elgG5 . ct cosθ = 

b 
h  

3. 
;Dd'v e'hf (opposite side)
cf;Gg e'hf (adjacent side)

 nfO{ tangent / 5f]6s/Ldf tan elgG5 . ctM tanθ = 
p 
b

oL tLgcf]6f cg'kftx¿nfO{ cfwf/e"t lqsf]0fldtLo cg'kft elgG5 . logsf Jo'Tj|md  
(Reciprocals) cg'kftx¿ j|mdzM lgDgfg';f/ 5g\ .

4. 
s0f{ (hypotenuse)

;Dd'v e'hf (Oppsite side)
   nfO{ cosecant cyjf 5f]6s/Ldf cosec elgG5 .

       ctM cosecθ = 
h 
p  

5.  
s0f{ (hypotenuse)

cf;Gg e'hf (adjacent side)
 nfO{ secent / 5f]6s/Ldf sec elgG5 . ctM secθ = 

h 
b  

6. 
cf;Gg e'hf (adjacent side)
;Dd'v e'hf (opposite side)

 nfO{ cotangent / 5f]6s/Ldf cot elgG5 . ctM cotθ = 
b 
p

A

NB
θ

s0
f{ (h

) 

90° n
Da

 (
p)
 

cfwf/ (b) 
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2.2.2 lqsf]0fldtLo cg'kftx¿sf ;j{;ldsfx¿ (Identities of Trigonometric Ratios)

;d:of M  (s) sinθ × cosecθ .............…?     (v) tanθ × cotθ = ….............?         

  (u) cosθ × secθ = ….................... ?

k|lj|mof M kl/efiffcg';f/, xfdLnfO{ yfxf 5,  sinθ = 
p 
h    /  cosecθ = 

h 
p   x'G5 . sinθ / cosecθ 

sf] u'0fgkmn kQf nufpg'xf];\ . To;}u/L -v_ / -u_ klg ug'{xf];\ .

;f/f+zdf Jo'Tj|md (reciprocal) ;DaGwx¿

(1) sinθ =  
1 

cosecθ   (2) cosecθ =  
1 

sinθ    (3) sinθ × cosecθ = 1 

(4)  cosθ =  
1 

secθ   (5) secθ =  
1 

cosθ             (6) cosθ × secθ = 1

(7) tanθ =  
1 

cotθ             (8) cotθ =  
1 

tanθ   (9) tanθ × cotθ = 1

o;/L, sinθ / cosecθ; cosθ / secθ tyf tanθ / cotθ Pscsf{sf Jo'Tj|md cg'kftx¿ (reciprocal 

relations) x'g\ .  

km]l/, kl/efiffcg';f/, 

(i) tanθ =
p 
b

x/ / c+z b'a}df h n] efu ubf{, tan  =  
 
 
 
 
 = 
    
      

 
cyjf,

sinθ 
cosθtan  =  

 
 
 
 
 = 
    
      

 

  
p 
b = tanθ    ctM tanθ =

sinθ 
cosθ  

(ii) cotθ =
b 
p

 x/ / c+z b'a}df h n] efu ubf{, cot  = 
 
 
 
 
 =          

cyjf, 
    
     = 

 
 
     =    = cot  ctM cotθ = cosθ 

sinθ  

oL ;DaGwx¿nfO{ efukmn ;DaGw (quotient relation) elgG5 . 

;f/f+zdf efukmn ;DaGw (quotient relation) 

  (1) tanθ = 
sinθ 
cosθ     (2) cotθ = 

cosθ 
sinθ  

∴
 cosθ = b 

h
/ sin  = p 

h

∴ sinθ = 
p 
h / cosθ  = 

b 
h
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2.2.3 kfOyfuf]/; ;fWoaf6 k|fKt x'g] lqsf]0fldtLo ;DaGw (Relation of Trigonometric 
  Ratios Obtained from Pythagoras Theorem)

;DaGw 1. k|dfl0ft ug'{xf];\ : sin2θ + cos2θ = 1

k|df0f M  BET Pp6f ;dsf]0f lqe'h xf], hxfF ∠BET = 90° 5 . k|;ª\usf]0f ∠BTE = θ sf cfwf/
df sinθ = 

p 
h   = 

BE 
BT   / cosθ  = 

b 
h  = 

ET 
BT  x'G5 . 

lrqdf kfOyfuf]/; ;fWocg';f/, p2 +  b2 = h2 

cyjf, BE2 +  ET2 = BT2   {  hxfF p = BE, b = ET / h = BT ePsfn]}

cyjf, 
BE2 + ET2

BT2 = 
BT2

BT2  {  b'a}tkm{ BT2 n] efu ubf{}

cyjf, 
BE2

BT2 + 
ET2

BT2 = 1 {  kbx¿ 5'6\ofpFbf}

cyjf, (BE
BT)

 
+ (ET

BT)
 
 = 1 

cyjf, (sinθ)2 + (cosθ)2 = 1

 sin2θ + cos2θ = 1  k|dfl0ft eof] .

;DaGw 2. k|dfl0ft ug'{xf];\ : sec2θ – tan2θ = 1

k|df0f M  ;dsf]0f lqe'h BET hxfF ∠BET = 90 5 .  

k|;Ësf]0f ∠BTE =   sf] cfwf/df tan  = 
 
   = 

  
    / sec   = 

 
  = 

  
   x'G5 .  

ca, kfOyfuf]/; ;fWocg';f/, p2 +  b2 = h2  
cyjf, BE2 +  ET2 = BT2  

cyjf, 
  ²     ²

  ²  = 
  ²
  ²   

cyjf, 
  ²
  ² +   ²  ² = 

  ²
  ²  

cyjf, (BEET)
 
   = (BTET)

 
 

cyjf, (tan )2 + 1 = (sec )2 

cyjf, tan2  + 1 = sec2   
cyjf, 1 = sec2   tan2    
ctM  sec2   tan2    1 k|dfl0ft eof] . 

 

{ ∵ b'j}tkm{ ET2 n] efu ubf{} 

{ ∵ afofFtkm{ kbx¿ 5'6\ofpFbf} 

{ ∵ hxfF p = BE, b = ET / h = BT ePsfn]} 

;DaGw 3.  k|dfl0ft ug'{xf];\ : cosec2θ – cot2θ = 1

k|df0f M  ;dsf]0f lqe'h BET hxfF ∠BET = 90° 5 . k|;ª\sf]0f ∠BTE = θ sf cfwf/df 
cosecθ =

h 
p = BT 

BE
  / cotθ  = 

b 
p  = ET 

BE
 x'G5 . 

B

E Tb

p h

θ

B

E Tb

p h

θ

k|df0f M

ctM sec2θ – tan2θ = 1 k|dfl0ft eof] .
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ca, kfOyfuf]/; ;fWocg';f/, p2 +  b2 = h2 

cyjf, BE2 +  ET2 = BT2   {  hxfF p = BE, b = ET / h = BT ePsfn]}

cyjf,
 BE²+ET²  BT²

          BE²        =  BE²  

cyjf, BE² ET² BT²
    BE²  +    BE² =     BE² 

cyjf,    (ETBE)
 
= (BTBE)

 
 

cyjf, 1 + (cotθ)2 = (cosecθ)2

cyjf, 1 + cot2θ = cosec2θ 

cyjf, 1 = cosec2θ – cot2θ  

ctM  cosec2θ – cot2θ =  1 k|dfl0ft eof] .

 kfOyfuf]/; ;fWoaf6 k|fKt x'g] lqsf]0fldtLo ;DaGwsf] ;f/f+z

–
–

–
–

–
–

pbfx/0f 1   

hf]8 ug{'xf];\ : sinA + cosB + 2sinA + 5cosB

;dfwfg M oxfF, 
 sinA + cosB + 2sinA + 5cosB

= sinA + 2sinA + cosB + 5cosB   {
∴

 ;hftLo kbx¿;Fu} /fVg] }

= 3sinA + 6cosB   {
∴

 ;hftLo kbx¿sf] hf]8}

{  b'a}tkm{ BE2 n] efu ubf{}

{  kbx¿ 5'6\ofpFbf}

B

E Tb

p h

θ

k|dfl0ft eof] .ctM cosec2θ – cot2θ = 1 k|dfl0ft eof] .



111P]lR5s ul0ft, sIff (

pbfx/0f 2   

36fp ug{'xf];\ : 7secA –2secA

;dfwfg M oxfF, 

7secA –2secA  = 5secA    {
∴

 ;hftLo kbx¿sf] 36fp}

pbfx/0f 3   

u'0fg ug{'xf];\ : (sinA – cosB) (sinA + cosB) (sin2A + cos2B)

;dfwfg M oxfF, 
(sinA – cosB) (sinA + cosB) (sin2A + cos2B)
= (sin2A – cos2B) (sin2A + cos2B)    {

∴
 (a + b) (a – b) = a2 – b2}

= (sin4A – cos4B)     {
∴

 (a + b) (a – b) = a2 – b2}  \

pbfx/0f 4      

v08Ls/0f ug'{xf];\ M 2sec2θ + secθ – 6 

;dfwfg M oxfF, 
2sec2θ + secθ – 6 = 2sec2θ + (4 – 3) secθ – 6
   = 2sec2θ + 4secθ – 3secθ – 6
   = 2secθ(secθ + 2) – 3(secθ + 2)

   = (secθ + 2) (2secθ – 3)

pbfx/0f 5   

k|dfl0ft ug{'xf];\ M sin2α × sec α × cot2α = cosα

;dfwfg M oxfF 

L.H.S = sin2α × sec α × cot2α

= sin2  ×  
     ×    

  
      

=  cosα  = R.H.S, k|dfl0ft eof] .

pbfx/0f 6  

k|dfl0ft ug{'xf];\ M sec4β – sec2β = tan4β + tan2β

;dfwfg M oxfF 
L.H.S  = sec4β – sec2β
  = sec2β (sec2β – 1)

  = (1 + tan²β) (1 + tan²β – 1)  {
∴

 sec2β = 1 + tan2β} 
  = (1 + tan²β) (tan²β) 

  = tan4β + tan²β = R.H.S, k|dfl0ft eof] .



112 P]lR5s ul0ft, sIff (

pbfx/0f 7  

k|dfl0ft ug{'xf];\ M √1 – 2sinθ∙cosθ = sinθ – cosθ

;dfwfg, oxfF 
L.H.S = √1 – 2sinθ∙cosθ

    = √ sin2θ + cos2θ – 2sinθ∙cosθ

   = √(sinθ – cosθ)2 

  = sinθ – cosθ = RHS, k|dfl0ft eof] . 

ljrf/0fLo k|Zg M s] √1 – 2sinθ∙cosθ = cosθ – sinθ klg k|dfl0ft x'G5 < 5nkmn ug'{xf];\ .

cEof; 2.2 (A)

1. VffnL 7fpF eg'{xf];\ M

 -s_ cosecθ nfO{ sinθ sf ¿kdf = ….. -v_ tanθ nfO{ cotθ sf ¿kdf = ….. 

 -u_ cosθ nfO{ secθ sf ¿kdf = …..  -3_ cotθ nfO{ tanθ sf ¿kdf = …..

 -ª_ sinθ nfO{ cosecθ sf ¿kdf = ….. -r_ secθ nfO{ cosθ sf ¿kdf = …..

 -5_ cotθ nfO{ sinθ / cosθ sf ¿kdf = ….. -h_ tanθ nfO{ sinθ / cosθ sf ¿kdf = …..

2. efukmn ;DaGw (Quotient relation) ;Fu ;DalGwt ;"qx¿ n]Vg'xf];\ .

3. lqsf]0fldltsf s'g} tLgcf]6f ;j{;ldsfx¿ n]Vg'xf];\ .

4. kfOyfuf]/; ;fWoaf6 k|fKt x'g] ;Defljt ;a} lqsf]0fldtLo ;DaGwx¿sf] ;"rL tof/ 
 kfg'{xf]];\ .

5. lrXg x]/L lx;fa ug{'xf];\ M

 -s_ tanθ + 3tanθ    -v_ 4cotA + 6cotA + 2cotA  -u_ sec2A + 10sec2A 

 -3_ sin3x + 3sin3x + 2sin3x -ª_ sinθ – 4sinθ   -r_ 7tanA – 2tanA 

 -5_ sec2A – 10sec2A  -h_ 3sin3x – 2sin3x  -em_ sinθ – 4sinθ  + 20sinθ 

 -`_ 8tanA – 2tanA + 12tanA -6_ 9cos2A – 5cos2A + 16cos2A 

 -7_ 7cosec3x – 5cosec3x + 12cosec3x

6. u'0fg ug{'xf];\ M

 -s_ (sin A + sinB) (sin A – sinB)  -v_ (1 – cosθ) (1 + cosθ)

 -u_ (1 + sinθ) (1 – sinθ)   -3_ (1 + cot2A) (1 + cot2A) 

 -ª_ (1 + sinθ) (1 – sinθ) (1 + sin2θ)  -r_ (1 + tanθ) (1 – tanθ) (1 + tan2θ)
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7. v08Ls/0f ug{'xf];\ M 

 -s_ cos2A – sin2A  -v_ sec2A – cosec2A -u_ cos2A + sin2A. cos2A  

 -3_ tan3θ – cot3θ  -ª_ sec4 θ – cosec4θ -r_ sin2x + 3 sinx + 2 

8. k|dfl0ft ug{'xf];\ M

 -s_ cotA sinA= cosA   -v_ cosA cosecA = cotA

 -u_ sec θ sinθ cot θ = 1    -3_ tan θ cos θ = sinθ

 -ª_
sinθ.cosec θ

sec θ  = cos θ             -r_
tanθ.cot θ

secθ cosec θ  = sinθ cos θ                      

9. k|dfl0ft ug{'xf];\ M   

 -s_ (1 – cos2θ) (1 + tan2θ) = tan2θ   -v_ (1 + cot2A) (1 – sin2A) = cot2A  

 -u_ cos2θ – cos2θ . sin2θ = cos4θ  -3_ (1– sin2A) cosec2 A= cot2A 

 -ª_ sin2θ + sin2 θ . cot2θ = 1    -r_ sinθ (1 + cot2θ) = cosec θ  

 -5_ cos A (1 + tan2 A) = sec A   -h_ (sinx – cosx)2 = 1 – 2sinxcosx  

10. k|dfl0ft ug{'xf];\ M  

 -s_  sin2A – cos2B = sin2B – cos2A   -v_ cot2B – cos2B = cot2B cos2B

 -u_  tan2C – sin2C = sin2C tan2C  -3_ √1 + 2sinα∙cosα) = cosα + sinα

 -ª_  cos2 θ √1 + cot2θ × √cosec2 θ = cot2θ  -r_  cos θ.cosec θ √(sec2 θ – 1) = 1

 -5_  
cotθ 

√1 + cot2θ  = cosθ      -h_ √sec2θ – 1 
secθ = sinθ  

pQ/

1 b]lv 4 ;Dd lzIfsnfO{ b]vfpg]  5. -s_ 4tanθ -v_ 12cotA -u_ 11sec2A 

-3_ 6sin3x  -ª_ –3sinθ  -r_ 5tanA -5_ –9sec2A -h_ sin3x 

-em_ 17sinθ -`_ 18tanA -6_ 20cos2A -7_ 14cose3x 6. -s_ sin2A – sin2B 

-v_ 1 – cos2θ -u_ 1 – sin2θ -3_ 1 + 2cot2A + cot4A   -ª_ 1 – sin4θ -r_ 1 – tan4θ

7. -s_ (cosA + sinA) (cosA – sinA) -v_ (secA + cosecA) (secA – cosecA)  -u_ cos2A (1 + sin2A) 

 -3_ (tanθ – cotθ) (tan2θ + tanθ cotθ + cot2θ)    -ª_ (sec2θ + cosec2θ) (secθ + cosecθ) (secθ – cosecθ) 

 -r_ (sinx + 2) (sinx + 1) 8 b]lv 10 ;Dd lzIfsnfO{ b]vfpg] 
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2.2.4 lqsf]0fldltdf ljlzi6 9fFrfsf ;j{;ldsfx¿ (Typical Patterns of Identities 
  in Trigonometry)

lqsf]0fldltdf s]xL ;j{;ldsfx¿ ;fdfGo 9fFrfsf geO{ ljlzi6 9fFrfsf klg x'G5g\ . tL ljlzi6 
9fFrfsf ;j{;ldsfx¿ s;/L k|dfl0ft ug{ ;lsG5 < s] ltgLx¿nfO{ k|dfl0ft ug{ km/s 1fgsf] 
cfjZos x'G5 < tn lbOPsf pbfx/0fx¿sf] cWoog ug'{xf];\ / 5nkmn ug'{xf];\ .

pbfx/0f 1  

k|dfl0ft ug{'xf];\ M 
1

sec2A  + 
1

cosec2A  = 1

;dfwfg M oxfF,

L.H.S = 1
sec2A  + 1

cosec2A
 = cos2A + sin2A  {∴ Jo'Tj|md ;"qcg';f/, 1

sec2A
= cos2A / 1

cosec2A = sin2A}

 = 1  = R.H.S, k|dfl0ft eof] .

pbfx/0f 2  

k|dfl0ft ug{'xf];\ M  
            = secA + tanA = 

      
     

;dfwfg M oxfF,

L.H.S =   
            = secA + tanA = 

      
     

x/ / c+zdf (secA + tanA) n] u'0fg ubf{

=  
                        

            
 

=            
               

 

= 
           

  

 
= secA + tanA 

km]l/, secA + tanA

= 
 

      +           
 

=         
      

 
 = R.H.S

ctM   L.H.S =  R.H.S, k|dfl0ft eof] .

∴
 aLhul0ftsf] ;"q (a + b)(a– b) = (a2 – b2) k|of]u ubf{

∴
 lqsf]0fldtLo kfOyfuf]/; ;DaGw Sec2A – tan2A = 1 k|of]u ubf{
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pbfx/0f 3  

k|dfl0ft ug{'xf];\ M √      
          + √      

          = 2     

;dfwfg M oxfF, 

L.H.S  = √       
       + √      

        

= √(      ) 
(      )   (      ) 

(       ) + √(       ) 
(       )   (       ) 

(       ) 

= √(      )²
     ²  + √(       )²

     ²  

= √(      )²
   ²   + √(       )²

   ²   (  1 – sin²  = cos² ) 

= 
        
     +        

     =               
     =  

     

 
 = 2secθ  = R.H.S, k|dfl0ft eof] .

pbfx/0f 4   

k|dfl0ft ug{'xf];\ M 
        
        = (cot   cosec )2 

;dfwfg M oxfF, 

L.H.S = 
        
         =                 ×                  

= 
(      )²
      ²  = (       )²   ²   =  (          )

 
 

= (  
     

    
    )

 
 

= (cosec    cot )2 
=  [  (cot    cosec )] 2 

= (cot    cosec )2  
= R.H.S, k|dfl0ft eof] . 

 
pbfx/0f 5  

k|dfl0ft ug{'xf];\ M 
    
 –      +     

 –      = sinA + cosA 

klxnf] kbsf] ju{ ?6leq x/ / c+z 
b'a}df 1 +  sinθ / bf];|f] kbsf] ju{ 
?6leq x/ / c+z b'a}df 1– sinθ n] 

u'0fg ug]{ .

x/ / c+zdf (1– cosθ) 

n] u'0fg ubf{

∴
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;dfwfg M oxfF, 

L.H.S  = 
    

 –       +     
 –       

=     
          

 +     
          

  

=     
         

    
 +     

         
    

 

=    ² 
          ˗    ² 

           

=    ²     ² 
          

= (         )(         )
          

= sinA + cosA 
= R.H.S, k|dfl0ft eof] . 

 
pbfx/0f 6  

k|dfl0ft ug{'xf];\ M 
         
      = 1+ 2tan2A  

;dfwfg M oxfF,

L.H.S = 
        
       

=            
            

=                    
            

=     
              
            

= 
          
      

= 
 

      +    
  

      

= sec2A + tan2A 
= 1 + tan2A + tan2A 
= 1 + 2 tan2A 
= R.H.S k|dfl0ft eof] . 

 

efukmn ;DaGwaf6, 
tanA = 

sinA 
cosA  / cotA = 

cosA 
sinA

lqsf]0fldltdf klg  
aLhul0ftsf] ;"q k|of]u, Wao!
a2 – b2 = (a + b) (a – b)

1 
cosA = secA x'G5 eg] 

1 
cos2A = sec2A

sinA 
cosA = tanA x'G5 eg] 

sin2A
cos2A=tan2A
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pbfx/0f 7  

k|dfl0ft ug{'xf];\ M sin6A – cos6A = (2sin2A – 1)( cos2A + sin4A)

;dfwfg M oxfF,
L.H.S = sin6A – cos6A

 =  (sin2 A)3 – (cos2 A)3

 = (sin2A – cos2A) {(sin2 A)2 + sin2A cos2A + (cos2 A)2}

 = {sin2A – (1 – sin2A)} (sin4A + sin2A cos2A + cos4A)

 = {sin2A – 1 + sin2A)} {sin4A + cos2A (sin2A + cos2A)}

 = (2sin2A – 1) {sin4A + cos2A (1)}

 = (2sin2A – 1) (cos2A+ sin4A)

 = R.H.S k|dfl0ft eof] .

pbfx/0f 8  

k|dfl0ft ug{'xf];\ M             –  
                =        

     

;dfwfg M oxfF,

L.H.S = 
         – 
            

=              –               
                

=          –                                  

=                                     

= tanx + secx 

=          +  
     

=         
     

= R.H.S k|dfl0ft eof] . 
 

∴
aLhul0ftsf] ;"q 

(a3 – b3) = (a – b)
(a2 + ab + b2)  

k|of]u ubf{

ljrf/0fLo k|Zg M lsg xf]nf 1 = 

sin2x + cos2x k|of]u gePsf] < 
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pbfx/0f 9  

k|dfl0ft ug{'xf];\ M     
               +     

                 = 1 

;dfwfg M oxfF 

L.H.S = 
    

               +     
                  

=      (                )        (              )
(              )(               )  

=                       –                                  )
(              )(                )  

=                                 
(  
                  )(

 
                  )

  

=  
(               

     )(                
    )

 

=   
   (           ) {(   (           )}        .    

  

=       .    
( )  (          )  

=       .    
  (                        )  

=       .    
  (       .    ) 

=       .    
          .     

=       .    
     .       

= 1  
= R.H.S k|dfl0ft eof] . 

 

L.H.S = 
    

               +     
                  

=      (                )        (              )
(              )(               )  

=                       –                                  )
(              )(                )  

=                                 
(  
                  )(

 
                  )

  

=  
(               

     )(                
    )

 

=   
   (           ) {(   (           )}        .    

  

=       .    
( )  (          )  

=       .    
  (                        )  

=       .    
  (       .    ) 

=       .    
          .     

=       .    
     .       

= 1  
= R.H.S k|dfl0ft eof] . 

 

cosA tanA = sinA
sinA cosecA = 1
sinA cotA = cosA
CosA secA = sinA
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pbfx/0f 10  

k|dfl0ft ug{'xf];\ M (5cot2θ + 1) (2 – sin2θ) = (5 – 4sin2θ) (1 + 2cot2θ)

;dfwfg M oxfF, 
 L.H.S = (5cot 2  + 1) (2  sin 2 ) 

= (5    
  

     + 1)(2  sin 2 )  

= (     
           
     ) (2  sin 2 )  

= {5  1       + sin 2θ}(         
     ) 

= (5   5sin 2θ + sin 2θ) (  
       

     
      ) 

= (5   4sin 2θ) (2        1)   
= (5   4sin 2θ) {2 1 +        1}   
= (5   4sin 2θ) (2 + 2      1)   
= (5   4sin 2θ) (1 + 2cot 2 )   
= R.H.S, k|dfl0ft eof] . 

 
pbfx/0f 11   

k|dfl0ft ug{'xf];\ M 
 

           +  
            =   

     +   
     

cyjf 
 

                
      =   

        
            

;dfwfg M oxfF,

L.H.S = 
 

               
              

   =                          
(           )(           )  

=         

=  2 secB  

= 
 

        
     +  

      

= R.H.S k|dfl0ft eof] . 

 
 

cyjf 

LHS  = 
 

                
       

=    
          

                
       

   = (           )(     –     )                
     

= sec    (tan    sec ) 

=  
     – (           )  =  

       (           )      –       

=  
        (           )

(           )(     –     ) 

=   
        

            = R.H.S k|dfl0ft eof] . 

 

j}slNks ljlw

klxnf] kbsf] x/df ePsf] sin2θ 
bf];|f] kbsf] x/df n]Vg] .

cosθ 
sinθ = cotθ x'Fbf  

cos2θ
sin2θ = cot2θ x'G5 .
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cEof; 2.2. (B)

1. k|dfl0ft ug{'xf];\ M  

 

-s_ 
 

          
       = 1    -v_ 

 
        +  

      = 1 

-u_ 
 

        
      = 1   -3_ 

    
                = 1   

-ª_ 
          
          =          

          -r_ 
           
          =     

        
             

 -5_  
               
             = 1    sin  cos  -em_ 

              
             =             

            
  

-ञ_ 
       
           = cos2     -6_  

             
          = tan2A ˗ 1 

   

-7_  
             

                         =  cosecA + secA   

-8_ 
             
             +               

             = 0 
 

2. k|dfl0ft ug{'xf];\ M

 

-s_ 
 

               = cosec   cot  = 
       
       

-v_ 
 

             = sec   tan  = 
       
       

-u_ 
 

              = 
       
     = cosec  + cot    

-3_ 
 

            = sec  + tan  = 
       
      

 3. k|dfl0ft ug{'xf];\ M

 

-s_   √                = sec  + tan   -v_ √                 = sec   t n   

-u_  √                  = cosec   cot    -3_  √                 =  
    

         

 -ª_ √                 = cosec   cot   -r_  √       
  

            = tanA 
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4. k|dfl0ft ug{'xf];\ M

-s_  
        
        = (secx  tanx)2 -v_ 

        
        = (sec  + tan )2 

 

    -u_  
        
        = (cosecx   cotx)2 -3_ (cosecx + cotx)2 = 

       
          

 
5. k|dfl0ft ug{'xf];\ M

-s_ 
   

           +     
           = 2cosec2   

-v_ 
   

                 
           = 2sinA. sec2A 

-u_  
   

                 
           = 2cotA. cosecA   

-3_ 
      
           +                  = 2secA 

-ª_ 
      
         +                 = 2cosecA    

-r_                 +      
          = 1 + secA.cosecA 

-5_ 
   ² 
         

    
        = 1 + secAcosecA  

-h_ 
            
             +                           =   

            

 
6. k|dfl0ft ug{'xf];\ M

 

-s_ 
         
      = 2cosec2A  1  -v_  

         
      =   1 + 2cot2A 

-u_   2tan2x + 1 = 
         
      -3_    sec4A + tan4A = 1 +          

         
  
 7. k|dfl0ft ug{'xf];\ M

 -s_ (sinθ + cosθ)3 = 3(sinθ + cosθ) – 2(sin3θ + cos3θ)  

 -v_ (1 + sinθ + cosθ)2 = 2(1 + sinθ)(1 + cosθ)

 -u_ sec6A – tan6A = 1 + 3tan2A.sec2A  

 -3_ sin8A – cos8A = (2sin2A – 1) (1 – 2sin2A.cos2A)

8. k|dfl0ft ug{'xf];\ M

cosA – sinA + 1 
cosA + sinA + 1

1 – sinA 
cosA=

cosA – sinA + 1 
cosA + sinA – 1

1 + cosA 
sinA=-s_ -v_
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-u_                      
                   =          

      =   

-3_                   
                   =                  

                 

-ª_               
                 =                  

                   

-r_                   
                                 

                 = 2(1 + cosecθ) 

 

cosecA + cotA 

9. k|dfl0ft ug{'xf];\ M
 -s_ (secθ + tanθ – 1) (secθ – tanθ + 1) = 2tanθ 

 -v_ (secθ – tanθ)   (sinθ – cosθ + 1  
sinθ + cosθ –1 )  = 1

 -u_ (1 + cotA – cosecA) (1 + tanA + secA) = 2 

 -3_ sec2A.cosec2A – tan²A – cot²A = 2

10. k|dfl0ft ug{'xf];\ M

 -s_ (2 – cos2A) (1 + 2cot2A) = (2 + cot2A) (2 – sin2A)

 -v_ (3 – 4sin2A) (1 – 3tan²A) = (3 – tan²A) (4cos²A – 3)

 -u_ (3 – 4 cos²A) (cosec²A – 4cot²A) = (3 – cot²A) (1 – 4cos²A)

11. k|dfl0ft ug{'xf];\ M

-s_ 
 

                 
       

        
               

-v_ 
    

             +     
            =     

            +     
             

 

2.3 lqsf]0fldtLo cg'kftx¿sf] ¿kfGt/0f (Conversion of Trigonometric Ratios)
¿kfGt/0f eGgfn] s] a'lemG5 < s] Pp6f lqsf]0fldtLo cg'kftnfO{ csf]{ lqsf]0fldtLo cg'kftdf 
¿kfGt/0f ug{ ;lsG5 t < ;lsG5 eg] s;/L ug]{ < s] lqsf]0fldtLo cg'kftnfO{ ¿kfGt/0f 
ubf{ sf]0fdf kl/jt{g x'G5 jf xF'b}g < ¿kfGt/0f eg]sf] kl/jt{g xf] . cfwf/e"t lqsf]0fldtLo 
cg'kftx¿ / ljleGg ;j{;ldsfx¿sf] k|of]u u/L Pp6f lqsf]0fldtLo cg'kftnfO{ csf]{ cg'kftdf 
¿kfGt/0f ug{ ;lsG5 . t/ sf]0f kl/jt{g gu/Lsg lqsf]0fldtLo cg'kftnfO{ ¿kfGt/0f ug'{k5{ . 
h:t}M ;j{;ldsfx¿M sin2θ + cos2θ = 1------ (i)
sec2θ  – tan2θ = 1------ (ii)

cosec2θ  – cot2θ = 1------ (ii) cflb .

lqsf]0fldtLo cg'kftx¿sf] ¿kfGt/0f tn lbOPsf] tl/sfaf6 ug{ ;lsG5 .
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-s_  cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6 (By using basic trigonometric relation) 

-v_  kfOyfuf]/; ;fWosf] k|of]uaf6 (By using Pythagoras theorem)

pbfx/0f 1   
;a} lqsf]0fldtLo cg'kftx¿nfO{ ;Gbe{ sf]0f θ lnO{ 

-s_  cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6 sinθ df ¿kfGt/0f ug'{xf];\ .

-v_  kfOyfuf]/; ;fWosf] k|of]uaf6 sinθ df ¿kfGt/0f ug'{xf];\ .

;dfwfg M oxfF,

-s_ cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6

sin   = sin   … … … (i) 

cosec   = 
 

      … … … (ii)  {Jo'Tj|md(reciprocals) ;DaGw} 

cos   = √        … … … (iii)  (kfOyfuf]l/og ;DaGw_ 

sec   =  
      = 

 
√         … … … (iv)  (Jo'Tqmd / kfOyfuf]l/og ;DaGw_ 

tan   = 
     
      = 

     
√         … … … (v)  (efukmn / kfOyfuf]l/og ;DaGw_ 

cot   = 
     
      = 

√        
     …………(vi) (efukmn / kfOyfuf]l/og ;DaGw_ 

 

-v_  kfOyfuf]/; ;fWosf] k|of]uaf6 
 lbOPsf] lqe'h ABC Pp6f ;dsf]0f lqe'h xf] hxfF ∠ABC = 90° 5 . ;Gbe{ sf]0f 
 ∠CAB = θ . dfgf}F, sin θ = K

xfdLnfO{ yfxf 5, sin   = 
 
  = 

  
   To;}n], 

sin   = K  
  
   = 

 
  = 

    
  

olb (p) = BC = K = sinA, eP h = AC = 1 x'G5 / b = ? 
kfOyfuf]/; ;fWocg';f/, AC2 = BC2 + AB2 (h2 = p2 + b2) 
AB2 = AC2  AB2 
AB2 = 1 K2 
  AB = √      

To;}n], cos   =    = 
  
   = 

√    
  = √  sin   

tan   = 
 
  = 

  
   = 

 
√     = 

    
√         

cot   =    =  
  
   = 

√  K 
K

 = 
√  sin  
sin 

 

sec   = 
 
  = 

  
    = 

 
√  K 

 = 
 

√  sin  
 

cosec   = 
 
  = 

  
    =  

 
K
 = 

 
sin 

 
 

A B

C

1 K

θ

=========
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xfdLnfO{ yfxf 5, sin   = 
 
  = 

  
   To;}n], 

sin   = K  
  
   = 

 
  = 

    
  

olb (p) = BC = K = sinA, eP h = AC = 1 x'G5 / b = ? 
kfOyfuf]/; ;fWocg';f/, AC2 = BC2 + AB2 (h2 = p2 + b2) 
AB2 = AC2  AB2 
AB2 = 1 K2 
  AB = √      

To;}n], cos   =    = 
  
   = 

√    
  = √  sin   

tan   = 
 
  = 

  
   = 

 
√     = 

    
√         

cot   =    =  
  
   = 

√  K 
K

 = 
√  sin  
sin 

 

sec   = 
 
  = 

  
    = 

 
√  K 

 = 
 

√  sin  
 

cosec   = 
 
  = 

  
    =  

 
K
 = 

 
sin 

 
 pbfx/0f 2   

olb cosθ = 
4 
5  5 . 

-s_  afFsL c¿ lqsf]0fldtLo cg'kftx¿ s'g s'g x'g\, n]Vg'xf];\ .

-v_  afFsL lqsf]0fldtLo cg'kftx¿sf] dfg kQf nufpg'xf];\ .

;dfwfg M oxfF, 

cosθ = 
4 
5

-s_  afFsL c¿ lqsf]0fldtLo cg'kftx¿ sine, tangent, cosecant, secant and cotangent x'g\ .

-v_  afFsL lqsf]0fldtLo cg'kftx¿sf] dfg 

cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6 kfOyfuf]/; ;fWosf] k|of]uaf6 -csf]{ tl/sf_

oxfF, cos  Ö 
 
   

sin  = √1   cos    = √1  (  )
 

  

= √1    
    =√

     
   =√  

   = 
 
  

tan  = 
     
      = 

 
 
 
 

 = 
 
 , cosec  = 

  
      =   

 
  

 = 
 
   

sec  = 
  

       = 
  
 
  

 =   
4 ,  cot  = 

     
      = 

 
 
 
 
 = 
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pbfx/0f 3    

olb tanθ = 
4 
5  eP 

5sinθ – 3cosθ 
sinθ + 2cosθ = 

5 
14 k|dfl0ft ug{'xf];\ .

;dfwfg  

oxfF, tanθ = 
4 
5

k|dfl0ft ug{'kg]{ M  
5sinθ – 3cosθ 
sinθ + 2cosθ = 

5 
14

cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6 kfOyfuf]/; ;fWosf] k|of]uaf6 -csf]{ tl/sf_

 

L.H.S = 
            
               

 = 
             

    
            

    
  (x/ / c+zdf cos n] efu ubf{) 

= 
      
                
    
                

  

= 
         
          

 = 
         

       
 

= 
       

 
       
 

   

= 
 
    = R.H.S. k|dfl0ft eof] . 

pbfx/0f 4    

olb sinA = 
3 
5  / sinB =  

1 2 
13  eP k|dfl0ft ug'{xf];\ M tanA + tanB 

1–tanAtanB = 
–63 
 16  

;dfwfg M oxfF, sinA = 
3 
5  / sinB =  

1 2 
13

k|dfl0ft ug{'kg]{ M  tanA + tanB 
1–tanAtanB = 

63 
16  

cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6 M xfdLnfO{ yfxf 5, 

cosA = √        = √  (  )
 
= √   

   = √        = √     =    

cosB = √        = √  (    )
 
= √     

    = √            = √   
    =     

km]/L, tanA = 
    
     = 

 
 
 
 

 =    / tanB = 
    
     = 

  
  
 
  

 =     

afFof kIfM 
           
            =  

      
  
 

       
  
 

 

 = 
             
            

  

=            =       =       k|dfl0ft eof] . 

 

oxfF, tan  =     

 
             
             =     

tan  =     Ö 
 
   

 
  Ö 

 
  

cyjf, p = 4k, b = 5k dfgf}F  

ct: h = √p + b  = √(4k) + (5k)    
          = √ 6k + 25k  =√4 k  = k √4  

L.H.S: 
            
              = 

              
 
  

 
        

 
 

 = 
        

  
      
 

  

=               

=                            =       =     = R.H.S. k|dfl0ft eof] . 
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cosA = √        = √  (  )
 
= √   

   = √        = √     =    

cosB = √        = √  (    )
 
= √     

    = √            = √   
    =     

km]/L, tanA = 
    
     = 

 
 
 
 

 =    / tanB = 
    
     = 

  
  
 
  

 =     

afFof kIfM 
           
            =  

      
  
 

       
  
 

 

 = 
             
            

  

=            =       =       k|dfl0ft eof] . 

 

ljrf/0fLo k|Zg M s] o;nfO{ kfOyfuf]/; ;fWosf] k|of]uaf6 ;dfwfg ug{ ;lsG5 < ;dfwfg u/L 
glthf t'ngf ug'{xf];\ .

pbfx/0f 5  

olb cosA = 
p2  – q2

p2  + q2 eP, tanA / cosecA sf] dfg kQf nufpg'xf];\ .

;dfwfg M oxfF, cosA = 
p2  – q2

p2  + q2 

tanA =? / cosecA = ?

cosA = 
p2  – q2

p2  + q2 = 
b 
h

olb b = p2 – q2 / h = p2 + q2 eP p = ?

kfOyfuf]/; ;fWocg';f/, p = √h2 – b2 = √(p2 + q2 )2 – (p2 – q2)2

cyjf, p = √p4 + 2.p2.q2 + q4 – (p4 – 2.p2.q2 + q4)

cyjf, p = √p4 + 2.p2.q2 + q4 – p4 + 2.p2.q2 – q4 

cyjf, p = √4p2q2 = 2pq

ca, tanA = 
p 
b  = 2pq 

p2 – q2    / cosecA  = 
p 
b  = p2  + q2

2pq  

pbfx/0f 6  

olb 5cosθ + 12sinθ = 13 eP k|dfl0ft ug{'xf];\M tanθ =  12 
5

 

;dfwfg M oxfF, 5cosθ + 12sinθ = 13

k|dfl0ft ug{'kg]{ M  tanθ =  
12 
5  
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cfwf/e"t lqsf]0fldtLo ;DaGwsf] k|of]uaf6 kfOyfuf]/; ;fWosf] k|of]uaf6 -csf]{ tl/sf_

oxfF, 5cos + 12sin = 13 

b'j}tkm{ cos n] efu ubf{ 

cyjf, 5          + 12          =        

cyjf, 5 + 12 tan = 13sec 
b'j}tkm{ ju{ ubf{, (          )  = (     )  
cyjf, 25 + 120 tan + 144 tan2  = 169 sec2 

cyjf, 25 + 120 tan + 144 tan2  = 169 (1 + tan2) 

cyjf, 25 + 120 tan + 144 tan2  = 169 + 169 tan2 

cyjf,0 =169 tan2  144 tan2  120 tan + 169 25 

cyjf, 25 tan2  120 tan + 144 = 0  

cyjf, (      )  2.5tan.12 + (  )  = 0  
cyjf, (         )  = 0  

cyjf, 5tan  12 = 0 

cyjf, tan =     k|dfl0ft eof] . 

 

oxfF, 5cos + 12sin = 13 

cyjf, 5     + 12     = 13 

cyjf, 
          

  = 13 

cyjf, 5b + 12p = 13h 
b'j}tkm{ ju{ ubf{, ( b      p)  = (  h)  
cyjf, 25 b2 + 120 pb + 144 p2 = 169 (p2 + b2) 
cyjf, 0 = 169 p2  144 p2 120 pb + 169 b2 25 b2 
cyjf, 25 p2 120 pb + 144 b2 = 0  
cyjf, (  p)  2. 5 p.12 b + (   b)  = 0  
cyjf, (  p   b)  = 0  
cyjf, 5p  12b = 0 

cyjf, 
 
  =     

cyjf, tan =     k|dfl0ft eof] . 

cEof; 2.3 

1. lqsf]0fldtLo cg'kftx¿sf] ¿kfGt/0f eGgfn] s] a'lemG5 < 

2. -s_ ;a} lqsf]0fldtLo cg'kftx¿nfO{ ;Gbe{ sf]0f θ lnO{ cosθ df ¿kfGt/0f ug'{xf];\ .

 -v_ ;a} lqsf]0fldtLo cg'kftx¿nfO{ ;Gbe{ sf]0f α lnO{ tanα df ¿kfGt/0f ug'{xf];\ .

 -u_ ;a} lqsf]0fldtLo cg'kftx¿nfO{ ;Gbe{ sf]0f θ lnO{ secθ df ¿kfGt/0f ug'{xf];\ .

 -3_ ;a} lqsf]0fldtLo cg'kftx¿nfO{ ;Gbe{ sf]0f α lnO{ cotα df ¿kfGt/0f ug'{xf];\ .

3. cotA nfO{ sinA df ¿kfGt/0f ubf{ tnsf dWo] s'g l7s x'G5 <

-s_ 
 i A

√   i  A
 -v_ 

 
√   i  A

  -u_ 
√   i  A

 i A
  -3_ 

 
 i A

 

 
4. secA nfO{ cotA df ¿kfGt/0f ubf{ tnsf dWo] s'g l7s x'G5 <

-s_ 
√   cot A

cotA
 -v_ 

cotA
√   cot A  -u_ 

 
cotA

   -3_ 
       
   cot  

 

 

5. olb sinθ = 3 
5  eP,

 -s_ afFsL c¿ lqsf]0fldtLo cg'kftx¿ s'g s'g x'g\, n]Vg'xf];\ .

 -v_ afFsL lqsf]0fldtLo cg'kftx¿sf] dfg kQf nufpg'xf];\ .
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6. -s_ olb tanθ = 4 
5

 eP afFsL lqsf]0fldtLo cg'kftx¿sf dfg kQf nufpg'xf];\ .

 -v_ olb cotθ = 1 
3  eP afFsL lqsf]0fldtLo cg'kftx¿sf] dfg kQf nufpg'xf];\ .

 -u_ olb cosα =  24 
25  eP afFsL lqsf]0fldtLo cg'kftx¿sf] dfg kQf nufpg'xf];\ .

 -3_ olb cosecA = √2 eP afFsL lqsf]0fldtLo cg'kftx¿sf] dfg kQf nufpg'xf];\ .

7. -s_ olb tanθ =  2 
3  eP

sinθ – cosθ  
sinθ + cosθ sf] dfg kQf nufpg'xf];\ M

 -v_  olb cotθ = 4 
3  eP 

3sinθ – 2cosθ 
2sinθ + 3cosθ sf] dfg kQf nufpg'xf];\ .

 -u_ olb sinθ = 3 
5  eP 5cosθ + 4tanθ sf] dfg lgsfNg'xf];\ .

 -3_ olb cosθ = 4 
5  eP 5sinθ + 3cotθ sf] dfg kQf nufpg'xf];\ .

 -ª_ olb cotθ = 12 
5  eP 13cosθ + 24tanθ sf] dfg lgsfNg'xf];\ .

8. olb cosA = 4 
5 / sinB = 12 

13 eP lgDg lqsf]0fldtLo cleJo~hsx¿sf] dfg kQf nufpg'xf];\ M

 -s_ sinA cosB + cosA sinB   -v_ cosA cosB + sinA sinB

 -u_ sinA cosB – cosA sinB  -3_ cosA cosB – sinA sinB

 -ª_ tanA + tanB  
1– tanAtanB   -r_

tanA – tanB  
1+ tanAtabB

9. olb (m2 + n2) cosA = m2 – n2 eP, 

 -s_ cosA sf] dfg kQf nufpg'xf];\ .

 -v_ sinA / tanA sf] dfg kQf nufpg'xf];\ .

10. -s_ olb cotβ = 
p 
q  eP, 

pcosβ – qsinβ  
pcosβ + qsinβ  = 

p2 – q2 
p2 + q2  x'G5 egL k|dfl0ft ug{'xf];\ .

 -v_ olb sinθ =  
a 
b  eP k|dfl0ft ug{'xf];\M tanθ = 

a 
b2 – a2

 -u_ olb tanα = 2xy 
x2 – y2 eP sinα = 2xy 

x2 + y2  x'G5 egL k|dfl0ft ug{'xf];\ .

11. -s_ olb 4cosθ + 3sinθ = 5 eP k|dfl0ft ug{'xf];\M tanθ = 
3 
4

 -v_ olb 12sinθ = 13 – 5cosθ eP tanθ / cotθ sf] dfg kQf nufpg'xf];\ .

 -u_ olb 8sinθ – cosθ – 4 = 0 eP k|dfl0ft ug{'xf];\M cotθ = 
4 
3

 -3_ olb 3sinA + 4cosA = 5 eP k|dfl0ft ug{'xf];\M cosA = 4 
5
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pQ/

1. lzIfsnfO{ b]vfpg'xf];\    

2. -s_ sin = √   o  , tan = 
√      
     , cot =     

√      
 , cosec =  

√      
 , sec =  

      

-v_ cot  =  
     , sec  = √       , cos  =  

√        
, sin  =     

√        
, cosec   = 

√       
     

-u_ cos =  
     , sin = 

√       
     tan =√      , cot =  

√      
 , cosec =    

√      
 ,  

-3_ tan  =  
    , cosec  = √   o   , sin  =  

√        
, cos  =     

√        
, sec  =

√       
      

3. -u_   4. -v_  
5. -s_ cosine, tangent, cosec, secant and cotangent 

-v_ cos =   ,  tan =   , cosec =   , sec =   , cot =    

6. -s_ sin =  
√  

,  cos =  
√  

, cosec = √   , sec = √   , cot =     

   -v_ sin = √  ,  cos =   , tan = √ , cosec =  
√ 

, sec = 2 

-u_ sin  =    ,  tan  =    ,  cosec  =    , sec  =     , cot  =      

   -3_ sinA =  
√ 

,  cosA =  
√ 

,  tanA = 1, secA = √  and cotA = 1 

7. -s_      -v_ 
 
    -u_ 7   -3_ 7  -ª_ 22 

8. -s_        -v_ 
  
    -u_        -3_       -ª_        -r_        

9. -s_   
    

        -v_ 
 m 

       , 
   
   –     11. -v_     ,     

 

2.4 sf]0fsf] lqsf]0fldtLo cg'kft (Trigonometric Ratios of Angle)

wgfTds / C0ffTds sf]0fsf] cjwf/0ff ljsf;sf nflu tnsf] lj|mofsnfk ug'{xf];\ .

lj|mofsnfk 1  38Lsf] ;'O{ rNg] lbzfsf cfwf/df sf]0fsf] juL{s/0f

38Lsf] ;'O rNg] lbzfsf cfwf/df sf]0fsf] juL{s/0f wgfTds / C0ffTds sf]0f s;/L kl/eflift 
ug{ ;lsG5 < lrqaf6 k|:6 kfg'{xf];\ .  

?n/ / l;;fsndsf ;xfotfaf6 Pp6f l;wf /]vf AC lvRg'xf];\ . pSt /]vfnfO{ k|f/lDes /]vf 
eGg'xf];\ . k|f/lDes /]vfsf] afofFlt/sf] clGtd ljGb'af6 38L 3'Dg] lbzfsf] ljk/Lt lbzfdf Pp6f 
lglZrt sf]0f (θ = 60°, 50°,45°… cflb) agfO{ kl/j|mdL /]vf lvRg'xf];\ . csf]{ lrqdf, k|f/lDes 
/]vfaf6 38L 3'Dg] lbzfdf (θ = 60°, 50°, 45°…cflb) agfO{ kl/j|mdL /]vf lvRg'xf];\ . 

B

CθAzLif{ljGb'
k|f/lDes /]vf

kl/
j|md

L /
]vf

D

CA k|f/lDes /]vfzLif{ljGb'

kl/j|mdL /]vf

θ
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lrqdf, ∠CAB = θ / ∠CAD = (–θ) 5 . ∠CAD = (–θ) n]Vg'sf] cy{ s] x'g;S5, 5nkmn ug{'xf];\ .

oxfF, kl/j|mdL /]vf AB n] k|f/lDes /]vf AC ;Fu agfPsf] wgfTds sf]0f θ 5 . To;}u/L, 
kl/j|mdL /]vf AD n] k|f/lDes /]vf AC ;Fu agfPsf] C0ffTds sf]0f (–θ) 5 .

lrqdf ∠CAB = θ 38Lsf] ;'O{ 3'Dg]eGbf ljk/Lt lbzfdf agfOPsf] sf]0f xf], To;sf/0f θ 

wgfTds 5 . ∠CAD = (–θ), 38Lsf] ;'O{ 3'Dg] lbzfdf dfkg ul/Psf] 5 To;}n] of] C0ffTds 5 .
ctM kl/j|mdL /]vfn] k|f/lDes /]vf;Fu 38L 3'Dg] lbzfsf] ljk/Lt lbzfdf 3'Dbf agfPsf] sf]0fnfO{ 
wgfTds sf]0f elgG5 . 

lj|mofsnfk 2  

pko'St ;d"xdf a:g'xf];\ . ;Fu}sf] lrqdf b]vfP h:t} ;/n /]vfx¿ XX' / YY' lvRg'xf];\ . 
ltgLx¿ larsf] sf]0f 90° x'g] u/L ljGb' O df sf6\g'xf];\ / tn ;f]lwPsf k|Zgx¿df 5nkmn 
ug'{xf];\ .

-s_ o;/L sfl6Fbf ;dtn ;tx slt efudf ljefhg  
 ePsf] 5 < 

-v_  k|To]s efunfO{ s] elgG5 < 

-u_  k|To]s efudf slt l8u|Lsf] sf]0f aG5 < 

-3_ OX nfO{ k|f/lDes /]vf dfg]/ kl/j|mdL /]vf OP nfO{ 
38Lsf] ;'O{ 3'Dg]] lbzfsf] ljk/Lt lbzfdf 3'dfpFbf ag]sf 
sf]0fx¿ θ, α, β  /  δ j|mdzM s'g s'g rt'y{+fzdf ag]sf 5g\ / ltgLx¿ k|To]ssf] dfg slt slt 
x'g ;S5 < 5nkmn ug{'xf];\ .

XOX' / YOY' b'Ocf]6f ;/n /]vfx¿n] ;dtn ;txnfO{ rf/ a/fa/ efudf ljefhg u/]sf] 
b]Vg kfOG5 / k|To]s efunfO{ rt'yf{Fz elgG5 . k|To]s efudf 90° sf] sf]0f aG5 .

X – cIfaf6 bflxg]k6\l6sf] dflyNnf] efu XOY nfO{ klxnf] rt'yf{+z (first quadrant) elgG5 . o;df 
0° b]lv 90° ;Ddsf sf]0fx¿ k5{g\ . lrqdf, ∠XOY = 90° 5 . Y – cIfaf6 b]a|]k6\l6sf] dflyNnf] efu 
X'OY nfO{ bf];|f] rt'yf{+z (second quadrant) elgG5 . o;df 90° b]lv 180° ;Ddsf sf]0fx¿ k5{g\ .
lrqdf, ∠X'OY = 90° 5 .  X – cIfsf] b]a|]k6\l6sf] tNnf] efunfO{ t];|f] rt'yf{+z (third quadrant) elgG5 .
o;df 180° b]lv 270° ;Ddsf sf]0fx¿ k5{g\ . lrqdf, ∠X'OY' = 90° 5 .  X – cIfsf]] bflxg]k6\l6sf] 
tNnf] efunfO{ rf}yf] rt'yf{+z (fourth quartile) elgG5 . o;df 270° b]lv 360° ;Ddsf sf]0fx¿ 
k5{g\ . lrqdf, ∠XOY' = 90° 5 . o;/L sf]0fx¿ θ, α, β / δ j|mdzM klxnf] rt'yf{+z, bf];|f] rt'yf{+z, 
t];|f] rt'yf{+z / t];|f] rt'yf{+zdf ag]sf 5g\ .
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2.4.1  ;a} rt'yf{Fzx¿df sf]0fx¿sf] lqsf]0fldtLo cg'kft (Trigonometric 
  Ratios of Angles in All Quadrants)

lj|mofsnfk 3  

pko'St ;d"xdf a:g'xf];\ . lrqdf b]vfOP h:t} /]vfx¿ 
XOX' / YOY' ljGb' O df k/:k/ nDa agfO{ sf6\g'xf];\ .
k|f/lDes /]vf OX ;Fu kl/j|mdL /]vf OP lnO{ ;'O{ 3'Dg]] lbzfsf] 
ljk/Lt lbzfdf kl/j|md0f u/fpg'xf];\ . o;/L kl/j|md0f u/fpFbf 
aGg] sf]0fx¿ lrqdf b]vfP h:t} j|mdzM XOP₁, XOP2, XOP3 
/ XOP4 agfpg'xf];\ . pSt sf]0fx¿, XOP₁, XOP2, XOP3 / XOP4 j|mdzM klxnf] bf];|f], t];|f] / 
rf}yf] rt'yf{+zdf k/]sf 5g\ . oL sf]0fx¿ wgfTds x'G5g\ lsg < s'g cj:yfdf ag]sf] eP log} 
sf]0fx¿ C0ffTds x'Gf ;Sg] lyP < ;d"xdf 5nkmn ug{'xf];\ . 

oL ;a} sf]0fx¿ 38Lsf] ;'O{ 3'Dg]] lbzfsf] ljk/Lt lbzfaf6 ag]sf x'gfn] wgfTds sf]0fx¿ elgG5 . 
olb kl/j|mdL /]vfn] 38Lsf] ;'O{ 3'Dg] lbzfaf6 kl/j|md0f ubf{ ag]sf sf]0fx¿ ePsf] eP oL ;a} 
sf]0fx¿ C0ffTds x'g] lyP .

dflysf] lrqdf, kl/j|md0f /]vfsf ljGb'x¿ P1, P2, P3 / P4 af6 XOX' df j|mdzM nDa /]vfx¿ 
P1B1, P2B2, P3B3 and P4B4 lvlrPsf 5g\ . 

-s_ OP₁ klxnf] rt'yf{+zdf k/]sf] x'gfn] OB1 / B1P1 b'a} wgfTds 5g\ .

-v_ OP2 bf];|f] rt'yf{+zdf k/]sf] x'gfn] OB2 pb\ud ljGb'af6 afofF kg]{ ePsfn] C0ffTds / 
 B2P2 X cIfaf6 dflyk6\l6 nDa ePsf]n] wgfTds x'G5 .

-u_ OP3 t];|f] rt'yf{+zdf k/]sf] x'gfn] OB3 pb\ud ljGb'af6 afofF kg]{ ePsfn] C0ffTds / 
 B3P3 X cIfaf6 tnk6\l6 nDa ePsf]n] C0ffTds x'G5 .

-3_ OP4 yf}yf] rt'yf{+zdf k/]sf] x'gfn] OB4 pb\ud ljGb'af6 bfofF kg]{ ePsfn] wgfTds / 
 B4P4 X cIfaf6 tnk6\l6 nDa ePsf]n] C0ffTds x'G5 .

OP₁, OP2, OP3 / OP4 nfO{ ;w}F wgfTds lng] ul/G5, lsg xf]nf < 5nkmn ug'{xf];\ .

ca ljleGg rt'yf{+zdf kg]{ sf]0fsf] lqsf]0fldtLo cg'kftnfO{ s;/L kl/eflift ug{ ;lsG5 xf]nf <

lrqdf, Pp6f kl/j|md0f /]vf OP n] 38Lsf] ;'O{sf] ljk/Lt lbzfdf agfPsf] sf]0f POM = θ lnpF .
ljGb' P af6 OX df PM nDa lvrf}F . o:tf] cj:yfdf lqsf]0fldtLo cg'kftnfO{ lgDgcg';f/ kl/
eflift ug{ ;lsG5 t/ lrx\g eg] rt'yf{+zcg';f/ km/s x'G5 x} ofb ug'{xf];\ . 

sinθ =          cosθ =         tanθ =       

cosecθ =         secθ =         cotθ =      
 xfdLnfO{ yfxf 5, OP ;w}F wgfTds x'G5 / lsgxf]nf < t/ PM / OM rt'yf{Fzcg';f/ wgfTds 

jf C0ffTds x'g] ePsfn] ljleGg rt'yf{+zdf lqsf]0fldtLo cg'kftsf] dfg lgDgfg';f/ x'G5 .
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klxnf] rt'yf{+z bf];|f] rt'yf{+z t];|f] rt'yf{+z Rff}yf] rt'yf{+z

;a} 
lqsf]0fldtLo 
cg'kftx¿sf] 
dfg wgfTds 
x'G5 .

b'O{cf]6f lqsf]0fldtLo 
cg'kftx¿ sinθ / cosecθ  
sf] dfg wgfTds x'G5  
afFsL lqsf]0fldtLo 
cg'kftx¿sf] dfg  
C0ffTds x'G5 .

b'O{cf]6f lqsf]0fldtLo 
cg'kftx¿ tanθ / cotθ  
sf] dfg wgfTds x'G5 . 
afFsL lqsf]0fldtLo 
cg'kftx¿sf] dfg 
C0ffTds x'G5 .

b'O{cf]6f lqsf]0fldtLo 
cg'kftx¿ cosθ / secθ  

sf] dfg wgfTds x'G5 
afFsL lqsf]0fldtLo 
cg'kftx¿sf] dfg 
C0ffTds x'G5 .

 lrq M CAST lgod

2.4.2 C0ffTds sf]0f (–θ) sf] lqsf]0fldtLo cg'kft [Trigonometric ratios of 
   Negative angle (–θ)]

pko'St ;d"xdf a:g'xf];\ . ;Fu}sf] lrqdf h:t} k|f/lDes /]vf OX lvRg'xf];\ . kl/j|mdL /]vf OP 

n] agfPsf] ∠POX = θ dfgf}F / P sf] lgb]{zfª\s P(x, y) lng'xf];\ . ljGb' P sf] X lgb]{zfª\s / Y 

lgb]{zfª\s b'a} lsg wgfTds 5g\ < 5nkmn ug'{xf];\ . OP = r cy{Jof; 
lnP/ j[Q lvRg'xf];\ . ljGb' P af6 PM nDa  OX lvRg'xf];\ / 
PM nfO{ nDAofpFbf j[Qsf] ljGb' P' df sf6\5 / P' sf] lgb]{zfª\s 
P'(x, –y) x'G5 . lsg P' sf] X lgb]{zfª\s wgfTds / Y lgb]{zfª\s 
C0ffTds x'G5 <  OP' n] OX ;Fu agfPsf] ∠P'OX = (–θ) x'G5 .
To;}u/L, P'OX sf] dfg lsg (–θ) eP xf]nf, lsg (θ) ePg <
5nkmn ug'{xf];\ . 

kl/efiffcg';f/, ;dsf]0fL lqe'h PMO df 

sinθ = 
P sf] Y lgb]{zfª\s
cw{Jof; (OP)

y 
r=

cos(–θ) = 
P' sf] X lgb]{zfª\s
cw{Jof; (OP')

x 
r=

sin(–θ) = = –sinθ P' sf] Y lgb]{zfª\s
cw{Jof; (OP')

–y 
r=

cosθ = 
P sf] X lgb]{zfª\s
cw{Jof; (OP)

x 
r=

tan(–θ) = 
sin (–θ)
cos (–θ)

–sinθ
cosθ = – tanθ=

x'G5 .

To;}u/L, 

= cosθ  

o;}u/L cGo lqsf]0fldtLo cg'kftx¿sf] dfgx¿ (–θ) :yflkt s;/L ug{ ;lsG5 < 5nkmn ug'{xf];\ .
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5f]6s/Ldf 

ljGb' P sf] X lgb]{zfª\s / Y lgb]{zfª\s b'a} wgfTds 5g\ lsgls b'a} lgb]{zfª\s klxnf] rt'yf{Fzdf 
k5{g\ . i.e. P(x, y)

sin(– θ) = – sinθ cos(– θ) = cosθ tan(– θ) = – tanθ

cosec(– θ) = – cosecθ sec(– θ) = secθ cot(– θ) = – cotθ

2.4.3 (90° – θ) sf] lqsf]0fldtLo cg'kft [(Trigonometric Ratio of (90° - θ)]

pko'St ;d"xdf a:g'xf];\ . ;Fu} lbOPsf] lrqdf h:t} pb\udljGb' O nfO{ s]Gb| dfgL k|f/lDes 
/]vf OA lvRg'xf];\ . k|f/lDes /]vfaf6 38Lsf] 
ljk/Lt lbzfdf kl/j|mdL /]vf OP n] agfPsf] 
sf]0f ∠POA = θ lng'xf];\ . ljGb' P af6 k|f/lDes 
/]vf OA df nDa x'g] u/L PM lvRg'xf];\ / 
lqe'h OPM aGffpg'xf];\ . 

xfdLnfO{ yfxf 5 lqe'hsf tLg leqL sf]0fx¿sf] 
of]ukmn 180° x'G5 . lrqdf, ∠PMO = 90° 

ePsfn] afFsL b'O{ sf]0fx¿ MOP / OPM 

sf] of]ukmn klg 90° g} x'G5 . ca ∠MPO = 
(90° – θ) 

∠POA = θ nfO{ ;Gbe{ sf]0f lnFbf OP = s0f{, 
PM = nDa / OM = cfwf/ x'G5 . 

sin   = 
  
     cos   = 

  
     tan   = 

  
    

cosec   = 
  
     sec   = 

  
     cot   = 

  
   

To;}u/L, ∠MPO = (90-  )  nfO{ ;Gbe{ sf]0f lnFbf OP = s0f{ (h), OM = nDa 
(p), / PM = cfwf/ (b) x'G5 .  

sin  90     = 
 
   =       = cos   cos  90     = 

 
    = 

  
   = sin   

 

tan  90     = 
 
   = 

  
   = cot    cosec  90     =  

 
   =       = sec  

   

sec  90     =  
 
    = 

  
   = cosec     cot  90     = 

 
   = 

  
   = tan   
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j}slNks tl/sf

;Fu}sf] lrqdf h:t}, pb\udljGb' O nfO{ s]Gb| dfgL k|f/lDes /]vf 
OX lvRg'xf];\ . pSt kl/j|mdL /]vf OP n] agfPsf] sf]0f ∠POX 

= θ lng'xf];\  . OP = r sf] cw{Jof; lnP/ Pp6f j[Q agfpg'xf];\ .
ljGb' P (x, y) nfO{ y = x sf] /]vfdf k/fj{tg ug'{xf];\ . o;/L 
kl/jt{g ubf{ k|fKt x'g] k|ltljDa P' sf]  lgb]{zfª\s (y, x) x'Fbf 
∠P'OY = ∠POX = θ x'G5 . To;}n] lrqdf, ∠P'OX = 90° – θ 
x'G5 . ca lqsf]0fldtLo cg'kftsf] kl/efiffaf6, 

sinθ = 
P sf] Y lgb]{zfª\s
cw{Jof; (OP)

y 
r=

sin(90° – θ) = sin∠P'OX = = cosθ 
P' sf] Y lgb]{zfª\s
cw{Jof; (OP')

x 
OP

x 
r= =

cosθ = 
P sf] X lgb]{zfª\s
cw{Jof; (OP)

x 
r=

sin (90° – θ
cos (90° – θ)

1 
cos (90° – θ)

cos (90° – θ
sin (90° – θ)

1 
sin (90° – θ)

cosθ
sinθ

1
sinθ

sinθ
cosθ

1
cosθ

= cotθ

= cosecθ

= tanθ

= secθ

=

=

=

=

x'G5 .

ca,

tan(90° – θ) =

sec(90° – θ) =

cot(90° – θ) =

cosec(90° – θ) =

cos(90° – θ) = cos∠P'OX = = sinθ 
P' sf] X lgb]{zfª\s
cw{Jof; (OP')

y 
OP

y 
r= =k'gM,

To:t},

o;}u/L,

5f]6s/Ldf

sin (90° – θ) = cos θ cos (90° – θ) = sin θ tan (90° – θ) = cot θ 
cosec (90° – θ) = sec θ sec (90° – θ) = cosec θ cot (90°– θ) = tan θ

2.4.4 (90° + θ) sf] lqsf]0fldtLo cg'kft [(Trigonometric Ratio of (90° + θ)]

;Fu}sf] lrqdf h:t}, pb\udljGb' O nfO{ s]Gb| dfgL k|f/lDes /]vf 
OX lvRg'xf];\ . pSt k|f/lDes /]vf OX ;Fu kl/j|mdL /]vf OP n] 
agfPsf] sf]0f ∠POX = θ lng'xf];\ . P sf] lgb]{zfª\s (x, y) lng'xf];\  .
cw{Jof; (r) = OP a/fa/sf] nDafO lnO{ Pp6f j[Q lvRg'xf];\ .
ljGb' P(x, y) nfO{ s]G› O af6 wgfTds lbzfdf 90° sf]0fn] 
kl/j|mdf ubf{ k|fKt k|ltljDa P' sf] lgb]{zfª\s P'(–y, x) / ∠P'OX 

= 90°+ θ x'G5 . ca lqsf]0fldtLo cg'kftsf] kl/efiffaf6, 
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sinθ = 
P sf] Y lgb]{zfª\s
cw{Jof; (OP)

y 
r=

sin(90° + θ) = sin∠P'OX = = cosθ 
P' sf] Y lgb]{zfª\s
cw{Jof; (OP')

x 
OP

x 
r= =

cosθ = 
P sf] X lgb]{zfª\s
cw{Jof; (OP)

x 
r=

sin (90° + θ)
cos (90° + θ)

1 
cos (90° + θ)

1
tan (90° + θ)

1 
sin (90° + θ)

cosθ
– sinθ

– cosθ
sinθ

1
– sinθ

1
– cotθ

1
cosθ

= – cotθ

= – cosecθ

= – tanθ

= secθ

= =

=

= 

=

x'G5 .

ca,

tan(90° + θ) =

sec(90° + θ) =

cot(90° + θ) =

cosec(90° + θ) =

cos(90° + θ) = cos∠P'OX = = – sinθ 
P' sf] X lgb]{zfª\s
cw{Jof; (OP')

y 
OP

y 
r= – = –k'gM,

To:t},

o;}u/L,

5f]6s/L ¿kdf

sin(90° + θ) = cosθ cos(90° + θ) = – sinθ tan(90° + θ) = – cotθ
cosec(90° + θ) = secθ sec(90° + θ) = – cosecθ cot(90° + θ) = – tanθ

2.4.5 (180° – θ) sf] lqsf]0fldtLo cg'kft [(Trigonometric Ratio of (180° – θ)]

;Fu}sf] lrqdf h:t}, pb\udljGb' O nfO{ s]Gb| dfgL k|f/lDes 
/]vf OX lvRg'xf];\ . pSt k|f/lDes /]vf OX ;Fu kl/j|mdL 
/]vf OP n] agfPsf] sf]0f ∠POX  =  θ lng'xf];\ . P sf] lgb]{zfª\s 
(x, y) lng'xf];\  . OP = r cw{Jof; lnP/ Pp6f j[Q lvRg'xf];\ .
ljGb' P (x, y) nfO{ y – cIfdf k/fjt{g ubf{ k|fKt 
k|ltljDa P' sf] lgb]{zfª\s P'(–x, y) / ∠P'OX' = θ x'G5 . 
To;}n], ∠P'OX =180°– θ eof] . ca lqsf]0fldtLo cg'kftsf] 
kl/efiffaf6, 

sinθ = 
P sf] Y lgb]{zfª\s
cw{Jof; (OP)

y 
r=

sin(180° – θ) = = sinθ 
P' sf] Y lgb]{zfª\s
cw{Jof; (OP')

y 
OP

y 
r= =

cosθ = 
P sf] X lgb]{zfª\s
cw{Jof; (OP)

x 
r= x'G5 .

ca,

cos(180° – θ) = = – cosθ 
P' sf] X lgb]{zfª\s
cw{Jof; (OP')

x 
OP

x 
r= – = –

P(x, y)
P'(–x, y)

X

180°– θ

θ θ

X

X'

X'
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sin (180° – θ)
cos (180° – θ)

1 
cos (180° – θ)

1
tan (180° – θ)

1 
sin (180° – θ)

sinθ
– cosθ

– sinθ
cosθ

1
– cosθ

1
– tanθ

1
sinθ

= – tanθ

= – secθ

= – cotθ

= cosecθ

= =

=

= 

=

tan(180° – θ) =

sec(180° – θ) =

cot(180° – θ) =

cosec(180° – θ) =

To:t},

o;}u/L,

5f]6s/L ¿kdf

sin (180° – θ) = sin θ cos (180° – θ) = – cos θ tan (180° – θ) = – tan θ

cosec (180°– θ) = cosec θ sec (180° – θ) = – sec θ cot (180° – θ) = – cot θ

2.4.6 (180° + θ) sf] lqsf]0fldtLo cg'kft [(Trigonometric Ratio of (180° + θ)]

;Fu}sf] lrqdf, pb\udljGb' O nfO{ s]Gb| dfgL k|f/lDes /]vf OX 
lvRg'xf];\ . pSt k|f/lDes /]vf OX ;Fu kl/j|mdL /]vf OP n] 
agfPsf] sf]0f ∠POX = θ lng'xf];\ . P sf] lgb]{zfª\s (x, y) lng'xf];\ .
r = OP cw{Jof; lnP/ Pp6f j[Q lvRg'xf];\ . ljGb' P (x, y) 
nfO{ s]G› O af6 wgfTds jf C0ffTds lbzfdf 180° sf]0fn] 
kl/j|md0f ubf{ k|fKt k|ltljDa P' sf] lgb]{zfª\s P'(–x, –y) / ∠P'OX' 

= θ kfpg'x'G5 . To;}n], ∠XOP' =180° + θ x'G5 . ca lqsf]0fldtLo 
cg'kftsf] kl/efiffaf6, 

sinθ = 
P sf] Y lgb]{zfª\s
cw{Jof; (OP)

y 
r=

sin(180° + θ) = = – sinθ 
P' sf] Y lgb]{zfª\s
cw{Jof; (OP')

–y 
OP

–y 
r= =

cosθ = 
P sf] X lgb]{zfª\s
cw{Jof; (OP)

x 
r= x'G5 .

ca,

cos(180° + θ) = = – cosθ 
P' sf] X lgb]{zfª\s
cw{Jof; (OP')

–x 
OP

–x 
r= = 

sin (180° + θ)
cos (180° + θ)

1 
cos (180° + θ)

1
tan (180° + θ)

1 
sin (180° + θ)

– sinθ
– cosθ

sinθ
cosθ

1
– cosθ

1
tanθ

1
–sinθ

= tanθ

= – secθ

= cotθ

= – cosecθ

= =

=

= 

=

tan(180° + θ) =

sec(180° + θ) =

cot(180° + θ) =

cosec(180° + θ) =

To:t},

o;}u/L,
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5f]6s/L ¿kdf

sin (180° + θ) = – sin θ cos (180° + θ) = – cos θ tan (180° + θ) = tan θ
cosec (180° + θ) = – cosecθ sec (180° + θ) = – secθ cot (180° + θ) = cotθ

o;/L C0ffTds sf]0f (– θ) sf] lqsf]0fldtLo cg'kft, (90°– θ) sf] lqsf]0fldtLo cg'kft, (90° + 

θ) sf] lqsf]0fldtLo cg'kft,  (180° – θ) sf] lqsf]0fldtLo cg'kft / (180° + θ) sf] lqsf]0fldtLo 
cg'kftx¿ s] x'g\ / s;/L kQf nufpg ;lsG5 egL 5nkmn u/L HofldtLo ¿kaf6 lgisif{ 
klg lgsfNof}F . ca afFsL /x]sf lqsf]0fldtLo cg'kftx¿ h:t}M (270° – θ), (270° + θ), (360° – θ) 
/ (360° + θ) klg 5nkmn u/L HofldtLo ¿kaf6 lgisif{ kQf nufpg'xf];\ . oxfF ;"qfTds ¿kdf 
tn k|:t't ul/Psf] 5 .

2.4.7.  (270° – θ) sf] lqsf]0fldtLo cg'kft [Trigonometric Ratios of (270° – θ)]

xfdLnfO{ yfxf 5, 270° = 180° + 90° To;}n], (270° – θ) nfO{ o;/L klg n]Vg ;lsG5, 
(180° + 90° – θ)

ca, sin (270° – θ) = sin {180° + (90°– θ)} = –sin (90° – θ) = –cos θ

cos (270° – θ)  = cos{180° + (90° – θ)}  = – cos (90° – θ)  = –sin θ

k'gM tan (270°   θ) = 
           – θ  
          θ    = 

     
       = cot θ 

cot (270°   ) =  
 

              = 
 

      = tan θ 

o;}u/L, sec (270°   ) = 
 

              = 
 

       = cosec θ 

cosec (270°   ) = 
 

             = 
 

       = sec θ  

 

2.4.7 (270° + θ) sf] lqsf]0fldtLo cg'kft [Trigonometric Ratios of (270° + θ)]

oxfF, sin (270° + θ) = sin {180° + (90°+ θ)} = – sin (90°+ θ) = – cos θ

cos (270° + θ) = cos (180° + (90°+ θ) =  – cos (90°+ θ) = – –sin θ) = sin θ

   tan (270° + θ) = 
         °   θ  
       °  θ    = 

     
      =  cot θ 

    cot (270°+  ) =  
 

               = 
 

       =  tan θ 

o;}u/L, sec (270°+  ) = 
 

              = 
 

      = cosec θ 

cosec (270° +  ) = 
 

              = 
 

       = sec θ  

 

–
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2.4.8 (360°– θ) sf] lqsf]0fldtLo cg'kft [Trigonometric Ratios of (360° – θ)]

oxfF, sin (360°– θ) = sin {270° + (90°– θ)} = – cos (90°– θ) = –sin θ

 cos (360°– θ) = cos {270°+ (90°– θ)} = sin (90°– θ) = cos θ 

cot (360°–  ) =  
 

             = 
 

        =  –cot θ 

o;}u/L, sec (360° – θ) =  
 

              = 
 

        =  sec θ 

cosec (360° – θ) =  
 

              = 
 

        =  –cosec θ  

 

2.4.9 (360° + θ) sf] lqsf]0fldtLo cg'kft s;/L lgsfNg ;lsG5 5nkmn u/L lgisif{ 
   n]Vg'xf];\ .

(360° + θ) nfO{ θ lng ;lsG5, lsgls lqsf]0fldtLo kmngx¿nfO{ cfjlws (Periodic) kmng 
elgG5 . To;}n]  sin (360° + θ) = sin {270° + (90° + θ)} = – cos (90° + θ) = sin θ x'G5 .

cos (360° + θ) = cos (270° + (90° + θ) = sin (90° + θ) = cos θ

tan (360° + θ) = 
        °   θ  
       °   θ    = 

    
      = tan θ 

cot (360° + ) =  
 

             = 
 

      = cot θ 

sec (360°+ ) = 
 

               = 
 

      = sec θ 

cosec (360° + ) = 
 

               = 
 

      = cosecθ  

 
lqsf]0fldtLo cg'kftx¿ (n × 90° ± θ) sf] ;fdfGos[t lgod
lqsf]0fldtLo cg'kftx¿sf w]/} ;DaGwx¿nfO{ :yflkt ul/;Sof}F h;nfO{ tn lbOPcg';f/ 
;fdfGos[t ug{ ;lsG5 . h:t} M 

-s_  (i) sin (–θ)   = sin (0 × 90° – θ)  = – sin θ

 (ii)  cos (–θ)  = cos (0 × 90° – θ)  = cosθ

 (iii) tan (–θ)  = tan (0 × 90° – θ)  = – tanθ

-v_  (i) sin (180° – θ)  = sin (2 × 90° –θ)  = sinθ
 (ii)  cos (180° – θ)  = cos (2 × 90°– θ)  = – cosθ
 (iii) tan (180° – θ)  = tan (2 × 90° – θ)  = – tanθ

-u_  (i) sin (180° + θ)  = sin (2 × 90° + θ)  = –sinθ
 (ii)  cos (180° + θ)  = cos (2 × 90° + θ)  = –cosθ
 (iii) tan (180° + θ)  = tan (2 × 90° + θ)  = tanθ

-3_  (i) sin (360° – θ)  = sin (4 × 90° – θ)  = – sinθ
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 (ii)  cos (360° – θ)  = cos (4 × 90° – θ)  = cosθ
 (iii) tan (360° – θ)  = tan (4 × 90° – θ)  = – tanθ

-ª_  (i) sin (360° + θ)  = sin (4 × 90° + θ)  = sinθ
 (ii)  cos (360° + θ) = cos (4 × 90° + θ)  = cosθ
 (iii) tan (360°+ θ)  = tan (4 × 90° + θ)  = tanθ

dflysf] glthfaf6 lgDg lgodx¿ n]Vg ;lsG5 .

1. 90° sf] u'0ffª\sx¿ ;a} hf]/ ;ª\Vof i.e. n = 2, 4, 6,….. ePdf lqsf]0fldtLo cg'kftx¿ 
 kl/jt{g x'Fb}gg\ cyf{t\ pxL lqsf]0fldtLo cg'kftx¿ /xG5g\ .
 h:t} M sin → sin,   cos →  cos,   tan  →  tan

  cosece → cosece,  sec →  sec,   cot  →  cot

2. lrx\g (+, – ) CASTcg';f/ g} x'G5 .
3. lqsf]0fldtLo cg'kftx¿ (n × 90° ± θ) ;Fu n sf] h'g;'s} hf]/ ;ª\Vofsf] nflu klg ;To 
 x'G5 . To;}u/L,
-s_ (i) sin(90° – θ)  = sin (1 × 90° – θ)  = cos θ
 (ii)  cos(90° – θ)  = cos (1 × 90° – θ)  = sin θ
 (iii) tan(90° – θ)  =  tan (1 × 90° – θ)  = cot θ

-v_ (i) sin(90° + θ)  = sin (1 × 90° + θ)  = cos θ
 (ii)  cos(90° + θ)  = cos (1 × 90° + θ)  = –sin θ
 (iii) tan(90° + θ)  = tan (1 × 90° + θ)  = –cot θ

-3_ (i) sin(270° – θ)  = sin (3 × 90° – θ)  = –cos θ
       (ii)  cos(270° – θ)   = cos (3 × 90° – θ)  = –sin θ
 (iii) tan(270° – θ)   = tan (3 × 90° – θ)  = cot θ

-ª_  (i) sin(270° + θ)  = sin (3 × 90° + θ)  = –cos θ
 (ii) cos(270° + θ)  = cos (3 × 90° + θ)  = sin θ
 (iii) tan(270° + θ)  = tan (3 × 90° + θ)  = –cot θ

dflysf] glthfaf6 lgDglnlvt lgodx¿ n]Vg ;lsG5 .

1. 90° sf] u'0ffª\sx¿ ;a} lahf]/ ;ª\Vof i.e. n = 1, 3, 5,….. ePdf lqsf]0fldtLo cg'kftx¿ 
 kl/jt{g x'G5g\ cyf{t\ pxL lqsf]0fldtLo cg'kftx¿ /xb}gg\ .

 h:t}M sin → cos,   cos →  sin,   tan  →  cot
  cosece → sec,   sec →  cosec,   cot  →  tan

h:t}M sin (270° – θ) = sin (3 × 90° – θ) = – cos θ -lsgls (3 × 90° – θ) t];|f] rt'yf{+zdf k5{ 
hxfF tanθ / cotθ  wgfTds x'G5g\ afFsL ;a} lqsf]0fldtLo cg'kftx¿ C0ffTds x'G5g\ To;}
n] cos θ C0ffTds eof] .

2. lrx\g (+, –) CAST cg';f/ g} x'G5 .

3. lqsf]0fldtLo cg'kftx¿ (n × 90° ±  θ) ;Fu n sf] h'g;'s} lahf]/ ;ª\Vofsf] nflu klg ;To x'G5 .

5 
1

3
7

6 2 0, 4 8

I quardrantII quardrant

III quardrant IV quardrant
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pbfx/0f 1  

k|dfl0ft ug{'xf];\ M tan θ + tan (180° – θ) + cot (90° + θ ) + cot (90° – θ ) = 0

;dfwfg M oxfF,

afofF kIf (L.H.S) = tan θ + tan (180° – θ) + cot (90° + θ) + cot (90° – θ )
 = tan θ + (– tan θ) + (– tan θ) + tan θ   
 = tan θ – tan θ – tan θ + tan θ 
 = 0

 = R.H.S, k|dfl0ft eof] .

pbfx/0f 2   

k|dfl0ft ug{'xf];\ M sin² θ + cos²α + sin²(90°– θ) + cos² (90°– α ) = 2

;dfwfg M oxfF,

afofF kIf (L.H.S) = sin² θ + cos²α + sin² (90°– θ) + cos² (90°– α)
= sin² θ + cos²α + {sin (90°– θ)}2 + {cos(90°– α)}2

= sin² θ + cos²α + (cos θ)2 + (sin θ)2 
= sin² θ + cos2θ + cos² θ + sin² θ 
= 1 + 1 = 2

= R.H.S, k|dfl0ft eof] .

pbfx/0f 3   

dfg kQf nufpg'xf];\ M tan 120°. tan135° + sin 120°. cos180° 

;dfwfg M oxfF,
tan 120°. tan135° + sin 120°. cos180° 
= tan (180° – 60°) tan (180° – 45°) + sin (180° – 60°) cos (180° – 0°) 
= (–tan 60°). (–tan 45°) + sin 60° (– cos 0°) 

= (–√3) . (–1) + 
√3 
2  .(–1)

= √3 – √3 
2

= 
2√3 –√3 

2  = 
√3 
2

pbfx/0f 4    

;/n ug'{xf];\M     (        )        (        )        (        )
    (       )        (        )        (        )  

⸪ CAST cg';f/, (90° – θ) klxnf] rt'yf{+zdf k5{ hxfF 
;a} lqsf]0fldtLo cg'kftx¿ wgfTds x'G5g\, To;}n] 
sin (90°– θ) = cosθ / cos (90° – θ) = sinθ

⸪ (180°– θ) bf];|f] rt'yf{+zdf k5{ hxfF sin / cosec

dfq wgfTds x'G5g afFsL lqsf]0fldtLo cg'kftx¿  
C0ffTds x'G5g\, To;}n] sin (180°– θ) = sin θ, cos (180°– θ) 

= – cos θ / tan (180°– θ) = –  tan θ

⸪ CAST cg';f/, (180° – θ) /  (90° + θ)  b'a} bf];|f] 
rt'yf{+zdf k5{g\ hxfF sin / cosec dfq wgfTds x'G5g 
afFsL lqsf]0fldtLo cg'kftx¿ C0ffTds x'G5g\, To;}n] 

tan (180° – θ) = –tan θ, cot (90°+ θ) = – tanθ 
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;dfwfg M oxfF,

= 
    (       ) .      (        ) .      (        )
    (      ) .      (        ) .      (        )  

= 
(      ) .  (      ).  (      )
(     ).  (     ) .(      )    {⸪ CAST cg';f/ } 

= 
       
      

= 
 

     .        -sf/0f s] x'G5 <_ 
= cosecA.secA -s;/L <_ 
 

pbfx/0f 5     

k|dfl0ft ug'{xf];\ M sin112° + cos74° – sin68°+ cos106° = 0

;dfwfg M oxfF,

afofF kIf (L.H.S) 
=  sin112° + cos74° – sin68° + cos106°
= sin (180° – 68°) + cos 74° – sin 68° + cos (180° – 74°)
= sin 68° + cos 74° – sin 68° + (– cos 74°)   
= sin 68° + cos 74° – sin 68° – cos 74°
= 0

= R.H.S k|dfl0ft eof] .

pbfx/0f 6     

dfg kQf nufpg'xf];\ M 2cos2135° + sin150° + 1 
2 sin180° + tan2135

;dfwfg M oxfF,
= 2cos2135° + sin150° + 1 

2 sin180° + tan2135

= 2{cos (180° – 45°)}2 + sin (180° – 30°) + 1 
2 sin (180° – x0°) + {tan (180° – 45°)}2

= 2 (– cos 45°)2 + sin 30° + 1 
2 sin0° +(–tan 45°)2   {⸪ CAST cg';f/}

pbfx/0f 7    

k|dfl0ft ug'{xf];\ M cos240° sin300° – sin330° cos300° = √3  + 1 
4

;dfwfg M oxfF,
L.H.S = cos240° sin300° – sin330° cos300°

 RHS df s;/L 0 Nofpg] xf]nf <
RHS df 0 Nofpgsf] nflu LHS df ;/n 

u/L ePsf ;a} kbx¿ wgfTds /  
C0ffTds eO{ Pscfk;df sfl6g' k5{ .

⸪ (180°– θ) bf];|f] rt'yf{+zdf k5{ hxfF 
sin / cosec dfq wgfTds x'G5g\ afFsL 

lqsf]0fldtLo cg'kftx¿ C0ffTds x'G5g\, 
To;}n] sin(180° – θ) = sin θ 

cos (180°– θ) = – cos θ x'G5 .
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= cos (180° + 60°) sin (360° – 60°) – sin (360° – 30°) cos (360° – 60°)

= (– cos 60°) (– sin 60°) – (– sin 30°) cos 60°   {⸪ CAST cg';f/}

= (     )  (
  √ 
  ) – (

   
  ) 

  
  

= 
 √ 
   

  

= 
 √     
  

 
= R.H.S k|dfl0ft eof] . 

pbfx/0f 8    

k|dfl0ft ug'{xf];\ M  cos  
 

  + cos   
 

  + cos  
 

   + cos  
 

  = 0 
;dfwfg M oxfF,afFof kIf, (L.H.S)  

= cos  
 

  + cos   
 

  + cos  
 

   + cos  
 

  

= cos  
 

  + cos   
 

  + cos   
       
   + cos  

      
  

= cos  
 

  + cos   
 

  + cos (  
 

  
   
 )  + cos(  

 

  
  
 )  {⸪ lsgsL, sf]0fsf kbx¿ 5'6\6fOPsf]} 

= cos  
 

  + cos   
 

 + cos (      
 )  + cos(     

 ) 

= cos  
 

  + cos   
 

  + { cos (  
 

 )} + { cos ( 
 

 )}  {⸪ CAST cg';f/, cos (180–  ) = – cos  } 

= cos  
 

  + cos   
 

    cos   
 

   cos  
 

   
= 0 
 

 

 
   = R.H.S, k|dfl0ft eof] .

pbfx/0f 9    

lbOPsf] ca:yfdf x sf] dfg kQf nufpg'xf];\ M 

x cotA. tan (90° + A) = tan (90° + A). cot (180° – A) + x sec (90° + A) cosecA

;dfwfg M oxfF,

cyjf,  x cotA. (– cotA) = (– cot A) (– cot A) + x (– cosecA) cosecA

cyjf, – x cot2A = cot2A – x cosec2A

cyjf, x cosec2A – x cot2A = cot2A 

cyjf, x (cosec2A – cot2A) = cot2A 

cyjf, x × 1 = cot2A 

cyjf, x = cot2A 

ctM x = cot2A

{  lsgls, sf]0fsf kbx¿ 5'6\6fOPsf]}
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cEof; 2.4

1. VffnL 7fpF eg'{xf];\ M

 -s_ sin (– θ) = ….  -v_ tan (– θ) = ….  -u_ sin (90° – A) = ….

 -3_ sin (90° + A) = …. -ª_ sec (180° – θ) = ….  -r_ tan (180° + θ) = ….

 -5_ cos (270° – θ) = ….  -h_ cot (270° + θ) = ….   -em_ cosec (360° – θ) = ….

2. Hff]8f ldnfpg'xf];\ M

 Sin (90 + A)  cosA 

tan A 

cosA 

cosec (270  A) 

 cot A 

Cot (360  A) 

tan (180 + A) 

cos (180  A) 

Cot (360 + A) 

Sec (270 + A) cosecA 

secA 

cotA 

3. CAST cjwf/0ffsf] ;DaGwdf lrqfTds JofVof ug'{xf];\ .

4. lx;fa u/L dfg kQf nufpg'xf];\ M

 -s_ sec 150°  -v_ tan 120°  -u_ sin 225° -3_ sec 210° -ª_ tan 240° 

 -r_ cot 210° -5_ cos 870°  -h_ sin 1230°  -em_ cosec (–1200°) 

5. k|dfl0ft ug'{xf];\ M

 -s_ sec A . cosec (90° – A) – tan A cot (90° – A) = 1

 -v_ sin θ. sec ( π c

2  – θ) – cosecθ. cos ( π c

2  – θ) = 0  { π 
2 = 90°}

 -u_ tanθ + tan (180° – θ) + cot ( π c

2  + θ) – cotθ ( π c

2  + θ) = 0

 -3_ sinθ . sin (180° – θ) – cosθ . cos (πc   – θ) = 1  

6. k|dfl0ft ug'{xf];\ M

-s_ sin2 (    –  ). cosec    ta  (    ). sin  = 0 

-v_ ta    .  ec (90°  )          (90°  ).       = 1 

-u_ 
     

    (     )        
    (     ) = 1 
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7. ;/n ug'{xf];\ M

-s_ 
   (       )          (       )

            (       )    

-v_ 
   (       )        (        )       (  )

    (      )       (  )    

-u_ 
    (         ) .      (       ) .      (       )
    (       ) .      (        ) .     (       ) 

-3_ 
    (        ) .      (  ) .    (        )

    (       ) .      (        ) .      (      ) 

-ª_ 
    (        )        (        )       (       )
    (   )       (       )       (      )   

-r_ 
    (        )        (         )       (        )
    (        )       (       )       (       )   

 8. k|dfl0ft ug'{xf];\ M  

 -s_ cos 70°.sin 20° + cos 20°.sin 70° = 1 -v_ cos 72° + cos 144° – sin 18° + sin 54° = 0

 -u_ sin 112° + cos 74° + cos 106° – sin 68° = 0 -3_ cos 20° + cos 40° + cos 140° + cos 160° = 0

 -ª_ cos 306° + cos 234° + cos 162° + cos 18° = 0 -r_ cos 12° + cos 64° + cos 116° + cos 168° = 0

9. dfg kQf nufpg'xf];\ M

 -s_ 2cos245° + sin 30° + 1 
2 cos 180° – tan 45°  -v_ cos2120° + sin2150° + sin120° + cos150° 

 -u_ sin2120° – sin2135° – tan2150° – cos2120°

 -3_ sin2180° + sin2150° + sin2135° + sin2120° + sin290°

 -ª_ sec2180° + 2cos245° + cosec2135° + tan245° – 4sin260°

10. k|dfl0ft ug'{xf];\ M

-s_ cos 120 × Sin 150 + cos 330 × sin 300 = –1 

-v_ sin 420 × cos 390 + cos (–300) × sin (–330) = 1 

-u_ cos 240 × sin 300 – sin 330 × cos 300 = 
   √ 
  

-3_ cos 570 . sin 510 + sin 330 . cos 390 = 
  √ 
  

-ª_ sin 660 × sin 330 + cos 120 × sin 150 = √
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11. k|dfl0ft ug'{xf];\ M  

-s_      
 

   +       
 

   +       
 

   +       
 

   = 2 

-v_      
 

   +       
 

   +       
 

   +       
 

   = 2 

-u_      
 

   +       
 

   +       
 

   +       
 

   = 2 
 

12. lbOPsf] cj:yfdf x sf] dfg kQf nufpg'xf];\ M
 -s_  x tan 150°  + x sin120°.cos 180° = 2 cot 120°

 -v_  x cos A. Cot (90° + A) – sin (90° + A) + cosec (90° + A) = 0

 -u_  x tan θ . Cot (90° + θ) – cot (90° + θ). tan (180°– θ) = sec θ cosec (270°– θ)

 -3_  sec (90° + A) cosec A + tan (90° + A) cot (180°– A) = x cot A tan (90° + A)

 -ª_  x tan (180° + θ). Cot (90° – θ) = tan (180° – θ). tan (360° – θ) + x cosec 
  (90°– θ). cosec (90° + θ) 

kl/of]hgf sfo{ 

;d:of M klxnf], bf];|f], t];|f] / rf}yf] rt'yf{Fzsf cfwf/df lqsf]0fldtLo cg'kftsf] ;DaGw tyf 
glthfdf wgfTds (+) tyf C0ffTds -–_ lrx\g klxrfgdf ;xhtf x'g] u/L (90° ± θ), (180° ± 

θ), (270° ± θ), (360° ± θ) / (–θ) sf lqsf]0fldtLo ;j{;ldsfx¿sf] ;DaGw cWoog u/L n]Vg'xf];\ . 

cfjZos ;fdu|L M  A4 ;fOh k]k/, rf6{k]k/, u|fkm / ljleGg /ªsf ;fOgk]g jf dfs{/, cflb .

k|lj|mof M lzIfsn] sIffsf]7fdf ;xhLs/0f ubf{sf ljifoj:t'nfO{ ;dfj]z u/L ljleGg 
kf7\ok':tsx¿sf] cWoog / OG6/g]6sf ;xfotfaf6 CAST lgod n]Vg nufpg'xf];\ . (90° ± 

θ), (180° ± θ), (270° ± θ), (360° ± θ) / (–θ) ;Fu lqsf]0fldtLo cg'kftsf] ;DaGw n]Vg'xf];\ .
cWoog Pjd\ 5nkmn kZrft\ tof/ kfl/Psf] ;fdu|LnfO{ rf6{k]k/, kfj/kf]OG6 jf cGo 
pko'St ljlwsf dfWodaf6 k|:t't ug'{xf];\ . olb lzIfs Pjd\ ;fyLx¿af6 pko'St ;'emfjx¿ 
k|fKt ePdf tL ;'emfjx¿ ;d]6\g'xf];\ . 

;do;Ldf M lzIfssf] lgb]{zgcg';f/

pQ/

1.  -s_ – sinθ  -v_ – tanθ  -u_ cosA  -3_ cosA    -ª_ – secθ  -r_ tanθ   
 -5_ – sinθ    -h_ – tanθ -em_ – cosecθ 2 - 3. lzIfsnfO{ b]vfpg'xf];\ .

4. -s_   
√ 

   -v_  √3 -u_   
√ 

  -3_   
√ 

  -ª_ √3 

-r_ √3  -5_  √    -h_      -em_   
√ 

 

7. -s_ –cosec  -v_ cosecsec  -u_ sec2 -3_ 1  -ª_ tan  
-r_ sec cosec  9. -s_ 0   -v_      -u_       -3_      

-ª_ 2    12. -s_    -v_ tanA  -u_ cot2  -3_ tan2A -ª_ tan2 
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3.1  kl/ro (Introduction)

k|mfG;]nL ul0ftL1 /]g] 8]sf6{]n] aLhul0ft / HofldltnfO{ hf]8]/ ul0ftsf] gofF zfvfsf]  
cfljisf/ u/] h;nfO{ lgb]{zfª\s Hofldlt elgG5 . pgs} gfdaf6 sf6]{l;og lgb]{zfª\s k|0ffnLsf]  
(Cartesian co-ordinates system) gfd /flvPsf] xf] .

sf6]{l;og lgb]{zfª\s k|0ffnLdf ;dtn ;txsf k|To]s ljGb'nfO{ ;ª\VofTds lgb]{zfª\s (x, y) n] 
hgfOG5 . lgb]{zfª\s Hofldltsf] ljsf;n] ;/ cfOHofs Go"6g / ljNx]d n]alghnfO{ SofNs'n;sf] 
cfljisf/ ug{ ;xof]u u¥of] . 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 .

3.1.1 ljGb'kysf] cjwf/0ff (Concept of locus)

lj|mofsnfk 1  

;d:of M  
x 0 1 … … …

y = x + 1 1 2 … … …

lbOPsf] tflnsf k"/f u/L ljGb'x¿ (0,1), (1, 2), === nfO{ n]vflrqdf k|:t't ug'{xf];\ . ca, tL 
ljGb'x¿nfO{ hf]8\g'xf];\ . s:tf] lrq aGof] < lgisif{ n]Vg'xf];\ .

cfjZos ;fdu|L M u|fkm k]k/

k|lj|mof M k|To]s ljBfyL{n] ljGb'x¿nfO{ n]vflrqdf hf]8\bf s:tf] /]vf aGof] < Pp6} k|sf/sf] 
/]vf aGof] jf ag]g 5nkmn u/L olsg ug{'xf];\ .

lgisif{ M ========================

dflysf ljGb'x¿nfO{ n]vflrqdf k|:t't u/L hf]8\bf l;wf/]vf aG5 h'g ljGb'ky xf] . ljGb'ky 
eg]sf] ljGb' lxF8\g] lgod hgfpg] ;dLs/0f xf] . dflysf] pbfx/0fdf y = x + 1 Pp6f ljGb'ky 
xf] . To;}n] ljGb'ky hgfpg /]vf, ;t{ jf ;dLs/0f k|of]u ul/G5 . 

kf7 3 Hofldlt (Geometry)
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Pp6f pbfx/0f x]/f}F M lrqdf, s'g} lglZrt ljGb' C af6 a/fa/ 
b'/Ldf kg]{ ljGb' P sf] ljGb'ky j[Q xf] . 
lglZrt ljGb' j[Qsf] s]Gb| ljGb' / a/fa/ b'/L j[Qsf] cw{Jof; xf] .

oxfF, rnfodfg ljGb' P(x, y) xf] eg] lglZrt ;t{ a/fa/ b'/L xf] . 
To;}n] ljGb'  P(x, y) sf] ljGb'ky j[Q xf] .

lbOPsf] j[Qsf] s]Gb| C(h, k) / kl/lwsf] s'g} ljGb' P(x, y) 5 eg],

b'/L ;"qaf6,

              r = √(x – h)2 + (y – k)2 

b'a}tkm{ ju{ ubf{,

 r2 = (x – h)2 + (y – k)2 n] j[Qsf] ;dLs/0f lbG5 . o;nfO{ ljGb'kysf] ;dLs/0f elgG5 .

pbfx/0f 1

ljGb' (1, 2) ;dLs/0f x2 + y2 + kx + 3y + 6 = 0 ePsf] ljGb'kydf k5{ eg] k sf] dfg kQf nufpg'xf];\ .

;dfwfg

oxfF, (x, y) = (1, 2) ;dLs/0f x2 + y2 + kx + 3y + 6 = 0  df kg]{ ePsfn]

      12 + 22 + k × 1 + 3 × 2 + 6 = 0
or,  1 + 4 + k + 6 + 6 = 0
or,  17 + k = 0
or,  k = –17
∴  k = –17

pbfx/0f 2

ljGb'x¿ (3, 2) / (2, 3) af6 a/fa/ b'/Ldf eP/ rNg] ljGb'sf] ljGb'ky kQf nufpg'xf];\ .

;dfwfg M oxfF,

dfgf}F, ljGb'x¿ A(3, 2) / B(2, 3) af6 a/fa/ b'/L eP/ 
rNg] ljGb' P sf] lgb]{zfª\s (x, y) xf] .

ca,  AP = BP
or, AP2 = BP2

or, (x – 3)2 + (y – 2)2 = (x – 2)2 + (y – 3)2

or, x2 – 6x + 9 + y2 – 4y + 4 = x2 – 4x + 4 + y2 – 6y + 9
or, – 6x + 4x – 4y + 6y = 0
or, –2x + 2y = 0

R(x, y)

C(h, k)

[  x / y sf] dfg k|lt:yfkg ubf{ ]
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or, –2(x – y) = 0

∴ x – y = 0 cfjZos ljGb'kysf] ;dLs/0f xf] .
larf/0fLo k|Zg M –2 stf x/fof] <

pbfx/0f 3

pb\ud ljGb'af6 4 PsfO b'/Ldf rNg] ljGb'sf] ljGb'kysf] ;dLs/0f kQf nufpg'xf];\ .

;dfwfg M oxfF,     

dfgf}F, P(x, y) pb\ud ljGb' O(0, 0) af6 4 PsfO b'/Ldf rNg] ljGb' xf] .

ca, OP = 4 
 or, OP2 = 42

 or, (x – 0)2 + (y – 0)2 = 16

 ∴ x2 + y2 = 16 cfjZos ljGb'kysf] ;dLs/0f xf] .

pbfx/0f 4                                                                                                                                    
ljGb'x¿ A(3, 2) / B(–4, 0) nfO{ hf]8\bf aGg] /]vf AB sf] nDafw{ssf] ljGb'kysf] ;dLs/0f kQf 
nufpg'xf];\ .
;dfwfg M oxfF,

dfgf}F, ljGb'x¿ A(3, 2) / B(–4, 0) nfO{ hf]8\bf aGg] /]vf AB sf] nDafw{s eP/ rNg] ljGb' P sf] 
lgb]{zfª\s (x, y) xf] .

ca, AP = BP

cyjf, AP2 = BP2

cyjf, (x – 3)2 + (y – 2)2 = (x + 4)2 + (y – 0)2

cyjf, x2 – 6x + 9 + y2 – 4y + 4 = x2 + 8x + 16 + y2 

cyjf, –6x – 8x – 4y + 13 – 16 = 0

cyjf, –14x – 4y – 3 = 0

 ∴ 14x + 4y – 3 = 0 cfjZos ljGb'kysf] ;dLs/0f xf] .

pbfx/0f 5               
X– cIfb]lvsf] b'/L, ljGb' (2, 4) b]lvsf] b'/LeGbf bf]Aa/ x'g] u/L rNg] ljGb'sf] ljGb'kysf] ;dLs/0f 
kQf nufpg'xf];\ .

;dfwfg M oxfF,

dfgf}F, X – cIfdf kg]{ ljGb' A (x, 0), ljGb' B(2, 4) / rn 

ljGb' P(x, y) 5 .

A(3, 2) B(–4, 0)

P(x, y)
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k|Zgcg';f/,

     AP = 2BP

cyjf, AP2 = 4BP2

cyjf, (x – x)2 + (y – 0)2 = 4{(x – 2)2 + (y – 4)2}

cyjf, y2 = 4(x2 – 4x + 4 + y2 – 8y + 16)

cyjf, y2 = 4x2 – 16x + 4y2 – 32y + 80

cyjf, 4x2 + 4y2 – y2 – 16x – 32y + 80 = 0

∴ 4x2 + 3y2 – 16x – 32y + 80 = 0 cfjZos ljGb'kysf] ;dLs/0f xf] .

pbfx/0f 6                                
olb A(2, 3) / B(–4, 7) lbOPsf ljGb'x¿ / P(x, y) rn ljGb' eP PA2 = AB2 sf] cj:yfdf 
ljGb'kysf] ;dLs/0f kQf nufpg'xf];\ .

;dfwfg M oxfF, 
oxfF, A(2, 3) / B(–4, 7)  5g\ . rn ljGb' P sf] lgb]{zfª\s (x, y) 5 .
ca, PA2 = AB2

cyjf, (x – 2)2 + (y – 3)2 = (–4 – 2)2 + (7 – 3)2

cyjf, x2 – 4x + 4 + y2 – 6y + 9 = 36 + 16

cyjf, x2 + y2 – 4x – 6y + 13 – 36 – 16 =0

∴ x2 + y2 – 4x – 6y – 39 = 0 cfjZos ljGb'kysf] ;dLs/0f xf] .

cEof; 3.1 (A)

1. ljGb'ky eg]sf] s] xf], n]Vg'xf];\ . 

2. ljGb'x¿ (3, 2), (4, 3), (5, 0) / (0, –5) dWo] s'g s'g ljGb'x¿ x2 + y2 = 25 ePsf] 
 ljGb'kydf k5{g\ < kQf nufpg'xf];\ . 

3. olb ljGb'ky kx2 – 2y2 – 2x + 3y – 3 = 0 df ljGb' (2, –1) k5{ eg] k sf] dfg kQf 
 nufpg'xf];\ .

4. olb ljGb'ky 3x – y + 7 = 0 df ljGb' (k – 1, k + 3) k5{ eg] k sf] dfg kQf nufpg'xf];\ .

5. ljGb' (–2, 1) / (4, 1) af6 a/fa/ b'/Ldf rNg] ljGb'sf] ljGb'kysf] ;dLs/0f kQf nufpg'xf];\ .

6. ljGb' (1, 2) / Y – cIfaf6 a/fa/ b'/Ldf rNg] ljGb'sf] ljGb'kysf] ;dLs/0f kQf nufpg'xf];\ .

7. pb\ud ljGb'af6 4 PsfO b'/Ldf rNg] ljGb'sf] ljGb'kysf] ;dLs/0f kQf nufpg'xf];\ .

8. ljGb' (–2, 5) / Y – cIfb]lv a/fa/ b'/L eP/ rNg] ljGb'sf] ljGb'kysf] ;dLs/0f kQf 
 nufpg'xf];\ . 

Y

XX'

Y'

O

B (2, 4)

P(x, y)

A(x, 0)
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9. b'O{ crn ljGb' A(7, 0) / B(–7, 0) / Pp6f rn ljGb' P 5 eg] tn lbOPsf] cj:yfdf 
 ljGb' P sf] ljGb'kysf] ;dLs/0f kQf nufpg'xf];\ M PA2 + PB2 = AB2

10. A(3, 2) / B(7, –4) ljGb'x¿ / P(x, y) rn ljGb' eP tnsf cj:yfdf ljGb'kysf] 
 ;dLs/0f kQf nufpg'xf];\ M

 -s_ PA = PB   -v_ AP = 2PB   -u_ PA2 = AB2

11. ljGb' (2, –3) b]lvsf] eGbf ljGb' (0, 2) b]lvsf] b'/L cfwf x'g] u/L rNg] ljGb'sf] ljGb'kysf] 
 ;dLs/0f kQf nufpg'xf];\ .

12. ljGb' (0, –2) b]lvsf] eGbf ljGb' (1, 0) b]lvsf] b'/L bf]Aa/ x'g] u/L rNg] ljGb'sf] ljGb'kysf] 
 ;dLs/0f kQf nufpg'xf];\ .

13. ljGb' (0, 2) b]lvsf] eGbf ljGb' (3, 0) sf] b'/L t]Aa/ x'g]u/L rNg] ljGb'sf] ljGb'kysf] 
 ;dLs/0f kQf nufpg'xf];\ .

14. X – cIfb]lvsf] eGbf ljGb' (3, 4) b]lvPsf] b'/L bf]Aa/ x'g] u/L rNg] ljGb'sf] ljGb'kysf] 
 ;dLs/0f kQf nufpg'xf];\ .

15. Y – cIfb]lvsf] eGbf ljGb' (–2, 5) b]lvsf] b'/L cfwf x'g] u/L rNg] ljGb'sf] ljGb'ky kQf 
 nufpg'xf];\ .

pQ/

1 – 2. lzIfsnfO{ b]vfpg'xf];\ .  3.  3    4. –
1 
2   5. x  = 1  

6. y2 – 2x – 4y + 5 = 0  7. x2 + y2 – 16 = 0   8. y2 + 4x – 10y + 29 = 0 

9. x2 + y2 = 49   10. -s_ 2x – 3y – 13 = 0     -v_ 3x2 + 3y2 – 50x + 30y +117 = 0

-u_ x2 + y2 – 6x – 4y – 39 = 0   11. 3x2 + 3y2 + 4x – 22y + 3 = 0
12. 3x2 + 3y2 + 2x + 16y + 15 = 0   13. 8x2 + 8y2 + 6x – 36y + 27 = 0

14. x2 – 3y2 – 6x – 8y + 25 = 0   15. 3x2 + 4y2 + 16x – 40y + 116 = 0

3.1.2 /]vfv08nfO{ lglZrt cg'kftdf ljefhg ug]{ ljGb' (Point which Divides 
  a Line Segment in a Ratio)

a) PA = 2 cm, PB = 3 cm, AB = 5 cm  b) RX = 10 cm, RY = 15 cm, XY = 25 cm

A
P

B
X

R
Y

 AP = km1 ; PB = km2

 XY = km1 , YR = km2

m1
m1m2

m2

leqk6\l6af6 AB nfO{ P n] ljefhg ubf{ . aflx/k6\l6af6 XR nfO{ Y n] ljefhg ubf{ .
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dfgf}F, AP = km1 / PB = km2 eP, AP / PB larsf] cg'kft AP:PB = m1:m2  x'G5 . To:t}, XY = 

km1 / RY = km2 eP, XY / RY  larsf] cg'kft XY : RY = m1:m2  x'G5 . P n] AB  nfO{ leqaf6 
ljefhg u5{ lsgls P, AB  sf] leqk6\l6 k5{ . To:t}, Y n] XR  nfO{ aflx/af6 ljefhg u5{ 
lsgls Y, XR  sf] aflx/k6\l6 k5{ .

v08;"q (Section Formula)

Dffgf}F, lrqdf A(x1, y1) / B(x2, y2) hf]8\g] 
/]vfnfO{ P(x,y) n] m1:m2 sf] cg'kftdf leqaf6 
ljefhg u/]sf] 5 . P(x, y) sf] lgb]{zfª\s lgsfNg'xf];\ .

ca, AD⊥OX, BE⊥OX, PF⊥OX, AM⊥PF /
PN⊥BE lvrf}F .

lrqdf, AM = DF = OF – OD = x – x1,
PN = FE = OE – OF = x2 – x
PM = PF – MF = PF – AD = y – y1

BN = BE – NE = BE – PF = y2 – y

AP = m1 / BP = m2 5 .

;dsf]0fL lqe'hx¿ ∆PMA / ∆BNP ;d¿k x'G5g\ .
AM 
PN = 

AP 
BP  [ ∴ ;d¿k lqe'hsf ;ª\ut e'hfx¿sf] cg'kft ePsfn]] . ]

cyjf, 
x – x1
x2 – x  = 

m1

m2

cyjf, m2x – m2x1 = m1x2 – m1x

cyjf, m2x + m1x = m1x2 + m2x1

cyjf, x(m1 + m2) = m1x2 + m2x1

cyjf, x = 
m1x2 + m2 x1

m1 + m2

km]l/, 
PM 
BN = 

AP 
BP  [∴ ;d¿k lqe'hsf ;ª\ut e'hfx¿sf] cg'kft ePsfn]] . ]

cyjf, 
y – y1
y2 – y  = 

m1

m2

cyjf, m2y – m2y1 = m1y2 – m1y

cyjf, m2y + m1y = m1y2 + m2y1

cyjf, y(m1 + m2) = m1y2 + m2y1

cyjf, y = 
m1y2 + m2 y1

m1 + m2

 ∴ (x, y) = ( m1x2 + m2 x1
m1 + m2

,
m1y2 + m2 y1

m1 + m2
)

ctM /]vfv08 AB nfO{ ljefhg ug]{ ljGb'sf] lgb]{zfª\s P(x, y) = ( m1x2 + m2 x1
m1 + m2

,
m1y2 + m2 y1

m1 + m2
) x'G5 .

Y B(x2–y2)

A(x 1
, y 1

)
P(

x, 
y)

Y'

O D F E

M

N

X' X
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s]xL ljz]if cj:yfx¿ (Some Special Cases)
ljrf/0fLo k|Zg M dflysf] cj:yfdf olb m1 = m2 5 eg] P s:tf] ljGb' xf] <

A. olb P( x, y) ljGb'x¿ A(x1, y1) / B(x2, y2) hf]8\g] /]vfv08sf] dWoljGb' xf] eg] 
 AP = BP / AP:BP = m1:m2 = 1:1 x'G5 .

ta, P(x, y)  = (                  
,                   

) 

                      = ( .      .       ,  .      .       ) 
                      = (         ,          ) 

∴ P(x, y) nfO{ dWo ljGb'sf] lgb]{zfª\s elgG5 .

B. olb P(x, y) n] ljGb'x¿ A(x1, y1) / B(x2, y2) hf]8\g] /]vfv08nfO{ aflx/af6 m1:m2 sf] 
 cg'kftdf ljefhg ubf{ AP:BP = m1:m2 x'G5 .

Dffgf}F, lrqdf A(x1, y1) / B(x2, y2) hf]8\g] /]vfnfO{ P(x, y) n] m1:m2 sf] cg'kftdf aflx/af6 
ljefhg u/]sf] 5 . 

cyf{t\  
AP 
BP = 

m1
m2

ca, AL⊥OX, BM⊥OX, PN⊥OX, 

AR⊥PN / BS⊥PN lvrf}F .

lrqdf, AR = LN = ON – OL = x – x1,
BS = MN = ON – OM = x – x2

PR = PN – RN = PN – AL = y – y1

PS = PN – SN = PN – BM = y – y2

AP = m1 / PB = m2 5 .

;dsf]0fL lqe'hx¿ ∆PAR / ∆BSP ;d¿k x'G5g\ .

 
AR 
BS = 

AP 
BP  [  ;d¿k lqe'hsf ;ª\ut e'hfx¿sf] cg'kft ePsfn]] . ]

cyjf, 
x – x1
x – x2  

= 
m1
m2  

cyjf, m2(x – x1) = m1(x – x2)

cyjf, m2x – m2x1 = m1x – m1x2

cyjf, m1x2 – m2x1 = m1x – m2x

cyjf, m1x2 – m2x1 = x(m1 – m2)

cyjf, x =
m1x2 – m2x1

m1 – m2  

P(x, y
A(x1, y1) B(x2, y2)

 P(x, y) 

M 

Y 

X X' O L 

Y' 

S 

R 

N 
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km]l/,
PR 
PS = 

AP 
BP   [  ;d¿k lqe'hsf ;ª\ut e'hfx¿sf] cg'kft ePsfn]] . ]

 cyjf,        
      

 =      
 cyjf, m2 (y – y1) = m1 (y – y2) 
 cyjf, m2y – m2y1 = m1y – m1y2 

 cyjf, m1y2 – m2y1 = m1y – m2y 
 cyjf, m1y2 – m2y1 = y (m1 – m2) 
 cyjf, y =            

       
 

   (x, y) = (          
      

,           
      

)        
 

cyjf, m2 (y – y1) = m1(y – y2)
cyjf, m2y – m2y1 = m1y – m1y2

cyjf, m1y2 – m2y1 = m1y – m2y
cyjf, m1y2 – m2y1 = y(m1 – m2)

 cyjf,        
      

 =      
 cyjf, m2 (y – y1) = m1 (y – y2) 
 cyjf, m2y – m2y1 = m1y – m1y2 

 cyjf, m1y2 – m2y1 = m1y – m2y 
 cyjf, m1y2 – m2y1 = y (m1 – m2) 
 cyjf, y =            

       
 

   (x, y) = (          
      

,           
      

)        
 ctM /]vfv08 AB nfO{ aflx/af6 ljefhg ug]{ ljGb'sf] lgb]{zfª\s P(x,  y) = ( m1x2 – m2 x1

m1 – m2
,
m1y2 – m2 y1

m1 – m2
) x'G5 .

pbfx/0f 1      

ljGb'x¿ (1, 7) / (6, –3) hf]8\g] /]vfv08nfO{ 2:3 sf] cg'kftdf ljefhg ug]{ laGb'sf] lgb]{zfª\s 
kQf nufpg'xf];\ .

;dfwfg M oxfF,

lbOPsf ljGb'x¿, (x1, y1) = (1, 7)
       (x2, y2) = (6, –3)
       m1 : m2 = 2:3
       (x, y) = ?

ca, ;"qcg';f/,

(x, y) = (              
,               

)  

= ( ×   ×    ,  ×      × 
   ) 

= (     ,       )  

= (   ,    )  
= (3, 3) 

 
ctM lbOPsf] /]vfv08nfO 2:3 sf] 
cg'kftdf ljefhg ug]{ ljGb'sf] lgb]{zfª\s (3, 3) / (4, 1) x'G5g\ .

pbfx/0f 2   
ljGb'x¿ (5, –2) / (9, 6) hf]8\g] /]vfv08nfO{ aflx/af6 3:1 sf] cg'kftdf ljefhg ug]{ ljGb'sf] 
lgb]{zfª\s kQf nufpg'xf];\ .

 

Alternatively  
olb (x1, y1) = (6, -3) / 
       (x2, y2) = (1, 7) 
       m1 : m2 = 2:3 
       (x, y) = ? 
ca, ;"qcg';f/, 
(x, y) = (m1x2:m2x1m1:m2

, m1y2:m2y1m1:m2
) 

= (2 ×1: 3 × 6
2:3 , 2 ×  7 : 3 ×(;3)

2:3 ) 

         = (2 :18
5 , 14 ; 9

5 ) = (205 , 55) = (4, 1) 
ctM lbOPsf] /]vfv08nfO 2:3 sf] cg'kftdf 
ljefhg ug]{ laGb'sf] lgb]{zfª\s (4, 1) x'G5 . 
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;dfwfg M oxfF,
 (x1, y1) = (5, –2)
  (x2, y2) = (9, 6)

  m1 : m2 = 3:1  -aflx/af6_
   (x, y) = ?

ca, ;"qcg';f/,

  

    (x, y) = (                   
,                    

)  = (                 ,                      ) 
 

   = (       ,        ) = (   ,    ) = (11, 10) 
 ctM lbOPsf] /]vfv08nfO{ aflx/af6 3:1 sf] cg'kftdf ljefhg ug]{ ljGb'sf] lgb]{zfª\s (11, 10) 5 .

pbfx/0f 3    
ljGb' (3, –2) n] ljGb'x¿ (1, 4) / (–2, 16) hf]8\g] /]vfv08nfO{ s'g cg'kftdf ljefhg u5{ <
;dfwfg M oxfF,
 (x1, y1) = (1, 4)
  (x2, y2) = (–3, 16) 
  (x, y) = (3, –2)

cg'kft m1 : m2 = ?

ca, x =                   
 

cyjf, 3 =   (  )     ( )       
 

cyjf, 3m   3m  =  3m  + m  
cyjf, 6m  =  2m   
cyjf,       =     =      
     m : m  = 1: 3 

 
∴ ljGb' (3, –2) n] ljGb'x¿ (1, 4) / (–3, 16) hf]8\g] /]vfv08nfO{ aflx/af6 1:3 sf] cg'kftdf 
ljefhg u5{ .

ljrf/0fLo k|Zg M s;/L aflx/af6 ljefhg u5{ eGg] yfxf kfpg'eof] <

s] of] k|ZgnfO{ y =
m1 y2 + m2 y1

m1 + m2
 lnP/ ;dfwfg ug{ ;lsG5 < ;fyLx¿lar 5nkmn ub}{ 

;dfwfg ug'{xf];\ / pQ/ pxL cfpF5 ls km/s km/s cfpF5 hfFRg'xf];\ .

–

–
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pbfx/0f 4                              

ljGb' (2, 1) n] ljGb'x¿ (1, –2) / (p, q) hf]8\g] /]vfv08nfO{ 1:2 sf] cg'kftdf ljefhg u5{ eg] 
(p, q) sf] dfg kQf nufpg'xf];\ .

;dfwfg

oxfF, ljGb'x¿ A(1, –2) / B(p, q) hf]8\g] /]vfnfO{ ljGb' M(2, 1) n] 1:2 sf] cg'kftdf ljefhg u5{ .

  (x, y) = (2, 1)
        (x1, y1) = (1, –2)
        (x2, y2) = (p, q) 
         m1:m2 = 1:2

ca, v08 ;"qcg';f/, 

x =            
     

 

cyjf, 2 =                    

cyjf, 2 =        
cyjf, p + 2 = 6 
            p = 4 
To:t}, y =                    

 

cyjf, 1 =                       

cyjf, 1 =        
cyjf, q – 4 = 3 
        q = 7 
t;y{, (p, q) = (4, 7) 
 

pbfx/0f 5          

ljGb'x¿ (1, –3) / (4, 3) hf]8\g] /]vfv08nfO{ tLg a/fa/ v08df ljefhg ug]{ ljGb'x¿sf 
lgb]{zfª\s kQf nufpg'xf];\ .

;dfwfg M oxfF,           

1

2

A(1, –2)

M(2, 1)

B(p, q)

A(1, –3) P(x', y') Q(x", y") B(4, 3)

dfgf}F, A(1, –3) / B(4, 3) hf]8\g] /]vfv08nfO{ ljGb'x¿ P(x', y') / Q(x'', y'') n] tLg a/fa/ v08df 
ljefhg u5{ .

1
2
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ljGb' P sf nflu, (x1, y1) = (1, –3)
                         (x2, y2) = (4, 3)
                        m1:m2 = AP : BP = AP : (PQ + BQ) = AP : (AP + AP) = AP : 2AP = 1 : 2
                         (x, y) = (x', y') = ?

 ca, 

 

 (x, y) = (              
,                

) = (                ,                      ) 
    

   = (    ,     ) = (  , 
  
 ) = (2, -1) 

 To:t}, PB sf] dWoljGb' Q x'g] ePsfn],
            (x1, y1) = (2, –1) 
                      (x2, y2) = (4, 3)

             dWoljGb' (x'', y'') = ?

ca,

 (x'', y'') = (      ,       ) = (    ,      ) = (  , 
 
 ) = (3,1) 

 ctM ljGb'x¿ (1, –3) / (4, 3) hf]8\g] /]vfv08nfO{ tLg a/fa/ v08df ljefhg ug]{ b'O{ ljGb'x¿ 
j|mdzM (2, –1) / (3, 1) x'g\ .

P n] AB nfO{ 1:2 sf] cg'kftdf ljefhg u/] h:t}, s]  Q n] AB nfO{ 2:1 sf] cg'kftdf 
ljefhg u5{ < olb u5{ eg] v08;"q k|of]u u/]/ P h:t} Q sf] lgb]{zfª\s lgsfNg'xf];\ . 
;fyLx¿lar 5nkmn u/L ;dfwfg u/]/ x]g'{xf];\ / pQ/ pxL cfpF5 ls km/s hfFRg'xf];\ .

pbfx/0f 6      
ljGb'x¿ (–2, –1), (1, 0), (4, 3) / (1, 2) ;dfgfGt/ rt'e'{hsf zLif{ljGb'x¿ x'g\ egL k|dfl0ft ug'{xf];\ .

;dfwfg M oxfF, 

A(–2, –1), B(1, 0), C(4, 3) / D(1, 2) 
rt'e'{h ABCD sf zLif{ljGb'x¿ 5g\ .

ca, ljs0f{ AC sf] dWoljGb'sf] lgb]{zfª\s, 

(x, y) = (      ,       ) = (     ,      ) = (  , 
 
 ) = (1,1) 

 
To:t}, ljs0f{ BD sf] dWoljGb'sf] lgb]{zfª\s, 

(x, y) = (      ,       ) = (    ,     ) = (  , 
 
 ) = (1,1) 

ctM b'a} ljs{0fx¿sf] dWoljGb'sf] lgb]{zfª\sx¿ Pp6} ePsfn] rt'e'{h ABCD ;dfgfGt/ rt'e'{h 
xf] . cyf{t\, lbPsf ljGb'x¿ ;dfgfGt/ rt'e'{hsf zLif{ljGb'x¿ x'g\ .

A–2, –1) D(1, 2)

C(4, 3)B(1,0)
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cEof; 3.1 (B)

1. ;/n /]vfsf] v08¿ksf ;"qx¿ n]Vg'xf];\ .

2. v08¿ksf ljz]if cj:yfx¿ s] s] x'g\, pbfx/0f;lxt n]Vg'xf];\ .

3. lbOPsf ljGb'x¿ hf]8\g] /]vfv08nfO{ lbOPsf] cg'kftdf leqk6\l6af6 ljefhg ug]{ 
 ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ M

 -s_ ljGb'x¿ (6, –10) / (–4, 14) cg'kft 3:4 -v_ ljGb'x¿ (3, 5) / (–2, –7) cg'kft 3:2

 -u_ ljGb'x¿ (4, 3) / (6, 3) cg'kft 2:5

4. lbOPsf ljGb'x¿ hf]8\g] /]vfv08nfO{ aflx/k6\l6af6 lbOPsf] cg'kftdf ljefhg ug]{ 
 ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ M

 -s_ ljGb'x¿ (–3, 2) / (6, 5) cg'kft 2:1  -v_ ljGb'x¿ (–3, 2) / (4, –4) cg'kft 4:3

 -u_ ljGb'x¿ (3, –2) / (–3, –4) cg'kft 1: 2

5. ljGb' (–2, 2) n] ljGb'x¿ (–4, 6) / ( 1 
2 , –3) hf]8\g] /]vfv08nfO{ s'g cg'kftdf ljefhg 

 u5{ < kQf nufpg'xf];\ .

6. ljGb' (1, 3) n] ljGb'x¿ (4, 6) / (3, 5) hf]8\g] /]vfv08nfO{ s'g cg'kftdf ljefhg 
 u5{ < kQf nufpg'xf];\ .

7.  ljGb' ( 1 
2 ,

–3 
2 ) n] ljGbx'¿ (3, –5) / (–7, 9) hf]8\g] /]vfv08nfO{ s'g cg'kftdf ljefhg 

 u5{ . kQf nufpg'xf];\ .

8. ljGb'x¿ (–3, –6) / (1, –2) hf]8\g] /]vfv08sf] dWoljGb' kQf nufpg'xf];\ .

9. ljGb'x¿ M(1, 4) / N(x', y') hf]8\g] /]vfv08sf] dWoljGb' (–2, 2) eP (x', y') sf] dfg 
 kQf nufpg'xf];\ .

10. s'g} /]vfv08sf] dWoljGb' (4, 3) / Ps5]p ljGb' (0, 2) eP csf]{ 5]psf] ljGb' kQf 
 nufpg'xf];\ .

11. A(2, –1), B(–1, 4) / C(–2, 2) 5 eg] ∆ABC sf k|To]s e'hfsf dWoljGb'x¿ kQf 
 nufpg'xf];\ .

12. lbOPsf ljGb'x¿nfO{ hf]8]/ ag]sf /]vfv08 a/fa/ tLg efudf ljefhg ug]{ ljGb'x¿sf 
 lgb]{zfª\s kQf nufpg'xf];\ M

 -s_ A(1, –3) / B(4, 3)  -v_ P(1, –2) / Q(–3, 4)    -u_ M(–5, –5) / N(25, 10)

13. ljGb'x¿ (2, 3) / (5, 6) hf]8\g] /]vfv08nfO{ X – cIfn] s'g cg'kftdf ljefhg u5{ < kQf 
 nufpg'xf];\ .

14. ljGb'x¿ (–4, 5) / (3, –7) hf]8\g] /]vfv08nfO{ Y – cIfn] s'g cg'kftdf ljefhg u5{ . 
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 kQf nufpg'xf];\ .

15. ljGb'x¿ (7, –3) / (–2, –5) hf]8\g] /]vfv08df (3, y) ljGb' kb5{ eg] y sf] dfg kQf 
 nufpg'xf];\ <

16. (2, 3) / (–6, 5) hf]8\g] /]vfv08df (x, –5) ljGb' kb5{ eg] x sf] dfg kQf nufpg'xf];\ .

17. lbOPsf ljGb'x¿ ;dfgfGt/ r't'e'{hsf zLif{ljGb'x¿ x'g\ egL k|dfl0ft ug{'xf];\ .

  -s_ (1, 2), (3, 0), (7, 4) / (5, 6)   -v_ (–1, 0) (3, 1) (2, 2) / (–2, 1)

 -u_ (3–, 2) (4, 0) (6, –3) / (5, –5)

18.  tn lbOPsf tLgcf]6f ljGb'x¿ ;dfgfGt/ rt'e'{hsf j|mdzM tLg zLif{ljGb'x¿ x'g\ eg] 
 rf}yf] zLif{ljGb'sf] lgb]{zfª\s kQf nufpg'xf];\ .

 -s_ (2, 3), B(4, –1) / C(0,5)   -v_ A(2, 6), B(6, 2) / C(12, 4)

 -u_ (1, 2), (3, 1) / (5, 3)

19.  ljGb'x¿ (1, 2), (3, 0), (x, 4) / (5, y) ;dfgfGt/ rt'{e'sf zLif{ljGb'x¿ x'g\ eg] x / y 

 sf] dfg lgsfNg'xf];\ .

20. b'O{cf]6f zLif{ljGb'x¿ j|mdzM (3, 2) / (5, 10) ePsf ;dfgfGt/ rt'e'{hsf ljs0f{x¿ ljGb' 
 (3, 4) df sfl6Psf 5g\ eg] afFsL zLif{ljGb'x¿ kQf nufpg'xf];\ .

21. olb A(x1, y1), B(x2, y2), C(x3, y3) / D(x4, y4) ;dfgfGt/ rt'e{h ABCD sf 
 zLif{ljGb'x¿sf lgb]{zfª\sx¿ eP k|dfl0ft ug'{xf];\ M x1 + x3 = x2 + x4 / y1 + y3 = y2 + y4

pQ/

1–2 lzIfsnfO{ b]vfpg'xf];\ .  3. -s_ ( 12 
7 , 2 

7 )  -v_ (0, –11 
5 )   -u_ ( 32 

7
, 3)

4. -s_ (15, 8) -v_ (25, –22) -u_ (9, 0)  5. 4:5  6.  –3:2     7. 1:3

 8. (–1, –4)      9. (–5, 0)  10. (8, 4)  

11.  AB sf] dWoljGb' = ( 1 
2 , 3 

2 ), BC sf] dWoljGb' = (–3 
2 , 3) / CA sf] dWoljGb' = (0, 1 

2 ) 
12. -s_ (2, –1) / (3, 1)  -v_ (–1 

3 , 0) / ( –5 
3 , 0)  -u_ (5, 0) / (15, 5)   13. 1:–2 

14. 4:3   15. 
–35 
9  16. 59 17. lzIfsnfO{ b]vfpg'xf];\ .  

18. -s_ (–2, 9)   -v_ (8, 8) -u_ (3, 4)   19. x  = 7, y = 6 20. (3, 6) / (1, –2)
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3.1.3 l;wf/]vfsf] em'sfj, X – v08 / Y – v08sf] cjwf/0ff (Slope of a   
    straight line, Concept of X – intercept and Y - intercept) 
l;wf/]vf  (Straight Line)
l;wf/]vfsf] cjwf/0ff ljsf;sf nflu tnsf] lj|mofsnfk ug'{xf];\ .

lj|mofsnfk 1   

;dLs/0f 3x – 2y – 4 = 0 nfO{ n]vflrqdf k|:t't ug'{xf];\ . o;sf nflu x / y sf dfgx¿ 
cfk}Fm lng'xf];\ . s:tf] lrq aGof], lgisif{ n]Vg'xf];\ .                                                              

;dLs/0f 3x – 2y – 4 = 0 nfO{ n]vflrqdf k|:t't u/L n]vflrqnfO{ cjnf]sg ubf{, 3ft 
(power) 1 ePsf] ;dLs/0fn] l;wf/]vfnfO{ hgfpF5 . l;wf/]vfsf] ;dLs/0fnfO{ /]vLo ;dLs/0f 
(Linear Equation) klg elgG5 .

;dfGotM l;wf/]vf X – cIf;Fu ;dfgfGt/ x'g], Y – cIf;Fu ;dfgfGt/ x'g] / X – cIf;Fu sf]0f 
agfpg] u/L tLg lsl;dsf x'G5g\ . h;nfO{ tnsf lrqdf x]g{ ;lsG5 .

X

Y

OX'

Y'

A B

C D

X

Y

OX'

Y'

P

Q

R

S

L
X

Y

OX'

Y'

θ

M

X – cIf;Fu ;dfgfGt/ x'g]
-t];f]{ l;wf/]vf_

Y – cIf;Fu ;dfgfGt/ x'g]
-7f8f] l;wf/]vf_

X – cIf;Fu sf]0f
agfpg]              

A. l;wf/]vfsf] em'sfj (Slope or gradient of a straight line)

Y

X
O A

B

y – v08

tanθ = e'msfj

tkfO{Fx¿n] cfk\mgf] 3/df e¥ofª /fv]sf] b]Vg'ePsf] 5 < e¥ofªnfO{ s;/L /flvPsf] x'G5 <  
cjnf]sg / ljZn]if0f ug'{xf];\ .

X – v08

Ladder

Ground
Wall
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e¥ofªnfO{ leQfdf cf8 nufP/ 9NsfP/ cyjf e'msfP/ /fv]sf] x'g'k5{ . To;/L e'msfP/ /fVbf 
e¥ofªnfO{ slt e'msfpg] jf slt 9NsfP/ /fVg] eGg] tYonfO{ g} e¥ofªsf] hldg;Fusf] e'msfj 
elgG5 .

OA = /]vf AB n] X – cIf;Fu agfPsf] efu h;nfO{ X – v08 elgG5 .

OB = /]vf AB n] Y– cIf;Fu agfPsf] efu Y – v08 elgG5 .

B. b'O{ ljGb'x¿ (x1, y1) / (x2, y2) hf]8\g] /]vfsf] em'sfj

dfgf}F ljGb'x¿ P(x1, y1) / Q(x2, y2) eP/ hfg] /]vf PQ n] X – cIfnfO{ ljGb' A df sf6]sf] 5 / 

X – cIf;Fu wgfTds lbzfdf ∠PAX = θ sf]0f agfPsf] 5 .

lrqdf, PM⊥OX, QN⊥OX / PR⊥QN  -lvrf}F_

ta, PR = MN = ON – OM = x2 – x1 /

QR = QN – RN = QN – PM = y2 – 1 x'G5 .

∠QPR = ∠PAX = θ x'G5 .

;dsf]0f ∆PRQ df,

∴ /]vf PQ sf] em'sfj (m) = tanθ

                         
=

 QR
           PR

                                      
    = 

  y2 –y1

            x2
 – x1 

 

Y' 

B(0, b) 

X X' 

Y 

O 
A(a, 0) 

a 

b 

C. X – v08 / Y – v08sf] u0fgf
s'g} ;/n /]vfsf] X – v08 / Y – v08 s;/L 
kQf nufpg'x'G5 < 5nkmn ug'{xf];\ .  

;Fu}sf] lrqdf, ;/n /]vf AB n] X – cIfsf] 
ljGb' A(a, 0) / Y – cIfsf] ljGb' B(0, b) df 
sf6]sf] 5 . cyf{t\ OA = a / OB = b 5 . oL 
efux¿nfO{ j|mdzM X – v08 / Y – v08 
elgG5  . s'g} /]vfn] X – cIfdf sf6]sf] ljGb'b]lv 
pb\ud ljGb';Ddsf] b'/LnfO{ X – v08 
(a) elgG5 . To:t} s'g} /]vfn] Y – cIfdf 
sf6]sf] ljGb'b]lv pb\ud ljGb';Ddsf] b'/LnfO{ 
Y– v08 (b) elgG5 .

∴ X – v08 = a, Y – v08 = b

XO M N

B

A

θ

θ

Y

X'

P(x1, y1)

Q(x2, y2)

Y'
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pbfx/0f 1     

X – cIf;Fu 45° sf]0f agfpg] l;wf/]vfsf] e'msfj kQf nufpg'xf];\ .

;dfwfg M oxfF,

θ = 45°

l;wf/]vfsf] e'msfj (m) = tanθ = tan45°  = 1

pbfx/0f 2      

ljGb'x¿ (4, 5) / (6, 7) hf]8\g] /]vfsf] e'msfj kQf nufpg'xf];\ .

;dfwfg M

oxfF, (x1, y1) = (4, 5) / (x2, y2) = (6, 7)

ctM e'msfj (m) = 
     
     

 =        =    = 1 
 

cEof; 3.1 (C)

1. l;wf/]vfsf] e'msfjsf] kl/efiff n]Vg'xf];\ .

2. l;wf/]vfn] X – cIf;Fu wgfTds lbzfdf agfPsf] sf]0f θ eP, e'msfj kQf nufpg] ;"q 
 n]Vg'xf];\ .

3. ljGb'x¿ (x1, y1) / (x2, y2) hf]8\g] /]vfsf] e'msfj s] x'G5 < 

4. l;wf/]vfsf] X – v08 / Y – v08nfO{ kl/eflift ug'{xf];\ . 

5. X – cIf;Fu 60° sf]0f agfpg] l;wf/]vfsf] e'msfj kQf nufpg'xf];\ .

6. X – cIf;Fu 135° sf]0f agfpg] l;wf/]vfsf] e'msfj kQf nufpg'xf];\ .

7. lbOPsf /]vfv08x¿sf e'msfj kQf nufpg'xf];\ . 

Y

XX'

Y'

O

M

N
120°

Y

XX'

Y'

O

P

45°

-s_ -s_
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8. ljGb'x¿ (–4, 3) / (2,–5) hf]8\g] /]vfsf] e'msfj kQf nufpg'xf];\ .

9. ljGb'x¿ (0, –5) / (3, 0) hf]8\g] /]vfsf] e'msfj kQf nufpg'xf];\ .

10. -s_ ljGb'x¿ j|mdzM (2, 5) / (6, p) hf]8\g] /]vfsf] em'sfj 
–1 
2  eP p sf] dfg kQf 

  nufpg'xf];\ . 

 -v_ ljGb'x¿ j|mdzM (p, 8) / (3, 4) hf]8\g] /]vfsf] em'sfj 2  eP p sf] dfg kQf 
  nufpg'xf];\ .

11. ljGb'x¿ P (8, 6) / Q (4, 2) hf]8\g] /]vfsf] e'msfj / A (7, 9) / B (p, 3) hf]8\g] /]vfsf] 
 e'sfj a/fa/ x'G5 eg] p sf] dfg kQf nufpg'xf];\ .

12. ljGb'x¿ P (–2, –2), (1, 1) / (m, 2) Pp6} l;wf/]vfdf k5{g\ eg] m sf] dfg kQf 
 nufpg'xf];\ .

 pQ/

 1 – 4. lzIfsnfO{ b]vfpg'xf];\ .  5. √3  6. –1  7. -s_ 1  -v_ – √3

-u_ 
–1 
 3  -3_ 

 1 
 3   8. 

4 
3   9. 

5 
3  10. -s_  5  -v_  5   11. 1   12. 2

Y
Y

X
X

X'
X'

Y'
Y'

O
O

A A

B
B

30° 150°

-u_ -3_
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3.1.4 l;wf/]vfsf] ;dLs/0fx¿ (Equations of straight line)

1. Y – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f (Equation of line parallel to Y – axis)
  

B 
Y 

X X' O A 

a 

Y' 

;Fu}sf] lrqdf /]vf AB, Y – cIf;Fu ;dfgfGt/ x'g]  / 
Y – cIfb]lv AB ;Ddsf] b'/L a PsfO 5 .

ct M AB df kg]{ k|To]s ljGb'sf] X – lgb]{zfª\s a x'G5 .
To;sf/0f x = a /]vf AB sf] ;dLs/0f xf] .                       

olb /]vf AB, Y – cIfsf] afofFk6\l6 / Y – 
cIfb]lvsf] /]vf;Ddsf] b'/L a x'G5 eg] o;sf] 
;dLs/0f s] x'g;S5 < ;fyLx¿lar 5nkmn u/L 
sIffsf]7fdf k|:t't ug{'xf];\ .

2. X – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f (Equation of line parallel to X – axis)

;Fu}sf] lrqdf /]vf AB, X – cIf;Fu 
;dfgfGt/ 5 / X – cIfb]lv AB ;Ddsf] b'/L 
b PsfO 5 .

ct M AB df kg]{ k|To]s ljGb'sf] Y – 
lgb]{zfª\s b x'G5 . To;sf/0f y = b /]vf 
AB sf] ;dLs/0f xf] . 

X 
c 

C 

A 

P(x, y) 
B 

Y' 

Y 

X' 
O 

𝜃𝜃 

𝜃𝜃 

M 

N 

 

B 

X 

Y 

X' O 

A 

b 

Y' 

 

olb /]vf AB, X– cIfsf] tnk6\l6 / X – cIfb]lvsf] b'/L b x'G5 eg] o;sf] ;dLs/0f s] 
x'g ;S5 < ;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

3. e'msfj v08 ¿kdf x'g] l;wf/]vfsf] ;dLs/0f (Equation of straight line in 
 slope intercept form)

;Fu}sf] lrqdf ;/n /]vf AB n] X – cIf;Fu 
wgfTds lbzfdf agfPsf] sf]0f ∠BAX = θ 5 .

o;sf] Y – v08 OC = c 5 . o;df 
kg]{ s'g} ljGb' P(x, y) af6 PM⊥OX lvrf}F . 
CN⊥PM lvrf}F . ∠PCN = ∠BAX = θ, OM = x / 
PM = y x'G5 .
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;dsf]0fL lqe'h PNC df,

tan  =      

or, m =         

or, m =         

or, m =     
  

or, y – c = mx 
  y = mx + c 

-s_  olb /]vf AB pb\ud ljGb'af6 hfG5 eg] c = 0 x'G5 / o;sf] ;dLs/0f y = mx + 0 

 ∴y = mx x'G5 .
-v_  /]vf AB, X – cIf;Fu ;dfgfGt/ ePdf, m = tan0° = 0 x'G5 / /]vfsf] ;dLs/0f y = mx + c

     cyjf, y = o.x + c  ∴ y = c x'G5 .

4. b'O{ v08 :j¿kdf x'g] l;wf/]vfsf] ;dLs/0f (Equation of straight line in 
 double intercepts form)

;Fu}sf] lrqdf ;/n /]vf AB n] X – cIfnfO{ ljGb' A(a, 0) df / Y – cIfnfO{ ljGb' B(0, b) df 
sf6]sf] 5 . ctM OA = a / OB = b x'G5g\ .

AB df kg]{ s'g} Pp6f ljGb' P(x, y) xf] .

AP sf] e'msfj = 
y – 0 
x – a   = 

y 
x – a 

PB sf] e'msfj = 
b – y 
o – x   = 

b – y 
o – x

ljGb'x¿ A(a, 0), P(x, y) / B(0, b) ;d/]vLo 5g\ .

To;}n], AP sf] e'msfj = PB sf] e'msfj

       cyjf, 
y 

x – a  = 
b – y 
o – x

           cyjf, –xy = bx – ab – xy + ay

           cyjf, bx + ay = ab

b'a}tkm{ ab n] efu ubf{,

        
bx
ab +   

ay 
ab  =   

ab 
ab

          ∴   
x
a +  

y 
b = 1 oxL /]vf AB sf] ;dLs/0f xf] .

P(x, y) 

a 

b 

X 

Y 

O X' 

Y' 

A(a, 0) 

B(0, b) 

 

csf]{ tl/sf

ljGb' C sf] lgb]{zfª\s = (0, c)

AB sf] em'sfj = CP sf] em'sfj -lsg < 5nkmn ug{{'xf];\ ._

or, m = 
y – c 
x – 0

or, mx = y – c 

∴ y = mx + c cfjZos ;dLs/0f xf] .

cyjf,

cyjf,

cyjf,
cyjf,

cyjf,

cyjf,
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5. nDa ¿kdf x'g] l;wf/]vfsf] ;dLs/0f (Equation of straight line in 
 perpendicular form)

lbOPsf] lrqdf ;/n /]vf AB n] X – cIfsf] ljGb' A(a, 0) / Y – cIfsf] ljGb' B(0, b) df sf6]sf] 
5 . To;}n], OA = a / OB = b, OD⊥AB lvlrPsf] 5 hxfF OD = p / ∠DOA= α 5 . 

;dsf]0fL ∆ODB df, ∠BOD = 90°– α x'G5 / ∠OBD = 180° – (90°– α) – 90° = α x'G5 . 

     sin  =      =      

or, b =  
     

;dsf]0fL  ODA df, 

     cos  =      =      

        or, a =  
     

ca, v08¿kaf6 AB sf] ;dLs/0f,  
         

 
  

 
     

      or,  
 

    
  

 
    

    

        or,             
     

          xcos  + ysin  = p oxL /]vf AB sf] ;dLs/0f xf] . 
 ctM xcosα + ysin α = p , /]vf AB sf] cfjZos ;dLs/0f xf] .

pbfx/0f 1      

Y – cIfb]lv 6 PsfO bfoFfsf] b'/Ldf /xg] / Y – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f kQf 
nufO{ u|fkmdf b]vfpg'xf];\ .

;dfwfg

oxfF, Y – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f x = a x'G5 .

Y –cIfb]lv 6 PsfO bfofF kg]{ /]vfsf nflu a = 6

ta, cfjZos /]vfsf] ;dLz/0f x = a

                       cyjf, x = 6

                                          ∴ x – 6 = 0

 

D 

a 

b 

X 

Y 

O X' 

Y' 

A(a, 0) 

B(0, b) 

p 
𝛼𝛼 

Y

X
0

1

2

3

4

5

6

1–1–2–3–4–5–6

–1

–2

2 3 4 5 6

x 
– 

6 
= 

0

cyjf,

cyjf,

cyjf,

cyjf,
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pbfx/0f 2        

X – cIf;Fu ;dfgfGt/ x'g] / ljGb' (–2, 5) af6 hfg] ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

;dfwfg

oxfF, X – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f y = b x'G5 .

of] /]vf ljGb' (–2, 5) af6 hfg] ePsfn], b = 5

∴ rflxPsf] ;dLs/0f y = 5 

             cyjf, y – 5 = 0

pbfx/0f 3      

;/n /]vf 2x – 10y = 8 sf] e'msfj / Y – v08 kQf nufpg'xf];\ .

;dfwfg

oxfF, 2x – 10y = 8

   cyjf, 2x – 8 = 10y 

   cyjf, y = 2x
10

 –  8 
10

  cyjf, y = 1 
5

x –  4 
5
 nfO{ y = mx + c ;Fu t'ngf ubf{,

  e'msfj (m) = 
1 
5

   Y – v08 (c) = –4 
5

pbfx/0f 4    

Y – v08 3 x'g] u/L Y– cIfnfO{ sf6\g] / X – cIf;Fu 60° sf] sf]0f agfpg] ;/n /]vfsf] ;dLs/0f 
kQf nufpg'xf];\ .

;dfwfg

oxfF, Y – v08 (c) = 3

e'msfj (m) = tanθ = tan 60° = √3

ca, ;/n /]vfsf] ;dLs/0f y = mx + c

                                    cyjf, y = √3 x + 3

                                      ∴ √3 x – y + 3 = 0 h'g cfjZos /]vfsf] ;dLs/0f xf] .



167P]lR5s ul0ft, sIff (

pbfx/0f 5     

X – v08 = 3 / Y – v08 = –4 ePsf] ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

;dfwfg

oxfF,    X – v08 (a) = 3

       Y – v08 (b) = –4

/]vfsf] ;dLs/0f  
x
a  +  

y 
b  = 1

        cyjf, x
3  +  

y 
–4  = 1

           cyjf, 4x – 3y
12

 = 1

         ∴ 4x – 3y = 12 h'g cfjZos /]vfsf] ;dLs/0f xf] .

pbfx/0f 6   

;/n /]vf 3x + 4y = 24 sf] X– v08 / Y– v08 kQf nufpg'xf];\ .

;dfwfg

oxfF, 3x + 4y = 24

b'a}tkm{ 24 n] efu ubf{,

              

pbfx/0f 7   
cIfx¿df a/fa/ kl/df0f t/ ljk/Lt lrx\gsf v08x¿ agfpg] / ljGb' (3, –4) eP/ hfg] ;/n 
/]vfsf] ;dLs/0f kQf nufpg'xf];\ .
;dfwfg
oxfF, X – v08 (a) = k eP Y – v08 (b) = –k x'G5 .

ca, ;/n /]vfsf] ;dLs/0f  
x
a  + 

y 
b  = 1

                   cyjf,  
x
k  +  

y 
–k  = 1

                                   cyjf,  
x – y

k  = 1

                                   cyjf, x – y = k ……..(i)

cyjf,

cyjf,
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;dLs/0f (i) ljGb' (3, –4) eP/ hfg] ePsfn],

                      3 – (–4) = k

               cyjf, 3 + 4 = k
                                   ∴ k = 7

;dLs/0f (i) df k sf] dfg /fVbf, x – y = 7

  ∴ x – y – 7 = 0  h'g cfjZos /]vfsf] ;dLs/0f xf] .

pbfx/0f 8   

pb\ud ljGb'b]lv s'g} /]vf;Ddsf] b'/L 4 PsfO 5 / ;f] nDan] X– cIf;Fu 60° sf]0f agfPsf] 5 
eg] /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

;dfwfg

oxfF, nDab'/L (p) = 4 

           sf]0f (α) = 60°

ca, nDa¿kaf6, xcosα + ysinα = p

           cyjf, xcos60° + ysin60° = 4

                

or, x.   + y. √   = 4 

 or,   √    = 4 
 or, x + √  y = 8 
   x + √  y – 8 = 0 

h'g cfjZos /]vfsf] ;dLs/0f xf] .

cEof; 3.1 (D)

1. X – cIf;Fu ;dfgfGt/ x'g] ;/n /]vfsf] ;dLs/0f n]Vg'xf];\ .
2. Y – cIf;Fu ;dfgfGt/ x'g] ;/n /]vfsf] ;dLs/0f n]Vg'xf];\ .
3. l;wf/]vfsf] ;dLs/0f e'msfj v08 ¿kdf n]Vg'xf];\ .
4. b'O{ v08 :j¿kcg';f/ l;wf/]vfsf] ;dLs/0f n]Vg'xf];\ . 
5. nDa ¿kdf l;wf/]vfsf] ;dLs/0f n]Vg'xf];\ .
6. nDa :j¿kcg';f/ l;wf/]vfsf] ;dLs/0f xcosα + ysinα = p df p / α nfO{ kl/eflift 
 ug'{xf];\ .
7. l;wf/]vfsf] ;dLs/0fsf tLg k|dfl0fs ¿kx¿ s] s] x'g\ < tL ¿kdf ;dLs/0fx¿ s] s] 
 x'G5g\, n]Vg'xf];\ .
8. Y– cIfb]lv 3 PsfO afofFsf] b'/Ldf /xg] / Y – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f 
 kQf nufO{ n]vflrqdf k|:t't ug'{xf];\ .

cyjf,

cyjf,

cyjf,
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9. X– cIfb]lv –3 PsfOsf] b'/Ldf /xg] / X – cIf;Fu ;dfgfGt/ x'g] /]vfsf] ;dLs/0f kQf 
 nufO{ n]vflrqdf k|:t't ug'{xf];\ .

10. X– cIf;Fu ;dfgfGt/ x'g] / ljGb' (–3, 2) af6 hfg] ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

11. Y– cIf;Fu ;dfgfGt/ x'g] / ljGb' (5, –2) af6 hfg] ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

12. lgDglnlvt ;/n /]vfx¿sf] e'msfj / Y – v08 kQf nufpg'xf];\ .

 -s_ y = 5x – 2 -v_ y = –2x + 4  -u_ y = 12x  -3_ y = 6

 -ª_ y = 1 
2   x – 

2 
3   -r_ x + y + 1 = 0  -5_ 2y – 10x = 8  -h_ y = √3x

13. lgDglnlvt cj:yfdf ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ M

 -s_ e'msfj = 5 / Y – v08 = 3   -v_ e'msfj = –2 / Y – v08 = –1 

 -u_ e'msfj = tan120° / Y – v08 = –5  -3_ e'msfj = tan(–60°) / Y – v08 = 3 

 -ª_ e'msfj = 3 / pb\ud ljGb' eP/ hfg]  -r_ e'msfj = 1 
3  / ljGb' (0, 1) eP/ hfg] 

 -5_ pb\ud ljGb' eP/ hfg] / X – cIf;Fu 45° sf] sf]0f agfpg]

 -h_ pb\ud ljGb' eP/ hfg] / X – cIf;Fu 150° sf] sf]0f agfpg]

14. lgDglnlvt cj:yfdf ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ M

 -s_ X – v08 = 3 / Y – v08 = –4  -v_ X – v08 = –2 / Y – v08 = 3

 -u_ X– v08 = 3 
5  / Y – v08 = 9 

2
15. tnsf ;dLs/0fx¿n] lbg] /]vfsf] X – v08 / Y – v08 kQf nufpg'xf];\ M

 -s_ 4x – 3y – 12 = 0   -v_ 5x + 3y + 15 = 0

16. lgDglnlvt cj:yfdf ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ M

 -s_ ljGb' (2, –1) eP/ hfg] / cIfx¿df a/fa/ v08x¿ agfpg]

 -v_ ljGb' (3, 4) eP/ hfg] / cIfx¿df a/fa/ v08x¿ agfpg]

 -u_ cIfx¿df a/fa/ kl/df0f t/ ljk/Lt lrx\gsf v08x¿ agfpg] / ljGb' (2, 3) eP/ hfg]

 -3_ cIfx¿df a/fa/ kl/df0f t/ ljk/Lt lrx\gsf v08x¿ agfpg] / ljGb' (6, –5) eP/ hfg]

 -ª_ Y – v08eGbf X – v08 bf]Aa/ x'g]u/L cIfx¿nfO{ sf6\g] / ljGb' (3. 2) eP/ hfg]

 -r_ ljGb' (3, 4) eP/ hfg] / X – v08 / Y – v08sf] of]u 15 x'g]

17. ljGb' (2, 3) eP/ hfg] s'g} /]vfsf cIfx¿larsf] c+znfO{ pSt ljGb'n] ;dlåefhg u5{ eg] 
 ;f] /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

18. /]vf AB n] X – cIfnfO{ A(6, 0) / Y– cIfnfO{ B(0, 8) df k|ltR5]lbt u5{ .

 -s_ /]vf AB sf] X – v08 / Y – v08 kQf nufpg'xf];\ .

 -v_  /]vf AB sf] ;dLs/0f kQf nufpg'xf];\ .
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 -u_  AB sf] nDafO kQf nufpg'xf];\ .

19. ljGb' (–5, 8) eP/ hfg] / X – v08eGbf Y – v08 bf]Aa/ x'g] /]vfsf] ;dLs/0f kQf 
 nufpg'xf];\ . ;fy} ;f] /]vf (–1, 0) eP/ hfG5 egL k|dfl0ft ug'{xf];\ .

20. ljGb' (2, 3) eP/ hfg] /]vfsf cIfx¿larsf] c+znfO{ pSt ljGb'n] 3:4 sf] cg'kftdf 
 ljefhg u5{ eg] ;f] /]vfsf] ;dLs/0f kQf nufpg'xf];\ .

21. lgDglnlvt cj:yfdf ;/n /]vfsf] ;dLs/0f kQf nufpg'xf];\ M

 -s_  p = 4 PsfO / α = 30°  -v_  p = 2 PsfO / α = 90°

 -u_  p = 1 PsfO / α = –60°  -3_ p = 5 
7  PsfO / α = 135°

 -ª_ p = 13 PsfO / α = 45°  -r_ p = √8 PsfO / α = 150°

oxfF, pb\ud ljGb'af6 /]vf;Ddsf] nDab'/L p / nDan] X – cIf;Fu agfPsf] sf]0f α 5 .

pQ/

1–7. lzIfsnfO{ b]vfpg'xf];\ . 8. x – 3 = 0 9. y + 3 = 0 

10. y – 2 = 0 11. x – 5 = 0 12. -s_  5, –2 -v_  –2, 4 -u_ 12, 0

-3_  0, 6 -ª_ 1 
2 , –2 

3  -r_  –1, –1  -5_  5, 4  -h_  √3, 0 

13. -s_  5x – y + 3 = 0 -v_ 2x + y + 1 = 0  -u_ √3x + y + 5 = 0  

 -3_  √3x + y – 3 = 0 -ª_  3x – y = 0  -r_ x – 3y + 3 = 0 

 -5_  x – y = 0 -h_  x + √3y = 0  14. -s_  4x – 3y – 12 = 0

 -v_  3x – 2y + 6 = 0 -u_ 15x + 2y – 9 = 0 

15. -s_  3, –4  -v_  –3, –5  16. -s_  x + y – 1 = 0 

 -v_  x + y – 7 = 0  -u_  x – y + 1 = 0  -3_  x – y – 11 = 0 

 -ª_  x + 2y – 7 = 0 -r_ 2x + y – 10 = 0, 2x + 3y – 18 = 0 

17. 3x + 2y – 12 = 0 18. -s_  6, 8   -v_  4x + 3y – 24 = 0  

 -u_  10   19. 2x + y + 2 = 0   20. 7x + 10y – 70 = 0

21. -s_  √3x + y – 8 = 0 -v_ y – 2 = 0  -u_  x – √3y – 2 = 0 \

 -3_  7x – 7y + 5√2 = 0 -ª_  x + y – 13√2  = 0  -r_ √3x – y + 4√2  = 0
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3.1.5  Ax + By + C = 0 nfO{ :t/Lo :j¿kdf ¿kfGt/0f 

  (Reduction of Ax + By + C = 0 in the standard forms)                          

k|yd l8u|Ldf JoSt ul/Psf] /]vfsf] ;fwf/0f ;dLs/0f (General equation of first degree), Ax + 

By + C = 0 x'G5 . hxfF, x, y rn/flz / A, B, C crn/flz 5g\ . of] ;/n /]vfsf] ;dLs/0fsf] 
;fwf/0f :j¿k xf] . of] ;dLs/0fnfO{ e'msfj v08, v08¿k / nDa¿kdf s;/L ¿kfGt/ ug{ 
;lsG5 < ;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

A. e'msfj v08¿kdf ¿kfGt/0f (Reduction in slope intercept form)

oxfF, Ax + By + C = 0

cyjf, By = –Ax – C

cyjf, y = 
–A 
B x – 

C 
B nfO{ y = mx + c ;Fu t'ngf ubf{,

em'sfj (m) = –A 
B

= 
–x sf] u'0ffª\s  

y sf] u'0ffª\s

y – v08 (c) = –A 
B

= 
– crn/flz  

y sf] u'0ffª\s
B. v08¿kdf ¿kfGt/0f (Reduction in intercepts form)

oxfF, Ax + By + C = 0

cyjf, Ax + Cy = –C

b'a}tkm{ –C n] efu ubf{,

X – v08 (a) = –A 
B

= 
– rn/flz

y sf] u'0ffª\s

Y – v08 (b) = –A 
B

= 
– crn/flz  

y sf] u'0ffª\s

C. nDAf¿kdf ¿kfGt/0f (Reduction in perpendicular form)

oxfF, ;dLs/0f Ax + By + C =0 nfO{ k n] b'a}lt/ u'0fg ubf{ k(Ax + By + C) = 0, k sf] s'g} lglZrt 
dfg ePsf] cj:yfdf of] ;dLs/0f nDa¿ksf] ;dLs/0f xcosα + y sinα – p = 0 ;jf{ª\u ¿kn] 
a/fa/ (identically equal) x'G5g\ egL dfgf}F .
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cyf{t\, xcosα + y sinα – p = k(Ax + By + C) …..(i)

cyjf, xcosα + y sinα – p = xkA + ykB + kC

cyjf, k(Ax + By + C) = 0 / xcosα + y sinα – p = 0 nfO{{ Pscfk;df a/fa/ (identical) dfGbf,
       cosα = kA …..(ii) /   sinα = kB …..(ii)

ca, ;dLs/0f (ii) / (iii) nfO{ ju{ u/L hf]8\bf,
       cos2α + sin2α = k2(A2 + B2)

cyjf,1 = k2(A2 + B2)

cyjf, k2 = 
1 

A2 + B2 

       ∴ k = ± 
1 

√A2 + B2 

k sf] dfg (i) df k|lt:yfkg ubf{,

         xcos  + y sin  – p = ±  
√        (Ax + By + C) 

         or, xcos  + y sin  – p =    
±√        +   

±√        +  
±√        

b'a}tkm{ t'ngf ubf{, 

         cos  =  
±√       , sin  =  

±√      /  p =  
±√      

 
oxfF p nDasf] b'/L ePsf]n] o;sf] dfg wgfTds x'g]u/L (+) cyjf (–) lrx\g lng'k5{ .

gf]6 M k|yd l8u|Ldf ePsf] /]vfsf] ;dLs/0f Ax + By + C = 0 nfO{ ax + by + c = 0 :j¿kdf klg 
n]Vg] ul/G5 .

pbfx/0f   
;dLs/0f √3x – y + 2 = 0 nfO{ e'msfj v08¿k, v08¿k / nDa¿kdf ¿kfGt/0f ug'{xf];\ .
;dfwfg
e'msfj v08¿kdf ¿kfGt/0fsf nflu,
oxfF, √3x – y + 2 = 0

cyjf, √3x + 2 = y

cyjf, y = √3x + 2 nfO{ y = mx + c ;Fu t'ngf ubf{,
  e'msfj (m) = √3, y – v08 (c) = 2

csf]{ tl/sf

oxfF, √ x – y + 2 = 0 nfO{ Ax + By + C = 0 ;Fu t'ngf ubf{, 
     A = √ , B = -1 / C = 2 

     e'msfj (m) =      =    
 

 =  √    = √  

     y – v08 (c) =      =  
 

 =      = 2 

 

sf] u'0ffª\s

sf] u'0ffª\s

 crn/flz

sf] u'0ffª\s

cyjf,
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v08¿kdf ¿kfGt/0fsf nflu,
oxfF, √3x – y + 2 = 0     or, √3x – y = –2

b'a}tkm{ –2 n] efu ubf{,

    

   √
   
   -     =      

or,    
√  

 +    =   nfO{ 
 
  

 
  = 1 ;Fu t'ngf ubf{, 

x – v08 (a) =   
√  

  
y – v08 (b) =    
 

csf]{ tl/sf

nDa¿kdf ¿kfGt/0fsf nflu,

oxfF, √3x – y + 2 = 0 nfO{ Ax + By + C = 0 ;Fu t'ngf ubf{, 
     A = √3, B =  1 / C = 2 
 p =  

 √        [oxfF p nDasf] b'/L ePsfn] o;sf] dfg wgfTds x'g] u/L – lrx\g lng'k5{ .] 

    =  

 √ √         
 =  
 √   

 =   √  =     =  1 

cos  =  
 √        = √ 

 √ √         
 = √ 
 √   

 = √  √  =  √ 
  

sin  =  
 √        =   

 √ √         
 =   
 √   

 =    √  =    

ca, xcos  + y sin  + p = 0 df p, cos  / sin  sf dfgx¿ k|lt:yfkg ubf{, 

    x( √ 
 ) + y (  ) + ( 1) = 0 [oxfF cos  C0ffTds / sin  wgfTds ePsfn],   bf];|f] 

rt'yf{+; df k5{ . ] 
To;}n], xcos1500 + ysin1500 – 1 = 0 
            xcos1500 + ysin1500 = 1 nDa¿ksf] cfjZos ;dLs/0f xf] . 
 

cEof; 3.1 (E)

1. lgDglnlvt ;dLs/0fx¿nfO{ e'msfj v08¿kdf ¿kfGt/0f ug'{xf];\ .

 -s_  √3x + 2y = 7  -v_ x – y = 6  -u_ 3x – 2y + 8 = 0

 crn/flz

sf] u'0ffª\s

sf] u'0ffª\s

 crn/flz

cyjf,

oxfF,
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2. lgDglnlvt ;dLs/0fx¿nfO{ v08¿kdf ¿kfGt/0f ug'{xf];\ .

 -s_ 3x + 4y = 12  -v_ 2x – 3y – 6 = 0 -u_√3x – 7y = 5

3. lgDglnlvt ;dLs/0fx¿nfO{ nDa¿kdf ¿kfGt/0f ug'{xf];\ .

 -s_ x – y + 4 = 0   -v_ x = y – 2√2  -u_ 3x + 4y = 15

 -3_ x + √3y = –4  -ª_ 5x = 12y + 13 -r_ x
√3

 + y = 4 

4. lbOPsf] /]vfsf] ;dLs/0f x – y + 4 = 0 5 .

 -s_ pSt ;dLs/0fnfO{ nDa¿kdf ¿kfGt/0f ug'{xf];\ .

 -v_ pb\ud ljGb'af6 ;f] /]vf;Ddsf] b'/L slt x'G5 < kQf nufpg'xf];\ .

5. lbOPsf] l;wf/]vfsf] ;dLs/0f 4x + 3y – 24 = 0 5 .

 -s_ of] l;wf/]vfsf] ;dLs/0fnfO{ v08¿kdf k|:t't ug'{xf];\ .

 -v_ /]vfn] X– cIf / Y– cIfnfO{ s'g s'g ljGb'df k|ltR5]lbt u5{ < kQf nufpg'xf];\ .

6. lbOPsf] /]vfsf] ;dLs/0f 6x + 8y = 24  5 .

 -s_ pSt ;dLs/0fnfO{ v08:j¿kdf ¿kfGt/0f ug'{xf];\ .

 -v_ X – v08 / Y – v08 slt slt x'G5g\ < kQf nufpg'xf];\ . 

 -u_ X – v08 / Y – v08sf] cg'kft kQf nufpg'xf];\ . 

7. lbOPsf] l;wf/]vfsf] ;dLs/0f 3x + 4y = 12  5 .

 -s_ pSt ;dLs/0fnfO{ e'sfj v08¿kdf ¿kfGt/0f ug'{xf];\ .

 -v_ /]vfsf e'sfj / Y – v08 kQf nufpg'xf];\ . 

pQ/

1. -s_ y = –√3
2x  + 7 

2    -v_ y = x – 6    -u_ y = 3 
2  x + 4

2. -s_ x
4  + y 

3  = 1  -v_ x
3  + 

y 
–2 = 1  -u_ x

5 
√3 

 + y 
–5 
7 

 = 1

3. -s_ xcos135° + ysin135° = 2√2 -v_ xcos135° + ysin135° = 2 

-u_ 3 
5 x + 4 

5 y = 3 -3_ xcos240° + ysin240°  = 2   -ª_ 5x
13  – 12y 

13  = 1 
-r_ xcos60° + ysin60° = 2√3 

4. -s_ xcos135° + ysin135° = 2√2 -v_ 2√2  5. -s_  x
6  + y 

8  = 1 -v_ (6, 0), (0, 8)

6. -s_ x
4 + y 

3  = 1  -v_ 4, 3    -u_  4:3 

7. -s_   y = –3 
4  x + 3  -v_ –3 

4 ,  3    
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3.2 :yfgfGt/0f (Transformation)

3.2.1 kl/ro (Introduction)

tnsf lrq canf]sg u/L :yfgfGt/0fsf] ;DaGw s] s] b]Vg'x'G5 < 5nkmn ug'{xf];\ .

dflysf lrqx¿nfO{ cjnf]sg ubf{, s'g} j:t' P]gfdf x]bf{ To;sf] k|ltljDa b]lvG5 . 38Ldf ldg]6 
;'O{ 0 ldg]6af6 90° C0ffTds 3'd]/ 15 ldg]6df k'U5 . tkfO{Fn] 6]a'nsf] Ps s'gfaf6 cfk\mgf] 
lstfa csf]{ s'gfdf ;fg'{eof] eg] lstfasf] l:ylt kl/j{tg x'G5 . 

:yfgfGt/0fn] s'g} lglZrt u'0fsf cfwf/df s'g} HofldtLo cfs[ltsf] l:ylt jf cfsf/ b'a}df  
kl/jt{g NofpF5 .

:yfgfGt/0fsf k|sf/ (Types of  Transformation)

aGb ul/Psf] 9f]sf vf]Nbf 9f]sfsf] l:yltdf kl/j{tg cfpF5 . s] 9f]sfsf] cfsf/df klg  
kl/j{tg x'G5 < a]n'g k'ms]kl5 To;sf] cfsf/ a9\5 . o;/L :yfgfGt/0fkl5 cfs[ltsf] t'ngfdf 
k|ltljDasf] l:ylt jf cfsf/ jf b'a}df kl/j{tg cfpF5 . o;}sf cfwf/df :yfgfGt/0fnfO{ ;dldtLo  
(isometric) / c;dldtLo (non-isometric) u/L b'O{ efudf ljefhg ul/G5 M

(a) ;dldtLo :yfgfGt/0f (Isometric transformation) M h'g :yfgfGt/0fkl5 cfs[ltsf] 
t'ngfdf k|ltljDasf] l:yltdf kl/j{tg cfpF5 t/ cfsf/df kl/j{tg cfpFb}g, To;}nfO{ 
;dldtLo (isometric) :yfgfGt/0f elgG5 . o;df cfs[lt / k|ltljDa cg'¿k x'G5g\ . of] 
:yfgfGt/0fcGtu{t k/fjt{g, kl/j|md0f / lj:yfkg k5{{g\ . 

(b) c;dldtLo :yfgfGt/0f (Non-isometric transformation) M h'g :yfgfGt/0fkl5 cfs[ltsf] 
t'ngfdf k|ltljDasf] cfsf/df kl/j{tg cfpF5 To;nfO{ c;dldtLo (Non-isometric) 
:yfgfGt/0f elgG5 . of] :yfgfGt/0fcGtu{t lj:tf/ k5{ .

3.2.2 HofldtLo cfs[ltsf] k/fjt{g (Reflection of Geometrical Shapes)

k|To]s ljBfyL{n] lbOPsf] lrqaf6 AQ, A'Q, BP, B'P / CR, C'R / ∠AQX, ∠BPX / ∠CRX sf] gfk 
kQf nufO{ Pp6} k|sf/sf] kl/0ffd cfof] jf cfPg 5nkmn u/L lgisif{ n]Vg'xf];\ .

AQ = A'Q = 4 PsfO, BP = B'P = 1 PsfO / CR = C'R = 1 PsfO . cyf{t\, j:t' / k|ltljDa 
k/fj{tg cIfaf6 ;dfg b'/Ldf x'G5g\ . ∠AQX = 90°, ∠BPX = 90° / ∠CRX  = 90° . cyf{t\, 
AA'⊥OX, BB'⊥OX / CC'⊥OX . j:t' / To;sf] k|ltljDa hf]8\g] /]vf k/fjt{g cIf;Fu nDa x'G5 .
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j:t' / To;sf] k/fjt{gsf] k|ltljDasf ;ª\utLsf e'hfx¿ 
/ ;ª\utLsf sf]0fx¿ Pscfk;df a/fa/ 5g\ . To;}n], 
∆ABC ≅ ∆A'B'C' . cyf{t\, j:t' / ;f] j:t'nfO{ k/fjt{g 
u/]kl5 ag]sf] k|ltljDax¿ cg'¿k x'G5g\ .

dfly lbOPsf] u|fkmnfO{ cjnf]sg ubf{,

 A(4, 4)                          A'(4, –4)

 B(2, 1)                          B'(2, –1)

 C(6, 1)                          C'(6, –1)

To;}n], P(x, y)                        P'(x, –y)

∆ABC nfO{ X–cIfdf k/fjt{g ubf{, zLif{ljGb' A, B / C sf] k/fjt{g kZrft\ sf] lgb]{zfª\sdf
X lgb]{zfª\s pxL / Y lgb]{zfª\sdf lrx\g kl/jt{g x'G5 . X–cIfdf g} /x]sf] ljGb'sf] X–cIf;Fu 
k/fjt{g ubf{ lgb]{zfª\s pxL /xG5g\ .

dflysf 5nkmnx¿sf] cfwf/df k/fj{tgsf lgDg u'0fx¿ n]Vg ;lsG5 M

1. j:t' / k|ltljDa k/fj{tg cIfaf6 ;dfg b'/Ldf x'G5g\ .

2. j:t' / To;sf] k|ltljDa hf]8\g] /]vf k/fjt{g cIf;Fu nDa x'G5 .

3. j:t' / To;sf] k/fjt{gsf] k|ltljDax¿ cg'¿k x'G5g\ .

4. j:t' / k|ltljDa pN6f] cfs[ltsf ¿kdf x'G5g\ .

5. k/fj{tg cIfdf kg]{ ljGb' ckl/jt{gLo x'G5g\ .                                                                                        

lj|mofsnfk 1   

lbOPsf] u|fkmdf ePsf] ∆ABC nfO{ Y–cIfdf 
k/fjt{g ug'{xf];\ . k|ltljDa A', B' / C' sf] lgb]{zfª\s
n]Vg'xf];\ . ca ∆ABC / k|ltljDa ∆A'B'C' sf] 
lgb]{zfª\s t'ngf u/L lgisif{ lgsfNg'xf];\ .                                                              

k|lj|mof M k|To]s ljBfyL{nfO{ u|fkm lng nufO{ lbOPsf] 
lqe'h ∆ABC nfO{ n]vflrqdf lvrL Y– cIfdf 
k/fjt{g ug{ ug'{xf];\ . o;/L k/fjt{g ubf{ k|fKt  
k|ltljDa A'B'C' sf lgb]{zfª\sx¿ n]vL ;f]xL 
n]vflrqdf k|:t't ug'{xf];\ . clg ∆ABC / k|ltljDa 
∆A'B'C' sf lgb]{zfª\sx¿ t'ngf u/L lgisif{ k|:t't ug'{xf];\ .

lgisif{ M P(x, y)    
 Re:Y– axis 

    P'(–x, y)

Re:X–axis

Re:X–axis

Re:X–axis

Re:X–axis

Y

X
0

1

2

3

4

5

6

1–1–2–3–4–5–6

–1

–2

2 3 4 5 6

AA'

BB'

CC'
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-s_ /]vf y = x df k/fjt{g (Reflection in the line y = x)
y = x s:tf] /]vf xf] < s] of] /]vf pb\ud ljGb' eP/ hfG5 < ;fy} s'g s'g rt'yf{+z eP/ 
hfG5 < ;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

y = x To:tf] /]vf xf] h;sf k|To]s ljGb'sf x / y lgb]{zfª\s (0,0), (1, 1),(–2, –2) cflb x'G5g\ .
of] /]vf pb\ud ljGb' eP/ hfG5 . ;fy} klxnf] / t];|f] rt'yf{+z eP/ hfG5 .

lj|mofsnfk 2   

Re: y = x

Re: y = x

Re: y = x

lbOPsf] u|fkmdf /]vf AB sf ljGb'x¿ A(–1, 

3) / B (4, 5) nfO{ y = x /]vfdf k/fjt{g u/fpFbf
cfpg] k|ltljDa A'B' sf ljGb'x¿ A' / B' 

nfO{ u|fkmdf b]vfOPsf] 5 . ljGb'x¿ A' / B' sf 
lgb]{zfª\s slt 5g\ < t'ngf u/L lgisif{ lgsfNg'xf];\ .                                                              

k|lj|mof M lbOPsf] /]vf AB nfO{ n]vflrqdf lvrL 
/]vf y = x k/fjt{g ug'{xf];\ . o;/L k/fjt{g ubf{ k|fKt 
k|ltljDa A'B' sf lgb]{zfª\sx¿df A'(3, –1) 5 eg] 
;f]xLcg';f/ B' sf lgb]{zfª\s slt x'G5 < n]Vg'xf];\ .
clg ∆ABC / k|ltljDa ∆A'B'C' sf lgb]{zfª\sx¿ 
t'ngf u/L lgisif{ k|:t't ug'{xf];\ . 

  A(–1, 3)                  A'(3, –1)

  B(4, 5)                 B'(5, 4)

oxfF k|ltljDasf lgb]{zfª\sx¿sf] :yfg ablnPsf] 5 . To;}n], P(x, y) nfO{ y = x /]vfdf k/fj{tg 
ubf{ k|ltljDa P'(y,  x) x'G5 . 

lgZsif{ M x = y /]vfdf ljGb' P(x, y) k/fjt{g ubf{,

  P(x, y)                P'(y, x) x'G5 .

-v_ /]vf y = – x df k/fjt{g (Reflection in the line y = – x)                                    

y = –x s:tf] /]vf xf] < s] of] /]vf pb\ud ljGb' eP/ hfG5 < ;fy} s'g s'g rt'yf{+z eP/ hfG5 <
;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .
y = –x To:tf] /]vf xf] h;sf k|To]s ljGb'sf x / y lgb]{zfª\ssf kl/df0f a/fa/ 5g\ t/ 
ljk/Lt lrx\g 5g\ [(0, 0), (1, –1), (–2, 2) cflb x'G5g\ . of] /]vf pb\ud ljGb' eP/ hfG5 . ;fy} 
bf];|f] / rf}Fyf] rt'yf{+z eP/ hfG5 .

lrqaf6,
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lj|mofsnfk 3   

lbOPsf] u|fkmdf /]vf CD sf ljGb'x¿ C(2, 5) / 
D(–1, 3) nfO{ y = –x /]vfdf k/fjt{g u/fpFbf cfpg] 
k|ltljDa C'D' sf ljGb'x¿ C' / D' nfO{ u|fkmdf 
b]vfOPsf] 5 . ljGb'x¿ C' / D' sf lgb]{zfª\s slt 
5g\ < t'ngf u/L lgisif{ lgsfNg'xf];\ .                                                              

k|lj|mof M k|To]s ljBfyL{n] /]vf CD sf ljGb'x¿ 
C(2, 5) / D(–1, 3) nfO{ y = –x /]vfdf k/fjt{g 
u/fpFbf cfpg] k|ltljDa C'D' sf ljGb'x¿ C' / D' sf] 

lgb]{zfª\s n]Vg nufO{ Pp6} k|sf/sf] kl/0ffd cfof] jf cfPg 5nkmn u/L olsg ug{'xf];\ . 

oxfF k|ltljDasf lgb]{zfª\sx¿sf] :yfg ablng'sf ;fy} lrx\g klg ablnPsf 5g\ . To;}n]  
P(x, y) nfO{ y = – x /]vfdf k/fj{tg ubf{ k|ltljDa P'(–y, –x) x'G5 .

  C(2, 5)  
Re:y= –x

         C'(–5, –2)

  D(–1, 3)  
Re:y= –x 

       D'(–3, 1)

lgisif{ M  P(x, y)   
Re:y= –x

         P'(–y, –x)

-u_ /]vf x = a df k/fjt{g (Reflection in the line x = a)
x = a n]] s] nfO{ hgfpF5 < of] /]vf s'g cIf;Fu ;dfgfGt/ x'G5 < ;fyLx¿lar 5nkmn u/L 
sIffsf]7fdf k|:t't ug{'xf];\ .

x = a To:tf] /]vf xf] h'g Y– cIf;Fu ;dfgfGt/ / Y – cIf;Fu a PsfOsf] b'/Ldf x'G5 . cyf{t\, x 

= a /]vfsf] k|To]s ljGb'df X – lgb]{zfª\s pxL (a) / y – lgb]{zfª\s km/s km/s 5g\ .

lj|mofsnfk 4   

;d:of M lbOPsf] u|fkmdf /]vf EF sf ljGb'x¿ 
E(1, 4) /  F(–1, 3) nfO{ x = 3 /]vfdf k/fjt{g u/fpFbf 
cfpg] k|ltljDa E'F' sf ljGb'x¿ E' / F' nfO{ u|fkmdf 
b]vfOPsf] 5 . ljGb'x¿ E' / F' sf lgb]{zfª\s slt 5g\ <
t'ngf u/L lgisif{ lgsfNg'xf];\ .                                                              

k|lj|mof M k|To]s ljBfyL{n] /]vf EF sf ljGb'x¿ 
E(1, 4) /  F(–1, 3) nfO{ x = 3 /]vfdf k/fjt{g u/
fpFbf cfpg] k|ltljDa E'F' sf ljGb'x¿ E' / F' sf] 
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lgb]{zfª\s n]Vg nufO{ Pp6} k|sf/sf] kl/0ffd cfof] jf cfPg 5nkmn u/L olsg ug{'xf];\ .

       E(1, 4)   
 x = 3 

        E'(5, 4) = E'(2 × 3 – 1, 4)

            F(–1, 3)    
x = 3

         F'(7, 3) = E'(2 × 3 – (–1), 4)

To;}n], P(x, y)    
Re: x = 3

    P'(2a – x, y)

-3_ /]vf y = b df k/fjt{g (Reflection in the line y = b)
y = b n]] s] nfO{ hgfpF5 < of] /]vf s'g cIf;Fu ;dfgfGt/ x'G5 < ;fyLx¿lar 5nkmn u/L 
sIffsf]7fdf k|:t't ug{'xf];\ .

;dfwfg

y = b To:tf] /]vf xf] h'g X – cIf;Fu ;dfgfGt/ / X – cIf;Fu b PsfOsf] b'/Ldf x'G5 . cyf{t\, 
y = b /]vfsf] k|To]s ljGb'df X – lgb]{zfª\s km/s km/s / y – lgb]{zfª\s pxL b x'G5g\ .

lj|mofsnfk 5   

lbOPsf] u|fkmdf /]vf GH sf ljGb'x¿ 
G(2, 4) /  H(–1, –4) nfO{ y = 3 /]vfdf 
k/fjt{g u/fpFbf cfpg] k|ltljDa G'H' sf 
ljGb'x¿ G' / H' nfO{ u|fkmdf b]vfOPsf] 5 .
ljGb'x¿ G' / H' sf lgb]{zfª\s slt 5g\ < 
t'ngf u/L lgisif{ lgsfNg'xf];\ .                                                              

k|lj|mof M k|To]s ljBfyL{n] /]vf GH sf 
ljGb'x¿ G(2, 4) /  H(–1, –4) nfO{ y = 3 
/]vfdf k/fjt{g u/fpFbf cfpg] k|ltljDa 
G'H' sf ljGb'x¿ G' / H' sf] lgb]{zfª\s 
n]Vg nufO{ Pp6} k|sf/sf] kl/0ffd cfof] 
jf cfPg 5nkmn u/L olsg ug{'xf];\ .

        G(2, 4)                         G'(2, 2) = G'(2, 2 × 3 – 4)

            H(–1, –4)                       H'(–1, 10) = H'(–1, 2 × 3 – (–4))

To;}n], P(x, y)                          P'(x, 2b – y)

pbfx/0f 1   

∆ABC sf zLif{ljGb'x¿ A(2, –1), B(–3, 0) / C(–4, –2) 5g\ . ∆ABC nfO{ /]vf y = x df k/fjt{g 
ubf{ aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf lgb]{zfª\s n]Vg'xf];\ / b'a} lqe'hnfO{ n]vflrqdf 
k|:t't ug'{xf];\ .

Re: y = 3

Re: y = 3

Re: y = b
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;dfwfg M oxfF,

∆ABC sf zLif{ljGb'x¿ A(2, –1), B(–3, 0) / C(–4, –2) 5g\ .

∆ABC nfO{ /]vf y = x df k/fjt{g ubf{ 

xfdLnfO{ yfxf 5,

P(x, y)                        P'(y, x)

To;}n], A(2, –1) → A'(–1, 2)

          B(–3, 0) → B'(0, –3)

          C(–4, –2) → C'(–2, –4)

ctM k|ltljDa ∆A'B'C’ sf zLif{ljGb'x¿ 

A'(–1, 2), B'(0, –3) / C'(–2, –4) 5g\ .

∆ABC / k|ltljDa ∆A'B'C' nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 2   

∆ABC sf zLif{ljGb'x¿ A(5, 3), B(–1, –2) / C(–3, 2) 5g\ .

-s_ ∆ABC nfO{ y = –x /]vfdf k/fjt{g ubf{ aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf
  lgb]{zfª\s kQf nufpg'xf];\ .

-v_  k'gM ∆A'B'C' nfO{ x = –3 /]vfdf k/fjt{g ubf{ aGg] k|ltljDa ∆A"B"C" sf] zLif{ljGb'x¿sf 
 lgb]{zfª\s kQf nufpg'xf];\ . ∆ABC, ∆A'B'C' / ∆A"B"C" nfO{ Pp6} n]vflrqdf k|:t't 
 ug'{xf];\ .

;dfwfg M oxfF, 

 lbOPsf] ∆ABC sf zLif{ljGb'x¿ A(5, 3), B(–1, –2) / C(–3, 2) 5g\ .

-s_  ∆ABC nfO{ y = –x /]vfdf k/fjt{g ubf{

 xfdLnfO{ yfxf 5,

               P(x, y) 
 Re: y = –x

   P'(–y, –x)

 To;}n], 
 A (5, 3) → A'(–3, –5)
 B (–1, –2) → B'(2, 1)

 C (–3, 2) → C'(–2, 3)

 ctM k|ltljDa ∆A'B'C’ sf zLif{ljGb'x¿ 

 A'(–3, –5), B'(2, 1) / C'(–2, 3) 5g\ .

Re: y = 3
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-v_  k]ml/, ∆A'B'C' nfO{ x = –3 /]vfdf k/fjt{g ubf{

 xfdLnfO{ yfxf 5,

               P(x, y)        
Re: x = a 

     P'(2a – x, y)

 To;}n],  A'(–3, –5)   
Re: x = –3 

         A"[2×(–3) – ( –3), –5] = A"(–3, –5)

   B'(2, 1)     
 Re: x = –3  

        B"[2×(–3) – 2, 1] = B"(–8, 1)

   C'(–2, 3)  
  Re: x = –3  

         C"[2×(–3) – ( –2), 3] = C"(–4, 3)

ctM clGtd k|ltljDa ∆A''B''C'' sf zLif{ljGb'x¿ A"(–3, –5), B"(–8, 1) / C"(–4, 3) 5g\ . k]ml/, 
∆ABC, ∆A'B'C' / ∆A" B" C" nfO{ n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 3   

olb Q (–1, 3), R(–2,–3), S (3, 2) / T(3, 5) rt'e{'h QRST sf] zLif{ljGb'x¿ x'g\ . rt'e{'h 
QRST nfO{ y = 2 /]vfdf k/fjt{g ubf{ aGg] k|ltljDa rt'e{'hsf] zLif{ljGb'x¿sf lgb]{zfª\s 
n]vL b'a} rt'e'{hnfO{ n]vflrqdf k|:t't ug'{xf];\ . 

;dfwfg M oxfF, 

Q(–1, 3), R(–2,–3), S(3, 2) / T(3, 5) rt'e{'h QRST sf] 
zLif{ljGb'x¿ x'g\ . rt'e{'h QRST nfO{ y = 2 /]vfdf k/fjt{g ubf{

xfdLnfO{ yfxf 5,

                  P(x, y)   
Re: y = b

    P'(x, 2b – y)

 To;}n],

 Q(–1, 3)   
Re: y = 2

     Q'(–1, 2 × 2 – 3) = Q'(–1, 1)

 R(–2,–3)  
Re: y = 2

      R'[–2, 2×2 – (–3)] = R'(–2, 7)

 S(3, 2)   
Re: y = 2

       S'(3, 2 × 2 – 2) = S'(3, 2)

 T(3, 5)   
Re: y = 2

       T'(3, 2 × 2 – 5) = T'(3, –1)

ctM k|ltljDa rt'e{'h Q'R'S'T' sf lgb]{zfª\sx¿ Q'(–1, 1), R'(–2, 7), S'(3, 2) / T'(3, –1) 5g\ . 
rt'e{'h QRST / k|ltljDa rt'e'{h Q'R'S'T' nfO{ n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 4   

-s_ olb k/fjt{g R1 n] A(3, 5) nfO{ A' (–3, 5) df ¿kfGt/0f u5{ eg] k/fjt{gsf] cIf kQf 
 nufpg'xf];\ .
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-v_ olb k/fjt{g R2 n] B(5, –2) nfO{ B' (–2, 5) df ¿kfGt/0f u5{ eg] k/fjt{gsf] cIf kQf 
 nufpg'xf];\ .

;dfwfg M oxfF,

-s_  k/fjt{g R1 n] A(3, 5) nfO{ A' (–3, 5) df ¿kfGt/0f ubf{,

    A(3, 5)    
  R1     A' (–3, 5)

 To;}n], P(x, y)     
R1      P'(–x, y) 

 ctM lbOPsf] cfs[lt / k|ltljDasf lgb]{zfª\s y – cIfdf ePsf] k/fjt{g;Fu ldNg] ePsfn] 
 R1 n] y – cIfdf ePsf] k/fjt{g hgfpF5 .

-v_ oxfF, k/fjt{g R2 n] B(5, –2) nfO{ B' (–2, 5) df ¿kfGt/0f ubf{

 B(5, –2)  
R2      B' (–2, 5)

 To;}n], P(x, y)    
R2         P'(y, x)

 ctM lbOPsf] cfs[lt / k|ltljDasf lgb]{zfª\sn] /]vf y = x ePsf] k/fjt{g;Fu ldNg] 
 ePsfn] R2 n] /]vf y = x ePsf] k/fjt{g hgfpF5 .

pbfx/0f 5   

∆ABC sf zLif{ljGb'x¿ j|mdzM A(2, 3), B(3, 2) / C(1, 1) 5g\ .

-s_  olb A(2, 3) sf] k|ltljDa A'(2, –3) eP k/fjt{gsf] cIf kQf nufpg'xf];\ .

-v_  pSt k/fjt{gsf] cIfsf] cfwf/df afFsL zLif{ljGb'x¿sf] k|ltljDasf] lgb]{zfª\sx¿ kQf  
 nufpg'xf];\ .

-u_  ∆ABC / ∆A'B'C' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

;dfwfg M oxfF,

 ∆ABC sf zLif{ljGb'x¿ j|mdzM A(2, 3), B(3, 2) / C(1, 1) 5g\ .

-s_  A(2, 3) sf] k|ltljDa A'(2, –3) 5 .

 A (2, 3) → A'(2, –3)        

 To;}n], P(x, y)  → P'(x, –y) 

 ctM lbOPsf] cfs[lt / k|ltljDasf lgb]{zfª\s X –cIfdf ePsf] k/fjt{g;Fu ldNg] ePsfn] 
 o;n] X– cIfdf ePsf] k/fjt{g hgfpF5 .

-v_  afFsL zLif{ljGb'x¿ B(3, 2) / C(1, 1) sf] k|ltljDasf] lgb]{zfª\sx¿ kQf nufpFbf,
 B (3, 2) → B'(3, –2)
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 C (1, 1) → C'(1, –1)

 ctM afFsL zLif{ljGb'x¿sf] k|ltljDasf] lgb]{zfª\sx¿ j|mdzM  
 B'(3, –2) / C'(1, –1) x'g\ .

-u_  ∆ABC / ∆A'B'C' nfO{ Pp6} n]vflrqdf k|:t't ubf{, 

 ctM ∆ABC / ∆A'B'C' nfO{ Pp6} n]vflrqdf k|:t't 
 ul/Psf] 5 .

cEof; 3.2 (A)

1. :yfgfGt/0f eg]sf] s] xf] < pbfx/0f;lxt n]Vg'xf];\ .

2. k/fjt{gsf] kl/efiff n]vL o;sf 3 cf]6f u'0fx¿ pNn]v ug'{xf];\ .

3. ljGb'x¿ A(1, 1), B(–3, 0), C(4, 2), D(–5, –3), E(2, –3) nfO{ tnsf cj:yfx¿df k/fjt{g 
 ubf{ aGg] k|ltljDasf lgb]{zfª\s kQf nufpg'xf];\ M

 -s_ X – cIf  -v_ y – cIf  -u_ /]vf y = x  -3_ /]vf y = –x 

 -ª_ /]vf x = –3  -r_ /]vf y = 5

4. olb ∆ABC sf zLif{ljGb'x¿ A(–2, 0), B(6, 2) / C(5, 3) eP

 -s_  ∆ABC nfO{ /]vf y = x df k/fjt{g ubf{ aGg] k|ltljDa ∆A'B'C' sf zLif{ljGb'x¿sf 
  lgb]{zfª\s kQf nufpg'xf];\ .

 -v_  ∆ABC nfO{ /]vf x = 4 df k/fjt{g ubf{ aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf 
  lgb]{zfª\s kQf nufpg'xf];\ .

 -u_  ∆ABC nfO{ y = –2 /]vfdf k/fjt{g ubf{ aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf 
  lgb{]zfª\s kQf nufpg'xf];\ . cfs[lt / To;sf] k|ltljDa n]vflrqdf k|:t't ug'{xf];\ .

5. P(–1, 3), Q (–3, –1), R(3, –4) / S(2, 1) Pp6f rt'e'{h PQRS sf zLif{ljGb'x¿ x'g\ M

 -s_  rt'e'{h PQRS nfO{ /]vf y = –x df k/fjt{g ubf{ aGg] k|ltljDasf] zLif{ljGb'x¿sf 
  lgb]{zfª\s kQf nufpg'xf];\ / b'a} cfs[lt / k|ltljDanfO{ Pp6} n]vflrqdf k|:t't  
  ug'{xf];\ .

 -v_  rt'e'{h PQRS nfO{ /]vf x = 1 df k/fjt{g ubf{ aGg] k|ltljDasf] zLif{ljGb'x¿sf 
  lgb]{zfª\s kQf nufpg'xf];\ / b'a} cfs[lt / k|ltljDanfO{ Pp6} n]vflrqdf k|:t't  
  ug'{xf];\ .

 

       

       

       

       

       

       

       

       

 Y' 

X X' 

Y 

A'(2, -3) 

B'(3, -2) 

C'(1, -1) 

C(1, 1) 

B(3, 2) 

A(2, 3) 

O 
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6. tnsf cj:yfx¿df k/fjt{gsf cIf kQf nufpg'xf];\ M

 -s_  A(3, 5) → A'(–5, –3)   -v_  B(2, –1) → B'(4, –1)

 -u_ C(5, 7) → C'(–5, 7)   -3_ D(–3, 4) →D'(–3,–8)

7. ∆ABC sf zLif{ljGb'x¿ A(2, 3), B(3, 2) / C(1, 1) 5g\ . ∆ABC nfO{ y – cIfdf 
 k/fj{tg ubf{ aGg] k|ltljDa ∆A'B'C' nfO{ k'gM x = 3 df k/fjt{g ubf{ aGg] k|ltljDa 
 ∆A" B"C" sf] zLif{ljGb'x¿sf lgb]{Zffª\s kQf nufpg'xf];\ . tLgcf]6} lqe'hx¿nfO{ Pp6} 
 n]vflrqdf k|:t't ug'{xf];\ .

8.  ∆XYZ nfO{ k/fjt{g ubf{ ∆X' Y' Z' aG5 hxfF ∆X' Y' Z' sf] zLif{ljGb'x¿ X' (4, –2), 

 Y' (8, –2) / Z' (8, 4) 5g\ . olb ∆XYZ sf] Pp6f zLif{ljGb' X(2, –4) eP afFsL 
 zLif{ljGb'x¿ kQf nufpg'xf];\ . ;fy} k/fjt{gsf] cIf klg kQf nufpg'xf];\ .

9. A(2, 5), B(–3, 3) / C(1, –4) j|mdzM ∆ABC sf zLif{ljGb'x¿ x'g\ . olb A(2, 5) sf] k|ltljDa 
 A'(2, –5) eP 

 -s_  k/fjt{gsf] cIf kQf nufpg'xf];\ .

 -v_  pSt k/fjt{gsf] cIfsf cfwf/df afFsL zLif{ljGb'x¿sf] k|ltljDasf] lgb]{zfª\sx¿ kQf  
  nufpg'xf];\ .

 -u_  ∆ABC / ∆A'B'C' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

pQ/

1-2. lzIfsnfO{ b]vfpg'xf];\ . 3. -s_  A' (1,–1), B' (–3, 0), C' (4, –2) D' (–5, 3), E(2, 3)

 -v_  A' (–1, 1), B' (3, 0), C'(–4, 2), D' (5, –3), E'(–2, –3)

 -u_  A' (1, 1), B'(0, –3), C' (2, 4), D' (–3, –5), E' (–3, 2)

 -3_  A' (–1, –1), B'(0, 3), C'(–2, –4), D'(3, 5), E'(3, –2)

 -ª_  A' (–7, 1), B' (–3, 0), C' (–10,2), D'(–1, –3), E(–8, –3)

 -r_  A'(1, 9), B'(–3, 10), C' (4, 8), D'(–5, 13), E (2, 13)

4.  -s_  A'(0,–2), B'(2, 6), C'(3, 5) -v_ A'(10, 0), B' (2, 2), C'(3, 3)

 -u_ A' (–2, –4), B' (6, –6), C'(5 – 7)  n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

5.  -s_  P'(–3, 1), Q(1, 3), R'(4, –3), S'(–1, –2)

 -v_  P'(3, 3), Q' (5, –1), R'(–1, –4), S' (0, 1) n]vflrq lzIfsnfO{ b]vfpg'xf];\ .

6. -s_  y = –x  -v_  x = 3  -u_  y – cIf  -3_  y = –2

7.  A' (–2, 3), B' (–3, 2), C' (–1, 1), A" (8, 3), B"(9, 2). C" (7, 1) n]vflrq lzIfsnfO{ b]vfpg'xf];\ . 
8.  Y(2, 8), Z(–4, –8), y = –x   9. -s_  X– cIf  -v_ B'(–3, –3), C'(1, 4)
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3.2.3 HofldtLo cfs[ltsf] kl/j|md0f (Rotation of Geometrical Shapes)

-s_  pb\ud ljGb' O(0,0) af6 +90° df kl/j|md0f -wgfTds Ps rf}yfO kl/j|md0f_
 Rotation through +90° about the origin (Positive quarter turn)

;Fu}sf] lrqdf, ∆ABC nfO{ pb\ud ljGb' 
O(0, 0) af6 +90° df kl/j|md0f -wgfTds 
lbzfdf rf}yfO kl/j|md0f_ u/]kl5 k|ltljDa 
∆A'B'C' ag]sf] 5 . lrqsf cfwf/df lgDg-
lnlvt k|Zgx¿ ;fyLx¿lar 5nkmn u/L 
lgisif{ sIffsf]7fdf k|:t't ug{'xf];\ .

-s_  s] ∆ABC sf k|To]s ljGb' Pp6} 
 lbzfdf plQs} sf]l0fs lj:yfkg  
 ePsf 5g\ < 

-v_  AA', BB' / CC' hf]8\g'xf];\ / oL 
 tLgcf]6} /]vfx¿sf] nDafw{s  
 lvRg'xf];\ . s] ltgLx¿ Pp6}  
 ljGb'df k|ltR5]lbt 5g\ <

-u_  ∆ABC / ∆A'B'C' cg'¿k jf ;d¿k s] 5g\, lsg < 

-3_  ∆ABC / o;sf] k|ltljDa ∆A'B'C' zLif{ljGb'x¿sf lgb]{zfª\slarsf] ;DaGw kQf nufpg'xf];\ .

;dfwfg M oxfF,

-s_ ;Fu}sf] lrqdf, ∠AOA' = 90°, ∠BOB' = 90° / ∠COC' = 90° . To;}n], ∆ABC sf 
 k|To]s ljGb' Pp6} wgfTds lbzfdf plQs} 90° sf] sf]l0fs lj:yfkg ePsf 5g\ .

-v_  AA', BB' / CC' hf]8L / oL tLgcf]6} /]vfx¿sf] nDafw{s lvRbf, ltgLx¿ pb\ud ljGb' 
 O df k|ltR5]lbt x'G5g\ .

-u_ j:t' ∆ABC / o;sf]] k|ltljDa ∆A'B'C' sf ;ª\utL e'hfx¿ / ;ª\utL sf]0fx¿ 
 Pscfk;df a/fa/ 5g\ . To;}n], ∆ABC ≅ ∆A'B'C' . cyf{t\, j:t' / To;sf] kl/j|md0fsf] 
 k|ltljDa cg'¿k x'G5g\ .

-3_  ∆ABC sf] zLif{ljGb'x¿sf lgb]{zfª\s A(2, 4), B(5, 1) / C(–3, 2) 5g\ . To:t}, ∆A'B'C' 

 sf] zLif{ljGb'x¿sf lgb]{zfª\s A'(–4, 2), B'(–1, 5) / C’(–2, –3) 5g\ .
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zLif{ljGb'x¿sf lgb]{zfª\slarsf] ;DaGwsf nflu,

A (2, 4)  
Ro [O,+ 90°] 

  A'(–4, 2)

B (5, 1)  
Ro [O,+ 90°] 

 B'(–1, 5)

C (–3, 2)  
(Ro [O, 90°] 

 C'(–2, –3) 

oxfF, X / Y lgb]{zfª\s ;fl6Psf 5g\ / X – lgb]{Zffª\ssf] lrx\g ablnPsf] 5 . To;n], P(x, y) 

nfO{ O sf] jl/kl/ wgfTds Ps rf}yfO kl/j|md0f u/fpFbf k|ltljDa P'(–y, x) x'G5 . 

cyf{t\, P(x, y) 
Ro: [O, + 90°] 

  P'(–y, x)

ljrf/0fLo k|Zg M +90° kl/j|md0f eg]s} –270° kl/j|md0f xf], lsg xf]nf < 5nkmn ug'{xf];\ .

dflysf] 5nkmnsf cfwf/df kl/j|md0fsf u'0fx¿ o; k|sf/ 5g\ M
1. kl/j|md0fn] ;dtn ;txdf /x]sf HofldtLo cfs[ltsf k|To]s ljGb'nfO{ Pp6} lbzfdf / 
 plQs} sf]l0fs lj:yfkg u5{ .
2. kl/j|md0fn] cfs[lt / k|ltljDasf ;ª\ut ljGb'x¿ hf]8\g] /]vfsf] nDafw{s kl/j|md0fsf] 
 s]Gb|ljGb' eP/ hfG5 .
3. j:t' / To;sf] kl/j|md0fsf] k|ltljDa cg'¿k x'G5g\ .
4. kl/j|md0fsf] s]Gb| dfq Pp6f ckl/jt{gLo ljGb' x'G5 .

-v_ pb\ud ljGb' O(0,0) af6 –90° df kl/j|md0f -C0ffTds Ps rf}yfO kl/j|md0f_

 Rotation through –90° about the origin (0,0) (Negative quarter turn)

;Fu}sf] lrqdf, ljGb' A nfO{ pb\ud ljGb' O(0, 0)

af6 –90° df kl/j|md0f -C0ffTds lbzfdf rf}yfO 
kl/j|md0f_ u/]kl5 k|ltljDa A' ag]sf] 5 . ljGb' A 

/ o;sf] k|ltljDa A' sf] lgb]{zfª\s n]v]/, ljGb' A 
/ o;sf] k|ltljDa A' larsf] ;DaGw ;fyLx¿lar 
5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

oxfF, ljGb' A sf] lgb]{zfª\s (3, 4) 5 / o;sf] 
k|ltljDa A' sf] lgb]{zfª\s (4, –3) 5 . zLif{ljGb'x¿sf 
lgb]{zfª\slarsf] ;DaGwsf nflu,

A(3, 4)   
Ro: [O, –90°]

        A'(4, –3)

oxfF, x / y lgb]{zfª\s ;fl6Psf 5g\ / y – lgb]{Zffª\ssf]
lrx\g ablnPsf] 5 . To;n], P(x, y) nfO{ O sf] jl/kl/ C0ffTds Ps rf}yfO kl/j|md0f 
u/fpFbf k|ltljDa P'(y, –x) x'G5 . 
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cyf{t\, P(x, y)   
Ro [O, –90°]

   P'(y, –x)

ctM –90° kl/j|md0f eg]s} +270° kl/j|md0f xf], lsg xf]nf < 5nkmn ug'{xf];\ .

-u_  pb\ud ljGb' O(0, 0) af6 180° df kl/j|md0f -cw{ kl/j|md0f_ Rotation through 180° 
 or Halfturn about the Origin)                                                                                                  

;Fu}sf] lrqdf, ljGb' A nfO{ pb\ud ljGb' O(0, 0) af6 180° 

df kl/j|md0f -cw{kl/j|md0f_ u/]kl5 k|ltljDa A' ag]sf] 5 . 
ljGb' A / o;sf] k|ltljDa A' sf] lgb]{zfª\s n]v]/, ljGb' A / 
o;sf] k|ltljDa A' larsf] ;DaGw ;fyLx¿lar 5nkmn u/L 
sIffsf]7fdf k|:t't ug{'xf];\ .

oxfF, ljGb' A sf] lgb]{zfª\s (3, 2) 5 / o;sf] k|ltljDa A' sf] 
lgb]{zfª\s (–3, –2) 5 .

zLif{ljGb'x¿sf lgb]{zfª\slarsf] ;DaGwsf nflu,

A(3, 2) 
Ro:[o, –180°]

     A'(–3, –2)                                                           

oxfF, k|ltljDasf lgb]{zfª\ssf] kl/df0f pxL 5 t/ lrx\g ablnPsf 5g\ . To;}n], P(x, y) nfO{ O 

sf] jl/kl/ 180° kl/j|md0f u/fpFbf k|ltljDa P'(–x, –y) x'G5 .

cyf{t\, P(x, y)  
Ro[o, –180°]

      P'(–x, –y)

ctM +180° kl/j|md0f eg]s} –180° kl/j|md0f xf], lsg xf]nf < s] cw{kl/j|md0f klg Pp6} xf] < 
5nkmn ug'{xf];\ .

-3_  s'g} ljGb' (a,b) af6 +90° df kl/j|md0f -wgfTds Ps rf}yfO kl/j|md0f_
 (Rotation through +90° about any point (a, b) (Positive quarter turn)

tnsf] lrqdf, ∆ABC nfO{ s'g} ljGb' P(–1, 1) af6 

+90° df kl/j|md0f -wgfTds lbzfdf rf}yfO 
kl/j|md0f_ u/]kl5 k|ltljDa ∆A'B'C' ag]sf] 5 . 
∆ABC / o;sf] k|ltljDa ∆A'B'C' zLif{ljGb'x¿sf 
lgb]{zfª\slarsf] ;DaGw ;fyLx¿lar 5nkmn u/L 
sIffsf]7fdf k|:t't ug{'xf];\ .

oxfF, ∆ABC sf] zLif{ljGb'x¿sf lgb]{zfª\s A(1, 5),

B(4, 2) / C(–4, 3) 5g\ . To:t}, ∆A'B'C' sf] 
zLif{ljGb'x¿sf lgb]{zfª\s A'(–5, 3), B'(–2, 6) / 
C(–3, –2) 5g\ .
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zLif{ljGb'x¿sf lgb]{zfª\slarsf] ;DaGwsf nflu,

A(1, 5) 
Ro: [(–1, 1), + 90°]

    A'(–5, 3) = A'[–5+(–1+1), 1–(–1–1)]

B(4, 2)   
Ro: [(–1, 1), + 90°]

        B'(–2, 6) = B'[–2+(–1+1), 4–(–1–1)]

C(–4, 3)  
Ro: [(–1, 1), + 90°]

        C'(–3, –2) = C'[–3 + (–1 + 1), –4 – (–1, –1)]

oxfF, x / y lgb]{zfª\s ;fl6Psf 5g\ / x – lgb]{Zffª\ssf] lrx\g ablnPsf] 5 . k|ltljDasf] 
x – lgb]{Zffª\sdf kl/j|md0fsf] s]Gb|ljGb'sf] x / y lgb]{zfª\ssf] of]ukmn hf]l8Psf] 5 eg] k|ltljDasf] 
y – lgb]{Zffª\saf6 kl/j|md0fsf] s]Gb|ljGb'sf] x / y lgb]{zfª\ssf] km/s 36fOPsf] 5 . To;n], 
P(x, y) nfO{ (a, b) sf] jl/kl/ wgfTds Ps rf}yfO kl/j|md0f u/fpFbf k|ltljDa P'[–y + (a + b), 

x – (a – b)] x'G5 . 

cyf{t\, P(x, y) 
Ro: [(a, b),+ 900]

    P'[–y + (a + b), x – (a – b)]

ctM +90° kl/j|md0f eg]s} –270° kl/j|md0f xf], lsg xf]nf < 5nkmn ug'{xf];\ .

-ª_  s'g} ljGb' (a,b) af6 –90° df kl/j|md0f -C0ffTds Ps rf}yfO kl/j|md0f_ 
 (Rotation through –90° about any Point (a, b) (Negative quarter turn)

;Fu}sf] lrqdf, ljGb' A nfO{ s'g} ljGb' P(2, 1) af6 –90°

df kl/j|md0f -C0ffTds lbzfdf rf}yfO kl/j|md0f_  
u/]kl5 k|ltljDa A' ag]sf] 5 . ljGb' A / o;sf] k|ltljDa 
A' sf] lgb]{zfª\s n]v]/, ljGb' A / o;sf] k|ltljDa A' 

larsf] ;DaGw ;fyLx¿lar 5nkmn u/L sIffsf]7fdf 
k|:t't ug{'xf];\ .

oxfF, ljGb' A sf] lgb]{zfª\s (7, 3) 5 / o;sf] k|ltljDa A' 
sf] lgb]{zfª\s (4, –4) 5 .

zLif{ljGb'x¿sf lgb]{zfª\slarsf] ;DaGwsf nflu,

A (7, 3)  
Ro: [(2, 1), –90°]

     A'(4, –4) = A'[3 + (2 – 1), –7 + (2 + 1)]

oxfF, x / y lgb]{zfª\s ;fl6Psf 5g\ / y – lgb]{Zffª\ssf] lrx\g ablnPsf] 5 . k|ltljDasf] 
X – lgb]{Zffª\sdf kl/j|md0fsf] s]Gb|ljGb'sf] x / y lgb]{zfª\ssf] km/s hf]l8Psf] 5 eg] k|ltljDasf] 
Y  – lgb]{Zffª\sdf kl/j|md0fsf] s]Gb|ljGb'sf] x / y lgb]{zfª\ssf] of]ukmn hf]l8Psf] 5 . To;n], P(x, y)

nfO{ (a, b) sf] jl/kl/ C0ffTds Ps rf}yfO kl/j|md0f u/fpFbf k|ltljDa P'[y +  (a – b), –x + (a + b)] x'G5 . 

cyf{t\, P(x, y)  
Ro: [(a, b), –90°] 

 P'[y +  (a – b), –x + (a + b)]

ctM –90° kl/j|md0f eg]s} +270° kl/j|md0f xf], lsg xf]nf < 5nkmn ug'{xf];\ .

X

Y'

Y

X'

P (2, 1)

A

A'
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-r_  s'g} ljGb' (a,b) af6 180° df kl/j|md0f [Rotation through 180° or Halfturn 
 about any point (a, b)] 

;Fu}sf] lrqdf, ljGb' A nfO{ s'g} ljGb' P(1, 3) af6 180° 
df kl/j|md0f -cw{ kl/dj|md0f_ u/]kl5 k|ltljDa A' ag]sf] 
5 . ljGb' A / o;sf] k|ltljDa A' sf] lgb]{zfª\s n]v]/, 
ljGb' A / o;sf] k|ltljDa A' larsf] ;DaGw ;fyLx¿lar 
5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

oxfF, ljGb' A sf] lgb]{zfª\s (4, 5) 5 / o;sf] k|ltljDa 
A' sf] lgb]{zfª\s (–2, 1) 5 .

zLif{ljGb'x¿sf lgb]{zfª\slarsf] ;DaGwsf nflu,

  A(4, 5)   
Ro: [1, 3), 180°]

      A'(–2, 1) = A'(–4 + 2 × 1, –5 + 2 × 3)

oxfF, k|ltljDasf lgb]{zfª\ssf] kl/df0f pxL 5 t/ lrx\g ablnPsf 5g\ . k|ltljDasf] X – 
lgb]{Zffª\sdf kl/j|md0fsf] s]Gb|ljGb'sf] x lgb]{zfª\ssf] b'O{ u'0ff hf]l8Psf] 5 eg] k|ltljDasf] 
Y – lgb]{Zffª\sdf kl/j|md0fsf] s]Gb|ljGb'sf] y lgb]{zfª\ssf] b'O{ u'0ff hf]l8Psf] 5 . To;n], P(x, y) 

nfO{ (a, b) sf] jl/kl/ cw{ kl/j|md0f u/fpFbf k|ltljDa P'(–x + 2a, –y + 2b) x'G5 . 

cyf{t\, P(x, y)
 Ro: [1, 3),180°] 

   P'(–x + 2a, –y + 2b)

ctM +180° kl/j|md0f eg]s} –180° kl/j|md0f xf], lsg xf]nf < 5nkmn ug'{xf];\ .

pbfx/0f 1 

zLif{ljGb'x¿ A(2, 4), B(5, 1) / C(–3, 2) ePsf] ∆ABC nfO{ pb\ud ljGb'sf] jl/kl/ wgfTds 
lbzfdf Ps rf}yfO kl/j|md0f ubf{ aGg] k|ltljDa ∆A'B'C' sf zLif{ljGb'x¿sf lgb]{zfª\s n]Vg'xf];\ .
∆ABC / ∆A'B'C' nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

;dfwfg M oxfF,

xfdLnfO{ yfxf 5, 

       P(x, y)   
RO: [O + 90°]

  P'(–y, x)

To;}n], A(2, 4)   
RO: [O + 90°] 

A'(–4, 2)

   B(5, 1)    
RO: [O + 90°] 

B'(–1, 5)

   C(–3, 2)   
RO: [O + 90°] 

C'(–2, –3) 

X

Y'

Y

X'

P (1, 3)

A

A' O
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ctM  A'(–4, 2), B'(–1, 5) / C'(–2, –3) 
k|ltljDa ∆A'B'C' sf lgb]{zfª\s x'g\ . 

∆ABC / k|ltljDa ∆A'B'C' nfO{ ;Fu}sf] 
n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 2 

∆PQR sf zLif{ljGb'x¿ P(–4, 6), Q(–1, –2) / R(3, –5) 5g\ . ∆PQR nfO{ pb\ud ljGb'sf] jl/kl/ 
38Lsf] ;'O{ 3'Dg] lbzfdf 90° kl/j|md0f ubf{ aGg] k|ltljDa ∆P'Q'R' sf] zLif{ljGb'x¿sf lgb]{zfª\s 
kQf nufO{ b'a} lqe'hnfO{ n]vflrqdf k|:t't ug'{xf];\ .

;dfwfg M oxfF, 

∆PQR sf zLif{ljGb'x¿ P(–4, 6), Q(–1, –2) / R(3, –5) 5g\ .

∆PQR nfO{ pb\ud ljGb'sf] jl/kl/ 38Lsf] ;'O{ 3'Dg] lbzfdf

900 kl/j|md0f ubf{

xfdLnfO{ yfxf 5, 

    P(x, y)  
RO: [O,– 90°]

        P'(y, –x)

To;}n], P(–4, 6)  
RO: [O,– 90°]

       P'(6, 4)

          Q(–1, –2)  
RO: [O,– 90°]       

Q'(–2, 1)

          R(3, –5)  
RO: [O,– 90°]

         R'(–5, –3)

ctM P'(6, 4), Q'–2, 1) / R'(–5, –3) k|ltljDa 
∆P'Q'R' sf lgb]{zfª\s x'g\ . 

∆PQR / ∆P'Q'R' nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 3 

A(2, 1), B(1, –2), C(–3, –2) / D(–5, 1) ;dnDa rt'e'{h ABCD sf zLif{ljGb'x¿ x'g\ . ABCD 

nfO{ pb\ud ljGb'sf] jl/kl/ 180° n] kl/j|md0f ubf{ aGg] k|ltljDa rt'e'{hsf] zLif{ljGb'x¿sf 
lgb]{zfª\s kQf nufO{ b'a} rt'e'{hnfO{ n]vflrqdf k:t't ug'{xf];\ .

;dfwfg M oxfF, 

A(2, 1), B(1, –2), C(–3, –2) / D(–5, 1) ;dnDa rt'e'{h ABCD sf zLif{ljGb'x¿ x'g\ .

ABCD nfO{ pb\ud ljGb'sf] jl/kl/ 180° n] kl/j|md0f ubf{ 
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xfdLnfO{ yfxf 5, 

   P(x, y) 
Ro: O, 180°]

  P'(–x, –y)

 To;}n],  A(2, 1) 
RO: O, 180°] 

 A'(–2, –1)

            B(1, –2) 
RO: O, 180°]

  B'(–1, 2)

            C(–3, –2) 
RO: O, 180°]

  C'(3, 2)

           D(–5, 1) 
RO: O, 180°]

  D'(5, –1)

ctM A'(–2, –1), B'(–1, 2) / C'(3, 2) k|ltljDa ∆A'B'C' sf lgb]{zfª\s x'g\ . rt'e'{hx¿ ABCD / 
A'B'CD' nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 4     

olb ljGb' A(–4, 3) nfO{ pb\ud ljGb'sf] jl/kl/ kl/j|md0f ubf{ k|ltljDa A'(3, 4) x'G5 eg] 
kl/j|md0fsf] sf]0f / lbzf kQf nufpg'xf];\ .

;dfwfg M oxfF, 

ljGb' A(–4, 3) nfO{ pb\ud ljGb'sf] jl/kl/ kl/j|md0f u/]/ k|ltljDa A'(3, 4) x'G5 . To;}n]

  A(–4, 3) → A'(3, 4)

cyf{t\,  P(x, y) → P'(y, – x)

of] ;DaGwn] pb\ud ljGb'sf] jl/kl/ C0ffTds lbzfdf ePsf] Ps rf}yfO (–90° ) kl/j|md0f 
hgfpF5 .

pbfx/0f 5     

A(2, 3), B(1, 5) / C(–2, 4) zLif{ljGb'x¿ ePsf] ∆ABC nfO{ /]vf y = x df k/fj{tg u/L 
k|ltljDa ∆A'B'C' kfOof] . k]ml/, ∆A'B'C nfO{ pb\ud ljGb'sf] jl/kl/ wgfTds lbzfdf 
Ps rf}yfO kl/j|md0f u/L k|ltljDa ∆A"B"C" kfOof] . ∆A'B'C' / ∆A"B"C" sf zLif{ljGb'x¿sf 
lgb]{zfª\s kQf nufO{ tLgcf]6} lqe'hnfO{ n]vflrqdf k|:t't ug'{xf];\ .

;dfwfg M oxfF,

A(2, 3), B(1,5) / C(–2, 4) ∆ABC sf zLif{ljGb'x¿ x'g\ . ∆ABC nfO{ /]vf y = x df k/fj{tg ubf{ 
k|ltljDa ∆A'B'C  aG5 . 
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xfdLnfO{ yfxfF 5, P(x, y)   
Re:y = x

   P'(y, x) 

 To;}n],  A(2, 3)   
Re:y = x

   A'(3, 2)

            B(1, 5)   
Re:y = x

   B'(5, 1)

             C(–2, 4)   
Re:y = x

   C'(4, –2)

ctM ∆ABC nfO{ /]vf y = x df k/fj{tg 
ubf{ k|fKt k|ltljDa ∆A'B'C' sf lgb]{zfª\s 
A'(3, 2), B'(5, 1) / C'(4, –2) 5g\ . k]ml/, ∆A'B'C 

nfO{ pb\ud ljGb'sf] jl/kl/ wgfTds lbzfdf Ps 
rf}yfO kl/j|md0f u/L k|ltljDa ∆A"B"C aG5 .

xfdLnfO{ yfxf 5, 

           P(x, y)   
RO: [O + 90°]

   P'(–y, x)

To;}n],  A'(3, 2)   
Ro: [O + 90°]

   A"(–2, 3) 

            B'(5, 1)   
Ro: [O + 90°]   

B"(–1, 5)

            C'(4, –2)   
Ro: [O + 90°] 

 C"(2, 4)

ctM ∆A’B’C’ nfO{ /]vf y = x df k/fj{tg ubf{ k|fKt k|ltljDa ∆A''B''C'' sf lgb]{zfª\s A''(–2, 3), 

B'(–1, 5) / C'(2, 4) 5g\ .

ca, ∆ABC, ∆A'B'C' / ∆A"B"C" nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .

cEof; 3.2 (B)

1. kl/j|md0fnfO{ kl/eflift u/L o;sf u'0fx¿ n]Vg'xf];\ .

2. s'g} ljGb' P (x, y) nfO{ pb\ud ljGb'sf] jl/kl/ +90° df kl/j|md0f ubf{ cfpg] k|ltljDanfO{ 
 k'gM+180°df kl/j|md0f ubf{ cfpg] k|ltljDasf] lgb]{zfª\s slt x'G5, kQf nufpg'xf];\ .

3. s'g} ljGb' P (x, y) nfO{ s'g} ljGb' (a, b) sf] jl/kl/ +90° df kl/j|md0f ubf{ cfpg] 
 k|ltljDanfO{ k'gM+1800 df kl/j|md0f ubf{ cfpg] k|ltljDasf] lgb]{zfª\s slt x'G5, kQf 
 nufpg'xf];\ .

4. ljGb'x¿ P (7, 5), Q (–3, 4), R (–1, –3), S (6, –3) / T(–4, 7) nfO{ pb\ud ljGb'sf] 
 jl/kl/ tnsf cj:yfx¿df kl/j|md0fkl5 aGg] k|ltljDax¿sf zLif{ljGb'x¿sf] lgb]{zfª\s  
 kQf nufpg'xf];\ M

 -s_ +90°   -v_ –90°   -u_ 180° 

Y

X

Y'

X'

A'
A''

B''

C''

A

B

C

B'

C'

O
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5. ljGb'x¿ P(7, 5), Q(–3, 4), R(–1, –3), S(6, –3) / T(–4, 7) nfO{ s'g} ljGb' (2, 1) sf] jl/kl/ tnsf 
 cj:yfx¿df kl/j|md0fkl5 aGg] k|ltljDax¿sf zLif{ljGb'x¿sf] lgb]{zfª\s kQf nufpg'xf];\ M

 -s_ +90°   -v_ –90°  -u_ 180° 

6. ∆ABC sf zLif{ljGb'x¿ A(1, 0), B(4, 5) / C(7, –2) 5g\ . tnsf] cj:yfdf ∆ABC sf 
 k|ltljDax¿sf zLif{ljGb'x¿sf] lgb]{zfª\s kQf nufpg'xf];\ M

 -s_  olb ∆ABC nfO{ pb\ud ljGb'sf] jl/kl/ 38Lsf] ;'O{ 3'Dg] lbzfdf Ps rf}yfO 
  kl/j|md0f u/fOPsf] 5 .

 -v_  olb ∆ABC nfO{ pb\ud ljGb'sf] jl/kl/ 180° n] kl/j|md0f u/fOPsf] 5 .

 -u_  olb ∆ABC nfO{ pb\ud ljGb'sf] jl/kl/ +90° n] kl/j|md0f u/fOPsf] 5 .

7. A(3, 7), B(1, –1) / C(6, 8) ∆ABC sf zLif{ljGb'x¿ x'g\ . ∆ABC nfO{ pb\ud ljGb'sf] 
 jl/kl/ wgfTds lbzfdf cw{ kl/j|md0f u/fpFbf aGg] k|ltljDa lqe'hsf] zLif{ljGb'x¿sf  
 lgb]{zfª\s kQf nufpg'xf];\ / b'a} lqe'hnfO{ n]vflrqdf k|:t't ug{'xf];\ .

8. ;dfgfGt/ rt'e{'hsf zLif{ljGb'x¿ A(2,1), B(5, 1) C(4, 4) / D(1, 4) 5g\ . ABCD 

 nfO{ pb\ud ljGb'sf] jl/kl/ –90° n] kl/j|md0f ubf{ aGg] k|ltljDasf] zLif{ljGb'x¿sf 
 lgb]{zfª\s nufpg'xf];\ / b'a} rt'e{'hnfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

9. A(3, 7), B(1, –1) / C(6, 8) ∆ABC sf zLif{ljGb'x¿ x'g\ . ∆ABC nfO{ s'g} ljGb' 
 (–1, 1) sf] jl/kl/ wgfTds lbzfdf cw{ kl/j|md0f u/fpFbf aGg] k|ltljDa lqe'hsf] 
 zLif{ljGb'x¿sf lgb]{zfª\s nufpg'xf];\ / b'a} lqe'hnfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

10. ;dfgfGt/ rt'e{'hsf zLif{ljGb'x¿ A(2, 1), B(5, 1) C(4, 4) / D(1, 4) 5g\ . ABCD 

 nfO{ s'g} ljGb' (2, 3) sf] jl/kl/ –90° n] kl/j|md0f ubf{ aGg] k|ltljDasf] zLif{ljGb'x¿sf 
 lgb]{zfª\s n]Vg'xf];\ / b'a} rt'e{'hnfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

11. olb R1, R2, R3 / R4 n] pb\ud ljGb'sf] jl/kl/ x'g] kl/j|md0fnfO{ hgfpF5 eg] tnsf] 
 cj:yfdf kl/j|md0fsf] sf]0f / lbzf kQf nufpg'xf];\ .

 -s_ A (–3, 4)  
R1    A' (3, –4)  -v_ B (4, 5) 

R2   B' (–5, 4)

 -u_ C (–1, –2)  
R3    C' (–2, 1)  -3_ D (6, –7) 

R4   D' (6, –7)

12. A (5, 2), B (3, 1) / C (2, –4) zLif{ljGb'x¿ ePsf] ∆ABC 5 . ∆ABC nfO{ pb\ud 
 ljGb'sf] jl/kl/ +90° n] kl/j|md0f ubf{ ∆A'B'C' aG5 / ∆A'B'C' nfO{ pb\ud ljGb'sf] 
 jl/kl/ 180° n] kl/j|md0f ubf{ ∆A"B"C" aG5 eg] ∆A'B'C / ∆A"B"C" sf zLif{ljGb'x¿sf 
 lgb]{zfª\s kQf nufO{ n]vflrqdf k|:t't ug{'xf];\ .
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13. ∆PQR sf zLifljGb'x¿ P (3, 4), Q (–2, 6) / R (1, –5) 5g\ . ∆PQR nfO{ /]vf x = –2 

 df k/fjt{g u/L aGg] k|ltljDa ∆P'Q'R' nfO{ k]ml/ pb\ud ljGb'sf] jl/kl/ +270° n] 
 kl/j|md0f u/fpFbf ∆P"Q"R" aG5 eg] ∆P'Q'R / ∆P" Q"R" sf zLif{ljGb'x¿sf lgb]{zfª\s 
 kQf nufO{ tLg cf]6} lqe'hnfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

pQ/

1–3. lzIfsnfO{ b]vfpg'xf];\ . 4. -s_ P'(–5, 7), Q'(–4, –3), R'(3, –1), S'(3, 6), T'(–7, –4)

 -v_ P'(5,–7, Q'(4, 3), R'(–3, 1), S'(–3, –6), T'(7, 4) 

 -u_ P'(–7,–5), Q (3, –4), R'(1, 3), S'(–6, 3), T'(4, –7)

5.  -s_ P'(–2, 6), Q'(–1, –4), R'(6, –2), S'(6, 5), T'(–4, –5) 

 -v_ P'(6, –4), Q'(5, 6), R'(–2, 4), S'(–2, –3), T'(8, 7)

 -u_ P'(–3, –3), Q'(7, –2), R'(5, 5), S'(–2, 5), T'(8, –5)

6. -s_ A'(0, –1), B'(5, –4), C'(–2, –7)   -v_ A'(–1, 0), B'(–4, –5), C'(–7, 2)

  -u_ A'(0, 1), B'(–5, 4), C'(2, 7)  7. A'(–3, –7), B' (–1,1), C'(–6, –8) 
8.  A'(1, –2), B'(1, –5), C' (4, –4), D'(4, –1) 9. A'(–5, –5), B'(–3, 3), C'(–8, –6) 

10. A'(0, 3), B'(0, 0), C'(3, 1), D'(3, 4)   11. -s_ 180°  -v_ +90°   -u_ –90°  

 -3_ 360° 12. A' (–2, 5), B'(–1, 3), C'(4, 2), A"(+2, –5), B"(1, –3), C"(–4, –2)

13.  P'(–7, 4), Q'(–2, 6), R'(–5, –5), P"(4, 7), Q"(6, 2), R"(–5, 5)

3.2.4  HofldtLo cfs[ltsf] lj:tf/Ls/0f tyf ;ª\s'rg (Enlargement and 
  Reduction of Geometrical Shapes)

;Fu}sf] u|fkmdf A(1, 1), B(5, 2) / C(2, 4) zLif{ljGb' ePsf] ∆ABC nfO{ lj:tf/sf] gfkf] 2 
lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O df lj:tf/ ul/Psf] 5 . lgDglnlvt k|Zgx¿sf] pQ/ 
;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

-s_ OA, OA', OB, OB' / OC, OC' gfKg'xf];\ . 
OA 
OA' ,  

OB 
OB'  /  

OC 
OC  dfg lgsfNg'xf];\ / 

 ltgLx¿ larsf] ;DaGw kQf nufpg'xf];\ .

-v_ s] A / A', B / B' tyf C / C' lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O sf] Pp6} lbzfdf 5g\ <

-u_ s] ∆ABC / ∆A'B'C' cg'¿k jf ;d¿k 5g\ < sf/0f n]Vg'xf];\ .

-3_ s] ∆ABC sf] 2 u'0ff cfsf/ a9]sf] k|ltljDa ∆A'B'C' xf] <
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-s_ ;Fu}sf] u|fkmdf, OA =
1 
2  OA', OB = 

1 
2  OB' / OC = 

1 
2  OC' . 

OA 
OA'  = OB 

OB'  = OC 
OC'  = 

1 
2 . oxfF ∆ABC sf] 

2 u'0ff cfsf/ a9]sf] k|ltljDa ∆A'B'C' xf] . oxfF 2 nfO{ 

lj:tf/sf] gfkf] [scale factor (k)] elgG5 .

To;}n], lj:tf/sf] gfkf] (k) = OA' 
OA  = OB' 

OB  = OC' 
OC  = 2

cyjf, lj:tf/sf] gfkf] (k) =   A'B' 
AB'  = B'C' 

OB  = C'A' 
CA   = 2

oxfF, ∆ABC sf] cfsf/ 'O' nfO{ s]Gb| agfP/ a9]sf] 
5 . pSt ljGb' 'O' nfO{ lj:tf/Ls/0f s]Gb| (centre of 

enlargement) elgG5 . oxfF, ljGb' (A) To;sf] k|ltljDa 
(A') / lj:tf/Ls/0f s]Gb| O Pp6} /]vfdf k5{g\ .

o;/L HofldtLo cfs[ltsf] cfsf/ lglZrt lj:tf/Ls/0fsf] s]Gb| / lj:tf/sf] gfkf]sf cfwf/df 
x'g] kl/jt{g g} lj:tf/Ls/0f (Enlargement) xf] .                                                                                             

-v_  A / A', B / B' tyf C / C' lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O sf] Pp6} lbzfdf 
 5g\ . cfs[lt / k|ltljDa lj:tf/Ls/0f s]Gb|sf] Pp6} lbzfdf k5{g\ / k|ltljDa cfs[ltsf]  
 ;'N6f] b]lvG5 . To;}n], lj:tf/sf] gfkf] [scale factor (k)] wgfTds x'G5 .

-u_  ∆ABC / ∆A'B'C' ;d¿k 5g\ lsgeg] ;ª\ult e'hfx¿sf] cg'kft a/fa/ 5g\ . To;}n], 
 lj:tf/sf cfs[lt / k|ltljDa ;d¿k x'G5g\ .

-3_  ∆ABC sf] 2 u'0ff cfsf/ a9]sf] k|ltljDa ∆A'B'C' xf] .                      

tnsf] u|fkmdf A(2, 2), B(10, 4) / C(4, 8) zLif{ljGb' ePsf] ∆ABC nfO{ la:tf/sf] gfkf] – 1 
2  

lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O x'g]u/L lj:tf/ ul/Psf] 5 . lgDglnlvt k|Zgx¿sf] pQ/ 
;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ .

-s_  OA, OA', OB, OB' / OC, OC' gfKg'xf];\ . OA 
OA'

, OB 
OB'  / OC 

OC'  dfg lgsfNg'xf];\ / 
 ltgLx¿larsf] ;DaGw kQf nufpg'xf];\ .

-v_  s] A / A', B / B' tyf C / C' lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O sf] Pp6} lbzfdf 5g\ <

-u_  s] ∆ABC / ∆A'B'C' cg'¿k jf ;d¿k 5g\ < sf/0f n]Vg'xf];\ .

-3_  s] ∆ABC sf] 2 u'0ff cfsf/ a9]sf] k|ltljDa ∆A'B'C' xf] <
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-s_  ;Fu}sf] u|fkmdf, OA = 2OA', OB = 2OB' 

 / OC  =  2OC'    eP  OA 
OA , OB 

OB'  / OC 
OC'   = 2 

 x'G5  . oxfF ∆ABC sf] 
1 
2  u'0ffn] cfsf/ 36]sf] 

 k|ltljDa ∆A'B'C' xf] . oxfF 
1 
2 nfO{ lj:tf/sf] 

 gfkf] [scale factor (k)] elgG5 .

 To;}n], lj:tf/sf] gfkf] (k) = OA' 
OA  = 

OB' 
OB  

 = 
OC' 
OC  = 

1 
2

      cyjf, lj:tf/sf] gfkf] (k) =  A'B' 
AB  = B'C' 

BC  

 = 
C'A' 
CA  =  

1 
2

 oxfF, ∆ABC sf] cfsf/ 'O' nfO{ s]Gb| agfP/  36]sf] 5 . pSt ljGb' 'O' nfO{ ;ª\s'rg 
 s]Gb| (centre of reduction) elgG5 . oxfF, ljGb' (A) To;sf] k|ltljDa (A') / ;ª\s'rg s]Gb| O 
 Pp6} /]vfdf k5{g\ .

-v_  A / A', B / B' tyf C / C' ;ª\s'rgsf] s]Gb| pb\ud ljGb' O sf] ljk/Lt lbzfdf 5g\ . 
 cfs[lt / k|ltljDa lj:tf/Ls/0f s]Gb|sf] ljk/Lt lbzfdf k5{g\ / k|ltljDa cfs[ltsf] pN6f]  
 b]lvG5 . To;}n], lj:tf/sf] gfkf] [scale factor (k)] C0ffTds x'G5 . To;}n], lj:tf/sf] gfkf] 

 (k) =  – 1 
2

-u_  ∆ABC / ∆A'B'C' ;d¿k 5g\ lsgeg] ;ª\utL e'hfx¿sf] cg'kft a/fa/ 5g\ . To;}n], 
 lj:tf/sf cfs[lt / k|ltljDa ;d¿k x'G5g\ .

dflysf] 5nkmnsf cfwf/df lj:tf/Ls/0fsf u'0fx¿ o;k|sf/ 5g\ M

1.  lj:tf/sf cfs[lt / k|ltljDa ;d¿k x'G5g\ .

2.  lj:tf/sf] gfkf] k > 0 cyf{t\ lj:tf/sf] gfkf] wgfTds eP cfs[lt / k|ltljDa 
 lj:tf/Ls/0fsf] s]Gb|sf Ps} lbzfdf k5{g\ .

 (a) k > 1 eP k|ltljDasf] cfsf/ a9\5 .

 (b) 0 < k < 1 eP cfs[lt / k|ltljDasf] cfsf/ 36\5 .

3.  lj:tf/sf] gfkf] k < 0 cyf{t\ lj:tf/sf] gfkf] C0ffTds eP cfs[lt / k|ltljDa lj:tf/Ls/0f 
 s]Gb|sf] ljk/Lt lbzfdf k5{g\ / k|ltljDa cfs[ltsf] pN6f] b]lvG5 .

 (a) k < –1 eP k|ltljDasf] cfsf/ a9\5 .

 (b) –1 < k < 0 eP k|ltljDasf] cfsf/ 36\5 .

4.  |k| = 1 eP cfs[lt / k|ltljDasf] cfsf/ a/fa/ x'G5 .
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5.  lj:tf/Ls/0fsf] s]Gb| ckl/jt{gLo ljGb' xf] .

 lj:tf/Ls/0fsf] s]Gb| O(0,0) / gfkf] k eP/ x'g] lj:tf/Ls/0f nfO{ E(O, k) jf E[(0, 0), k] 
 n]Vg] rng 5 .                                                                                                

lj:tf/Ls/0fdf lgb]{zfª\ssf] k|of]u (Use of co-ordinates in enlargement)

-s_  lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O x'Fbf (When the centre of enlarement is at the 
 origin O)

;Fu}}sf] u|fkmaf6, ∆ABC / o;sf] k|ltljDa 
∆A'B'C' zLif{ljGb'x¿sf lgb]{zfª\s n]Vg'xf];\ .
∆ABC / o;sf] k|ltljDa ∆A'B'C' zLif{ljGb'x¿sf 
lgb]{zfª\slarsf] ;DaGw ;fyLx¿lar 5nkmn 
u/L sIffsf]7fdf k|:t't ug{'xf];\ .

∆ABC sf] zLif{ljGb'x¿sf lgb]{zfª\s A(1, 1), B(5,  2)

 / C(2, 4) 5g\ . To:t}, ∆A'B'C' sf] zLif{ljGb'x¿sf 
lgb]{zfª\s A'(2, 2), B'(10, 4) / C'(4, 8) 5g\ .                                                                                                                        

km]l/, 
A(1, 1) → A'(2, 2) = A'(2 × 1, 2 × 1)

B(5, 2) → B'(10, 4) = B'(2 × 5, 2 × 2)

C(2, 4) → C'(4, 8) = C'(2 × 2, 2 × 4)

oxfF, k|ltljDasf X / Y lgb]{zfª\s cfs[ltsf ;ª\ut X / Y lgb]{zfª\ssf] 2 -gfkf] = k)

u'0ff 5g\ . o; cfwf/df lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O / gfkf] k x'Fbf P(x, y) sf] k|ltljDa 
P'(kx, ky) x'G5 .

cyf{t\ P(x, y) 
E[O, k]

   P'( kx, ky)

;Fu}}sf] u|fkmaf6, ∆ABC / o;sf] k|ltljDa 

∆A'B'C' zLif{ljGb'x¿sf lgb]{zfª\s n]Vg'xf];\ .
∆ABC / o;sf] k|ltljDa ∆A'B'C' zLif{ljGb'x¿sf 
lgb]{zfª\slarsf] ;DaGw ;fyLx¿lar 5nkmn 
u/L sIffsf]7fdf k|:t't ug{'xf];\ .

∆ABC sf] zLif{ljGb'x¿sf lgb]{zfª\s A(2, 2), 

B(10, 4) / C(4, 8) 5g\ . To:t}, ∆A'B'C' sf] 
zLif{ljGb'x¿sf lgb]{zfª\s A'(–1, –1), B'(–5, –2) 
/ C'(–2, –4) 5g\ .
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km]l/,

A(2, 2) → A'(–1, –1) = A'(– 1 
2 × 2, – 1 

2 × 2)

B(10, 4) → B'(–5, –2) = B'(– 1 
2 ×10, – 1 

2 × 4)

C(4, 8) → C'(–2, –4) = C'(– 1 
2 ×4, – 1 

2 × 8)

oxfF, k|ltljDasf X – / Y – lgb]{zfª\s cfs[ltsf ;ª\ut X – / Y – lgb]{zfª\ssf] – 1 
2  -gfkf] = k)

u'0ff 5g\ . o; cfwf/df lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O / gfkf] k x'Fbf P(x, y) sf] k|ltljDa 
P'(kx, ky) x'G5 .

cyf{t\ P(x, y) 
E[O, k]

  P'( kx, ky)

-v_ lj:tf/Ls/0fsf] s]Gb| s'g} ljGb' (a, b) x'g] :yfgfGt/0f [Trnsformation about the centre 
 of enlargement at any point (a, b)]

;Fu}}sf] u|fkmaf6, ∆ABC / o;sf] k|ltljDa ∆A'B'C' 

zLif{ljGb'x¿sf lgb]{zfª\s n]Vg'xf];\ . ∆ABC / o;sf] 
k|ltljDa ∆A'B'C' zLif{ljGb'x¿sf lgb]{zfª\slarsf] 
;DaGw ;fyLx¿lar 5nkmn u/L sIffsf]7fdf k|:t't 
ug{'xf];\ .                                                                                  

∆ABC sf] zLif{ljGb'x¿sf lgb]{zfª\s A(1, 2), B(–1, 2) 
/ C(–1, –1) 5g\ . To:t}, ∆A'B'C' sf] zLif{ljGb'x¿sf 
lgb]{zfª\s A'(7, 4), B'(1, 4) / C'(1, –5) 5g\ .

km]l/,

A(1, 2) → A'(7, 4) = A'[3{1 – (– 2)} + (– 2), 3(2 – 1) + 1] 

B(–1, 2) → B'(1, 4) = B'[3{–1 – (–2)} + (–2), 3(2 – 1) + 1]

C(–1, –1) → C'(1, –5) = C'[3{–1 – (–2)} + (–2), 3(–1  – 1) + 1]

o; cfwf/df lj:tf/Ls/0fsf] s]Gb| (a, b) / gfkf] k x'Fbf P(x, y) sf] k|ltljDa P'[k(x – a) + a, k(y 

– b) + b] x'G5 .

∴ P(x, y) 
E[(a,b),k]

  P'[k(x – a) + a, k(y – b) + b]

csf]{ tl/sf,

dfgf}F, A(x, y) nfO{ gfkf] k / s]Gb| P(a, b) lnP/ lj:tf/ ubf{ k|ltljDa A'(x', y') aG5 .
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oxfF, OA⃗⃗ ⃗⃗  ⃗ = (x, y) 
          ⃗⃗ ⃗⃗ ⃗⃗   = (x', y') 
       OP⃗⃗⃗⃗  ⃗ = (a, b) 
ca, PA⃗⃗⃗⃗  ⃗ = OA⃗⃗ ⃗⃗  ⃗   OP⃗⃗⃗⃗  ⃗ = (x, y) – (a, b) = (x – a, y – b) 
/     ⃗⃗ ⃗⃗⃗⃗   =    ⃗⃗ ⃗⃗ ⃗⃗     OP⃗⃗⃗⃗  ⃗ = (x', y') – (a, b) = (x' – a, y' – b) 
To;}n],    ⃗⃗ ⃗⃗⃗⃗   = k PA⃗⃗⃗⃗  ⃗ 
or, (x' – a, y' – b) = k(x – a, y – b) 
or, x' – a = k(x – a)   / y' – b = k(y – b) 
   x' = k(x – a ) +a     y' = k(y – b) + b 

To;}n], A(x, y) 
 [   ,  , ]
→        A'[k(x – a) + a, k(y – b) + 

lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' O(0, 0) / gfkf] k x'Fbf,  

P(x, y) 
E[O, k]

  P'( kx, ky)

 lj:tf/Ls/0fsf] s]Gb| s'g} ljGb' (a, b) / gfkf] k x'Fbf, 

P(x, y) 
E[(a, b), k]

   P'[k(x – a) + a, k(y – b) + b]

pbfx/0f 1                                             

ljGb' A(–3, 4) / B(5, 8) nfO{ tnsf cj:yfx¿df lj:tf/Ls/0f ug'{xf];\ M

-s_ E [O, 3]   -v_ E[O, 1 
2 ]   -u_ E[(1, 2), 2]

;dfwfg M oxfF,

lbOPsf ljGb'x¿ A(–3, 4) / B(5, 8) 5g\ .

xfdLnfO{ yfxf 5,

 P(x, y) 
E[O, k]

   P'( kx, ky)

-s_ lj:tf/Ls/0fsf] s]Gb| / gfkf] E[O, 3] x'Fbf,

 A(–3, 4)  
E[O, 3])

  A'[3 × (–3), 3 × 4] = A'(–9, 12)

 B(5, 8)   
E[O, 3]

  B'(3 × 5, 3 × 8) = B'(15, 24)

-v_ lj:tf/Ls/0fsf] s]Gb| / gfkf] E[O, 1 
2 ] x'Fbf,

 A(–3, 4)   (E[O, 1 1 
2 ] A'[ 1 

2 × (–3), 1 
2 × 4] = A'( –3 

2 , 2)

 B(5, 8)    (E[O, 1 
2 ]   B'( 1 

2 × 5, 1 
2 × 8) = B'( 5 

2 , 4)

b

cyjf,
cyjf,
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-u_  lj:tf/Ls/0fsf] s]Gb| / gfkf] E[(1, 2), 2] x'Fbf,

 xfdLnfO{ yfxf 5, P(x, y)  
E[(a, b), k]

   P'[k(x – a) + a, k(y – b) + b]

  A(–3, 4) 
E[(1, 2), 2] 

  A'[2(–3 – 1) +1, 2(4 – 2) +2] = A'(–7, 6)

  B(5, 8)  
E[(1, 2), 2] 

  B'[2(5 – 1) +1, 2(8 – 2) +2] = B'(9, 14)

pbfx/0f 2         

A (–2, –1), B (2, 3) / C (1, 1) ljGb'x¿ ∆ABC sf zLif{ljGb'x¿ x'g\ . lj:tf/Ls/0fsf] 
s]Gb| O(0,0) / lj:tf/sf] gfkf] k = 3 lnP/ ∆ABC sf] lj:tfl/t k|ltljDasf] zLif{ljGb'x¿sf 
lgb]{zfª\s kQf nufpg'xf];\ / b'a} lqe'hnfO{ Pp6} n]vflrqdf k|:t't ug{'xf];\ .

;dfwfg M oxfF,

∆ABC sf zLif{ljGb'x¿ A(–2, –1), B(2, 3), C(1, –1)

lj:tf/Ls/0f s]Gb| O / lj:tf/sf] gfkf] k = 3

xfdLnfO{ yfxf 5,

P(x, y)   E[o, k]   P'( kx, ky)

To;}n], 

A(–2, –1)   
E[O, 3] 

  A'[3 × (–2), 3 × (–1)] = A'(–6, –3)

B(2, 3)    
E[O, 3]

    B'[3 × 2, 3 × 3] = B'(6, 9) 

C(1, –1)   
E[O, 3] 

   C'[3 × 1, 3 × (–1)] = C'(3, –3)

ctM A'(–6, –3), B'(6, 9) / C'(3, –3) k|ltljDa ∆A'B'C’ sf lgb]{zfª\sx¿ x'g\ . 

∆ABC / ∆A'B'C’ nfO{ ;Fu}sf] n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 3              

∆PQR sf zLif{ljGb'x¿ P(3, 0), Q(0, 2) / R (3, 2) 5g\ lj:tf/Ls/0fsf] (1, 1) / lj:tf/sf] gfkf] k = –2

lnP/ ∆PQR sf] lj:tf/sf] k|ltljDa ∆P'Q'R' sf] zLif{ljGb'x¿sf lgb]{zfª\s kQf nufpg'xf];\ .
;fy} b'a} lqe'hnfO{ n]vflrqdf k|:t't ug'{xf];\ .

;dfwfg M oxfF, 

P (3, 0), Q (0, 2) / R (3, 2) ljGb'x¿ ∆PQR sf zLif{ljGb'x¿ x'g\ . lj:tf/sf] s]Gb| (a, b) = (1, 1) 
/ lj:tf/sf] gfkf] (k) = –2
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xfdLnfO{ yfxf 5, P(x, y) 
E[(a, b), k])

  P'[k(x – a) + a, k(y – b) + b]

To;}n],

P(3, 0)  
E[(1, 1), –2]

   P'[–2(3 – 1) +1, –2(0 – 1) +1] = P'(–3, 3)

Q(0, 2)  
E[(1, 1), –2]

  Q'[–2(0 – 1) +1, –2(2 – 1) +1] = Q'(3, –1)

R(3, 2)  
E[(1, 1), –2]

 R'[–2(3 – 1) +1, –2(2 – 1) +1] = R'(–3, –1)

ctM P'(–3, 3), Q'(3, –1) / R'(–3, –1) k|ltljDa ∆P'Q'R’ sf 
lgb]{zfª\sx¿ x'g\ . 

∆PQR / k|ltljDa ∆P'Q'R' nfO{ n]vflrqdf k|:t't ul/Psf] 5 .

pbfx/0f 4                 

Pp6f lj:tf/Ls/0fn] ljGb' A(2, 3) nfO{ A' (6, 9) / B(1, 4) nfO{ B' (3, 12) df lj:tf/ u5{ eg] 
lj:tf/Ls/0fsf] s]Gb| / gfkf] kQf nufpg'xf];\ .

;dfwfg M oxfF, 

dfgf}F lj:tf/Ls/0fsf] s]Gb| (a, b) / lj:tf/sf] gfkf] k 5g\ .

ca, lj:tf/Ls/0fsf] s]Gb| (a, b) / lj:tf/sf] gfkf] k x'Fbf ;"qcg';f/, 

A(2, 3) 
 E[(a, b), k] 

  A'[k(2 – a) + a, k(3 – b) + b] = A' (6, 9)

To;}n],
k(2 – a) + a = 6 … (i)
k(3 – b) + b = 9 … (ii)

/ B(1, 4) E[(a, b), k]) B'[k(1 – a) + a, k(4 – b) + b] = B' (3, 12)

To;}n],
k(1 – a) + a = 3 … (iii)

k(4 – b) + b = 1  … (iv)

;dLs/0f (i) af6 ;dLs/0f (iii) 36fpFbf,
k(2 – a) + a = 6
k(1 – a) + a = 3
k(2 – a – 1 + a) = 3

cyjf, k = 3

k sf] dfg ;dLs/0f (i) df /fVbf,
3(2 – a) + a = 6

cyjf, 6 – 3a + a = 6

cyjf,  –2a = 0

∴ a = 0
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km]l/, k sf] dfg ;dLs/0f (ii)  df /fVbf,
  3(3 – b) + b = 9 

cyjf, 9 – 3b + b = 9

cyjf, – 2b = 0

∴ b = 0

ctM lj:tf/Ls/0fsf] s]Gb| (a, b) = (0, 0) / lj:tf/sf] gfkf] k =3

csf]{ tl/sf
A(2, 3) →A'(6, 9) = A'(3 × 2, 3 × 3)

B(1, 4) → B'(3, 12) = B'(3 × 1, 3 × 4)

To;}n], P(x, y)  
E[O, k]

  P'( kx, ky) ;Fu t'ngf ubf{

∴ lj:tf/Ls/0fsf] s]Gb| = (0, 0)

lj:tf/sf] gfkf]  (k) = 3

gf]6M of] tl/sf lj:tf/Ls/0fsf] s]Gb| pb\ud ljGb' (0, 0) x'Fbf dfq k|of]u ug{ ;lsG5 .

cEof; 3.2 (C)      

1. lj:tf/Ls/0f eg]sf] s] xf] < Jofjxfl/s pbfx/0f;lxt n]Vg'xf];\ .

2. cfs[lt / k|ltljDa s'g cj:yfdf lj:tf/Ls/0fsf] s]Gb|sf] Pp6} lbzfdf k5{g\ / s'g 
 cj:yfdf ljk/Lt lbzfdf k5{g\, n]Vg'xf];\ .

3. lj:tf/Ls/0f E n] tnsf cj:yfx¿df ljGb'x¿ A(4, 5) B(3, 0), C(–2, 3), D (–5, 0) / 
 E(–3, –2) sf] lj:tfl/t k|ltljDasf] lgb]{zfª\s kQf nufpg'xf];\ M

 -s_ E[O, 2]  -v_ E[O, –3]   -u_ E[O, 3 
2 ]   -3_ E[O, 3 

2 ] 

 -ª_ E[(3, –2), 2]  -r_ E[(1, 0), –4]   -5_ E[(–2, –2), –3 
2 ]

4. ∆ABC sf zLif{ljGb'x¿ A(4, –2), B(3, 1) / C(2, 5) 5g\ . ∆ABC nfO{ lj:tf/Ls/0f 
 E[O,2] n] lj:tf/ u/L aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf lgb]{zfª\s kQf 
 nufpg'xf];\ ;fy} cfs[lt / k|ltljDanfO{ n]vflrqdf k|:t't ug{'xf];\ .

5. P(0, –1), Q(1, 3), R(2, 2) / S(1, –2) ;dfgfGt/ rt'e'{h PQRS sf] zLif{ljGb'x¿ 
 x'g\ . ;dfgfGt/ rt'e'{h PQRS nfO{ lj:tf/Ls/0f E[(1,3), –2] n] lj:tf/ u/L aGg] 
 k|ltljDasf] zLif{ljGb'x¿sf lgb]{zfª\s kQf nufpg'xf];\ . cfs[lt / k|ltljDanfO{ n]vflrqdf  
 k|:t't ug{'xf];\ .
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6. Pp6f lj:tf/Ls/0fn] ljGb' A nfO{ A' / B nfO{ B' df lj:tf/ u5{ eg] lj:tf/Ls/0fsf] 
 s]Gb| / gfkf] kqf nufpg'xf];\ .

 -s_  A(3, 2) → A'(–6, –4)   -v_   A(3, –2) → A' (9, –6)

       B(–2, 4) → B' (4, –8)    B(–1, 0) → B' (–3, 0)

 -u_  A(–4, 0) → A' (–10, –1)   -3_   A(2, 0) → A'(3, –2)
       B(4, 6) → B'(6, 11)    B(3, 4) → B' (5, 6)

7. olb lj:tf/Ls/0f E[O, 3] n] ljGb' A(a, 2) nfO{ A' (9, b) df lj:tf/ u5{ eg] a / b sf] 
 dfg kQf nufpg'xf];\ .

8. olb lj:tf/Ls/0f E[(a, b), 1 
2 ] n] ljGb' A(–1, 6) nfO{ A' (1, 2) df lj:tf/ u5{ eg] a 

 / b sf] dfg kQf nufpg'xf];\ .

9. s'g} ljGb' P(x, y) nfO{ lj:tf/Ls/0f E[O, k1] n] lj:tf/ ubf{ cfpg] k|ltljDanfO{ k]ml/ 
 lj:tf/Ls/0f E[0, k2] n] lj:tf/ ubf{ cfpg] k|ltljDa / pSt ljGb' P(x, y) nfO{ lj:tf/Ls/0f
 E[O, k1. k2] n] lj:tf/ ubf{ cfpg] k|ltljDa;Fu t'ngf ug'{xf];\ . o;af6 s] lgisif{ k|fKt 
 eof] < :ki6 kfg'{xf];\ .

10. ∆ABC sf zLif{ljGb'x¿ sdzM A(1, 3), B(1, 5) / C(2, 5) x'g\ .

 -s_  ∆ABC nfO{ y = 0 df k/fjt{g ubf{ aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf] 
  lgb]{zfª\s kQf nufpg'xf];\ .

 -v_  ∆A'B'C' nfO{ lj:tf/Ls/0f E[(0, 0), 2] n] lj:tf/ ubf{ aGg] k|ltljDa ∆A''B''C'' sf] 
  zLif{ljGb'x¿sf] lgb]{zfª\s kQf nufpg'xf];\ .

 -u_  tLgcf]6} lqe'hx¿nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

11. ∆ABC sf zLif{ljGb'x¿ j|mdzM A(3, 0), B(0, 2) / C(3, 2) x'g\ .

 -s_  ∆ABC nfO{ x = 0 df k/fjt{g ubf{ aGg] k|ltljDa ∆A'B'C' sf] zLif{ljGb'x¿sf] 
  lgb]{zfª\s kQf nufpg'xf];\ .

 -v_  ∆A'B'C' nfO{ lj:tf/Ls/0fsf] s]Gb| (0, 0) / gfkf] 2 lnbfF aGg] k|ltljDa ∆A''B''C'' 

  sf] zLif{ljGb'x¿sf] lgb]{zfª\s kQf nufpg'xf];\ .

 -u_  tLgcf]6} lqe'hx¿nfO{ Pp6} n]vflrqdf k|:t't ug'{xf];\ .

12. ∆ABC nfO{ lj:tf/Ls/0fsf] s]Gb|ljGb' (4, 1) / gfkf] 2 lnO lj:tf/Ls/0f ubf{ aGg] 
 k|ltljDasf] lgb]{zfª\sx¿ j|mdzM A'(0, 1), B'(0, 5) / C'(6, 5) k|fKt x'G5g\ eg] zLif{ljGb'x¿ 
 A, B / C sf lgb]{zfª\sx¿ kQf nufpg'xf];\ .
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pQ/

1 / 2. lzIfsnfO{ b]vfpg'xf];\ . 3. -s_  A' (8, 10), B' (6, 0), C'(–4, 6), D' (–10, 0) E' (–6, –4)

 -v_  A'(–12, –15), B'(–9, 0), C(6, –9), D'(15, 0) E(9, 6) 

-u_  A'(6, 15 
2

), B'( 9 
2 , 0), C'(–3, 

9 
2 ), D'( –15 

2 , 0) E( –9 
2 , –3)

 -3_  A'( –4 
3

, –5
3 ) B'(–1, 0), C'(

2 
3 , –1), D'( 5 

3 , 0), E'(1, 
2 
3 )

 -ª_  A' (5, 12), B'(3, 2) C' (–7, 8), D'(–13, 2), E (–9, –2)

 -r_  A' (–9, –20), B'(–7, 0), C'(13, –12), D'(25,0), E' (17, 8)

 -5_  A'(–11, –25
2 ), B' ( –18

2 , –5), C' (–2, 18 
2 ), D'( 5 

2 , 5), E'( –1
2 , –2)

4.  A' (8, –4), B'(6, 2), C' (4, 10)  5. P' (3, 11), Q' (1, 3), R (–1, 5), S'(1, 13)

6.  -s_  E[O,–2]  -v_ E [O, 3]    -u_  E[(2, 1), 2]  -3_  E[(1, 2), 2]

7.   a = 3, b = 6  8. a = 3, b = –2  9. lzIfsnfO{ b]vfpg'xf];\ . 

10. -s_  A'(1, –3), B'(1, –5), C'(2, –5) -v_  A''(2, –6), B''(2, –10), C''(4, –10)

11. -s_  A'(–3, 0), B'(0, 2), C'(–3, 2) -v_  A''(–6, 0), B''(0, 4), C''(–6, 4) 12. A(2, 1), B(2, 3), C(5, 3)

gd'gf kl/of]hgf sfo{
;xsfof{Tds kl/of]hgf sfo{ (Collaborative Project Work) 

zLif{s M k/fjt{g / kl/j|md0f (Reflection and Rotation) sf] k|of]u

;d:of M ;d"xdf lgb]{zfª\s;lxtsf lqe'hnfO{ 

1. y  = x /]vfdf k/fjt{g

2. wgfTds / C0ffTds lbzfdf s]Gb|ljGb' O df 90° jf 180° kl/j|md0f

3. wgfTds / C0ffTds lbzfdf s]Gb|ljGb' (a, b) df 90° jf 180° kl/j|md0f ug'{xf];\ .

o;sf] :j¿k / k|s[lt s:tf] aG5 < cfk\mgf] cWoogsf] lgisif{;lxt lbOPsf] 9fFrfdf k|ltj]bg 
tof/ u/L sIffdf 5nkmnsf nflu k|:t't ug'{xf];\ .  

cfjZos ;fdu|L (Materials Required)

1.  kmf]6f]skL k]k/  2.  ;"qx¿sf] ;"rL  3.  u|fkm k]k/

kl/of]hgf sfo{ ug]{ ljBfyL{ ;d"x 

!=  gfd / e"ldsf M   @= gfd / e"ldsf M

#=  gfd / e"ldsf M   $=  gfd / e"ldsf M
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kl/of]hgf sfo{ ;DkGg ug{] k|lj|mof (Procedure): ;a} ;fyLx¿n] k/fjt{g / kl/j|md0fsf] ;"qx¿ 
n]Vg'xf];\ . clg ;a}n] lqe'hnfO{ dfly lbOPsf] cj:yfdf k/fjt{g / kl/j|md0f cfjZos ;"qx¿sf] 
k|of]u u/L :yfgfGt/0f ug'{xf];\ . tn ;f]lwPsf k|Zgsf] pQ/ kQf nufpg'xf];\ . 

1.  y = x /]vfdf k/fjt{g ug{ s'g ;"q k|of]u ug]{ < Plsg ug'{xf];\ . 

2.  wgfTds / C0ffTds lbzfdf s]Gb|ljGb' O df 90° jf 180° kl/j|md0f ug{ s'g ;"q k|of]u 
 ug]{ < olsg ug'{xf];\ . 

3.  wgfTds / C0ffTds lbzfdf s]Gb|ljGb' (a, b) df 90° jf 180° kl/j|md0f ug{ s'g ;"q 
 k|of]u ug]{ < olsg ug'{xf];\ . 

4.  k/fjt{g / kl/j|md0f ubf{ o;sf] :j¿k / k|s[lt s:tf] aG5 < n]Vg'xf];\ .

pkof]u / dxŒjsf] vf]hL (Exploration of Uses and Importance): kl/j|md0f / k/fjt{gsf] 
pkof]u s'g s'g If]qdf s;/L ug{ ;lsG5 vf]hL ug'{xf];\ . s]Gb|ljGb' O df / s]Gb|ljGb' (a, b) df 
kl/j|md0f ubf{ s:tf] c;/ x'G5 < cWoog u/L ljZn]if0f / AofVof ug'{xf];\ . 

lgisif{ (Conclusion) : k/fjt{g / kl/j|md0fdf j:t' / k|ltljDasf] :j¿k / k|s[lt s:tf] aG5 
u|fkmnfO{ cWoog lgisif{ n]Vg'xf];\ . 

k|ltljDag M tkfO{Fn] u/]sf] cWoog ljlw / lgisif{ slt e/kbf]{ 5 < s] tkfOF{ ;xL lgisif{df 
k'Ug'eof] < tkfO{FnfO{ s] s] sl7gfO{ k¥of] < tkfOF{sf] lgisif{ lgsfNg] ;xL ljlw s'g /x]5 < s] 
tkfO{Fn] u/]sfafx]s cGo ljlwaf6 klg oxL lgisif{df k'Ug ;Sg'x'G5 < s] tkfO{Fsf] lgisif{ lgsfNg 
u|fkm jf cGo ljlw klg pkof]uL lyP ls < b}lgs hLjgdf o;sf] k|of]u s;/L x'Fbf] /x]5 < o:t}  
s'/fx¿df k|ltljDag ug'{xf];\ . 

kl/of]hgf sfo{sf] k|ltj]bg k|:t'ltsf a'Fbfx¿

!=  kl/of]hgf sfo{sf] zLif{s

@=  k[i7e"ld M ljifoj:t' / cWoogsf] dxŒj

#=  p2]Zo M kQf nufpg] s'/fx¿

$=  cWoog k|lj|mof

 -s_ cWoog u/]sf ;|f]t ;fdu|L

 -v_ ;"rgf ;ª\sng ljlw

 -u_ ljZn]if0f ljlw

 -3_ glthf / k|:t'lt

 -ª_ lgisif{

 -r_ k|ltljDag

 -5 _ cg';"rL



206 P]lR5s ul0ft, sIff (

4.1  kl/ro (Introduction)

ef}lts kl/df0fx¿sf] lbzf / dfgsf cfwf/df b}lgs hLjgsf ljleGg ;d:of ;dfwfg ug{  
k|of]u ul/g] ul0ft / lj1fgsf] Pp6f dxŒjk"0f{ If]q e]S6/ xf] . e]S6/sf] cjwf/0ffsf] k|of]
u ;j{k|yd cfOl/; ul0ft1 ljlnod /f]jg xfldN6gn] u/]sf lyP . e]S6/df ljlnod /f]jg 
xfldN6gsf] of]ubfg kof{Kt / ax'd'vL lyof] . pgn] d'Vo cjwf/0ff, zAbfjnL / HofldtLo 
JofVofx¿ k||:t't u/] h;n] e]S6/sf] ljsf;sf nflu hu a;fNof] . 

tnsf lrq x]/L hjfkm lbg'xf];\ M

km;L{sf] lk08 k"j{lt/ hfFb} u/sf]  
Afflnsfsf] ult

laxfgsf] ;do v:b} u/]sf] 
ansf] k|j]u

afnssf] 
prfO

-s_ s'g ef}lts kl/df0fx¿sf] dfg dfq 5 t/ lbzf 5}g < 

-s_ s'g ef}lts kl/df0fsf] dfg / lbzf b'a} 5 <

tkfO{Fsf] pQ/nfO{ ;fyL;Fu 5nkmn u/L lzIfsnfO{ eGg'xf];\ . 

tnsf] lrqdf /Ldfn] Pp6f an k6s k6s leQfdf ePsf] uf]nf] lrXgsf] lrqdf ˆofFSg  
vf]lhg\ . w]/}k6s pgn] leQfdf k'¥ofpg ;lsgg\ t/ Psk6s u'n]nL k|of]u u/L kmfNbf l;wf 15 

m/s sf] ultdf uO{ uf]nf] lrXgdf  7f]lsof] . 

 

-s_ af6f] A df l;wf x''g] u/L 15 m/s sf] ultn] an lrXgdf k'Uof] . 

-v_ af6f] B df an jj|m af6fdf 15 m/s sf] j]un] an lrXgdf k'u]g . 

af6f] A sf] lglZrt lbzf k"j{lt/ 5 eg] af6f] B df an hfg] af6fsf] lbzf km/s km/s x'Fb} 
3'd]/ uPsf] 5 . af6f] A df ansf] lbzf / b'/L b'a} lglZrt 5 eg] af6f] B df b'/L t lglZrt 

kf7 4 e]S6/ (Vector)
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5 t/ lbzf kl/jt{g eO/x]sf] cj:yf 5 . lrq A df h:t} dfg / lbzf lglZrt x'g] ef}lts 
kl/df0fnfO{ e]S6/ elgG5 eg] dfg x'g] t/ lbzf lglZrt gx'g] jf lbzf g} gx'g] ef}lts  
kl/df0fnfO{ :s]n/ elgG5 . 

tf}n, an, b'/L, 1fg, 3gTj, If]qkmn, efjgfdWo] s'g s'g s'/f gfKg ;lsPnf < ;fyLx¿lar 
5nkmn u/L sIffsf]7fdf k|:t't ug{'xf];\ . 

dfkg ug{ ;lsg] /flzx¿nfO{ ef}lts /flzx¿ (Physical quantities) elgG5 . oL b'O{ k|sf/sf 
x'G5g\ . (i) :s]n/ (Scalar) / (ii) e]S6/ (Vector)

(i) :s]n/ (Scalar)
;fdfGotM kfgL slt l8u|L tfkj|mddf plDnG5 < 5nkmn ug'{xf];\ . 

kfgL 100 ℃ tfkj|mddf plDnG5 . oxfF, dfg cyf{t\ ;ª\Vof (100) / PsfO (℃) n] tfkj|mdnfO{ 
k"0f{ ¿kdf j0f{g ug{ ;lsG5 . t;y{ tfkj|md Pp6f :s]n/ /flz xf] . 

kl/df0ffTds dfg (Magnitude or Quantitative value) dfq x'g] ef}lts /flzx¿nfO :s]n/ 
elgG5 . h:t} b'/L (distance), j]u (speed), ;do (time), tfkj|md (temperature) , sfo{ (work), 
zlSt (energy), ;fdYo{ (power)  cflb :s]n/ /flzx¿ x'g\ .

(ii) e]S6/ (Vector)
lrq cWoog u/L hjfkm lbg'xf];\ . 

lrqdf ljGb' O df Ps hgf 5fqf 30 dL= l;wf/]vfdf lxF8\bf sxfF k'lU5g < 
pQ/–k"j{

klZrd k"j{

dflysf] k|Zgdf 5nkmn ubf{ 30 m lbOPsf /]vfdf lxF8\bf k"j{lt/ uPdf ljGb' B df k'luG5 . 
klZrdlt/ uPdf ljGb' C df / pQ/ – k"j{lt/ uPdf ljGb' A df k'luG5 . k|To]s r/0fdf ljGb' O 

af6 lglZrt lbzflt/ ljBfyL{ lj:yflkt x'Fbf lglZrt ljGb'df k'u]sf] 5 . of] lj:yfkgsf] pbfx/0f 
xf] . To;}n] lj:yfkgsf] dfg 30 m xf] eg] lbzf ljGb'cg';f/ km/s 5 . To;}n] lj:yfkgdf dfg 
/ lbzf ePsfn] lj:yfkg Pp6f e]S6/ xf] . 

kl/df0f / lbzf b'a} x'g] ef}lts /flzx¿nfO e]S6/ kl/df0f elgG5 . h:t}M lj:yfkg  
(displacement), ult (velocity), k|j]u (acceleration), an (Force), tf}n (weight) cflb .
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e]S6/sf k|sf/x¿ (Types of Vector)

lbOPsf] lrqdf O b]lv R ;Ddsf] lj:yfkgnfO{ (OR) n] hgfOG5 .

OR sf] X – v08 / Y – v08nfO{ slt tl/sfn] n]Vg ;lsPnf <  

(i) nx/ e]S6/ (Column vector)

dflysf] lrqdf OR nfO{ a  n] hgfpFbf, a  sf X – v08 3 / Y – v08 3 ePsfn] a = (  )3 
3  n]

Vg ;lsG5 . o;/L s'g} e]S6/sf v08x¿ nx/df n]v]/ ;fgf] sf]i7n] 3]l/Psf 5g\ eg] To;/L 
hgfPsf e]S6/x¿ nx/ e]S6/ x'g\ .

h:t} M b  = (  )3 
–2  klg nx/ e]S6/ xf] .

(ii) kª\lSt e]S6/ (Row vector) 

dflysf] a  = (  )3 
3  nfO{ a  = (3, 3) klg n]Vg ;lsG5 .

oxfF X – v08 / Y – v08x¿ kª\lStdf /fvL cNklj/fd (Comma) n] 5'6\ofP/ ;fgf] sf]i7n] 3]/L 
JoSt ul/Psf e]S6/nfO{ kª\\lSt e]S6/ elgG5 . h:t}M b  = (3, –2)

(iii)  l:ylt e]S6/ (Position vector)

;Fu}sf] lrqdf  OA sf] ;'?sf] ljGb' s] 5 <

s]  OA n] A sf] l:yltnfO{ hgfpF5 < 5nkmn ug'{xf];\ .

olb OA n] O(0,0) nfO{ A(x, y) df lj:yfkg u5{ eg]  

OA n] A(x, y) sf] l:ylt (Position) nfO{ hgfpF5 . oxfF,  

OA nfO{ l:ylt e]S6/ (Position Vector) elgG5 . l:ylt 
e]S6/sf] k|f/lDes ljGb' hlxn] klg pb\ud ljGb' O(0, 0) 

x'G5 . h:t}M B(3, 2) sf] l:ylt e]S6/ OB xf], hxfF OB 

= (3, 2) x'G5 .

ctM pb\ud ljGb'af6 k|f/De ePsf] e]S6/nfO{ pSt e]S6/sf] clGtd ljGb'sf] lgb]{zfª\snfO{ l:ylt 
e]S6/ (Position Vector) elgG5 . OA /  OB j|mdzM ljGb'x¿ A / B sf l:ylt e]S6/x¿ x'g\ .

(iv)  z"Go e]S6/ (Zero or null vector)

dfgf}F b'O{ hgf dflg;x¿ Pp6} 8f]/Lsf] b'O{ 5]paf6 ;dfg an nufO{ ljk/Lt lbzfdf tflg/x]sf  
5g\ . o; cj:yfdf, 8f]/Ldf nufOPsf] an z"Go e]S6/ x'G5 lsgeg] b'O{ a/fa/ anx¿n]  
ljk/Lt lbzfdf sfo{ ug]{ x'gfn] Pscsf{df ;Gt'lnt eO{ b'a}lt/ ansf] k|efj z"Go x'G5 . 

olb s'g} e]S6/n] A(x, y) nfO{ A(x, y) df g} lj:yfkg u5{ eg] Tof] e]S6/sf] kl/df0f slt xf]nf <
5nkmn ug'{xf];\ .

R(3, 3)

3

M3
O θ

Y

X

Y

O X

A(x, y)

B(3, 2)
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oxfF pko'{St e]S6/sf] kl/df0f z"Go (0) x'G5 . o;/L z"Go kl/df0f x'g] e]S6/nfO{ z"Go e]S6/ elgG5 . 

a  = (0, 0) z"Go e]S6/ xf] .

(v) a/fa/ e]S6/x¿ (Equal vectors)

;Fu}sf] lrqdf AB  / CD sf kl/df0f / lbzf kQf nufpg'xf];\ < s] ltgLx¿sf] kl/df0f a/fa/ 5 < 
s] ltgLx¿sf] lbzf klg ;dfg 5 < ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't ug'{xf];\ .

oxfF AB n] ljGb' A nfO{ B df hlt kl/df0fdf h'g lbzfdf 
lj:yfkg u/]sf] 5  CD  n] ljGb' C nfO{ D df Tolt g} 
kl/df0fdf ToxL lbzfdf lj:yfkg u/]sf] 5 .

a/fa/ kl/df0f / ;dfg lbzfdf ePsf e]S6/x¿nfO{ a/fa/ e]S6/ elgG5 . h:t} M olb a  

= (x1, y1) / b  = (x2, y2) a/fa/ eP x1 = x2 / y1 = y2 x'g'k5{ .

(vi) C0ffTds e]S6/ (Negative vector)

;Fu}sf] lrqdf AB / BA sf kl/df0f / lbzf kQf nufpg'xf];\ <
s] ltgLx¿sf] kl/df0f a/fa/ 5 < s] ltgLx¿sf] lbzf klg 
;dfg 5 < ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't 
ug'{xf];\ .

oxfF AB n] ljGb' A nfO{ B df hlt kl/df0fdf h'g lbzfdf lj:yfkg u/]sf] 5 BA n] ljGb' 
B nfO{ ljGb' A df Tolt g} kl/df0fdf t/ ljk/Lt lbzfdf lj:yfkg u/]sf] 5 . ltgLx¿nfO{ 
hgfpg] /]vfv08sf] nDafO -kl/df0f_ a/fa/ eP klg lbzf Pscsf{sf ljk/Lt 5g\ .

a/fa/ kl/df0f t/ ljk/Lt lbzfdf ePsf e]S6/x¿nfO{ C0ffTds e]S6/ elgG5 . AB / BA 
Pscsf{sf C0ffTds e]S6/ x'g\ . To;}n] AB = – BA x'G5 .

 h:t}M olb a = (6, 2) / b  = (–6, –2) Pscsf{sf C0ffTds e]S6/ x'g\ .

(vii) ;dfg / c;dfg e]S6/x¿ (Like and unlike vectors)

 -s_    -v_    -u_

A A

B
B 

AB
 

BA

A
C

B
D

a c

d

e

fb

dflysf] lrqdf s'g s'g e]S6/x¿sf] lbzf ;dfg 5 < s'g s'g e]S6/x¿sf] lbzf ljk/Lt 5 < s'g s'g  
e]S6/x¿sf] lbzf ;dfg / ljk/Lt b'a} xf]Ogg\ < ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't ug'{xf];\ .
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dflysf] lrqdf a  / b  sf lbzf ;dfg 5 . o;/L lbzf ;dfg ePsf e]S6/x¿nfO{ ;dfg 
e]S6/ (Like vectors) elgG5 . h:t} M a = (6, 4) / b = (3, 2) ;dfg e]S6/ (Like vectors) x'g\ 
lsgls oL b'a} wgfTds 5g\ . 

t/, c  / d sf lbzf ljk/Lt 5g\ . o;/L lbzf ljk/Lt ePsf e]S6/x¿nfO{ c;dfg e]S6/ 
(Unlike vectors)  elgG5 . h:t}M c  = (–6, –4) / d  = (3, 2) c;dfg e]S6/ x'g\ lsgls oL 
e]S6/df Pp6f C0ffTds / csf]{ wgfTds 5g\ .

;dfg jf c;dfg e]S6/x¿ ;dfgfGt/ (Parallel) jf Ps/]vLo (Collinear) e]S6/x¿ x'g\ .

To:t}, e / f sf lbzf ;dfg / ljk/Lt b'a} xf]Ogg\ . To;}n], e / f ;dfg e]S6/ / c;dfg 
e]S6/ b'a} xf]Ogg\ . 

4.2 :s]n/ / e]S6/lar leGgtf (Difference Between Scalar and Vector)

:s]n/ / e]S6/lar leGgtf (Difference between scalar and vector)

:s]n/ (Scalar) e]S6/ (Vector)
h'g ef}lts /flzsf] dfg dfq x'G5 
To;nfO{ :s]n/ elgG5 .

h'g ef}lts /flzsf] dfg;Fu;Fu} lbzf klg x'G5, 
To;nfO{ e]S6/ /flz elgG5 .

o;nfO{ ;ª\Vof / PsfOåf/f lglb{i6  
ul/Psf] x'G5 .

o;nfO{ ;ª\Vof / PsfOsf ;fy} lbzfåf/f lglb{i6 
ul/Psf] x'G5 .

pbfx/0f M tfkj|md, j]u cflb . pbfx/0f M ult, k|j]u cflb .

cEof; 4.1      
1. e]S6/ / :s]n/sf] pbfx/0f;lxt kl/efiff lbg'xf];\ .

2. e]S6/ / :s]n/lar leGgtf pNn]v ug'{xf];\ .

3. tnsf /flzx¿ e]S6/ jf :s]n/ s] x'g\ < sf/0f;lxt n]Vg'xf];\ M 

 b'/L (distance), lj:yfkg (displacement), an (force), j]u (speed), ult (velocity), sfd 
 (work), 3gTj (density), If]qkmn (area), cfotg (volume), k|j]u (acceleration)

4. pbfx/0f;lxt kl/efiff lbg'xf];\ M                                                                                           

 (a) nx/ e]S6/  (b) kª\lSt e]S6/  (c) l:ylt e]S6/  

 (d) z"Go e]S6/  (e) a/fa/ e]S6/x¿ (f) C0ffTds e]S6/ 

 (g) ;dfg e]S6/x¿   (h) c;dfg e]S6/x¿

5.  ;Fu} lbOPsf] lgoldt if8\e'h (Regular hexagon) ABCDEF 

 df a/fa/, ;dfg, c;dfg / C0ffTds e]S6/x¿ klxrfg 
 ug'{xf];\ .

A B

CF

DE
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6. ;Fu}sf] lrqdf PT||QR, QS||RT / PQ||SR 5g\ eg] tnsf k|Zgsf] ;dfwfg ug'{xf];\ M

 (a) PQ ;Fu a/fa/ x'g] e]S6/ s'g xf] <

 (b)  QS ;Fu a/fa/ x'g] e]S6/ s'g xf] <

 (c) QR ;Fu a/fa/ x'g] b'O{cf]6f e]S6/ s'g s'g x'g\ <

 (d) ST ;Fu a/fa/ x'g] C0ffTds e]S6/ s'g s'g x'g\ <

 (e) RS sf] C0ffTds e]S6/ s'g xf] <

 (f) TR sf] C0ffTds e]S6/ s'g xf] <

pQ/

1. 1 b]lv 5 ;Ddsf] pQ/ lzIfsnfO{ b]vfpg'xf];\ .  

6. (a) SR  (b) RT    (c) PS , ST

(d) SP , RQ   (e) PQ, SR  (f) RT , QS

4.3   e]S6/nfO{ lgb]{zfª\s / n]vflrqdf k|:t't (Representation of 
  Vector in Co-ordinates and Graph)

lgDglnlvt ljGb'x¿nfO{ O(0, 0), A(2, 3), 

B(–3, 2) / C(4, 2) n]vflrqdf b]vfP/ OA, OC / 
AB /]vfv08x¿ hf]8\g'xf];\ . 

;Fu}sf] lrqdf OA, OC / AB /]vfv08x¿nfO{ 
/]vflrqdf b]vfOPsf] 5 .

ljGb' O(0,0) af6 A(2,3) df lj:yfkg eof] eg] 
pSt lj:yfkgnfO{ lgb]{lzt /]vfv08 (directed 

line segment) OA n] hgfOG5 . oxfF O ;'?sf] 
ljGb' (initial point) xf] eg] A lj:yfkg ePkl5sf] 
clGtd ljGb' (terminal point) xf] . To;}n] OA 
e]S6/ xf] . OA n] O af6 A df ePsf] lj:yfkgnfO{ 
hgfpF5 eg] OA n] A af6 O df ePsf] lj:yfkgnfO{ 
hgfpF5 . To;}n] OA / OA km/s e]S6/ x'g\ . To:t}, OC / AB e]S6/ x'g\ .

tnsf] lrqdf s'g} ljGb' O (0, 0) af6 A (x, y) df lj:yfkg eof] eg] pSt lj:yfkgnfO{ 
lgb]{lzt /]vfv08 (directed line segment) OA n] hgfOG5 . oxfF O ;'?sf] ljGb' (initial point) xf] 

TS

R

P

Q
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eg] A lj:yfkg ePkl5sf] ljGb' (terminal point) xf] . To;}n] OA e]S6/ xf] . OA n] O af6 A df 
ePsf] lj:yfkgnfO{ hgfpF5 .

;fdfGotM, e]S6/nfO{ uf9f cª\u|]hL cIf/ (boldface letter) n] 
hgfpg] rng eP klg n]vfOdf cª\u|]hL cIf/sf] dflylt/  
arrow k|of]u u/]/ hgfOG5 . ;Fu}sf] lrqdf OA nfO{ a jf a  n] 
hgfpg ;lsG5 . OA nfO{ e]S6/ a eg]/ kl9G5 . lrqdf OA sf] 
kª\lSt lj:yfkg x / nx/ lj:yfkg y x'g\ . To;}n] lgb]{zfª\sdf

OA ( a ) nfO{ kª\lSt (Row) df (x, y) / nx/ (Column) df 
(   )x 

y  n]lvG5 . oxfF x nfO{ X – v08 (X – component) / y nfO{ 
Y – v08 (Y – component) elgG5 .

lrqdf ljGb'x¿ P(x1, y1) / Q(x2, y2) hf]8]/ e]S6/ PQ  ag]sf] 
5 . ljGb'x¿ P / Q af6 j|mdzM PM / QN,  X – cIfdf nDa 
/ ljGb' P af6 PR ⊥ QN lvRbf, PR = MN = x2 – x1  / QR = 

y2 – y1 x'G5 .

oxfF PQ ( b ) sf] kª\lSt lj:yfkg PR xf] eg] nx/ lj:yfkg 
QR xf] . To;}n] lgb]{zfª\sdf PQ nfO{ kª\lStdf (x2 – x1, y2 – y1) 

/ nx/df  (     )x2 – x1
y2 – y1

n]lvG5 .

oxfF PQ sf] X – v08 x2 – x1 / Y – v08 y2 – y1 x'g\ .

pbfx/0f 1        

e]S6/ a = (–2, 3) nfO{ tL/ lrq 
(arrow -diagram) df k|:t't ug'{xf];\ .

;dfwfg 

a  = (–2, 3) nfO{ tL/ lrqdf k|:t't ubf{ .

ljrf/0fLo k|Zg M s] kª\lt e]S6/n] :yfgdfq hgfpF5 <

pbfx/0f 2   

olb AB n] ljGb' A(3, 2) nfO{ B(6, 5) df lj:yfkg u5{ eg] AB hgfpg] lrq lvRg'xf];\ / AB 
nfO{ nx/ e]S6/df JoSt ug'{xf];\ .

Q(x2, y2)

P(x 1
, y 1

)

y2 – y1

X

Y

b

O
M N

θ
R
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;dfwfg 

oxfF AB nfO{ ;Fu}sf] tL/ lrqdf b]vfpFbf,

km]l/, A(3, 2) = (x1, y1)

B(6, 5) = (x2, y2)

AB sf] X – v08 (x) = x2 – x1 = 6 – 3 = 3

AB sf] Y – v08 (y) = y2 – y1 = 5 – 2 = 3

To;}n], AB = (   )x
y  = (   )3 

3

                 

cEof; 4.2      

1. lbOPsf e]S6/x¿nfO{ n]vflrq lrqdf k|:t't ug'{xf];\ M   

 -s_ a  = (2, 3) (v) b  = (–3, 4)  (u) c  = (     )    (3) d  = (–5, –4)

2. lbOPsf lgb]{zfª\sx¿af6 AB / AB kQf nufO{ s] b'a} e]S6/ a/fa/ 5g\, vf]hL ug'{xf];\ M

 (s) A(4, 3), B(2, 5)  (v) A(6, 3), B(5, –4) (u) A(–6, 3), B(5, –2)

3. olb AB n] ljGb' A nfO{ B df lj:yfkg u5{ eg] AB nfO{ n]vflrqdf k|:t't u/L nx/ 
 e]S6/df JoSt ug'{xf];\ .

 (s) A(2, 5), B(–1, 0)  (v) A(2, 3), B(–5, –4)  (u) A(–6, 4), B(0, –1)

4. tnsf] n]vflrqaf6 lbOPsf] e]S6/x¿nfO lgb]{zfª\ssf ¿kdf n]Vg'xf];\ .

   

v'nf k|Zg M s'g} b'O{ laGb' k|of]u u/L lbOPsf e]S6/x¿ n]vflrqdf k|:t't u'g{xf];\ M

-s_ AB = (   )2 
3  -v_  BC = (   )–1 

–4

  5
–2
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pQ/

1.  lzIfsnfO{ b]vfpg'xf];\ .

2.  (s) AB =(   )–2
2 , BA = (   ) 2

–2 , AB ≠ BA, (v) AB = (   )–1 
–7 , BA = (   )1 

7 ,  AB ≠ BA 

 (u) AB = (   )11 
–5  BA = (   )–11 

 5  , AB ≠ BA

3. ( s) (   )–3 
–5   (v) (   ) –7 

–7  (u) (   )6 
–5

4.  a  = (   )2 
3 , b = (   )4 

–2 , c = (   )–2 
–2 , d = (   )2 

0 , e = (   )0 
3   

4.4 e]S6/ hf]8sf] lqe'h lgod (Triangle Law of Vector Addition)

lj|mofsnfk   

;d:of : bfofF lbOPsf] n]vflrq cWoog u/L lgDg 
k|Zgx¿sf] pQ/ n]Vg'xf];\ .

-s_ AA, BC / AC nfO{ lgb]{zfª\ssf ¿kdf n]Vg'xf];\ .

-v_ AB +  BC / A  larsf] ;DaGw vf]hL ug'{xf];\ .

k|lj|mof M pko'St ;ª\Vofdf ;fyLx¿sf] ;d"xdf a;L dflysf] 
;d:ofsf] af/]df 5nkmn u/L lgisif{ lgsfNg'xf];\ . 

bfofFsf] lrqdf, BA n] ljGb' A nfO{ ljGb' B df / BC n] ljGb' B nfO{ ljGb' C df lj:yfkg u5{g\ 
eg] ltgLx¿sf] ;du| lj:yfkg AC -ljGb' A af6 ljGb' C ;Ddsf] lj:yfkg_ n] lbG5 . cyf{t\ AB 
/ BC sf] of]ukmn AC x'G5 .

∴ AB + BC = AC

To:t}, AC + CB = AB / CA + AB = CB

e]S6/ hf]8sf] of] lgodnfO{ e]S6/ hf]8sf] lqe'h lgod  
(Triangle law of vector addition) elgG5 .

;Fu}sf] lrqdf ABCDE Pp6f k~re'h xf] . o;sf e'hfx¿ AB, BC, CD / DE nfO{ j|mdzM a ,

b , c  / d  n] hgfpFbf,

C

BA

X
A

C

B

0 1–1–2

Y

1

2

3

4

–1

–2

–3

–5

2 3 4 5 6
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a  ± b  ± c  ± d  

=  AB ± BC ± CD ± DE

= AC ± CE   [e]S6/ hf]8sf] lqe'h lgodaf6, AB + BC  =  AC   ]

=  AE   [ e]S6/ hf]8sf] lqe'h lgodaf6, AC  + CE   =  AE ]

of] e]S6/ hf]8sf] lqe'h lgodsf] lj:tfl/t ¿k xf] .

o;nfO{ e]S6/x¿ hf]8sf] ax'e'h lgod (Polygon law of vector addition) elgG5 .

4.5 e]S6/sf lj|mofx¿ (Operations of vectors)

-s_ e]S6/x¿sf] hf]8 (Addition of vectors)

olb  ⃗ = (3, 2) /  ⃗⃗ = (6, 4) eP  ⃗ +  ⃗⃗ dfg slt x'G5 < To:t},  ⃗ = (   ) /  ⃗ = 

(  ) eP  ⃗ +  ⃗ dfg slt x'G5 < ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't 

ug'{xf];\ . 
 ⃗ +  ⃗⃗ = (3, 2) + (6, 4) = (3 + 6, 2 + 4) = (9, 6) 
To:t},  ⃗ +  ⃗ = (   ) + (  ) = (       ) = (   ) 
 

o;/L e]S6/x¿nfO{ hf]8\bf X – v08nfO{ X – v08;Fu / Y – v08nfO{ Y – v08;Fu hf]8\g'k5{ .

-v_ e]S6/x¿sf] 36fp (Subtraction of vectors)

s] a   – b  nfO{ a  + (–b ) n]Vg ;lsG5 < e]S6/x¿sf] hf]8 / 36fpdf s] ;dfgtf 5 < ;d"xdf 
5nkmn u/L lgisif{ sIffsf]7fdf k|:t't ug'{xf];\ .

oxfF, a – b  = a  +  (–b )

To;}n] b'O{ wgfTds e]S6/x¿ - a  / b _ sf] 36fp eg]s} Ps wgfTds - a _ csf]{ C0ffTds  
 (–b ) e]S6/x¿sf] hf]8 xf] .

h:t} M olb  ⃗ = (    ) /  ⃗⃗ = (    ) eP 

            ⃗⃗ = (      ) x'G5 . 

ca,  ⃗     ⃗⃗ =  ⃗ + (   ⃗⃗) 
                  = (    ) + (      ) 
 
                  = (          ) 
 

o;/L e]S6/x¿nfO{ 36fpFbf X – v08nfO{ X – 
v08;Fu / Y – v08nfO{ Y – v08;Fu 36fpg'k5{ .

D

CE

A B
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4.6 e]S6/nfO{ :s]n/n] u'0fg (Multiplication of vector by scalar)

a  = (3, 2) / b  = (6, 4) sf] dfg / lbzf kQf nufpg'xf];\ . ltgLx¿lar s] ;dfgtf 5 < ;d"xdf 
5nkmn ug'{xf];\ .

 ⃗ sf] dfg = | ⃗ | = √       = √   PsfO 
 ⃗⃗ sf] dfg = | ⃗⃗ | = √       = √    
                         = 2√   PsfO  

 ⃗ sf] lbzf = tan –1 (  )
 

 ⃗⃗ sf] lbzf = tan –1 (  ) = = tan – 1 (  ) 

oxfF | ⃗ | nfO{ 2 n] u'0fg ubf{ | ⃗⃗ | x'G5 clg  ⃗  
/  ⃗⃗ sf] lbzf ;dfg 5g\ . 
To;}n],  ⃗⃗ = (6, 4) = 2(3, 2) = 2  ⃗ 
oxfF  ⃗ nfO{ 2 -:s]n/ ;ª\Vof_ n] u'0fg ubf{  ⃗⃗ aG5 . 
 
o;/L s'g} e]S6/nfO{ s'g} ;ª\Vofn] -:s]n/ ;ª\Vof_ u'0fg ug'{nfO{ e]S6/nfO{ :s]n/n] u'0fg 
elgG5 . olb a  = (x, y) Pp6f e]S6/ / k s'g} :s]n/ 5 eg] a  nfO{ k n] u'0fg ubf{ ka  = k(x, 

y) = (kx, ky) x'G5 . oxfF ka  sf] kl/df0f a  sf] k u'0ff x'G5 . k wgfTds (+ ve) x'Fbf a  / k
a  lbzf ;dfg x'G5 eg] k C0ffTds (– ve) x'Fbf a  / ka  lbzf ljk/Lt x'G5 . k wgfTds jf 
C0ffTds h] x'Fbf klg a  / k a  ;dfgfGt/ x'G5g\ . dflysf] lrqdf a  / a  sf] lbzf ;dfg 
5g\ / b  = 2a  . To;}n], a  / b  ;dfgfGt/ 5g\ .

pbfx/0f 1      

∆ABC df BC sf] dWoljGb' M eP k|dfl0ft ug'{xf];\ AB  + AC  = 2AM

;dfwfg 

∆ABC df BC sf] dWoljGb' M xf] .

∆ABM df, AM   = AB + BM    ………(i)

∆ACM df, AM   =  AC + CM ………(ii)

;dLs/0fx¿ (i) / (ii) hf]8\bf,

2AM  = AB   +  BM   +  AC   + CM

         = AB  +  BM   +  AC   –  BM  [BC sf] dWoljGb' M ePsfn], CM  =  MB  = – BM ]

∴ 2AM  = AB  +  AC  k|dfl0ft eof] .

A

B C
M
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pbfx/0f 2    

rt'e'{h ABCD df, k|dfl0ft ug'{xf];\ AB + BC  + CD  + DA  = 0 

;dfwfg 

rt'e'{h ABCD sf] ljs0f{ AC xf] .

∆ABC df, AB  +  BC  = AC  ………(i)

∆ACD df, AC  +  CD  =  AD  ………(ii)

;dLs/0f (i) af6 AC   sf] dfg ;dLs/0f (ii) df /fVbf,

       AB  +  BC  +  CD  = AD

cyjf, AB  + BC  + CD – AD = 0 

∴  AB + BC  + CD  + DA = 0 k|dfl0ft eof] .

pbfx/0f 3  

a  = (1, –2) / b  = (–3, 6) cfk;df ;dfgfGt/ 5g\ egL k|dfl0ft ug'{xf];\ . 

;dfwfg 

oxfF, a  = (1, –2) / b  = (–3, 6)

ca, a  = (–3, 6)  =  –3(1, –2)

cyjf, b  = –3a

ctM a  / b  cfk;df ;dfgfGt/ 5g\ .

pbfx/0f 4  

olb a  = (   )4 
5  / b  = (   )–3

1  eP a  + b , a  – b  / 2a  – 3b  kQf nufpg'xf];\ .

;dfwfg 

oxfF, a  = (   )4 
5  / b  =(   )–3 

1

    a  + b  = (   )4 
5  +  (   )–3 

1  =  (     )4 – 3 
5 + 1  =  (   )1 

6     

       a  – b  = (   )4 
5  – (   )–3 

1  =  (     )4 + 3 
5 –1  =(   )7 

4  

       2a  – 3b  = 2(   )4 
5   – 3(   )–3 

1  

                      = (   )8 
10  – (   )–9 

3
 

                      =  (       )8 + 9 
10 –1  = (   )17 

9

C

D

A B
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cEof; 4.3      

1. olb AB = (–5, 7) / BC = (2, 1) eP AC kQf nufpg'xf];\ .

2. olb OA = (2, –3) / OB = (0, 2) eP AB kQf nufpg'xf];\ .

3. olb ljGb'x¿ A / B sf l:ylt e]S6/x¿ j|mdzM i   +2 j   / 3 i   – j   eP  AB kQf 
 nufpg'xf];\ .

4. olb OA = (   )4 
3  / AB = (   )7 

8  eP  OB kQf nufpg'xf];\ .

5. ∆ABC df k|dfl0ft ug'{xf];\ M   AB + BC +  CA = 0

6. rt'e'{h PQRS df k|dfl0ft ug'{xf];\ M PQ + QR + RS + SP   = 0

7. Pp6f lgoldt k~re'h ABCDE df k|dfl0ft ug'{xf];\ M  AB + BC + CD + DE =  AE  

8. ;dfgfGt/ rt'e'{h ABCD df k|dfl0ft ug'{xf];\ M AC +  BD  = 2BC 

9. ;Fu}sf] lrqaf6, lgDglnlvt e]S6/x¿ kQf nufpg'xf];\ M

 -s_  CA +  BC  -v_ DO +  OC

 -u_ DC +  CA  -3_ DO +  AD

10. ;Fu}sf] lgoldt if8\e'hdf olb  AB  = a   / BC =  b   eP tnsf e]S6/x¿ a   / b   

 df JoSt ug'{xf];\ M

 -s_ AC    -v_ AD

 -u_ AE    -3_ AF

11. olb  a   = (4, –2) eP lgDg e]S6/x¿ kQf nufpg'xf];\ M

 -s_ 3 a    -v_ 
1 
2 a    -u_ 

3 
2 a  

12. tnsf hf]8f e]S6/x¿ cfk;df ;dfgfGt/ 5g\ egL k|dfl0ft ug'{xf];\ M

 -s_  a   = (   )–5 
3  /  b   = (   )–10 

6   -v_  c   = (   ) 3 
–2     d   = (   ) 

 1
3 
2

13. olb a   = 3 i   – 2 j  ,  b   = 6 i   + k j   / a || b   eP k sf] dfg kQf nufpg'xf];\ .

14. olb a   = (   )1 
2  / b   = (   )–3 

4  eP tnsf e]S6/x¿ kQf nufpg'xf];\ M

 -s_ a   + b    -v_ a   – b    -u_ b  – a  

 -3_ 2a   + b    -ª_ 3a   – 2a    -r_ 
1 
2 a  + 

3 
2 b  

A B

D C
O

A B

CF

DE
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15. -s_ olb a   – b   = (12, 4) / b   = (5, 7) eP a   kQf nufpg'xf];\ .

 -v_ olb a   + b   = (5, 1) / a   = (0, 4) eP b   kQf nufpg'xf];\ .

-u_  olb 2a  + 3b   = (0, –7) / b   = (2, –3) eP a   kQf nufpg'xf];\ .

16.  lbOPsf] ∆ABC df AP, BQ / CR dlWosfx¿ eP k|dfl0ft ug'{xf];\ M  

  AP +  BQ + CR = 0

17. lbOPsf] ∆ABC sf] e'hf BC df ljGb' P 5 eg] k|dfl0ft ug'{xf];\ M  

  AB –  AC  =  CP – BP

18. lbOPsf] rt'e'{h ABCD df  AD  +  DC =  AB +  BC x'G5 egL k|dfl0ft ug'{xf];\ .  

19. olb rf/cf]6f ljGb'x¿ j|mdzM A(1, –2), B(2, –5), C(4, 5) / D(5, 2) eP  AC = BD 
 x'G5 egL k|dfl0ft ug'{xf];\ . 

20. olb P(–2, 3), Q(–5, 6), R(2, 7) / S(5, 4) lbOPsf ljGb'x¿ eP PQ = –RS x'G5 
 egL k|dfl0ft ug'{xf];\ . 

pQ/

1. (–3, 8)  2. (–2, 5)  3. 2 i   –3 j   4. (11, 11)

9.-s_ BA  -v_ DC   -u_  DA  -3_ AO   10. -s_ a  + b  

-v_ 2b    -u_ 2b  – a  -3_ b  – a  11. -s_ (12, –6) -v_ (2, –1) 

-u_ (6, –3)  13. –4  14. -s_ (–2, 6) -v_ (4, –2) -u_ (–4, 2)

-3_ (–1, 8)  -ª_ (9, –2) -r_ (–4, 7) 15. -s_ (17, 11)  -v_ (5, –3)      -u_ (–3, 1)

A

R Q

PB C

A

PB C

A D

CB
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4.7 e]S6/sf] kl/df0f, lbzf / PsfO e]S6/ (Magnitude, Direction of a Vector and 
 Unit Vector)

e]S6/sf] kl/df0f (Magnitude of a vector)

dflysf lrqx¿nfO{ cWoog u/L, OM, AB, OA / PQ sf] nDafO s;/L kQf nufpg 
;lsPnf < ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't ug'{xf];\ .

s'g} b'O{ ljGb'x¿larsf] b'/Lsf] ;"q k|of]u u/]/ dfly pNn]v ul/Psf /]vfv08x¿sf] 
nDafO kQf nufpg ;lsG5 . s'g} e]S6/ hgfpg] lgb]{lzt /]vfv08sf] nDafOnfO{ g} pSt  
e]S6/sf] kl/df0f (Magnitude of a vector) elgG5 .  a  sf] kl/df0fnfO{ | a | n] hgfOG5 . 
|a | nfO{  a  sf] lg/k]If dfg (Modulus of a ) egL kl9G5 .

dflysf lrqx¿df,

OM sf] nDafO =  √ 3  0  +  0 0    = √ 3  +  0    = √9 + 0 = √9  
   = 3 PsfO x'G5 . 

To;}n], OM⃗⃗ ⃗⃗ ⃗⃗   sf] kl/df0f = |OM⃗⃗ ⃗⃗ ⃗⃗  | = 3 PsfO x'G5 . 

To:t}, AB sf] nDafO = √ 4 2  +  3  1   = = √ 2  +  2    = √4 + 4 = 
   √8 = 2√2  PsfO x'G5 . 

To;}n], AB⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = |AB⃗⃗ ⃗⃗  ⃗| = 2√2 PsfO x'G5 . 

To:t}, OA sf] nDafO = √   0  +    0   = √    +       = √  +     
   PsfO x'G5 . 

To;}n], OA⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = |OA⃗⃗ ⃗⃗  ⃗| = √  +     PsfO x'G5 . 

To:t}, PQ sf] nDafO = √        +          PsfO x'G5 . 

To;}n], PQ⃗⃗⃗⃗  ⃗ sf] kl/df0f = |PQ⃗⃗⃗⃗  ⃗| = √        +           PsfO x'G5 . 
 

;du|df, e]S6/sf] kl/df0f = √(X – v08)2 + (Y – v08)2

h:t} M a   = (3, 4) eP |a | = √(32 + 4 ) = √(9+16) = √25 = 5 PsfO

nDafO wgfTds lrx\gdf dfq JoSt ul/g] x'gfn] e]S6/sf] kl/df0f klg wgfTds x'G5 .

A(x, y)

Y

θ
XO

a y

M

Q(x2, y2)

(y2 – y1)

Y

θ

XO

b

M

R

B(4, 3)
Y

X
A(2, 1) M(3, 0)

O(0, 0)

OM sf] nDafO =  √ 3  0  +  0 0    = √ 3  +  0    = √9 + 0 = √9  
   = 3 PsfO x'G5 . 

To;}n], OM⃗⃗ ⃗⃗ ⃗⃗   sf] kl/df0f = |OM⃗⃗ ⃗⃗ ⃗⃗  | = 3 PsfO x'G5 . 

To:t}, AB sf] nDafO = √ 4 2  +  3  1   = = √ 2  +  2    = √4 + 4 = 
   √8 = 2√2  PsfO x'G5 . 

To;}n], AB⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = |AB⃗⃗ ⃗⃗  ⃗| = 2√2 PsfO x'G5 . 

To:t}, OA sf] nDafO = √   0  +    0   = √    +       = √  +     
   PsfO x'G5 . 

To;}n], OA⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = |OA⃗⃗ ⃗⃗  ⃗| = √  +     PsfO x'G5 . 

To:t}, PQ sf] nDafO = √        +          PsfO x'G5 . 

To;}n], PQ⃗⃗⃗⃗  ⃗ sf] kl/df0f = |PQ⃗⃗⃗⃗  ⃗| = √        +           PsfO x'G5 . 
 

P(x1, y1) 

S
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e]S6/sf] lbzf (Direction of a vector)

;Fu}sf] lrqdf /]vfv08 OR n] X – cIf;Fu wgfTds lbzfdf (positive direction) slt l8u|Lsf]  
sf]0f agfpFnf < ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't ug'{xf];\ .

dfgf}F, /]vfv08 OR n] X – cIf;Fu wgfTds lbzfdf 
(positive direction) agfPsf] sf]0f θ xf] . 

tanθ = 
RM 
OM  = 

3 
3  = 1 = tan45°

∴ θ = 45°

oxfF, OR n] wgfTds X – cIf;Fu 45° sf] sf]0f agfPsf] 
5 . oxL 45° sf] sf]0fnfO{ OR sf] lbzf elgG5 .

To:t},

Dffgf}F, ;Fu}sf] lrqdf OA n] X – cIf;Fu 
wgfTds lbzfdf agfPsf] sf]0f θ xf] . 

tanθ = 
AM 
OM  = 

y 
x  

∴ θ = tan–1( y 
x )

To;}n], OA sf] lbzf (θ) = tan–1( y 
x ) x'G5 .

To;}u/L,

;Fu}sf] lrqdf PQ  n] X – cIf;Fu wgfTds lbzfdf 
agfPsf] sf]0f θ xf] . 

tan  =      =           
 

    = tan - 1(          
) 

To;}n], PQ⃗⃗⃗⃗  ⃗  sf] lbzf ( ) = tan - 1(          
) x'G5 . 

 

s'g} klg e]S6/n] X – cIf;Fu wgfTds lbzfdf agfPsf] sf]0fsf] gfknfO{ pSt e]S6/sf] lbzf 
elgG5 .

e]S6/sf] lbzf M θ = tan–1

Y  v08
X  v08( (

h:t} M a  = (3, 2) sf] lbzf (θ) = tan–1(
2 
3 ) = 33.69°

A(x, y)

Y

θ
XO

a y

M

Y

X
M3

3

O
θ

Q(x2, y2)

y2 – y1

Y

θ

XO

b

M

RP(x 1
, y 1

)

N

R
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a  = (1,0) / b  = (0,1) sf kl/df0f kQf nufO{ ;d"xdf 5nkmn u/L lgisif{ sIffsf]7fdf k|:t't 
ug'{xf];\ . s] a  / b  dfg 1 PsfO 5 <

kl/df0f 1 PsfO x'g] e]S6/nfO{ PsfO e]S6/ elgG5 .

a   = (1, 0) eP |a | = √12 + 02  =  √1 + 0 = √1 = 1 PsfO

 To:t}, b   = (0, 1) eP |b | = √02 + 12  = √0+1 = √1 = 1 PsfO

oxfF, a   / b  dfg 1 PsfO 5 . To;}n], a   / b  PsfO e]S6/ x'g\ .

s'g} e]S6/  ⃗ nfO{ To;sf] kl/df0f |a⃗⃗| n] efu ubf{ cfpg] g}  ⃗ lbzfsf] PsfO e]S6/ 
(Unit vector) xf] . o;nfO{  ̂ n] hgfOG5 . 

To;}n],  ̂ =  ⃗⃗| ⃗⃗|  

h:t} M  ⃗ = (3,4) eP  ⃗ sf] lbzfsf] PsfO e]S6/ 

 ̂ =  ⃗⃗| ⃗⃗| =   ,  
√       =   ,    = (  ,

 
 ) 

 

pbfx/0f 1  

olb a  = (– 4, 3) eP o;sf] kl/df0f, lbzf / a  sf] lbzfdf PsfO e]S6/ kQf nufpg'xf];\ .

O

Y

X

(0, 1)

(1, 0)i

j

X –  cIf / Y – cIf;Fu ;dfgfGt/ x'g] PsfO e]S6/
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;dfwfg 

X

X

Y

Y

pbfx/0f 2  

olb AB n] ljGb' A(5, 3) nfO{ ljGb' B(8, 1) df lj:yfkg u5{ / PQ  n] ljGb' P(2, 0) nfO{ ljGb' 
Q(–1, 2) df lj:yfkg u5{ eg] k|dfl0ft ug'{xf];\ M |AB| = | PQ |

;dfwfg 

AB sf] nflu,

dfgf}F, A(5,3) = (x1, y1) / 
        B(8,1) = (x2, y2)

  ⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = |  ⃗⃗ ⃗⃗  ⃗| = √                  
            = √              
            = √           
                                  = √    
                                  = √   PsfO 
 

PQ  sf] nflu,

dfgf}F, P(2, 0) = (x1, y1) / 

      Q(–1, 2) = (x2, y2)

= 36.87°
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PQ⃗⃗⃗⃗  ⃗ sf] kl/df0f = |PQ⃗⃗⃗⃗  ⃗| = √                  
            = √           0   
            = √           
                                  = √    
                                  = √   PsfO 
 

t;y{, |AB  | = | PQ   | k|dfl0ft eof] .

pbfx/0f 3  

olb AB n] ljGb' A(3, 1) nfO{ ljGb' B(5, –2) df lj:yfkg u5{ eg] AB nfO{ x i  + y j  :j¿kdf 
JoSt ug'{xf];\ / AB sf] lbzfsf] PsfO e]S6/ klg kQf nufpg'xf];\ .

;dfwfg 

dfgf}F, A(3, 1) = (x1, y1) / 

      B(5 ,–2) = (x2, y2)

    ⃗⃗ ⃗⃗  ⃗ = (          ) 

         = (    
    ) 

         = (  
  ) 

         = 2     3     
ca,   ⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = |  ⃗⃗ ⃗⃗  ⃗| = √      = √         = √    = √    PsfO 

km]l/,   ⃗⃗ ⃗⃗  ⃗ sf] lbzfsf] PsfO e]S6/ =   ̂ =   
⃗⃗⃗⃗⃗⃗ 
|  ⃗⃗⃗⃗⃗⃗ | =   ,   

√  
 = (  

√  
,   
√  
) 

 
pbfx/0f 4  

olb a = (x, 1) Pp6f PsfO e]S6/ eP x sf] dfg kQf nufpg'xf];\ . 

;dfwfg 
oxfF, a  = (x, 1) Pp6f PsfO e]S6/ ePsfn] |a | = 1

km]l/, |a | = √x2 + 12 

cyjf, 1 = √x2 + 1

b'a}tkm{ ju{ ubf{,
   1 = x2 + 1

cyjf, x2 = 1 – 1 

∴ x = 0                               
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pbfx/0f 5  

olb a  = (2, 1) / b = (6, 3) eP a  / b  ;dfg e]S6/ x'g\ egL k|dfl0ft ug'{xf];\ .
;dfwfg                                                                                                                                       
lbzf ;dfg ePsf e]S6/x¿nfO{ ;dfg e]S6/ elgG5 . To;}n] a  / b  nfO{ ;dfg b]vfpg, 
ltgLx¿sf lbzf ;dfg b]vfpg'k5{ .

oxfF,  ⃗ = (2, 1) = (x, y) 
 ⃗ sf] lbzf ( ) = = tan - 1(  )

 = tan - 1(  )
 

To:t}, b⃗⃗ = (6, 3) = (x, y) 
b⃗⃗ sf] lbzf ( ) = tan - 1(  )

 = tan - 1(  ) = = tan - 1(  ) 

oxfF a⃗⃗ / b⃗⃗ lbzf ;dfg ePsfn] ltgLx¿ ;dfg e]S6/ x'g\ . 
 

pbfx/0f 6  

olb AB n] ljGb' A(2, 2) nfO{ ljGb' B(5, 6) df lj:yfkg u5{ / CD n] ljGb' C(3, 0) nfO{ ljGb' 
D(6, 4) df lj:yfkg u5{ eg] k|dfl0ft ug'{xf];\ AD = CD

;dfwfg                                                                                                                                     

a/fa/ kl/df0f / ;dfg lbzfdf ePsf e]S6/x¿nfO{ a/fa/ e]S6/ elgG5 . To;}n] AB / CD  
nfO{ a/fa/ b]vfpg, ltgLx¿sf kl/df0f / lbzf ;dfg b]vfpg'k5{ .

dfgf}F, A(2, 2) = (x1, y1) / 
        B(5, 6) = (x2, y2)

ca, AD  = (x2 – x1, y2 – y1)
                = (5 – 2, 6 – 2)

              = (3, 4) 

 B⃗⃗ ⃗⃗  ⃗ sf] kl/df0f = | B⃗⃗ ⃗⃗  ⃗| = √3  4  = √   6 = √ 5 = 5 PsfO 

 B⃗⃗ ⃗⃗  ⃗ sf] lbzf ( )  = tan - 1(  )
 = tan - 1(  )  

km]l/, 
dfgf}F, C(3,0) = (x1,y1) /  
      D(6,4) = (x2,y2) 

ca, CD⃗⃗⃗⃗  ⃗ = (x2 – x1, y2 – y1) 

                    = (6 – 3, 4 – 0) 
             = (3, 4)  
CD⃗⃗⃗⃗  ⃗ sf] kl/df0f = |CD⃗⃗⃗⃗  ⃗| = √3  4  = √   6 = √ 5 = 5 PsfO 

CD⃗⃗⃗⃗  ⃗ sf] lbzf ( )  = tan - 1(  )
 = tan - 1(  )

 

oxfF,   B⃗⃗ ⃗⃗  ⃗ / CD⃗⃗⃗⃗  ⃗ sf kl/df0f / lbzf ;dfg ePsfn]  B⃗⃗ ⃗⃗  ⃗ = CD⃗⃗⃗⃗  ⃗ x'G5 . 
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pbfx/0f 7  
olb ljGb'x¿ A(6,1), B(a, b) / AB = (  )–1 

0 eP a / b sf] dfg kQf nufpg'xf];\ .
;dfwfg

dfgf}F, A(6, 1) = (x1, y1) /  
      B(a ,b) = (x2, y2) 

ca,   ⃗⃗ ⃗⃗  ⃗ = (          ) = (   
   ) 

k|Zgfg''';f/, 

      ⃗⃗ ⃗⃗  ⃗ = (   ) 

or, (   
   ) = (   ) 

 
To;}n], 
a – 6 = –1 ∴ a = 5  b – 1 = 0  ∴ b = 1

ctM a = 5 / b = 1

cEof; 4.4      

1. pbfx/0f;lxt kl/efiff lbg'xf];\ M                                                                                           

 -s_ PsfO e]S6/  -v_ e]S6/sf] kl/df0f  -u_ e]S6/sf] lbzf

2. tnsf k|To]s e]S6/sf] kl/df0f / lbzf kQf nufpg'xf];\ M

 -s_ a  = (3, 3)  -v_ b  = (–4, 3)  -u_ a  = (–5, 5√3)

3. olb PQ  ljGb' P nfO{ ljGb' Q df lj:yfkg u5{ eg] PQ  nfO{ nx/df JoSt 
 ug'{xf];\ . ;fy} PQ  sf] kl/df0f / lbzf kQf nufpg'xf];\ .

 -s_ P(2, –2), Q(7, –5)  -v_ P(4, –2), Q(6, 1)

4. olb AB  n] ljGb' A nfO{ ljGb' B df / CD  n] ljGb' C nfO{ ljGb' D df lj:yfkg u5{g\ 
 eg] k|dfl0ft ug'{xf];\ |AB | = |CD |

 -s_ A(–5, 4), B(0, 2), C(1, –1), D(6, –3) 

 -v_ A(4, 5), B(7, –3), C(–1, –3), D(2, –11)

5. A(–3, 2), B(2, 4), C(x, 3) / D(2, –2) rf/ ljGb'x¿ x'g\ . olb |AB | = |CD | eP x 

 sf] dfg lgsfNg'xf];\ .

6. lbOPsf e]S6/x¿sf lbzfdf PsfO e]S6/ kQf nufpg'xf];\ M

 -s_ a  = (–3, 4)   -v_ b  = (2, –5) 
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7. olb AB n] ljGb' A nfO{ ljGb' B df lj:yfkg u5{ eg] AB nfO{ x i   + y j   :j¿kdf 
 JoSt ug'{xf];\ / AB sf] lbzfsf] PsfO e]S6/ klg kQf nufpg'xf];\ M

 (a) A(5, 6), B(–2, 0)  (b) A(–2, 1), B(–1, –2)

8. (a)  olb  ⃗ = (  , y) Pp6f PsfO e]S6/ eP y sf] dfg kQf nufpg'xf];\ . 

 (b)  olb  ⃗⃗ = (   
√  

,  
√  

) Pp6f PsfO e]S6/ eP y sf] dfg kQf nufpg'xf];\ . 

9. tn lbOPsf hf]8L e]S6/x¿ ;dfg jf c;dfg s] 5g\ < kQf nufpg'xf];\ M 

 (a)  ⃗ = ( 
 ) /  ⃗⃗ = (   

   )  (b)  ⃗ = (3,  6) /  ⃗⃗ =        

10. (a)  olb   ⃗⃗ ⃗⃗⃗⃗  n] laGb' A(2,  1) nfO{ laGb' B(3, 3) df /   ⃗⃗⃗⃗ ⃗⃗  n] laGb' C(-2, -6) nfO{ 

 laGb' D( 1,  2) df lj:yfkg u5{g\ eg] k|dfl0ft ug'{xf];\ M   ⃗⃗ ⃗⃗⃗⃗  =   ⃗⃗⃗⃗ ⃗⃗   
 (b)  olb   ⃗⃗⃗⃗ ⃗⃗  n] laGb' P(2,  3) nfO{ laGb' Q(4,  2) df /   ⃗⃗ ⃗⃗ ⃗ n] laGb' R(1,  4) nfO{ 

 laGb' S( 1,  5) df lj:yfkg u5{g\ eg] k|dfl0ft ug'{xf];\ M   ⃗⃗⃗⃗ ⃗⃗  =   ⃗⃗ ⃗⃗ ⃗  
11. (a)  dfgf}F A(0,  3), B(2, 5), C( 2,  3) s'g} ltg laGb'x¿ x'g\ . olb   ⃗⃗ ⃗⃗⃗⃗  =   ⃗⃗⃗⃗ ⃗⃗  eP 

 D sf] lgb]{zfª\s kQf nufpg'xf];\ . 
 (b)  dfgf}F A( 1, y), B(0, 4), C( 1, 3) / D(x, 6) s'g} rf/ laGb'x¿ x'g\ . olb  

   ⃗⃗ ⃗⃗⃗⃗  =   ⃗⃗⃗⃗ ⃗⃗  eP x / y sf] dfg kQf nufpg'xf];\ . 

12. laGb'x¿ A(6, 9) / B(a, b) 5g\ . olb   ⃗⃗ ⃗⃗⃗⃗  = ( 
 ) eP a / b sf] dfg kQf nufpg'xf];\ . 

 

pQ/

   1. lzIfsnfO{ b]vfpg'xf];\ .  

2. (a) 3√ , 450  (b) 5, 143.130  (c) 10, 2400 
3.(a) (    ), √  , 329.030  (b) (  ), √  , 56.30 
5. x = 0 or 4 
6.(a) (   ,

 
 )  (b) (  

√  ,
  
√  
) 

7.(a)   7 ⃑   6 ⃑, (   √  ,
  
√  
)   (b)   ⃑   3 ⃑, (  

√  ,
  
√  
) 

8.(a) y = ±  
   (b) y = ±2 

9.(a) c;dfg   (b) ;dfg 
11.(a) (0, 5)  (b) x = 0, y = 1  12. a = 8, b = 10  

  



228 P]lR5s ul0ft, sIff (

5. 0 kl/ro (Introduction)

tYofª\szf:q ul0ftsf] Tof] zfvf xf], h;df tYofª\ssf] ;ª\sng, k|bz{g, juL{s/0f / To;sf 
u'0fx¿sf af/]df cWoog ul/G5 . tYofª\szf:qsf] pTklQ OlhK6, a]lanf]lgog / /f]d h:tf 
k'/ftg ;Eotfx¿df ePsf] kfOG5, hxfF dflg;x¿n] ;fdfGo tl/sfaf6 hg;ª\Vofsf] cfsf/, 
Jofkf/ / s/x¿sf] /]s8{ /fVg] u/]sf] b]lvG5 . oBlk cfw'lgs tYofª\ssf] ljsf; x'g'df  
o'/f]k]nL k'ghf{u/0fnfO{{ >]o lbg ;lsG5 . h;df j}1flgs ljlw, cfnf]rgfTds ;f]r / cg'ejhGo 
cjnf]sgx¿af6 o;sf] ljsf; ePsf] dfGg ;lsG5 . 18 cf}F ztfAbLsf rlr{t tYofª\szf:qLx¿ 
Leonhard Euler, Thomas Bayes / Pierre Simon Laplace sf] tYofª\szf:qsf] ljsf;df 7'nf] 
of]ubfg /x]sf] 5 . 

tYofª\szf:q ul0ftLo lj1fgsf] zfvf ePsfn] of] k|fs[lts lj1fg, ;fdflhs lj1fg,  
dfgljsL / Jofkf/ h:tf If]qx¿df k|of]u ug]{ ul/Psf] x'G5 . tYofª\snfO{{ s'g} ljifosf]  
cfFs8fsf] j0f{g ug{sf nflu k|of]u ug{ ;lsG5, h;nfO{{ j0f{gfTds tYofª\s elgG5 . o;sf 
cltl/St tYofª\ssf] k|f¿knfO{{ ljleGg tl/sfn] k|bz{g ug{sf nflu o;sf] k|of]u ul/G5 .

5.1.1  j}olSts >]0fL / vl08t >]0fLsf] rt'yf{+zLo dfg / ztf+zLo dfg 
  (Quartiles and Percentiles of Individual and Discrete data)

Tflnsfdf nlntk'/sf] jfo'k|b"if0f cg'udg s]Gb| v'dn6f/sf cg';f/ ;g\ 2023 df 2.5 dfOj|mf]u|fd 
k|lt 3gld6/eGbf ;fgf xfjfdf ePsf xflgsf/s s0fx¿sf] dfqf slt /x]sf] 5 eGg] tYofª\s 
k|:t't ul/Psf] 5 . 

kf7 5 tYofª\szf:q (Statistics)
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To:tf ;'Id s0fx¿sf] dfqf 20 ;Dd dfq :jf:Yosf nflu /fd|f] /x]sf] / ;f]eGbf a9L ePdf xflgsf/s x'G5 . 

pk/f]St lrqsf] cWoog u/L tnsf k|Zgx¿sf] hjfkm lbg'xf];\ M

-s_ /fd|f] / g/fd|f] xfjfsf] u'0f:t/sf cfwf/df dlxgfx¿nfO{{ b'O{ ;d"xdf juL{s/0f ug'{xf];\ .  

-v_ v'dn6f/sf] jfo'k|b"if0fsf] cj:yfsf] Ps jif{sf] cf};t kQf nufpg'xf];\ .  

-u_ a9L k|b'if0f x'g] sf/0fx¿ s] x'g ;S5g\ < dlxgf klxrfg u/L plrt sf/0fx¿sf] af/]df  
 cfkm\gf ts{x¿ lbg'xf];\ . 

lj|mofsnfk 1    

klxnf] q}dfl;s k/LIffdf cfˆgf] sIffsf ljBfyL{n] k|fKt u/]sf] k|fKtfª\s ;f]wL n]Vg'xf];\ / tnsf 
k|Zgx¿df 5nkmn ug'{xf];\ . 

-s_ k|fKt tYofª\s -k|fKtfª\s_ nfO{{ a9\bf] j|mddf k|:t't ug'{xf];\ . 

-v_ a9\bf] j|mddf n]lvPsf] tYofª\sdf sf] sf]n] k|fKt u/]sf] k|fKtfª\sn] ;f] tYofª\snfO{{ rf/  
 a/fa/ efudf ljefhg u5{ < k|:t't ug'{xf];\ .

Dfflysf] lj|mofsnfk (1) ug{sf nflu ;xof]uL pbfx/0fM sf7df8f}Fdf hf8f] df};dsf] s'g} Ps lbg 
k|To]s 2 306fdf /]s8{ ul/Psf] tfkj|md lgDgfg';f/ 5 .

5°C, 7°C, 3°C, 10°C, 12°C, 15°C, 9°C, 17°C, 13°C, 19°C, 8°C

-s_  lbOPsf] tYofª\snfO{{ a9\bf] j|mddf k|:t't ug'{xf];\ . 

-v_  slt l8u|L ;]lN;o;n] a9\bf] j|mddf n]lvPsf] tYofª\snfO{{ b'O{ a/fa/ efudf ljefhg u5{ <

-u_  lbOPsf] >]0fL -tYofª\s_ nfO{ rf/ a/fa/ efudf ljefhg ug{ sltcf]6f -;ª\Vof÷tfkj|md_  
 lng'knf{, 5nkmn ug'{xf];\ . 

 tYofª\s ->]0fL_ nfO{{ a9\bf] j|mddf n]Vbf lgDgfg';f/ n]lvG5 .
 3°C, 5°C, 7°C, 8°C, 9°C, 10°C, 12°C, 13°C, 15°C, 17°C, 19°C

 lbOPsf] tYofª\s ->]0fL_ a9\bf] j|mddf n]v]kl5 10°C lardf k5{, To;}n] 10°C n] 
 tYofª\s ->]0fL_ nfO{ b'O{ a/fa/ efudf ljefhg ub{5 . To;}n] 10°C dlWosf xf] . 
 tLgcf]6f ljGb' -;ª\Vof÷tfkj|md_ >]0fL -tYofª\s_ nfO{ rf/ a/fa/ efudf ljefhg u5{ .   
 lbOPsf] lrqnfO{ cWoog ug'{xf];\ .
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afofFaf6 u0fgf ubf{ t];|f] kb cyf{t\ 7°C, 5}7f}F kb cyf{t\ 10°C / gjf}F kb cyf{t\ 15°C n] >]0fLnfO{
rf/ a/fa/ efudf ljefhg u5{ . o;/L s'g} tYofª\snfO{ rf/ a/fa/ efudf ljefhg ug]{  
dfgnfO{ rt'yf{Fz elgG5 . oxfF, 7°C nfO{ klxnf] rt'yf{Fz (Q1) jf tNnf] rt'yf{Fz (lower quartile), 
10°C nfO{ bf];|f] rt'yf{Fz (Q2) jf dlWosf (median) / 15°C nfO{ t];|f] rt'yf{Fz (Q3) jf dflyNnf] 
rt'yf{Fz (upper quartile) elgG5 . 

To:tf] dfg h;n] lbOPsf] tYofª\snfO{ tn 25% / dfly 75% efudf ljefhg u5{ eg] Tof] 
dfgnfO{{ klxnf] rt'yf{Fz (first quartile) jf tNnf] rt'yf{Fz (lower quartile) (Q1) elgG5 .

To:tf] dfg h;n] lbOPsf] tYofª\snfO{ tn 50% / dfly 50% a/fa/ efudf ljefhg u5{ 
eg] Tof] dfgnfO{ bf];|f] rt'yf{Fz (second quartile) (Q2) jf dlWosf (median) elgG5 .

To:tf] dfg h;n] lbOPsf] tYofª\snfO{{ tn 75% / dfly 25% efudf ljefhg u5{ eg] Tof] 
dfgnfO{ t];|f] rt'yf{+z (third quartile) jf dflyNnf] rt'yf{Fz (upper quartile) (Q3) elgG5 . 

5.1.2 j}olSts >]0fL (Individual series) df rt'yf{FzLo dfg

dflysf] pbfx/0fdf lbOPsf] j}olSts >]0fLdf hDdf 11 cf]6f tYofª\sx¿ lbPsf] cj:yfdf s;/L 
rt'yf{FzLo dfgx¿ kQf nufofF} < ca s'g} j}olSts >]0fLdf N cf}F kbx¿ lbPsf] 5 eg] rt'yf{FzLo 
dfgx¿ klxnf]] rt'yf{+z (Q1), bf];|f] rt'yf{+z (Q2) / t];|f] rt'yf{+z (Q3) s;/L kQf nufpg ;lsG5 
< 5nkmn ug'{xf];\ .

hxfF, hDdf tYofª\x¿sf] ;ª\Vof = N

klxnf]] rt'yf{F; (Q1) = (    )cf}F kb  

bf];|f] rt'yf{F; (Q2) =  (N   ) cf}F kb = (    ) cf}F kb  

t];|f] rt'yf{F; (Q2) =  (N   ) cf}F kb  

 

ljrf/0fLo k|Zg M lsg 4 n] efu ul/Psf] xf]nf < 

5.1.3 vl08t >]0fL (discrete series) df rt'yf{FzLo dfg
To;}u/L, vl08t >]0fL (discrete series) df klg af/Daf/tfsf] of]ukmn ∑f lbOPsf] 5 eg] 
rt'yf{FzLo dfgx¿ s;/L kQf nufpg ;lsG5 < 5nkmn ug'{xf];\ .

hxfF, af/Daf/tfsf] of]ukmn -hDdf af/Daf/tf_ ∑f = N

j}olSts >]0fLdf h:t}, vl08t >]0fL (discrete series) df klg Pp6} tl/sfaf6 rt'yf{FzLo dfgx¿ 
kQf nufpg ;lsG5 .
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klxnf]] rt'yf{F; (Q1) = (    )cf}F kb  

bf];|f] rt'yf{F; (Q2) =  (N   ) cf}F kb = (    ) cf}F kb  

t];|f] rt'yf{F; (Q2) =  (N   ) cf}F kb  

 

pbfx/0f 1  

sIff 9 df cWoog/t 11 hgf ljBfyL{x¿sf] lbOPsf] tf}nsf cfwf/df tLgcf]6} rt'yf{FzLo 
dfgx¿ kQf nfufpg'xf];\ .

35 kg, 39 kg, 52 kg, 25 kg, 32 kg, 28 kg, 46 kg, 41 kg, 42 kg, 38 kg, 50 kg

;dfwfg M oxfF,

lbOPsf] tYofª\snfO{ a9\bf] j|mddf n]Vbf,
25 kg, 28 kg, 32 kg, 35 kg, 38 kg, 39 kg, 41 kg, 42 kg, 46 kg, 50 kg, 52 kg

hDdf lbOPsf] tYofª\s ;ª\Vof (N) = 11

ca ;"qfg';f/, 

klxnf] rt'yf{+z (Q1) = (    )cf}F kb = (     )cf+F kb = (   )cf}F kb = 3, t];|f] kb = 32 kg   

bf];|f] rt'yf{+z (Q2) = 2(    )c+f}F kb = (2 × 3) cf}F kb = 6 cf} kb = 39 kg  -  (    ) = 3 _ 

t];|f] rt'yf{+z (Q3) = 3(    )cf}F kb = 3 × 3 cf}F kb = 9 cf} kb = 46 kg 
ctM klxnf]] rt'yf{+z (Q1) = 32 kg , bf];|f] rt'yf{+z (Q2) = 39 kg / t];|f] rt'yf{+z (Q3) = 46 kg 
 

pbfx/0f 2  

s'g} Pp6f ufpFkflnsfn] cg'ejsf cfwf/df 8 k|sf/sf sfdbf/x¿ kl/eflift u/L k|ltlbgsf] 
Hofnf tn lbOPcg';f/sf] kfl/>lds lng kfpg] Joj:yf u/]sf] 5 . 
 Rs. 1100, Rs. 750 kg, Rs. 900, Rs. 1200, Rs. 950, Rs. 1000, Rs. 1150, Rs. 800 

o;sf cfwf/df tn ;f]lwPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

-s_ klxnf]] rt'yf{Fz (Q1), bf];|f] rt'yf{Fz (Q2) / t];|f] rt'yf{Fz (Q3) kQf nufpg'xf];\ .

-v_ bf];|f] rt'yf{Fz (Q2) / dlWosf (Md) ;DaGwnfO{ j0f{g ug'{xf];\ .

;dfwfg M oxfF,

lbOPsf] tYofª\snfO{ a9\bf] j|mddf n]Vbf,
Rs. 750 kg, Rs. 800, Rs. 900, Rs. 950, Rs. 1000, Rs. 1100, Rs. 1150, Rs. 1200 

F

F
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hDdf lbOPsf] tYofª\s ;ª\Vof (N) = 8

ca ;"qfg';f/, 

-s_ klxnf] rt'yf{Fz (Q1) = (N + 1 
4 ) cf}F kb = (8 + 1 

4 ) cf}F kb = ( 9 
4 ) cf}F kb = 2.25 cf}F kb 

 = 2 cf}F kb + 0.25 (3 cf}F kb – 2 cf}F kb) 
 = Rs. 800 + 0.25 (Rs. 900 – Rs. 800)
 = Rs. 800 + 0.25 (Rs. 100)
 = Rs. 800 + Rs. 25 
 = Rs. 825 

To;}u/L, bf];|f] rt'yf{Fz (Q2) = 2(N + 1 
4 ) cf}F kb 

       = 2 × 2.25 cf}F kb 

    = 4.5 cf}F kb   ∴ (N + 1 
4 )  cf}F kb = 2.25 cf}F kb_

    = 4 cf}F kb + 0.5 (5 cf}F kb – 4 cf}F kb) 
    = Rs. 950 + 0.5 (Rs. 1000 – Rs. 950)
    = Rs. 950 + 0.5 (Rs. 50)
    = Rs. 950 + Rs. 25 

    = Rs. 975 

t];|f] rt'yf{Fz (Q3) = 3(N + 1 
4 ) cf}F kb = 3 × 2.25 cf}F kb -∴ lsgls (N + 1 

4 )  cf}F kb = 2.25 cf}F kb_

   = 6.75 cf}F kb 

   = 6 cf}F kb + 0.75 (7 cf}F kb – 6 cf}F kb) 
   = Rs. 1100 + 0.75 (Rs. 1150 – Rs. 1100)
   = Rs. 1100 + 0.75 (Rs. 50)
   = Rs. 1100 + Rs. 37.5 
   = Rs. 1137.5

 ctM klxnf]] rt'yf{Fz (Q1) = Rs. 825, bf];|f] rt'yf{Fz (Q2) = Rs. 975 / t];|f] rt'yf{Fz 
 (Q3) = Rs. 1137.5

-v_  Dfflyaf6, bf];|f] rt'yf{Fz (Q2) = 2(N + 1 
4 )  cf}F kb =  4.5 cf}F kb = Rs. 975 x'G5 . 

 To;}u/L, dlWosf (Md) = (N + 1 
2 ) cf}F kb = 4.5 cf}F kb = Rs. 975 x'G5 . 

 bf];|f] rt'yf{Fz (Q2) / dlWosf (Md) sf] dfg a/fa/ 5 . ctM bf];|f] rt'yf{Fz (Q2) = 
 dlWosf (Md) x'G5 .
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pbfx/0f 3  

s'g} Pp6f gu/kflnsfn] u/]sf] ;j]{If0fdf, lgDg pd]/sf lzIfsx¿n] sIff sf]7fdf cWofkg 
ul//x]sf] kfOof] . o;sf cfwf/df tn ;f]lwPsf k|Zgsf] pQ/ lbg'xf];\ .

pd]/ -jif{df_ 25 30 35 45 50

lzIfs ;ª\Vof 5 8 10 7 1

-s_ klxnf]] rt'yf{Fz (Q1) kQf nufpg'xf];\ .  -v_ t];|f] rt'yf{Fz (Q3) kQf nufpg'xf];\ .

;dfwfg M oxfF,

lbOPsf] tYofª\snfO{ ;l~rt af/Daf/tf tflnsfdf k|:t't ubf{,

pd]/ -jif{df_ lzIfs ;ª\Vof -f_ ;l~rt af/Daf/tf (cf)
25 5 5
30 8 5 + 8 = 13
35 10 13 + 10 = 23
45 7 23 + 7 = 30
50 1 30 + 1 = 31

∑f = N = 31

lbOPsf] tYofª\saf6, hDdf af/Daf/tf (∑f) = N = 31

ca ;"qfg';f/, 

-s_  klxnf] rt'yf{Fz (Q1) = (N + 1 
4 ) cf}F kb = (31 + 1 

4 )  cf}F kb = ( 32 
4 ) cf}F kb = 8 cf}F kb

 ;l~rt af/Daf/tf tflnsfaf6, 8 cf}F kbsf] dfg = 30

 To;}n], klxnf] rt'yf{Fz (Q1) = 30 jif{

-v_  To;}u/L, t];|f] rt'yf{Fz (Q3) = 3( N+1 
4 ) cf}F kb 

 = 3 × 8 cf}F kb = 24 cf}F kb  [ lsgls ( N+1 
4 ) cf}F kb = 8 cf}F kb]

 ;l~rt af/Daf/tf tflnsfaf6, 24 cf}F kbsf] dfg = 45 

 To;}n], t];|f] rt'yf{Fz (Q3) =  45 jif{

 ctM klxnf]] rt'yf{Fz (Q1) = 30 jif{ / t];|f] rt'yf{Fz (Q3) = 45 jif{
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5.1.4 ztf+zs (Percentiles)

lj|mofsnfk 2  

;d:of M Pp6f nfdf] 8f]/LnfO{{ 100 a/fa/ efu x'g]u/L sf6\g slt 7fpFdf sf6\g'knf{ < 

k|lj|mof M xfdLnfO{{ yfxf 5 lbPsf] 8f]/LnfO{ l;wf kf/]kl5 4 
a/fa/ efu x'g]u/L sf6\g tLg 7fpFdf sf6\g'k5{ . ca x/]s 
ljGb'x¿ a/fa/ b'/Ldf kg]{u/L pSt 8f]/LnfO{{ 99 cf]6f ljGb'df 
lrgf] nufpg'xf];\ . lrgf] nufPsf] 7fpFaf6 sf6\g'xf];\ . 

lgisif{ M 99 a/fa/ efuaf6 sf6\bf pSt 8f]/LnfO{ 100 
a/fa/ efudf ljefhg ug{ ;lsG5 . o;nfO{{ g} ztf+zs 
elgG5 .

k]ml/, ztf+zssf] cjwf/0ff cem k|i6 kfg{sf] nflu lbOPsf pbfx/0fsf] cWoog ug'{xf];\ . Pp6f 
sIffsf 19 hgf ljBfyL{x¿sf] prfO (cm) df lgDgfg'';f/ 5 .

150, 140, 132, 125, 133, 126, 123, 137, 145, 122, 149, 147, 142, 148, 136, 124, 128, 141, 144.

o;nfO{ a9\bf] j|mddf n]Vg'xf];\ . o;nfO{ a9\bf] j|mddf lsg n]Vg'k5{ < 5nkmn ug'{xf];\ .

dflysf] tYofª\snfO{{ a9\bf] j|mddf n]Vbf, 122, 123, 124, 125, 126, 128, 132, 133, 136, 137, 140, 

141, 142, 144, 145, 147, 148, 149, 150. ztf+zLo dfgx¿ hlt a9\b} hfG5 Tolt g} 7'nf] x'Fb} hfG5, 
To;}n] o;nfO{{ a9\bf] j|mddf n]Vg'k5{ . 

pSt tYofª\snfO{ rf/ a/fa/ efudf ljefhg u/] h:t} 100 a/fa/ efudf ljefhg ug]{ dfgx¿ 
s] s] xf]nfg\ < ;d"xdf 5nkmn ug'{xf];\ . tLdWo] s]xL dfgx¿, h:t}M

kfFrfF} (5 cfF}) ztf+zs dfg = 5(19 + 1) 
100 cf}F kb = 

5 (20) 
100 cf}F kb = 1 cf}F kb = 122

;fl7cf}F (60 cf}F) ztf+zs dfg = 60(19 + 1) 
100  cf}F kb = 

60 (20) 
100 cf}F kb = 12 cf}F kb = 141

aofl;cf}F (82 cf}F) ztf+zs dfg =
82(19 + 1) 

100  cf}F kb =
82 (20) 

100 cf}F kb = 16.4 cf}F kb

cyf{t\ aofl;cf}F (82 cf}F) ztf+zs dfg 16 cf}F kb / 17 cf}F kbsf] lardf k5{ 

ctM aofl;cf}F (82 cf}F) ztf+zs dfg = 
(147 + 148) 

2  = 147.5

kGrfGgAa]cfF} (95 cf}F ) ztf+zs dfg =
95 (19 +1) 

100  cf}F kb =
95 (20) 

100 cf}F kb = 19 cf}F kb = 150

ljrf/0fLo k|Zg M c¿ ztf+zs dfgx¿ s] s] x'g ;S5g\ < =============================

o;/L s'g} klg tYofª\snfO{ ;o a/fa/ efudf ljefhg ug]{ 99 cf]6f dfgx¿nfO{ ztf+zs 
(percentile) dfg elgG5 . oL dfgx¿nfO{ j|mdzM P1, P2, P3 , P4 , P5 … P99 n] ;ª\s]t ul/G5 . 
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rt'yf{Fz h:t} ztf+zs (percentile) kQf nufpg] ;"q lgDgfg';f/ 5 .

j}olSts >]0fL (individual series) sf nflu n cf}F ztf+zs kg]{ :yfg (Pn) = n{      }      (N +1) 
100  cf}F kb .

To;}u/L, vl08t >]0fL (discrete series) sf nflu n cf}F ztf+zs kg]{ :yfg (Pn) = n{      }      (N +1) 
100 cf}F kb .

pbfx/0f 1  

s'g} 7fpFsf] ljut 10 jif{b]lv cf};t jiff{ lgDgfg';f/ 5 .  

1500 mm, 1600 mm, 1720 mm, 1850 mm, 1980 mm, 2100 mm, 2200 mm, 2220 mm, 2250 mm.

o;sf cfwf/df tn ;f]lwPsf k|Zgsf] pQ/ lbg'xf];\ .

-s_  b;fF} (10 cf}F) ztf+zs (P10) / k}Flt;f}F (35 cf}) ztf+zs dfg (P35) kQf nufpg'xf];\ .

-v_  bf];|f] rt'yf{Fz (Q2) / krf;f}F (50 cf}+) ztf+zs (P50) sf] cfk;L ;DaGw s] x'G5, j0f{g 
 ug'{xf];\ .

;dfwfg M oxfF,

lbOPsf] tYofª\snfO{ a9\bf] j|mddf n]Vbf,
1500 mm, 1600 mm, 1720 mm, 1850 mm, 1980 mm, 2100 mm, 2200 mm, 2220 mm, 2250 mm.

hDdf lbOPsf] tYofª\s ;ª\Vof (N) = 9

ca ;"qfg';f/, 

-s_ b;f}F ztf+zs (P10) = 10 (N + 1 
100 ) cf}F kb = 10 ( 9 + 1 

100 ) cf}F kb = 1cf}F kb = 1500 mm 

To;}u/L, k}Flt;f}F  ztf+zs (P35) = 35(N + 1 
100 ) cf}F kb = 35 ( 9 + 1 

100 ) cf}F kb = 3.5 cf}F kb 

cyf{t\ k}Flt;f}F ztf+zssf] dfg 3 cf}F kb / 4 cf}F kbsf] lardf k5{ 

 ctM k}+tL;f} ztf+zs =
1720 +1850 

2  = 1785

-v_  To;}u/L, bf];|f] rt'yf{Fz (Q2) =  2 (N + 1 
4 ) cf}F kb =  2  ( 9 + 1 

4 ) = 5 cf}F kb = 1980 mm

/ krf;f}F (50 cf}) ztf+zs (P50) = 50  (N + 1 
100 )cf}F kb = 50  ( 9 + 1 

100 )cf}F kb = 5 cf}F kb = 1980 mm

o;/L bf];|f] rt'yf{Fz (Q2) / krf;f}F (50 cf}F) ztf+zssf] dfg a/fa/ 5 . To;}n] bf];|f] rt'yf{Fz 
(Q2) eg]s} krf;f}F (50 cf}) ztf+zs (P50) xf] elgG5 .

pbfx/0f 2  

tnsf tYofª\saf6 b;f}F ztf+zs dfg kQf nufpg'xf];\ .

prfO (cm) 5 10 15 20 25 30

lzIfs ;ª\Vof 3 7 6 2 5 7
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;dfwfg M oxfF,

lbOPsf] tYofª\snfO{ ;l~rt af/Daf/tf tflnsfdf k|:t't ubf{,

pd]/ -jif{df_ lzIfs ;ª\Vof -f_ ;l~rt af/Daf/tf (cf)
5 3 3
10 7 3 + 7 = 10
15 6 10 + 6 = 16
20 2 16 + 2 = 18
25 5 18 + 5 = 23
30 7 23 + 7 = 30

∑f = N = 30

lbOPsf] tYofª\saf6, af/Daf/tfsf] of]ukmn (∑f) = N = 30

ca ;"qfg';f/, b;f}F (10 cf}F) ztf+zs dfg (P10) =10 ( N+1 
100 )cf}F kb = 10( 30+1 

100 )cf}F kb = 3.1 
cf}F kb 

;l~rt af/Daf/tf tflnsfaf6, 10 cf}F ztf+zs dfg (P10) = 10

ctM b;f}}F (10 cf}F) ztf+zs dfg = 10

cEof; 5.1

1. -s_  j}olSts / vl08t >]0fL eg]sf] s] xf] < pbfx/0f;lxt :ki6 kfg'{xf];\ .

 -v_  rt'yf{+zLo dfg eGgfn] s] a'lemG5 < pbfx/0f;lxt JofVof ug'{xf];\ .

 -u_  ztf+zLo dfg eGgfn] s] a'lemG5 < logLx¿nfO{ s] n] hgfOG5, n]Vg'xf];\ .

 -3_  j}olSts >]0fLdf klxnf] rt'yf{+z (Q1), bf];|f] rt'yf{+z (Q2) / t];|f] rt'yf{+z (Q3) kQf 
  nufpg] ;"qx¿ Nf]Vg'xf];\ .

2. dfly lbOPsf] lj|mofsnfk 1 k9\g'xf];\ / To;af6 k|fKt lgisif{ n]Vg'xf];\ . 

3. dfly lbOPsf] lj|mofsnfk 2 k9\g'xf];\ / To;af6 k|fKt lgisif{ n]Vg'xf];\ . 

4. vl08t >]0fLdf klxnf] rt'yf{+z (Q1), bf];|f] rt'yf{+z (Q2) / t];|f] rt'yf{+z (Q3) kQf 
 nufpg] ;"qx¿ Nf]Vg'xf];\ .

5. j}olSts / vl08t >]0fLsf cEof; / pbfx/0fdf eGbf km/s t/ b}lgs hLjg;Fu hf]8]/ 
 Ps Pscf]6f pbfx/0f agfpg'xf];\ .
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6. ;Fu} lbPsf] u|fkm x]/L JofVof ug'{xf];\ . 

 

7. lbOPsf] lrqdf tkfO{FeGbf tn 80% n]Vgfn] s] hgfpF5 < JofVof ug'{xf];\ .

8. ;ljtfn] tnsf] tYofª\saf6 klxnf] rt'yf{Fz, bf];|f] rt'yf{Fz / t];|f] rt'yf{Fz kQf nufP/ 
 eGg'x'G5 bf];|f] rt'yf{Fz eg]sf] dlWosf xf] . tkfO{F klg klxnf] rt'yf{Fz, bf];|f] rt'yf{Fz /  
 t];|f] rt'yf{Fz kQf nufpg'xf];\ . s] pgsf] egfOdf ;xdt x'g'x'G5 < sf/0f;lxt n]Vg'xf];\ . 

 -s_ 25, 48, 32, 52, 21, 64, 29, 57 

 -v_ 19, 20, 21, 23, 23, 24, 25, 27, 31

9. 543 hgfdf ul/Psf] Ps ;j]{If0fdf lgDg pd]/ ePsf ;b:ox¿n] 6]lnlehg x]g]{ u/]sf] kfOof],
 ;f]sf] cfwf/df klxnf] / t];|f] rt'yf{Fzx¿sf] dfg kQf nufpg'xf];\ .

pd]/ -jif{_ 20 30 40 50 60 70 80

;b:o ;ª\Vof 3 61 132 153 140 51 3

10. ut jif{ s'g} ufpFdf, jif{df slt 3/w'/Ln] slt wfg a]R5g\ egL Ps ;j]{If0f ul/Psf] 
 lyof] . ;f] ;j]{If0faf6 k|fKt glthfnfO{ tn tflnsfdf k|:t't ul/Psf] 5 . 

wfg -kfyL_ 5 15 25 35 45 55

3/w'/L ;ª\Vof 3 7 15 5 8 2

 -s_  klxnf] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .

 -v_  t];|f] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .

 -u_  bf];|f] rt'yf{Fz eg]sf] dlWosf xf] egL k|dfl0ft ug'{xf];\ .

x

Y
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11. klxnf] q}dfl;s k/LIffdf 19 hgf ljBfyL{n] ul0ftdf k|fKt u/]sf] k|fKtfª\sM 
 30,   21,   54,   30,   37,   45,   25,   47,   37,   24,   

 42,   45,   33,   28,   52,   50,   47,   20,   35,   

 -s_ rfln;f}F ztf+zs dfg kQf nufpg'xf];\ .

 -v_ cl;cf}F ztf+zs dfg kQf nufpg'xf];\ .

 -u_ krf;f}F ztf+zssf] dfg bf];|f] rt'yf{+z;Fu a/fa/ x'G5 egL k|dfl0ft ug'{xf];\ .

12. ul0ft ljifosf] jflif{s k/LIffdf k|fKt u/]sf] k|fKtfª\snfO{ tn tflnsfdf lbOPsf] 5, ;f]sf 
 cfwf/df lgDg k|Zgx¿sf] pQ/ lbg'xf];\ .

k|fKtfª\s 10 20 30 40 50 60

ljBfyL{ ;ª\Vof 3 7 15 5 8 2

 -s_ lt;f}F ztf+zs dfg kQf nufpg'xf];\ .

 -v_ krfl;cf}F ztf+zs dfg kQf nufpg'xf];\ .

 -u_ krf;f}F ztf+zssf] dfg bf];|f] rt'yf{+z;Fu a/fa/ x'G5 egL k|dfl0ft ug'{xf];\ .

13. Pp6f vl08t >]0fLdf cfwfl/t eP/ ;Gbe{;lxtsf] Pp6f k|Zg lgdf{0f ug'{xf];\ . o;/L 
 lgdf{0f ePsf] k|Zgsf cfwf/df, 

 -s_ klxnf] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .

 -v_ t];|f] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .

 -u_ bf];|f] rt'yf{Fz eg]sf] dlWosf xf] egL k|dfl0ft ug'{xf];\ .

14. Pp6f j}olSts >]0fLdf cfwfl/t eP/ ;Gbe{;lxtsf] k|Zg lgdf{0f ug'{xf];\ . o;/L lgdf{0f  
 ePsf] k|Zgsf cfwf/df, 

 -s_ la;f}F ztf+zs dfg kQf nufpg'xf];\ .

 -v_ ;fl7cf}F ztf+zs dfg kQf nufpg'xf];\ .

 -u_ krf;f}F ztf+zssf] dfg bf];|f] rt'yf{+z;Fu a/fa/ x'G5 egL k|dfl0ft ug'{xf];\ .

pQ/

 1 b]lv 7 ;Dd lzIfsnfO{ b]vfpg'xf];\ .

 8. -s_ 26, 40, 55.75 -v_ 20.5, 23, 26  9. 40, 60 

10. -s_ 25 -v_ 45

 11. -s_ 33 -v_ 47  12. -s_ 30 -v_ 50  

 13 / 14 lzIfsnfO{ b]vfpg'xf];\ .
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5.2. j}olSts / vl08t >]0fLsf] ljr/0fzLntf (Dispersion of Individual and 
 Discrete series)

kl5Nnf] 11 dlxgfdf g]kfnL ahf/df vfg] t]n k|ltln6/ / 
rfdn 25 kg k|ltaf]/fdf ePsf] d"Nob/ lgDgcg';f/ 5 . 

vfg] t]n -k|ltln6/ ?lkofFdf_M
180, 200, 230, 240, 245, 250, 260, 270, 300, 310, 315

rfdn 25 kg -k|ltaf]/f ?lkofFdf_: 1600, 1700, 1850, 2040, 
2145, 2250, 2260, 2300, 2350, 2400, 2450

pko'{St tYofª\snfO{ cWoog u/L lgDglnlvt k|Zgx¿df 5nkmn ug'{xf];\ .

-s_  vfg] t]n k|ltln6/ / rfdn 25 kg k|ltaf]/fdf dWos / dlWosf d"No slt slt x'G5 <

-v_  lbOPsf] tY\ofª\s dWoljGb'af6 slt kl/df0fdf 5l/Psf], km}lnPsf] jf ljrlnt ePsf] 5  
 eGg] s'/fsf] dfkg s]af6 ug{ ;lsG5 <

-u_  ljr/0fzLntf dfkg ug'{sf] d'Vo p2]Zo s] xf], n]Vg'xf];\ .

Dfflysf] tYofª\sdf vfg] t]n k|ltln6/sf] dWos d"No ?= 254.54 x'G5 / rfdn 25 kg 
k|ltaf]/fsf] dWos d"No ?= 2122.27 x'G5 .

vfg] t]nsf] k|ltln6/ dlWosf d"No ?= 250 / rfdn 25 kg k|ltaf]/f dlWosf d"No ?= 2250 

x'G5 . lbOPsf] tYofª\sdf dWoljGb'af6 slt kl/df0fdf 5l/Psf] jf km}lnPsf] jf ljrlnt ePsf] 
5 eGg] s'/fsf] dfkg ug{ lj:tf/ (range), rt'yf{+zLo ljrng (quartile deviation), dWos leG-
gtf (mean deviation), :t/Lo leGgtf (standard deviation) / logsf u'0ffª\sx¿ (coefficients) 
sf] u0fgf ug{ ;lsG5 . ljr/0fzLntf dfkgsf] d'Vo p2]Zo s'g} tYofª\sx¿larsf] ;hftLo 
(homogeneity) cyjf ljljwtf (heterogeneity) kQf nufpg' xf] .

5.2.1. rt'yf{+zLo ljrng / o;sf] u'0ffª\s (Quartile Deviation and its Coef
  fecient)

s'g} klg b]zsf gful/ssf] prfO / tf}n dfkg u¥of] eg] kSs} klg ToxfF lgs} 7'nf] km/s kfOG5 
t/ ToxL b]zsf] k'm6an l6ddf /x]sf v]nf8Lx¿sf] prfO / tf}n dfkg u¥of] eg] Tolt 7'nf] 
km/s kfOFb}g . xf] km/s slt 5 eg]/ yfxf kfpg g} rt'yf{+zLo ljrngsf] k|of]u ug]{ ul/G5 . 
ctM rt'yf{+zLo ljrngaf6 ;ª\sng ul/Psf] tYofª\s slt km}lnPsf] 5 eGg] ljz]if hfgsf/L x'G5 .

Pp6f 6f]nsf] ;efdf hDdf ePsf dflg;x¿sf] pd]/ -jif{df_ tn lbOPsf] 5 . 

40, 46, 35, 50, 38, 57, 44, 52, 60, 48, 55, 56, 67, 70, 62.

s'g s'g pd]/n] rt'yf{+zLo dfg -klxnf]] rt'yf{+z, bf];|f] rt'yf{+z / t];|f] rt'yf{Fz_ hgfpF5g\ 
;d"xdf 5nkmn u/L kQf nufpg'xf];\ .
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rt'yf{FzLo dfg kQf nufpg lbOPsf] tYofª\s a9\bf] jf 36\bf] j|md s'gdf n]Vg'k5{ / lsg < 
5nkmn ug'{xf];\ .

o;nfO{ a9\bf] j|mddf n]Vg'k5{ lsgls klxnf] rt'yf{+z, bf];|f] rt'yf{Fz / t];|f] rt'yf{Fz dfgx¿ j|mdzM 
a9\b} hfG5g\ . olb o;nfO{ 36\bf] j|mddf /flvof] eg] t];|f] rt'yf{Fzsf] dfg klxnf] / bf];|f] rt'yf{Fzsf] 
dfgeGbf ;fgf] x'G5 . To;}n] lbOPsf] tYofª\snfO{{ ;w} a9\bf] j|mddf n]Vg'k5{ .

lbOPsf] pd]/nfO{{ a9\bf] j|mddf /fVbf, 

35, 38, 40, 44, 46, 48, 50, 52, 55, 56, 57, 60, 62, 67, 70

lbOPsf] tYofª\s Pp6f j}olSts >]0fL xf] / o;df hDdf kb ;ª\Vof (N) = 15 5 .

ca, klxnf] rt'yf{Fz (Q1) = ( N+1 
4 )cf}F kb = ( 15+1 

4 )cf}F kb = ( 16 
4 )cf}F kb = 4 cf}F kb = 44 jif{

bf];|f] rt'yf{Fz (Q2) = 2( N+1 
4 ) cf}F kb = 2 × 4 cf}F kb = 8 cf}F kb = 52 jif{

t];|f] rt'yf{Fz (Q3) =3( N+1 
4 )cf}F kb = 3 × 4 cf}F kb = 12 cf}F kb = 60 jif{

t];|f] rt'yf{Fz -dflyNNff] rt'yf{Fz_ / klxnf] rt'yf{Fz -tNNff] rt'yf{Fz_ larsf] km/snfO{ s] elgG5, 
xf]nf < t];|f] rt'yf{Fz / klxnf] rt'yf{Fzdf cfwfl/t eP/ rt'yf{FzLo ljrng (Quartile deviation) 
kQf nufOG5 . o;/L t];|f] rt'yf{Fz -dflyNNff] rt'yf{Fz_ / klxnf] rt'yf{Fz -tNNff] rt'yf{Fz_ sf] 
km/snfO{ rt'yf{Fzlarsf] lj:tf/ (Inter quartile range) elgG5 . To;}n],

rt'yf{Fzlarsf] lj:tf/ (Inter quartile range) = Q3 – Q1

t];|f] rt'yf{Fz -dflyNNff] rt'yf{Fz_ / klxnf] rt'yf{Fz -tNNff] rt'yf{Fz_ km/ssf] cfwfnfO{ 
rt'yf{FzLo ljrng (Quartile deviation) cyjf rt'yf{Fzlarsf] lj:tf/sf] cfwf (Semi-inter 

quartile range) elgG5 .

rt'yf{FzLo ljrng (Quartile deviation)  = ( Q3 – Q1
2 ) 

dflyNnf] / tNnf] rt'yf{Fzsf] ;fk]lIfs km/ssf] dfkgnfO{{ rt'yf{FzLo ljrngsf] u'0ffª\s  
(Coefficient of quartile deviation ) elgG5 .
rt'yf{FzLo ljrngsf] u'0ffª\s M dflyNnf] / tNnf] rt'yf{Fzsf] ;fk]lIfs km/ssf] dfkgnfO{{ 
rt'yf{FzLo ljrngsf] u'0ffª\s elgG5 . o;nfO{{ ;"qdf lgDgcg';f/ n]Vg ;lsG5 . 

rt'yf{FzLo ljrngsf] u'0ffª\s (Coefficient of quartile deviation) = 
Q3 – Q1
Q3 + Q1

 
dffly k|:t't ul/Psf] pbfx/0faf6  
rt'yf{Fzlarsf] lj:tf/ (inter quartile range) = Q3 – Q1 = 60 – 44 = 16 jif{

rt'yf{FzLo ljrng (Quartile deviation) = 
Q3– Q1

2  = 
60 – 44 

2  =
16 
2 =  8 jif{

rt'yf{FzLo ljrngsf] u'0ffª\s (Coefficient of quartile deviation ) 

= 
Q3 – Q1
Q3 + Q1

 = 
60 – 44 
60 + 44 = 

16 
104  = 0.154
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pbfx/0f 1  

lbOPsf] tYofª\saf6 rt'yf{FzLo ljrng (Quartile deviation) / To;sf u'0ffª\s kQf nufpg'xf];\ .
16, 24, 26, 30, 32, 37, 41, 34, 45, 48, 7, 31, 39, 5, 8, 9, 11, 23, 33, 

;dfwfg M oxfF,

lbOPsf] tYofª\snfO{{ a9\bf] j|mddf /fVbf,
5, 7, 8, 9, 11, 16, 23, 24, 26, 30, 31, 32, 33, 34, 37, 39, 41,45, 48

lbOPsf] tYofª\s Pp6f j}olSts >]0fL xf] / o;df hDdf kb ;ª\Vof (N) = 19 5 .

ca, klxnf] rt'yf{Fz (Q1) = (N + 1 
4 )cf}F kb = (19 + 1 

4 )cf}F kb = ( 20 
4 )cf}F kb = 5 cf}F kb = 11

t];|f] rt'yf{Fz (Q3) =3(N + 1 
4 )cf}F kb = 3 × 5 cf}F kb = 15 cf}F kb = 37

rt'yf{FzLo ljrng (Quartile deviation) = 
Q3

 – Q1
2  = 37 – 11 

2  = 
26 
2  = 13

rt'yf{FzLo ljrngsf] u'0ffª\s (Coefficient of quartile deviation ) 

 = 
Q3 – Q1
Q3 + Q1

 = 
37 – 11 
37 + 11  = 26 

48  = 0.154

ctM lbOPsf] tYofª\sf] rt'yf{FzLo ljrng / rt'yf{FzLo ljrngsf] u'0ffª\s j|mdzM 13 / 0.541 5 .

pbfx/0f 2  

lbOPsf] tYofª\saf6 rt'yf{FzLo ljrng (Quartile deviation) / To;sf u'0ffª\s kQf 
nufpg'xf];\ .

b'/L -km_M 15, 20, 25, 40, 16, 21, 42, 35, 18, 45

;dfwfg M oxfF,

lbOPsf] tYofª\s Pp6f j}olSts >]0fLdf 5, To;}n] pSt tYofª\snfO{{ a9\bf] j|mddf /fVbf,
15, 16, 18, 20, 21, 25, 35, 40, 42, 45

hDdf kb ;ª\Vof (N) = 10 5 .

cj, klxnf] rt'yf{Fz (Q1) = (N + 1 
4 )cf}F kb = (10 + 1 

4 )cf}F kb = ( 11 
4 )cf}F kb = 2.75 cf}F kb 

ctM klxnf] rt'yf{Fz (Q1)  = 2.75 cf}F kbsf] dfg 

= 2 cf}F kbsf] dfg + 0.75 (3 cf}F kbsf] dfg – 2 cf}F kbsf] dfg)
=16 + 0.75 (18 – 16)

=16 + 0.75 (2)
=16 + 1.5

=17.5
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To;}u/L, t];|f] rt'yf{Fz (Q3) =3(N + 1 
4 )cf}F kb = 3 × 2.75 cf}F kb = 8.25 cf}F kb 

ctM t];|f] rt'yf{Fz (Q3) = 8.25 cf}F kbsf] dfg

= 8 cf}F kbsf] dfg + 0.25 (9 cf}F kbsf] dfg ˗ 8 cf}F kbsf] dfg)

= 40 + 0.25 (42 – 40) = 40 + 0.25 (2)  = 40 + 0.5 = 40.5

rt'yF{+zLo ljrng (Quartile deviation) = 
Q3– Q1

2  = 40.5 – 17.5 
2  = 23 

2  = 11.5

rt'yf{FzLo ljrngsf] u'0ffª\s (Coefficient of quartile deviation ) = 
Q3 – Q1
Q3+ Q1

 
               = 

40.5 –17.5 
40.5 +17.5  = 23 

58  = 0.396

ctM lbOPsf] tYofª\sf] rt'yf{FzLo ljrng / rt'yf{FzLo ljrngsf] u'0ffª\s j|mdzM 11.5 / 0.396 

5 .

pbfx/0f 3  

tflnsfdf kl/jf/sf] ;ª\Vof / ltgLx¿sf] dfl;s cfDbfgLnfO{ b]vfOPsf] 5 . ;f] tYofª\snfO{{ 
cfwf/ dfgL rt'yf{FzLo ljrng (Quartile deviation) / To;sf u'0ffª\s kQf nufpg'xf];\ .

cfDbfgL -?= xhf/df_ 25 28 30 32 35 45

kl/jf/sf] ;ª\Vof 3 4 7 6 2 1

;dfwfg M oxfF,

lbOPsf] tYofª\snfO{{ ;l~rt af/Daf/tf tflnsfdf /fVbf 

cfDbfgL -?= xhf/df_ kl/jf/sf] ;ª\Vof (f) ;l~rt af/Daf/tf (cf)
25 3 3
28 4 7
30 7 14
32 6 20
35 2 22
45 1 23

∑f = N = 23

ca, klxnf] rt'yf{Fz (Q1) = (N + 1 
4 )cf}F kb = (23 + 1 

4 )cf}F kb = ( 24 
4 )cf}F kb = 6 cf}F kb 

;l~rt af/Daf/tf :tDe (column) af6, 6 cf}F kbsf] dfg = ?= 28,000

t];|f] rt'yf{Fz (Q3) =3(N + 1 
4 )cf}F kb = 3 × 6 cf}F kb = 18 cf}F kb 
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;l~rt af/Daf/tf :tDe (Column) af6, 18 cf}F kbsf] dfg = ?= 32,000

;"qcg';f/, rt'yf{FzLo ljrng (Quartile deviation) 

=  
Q3

 – Q1
2  = 32,000 – 28,000 

2  = 
4,000 

2  = 2,000

rt'yf{FzLo ljrngsf] u'0ffª\s (Coefficient of quartile deviation ) = 

=  
Q3

 – Q1
Q3

 + Q1
 = 32,000 – 28,000 

32,000 + 28,000  =
4,000 
50,000  = 0.08

cEof; 5.2

1. ljr/0fzLntf eg]sf] s] xf], pbfx/0f;lxt k|:6 kfg'{xf];\ .

2. rt'yf{FzLo ljrng eGgfn] s] a'lemG5 < rt'yf{FzLo ljrng kQf nufpg s'g s'g rt'yf{Fzsf] 
 k|of]u ul/G5, sf/0f;lxt n]Vg'xf];\ .

3. rt'yf{Fzlarsf] lj:tf/ (Inter quartile range) eGgfn] s] a'lemG5, n]Vg'xf];\ .

4. lbOPsf] u|fkmdf klxnf] rt'yf{Fz (Q1) = 24 / t];|f] rt'yf{Fz (Q3) = 38 eP rt'yf{FzLo 
 leGgtf / ljrngsf] u'0ffª\s kQf nufpg'xf];\ .

5. j}olSts >]0fLsf] tNnf] / dflyNnf] rt'yf{FzLo dfgx¿ j|mdzM 30 / 40 5g\ .

 -s_ pSt >]0fLsf] rt'yf{FzLo leGgtf kQf nufpg'xf];\ .

 -v_ rt'yf{FzLo ljrngsf] u'0ffª\s kQf nufpg'xf];\ .

6. s'g} vl08t >]0fLsf] klxnf] rt'yf{Fz (Q1) 35 / rt'yf{FzLo ljrng 20 5g\ . 

 -s_ pSt >]0fLsf]] t];|f] rt'yf{Fz kQf nufpg'xf];\ .

 -v_ rt'yf{FzLo ljrngsf] u'0ffª\s kQf nufpg'xf];\ .

7. -s_ s'g} vl08t >]0fLsf] rt'yf{FzLo ljrng / o;sf] u'0ffª\s j|mdzM 14 / 
7 
20  eP, o;sf] 

  klxnf] rt'yf{+z (Q1) sf] dfg kQf nufpg'xf];\ .

Q1 Q2 Q3
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 -v_ s'g} j}olSts >]0fLsf] rt'yf{+zLo ljrngsf] u'0ffª\s 
1 
4  / o;sf] t];|f] rt'yf{FzLo 

  dfg 15 eP To;sf] klxnf] rt'yf{Fzsf] dfg / rt'yf{FzLo ljrng kQf nufpg'xf];\ .

 -u_  j}olSts >]0fLsf] klxnf] rt'yf{+z (Q1) = 12 / rt'yf{FzLo ljrng (Q.D) = 2 eP 
  To;sf] t];|f] rt'yf{FzLo dfg tyf rt'yf{+zLo ljrngsf] u'0ffª\s kQf nufpg'xf];\ .

8. ljleGg ;dodf ;ª\sng ul/Psf tYofª\sx¿ tn lbOPsf] 5 . pSt tYofª\sx¿sf] 
 cfwf/df rt'yf{FzLo leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ M

 -s_ d"No -?_M 150,  200, 250, 400, 160, 210, 420

 -v_ tfkj|md -°c_M 13, 40, 27, 30, 25, 22, 21, 18, 12, 13, 10.

 -u_ z/L/sf] tf}n (kg): 20, 18, 25, 12, 9, 6, 21, 42, 35, 28.

 -3_ ljBfyL{sf] vfhf vr{ -?_M 50, 80, 85, 75, 70, 90, 100, 105, 120, 110, 130.

9. Pp6f ljBfnosf] sIff 9 df cWoog/t 28 hgf ljBfyL{sf] k'; dlxgfsf] klxnf] xKtfdf 
 lnOPsf] tf}n tn tflnsfdf lbOPsf] 5 . pSt tYofª\ssf cfwf/df rt'yf+{zLo leGgtf /  
 To;sf] u'0ffª\s kQf nufpg'xf];\ M

tf}n -kg_ 45 47 49 51 53 55

ljBfyL{ ;ª\Vof 4 8 5 3 3 5

10. km/s km/s ef}uf]lns 7fpFdf /x]sf t/ Pp6} ;dodf dfkg ul/Psf ;x/x¿sf] tfkj|md 
 lgDgfg';f/ kfOof] . pSt tYofª\ssf cfwf/df rt'yf{FzLo leGgtf / To;sf] u'0ffª\s kQf  
 nufpg'xf];\ M

Tffkj|md -°c_ 10 15 20 25 30

;x/ ;ª\Vof 3 7 10 8 2

11. Pp6f ;fd'bflos ljBfnosf] sIff 9 sf] bf];|f] q}dfl;s k/LIffdf 39 hgf ljBfyL{x¿n] k|fKt 
 u/]sf] k|fKtfª\s tn tflnsfdf b]vfOPsf] 5 . pSt tYofª\ssf cfwf/df rt'yf{FzLo leGgtf  
 / To;sf] u'0ffª\s kQf nufpg'xf];\ M

Kf|fKtfª\s 40 45 50 55 60 64 68

ljBfyL{ ;ª\Vof 5 7 8 6 4 6 3

12. Pp6f ljBfnosf] x/]s q}dfl;s k/LIffdf ljBfyL{x¿sf] prfO dfkg ug]{ ul/G5 . ;f] dfkg 
 u/]sf] prfO tn tflnsfdf b]vfOPsf] 5 . pSt tYofª\ssf cfwf/df rt'yf{FzLo leGgtf  
 / To;sf] u'0ffª\s kQf nufpg'xf];\ .
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ljBfyL{sf] prfO -cm_ 153 155 157 159 161 163 165 167 169

ljBfyL{ ;ª\Vof 8 2 4 6 3 4 7 1 4

13. g]kfnL rnlrq x]g{ dg k/fpg] ljleGg pd]/ ;d"xsf dflg;x¿df ul/Psf] Ps ;j]{If0fsf] 
 tYofª\s tn tflnsfdf lbOPsf] 5 . pSt tYofª\ssf cfwf/df rt'yf{FzLo leGgtf /  
 To;sf] u'0ffª\s kQf nufpg'xf];\ .

pd]/ -jif{df_ 20 30 40 50 60 70 80

Dfflg;x¿sf] ;ª\Vof 3 61 132 153 140 51 3

14. Pp6f j}olSts >]0fLdf cfwfl/t eP/ ;Gbe{;lxtsf k|Zg lgdf{0f ug'{xf];\ . o;/L lgdf{0f 
 ePsf k|Zgsf cfwf/df, 

 -s_ klxnf] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .  

 -v_ t];|f] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .

 -u_ pSt tYofª\ssf cfwf/df rt'yf{FzLo leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ .

15. Pp6f vl08t >]0fLdf cfwfl/t eP/ ;Gbe{;lxtsf Pp6f k|Zg lgdf{0f ug'{xf];\ . o;/L 
 lgdf{0f ePsf k|Zgsf cfwf/df, 

 -s_  klxnf] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .  

 -v_  t];|f] rt'yf{Fzsf] dfg kQf nufpg'xf];\ .

 -u_  rt'yf{FzLo leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ .

 -3_  rt'yf{FzLo leGgtf / To;sf] u'0ffª\s kQf nufpFbf bf];|f] rt'yf{Fzsf] dfg kQf  
  nufpFb}gf}F lsg < sf/0f lbg'xf];\ .

pQ/

1 b]lv 3 ;Dd lzIfsnfO{ b]vfpg'xf];\ .

4. -s_ 7,   -v_ 0.22 5. -s_ 5,    -v_ 0.14   6. -s_ 75  -v_ 0.36 

7. -s_ 26 -v_ 9, 3 -u_ 16, 0.14 8. s_ 120, 0.42 -v_ 7, 0.35 -u_ 9.25, 0.45  
-3_ 17.5, 0.189  9. 3, 0.06  10. 5, 0.25 11. 7.5, 0.14 12. 5, 0.031 

13. 10, 0.2  14 / 15 lzIfsnfO{ b]vfpg'xf];\ .
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5.3 dWos leGgtf / o;sf] u'0ffª\s (Mean Deivation and Its Coefficient)

dWos leGgtf g} lsg lgsfNg' k¥of] < rt'yf{+zLo ljrng -leGgtf_ n] sfd ub}{g / < xf] 
kSs} klg ub}{g, lsgls rt'yf{+zLo ljrngaf6 ;ª\sng ul/Psf] tYofª\s slt km}lnPsf] 5 
eGg] dfq hfgsf/L x'G5 . t/ dWos leGgtfaf6 s]Gb|Lo k|j[lQsf dfkg -dWos, dlWosf /  
/Lt_ sf dfgx¿af6 slt tn jf dfly uofF} eGg] hfgsf/L lng 
;lsG5 . h:t}M ;fdfGotM Pp6f lg/f]uL dflg;sf] z/L/sf] / Strfk 

120/80mmHg x'g'k5{ . olb 5}g eg] x'g'kg]{eGbf slt tn jf dfly 
eof] eg]/ :jf:YosdL{x¿n] hfgsf/L lng] u5{g\ . la/fdLsf] pkrf/ 
ub}{ hfFbf clxn] s:tf] eO/x]sf] 5, To;}u/L pkrf/df klxnfeGbf 
;'wf/ eO/x]sf] 5 jf 5}g dWos dfgsf] slt glhs jf slt 6f9f 5 
eGg] hfgsf/L lng / lbgsf nflu :jf:YosdL{x¿n] dWos leGgtf 
/ o;sf] u'0ffª\s k|of]u u/]sf] kfOG5 .  

lj|mofsnfkdf cfwfl/t pbfxf/0f 

b'O{ hgf ;fyLx¿ k]Daf / 6f;Lsf] Ps jif{sf] ;dodf k|To]ssf] 10 k6s lnOPsf] ul0ft ljifosf] 
25 k"0ff{ª\ssf] k/LIffdf pgLx¿n] k|fKt u/]sf] k|fKtfª\ssf] cWoog u/L ;f]lwPsf k|Zgx¿sf] 
5nkmn ug'{xf];\ .

k]Daf M  17, 19, 20, 16, 22, 23, 21, 20.5, 18, 15

6f;L M  9, 10, 3, 15, 20, 16,  5, 25, 21, 23

-s_  b'a} hgfsf] cf};t k|fKtfª\s slt slt 5 <

-v_  oL b'a} tYofª\ssf] t'ngf ug]{ cfwf/x¿ s] s] 5g\ <

-u_  b'O{ hgfsf] k|fKtfª\s t'ngf ubf{ s;sf] tf}n cf};t k|fKtfª\saf6 a9L 6f9f / glhs 5g\ < 

k]Dafn] k|fKt u/]sf] cf};t k|fKtfª\s = 
17 +19 + 20 +16 + 22 +23 + 21+ 20.5 +18 +15

10
 =

191.5 
10 = 19.15 

To;}u/L, 6f;Ln] k|fKt u/]sf] cf};t k|fKtfª\s = 
9 +10 +3 +15 + 20 +16 + 5 + 25 + 21+ 23 

10  = 14.7

o;/L, 6f;Ln] k|fKt u/]sf] k|fKtfª\s cf};t k|fKtfª\seGbf w]/} g} tndfly ePsf] b]lvG5 eg]  
k]Dafn] k|fKt u/]sf] k|fKtfª\s t'ngfTds ¿kdf a9L l:y/ ePsf] b]lvG5 . o;/L dWos jf  
dlWosfsf] cfwf/df tYofª\slar t'ngf ug{ dWos jf cf};t leGgtf÷ljrng k|of]u ul/G5 .

dWos / dlWosf h:tf s]Gb|Lo k|j[lQsf gfkx¿af6 k|To]s kbsf] cGt/sf] lg/k]If dfgsf] 
cf};tnfO{{ dWos jf cf};t ljrng elgG5 . dWos leGgtf cª\s ul0ftLo dWos, dlWosf 
/ l/tsf cfwf/df kQf nufOG5 . xfdLn] oxfF j}olSts >]0fL / vl08t >]0fLaf6, dWos / 
dlWosfsf] k|of]u u/L dWos leGgtf u0fgf u5f}{F .
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5.3.1 j}olSts >]0fL (Individual series) df dWos leGgtf 

Pp6f j}olSts >]0fL lnpF, 3, 6, 6, 7, 8, 11, 16, 15

klxnf] r/0fdf, j}olSts >]0fLdf dWos leGgtf kQf nufpgsf nflu ;a}eGbf klxn] dWos kQf 
nufpg'k5{ . dWos (X ) = 3 + 6 + 6 + 7 + 8 + 11 + 16 + 15 

8  = 72 
8  = 9

bf];|f] r/0fdf, dWos dfgaf6 lbOPsf] k|To]s dfg;Ddsf] b'/L kQf nufpg'k5{ .

Dffg (X) dWos dfg (9) 
b]lvsf] b'/L

3 6
6 3
6 3
7 2
8 1
11 2
15 6
16 7

t];|f] r/0fdf, dWos dfg (9) b]lv k|To]s dfg;Ddsf] b'/Lsf] dWos leGgtf kQf nufpg'k5{ .

dWos leGgtf (M.D) =  6 + 3 + 3 + 2 + 1 + 2 + 6 + 7 
8

 = 30 
8   = 3.75

ctM lbOPsf] tYofª\ssf] dWos (X ) = 9 / dWos leGgtf (M.D) = 3.75 x'G5 .

j}olSts >]0fLsf] tYofª\snfO{ s] ;"q k|of]u u/]/ klg dWos leGgtf kQf nufpg ;lsG5 t < 
xf] kSs} klg ;"q k|of]u u/]/ dWos leGgtf kQf nufpg ;lsG5, h'g ;"qx¿ o;k|sf/ 5g\ .

olb x1, x2, x3,….xn Pp6f j}olSts >]0fL xf] .

-s_ dWos leGgtf -dWosaf6_ 

 (i)  dWos (X ) = 
∑X 
N   

 (ii)  dWos leGgtf (M.D) = 
∑|X –  X|  

N  = 
∑D  
N hxfF, D = |X – X  | 

  N = hDdf kb ;ª\Vof, D = |X – X  | ePsfn] D sf] dfg ;w}F wgfTds x'G5 .  

-v_  dWos leGgtf -dlWosfaf6_ 

 (i) dlWosf (Md) = (N + 1 
2 )

 (ii) dWos leGgtf (M.D) =  
∑|X– X|  

N  =
∑D 
N hxfF, D = |X – Md| / N = hDdf kb ;ª\Vof

cf}F dfg
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dWos leGgtf ljr/0fzLntf dfkgsf] lg/k]If dfg xf] . km/s PsfO tYofª\ssf b'O{ jf b'O{eGbf 
a9L >]0fLx¿sf] t'ngf ug{ dWos leGgtfsf] u'0ffª\ssf] k|of]u ul/G5 . dWos leGgtfdf cfwfl/t 
ljr/0fzLntfsf] t'ngfTds dfkg g} dWos leGgtfsf] u'0ffª\s xf] . o;sf] u0fgf ug{ lgDg 
;"qsf] k|of]u ul/G5 .

dWos leGgtfsf] u'0ffª\s -dWosaf6_ = dWosaf6 dWos leGgtf 
dWos

 =  
M.D 

X 

dWos leGgtfsf] u'0ffª\s -dlWosfaf6_ =  
dlWosfaf6 dWos leGgtf 

dlWosf
  = 

M.D 
Md 

dWos leGgtf kQf nufP/ dfq lsg k'Ub}g < leGgtfsf] u'0ffª\s g} lsg kQf nufpg] ul/G5 < 
5nkmn ug'{xf];\ .

dWos leGgtfn] lg/k]If dfgnfO{ hgfpF5 . ;fk]If dfg hgfpgsf nflu dWos leGgtfsf] 
u'0ffª\s kQf nufpg] ul/G5 .

5.3.2 vl08t >]0fL (Discrete series) df dWos leGgtf 

vl08t >]0fLdf (Discrete Series) df dWos leGgtf s;/L kQf nufpg] xf]nf < s] j}olSts 
>]0fLdf h;/L dWos leGgtf kQf nufpg ;lsG5 t < cjZo klg ;lsFb}g lsgls o;df  
af/Daf/tf x'g] x'gfn], km/s ;"qsf] k|of]u ug'{k5{ . 

Tof] yfxf kfpg Pp6f vl08t >]0fL x1, x2, x3,….xn lnpF . h;df ;DalGwt kbx¿sf] af/Daf/tf 
j|mdzM f1, f2, f3,….fn 5g\ . dWos leGgtf dWos / dlWosfaf6 kQf nufpg ;lsG5 . 

-s_ dWos leGgtf -dWosaf6_ 

(i)  dWos (X̅) = ∑    hxfF, ∑ X = k|To]s kb / ;DalGwt af/Daf/tfsf] u'0fgkmnsf] of]ukmn 

 ∑ = N = af/Daf/tfsf] of]ukmn cyjf hDdf kbsf] ;ª\Vof 
(ii)  dWos leGgtf (M.D) = ∑ |    ̅|

  = ∑     hxfF, D = |X  X̅|  
 X̅ = vl08t >]0fLsf] dWos / ∑ = N = af/Daf/tfsf] of]ukmn cyjf hDdf kbsf] ;ª\Vof 
 -v_ dWos leGgtf -dlWosfaf6_
 
(i) dlWosf (Md) = (     

 ) cf}F dfg 
(ii) dWos leGgtf (M.D) = ∑ |     |

  = ∑       
hxfF, D = |X  Md|, Md = vl08t >]0fLsf] dlWosf / N = ∑  = af/Daf/tfsf] of]ukmn cyjf 
hDdf kbsf] ;ª\Vof  
 
dfly lbOPsf] lj|mofsnfkdf cfwfl/t pbfx/0f cWoog u/L dWos leGgtf / o;sf] u'0ffª\ssf] 
cjwf/0ff k|:6 x'g] u/L Pp6f lj|mofsnfk agfpg'xf];\ .
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lj|mofsnfk 1   

p2]Zo M dWos leGgtf / o;sf] u'0ffª\ssf] cjwf/0ff ljsf; ug'{
;d:of M ================================================================================================
cfjZos ;fdu|L M ===================================================================================
k|lj|mof M =================================================================================================
lgisif{ M =================================================================================================

pbfx/0f 1  
Pp6f lstfadf 7 cf]6f k]hx¿ uGbf, k|To]s k]hx¿ h:t} (1, 2, 3, ... ) df tn pNn]v 
ul/Pcg';f/sf zAbx¿ c6fPsf 5g\ .
271, 296, 301, 285, 298, 327, 287 k|To]s k[i7df zAb ;ª\Vofsf] 
-s_  dWossf] k|of]u u/L dWos leGgtf / o;sf] u'0ffª\s slt x'G5, kQf nufpg'xf];\ .
-v_  dlWosfsf] k|of]u u/L dWos leGgtf / o;sf] u'0ffª\s slt x'G5, kQf nufpg'xf];\ .
;dfwfg M oxfF,
lbOPsf] tYofª\sM X = 271, 296, 301, 285, 298, 327, 287 hDdf kbsf] ;ª\Vof (N) = 7

-s_  dWosaf6 dWos leGgtf M 
 ;"qcg';f/, dWos (X )  = 

∑X 
N   =  

271 + 296 + 301 + 285 + 298 + 327 + 287 
7  = 295

dWosfaf6 dWos leGgtf kQf nufpg lbOPsf] tYofª\snfO{  lgDgcg';f/sf] tflnsf k|of]u ul/G5 . 

zAbx¿ (X)  D = |X – X |
271 24
285 10
287 8
296 1
298 3
301 6
327 32

  ∑D  = 84

k]ml/, ;"qcg';f/, dWos leGgtf (MD) = 
∑D 
N = 84 

7 = 12

dWos leGgtfsf] u'0ffª\s =  dWosaf6 dWos leGgtf 
dWos

= 12 
295 = 0.0406

-v_ ca, lbOPsf] tYofª\snfO{ a9\bf] j|mddf n]Vbf, 271, 285, 287, 296, 298, 301, 327 

 

ca, ;"qcg';f/, dlWosf (    kg]{ :yfg = (      )cf}F dfg 

= (      ) cf}F dfg = (  ) cf}F dfg = (   cfF} dfg =      
ctM (   cf}F dfg = 296 To;}n], dlWosf (    = 296 
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 dWosaf6 dWos leGgtfM dlWosfaf6 dWos leGgtf kQf nufpg lbOPsf] tYofª\snfO{  
 a9\bf] j|mddf n]vL lgDgcg';f/sf] tflnsf k|of]u ul/G5 . 

zAbx¿ (X)  D = |X – Md|

271 25
285 11
287 9
296 0
298 2
301 5
327 31

  ∑D  = 83

 

km]/L, ;"qcg';f/, dWos leGgtf (M.D) = ∑   =     =11.85 

dWos leGgtfsf] u'0ffª\s =  =          = 0.04 

 pbfx/0f 2  

Pp6f ljBfnodf 75 k"0ff{ª\ssf] ul0ft ljifosf] k|yd q}dfl;s k/LIffdf ljBfyL{n] k|fKt u/]sf] 
k|fKtfª\s tn lbOPsf] 5 .

k|fKtfª\s 10 15 20 25 30 35 40

ljBfyL{ ;ª\Vof 8 10 5 3 5 2 7

-s_ dWossf] k|of]u u/L dWos leGgtf / o;sf] u'0ffª\s slt x'G5, kQf nufpg'xf];\ .
-v_ dlWosfsf] k|of]u u/L dWos leGgtf / o;sf] u'0ffª\s slt x'G5, kQf nufpg'xf];\ .
;dfwfg M oxfF,
-s_ dWosaf6 dWos leGgtf kQf nufpg tYofª\snfO{ a9\bf] j|mddf /fvL lgDgcg';f/sf]  
 tflnsf k|of]u ul/G5 . 

k|fKtfª\s (x) ljBfyL{ ;ª\Vof (f) fx D = |X–  X | fD

10 8 80 12.625 101
15 10 150 7.625 76.25
20 5 100 2.625 13.125
25 3 75 2.375 7.125
30 5 150 7.375 36.875
35 2 70 12.375 24.75
40 7 280 17.375 121.625

∑f = N = 40 ∑f x = 905 ∑fD  = 380.75
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-v_ dlWosfaf6 dWos leGgtf kQf nufpg tYofª\snfO{ a9\bf] j|mddf n]vL lgDgcg';f/sf]  
 tflnsf k|of]u ul/G5 . 

k|fKtfª\s (x) ljBfyL{ ;ª\Vof (f) cf D = |X–Md| fD

10 8 8 10 80
15 10 18 5 50
20 5 23 0 0
25 3 26 5 15
30 5 31 10 50
35 2 33 15 30
40 7 40 20 140

∑f = N = 40 ∑fD  = 365

ca, ;"q cg';f/, dlWosf (    kg]{ :yfg = (      ) cf}F dfg 

= (       ) cf} dfg = (   ) cf} dfg = ( 0.5 cf}F dfg 

 lbOPsf] cf sf] kª\ltaf6, dlWosf (Md) = 20

cEof; 5.3

1. dWos leGgtf eGgfn] s] a'lemG5, n]Vg'xf];\ .

2. dWos leGgtf s] s]af6 kQf nufpg ;lsG5, n]Vg'xf];\ .

3. xfd|f] b}lgs hLjgdf dWos leGgtfsf] pkof]u sxfF ul/G5, vf]hL u/L n]Vg'xf];\ .

4. rt'yf{FzLo leGgtfeGbf dWos leGgtf a9L ljZj;gLo dflgG5 lsg, sf/0f;lxt n]Vg'xf];\ .

5. dWos leGgtf kQf nufP/ dfq lsg k'Ub}g, leGgtfsf] u'0ffª\s g} lsg kQf nufpg] ul/G5 < 

6. dWos leGgtf dWosaf6 s;/L kQf nufOG5, :ki6 kfg'{xf];\ .

ca, ;"qcg';f/,

F F
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7. dWos leGgtf dlWosaf6 s;/L kQf nufOG5, :ki6 kfg'{xf];\ .

8. ljleGg ;dodf ;ª\sng ul/Psf ljleGg tYofª\sx¿ tn lbOPsf] 5 . pSt tYofª\ssf 
 cfwf/df dWosaf6 dWos jf cf};t leGgtf -ljrng_ / To;sf] u'0ffª\s kQf nufpg'xf];\ .

 -s_ d"No -?_M 150,  200, 250, 400, 160, 210, 422

 -v_ tfkj|md -°C_M 20, 18, 25, 12, 9, 6, 22, 45, 35, 28.

 -u_ z/L/sf] tf}n (kg): 13, 40, 27, 30, 25, 22, 21, 18, 12, 13, 10.

 -3_ ljBfyL{sf] vfhf vr{ -?_M 50, 80, 85, 75, 70, 90, 100, 105, 120, 110, 127.

 -ª_ jiff{ (mm) : 14, 10, 8, 12, 22, 28, 16, 24, 26. 

 -r_ k|fKtfª\sM 17, 10, 15, 7, 13, 9, 6, 18, 11, 14.

9. lbOPsf tYofª\ssf cfwf/df dlWosfaf6 dWos leGgtf / To;sf] u'0ffª\s kQf 
 nufpg'xf];\ .
 -s_ d"No -?_M 150,  200, 250, 400, 160, 210, 422

 -v_ tfkj|md -°c_M 20, 18, 25, 12, 9, 6, 22, 45, 35, 28.

 -u_ z/L/sf] tf}n (kg): 13, 40, 27, 30, 25, 22, 21, 18, 12, 13, 10.

 -3_ ljBfyL{sf] vfhf vr{ -?_M 50, 80, 85, 75, 70, 90, 100, 105, 120, 110, 127.

 -ª_ jiff{ (mm): 14, 10, 8, 12, 22, 28, 16, 24, 26. 
 -r_ k|fKtfª\sM 17, 10, 15, 7, 13, 9, 6, 18, 11, 14.

10 klxnf] 10 cf]6f k|fs[lts ;ª\Vofx¿ lbOPsf] 5 . 1, 2, 3, 4, 5, 6, 7, 8, 9, 10

 -s_  dWosaf6 dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ .

 -v_  dlWosfaf6 dWos leGgtf / o;sf] u'0ffª\s kQf nufpg'xf];\ .

 -u_  dWosaf6 / dlWosfaf6 k|fKt dWos leGgtfsf] dfgdf km/s k5{ ls kb}{g <  
  sf/0f;lxt n]Vg'xf];\ .

11. Pp6f ljBfnosf] sIff 9 sf] bf];|f] q}dfl;s k/LIffdf ljBfyL{x¿n] lj1fg tyf k|ljlw ljifodf k|fKt 
 u/]sf] k|fKtfª\s tn tflnsfdf b]vfOPsf] 5 . 

Kf|fKtfª\s 40 45 50 55 60 64 68

ljBfyL{ ;ª\Vof 5 7 8 6 4 6 3

-s_ lbOPsf] tYofª\snfO{ s'g >]0fLdf k|:t't ul/Psf] 5 .
 -v_ tflnsfdf hDdf slt ljBfyL{sf] k|fKtfª\s lbOPsf] 5, kQf nufpg'xf];\ .
 -u_ pSt tYofª\ssf] dWosaf6 dWos leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ . 
 -3_ pSt tYofª\ssf] dlWosfaf6 dWos leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ . 
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12. s'g} 7fpFsf] Ps lbgdf /]s8{ ul/Psf] tfkj|md tn tflnsfdf b]vfOPsf] 5 . 

Tffkj|md (°C) 20 25 28 29 33 38 42 43

Aff/Daf/tf 6 20 24 28 15 4 2 1

-s_  lbOPsf] tYofª\snfO{ s'g >]0fLdf k|:t't ul/Psf] 5 .     

-v_ hDdf af/Daf/tf (∑f) kQf nufpg'xf];\ .

 -u_ pSt tYofª\ssf] dWosaf6 dWos leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ . 

 -3_ pSt tYofª\ssf] dlWosfaf6 dWos leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ . 

13. s'g} 7fpFsf] kfFr dlxgf -h]i7, cfiff9, >fj0f, efb|, c;f]h_ df /]s8{ ul/Psf] jiff{ mm df 
 tn tflnsfdf b]vfOPsf] 5 . 

jiff{ (mm) 20 25 30 35 40

lbg 5 8 12 10 5

 -s_ vl08t >]0fLsf] dWos kQf nufpg] ;"q n]Vg'xf];\ .

 -v_ lbOPsf] tYofª\af6 dWos kQf nufpg''xf];\ .   

 -u_ lbOPsf] tYofª\af6 dlWosf kQf nufpg''xf];\ .

 -3_ pSt tYofª\ssf] dWosaf6 dWos leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ . 

 -ª_ pSt tYofª\ssf] dlWosfaf6 dWos leGgtf / To;sf] u'0ffª\s kQf nufpg'xf];\ . 

pQ/

1 b]lv 7 ;Dd lzIfsnfO{{ b]vfpg'xf];\ .  8. -s_ 88.57, 0.34   -v_ 9, 0.44  -u_ 7.09, 0.337   -3_ 18.54, 0.20
-ª_ 6.42, 0.36   -r_ 3.4, 0.28   9. s_ 80.28, 0.38   -v_ 9, 0.42   -u_ 7.09, 0.337  -3_ 18.36, 0.204  

-ª_ 6.22, 0.34    -r_ 4, 0.33   10. -s_ 2.5, 0.45    -v_ 2.5, 0.45    -u_ kb}{g . 

11. -s_ vl08t >]0fL   -v_ 39   -u_ 7.59, 0.14  -3_ 7.51, 0.15 12. -s_ vl08t >]0fL 

-v_ 100 -u_ 2.94, 0.102 -3_ 2.94, 0.101 13. -s_ X  = 
∑fX 

N   -v_ 30.25 -u_ 30   

-3_ 4.81, 0.159 -ª_ 4.75, 0.158

5.4 :t/Lo leGgtf / o;sf] u'0ffª\s (Standard Deviation and Its Coefficient)

:t/Lo leGgtfsf] cjwf/0ff Karl Pearson n] 1893 df kQf nufPsf x'g\ . of] c¿ leGgtfeGbf 
lsg a9L k|of]udf NofOG5 < s] of] c¿ ljrngeGbf e/kbf]{ / a9L ljZj;gLo 5 < 5nkmn 
ug'{xf];\ .

s'g} >]0fL jf tYofª\sx¿sf] ljt/0fdf To;sf k|To]s kb / dWodfg ljrngsf] ju{sf] cf};tsf] 
ju{d"nnfO{{ :t/Lo leGgtf elgG5 . csf]{ zAbdf s'g} klg tYofª\sx¿sf] k|To]s kbsf]  
ljrngnfO{{ ju{ u/L ltgLx¿sf] of]ukmnnfO{{ hDdf kb ;ª\Vofn] efu u/L ju{d"n lgsfn]/  
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:t/Lo leGgtf u0fgf ul/G5 . To;}n] o;nfO{{ dWos leGgtfsf] ju{sf] cf};tsf] ju{d"n (root 

mean square deviation) klg eGg] ul/G5 . o;nfO{{ lu|s cIf/ σ -l;Udf_ n] hgfOG5 . :t/Lo 
leGgtfn] s'g} klg tYofª\ssf] lg/k]If lj:tf/ cyjf ljr/0fzLntsf] dfkg u5{ . o;n] tYofª\
ssf] ljt/0fsf] Ps¿ktfsf] dfq lgwf{/0f u5{ . :t/Lo leGgtfsf] dfg hlt ;fgf] eof] Tolt g} 
tYofª\sx¿df Ps¿ktfsf] dfqf a9L x'G5 . To;}n] o;sf] u0fgfaf6 tYofª\ssf] ljt/0f dWosn] 
s;/L ;f] tYofª\ssf] k|ltlglwTj u/]sf] 5 eGg] hfgsf/L lbG5 . 

5.4.1 j}olSts >]0fL (Individual Series) sf] :t/Lo leGgtf
olb  x1, x2, x3,–xn Pp6f j}olSts >]0fL eP o;sf] k|dfl0fs ljrng jf :t/Lo leGgtfsf] u0fgf 
ljleGg tl/sfaf6 kQf nufpg ;lsG5 . ca ljleGg tl/sf af/]df 5nkmn u/f} F. 

-s_  jf:tljs dWos ljlw (Actual Mean Method) M o; ljlwaf6 :t/Lo leGgtf kQf nufpg 
jf:tljs dWos (X ) kQf nufpg'k5{ . olb dWossf] dfg bzdnjdf cfPsf] cj:yfdf 
lx;fa ug{ s]xL sl7g klg x'g] u5{ . o; ljlwaf6 :t/Lo leGgtf kQf nufpg lgDg ;"qsf] 
k|of]u ul/G5 .

 
(S.D) =√∑(   ̅) 

  =√∑ 
 

    

 hxfF, d = X – X   >]0fLsf] k|To]s kb / 
 dWos jf cf};tlarsf] km/s 

 N = hDdf kb ;ª\Vof, X  = s'g} kbsf] dfg

-v_  k|ToIf ljlw (Direct Method) M o; ljlwaf6 :t/Lo leGgtf kQf nufpg jf:tljs dWos 
lgsfNg' kb}{g / cg'dflgt dWos klg rflxFb}g . lbOPsf X sf dfgx¿sf] of]ukmn lgsfNg] 
/ k|To]s X sf dfgx¿nfO{ ju{ u/L X2  sf] hDdf of]ukmn kQf nufO{ lgDg ;"qsf] k|of]u 
u/L :t/Lo leGgtf kQf nufpg'k5{  .

 :t/Lo leGgtf (S.D.) =√∑ 
 

  (∑  )
 

  hxfF, X = s'g} kbsf] dfg / N = hDdf kb ;ª\Vof x'g\ .

-u_ cg'dflgt dWos ljlw (Assumed Mean 

Method)M jf:tljs dWosaf6 :t/Lo leGgtf 
lgsfNg sl7g / a9L ;do nfUg] x'G5 . o:tf]
cj:yfdf s'g} Pp6f ;ª\VofnfO{{ dWos dfgL  
:t/Lo leGgtf kQf nufOG5 . o; ljlwaf6  
:t/Lo leGgtf kQf nufpg lbOPsf] tYofª\snfO{ 
a9\bf] j|mddf n]Vg] / tYofª\ssf] dWolt/  
kg]{] dfgnfO{ sfNklgs dWos lnOG5 . sfNklgs 

jf:tljs dWos ljlwaf6 :t/Lo leGgtf lgsfNbf
ckgfpg] k|lj|mofsf r/0fx? 
;'?df dWos  
1.  (X̅) = 

∑X 
N  ;"qsf] k|of]u u/L kQf nufpg]

2.  lbOPsf] dfg X / dWos (X̅) larsf] cGt/ d = 
X– X̅  kQf nufpg] 
3.  dfg d sf] ju{ d2 kQf nufpg] / ∑d2  lgsfNg] 
4. :t/Lo leGgtf (S.D) = ∑d2 

N
  ;"qsf] k|of]u ug]{ 

cg'dflgt dWos ljlwaf6 :t/Lo leGgtf lgsfNbf 
ckgfpg] k|lj|mofsf r/0fx¿
1. ;'?df lbOPsf X sf dfgx¿af6 larlt/ kg]{ 
 dfgnfO{ cg'dflgt dWos A lng] 
2. lbOPsf] dfg X / cg'dflgt dWos A larsf] 
 cGt/ d = X – A kQf nufpg] 
3. d sf] hDdf ∑d lgsfNg] 
4. d sf] ju{ d2 kQf nufpg] / ∑d2  lgsfNg] 

5. :t/Lo leGgtf (S.D) =  ∑d2

  N ))∑d2

 N –     
 ;"q k|of]u ug]{ 



255P]lR5s ul0ft, sIff (

dWosnfO{ A n] hgfOG5 . o;df lgDg ;"qsf] k|of]u ul/G5 .

 :t/Lo leGgtf (S.D.) = √∑ 
 

  (∑  )
 

 

hxfF, d = X – A >]0fLsf] k|To]s kb / dWos jf cf};tlarsf] km/s A = sfNklgs dWos, N = 

hDdf kb ;ª\Vof, X = s'g} kbsf] dfg 

5.4.2 vl08t >]0fLdf (Discrete Series) df :t/Lo leGgtf
vl08t >]0fLdf (Discrete Series) df :t/Lo leGgtf s;/L kQf nufpg] xf]nf < s] j}olSts 
>]0fLdf h;/L :t/Lo leGgtf kQf nufpg ;lsG5 t < cjZo klg ;lsFb}g lsgls o;df  
af/Daf/tf bf]xf]l/Psf sf/0fn], km/s ;"qsf] k|of]u ug'{k5{ . 
n ca Tof] yfxf kfpg Pp6f vl08t >]0fL x1, x2, x3,….xn lnpF . h;df ;DalGwt kbx¿sf] 
af/Daf/tf j|mdzM f1, f2, f3,….fn 5g\ . :t/Lo leGgtf ljleGg tl/sfaf6 kQf nufpg ;lsG5 . 

-s_  jf:tljs dWos ljlw (Actual Mean Method) M o; ljlwaf6 :t/Lo leGgtf kQf 
 nufpg lgDg ;"qsf] k|of]u ul/G5 .

 (S.D. jf σ) =√∑ (   ̅) 
  =√∑  

 

  

hxfF, d = X – X   >]0fLsf] k|To]s kb / dWos jf cf};tlarsf] km/s, N = hDdf kb ;ª\Vof / 
X = s'g} kbsf] dfg
Gff]6 M o; ljlwaf6 :t/Lo leGgtf kQf nufpFbf dWossf] dfg bzdnjdf cfPsf] cj:yfdf 
lx;fj ug{ s]xL emGeml6nf] x'g] u5{ . To;}n] k|ToIf ljlw a9L pko'St x'G5 .

-v_  k|ToIf ljlw (Direct Method) M o; ljlwaf6 :t/Lo leGgtf kQf nufpg lgDg ;"qsf] 
 k|of]u ul/G5 .

 :t/Lo leGgtf (S.D. jf σ) =√∑  
 

  (∑    )
 

 hxfF, X = s'g} kbsf] dfg / N = ∑f = 

 hDdf kb ;ª\Vof 

-u_  cg'dflgt dWos ljlw (Assume Mean Method)M o; ljlwaf6 :t/Lo leGgtf kQf 
nufpg jf:tljs dWos kQf gnufO lbPsf] kbsf] dWolt/ kg]{] dfgnfO{ cg'dflgt dWos  
lnOG5 . o;df lgDg ;"qsf] k|of]u ul/G5 . 
:t/Lo leGgtf 

 (S.D. jf σ) =√∑  
 

  (∑   )
 

 

 jf hxfF, d = X – A >]0fLsf] k|To]s kb / dWos 
jf cf};tlarsf] km/s 

 A = sfNklgs dWos, N = ∑f = hDdf 
 kb ;ª\Vof / X = s'g} kbsf] dfg 

cg'dflgt dWos ljlwaf6 :t/Lo leGgtf lgsfNbf 
ckgfpg] k|lj|mofsf r/0fx¿
1. ;'?df lbOPsf X sf dfgx¿af6 ljrlt/ kg]{ 
 dfgnfO{ cg'dflgt dWos A lng] 
2. lbOPsf] dfg X / cg'dflgt dWos A larsf] 
 cGt/ d = X – A kQf nufpg] 
3. af/Daf/tf (f) / d sf] u'0fgkmn fd lgsfNg] 
4. fd / d sf] u'0fgkmn fd2 kQf nufpg] 
5. :t/Lo leGgtf (S.D) =  ∑fd2

   N ))∑fd2

 N –  
 ;"q k|of]u ug]{ 
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5.4.3 :t/Lo leGgtfsf] u'0ffª\s (Coefficient of Standard Deviation)

:t/Lo leGgtf eg]sf] s] xf] yfxf kfO;Sg'ePsf] 5 . ca :t/Lo leGgtfsf] u'0ffª\s eGgfn] s] 
a'leG5 < of] s;/L kQf nufpg ;lsG5 < :t/Lo leGgtf / :t/Lo leGgtfsf] u'0ffª\sdf s] 
km/s 5 < 5nkmn ug'{xf];\ / lgisif{df k'Ug'xf];\ . 

logLx¿sf] lardf km/s t 5 Tof] s] eg] :t/Lo leGgtf ljr/0fzLntfsf] lg/k]If dfg xf] eg] 
:t/Lo leGgtfdf cfwfl/t t'ngfTds dfkg :t/Lo leGgtfsf] u'0ffª\s xf] . b'\O{ jf b'O{eGbf a9L 
tYofª\sx¿lar Ps¿ktf (Cosistency) jf ljljwtf (Variability) sf] t'ngfTds cWoog ug{ 
:t/Lo leGgtfsf] u'0ffª\s (coefficient of standard deviation) k|of]u ul/G5 . o;sf nflu lgDg 
;"q k|of]u ul/G5 . 

:t/Lo leGgtfsf] u'0ffª\s = 
:t/Lo leGgtf 

dWos
=  

σ 
X

:t/Lo leGgtf jf k|dfl0fs ljrngsf] u'0ffª\s t'ngfTds ¿kdf hlt ;fgf] x'G5 Tolt g} a9L 
tYofª\sdf jf ljt/0fdf Ps¿ktf jf l:y/tf ePsf] dflgG5 . To;sf] ljk/Lt :t/Lo leGgtfsf] 
u'0ffª\s 7'nf] ePdf tYofª\sdf jf ljt/0fdf Ps¿ktf gePsf] jf a9L ljljwtf ePsf] eg]/ 
a'lemG5 . To;}n] ljleGg tYofª\sx¿sf] t'ngfTds cWoog ubf{ :t/Lo leGgtfsf] u'0ffª\s ;fgf] 
ePsf] /fd|f] x'G5 . 

5.4.4 ljr/0fzLntfsf] u'0ffª\s (Coefficient of Variation)
:t/Lo leGgtf ljr/0fzLntfsf] lg/k]If dfg xf] . :t/Lo leGgtf;Fu ;DalGwt ljr/0fzLntfsf] 
;fk]lIft dfgnfO{{ g} ljr/0fzLntfsf] u'0ffª\s (coefficient of variation) elgG5 . ;fdfGotM 
:t/Lo leGgtfsf] u'0ffª\\s w]/} ;fgf] x'g] x'Fbf o;nfO{ 100 n] u'0fg u/L k|ltztdf abn]/ k|of]u
ug{] ul/G5 / Tof] g} ljr/0fzLntfsf] u'0ffª\s (coefficient of variation) xf] . of] tYofª\ssf] 
t'ngfTds ljlw xf] . b'O{ jf b'O{eGbf a9L tYofª\ssf] lardf ljljwtf jf Ps¿ktf sfod ug{ 
ljr/0fzLntfsf] u'0ffª\ssf] k|of]u ul/G5 . olb ljr/0fzLntfsf] u'0ffª\s a9L ePdf tYofª\ssf] 
ljt/0fdf ljljwtf ePsf] b]lvG5 eg] ljr/0fzLntfsf] u'0ffª\s sd ePdf tYofª\ssf] ljt/0fdf 
Ps¿ktf jf l:y/tf jf sd ljljwtf ePsf] x'G5 . ljr/0fzLntfsf] u'0ffª\snfO{ ;ª\s]tdf C.V. 

n] hgfOG5 . o;nfO{ ;"qdf lgDgfg';f/ n]Vg ;lsG5 .

ljr/0fzLntfsf] u'0ffª\s (C.V) = 
σ 
X  × 100% hxfF, σ = :t/Lo leGgtf / X  = tYofª\ssf] 

dWos .

pbfx/0f 1  

ufpFsf] Ps ljBfno hfg] j|mddf, af6fdf lxF8\b} u/]sf 10 hgf ljBfyL{x¿nfO{ ltdLx¿sf] 
uf]hLdf slt slt k};f 5 egL ;f]lwPsf] lyof] . x]bf{ pgLx¿;Fu lgDg ?lkofF ePsf] kfOof] . 

5, 10, 15, 20, 25, 30, 35, 40, 45, 50

pSt tYofª\ssf cfwf/df :t/Lo leGgtf, :t/Lo leGgtfsf] u'0ffª\s / ljr/0fzLntfsf] u'0ffª\s 
kQf nufpg'xf];\ .
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;dfwfg M oxfF,
lbOPsf] tYofª\sM X = 5, 10, 15, 20, 25, 30, 35, 40, 45, 50

hDdf kbx¿sf] ;ª\Vof (N) = 10

lbOPsf] tYofª\saf6 :t/Lo leGgtf kQf nfufpg tYofª\snfO{ a9\bf] j|mddf n]vL lgDgcg';f/sf] 
tflnsf k|of]u ul/G5 .

X d = X – A d2

5 –25 625
10 –20 400
15 –15 225
20 –10 100
25 –5 25
30 0 0
35 5 25
40 10 100
45 15 225
50 20 400

∑d= –25 ∑d2 = 2125

cg'dflgt dWos (A) = 30 -dfgf}F_  [gf]6 M x sf] h'g;'s} dfgnfO{ A dfGg ;lsG5 .]

;"qcg';f/, :t/Lo leGgtf (S.D) =√∑ 
 

  (∑  )
 
  

:t/Lo leGgtf (S.D)  =√       (
   
  )

 
 = √   .  6.    = √ 06.   =14.36 

;"qcg';f/, af:tljs dWos (X̅) = A + ∑   = 30 + (   
  ) = 30 – 2.5 = 27.5 

:t/Lo leGgtf sf] u'0ffª\s =   =    ̅ = 
  .  
  .  = 0.5221 

ljr/0fzLntfsf] u'0ffª\s (C.V) =    ̅ × 100% = 
  .  
  .  × 100% = 52.21% 

 ljrf/0fLo k|Zg M s] o; k|ZgnfO{ csf]{ tl/sfaf6 ;dfwfg ug{ ;lsG5 <

pbfx/0f 2  

;+:s[t dfWolds ljBfnosf] sIff 9 df cWoog/t 18 hgf ljBfyL{x¿df 25 k"0ff{ª\ssf] clgjfo{ 
ul0ftsf] sIff 6]:6 lnOPsf] lyof] . pSt 6]:6df pgLx¿n] k|fKt u/]sf] k|fKtfª\s tn tflnsfdf 
lbOPsf] 5 . 

k|fKtfª\s 6 10 12 14 24

ljBfyL{ ;ª\Vof 2 3 4 5 4
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pSt tYofª\ssf cfwf/df,

-s_  sfNklgs dWos ljlwaf6 :t/Lo leGgtf kQf nufpg] ;"q n]Vg'xf];\ .

-v_  :t/Lo leGgtf kQf nufpg'xf];\ .    

-u_ :t/Lo leGgtfsf] u'0ffª\s kQf nufpg'xf];\ .

-3_ :t/Lo leGgtf / ljr/0fzLntf (variation) sf] u0fgf u/L km/s 5'6\ofpg'xf];\ .

-ª_ ljr/0fzLntfsf] u'0ffª\s kQf nufpg'xf];\ .

;dfwfg M oxfF,

sfNklgs dWos (A) = 12

lbOPsf] tYofª\saf6 :t/Lo leGgtf kQf nufpg tYofª\snfO{{ a9\bf] j|mddf n]vL lgDgcg';f/sf] 
tflnsf k|of]u ul/G5 .

k|fKtfª\s (x) ljBfyL{ ;ª\Vof (f) x – A = d fd fd2

6 2 6 – 12 = –6 – 12 72
10 3 10 – 12 = –2 – 6 12
12 4 12 – 12 = 0 0 0
14 5 14 – 12 = 2 10 20
24 4 24 – 12 = 12 48 576

∑f = N =18 ∑fd = 76 ∑fd2 = 680

cg'dflgt dWos (A) = 12 

-s_ sfNklgs dWos ljlwaf6 :t/Lo leGgtf kQf nufpg] ;"q lgDgfg';f/ 5 . 

:t/Lo leGgtf (σ) =√∑  
 

  (∑   )
 
  

-v_ ;"qcg';f/ (σ) =√      (
  
  )

 
 = √ 7.77   7.  7 = √  .   = 4.47 

-u_ ;"qcg';f/, af:tljs dWos (X̅) = A + ∑    = 12 + 
  
   = 16.22 

    :t/Lo leGgtfsf] u'0ffª\s =   =    ̅ = 
 .  
  .   = 0.275 

:t/Lo leGgtf (σ) =√∑  
 

  (∑   )
 
  

-3_ dflyaf6, :t/Lo leGgtf (σ) = 4.47 
    ljr/0fzLntf (variation) = σ2 = (4.47)2 = 19.9809 
    :t/Lo leGgtfsf] ju{ g} ljr/0fzLntf x'G5 . 

-ª_ ljr/0fzLntfsf] u'0ffª\s (C.V) =    ̅ × 100% = 
 .  
  .   × 100% = 27.5% 
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cEof; 5.4

1. -s_ :t/Lo leGgtf eGgfn] s] a'lemG5 n]Vg'xf];\ .

 -v_ :t/Lo leGgtf s'g s'g ljlwaf6 kQf nufpg ;lsG5, n]Vg'xf];\ .

 -u_ ljleGg ljlwaf6 j}olSts >]0fL / vl08t >]0fLdf :t/Lo leGgtf kQf nufpg k|of]u  
  x'g] ;a} ;"qx¿ n]Vg'xf];\ .

 -3_ :t/Lo leGgtf s;/L kQf nufOG5, :ki6 kfg'{xf];\ .

 -ª_  xfd|f] b}lgs hLjgdf :t/Lo leGgtfsf] pkof]u sxfF ul/G5, vf]hL u/L n]Vg'xf];\ .

 -r_ :t/Lo leGgtfsf] u'0ffª\s eGgfn] s] a'lemG5, n]Vg'xf];\ .

2. -s_ ljr/0fzLntfsf] kl/efiff n]Vg'xf];\ / of] s;/L kQf nufOG5, :ki6 kfg'{xf];\ .

 -v_ ljr/0fzLntfsf] u'0ffª\s a9L / sd x'g'n] tYofª\snfO{ s;/L ljZn]if0f ug{ ;lsG5 < 
  n]Vg'xf];\ . 

3. ljleGg ;dodf km/s km/s p2]Zosf nflu ;ª\sng ul/Psf ljleGg tYofª\sx¿ tn 
 lbOPsf] 5 . pSt tYofª\ssf cfwf/df :t/Lo leGgtf, To;sf] u'0ffª\s / ljr/0fzLntfsf]  
 u'0ffª\s kQf nufpg'xf];\ .

 -s_ d"No -?_M 150,  200, 250, 400, 160, 210, 420

 -v_ tfkj|md -°c_M 20, 18, 25, 12, 9, 6, 21, 42, 35, 28.

 -u_ z/L/sf] tf}n (kg): 13, 40, 27, 30, 25, 22, 21, 18, 12, 13, 10.

 -3_ ljBfyL{sf] vfhf vr{ -?_M 50, 80, 85, 75, 70, 90, 100, 105, 120, 110, 130.

 -ª_ jiff{ (mm): 14, 10, 8, 12, 22, 28, 16, 24, 26.

 -r_ k|fKtfª\s M 17, 10, 15, 7, 13, 9, 6, 18, 11, 14.

4. Pp6f ;'k/ dfs]{6df sfd ug]{ sd{rf/Lx¿sf] b}lgs Hofnf lgDgcg';f/ 5 .

Hofnf -?_ 1200 1300 1400 1500 1600

sfdbf/ ;ª\Vof 8 12 15 9 6

 -s_ sd{rf/Lx¿sf] cf};t Hofnf slt /x]5, kQf nufpg'xf];\ .

 -v_ pSt tYofª\ssf] :t/Lo leGgtf kQf nufpg'xf];\ .

 -u_ pSt tYofª\ssf] ljr/0fzLntfsf] u'0ffª\s slt x'G5, kQf nufpg'xf];\ .

5. lgDglnlvt tYofª\ssf cfwf/df :t/Lo leGgtf, ;f]sf] u'0ffª\s / ljr/0fzLntfsf] 
 u'0ffª\s kQf nufpg'xf];\ .

-s_ pd]/ -jif{_ 10 12 13 14 15 16

aRrfsf] ;ª\Vof 8 12 15 9 6 5
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-v_ k|fKtfª\s 35 45 50 55 60 65 70 75

ljBfyL{ ;ª\Vof 8 4 5 5 6 6 6 1

-u_ b}lgs Hofnf -?_ 1000 1050 1100 1150 1200

sfdbf/ ;ª\Vof 14 9 5 8 5

pQ/
1 b]lv 2 ;Dd lzIfsnfO{{ b]vfpg'xf];\ .

3.  -s_ 102.38, 0.401, 40.04% -v_ 10.76, 0.498, 49.83% -u_ 8.71, 0.415, 41.48%   
 -3_ 22.40, 0.243, 24.27% -ª_ 6.96, 0.39, 39.14% -r_ 3.87, 0.32, 32.27%

4.  -s_ 1386   -v_ 123.30  -u_ 8.89% 

5.  -s_ 1.71, 0.132, 13.20% -v_ 12.30, 0.226, 22.6% -u_ 71.65, 0.066, 6.65%

5.3  lXj:s/ aS; Kn6 (Whisker Box Plot)
Box plot sf cfljisf/s ul0ft1 John tukey x'g\ . o;nfO{ lXj:s/ aS; Kn6 (Whisker box 

plot) klg elgG5 . vf;u/L lXj:s/ (Whisker) n] Box plot sf] b'O{ 5]pdf /x]sf ;a}eGbf ;fgf] / 
;a}eGbf 7'nf] dfgnfO{ k|ltlglwTj u5{ . 

oxfF xfdLn] box plot eg]sf] s] xf] < lbOPsf] tYofª\saf6 aS; (box) plot s;/L agfpg] < 
lbOPsf] box plot af6 tYofª\ssf] cWoog s;/L ug]{ < box plots x¿sf] t'ngf / ljZn]if0f s;/L 
ug{ ;lsG5 < To; af/]df cWoog u5f}{F .

Box plot eg]sf] s] xf] <

Box plot eg]sf] afs; dfq agfpg] xf]Og . ;fdfGotM Box plot eg]sf] o:tf] /]vflrq xf] h;sf] 
cWoogaf6 lbOPsf] tYofª\sdf ;a}eGbf ;fgf] dfg slt /x]5, ;a}eGbf 7'nf]] dfg slt /x]5 eGg] 
yfxf x'G5 . ;fy} tNnf] -klxnf]_ rt'yf{Fz (Q1), dlWosf (Md) / dflyNnf] -t];|f]_ rt'yf{Fz (Q3) sf 
dfgx¿ klg slt slt /x]5g\ k|:6;Fu yfxf kfpg ;lsG5 . 

To;}n] ;a}eGbf ;fgf] dfg, klxnf] rt'yf{Fz (Q1), dlWosf (Md), t];|f] rt'yf{Fz (Q3) / ;a}eGbf 7'nf]] 
dfg Box plot /]vflrqdf ePsf kfFrcf]6f tYofª\sx¿sf] dfgnfO{{ kfFrcf]6f ;ª\Vofsf] ;f/f+z
elgG5 .

oL dfgx¿nfO{ :ki6 ¿kdf b]vfpgsf nflu box plot nfO{ lrqdf b]vfOP h:t} :s]ndf cª\lst 
ul/g'k5{ . 

 

;a}eGbf ;fgf] dfg 
klxnf] rt'yf{+z t];|f] rt'yf{+z 

;a}eGbf 7'nf] dfg 
dlWosf 



261P]lR5s ul0ft, sIff (

b'O{ jf b'O{eGbf a9L tYofª\sx¿nfO{ t'ngf u/L ljZn]if0f ug{ box plots a9L pkof]uL x'G5 . 
vf;u/L o;af6 dWos, lj:tf/ / rt'yf{+zx¿sf] lrqfTds t'ngf ug{ lgs} ;lhnf] x'G5 . ;l~rt 
af/Daf/tfsf] n]vflrqaf6 dlWosf / rt'yf{+zsf] cg'dfg u/L box plot agfpg ;lhnf] x'G5 . 

kfFrcf]6f d'Vo dfgx¿n] lbOPsf] tYofª\snfO{ ljefhg ug{ ;xof]u u5{ . tL dfgx¿n]  
tYofª\snfO{ tn lrqdf b]vfP h:t} u/L ljefhg u5{ .

5.3.1. lrq cWoog ug'{xf];\ .

-s_  lrqdf, lXj:s/ aS; Kn6 b]vfOPsf] 5 . 

 

 -c_ lrqdf b]vfOPsf cª\u|]hL cIf/x¿ A, B, C, D / E n] s] s] hgfpF5g\ <

 -cf_ tYofª\ssf] ;a}eGbf ;fgf] / ;a}eGbf 7'nf] dfg slt slt xf]nfg\ <

 -O_ tNnf] rt'yf{+z (Q1) dlWosf (Md) / dflyNnf] rt'yf{+z (Q3), slt slt xf]nfg\ < dfly 
  ;f]lwPsf k|Zgx¿df 5nkmn u/L tflnsfdf eg'{xf];\ .  

-c_ A =  ..... B =  ..... C = ..... D = ..... E = .....

-cf_ ;a}eGbf ;fgf] dfg = ..... ;a}eGbf 7'nf] dfg = .....

-O_ Q1 = ..... dlWosf = ..... Q3 = .....

-v_  lrqdf b'O{cf]6f lXj:s/ aS; Kn6 lbOPsf] 5 . klxnf] lXj:s/ aS; Kn6n] dlxnfsf] prfO  
 (cm) nfO{{ hgfpF5 . bf];|f] lXj:s/ aS; Kn6n] k'?ifsf] prfO (cm) nfO{{ hgfpF5 . pSt 
 aS; Kn6x¿sf] cWoog ug'{xf];\ / tn ;f]lwPsf k|Zgx¿df 5nkmn ug'{xf];\ .
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 -c_ dlxnf / k'?ifsf] prfOnfO{ t'ngf ug'{xf];\ .

 -cf_ dlxnfsf] ;a}eGbf w]/} prfO slt 5 < n]Vg'xf];\ .

-O_  Ps hgf JolStsf] prfO 162 cm 5 eg] tL JolSt dlxnf cyjf k'?ifdWo] s'g x'g] 
 ;Defjgf a9L /xG5, sf/0f;lxt n]Vg'xf];\ .

Dffly /x]sf lXj:s/ aS; Kn6nfO{ cWoog ubf{ s] b]lvG5 eg] dlxnfsf] prfOeGbf k'?ifsf] 
prfOsf] dflyNnf] dfg / dlWosf prfO w]/} 5 . o;sf] cy{ dlxnfeGbf k'?ifx¿ cUnf 5g\ 
eGg] a'lemG5 . To;}u/L dlxnfsf] ;a}eGbf w]/} prfO 163cm 5 cyf{t\ ;a}eGbf cUnf] dlxnfsf] 
prfO 163cm 5 eGg] xf] . s'g} JolStsf] prfO 162 cm 5 eg] Tof] JolSt dlxnf jf k'?if s] xf] 
egL yfxf kfpg b'a} aS; Kn6nfO{ cWoog ug'{xf];\ . bf];|f] aS; Kn6df 162 cm / Tof]eGbf w]/} 
prfO ePsf w]/} k'?ifx¿sf] ;ª\Vof 5, To;sf/0f 162 cm prfO ePsf] JolSt k'?if g} x'g'k5{ .

Box plot agfpg yfxf kfpg'kg]{ r/0fx¿

1. dlWosf / rt'yf{+zx¿ kQf nufpg'xf];\ .

2. n]vflrqdf :s]n agfpg'xf];\ / kfFrcf]6f d'Vo dfgx¿M ;a}eGbf ;fgf] dfg, klxnf] rt'yf{+z 
 (Q1), dlWosf (Md), dflyNnf] rt'yf{+z (Q3) / pRrtd dfgx¿ k|:t't ug'{xf];\ .

3. aS; agfpg klxnf] rt'yf{+z (Q1) / dflyNnf] rt'yf{+z (Q3) nfO{ hf]8\g] / ;a}eGbf ;fgf] 
 / 7'nf] dfgdf t];f{ /]vfx¿ lvRg'xf];\ .

pbfx/0f 1  

lbOPsf] hfgsf/Lsf cfwf/df lXj:s/ aS; Kn6 (Whisker box plot) agfpg'xf];\ .

;a}eGbf ;fgf] dfg 10

klxnf] rt'yf{Fz  (Q1)
15

dlWosf (Md)
21

dflyNnf] rt'yf{Fz  (Q3)
28

;a}eGbf 7'nf] dfg 35

;dfwfg M oxfF,

lbOPsf kfFrcf]6f d'Vo dfgx¿ o;k|sf/ 5g\ .

;a}eGbf ;fgf] dfg = 10, tNnf] rt'yf{+z (Q1) = 15 dlWosf = 21

dflyNnf] rt'yf{+z (Q3) = 10 / ;a}eGbf 7'nf] dfg = 35

:s]n lnO lbOPsf dfgx¿nfO{ u|fkmdf eg'{xf];\ . :s]n lnFbf ;a}eGbf ;fgf] / ;a}eGbf 7'nf] dfg 
eg{ ldNg] u/L lng'xf];\ . 7f8f] /]vf lvrL tL kfFrcf]6f dfgx¿nfO{ tn u|fkmdf b]vfOPsf] 5 .
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aS;df tNnf] rt'yf{+z (Q1) 15 b]lv dflyNnf] rt'yf{+z (Q3) 28 ;Dd hf]8\g] . tNnf] lx\j:s/ 
;a}eGbf ;fgf] dfg 10 ;Dd / dflyNnf] lx\j:s/ ;a}eGbf 7'nf] dfg 35 ;Dd hf]8\g] .

 

pbfx/0f 2  

lbOPsf] tYofª\s ljGb'af6 lx\j:s/ aS; Kn6 lvrL u|fkmdf k|:t't ug'{xf];\ .

1, 2, 1, 3, 5, 7, 15, 8, 10, 12, 7

;dfwfg M oxfF, 1, 1, 2, 3, 5, 7, 7, 8, 10, 12, 15

lbOPsf] tYofª\snfO{{ a9\bf] j|mddf n]Vbf, 1, 1, 2, 3, 5, 7, 7, 8, 10, 12, 15

hDdf kb ;ª\Vof (N) = 11

lbOPsf tYofª\sdf kfFrcf]6f d'Vo dfgx¿ o;k|sf/ 5g\ .

;a}eGbf ;fgf] dfg = 1  ;a}eGbf pRrtd dfg = 15

tNnf] rt'yf{+z (Q1) kg]{ :yfg =(    )
cfF} kb  

= (      
 )cf}F kb = (   )

cf}F kb = 3cf}F kb = 2 
ctM tNnf] rt'yf{+z (Q1) = 2  

dlWosf (Md) kg]{ :yfg =(    )
cf}F kb  

= (      
 )cf}F kb = (   )

cf} kb = 6cf}F kb = 7 
ctM dlWosf = 7 
dflyNnf] rt'yf{+z (Q3) kg]{ :yfg = (N  

4 )cf}F kb =  (      
4 )cf}F kb  

=  (  
4 )

cf}F kb = 3 × 3cf}F kb = 9cf}F kb 

 

tNnf] rt'yf{+z (Q1) kg]{ :yfg =(    )
cfF} kb  

= (      
 )cf}F kb = (   )

cf}F kb = 3cf}F kb = 2 
ctM tNnf] rt'yf{+z (Q1) = 2  

dlWosf (Md) kg]{ :yfg =(    )
cf}F kb  

= (      
 )cf}F kb = (   )

cf} kb = 6cf}F kb = 7 
ctM dlWosf = 7 
dflyNnf] rt'yf{+z (Q3) kg]{ :yfg = (N  

4 )cf}F kb =  (      
4 )cf}F kb  

=  (  
4 )

cf}F kb = 3 × 3cf}F kb = 9cf}F kb 

 

u|fkmdf t];|f] /]vfdf 0 b]lv 
40 ;Dd lnOPsf] 5 .

= 10

tNnf] rt'yf{+z (Q1) / dflyNnf] 
rt'yf{+z (Q3) nfO{ hf]l8Psf] 5 . 
;a}eGbf ;fgf] / 7'nf] dfgdf t];f{ 

/]vfx¿ lvlrPsf] 5 .
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ctM dflyNnf] rt'yf{+z (Q3) = 10 

kfFr d'Vo dfgx¿ k|of]u u/L lXj:s/ aS; Kn6 tn b]vfOPsf] 5 

 

kfFrcf]6f d'Vo dfgx¿nfO{ 7f8f] /]vfn] hgfO{ aS;df klxnf] rt'yf{+z (Q1) 2 b]lv dflyNnf] 
rt'yf{+z (Q3) 10 ;Dd hf]l8Psf] 5 . tNnf] lXj:s/ ;a}eGbf ;fgf] dfg 1 ;Dd / dflyNnf] lXj:s/ 
;a}eGbf 7'nf] dfg 15 ;Dd hf]l8Psf] 5 .

cEof; 5.5

1. lbOPsf] Box / lXj:s/ plot df ePsf kfFrcf]6f ;ª\Vofsf] ;f/f+z s] s] x'g\ / ltgLx¿sf] 
 dfg slt slt 5g\, n]Vg'xf];\ .

0 10 20 30 40 50 60 70 80 90 100

40 45 50 55 60 65 70 75 80 85 90

2. lbOPsf] Box / lXj:s/ plot df Pp6f dfWolds ljBfnosf] af:s]6an l6ddf /x]sf 
 ljBfyL{x¿sf] prfO -OGr_ b]vfOPsf] 5 . Box / lXj:s/ plot df ePsf kfFrcf]6f ;ª\Vofsf] 
 ;f/f+z s] s] x'g\ / ltgLx¿sf] dfg slt slt 5g\, n]Vg'xf];\ .

3. lbOPsf] Box / lXj:s/ plot df Pp6f dfWolds ljBfnodf cWoog ug]{ ljBfyL{x¿sf] 
 tf}n (kg) df b]vfOPsf] 5 . ;f] Box / lXj:s/ plot sf] cfwf/df tn lbOPsf k|Zgx¿sf 
 pQ/ lbg'xf];\ .

  38             72          88      96    102

;a}eGbf ;fgf] dfg 1

tNnf] rt'yf{+z 2

dlWosf 7

dflyNnf] rt'yf{+z 10

;a}eGbf 7'nf] dfg 15
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 -s_ ;a}eGbf w]/} tf}n slt /x]5 < 

 -v_ ;a}eGbf yf]/} tf}n slt /x]5 < 

 -u_ dlWosf tf}n slt x'G5 <

 -3_ slt k|ltzt ljBfyL{x¿sf] tf}n 72 eGbf dfly 5 < 

 -ª_ slt k|ltzt ljBfyL{x¿sf] tf}n 88 / 96 sf] lardf k5{ < n]Vg'xf];\ .

 -r_ s] tkfO{Fn] dlWosfeGbf dWos w]/} jf yf]/} ck]Iff ug'{x'G5, j0f{g ug'{xf];\ .

4. 2080 ;fn j}zfv dlxgfdf lnOPsf] 14 hgf dlxnfsf] tf}n tn lbOPsf] 5 . lXj:s/ aS; 
 Kn6 lvrL n]vflrqdf b]vfpg'xf];\ .

 190, 175, 187, 199, 205, 187, 176, 180, 187, 191, 200, 193, 188, 196

5. sIff 9 df cWoog/t 15 hgf ljBfyL{x¿n] 75 k"0ff{ªssf] ul0ft ljifosf] klxnf] q}dfl;s 
 k/LIfdf k|fKt u/]sf] k|fKtfª\s tn lbOPsf] 5 . lXj:s/ aS; Kn6 lvrL n]vflrqdf  
 b]vfpg'xf];\ .

 61, 55,  54,  69,  74,  65,  58,  73,  71,  60,  66,  70,  56,  64,  73

6. Pp6f IT sDkgLn] cfˆgf b'O{cf]6f :6f]/af6 sDKo'6/sf] laj|mL u5{ . Ps jif{df bO{cf]6f 
 :6f]/af6 ePsf] laj|mL /]s8{ tn lbOPsf] 5 .

 :6f]/ 1: 50, 460, 20, 160, 580, 250, 210, 120, 200, 510, 290, 380.

 :6f]/ 2: 520, 180, 260, 380, 80, 500, 630, 420, 210, 70, 440, 140

 lx\j:s/ aS; Kn6 lvrL u|fkmdf b]vfpg'xf];\ / ;du| kIfsf] t'ngf ug'{xf];\ .

7. lrqdf ;'s]sf] 5f]s8f / ;Fu} o;sf] tf}nnfO{ lx\j:s/ aS; 
 Kn6df b]vfOPsf] 5 . ca eGg'xf];\ slt k|ltzt tf}n 29 
 u|fdeGbf a9L 5 < s] lXj:s/ aS; Kn6 x]/L kQf nufpg  
 ;lsG5 t < 

pQ/

1  s_ ;a}eGbf ;fgf] dfg 20 tNnf] rt'yf{+z (Q1) 40, dlWosf 50, dflyNnf] rt'yf{+z (Q3) 70 / pRrtd dfg 90 
2.  ;a}eGbf ;fgf] dfg = 60 tNnf] rt'yf{+z (Q1) =  65 dlWosf =  70 dflyNnf] rt'yf{+z (Q3) = 75 / pRrtd 
 dfg = 80  

3. -s_ 102  -v_ 38  -u_ 88   -3_ 75%  -ª_ 25% 

4 b]lv 6 ;Dd lx\j:s/ aS; Kn6 lvrL lzIfsnfO{{ b]vfpg'xf];\ .   7. 75%, ;lsG5 .
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kl/of]hgf sfo{ (Project Work) 

1. ;d:of (Problem): cfkm\gf sIffsf ;fyLx¿n] PsfO k/LIffdf ul0ft / ;fdflhs
ljifodf k|fKt u/]sf k|fKtfª\s ;ª\sng u/L k|fKt tYofª\ssf cfwf/df 
sIffsf] cf};t k|fKtfª\s kQf nufO{ rt'yf{+zLo leGgtf, dWos leGgtf / :t/Lo leGgtf kQf 
nufpg'xf];\ / t'ngf ug'{xf];\ . oL leGgtfx¿dWo] s'g leGgtf kQf nufpg' pko'St xf] <  
cfkm\gf egfOnfO{{ lgisif{;lxt k|:t't ug'{xf];\ . 

k|lj|mof (Procedure): ;a} ;fyLx¿n] ul0ft / ;fdflhs ljifodf k|fKt u/]sf] k|fKtfª\s ;f]w]/ 
n]Vg'xf];\ . clg ;a}n] k|fKt u/]sf] k|fKtfª\snfO{{ ljifout ¿kdf 6]a'n agfpg'xf];\ . cfjZos 
;"qx¿sf] k|of]u u/L tn ;f]lwPsf leGgtfx¿ kQf nufpg'xf];\ . 

!=  s'g cf};t dfg kQf nufpg] xf] < sf/0f;lxt olsg ug'{xf];\ . 

@=  rt'yf{+zLo leGgtf / rt'yf{+zLo leGgtfsf] u'0ffª\s kQf nufpg'xf];\ . 

#=  dWos leGgtf / dWos leGgtfsf] u'0ffª\s kQf nufpg'xf];\ .

$=  :t/Lo leGgtf / :t/Lo leGgtfsf] u'0ffª\s kQf nufpg'xf];\ .

%= glthfnfO{ AofVof ug'{xf];\ .

pkof]u / dxŒj (Uses and Importance): s'g ljifosf] tYofª\ssf] lj:tf/ (range) a9L 5 <
tYofª\ssf] lj:tf/ a9L x'Fbf l;sfOdf s:tf] c;/ x'G5 < rt'yf{+zLo leGgtf, dWos leGgtf / 
:t/Lo leGgtfsf] pkof]u s'g s'g If]qdf s;/L ug{ ;lsG5 < oL ;a}sf] dxŒj af/]df cWoog 
u/L ljZn]if0f / JofVof ug'{xf];\ . 

lgisif{ (Conclusion): rt'yf{+zLo leGgtf, dWos leGgtf / :t/Lo leGgtfdf s'g a9L e/kbf]{ /
ljZj;gLo 5 lgisif{ n]Vg'xf];\ . ;fy} s'g ljifosf] l;sfO k|efjsf/L /x]5 < lgisif{ lgsfNg'xf];\ . 

k|ltljDag (Reflection)M tkfO{Fn] u/]sf] cWoog ljlw / lgisif{ slt ljZj;gLo 5 < s] tkfO{F ;xL 
lgisif{df k'Ug'eof] < tkfO{FnfO{{ s] s] sl7gfO k¥of] < tkfOF{sf] lgisif{ lgsfNg] ;xL ljlw s'g /x]5 
< s] tkfOF{n] u/]sf] afx]s cGo ljlwaf6 klg oxL lgisif{df k'Ug ;Sg'x'G5 < s] tkfOF{sf] lgisif{ 
lgsfNg n]vflrq jf cGo ljlw klg pkof]uL lyP ls < b}lgs hLjgdf o;sf] k|of]u s;/L x'Fbf] 
/x]5 < o:t} s'/fx¿df k|ltljDag ug'{xf];\ . 

2. ;d:of (Problem): cfkm\gf] ljBfnsf] s'g} sIffdf cWoog/t 5fq / 5fqfx¿sf] tf}n slt 
5 5'6\6f5'6\6} ;ª\sng ug'{xf];\ . ;ª\sngaf6 k|fKt tYofª\ssf cfwf/df sIffsf] cf};t tf}n 
5'6\\6f56\6} kQf nufpg'xf];\ . 5fq / 5fqfx¿sf] cf};t tf}n t'ngf ug'{xf];\ . ;fy} rt'yf+{zLo 
leGgtf, dWos leGgtf / :t/Lo leGgtf kQf nufpg'xf];\ / t'ngf ug'{xf];\ . oL leGgtfx¿dWo] 
s'g dWos kQf nufpg' pko'St xf] < oL ;a} k|Zgx¿sf cfwf/df tof/ kfl/Psf] vf]hnfO{ rf6{ 
k]k/, kfj/ kf]OG6 jf cGo pko'St ljlwsf dfWodaf6 sIffsf]7fdf k|:t't ug'{xf];\ . 
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6.0 kl/ro (Introduction)

k|l;4 O6flnog bfz{lgs h]gf] -Zeno_ n] l;wf/]vfdf Space / time nfO{ cgGt 
6'j|mfx¿ kfbf{ ToxfF rfn gx'g] s'/fnfO{ k|:t't u/] h;nfO{ Zeno's Paradox 

klg elgG5 . ;f]x|f}F ztfAbLlt/ Newton, Leibniz tyf kl5 Cauchy h:tf  
ul0ft1x¿n] ;LdfGtdfgsf] cawf/sf] ljsf; u/]sf] kfOG5 .

;LdfGtdfgsf] cjwf/0ffsf] ljsf; vf;u/L jj|m/]vf ePsf HofldtLo cfs[ltx¿sf]  
If]qkmn s;/L lgsfNg] tyf s'g} klg jj|m/]vfsf] Ps ljGb'df :kz{/]vf (tangent line) s;/L 
lvRg] < eGg] k|d'v ;d:ofaf6 ePsf] kfOG5 . ;LdfGtdfgsf] cWoogsf nflu aLhul0ft,  
lgb]{zfª\s Hofldlt tyf lqsf]0fldlt h:tf kf7x¿sf] k"j{1fg x'g cfjZos 5 .

6.1 c;Lldttf jf cgGtsf] cjwf/0ff (Concept of Infinity)

ljrf/0fLo k|Zg M

-s_  k|fs[lts ;ª\Vofx¿sf] ;d"xnfO{ ;"rLs/0f ljlwaf6 n]Vg'xf];\ .  
 s] k|fs[lts ;ª\Vofx¿ ;ldlt x'G5g\ <

-v_  l;wf/]vfdf sltcf]6f ljGb'x¿ x'G5g xf]nf < ;f]Rg'xf];\ . 

-u_  1 nfO{ 3 n] efu ug'{xf];\ slt k6s;Dd efu lj|mof ubf{ cGTo x'G5 < s] efukmn cGTo 
 x'g] bzdnjdf cfof] <

-3_  tnsf] ;ª\Vof/]vfnfO{ bfofF / afofFtkm{ nDAofpFbf clGtd dfgx¿ s] s] xf]nfg\ <

kf7 6 ;LdfGtdfg (Limit)

 Zeno  
(490 – 425B.C.)

Infinity Nofl6g efiffsf] ‘Infinitas’ af6 cfPsf] xf] . Infinitas zAb b'O{ zAbx¿ in / 
finitas ldnL ag]sf] kfOG5 h;df in sf] cy{ 5}g jf xf]Og (not) eGg] x'G5 eg] finitas sf] d"n finis sf] 
cy{ cGTo (ends/termination) tyf ;Ldf (bounds) eGg] x'G5 . o;/L zflAbs ¿kdf cGTo gx'g] tyf 
;LdfljxLg j:t' tyf k|lj|mofnfO cgGt (infinity) elgG5 . o;nfO ;ª\s]tdf ∞ n] hgfOG5 . cgGt (In-

finity) cfk}mFdf Pp6f ;ª\Vof xf]Og, of] Pp6f cGTolxgtf jf ;LdfljxLgtfsf] cjwf/0ff xf] . ;ª\Vof /]vfdf 
s'g} jf:tljs ;ª\Vof bfofF tkm{ "+ ∞"  /  afofF tkm{ "– ∞" sf] glhs k'U5 . t/ l7s  "∞" / "– ∞" xF'b}g .
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6.1.1 z"Gon] efu (Division by Zero)

lj|mofsnfk 1  tnsf dfg lgsfNg'xf];\ M

h:t} M 
5 
2  = 2.5,

5 
1 = ....., 5 

0.1 = .....,  5 
0.01 = ....., 5 

0.001 = ....., 
5 

0.0001 = ....., 
5 

0.00001 = ....., 5 
0.000000001  = .....

o;}u/L, x/df ePsf] efhsnfO{ 0 sf] w]/} glhsdf kg]{ ;ª\Vof /fVbf To;sf] dfg slt x'G5 
xf]nf < cg'dfg ug'{xf];\ . 

æ
5 
0  sf] dfg slt n]Vg ;lsG5 xf]nf cg'dfg ug'{xf];\ .Æ

s'g} klg ;ª\VofnfO{ 0 n] efu ubf{ pSt efukmn lglZrt 9ª\un] kl/eflift ug{ g;lsg] 
x'gfn] ckl/eflift (undefined) x'G5 . o;}nfO{ kmngsf] dfg c;Lldt ePsf] klg eGg ;lsG5 . 
ljz]ifu/L xfdLn] kmngsf] lg/Gt/tfsf] cWoog ug{sf nflu o; cjwf/0ffsf] cfjZostf k5{ . 

∴ 
a 
0  = ∞ -ckl/eflift_, a ≠ 0, 

pbfx/0f 1  

kmng f(x) =
1 

x – 2   df x = 1, 2 / 3 /fvL f (x) sf] dfg lgsfNg'xf];\ . x sf] s'g dfgdf kmng 
ckl/eflift eof] < kQf nufpg'xf];\ .
;dfwfg  
lbOPsf] kmng, f(x) =

1 
x – 2

x = 1 xF'bf, f(1) = 1 
1 – 2 =  1 

–1 = –1

x = 2 xF'bf, f(2) = 1 
2 – 2 =  1 

0  = ∞ (ckl/eflift_

x = 3 x'''Fbf, f(3)=  1 
3 – 2 =  

1 
1 = 1

∴ x = 2 xF'bf dfq kmng ckl/eflift eof] . 

cEof; 6.1

1.  cgGt eg]sf] s] xf] < s] k"0f{;ª\Vofx¿ cgGt;Dd km}lnPsf x'G5g <

2.  tnsf] vfnL 7fpF eg'{xf];\ .

 -s_ ∞ + ∞ = ....  (–∞) + (–∞) = …

 -v_ (+∞)×(+∞) = … (–∞) × (–∞) = …  (–∞) × (∞) = ...... 
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 -u_  x s'g} k"0f{;ª\Vof eP 

  (i) x + (–∞) = …  (ii)  x – ∞ = … (iii) x + ∞ = … (iv) x – (–∞) = …

  (v) x × ∞ = …, for x > 0  (vi) x ×(–∞) = …, for x > 0

  (vii) x × ∞ = …, for x < 0 (viii) x × (–∞) = …, for x < 0

3.  kmng f(x) = 5 
x2 – 1 lbOPsf] 5 . 

 -s_  x = 0, –1, 1 / 2 /fvL f (x) sf] dfg lgsfNg'xf];\ . 

 -v_ x sf] s'g dfgdf lbOPsf] kmng ckl/eflift 5 < n]Vg'xf];\ . 

4. kmng f (x) =
1 

x2 – 5x + 6 lbOPsf] 5 . 

 -s_ x = 0, 1, 2 / 3 /fvL f (x) sf] dfg kQf nufpg'xf];\ . 

 -v_ x sf] s'g s'g dfgx¿df kmng ckl/eflift x'G5g\ < n]Vg'xf];\ . 

5. tn kmng f (x) sf] n]vflrq k|:t't ul/Psf] 5 . pSt kmng s'g ljGb'df ckl/eflift 5, 
 n]vflrqsf cfwf/df n]Vg'xf];\ . 

pQ/

1. lzIfsnfO{ b]vfpg'xf];\ . 2. -s_  ∞, –∞   -v_ ∞, ∞, –∞  -u_ (i) –∞, (ii) –∞, (iii) ∞, (iv) ∞, 

(v) ∞, (vi) –∞, (vii) –∞, (viii) ∞  3. -s_ –5, ckl/eflift, ckl/eflift,
5 
3  -v_ x = –1, 1 

4. -s_ 
1 
6  , 1 

2  , ckl/eflift, ckl/eflift -v_ x = 2, 3 5. x = 0, x = 2, x = –1
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6.2 ;LdfGtdfgsf] cjwf/0ff (Concept of Limit)

lj|mofsnfk 1  

 tnsf] lrqx¿ cWoog u/L k|Zgx¿df 5nkmn ug'{xf];\ M

 

… 

… 

n = 3 n = 4 n = 6 n = 8 

-s_  lgoldt ax'e'h eg]sf] s] xf] <

-v_  lrqdf, j[Qleq /x]sf lgoldt ax'e'hx¿sf] e'hfsf] ;ª\Vof a9fpFb} nu]/ c;Lldt agfpg]  
 xf] eg] pSt ax'e'h / j[Qlarsf] If]qkmnsf] km/s slt x'G5 xf]nf < cg'dfg ug'{xf];\ .  
 pSt lgoldt ax'e'h s'g cfs[ltsf] w]/} glhs k'U5 <

-u_ lgoldt ax'e'hsf] ;LdfGt x'g] cj:yf s] xf] <

-3_ lgoldt ax'e'hsf] kl/ldltsf] ;LdfGt x'g] cj:yf s] xf] <

-ª_ lgoldt ax'e'hsf] If]qkmnsf] ;LdfGt x'g] cj:yf s] xf] <

lgoldt ax'e'hnfO{ aflx/af6 j[Qn] 3]l/Psf] cj:yfdf, lgoldt ax'e'hsf] e'hfsf] ;ª\Vof 
cl;ldt agfpFbf cyf{t\ e'hfsf] ;ª\VofnfO{ cgGtsf] w]/}glhs n}hfFbf, lgoldt jx'e'h j[Qsf] 
w]/} glhs k'Ug] cyf{t\ nueu j[Q g} x'g] x'gfn], lgoldt ax'e'hsf] ;LdfGt cj:yf j[Q x'G5 . 
lgoldt ax'e'hsf] kl/ldlt tyf If]qkmnsf] l;dfGt cj:yf j|mdzM j[Qsf] kl/lw tyf  
If]qkmnx¿ x'G5g . t;y{ ;LdfGtdfg glhskg (Closeness or approaches) ;Fu ;DalGwt 5 . 

pbfx/0f 1  

bfofFsf] lrqdf kmng f(x) sf] n]vflrq lbOPsf] 5 ;f]xL cfwf/df tnsf k|Zgx¿ ;d"xdf 5nkmn 
ug'{xf];\ :

-s_  :kz{/]vf (Tangent Line) eGgfn] s:tf] /]vfnfO{ a'emfpF5 <

-v_  lrqdf /]vf AB nfO{ s] elgG5 <

-u_  ljGb' B nfO{ ljGb' A sf] glhs NofpFbf /]vf AB df s] 
 kl/jt{g cfpF5 < cyf{t\ /]vf AB s'g /]vfsf] glhs hfG5 <

-3_  ha ljGb' B ljGb' A sf] Psbd} glhs -ljGb'x¿ A / B larsf] 
 b'/L nueu z"Go a/fa/ x'G5_ k'U5, Tof] cj:yfdf /]vf AB sf] 
 ;LdfGtdfg s] x'G5 xf]nf <

n = 3 n = 4 n = 6 n = 8

A

B

y = f(x)
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;dfwfg 

-s_  s'g} klg jj|m /]vfsf] Ps dfq ljGb' eP/ hfg] l;wf/]vfnfO{  
 :kz{ /]vf elgG5 . lrqdf lbOPsf] l;wf/]vf ljGb' A df 
 :kz{ /]vf xf] . 

-v_  dflysf] lrqdf /]vf AB nfO{ 5]bs /]vf (Secant Line) elgG5 . s'g} klg jj|m /]vf (Curved 

Line) sf] s'g} b'O{ ljGb'x¿ eP/ hfg] /]vfx¿nfO{ 5]bs /]vfx¿ (Secant Lines) elgG5 . 

-u_  ljGb' B nfO{ ljGb' A sf] glhs NofpFbf /]vf 5]bs (Secant Line) AB, ljGb' A af6 hfg] :kz{ 
/]vf (Tangent line) sf] w]/} glhs hfG5 . 

-3_  ha ljGb' B, ljGb' A sf] w]/} glhs k'U5 t/ 7\ofSs} ljGb' A df eg] k'u]sf] xF'b}g, Tof] 
cj:yfdf /]vf AB, ljGb' A df x'g] :kz{ /]vfsf] w]/} glhs x'g] ePsfn] 5]bs /]vf AB sf] 
;LdfGtdfg ljGb' A df x'g] :kz{/]vf x'G5 .

ljGb' B, ljGb' A sf] w]/} glhs k'Ubf, 5]bs /]vf AB, :kz{/]vfsf] w]/} glhs k'U5 / kf/ eg] 
ub}{g . To;}n] 5]bs /]vfsf] ;LdfGtdfg :kz{/]vf xf] . ;ª\s]tdf

B → A  x'Fbf,  5]bs → :kz{/]vf x'G5 . oxfF '→' n] w]/} glhs tkm{ (tends to or approaches 

to) nfO{ hgfpF5 . t;y{, Tangent at point A = lim 
B → A Secant AB

;LdfGtdfg glhskg (Closeness or approaches) ;Fu ;DalGwt 5 . 

pbfx/0f 2  

tkfO{Fn] j[Qsf] If]qkmn πr2 s;/L x'G5, slxNo} ;f]Rg'ePsf] 5 < j[Qsf] If]qkmn πr2 xf] egL 
k|dfl0ft ug{sf nflu xfdLnfO{ ;LdfGtdfgsf] cjwf/0f cfjZostf k5{ . o;nfO{ a'em\gsf nflu 
tnsf] lrq cWoog ug'{xf];\ . 

A
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Pp6f j[Q lng'xf];\ / o;nfO{ nuftf/ 8, 16 / 32 a/fa/ 6'j|mfdf ljefhg u/L lrqdf h:t} 
ldnfpg'xf];\ . j[Qsf] 6'j|mfx¿sf] ;ª\Vof a9fP/ lrqdf h:t} ldnfpFbf cfotsf] :j¿ksf] lrq 
aGb} uPsf] 5 . 6'j|mfx¿sf] ;ª\Vof w]/} agfO{ lrqdf h:t} ldnfPdf j[Qsf] If]qkmn cfotsf] 
If]qkmnsf] glhs hfG5 . cyf{t\ ha 6'j|mfsf] ;ª\Vof cgGt (infinite) x'G5, To; j]nf j[Qsf] 
If]qkmnsf] ;LdfGtdfg (Limit) cfotsf] If]qkmn x'G5 . 

o;nfO{ ;ª\s]tdf n]Vbf,
lim 

n→∞ j[Qsf] If]qkmn  = cfotsf] If]qkmn  (n eg]sf] If]qssf] ;ª\Vof xf] .)
          = nDafO ×  rf}8fO
        = πr    ×   r
        = πr2

If]qssf] ;ª\Vof (n) nfO{ cgGt agfP/ dfly lrqdf h:t} ldnfpFbf j[Qsf] ;LdfGtcj:yf 
cfot x'G5 . s'g} Ps kl/df0f s'g} j:t' jf ;ª\\Vofsf] w]/} glhs hfFbf csf]{ kl/df0f h'g j:t' 
jf ;ª\\Vofsf] glhs hfG5, pSt j:t' jf ;ª\Vof g} bf];|f] kl/df0fsf]  ;LdfGtdfg xf] . ;LdfGtdfg 
Ps j:t' csf]{ j:t';Fusf] glhskg (tends to or approaches to) ;Fu ;Dalwt 5 .

pbfx/0f 3  

bfofFsf] lrqdf ;a}eGbf aflx/L ju{sf] nDafO 16 cm 5 . 
To; kZrft\ k|To]s ju{sf] dWoljGb'x¿ hf]8L ju{x¿  
j|mdzM agfOPsf] 5 

-s_ bf];|f], t];|f] / rf}yf] ju{x¿sf] e'hfsf] nDafO n]Vg'xf];\ . 

-v_ o:tf sltcf]6f ju{x¿ lgdf{0f ug{ ;lsG5 xf]nf <

-u_ ju{x¿sf] e'hfsf] nDafOsf] ;LdfGtdfg slt x'G5 < cg'dfg ug'{xf];\ .

-3_ ju{x¿sf] kl/ldltsf] ;LdfGtdfg slt xf]nf < cg'dfg ug'[{xf];\ .

-ª_ ju{x¿sf] If]qkmnsf] ;LdfGtdfg slt xf]nf < cg'dfg ug'[{xf];\ .

;dfwfg 

-s_  klxnf] ju{sf] e'hfsf] nDafO = 16 cm  bf];|f] ju{sf] e'hfsf] nDafO = 8√2 cm

 t];|f] ju{sf] e'hfsf] nDafO = 8 cm  rf}yf] ju{sf] e'hfsf] nDafO = 4√2  cm

-v_  o:tf ju{x¿ c;Lldt lgdf{0f ug{ ;lsG5 . 

-u_  ju{x¿sf] e'hfsf] nDafOsf] cg'j|md lgdf{0f ubf{, 16, 8√2, 8, 4√2  , …

 dflysf] cg'j|mdaf6, ju{x¿sf] ;ª\Vof a9fpFb} hfg] xf] eg] e'hfx¿sf] nDafO{ 0 sf] w]/} 
 glhs k'U5 . To;}n]  ju{x¿sf] e'hfx¿sf] nDafOsf] ;LdfGtdfg 0 x'G5 . 

...

18 cm
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-3_ ju{x¿sf] ;ª\Vof c;Lldt x'Fbf e'hfsf] nDafOsf] ;LdfGtdfg 0 x'g] ePsfn] ju{x¿sf] 
 kl/ldltsf] ;LdfGtdfg klg 0 g} x'G5 . 

-ª_  ju{x¿sf] ;ª\Vof c;Lldt x'Fbf e'hfsf] nDafOsf] ;LdfGtdfg 0 x'g] ePsfn] ju{x¿sf] 
 If]qkmnsf] ;LdfGtdfg klg 0 g} x'G5 .

cg'j|mdx¿sf cfwf/df ;LdfGtdfgsf nflu tnsf lj|mofsnfkx¿ ug'{xf];\ M 

lj|mofsnfk 2   

;ª\Vofx¿sf] cg'j|mdsf cfwf/df ;LdfGtdfgsf] cjwf/0ff

p2]Zo : ;ª\Vofx¿sf] cg'j|mdsf cfwf/df ;LdfGtdfgsf] cjwf/0ffsf] ljsf; ug'{ .

;d:of M lbOPsf] cg'j|mdsf cfwf/df k|Zgx¿ ;d"xdf 5nkmn u/L lgisif{ lgsfNg'xf];\ M

  1, 1
2 , 1

3 , 1
4 , 1

5  , ... 

-s)  dflysf] cg'j|mdsf] ;fwf/0f kbsf] ;"qnfO{ kmngsf ¿kdf JoSt ug'{xf];\ . 

-v)   cg'j|mdsf] kb;ª\Vof a9fpFb} hfFbf pSt kbsf] dfg s'g jf:tljs ;ª\Vofsf] glhs hfG5 < 
 tnsf] tflnsf k"/f u/]/ jf n]vflrq x]/]/ cg'dfg ug'{xf];\ . 

 kb;ª\Vof (n) cg'qmddf pQm kbsf] dfg {f (n)} 

klxnf] kb (n = 1) f (1) = 1 
 

bf];|f] kb (n = 2)  ( )   
      

t];|f] kb (n = 3) 
  ( )   

    

 
rf}yf] kb (n = 4) 

 
 ( )   

    

 
kfrf}F kb (n = 5) 

 

 ( )   
    

 
 

bzf}F kb (n = 10) 
 

 (  )   
     
 

 
;o kb (n = 100) 

 

 (   )   
      
 

xhf/ kb (n = 1000) 
 

 (    )   
       
 

bzxhf/ kb (n = 10000)  (     )   
        

. 
......................... ............................. 

  sf] glhs …..… sf] glhs 

 

(n, f (n)) sf] j|mdhf]8f 
agfP/ n]vflrqaf6 x]bf{,

.................
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cg'j|mdsf] kb;ª\Vof a9fpFb} nueu cgGt (infinite) sf] glhs n}hfg] xf] eg] pSt cg'j|mdsf] 
kbsf] dfg 0 sf] w]/} glhs hfG5 . cyf{t\ ha n sf] dfg ∞ sf] glhs /flvG5 ta f(n) sf] dfg 
0 sf] w]/} glhs hfG5 t/ 0 eGbf a9L eg] x'Fb}g .  o:tf] cj:yfdf cg'j|mdsf] ;LdfGtdfg 0 x'G5 .

n → ∞ x'Fbf f(n) → 0 cyf{t\ lim
n → ∞ f(n) = 0 

o;/L kb;ª\Vof (n) nfO{ ∞ sf] glhs /fVbf cg'j|mdsf] dfg h'g jf:tljs ;ª\Vofsf] glhs 
k'U5, ;f]xL jf:tljs ;ª\Vof g} pSt cg'j|mdsf] ;LdfGtdfg x'G5 . 

pbfx/0f 1   

cg'j|md f (n) = 1 
2n sf] ;LdfGtdfg kQf nufpg'xf];\ . 

;dfwfg 
xfdLnfO{ yfxf 5, kb;ª\Vof (n) sf] dfg cgGt (∞) sf] glhs /fVbf f (n) sf] dfg h'g ;ª\Vofsf] 
glhs hfG5 ;f]xL ;ª\Vof lbOPsf] cg'j|mdsf] ;LdfGtdfg xf] .  n sf] dfg /fVbf, 

kb;ª\Vof (n) cg'qmddf pQm kbsf] dfg, f(n) 
klxnf] kb (n = 1) f (1) = 1 

bf];|f] kb (n = 2)  ( )   
    

      = 

t];|f] kb (n = 3)  ( )   
    

8        

rf}yf] kb (n = 4)  ( )   
    

 6     6   

kfrf}F kb (n = 5)  ( )   
    

           

bzf}F kb (n = 10)  (  )   
     

          97 

.......... ............ 
  sf] glhs …… sf] glhs 

 dflysf] tflnsfcg';f/, n sf] dfg ∞ sf] w]/} glhs x'Fbf, f(n) sf] dfg 0 sf] w]/} glhs hfG5, 
To;}n] lbOPsf] cg'j|mdsf] ;LdfGtdfg 0 x'G5 . ;ª\s]tdf, lim

n → ∞  f(n) = 0 x'G5 . 

pbfx/0f 2   

lbOPsf] cg'j|mdsf cfwf/df tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M
3.1, 3.01, 3.001, 3.0001, 3.00001, ... 

-s)  lbOPsf] cg'j|mdsf] cf7f}F kbsf] dfg slt x'G5 <
-v_ kb;ª\Vofsf] dfg a9fpFb} hfFbf cg'j|mddf pSt kbsf] dfg s'g ;ª\Vofsf] glhs hfG5  
 xf]nf < cg'dfg ug'{xf];\ .
-u_  lbOPsf] cg'j|mdsf] ;LdfGtdfg slt x'G5 < 

.................
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;dfwfg 
-s_  

kb;ª\Vof 

(n) 

klxnf] 
kb 

(n=1) 

bf];|f] 
kb 

(n=2) 

t];|f] 
kb 
(n=3) 

rf}yf] 
kb 

(n=4) 

kfFrf} 
kb 

(n=5) 

5}6f}F kb 

(n=6) 

;ftf}F kb 

(n=7) 

cf7f}F kb 

(n=8) 

cg'qmdsf] 
dfg 

(f(n)) 
3.1 3.01 3.001 3.0001 3.00001 3.000001 3.0000001 3.00000001 

 

dflysf] tflnsfcg';f/ cg'j|mdsf] cf7f}F kbsf] dfg 3.00000001 x'G5 . 

-v_ kb;ª\Vof (n) sf] dfg a9fpFb} cgGt (infinity) sf] glhs hfg] xf] eg] cg'j|mdsf] 
 dfg 3 sf] Psbd} glhs hfG5 cyf{t\ 3 sf] ;Ldf kf/ ub}{g . 

-u_ lbOPsf] cg'j|mdsf] ;LdfGtdfg 3 x'G5 . 

lj|mofsnfk 3   

lbOPsf] lrqdf Ps PsfO ju{ lbOPsf] 5 h;sf] If]qkmn 1 ju{ PsfO x'G5 . ju{nfO cfwf ub}{ 
a/fa/ b'O{ cfotdf af8]/ k|To]s 6'j|mfx¿sf] If]qkmn / ltgLx¿sf] of]ukmn lgsfNg'xf];\ .

1 
2

1 
4

1 
8

1 
16

1

1

1 1

1 1

k|lj|mof M sIffsf k|To]s ljBfyL{{n] dflysf] ;d:of ;dfwfg u/L lzIfsnfO{ b]vfpg'xf];\ . 

xfdLn] ju{nfO{ a/fa/ If]qkmn x'g] u/L b'O{cf]6f cfotx¿df afF8\g] xf] eg] k|To]s cfotsf]  
If]qkmn 1 

2 ju{ PsfO x'G5 . b'O{dWo] Pp6fnfO{ k]ml/ cfwf kfg]{ xf] eg] Pp6f 6'j|mf cfotsf] 
If]qkmn 1 

4 ju{ PsfO x'G5 . k]ml/ csf]{ 6'j|mf cfotnfO{ cfwf agfpFbf Pp6f cfotsf] If]]qkmn 
1 
8  

ju{ PsfO x'G5 . 

Pjd\ l/tn] cfwf agfpFb} hfg] xf] eg] s] ;a} 6'j|mf cfotsf] If]qkmn hf]8\bf k"/f ju{sf]  
If]qkmn;Fu a/fa/ x'G5 < 
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cyf{t\,  
 
  

 
  

 
  

 
      = 1 x'G5 <

dflysf k|To]s 6'j|mf cfotsf] If]qkmnnfO{ c;Lldt >]0fL (Infinite Series) sf ¿kdf lgDgcg';f/ 
n]Vg ;lsG5 M

    
 
  

 
  

 
     

ca dflysf] >]0fLsf] of]ukmn kQf nufpgsf nflu ;a}eGbf klxn], pSt >]0fLsf] cf+lzs of]ukmn 
(Partial Sum) kQf nufO{ pSt cf+lzs of]ukmn (Partial Sum) x¿sf] Pp6f cg'j|md lnO{ pSt 
cg'j|mdsf] ;LdfGtdfg kQf nufpF5f}F / cf+lzs of]ukmnx¿sf] cg'j|mdsf] ;LdfGtdfg g} lbOPsf] 
c;Lldt >]0fLsf] of]ukmn x'G5 . 

lbOPsf] >]0fLsf] cf+lzs of]ukmn (Partial Sum) kQf nufpFbf, 

cf+lzs of]ukmnsf] 
cg'j|mdsf] kb;ª\Vof (n) JofVof of]ukmn (sn) 

klxnf] cf+lzs of]ukmn 

(s1) 
>]0fLsf] klxnf] kb 

 
 = 0.  

bf];|f] cf+lzs of]ukmn 
(s2) 

>]0fLsf] klxnf] / bf];|f] 
kbx¿sf] of]ukmn 

 
 +  

4 = 3
4 = 0.7  

t];|f] cf+lzs of]ukmn 
(s3) 

>]0fLsf] klxnf], bf];|f] / 
t];|f] kbx¿sf] of]ukmn 

 
 +  

4 +  
8 = 7

8 = 0.87  

 

rf}yf] cf+lzs of]ukmn 
(s4) 

>]0fLsf] klxnf], bf];|f] 
t];|f] / rf}yf] kbx¿sf] 

of]ukmn 

 
 +  

4 +  
8 +  

  =   
  = 0.937  

 

kfFrf}F cf+lzs of]ukmn 
(s5) 

>]0fLsf] klxnf], bf];|f] 
t];|f], rf}yf] / kffrf}F 
kbx¿sf] of]ukmn 

 
 +  

4 +  
8 +  

  +  
3 = 3 

3 = 0.9 87  

 

… … … … … … … … … … … … … … … … … … … … … 

n sf] dfg cgGt sf] 
glhs agfpFbf (n  ) 

 
of]ukmn(sn) sf] dfg s;sf] glhs k'U5 

xf]nf (sn  ?)  cg'dfg ug'{xf];\ . 
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cf+lzs of]ukmnsf] cg'j|md lgDgfg';f/ x'G5,

cg'j|md = s1, s2, s3 , s4, s5, s6, …  = 0.5, 0.75, 0.875, 0.9375, 0.96875, …  

dflysf] cf+lzs of]ukmnsf] cg'j|mdnfO{ cjnf]sg ubf{, pSt cg'j|mdsf] ;LdfGtdfg 1 x'G5 . 
To;}n] lbOPsf] c;Lldt >]0fLsf] of]ukmn 1 x'G5 . 

s'g} klg c;Lldt >]0fLsf] of]ukmn kQf nufpg klg ;LdfGtdfgsf] cfjZostf k5{ . 
c;Lldt >]0fLsf] of]ukmn eg]sf] pSt >]0fLsf] cf+lzs of]ukmn (Partial Sum) af6 aGg] 

cg'j|mdsf] ;LdfGtdfg xf] . olb  ∑      
                    c;Lldt >]0fL 

eP o;sf] cf+lzs of]ukmnnfO{ lgDgcg';f/ kl/eflift ug{ ;lsG5 
s1 = a1

s2 = a1 + a2

s3 = a1 + a2 + a3

s4 = a1 + a2 + a3 + a4

……………………………
sn = a1+ a2 + a3 + a4 + ....+ an

……………………………

cf+lzs of]ukmn (Partial Sum) af6 aGg] cg'j|md, s1, s2, s3 , s4, s5, s6, …

olx cf+lzs of]ukmnx¿sf] cg'j|mdsf] ;LdfGtdfg g} lbOPsf] >]0fLsf] of]ukmn xf] . 

pbfx/0f 1   

tnsf] c;Lldt >]0fLsf] klxnf] kfFrcf]6f cf+lzs of]ukmn (Partial Sum) kQf nufpg'xf];\ . 

4 + 2 + 1 +
1
2 +

1
4 + ....

;dfwfg

dflysf] >]0fLsf] cf+lzs klxnf] kfFrcf]6f cf+lzs of]ukmn o;k|sf/ 5g\ 

klxnf], (s1) = 4

bf];|f], (s2) = 4 + 2 = 6

t];|f], (s3) = 4 + 2 + 1 = 7

rf}yf], (s4) = 4 + 2 + 1 + 
1
2   = 7.5

kfFrf}F, (s5) = 4 + 2 + 1 + 
1
2  + 

1
4  = 7.75

cf+lzs of]ukmnsf] cg'j|md,

s1, s2, s3 , s4, s5 = 4, 6, 7, 7.5, 7.75, …

ljrf/0fLo k|Zg M s] ;a} k|sf/sf cl;ldt >]0fLx¿sf] of]ukmn kQf nufpg ;lsG5 < 5nkmn 
u/L lgZsif{ lgsfNg'xf];\ .
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cEof; 6.2

1. tnsf] lrq x]/L ;f]lwPsf] k|Zgx¿sf] pQ/ lbg'xf];\ M

 

 

… 

 lgoldt ax'e'hx¿sf] e'hfsf] ;ª\Vof c;Lldt ug]{ xf] eg] 5fof kfl/Psf] efusf]  
 If]qkmnsf] ;LdfGtdfg slt x'G5 < cg'dfg ug'{xf];\ . 

2. bfofFsf] lrqdf ;dafx' lqe'hx¿sf] cg'j|md lbOPsf] 5 . cluNnf] 
 ;dafx' lqe'hsf] dWoljGb'x¿ hf]8\b} j|mdzM cGo ;dafx'  
 lqe'hx¿ lgdf{0f ul/Psf] 5 . 

 -s_  o:tf sltcf]6f ;dafx' lqe'hx¿ lgdf{0f ug{ ;lsG5 <

 -v_ o;}u/L ;dafx' lqe'hx¿ c;Lldt agfpFbf, ;dafx' lqe'hx¿sf] Pp6f e'hfsf]  
  nDafOsf] ;LdfGtdfg slt x'G5 xf]nf < cg'dfg ug'{xf];\ . 

 -u_ o;}u/L ;dafx' lqe'hx¿ c;Lldt agfpFbf, ;dafx' lqe'hx¿sf] kl/ldltx¿sf]  
  ;LdfGtdfg slt x'G5 < cg'dfg ug'{xf];\ . 

 -3_  o;}u/L ;dafx' lqe'hx¿ c;Lldt agfpFbf, ;dafx' lqe'hx¿sf] If]qkmnx¿sf]  
  ;LdfGtdfg slt x'G5 < cg'dfg ug'{xf];\ .

3. bfofFsf] lrqdf Pp6f j[Q C leq ;ds]lGb|t x'g]u/L cGo j[Qx¿ 
 lvlrPsf] 5 .

 -s_ o:t} cGo b'O{cf]6f lrqx¿ lvRg'xf];\ .

 -v_ o:tf sltcf]6f Pss]lGb|t j[Qx¿ lvRg ;lsG5 xf]nf <

 -u_ o;}u/L j[Qx¿ c;Lldt agfpFbf, pSt j[Qx¿sf] kl/lwsf] ;LdfGtdfg cg'dfg ug'{xf];\ .

 -3_ o;}u/L j[Qx¿ c;Lldt agfpFbf, pSt j[Qx¿sf] If]qkmnx¿sf] ;LdfGtdfg slt x'G5 <  
  cg'dfg ug'{xf];\ . 

4. bfofFsf] lrqdf kmng y = f(x) sf] n]vflrq 
 k|:t't ul/Psf] 5 . x sf] dfg a9fpFb} hfFbf y 

 sf]df s] s;/L km/s k/]sf] 5 . x sf] dfg slt 
 x'Fbf y sf] dfg 0 sf] a/fa/ x'G5 < 

Y

O

Y = f (x)

X
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5.  olb n s'g} k|fs[lts ;ª\Vof eP tn lbOPsf cg'j|mdx¿sf] ;LdfGtdfg kQf nufpg'xf];\ .

 

s_  ( )    
     v_  ( )    

      u_  ( )    
    

3_  ( )         ª_  ( )        r_  ( )      

 6.  tnsf cg'j|mdx¿sf] ;LdfGtdfg kQf nufpg'xf];\ .

 -s_ 0.1, 0.01, 0.001, 0.0001, ... 

 -v_ 7.1, 7.01, 7.001, 7.0001, ... 

 -u_ 2.9, 2.99, 2.999, 2.9999, …

7.   j[Qleq agfOPsf ax'e'hsf 9fFrfx¿ sxfF sxfF b]Vg'ePsf] 5 < ;ª\sng ug'{xf];\ . tL 9frfFx¿df
s] s:tf cfs[ltx¿ 5g\ < tL cfs[ltx¿sf] ;LdfGt lrq s] xf]nf < n]Vg'xf];\ .

8.  10 ;]=ld= nDafO ePsf] Pp6f /]vfv08 AB lng'xf];\ . pSt /]vfv08nfO cfwf ug'{xf];\ 
/ cfwf efusf] nDafO kQf nufpg'xf];\ . k]ml/ cfwf efusf] klg cfwf ug'{xf];\ / nDafO 
lgsfNg'xf];\ . o;/L Pjd\ l/tn] cfwf ub}{ hfg'xf];\ / u0fgf ul/Psf] nDafOx¿sf] Pp6f 
cg'j|md agfpg'xf];\ . pSt cg'j|mdsf] ;LdfGtdfg slt x'G5 xf]nf < kQf nufpg'xf];\ . 

9.  lrqdf aflx/L ju{sf] If]qkmn 16 ju{ PsfO 5 .  aflx/L ju{sf dWo ljGb'x¿ hf]8\bf leqL 
ju{ aGg] cg'j|md b]vfOPsf] 5 . sltcf]6f ju{;Dd leqL ju{x¿ agfpg ;lsG5 xf]nf < 

 -s_  k|To]s ju{sf] nDafO kQf nufpg'xf];\ . 

 -v_  o;/L aGg] ju{sf] If]qkmnsf] cg'j|md n]Vg'xf];\ . pSt cg'j|mdsf]  
  ;LdfGtdfg kQf nufpg'xf];\ .

 -u_  o;/L aGg] k|To]s ju{sf] kl/ldltsf] cg'j|md n]Vg'xf];\ . pSt kl/ldltsf] ;LdfGtdfg  
  slt xf]nf, n]Vg'xf];\ .

 -3_ k|To]s ju{sf] If]qkmnx¿sf] of]ukmn lgsfNg'xf];\ .

pQ/

1. 0 2. -s_ c;Lldt  -v_  z"Go  -u_ z"Go  -3_ z"Go  3. -v_ c;Lldt  

-u_  z"Go    -3_ z"Go 4. lzIfsnfO{ b]vfpg'xf];\  5. -s_ 0  -v_ 0 -u_ 0   -3_ 0    -ª_ ∞ 

-r_ ∞  6. -s_ 0 -v_ 7 -u_ 3   7 – 9 lzIfsnfO{ b]vfpg'xf];\ .

- - -

- - -
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6.3 aLhLo kmngsf] ;LdfGtdfg (Limit of  Algebraic Function)
x → a sf] cy{ 
aLhLo kmngsf] ;LdfGtdfg yfxf kfpgsf nflu xfdLn] x→a  sf] cy{ a'‰g cToGt h?/L x'G5 .
To;sf nflu xfdLn] jf:tljs ;ª\Vof/]vf a'‰gkg]{ x'G5 . jf:tljs ;ª\Vofx¿sf] ;d"x /  
;ª\Vof/]vfsf af/]df xfdLn] cluNnf sIffx¿df klg cWoog ul/;s]sf 5f}F . Pp6f pbfx/0f 
lncf}+, x→2 eg]sf] x sf] dfg 2 sf] w]/} glhs /x]sf jf:tljs ;ª\Vofx¿ eGg] x'G5 t/ 7\ofSs} 
2 eg] xf]Og . o;nfO{ jf:tljs ;ª\Vof/]vfdf x]bf{ 

–3 –2 –1 0 1 2 3 4  5
x tends to 2 from the left

x → 2– x → 2+

x  tends to 2 from the right

oxfF, x sf] dfg 2 sf] w]/} glhssf] lnFbf 2 sf] bfofF / afofFaf6 lng'k5{ . x sf] dfg 2 sf] afofFlt/af6 
Psbd} glhssf] lnFbf,
  x = 1.5, 1.9, 1.99, 1.999, 1.9999, 1. 99999,  …

;ª\s]tdf,  x → 2– =  1.5, 1.9, 1.99, 1.999, 1.9999, 1. 99999,  …

 x sf] dfg 2 sf] bfofFlt/af6 lnFbf,
 x = 2.5, 2.1, 2.01, 2.001, 2.0001, 2.00001,  … 

;ª\s]tdf, x → 2+ =  2.5, 2.1, 2.01, 2.001, 2.0001, 2.00001,  …

∴ x → 2  eGgfn] x sf] dfg 2 sf] bfofF / afofFaf6 Psbd} glhssf] eGg] x'G5 t/ 7\ofSs} 2 
eg] x'Gg . x → 2  n] x → 2– / x → 2+ b'a}nfO{ hgfpF5 . 
x→a  eGgfn] x sf] dfg s'g} jf:tljs ;ª\Vof a sf] Psbd} glhssf] eGg] x'G5 t/ x sf] dfg 7\
ofSs} a eg] x'Fb}g . o;/L a sf] Psbd} glhssf] dfg lnFbf a sf] afofF / bfofFlt/af6 lng'k5{ .
a sf] afofFlt/sf] Psbd} glhssf] jf:tljs ;ª\Vofx¿nfO{ x → a–  / a sf] bfofFlt/sf]
Psbd} glhssf] jf:tljs ;ª\Vofx¿nfO{ x → a+ n] hgfOG5 .  x → a n] x → a– / x → a+ 
b'a}nfO{ hgfpF5 .

pbfx/0f 1   

x→ –3 sf] cy{ n]Vg'xf];\ .
;dfwfg 

–5 –4 –3 –2 –1 0 1 2  3
x tends to –3 from the left

x → –3– x → –3+

x  tends to –3 from the right
–6

R

 x→ –3 eGgfn] x sf] dfg –3 sf] bfofF / afofF b'a}lt/af6 w]/} glhssf] af:tljs ;ª\Vofx¿ 
eGg] a'lemG5 .  bfofFlt/af6 w]/} glhssf] dfgx¿nfO{ x → –3+ n] hgfOG5 /  x → –3+ = –2.9, 

–2.99, –.999, –2.9999, … x'G5g . afofFlt/af6 w]/} glhssf] dfgx¿nfO{ x→ –3– n] hgfOG5 /  
x→ –3– = –3.01, –3.001, –3.0001, –3.00001, … x'G5g\ .
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lj|mofsnfk 1   

tnsf] tYox? cWoog u/L lgisif{ lgsfNg'xf];\ M 

klxnf], xfdLnfO{ yfxf 5 ls s'g} ;ª\VofnfO{ ;f]lx ;ª\Vofn]  efu ubf{ To;sf] efukmn 1 x'G5  

h:t} :     , 
 
   , 

 
    eP 

 
    x'g'k5{ . 

bf];|f], 0 nfO{ s'g} klg ;ª\Vofn] efu ubf{ efukmn 0 g} x'G5 . 

h:t} :     , 
 
   , 

 
      

To;f] xf] eg], 
 
    x'g'k5{ . 

dflysf] b'Oj6f tYoaf6, 
 
  sf] dfg s'gnfO{ lng] < s] 

 
  sf] dfg lglZrt ug{ ;lsG5 < 

t];|f], efHotfsf] l;4fGt (Division Algorithm) cg';f/,  

 
    eP       x'G5 h;df c sf] dfg Psdfq x'G5, To:t} olb 

 
    

eP,       x'G5, ca m sf] dfg slt /fVbf       ;To x'G5 < 

       df sf] dfg h'g;'s} ;ª\Vof /fVbf klg lbOPsf] ;dLs/0f dfGo x'G5 .  

h:t}  

m = 1,      , ;To 

m  = 2,      , ;To 

m = 3,      , ;To 

         

dflysf] pbfx/0faf6 of] lgisif{ lgsfNg ;lsG5 ls, m sf] dfg h'g;'s} jf:tljs ;ª\Vof x'g ;S5, m sf] 

dfg clglZrt x'g] ePsfn] 
 
  sf] dfg klg olt g} x'G5 egL lglZrt ug{ ;lsFb}g . To;}n] 

 
   sf] dfg 

lglZrt ug{ g;lsg] x'gfn] o;nfO{ Indeterminate elgG5 .  

4 + 5  5 + 4 

4− 4  5− 5 

 
    

4−4
5−5   

5−5
5−5  -b'a}lt/ 5 – 5 n] efu u/]sf]_ 

 0 
0
 sf] :j¿knfO{ clgZrosf] :j¿k (Indeterminate Forms) elgG5 h;sf] dfg olsgsf 

;fy oxL g} xf] eg]/ eGg g;lsg] ePsfn] o:tf] :j¿knfO{ indeterminate forms elgPsf] 

xf] . cGo indeterminate forms x¿df 
∞ 
∞ , 00, ∞0, ∞ – ∞, 1∞, 0 × ∞ k5{g\ .

pbfx/0f 2   

kmng f(x)= x2 – 4
x – 2   df x = 0, 1, 2 / 3 /fVg'xf];\ . If]qsf] s'g ljGb'df kmng clgZro :j¿k  

(Indeterminate form) df 5 < vf]hL ug'{xf];\ . 

ulNt sxfF 5 kQf 
nufpg'xf];\ .
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;dfwfg 

lbOPsf] kmng,  (x)    
     
    

x = 0 xF'bf,   ( )    
     
      

      

x = 1 xF'bf,  ( )    
     
      

      

x = 2 xF'bf,  ( )    
     
          indeterminate  

x = 3 xF'bf,  ( )    
     
            

  x = 2 xF'bf kmng  ( ) clgZro :j¿k (Indeterminate form) df 5 . 

pbfx/0f 3   

dflysf] lj|mofsnfksf cfwf/df kmng f(x) = 5x – 3 sf] nflu tnsf] tflnsf eg'{xf];\ 

-s_ x –2.1 –2.01 –2.001 –2.0001 –2.00001 –2.000001

f(x) … … … … …

-v_ x –1.9 –1.99 –1.999 –1.9999 –1.99999 –1.999999

f(x) … … … … … …

;dfwfg 

-s_ x –2.1 –2.01 –2.001 –2.0001 –2.00001 –2.000001

f(x) –13.5 –13.05 –13.005 –13.0005 –13.00005 –13.000005

-v_ x –1.9 –1.99 –1.999 –1.9999 –1.99999 –1.999999

f(x) –12.5 –12.95 –12.995 –12.9995 –12.99995 –12.999995

pbfx/0f 4   

Pp6f kmng f(x) = x2 – 4
x – 2  lbOPsf] 5 . h;sf] n]vflrq 

bfofF lbOPsf] 5 . tnsf k|Zgx¿df 5nkmn ug'{xf];\ . 

-s_ kmngdf x =2 /fVbf f (x) sf] dfg slt x'G5 <

-v_ tnsf] tflnsf cWoog u/L ha x sf] dfg 2 sf] 
 glhs x'G5 pSt ;dodf kmngsf] dfg jf Jojxf/nfO{ 
 cg'dfg ug'{xf];\ cyf{t\ f (x) sf] dfg s'g jf:tljs 
 ;ª\Vofsf] glhs uO/x]sf] 5 < cg'dfg ug'{xf];\ .  
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-s_ x sf] dfg 2 sf] afofFlt/af6 Psbd} glhssf] /fVbf (x → 2–)

x 1.9 1.99 1.999 1.9999 … 2
f (x) 3.9 3.99 3.999 3.9999 … ?

-v_ x sf] dfg 2 sf] bfofFlt/af6 Psbd} glhssf] /fVbf (x → 2+)

x 2.1 2.01 2.001 2.0001 … 2
f (x) 4.1 4.01 4.001 4.0001 … ?

-u_  kmng f (x) sf] afofF ;LdfGtdfg slt xf]nf < cg'dfg ug'{xf];\ / ;ª\s]tdf n]Vg'xf];\ .

-3_ kmng f (x) sf] bfofF ;LdfGtdfg slt xf]nf < cg'dfg ug{'xf];\ / ;ª\s]tdf n]Vg'xf];\ .

-ª_  kmng f (x) sf] ;LdfGtdfg slt xf]nf < cg'dfg ug'{xf];\ / ;ª\s]tdf n]Vg'xf];\ .

;dfwfg

-s_  x = 2 x'Fbf, f (2) = x2 – 4
x – 2  = 0 

0  = indeterminate form h;nfO{ dflysf] n]vflrqaf6 k|i6 x'g 
 ;lsG5 . 

-v_  jf:tjdf, x = 2 x'Fbf kmng clgZro :j¿kdf ePsfn] x sf] dfg 2 sf] glhsdf kmngsf] 
s:tf] Jojxf/ x'G5 egL yfxf kfpg cfjZos x'G5 . To;}n] tflnsf i) df x sf] dfg 2 
sf] afofFlt/af6 w]/} glhssf] /fVbf kmngsf] dfg 4 sf] w]/} glhs uO/x]sf] b]lvG5 . To:t} 
tflnsf ii) df klg  x sf] dfg 2 sf] bfofFlt/af6 w]/} glhssf] /fVbf kmngsf] dfg 4 sf] 
w]/} glhs uO/x]sf] b]lvG5 .

-u_ x sf] dfg 2 sf] afofFlt/af6 Psbd} glhssf] 
 /fVbf kmngsf] dfg 4 sf] Psbd} glhs uO/x]sf] 
 / 4 eGbf a9L gx'g] x'gfn], kmngsf] afofF 
 ;LdfGtdfg 4 x'G5 . 

 o;nfO{ ;ª\s]tdf n]Vbf, 

 x→2–  x'Fbf, f(x)→4 x'G5 cyf{t\ 

 lim
x → 2–  f(x) = 4 n]lvG5 . 

-3_ x sf] dfg 2 sf] bfofFlt/af6 Psbd} glhssf] /fVbf 
 kmngsf] dfg 4 sf] Psbd} glhs uO/x]sf] / 4 eGbf 
 a9L gx'g] x'gfn], kmngsf] bfofF ;LdfGtdfg 4 x'G5 . 

 o;nfO{ ;ª\s]tdf n]Vbf, 

 x →2+  x'Fbf, f(x)→4 x'G5, cyf{t\ 
 lim

x → 2+ f(x) = 4 n]lvG5 . 

 

 

n]vflrq

n]vflrq
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-ª_ kmngsf] bfofF / afofF ;LdfGtdfg a/fa/ cfPsf] / 
4 ePsfn], x sf] dfg 2 sf] w]/} glhs x'Fbf kmng 
f(x) sf] dfg 4 sf] w]/} glhs x'G5 / 4 eGbf a9L 
x'Fb}g eGg ;lsG5 . To;}n] x sf] dfg 2 sf] w]/} 
glhs x'Fbf kmng f (x) sf] ;LdfGtdfg 4 x'G5 . 

 o;nfO{ ;ª\s]tdf n]Vbf, x→2  x'Fbf, f(x)→4 x'G5, 
 cyf{t\ lim

x → 2 f(x) = 4

 
 

oxfF 2 nfO{ a / 4 nfO{ l dfGbf, kmng f(x) sf] ;LdfGtdfg l = 4 x'gsf nflu x sf] dfg s'g} 
jf:tljs ;ª\Vof a = 2 sf] w]/} glhs -bfofF / afofF b'a}lt/af6_ k'Ubf aLhLo kmng f (x) sf] dfg 
jf:tjljs ;ª\Vof l = 4 sf] w]/} glhs uPsf] x'g'k5{ . 

kmngsf] ;LdfGtdfg eg]sf] kmngsf] Jojxf/ (Behaviour) xf] cyf{t\  x sf] dfg s'g} jf:tljs 
;ª\Vof a sf] Psbd} glhs -bfofF / afofF b'a}lt/af6_ k'Ubf kmngn]] Jojxf/ s:tf] x'G5 egL x]g'{ xf] .

t;y{,  x sf] dfg s'g} jf:tljs ;ª\Vof a sf] Psbd} glhs -bfofF / afofF b'a}lt/af6_ k'Ubf aLhLo 
kmng f (x) sf] dfg jf:tjljs ;ª\Vof l  sf] glhs uPdf, l nfO{ f (x) sf] ;LdfGtdfg elgG5 . 

;ª\s]tdf, lim
x → a+  f (x) = lim

x → a–  f (x) = l ePdf lim
x → a f (x) = l 

cyf{t\, bfofF / afofF ;LdfGtdfg a/fa/ cfPdf dfq kmngsf] ;LdfGtdfg k|fKt ug{ ;lsG5 
jf exist u5{  elgG5 . olb bfofF / afofF ;LdfGtdfg a/fa/ gePdf kmngsf] ;LdfGtdfg 
k|fKt ug{ ;lsFb}g jf doesnot exist elgG5 . 

pbfx/0f 5   

x → –1 x''Fbf kmng f (x) = 4x – 1 sf] ;LdfGtdfg vf]hL ug'{xf];\ .  

;dfwfg

-s_ afofF ;LdfGtdfg

x sf] dfg –1 sf] afofFlt/af6 /fv]/ tflnsf lgdf{0f ubf{,

x –1.1 –1.01 –1.001 –1.0001 –1.00001 … –1
f (x) –5.4 –5.04 –5.004 –5.0004 –5.00004 … –5

dflysf] tflnsfaf6, x sf] dfg –1 sf] afofFaf6 Psbd} 
glhs x'Fbf kmng f (x) sf] dfg –5 sf] Psbd} glhs 
uPsf] 5 . t;y{ kmngsf] afofF ;LdfGtdfg –5 x'G5 . 

n]vflrq

 

n]vflrq
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;ª\s]tdf, x → –1–  x'Fbf, f (x) → –5 x'G5 . cyf{t\ lim
x → –1–  f (x) = –5

-v_ bfofF ;LdfGtdfg 

x sf] dfg –1 sf] bfofFlt/af6 /fv]/ tflnsf lgdf{0f ubf{,

x –0.9 –0.99 –0.999 –0.99999 –0.99999 … –1
f (x) –4.6 –4.96 –4.996 –4.9996 –4.99996 … –5

tflnsfaf6, x sf] dfg –1 sf] bfofFaf6 Psbd} glhs 
x'Fbf kmng f (x) sf] dfg –5 sf] Psbd} glhs uPsf] 5 . 
t;y{ kmngsf] bfofF ;LdfGtdfg –5 x'G5 . 

;ª\s]tdf, x→ –1+ x'Fbf, f (x) → –5 x'G5 cyf{t\ lim
x → –1+  f (x) = –5

-u_ kmngsf] ;LdfGtdfg

o;/L bfofF / afofF ;LdfGtdfg a/fa/ ePsfn], x sf] 
dfg –1 sf] glhs x'Fbf kmngsf] ;LdfGtdfg –5 x'G5 . 

o;nfO{ ;ª\s]tdf n]Vbf, x → –1  x'Fbf, f (x) → –5 x'G5 
cyf{t\, lim

x → –1 f (x) = –5

pbfx/0f 6   

bfofF y = f (x) sf] n]vflrq lbOPsf] 5 . pSt n]vflrq x]/L tnsf] 
ljGb'df ;LdfGtdfg dfGo (exist) u5{ of ub}{g sf/0f;lxt 
n]Vg'xf]; . 

-s_ lim
x → –3  f (x) -v_ lim

x → 5  f (x)

-u_ lim
x → 2  f (x)

;dfwfg

-s_ lbOPsf] n]vflrqdf x sf] dfg bfofFaf6 –3 sf] w]/} glhs 
 k'Ubf, kmngsf] dfg –2 sf] w]/} glhs uPsf] 5 .

 cyf{t\ x → –3+  x'Fbf f (x) → –2 5 . t;y{, kmngsf] 
 bfofF ;LdfGtdfg –2 x'G5 . 

 To;}u/L, x sf] dfg afofFaf6 –3 sf] w]/} glhs k'Ubf, 
 kmngsf] dfg –2 sf] w]/} glhs uPsf] 5 .

 cyf{t\ x → –3–  x'Fbf f (x) → –2 5 . t;y{, kmngsf] afofF ;LdfGtdfg –2 x'G5 . 

 

n]vflrq

X0 1–1–2–3–4

Y

1

2

3

4

–1

–2

–3

–5

2 3 4 5 6

Y

X0
1

2

3

4

1–1–2–3–4

–1

–2

–3

–5

2 3 4 5 6
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 o;/L kmngsf] bfofF / afofF ;LdfGtdfg a/fa/ ePsfn] kmngsf] ;LdfGtdfg –2 x'G5 . 
 cyf{t\ lim

x → –3 f (x) = –2

-v_ lbOPsf] n]vflrqdf x sf] dfg bfofFaf6 5 sf] w]/} glhs k'Ubf, kmngsf] dfg 1 sf] w]/} 
 glhs uPsf] 5 . cyf{t\ x → 5+  x'Fbf f (x) → 1 5 . t;y{, kmngsf] bfofF ;LdfGtdfg 1 
 x'G5 . 

 To;}u/L, x sf] dfg afofFaf6 5 sf] w]/} glhs k'Ubf, kmngsf] dfg –3 sf] w]/} glhs 
 uPsf] 5 . cyf{t\ x → 5–  x'Fbf f (x) → –3 5 . t;y{, kmngsf] afofF ;LdfGtdfg –3 x'G5 . 

 t;y{, kmngsf] bfofF / afofF ;LdfGtdfg a/fa/ gePsfn] kmngsf] ;LdfGtdfg olsg ug{  
 ;lsFb}g (limit deos not exist) . cyf{t\, lim

x → 5  f (x) = does not exist

-u_ lbOPsf] n]vflrqdf x sf] dfg bfofFaf6 2 sf] w]/} 
 glhs k'Ubf, kmngsf] dfg olsg ug{ ;lsFb}g To;}n]  
 kmngsf] bfofF ;LdfGtdfg olsg ug{ ;lsFb}g cyf{t\ c;Lldt  
 (∞) x'G5 . 

 To;}u/L, x sf] dfg afofFaf6 ha 2 sf] w]/} glhs k'Ubf, 
 kmngsf] dfg 2 sf] w]/} glhs uPsf] 5 .

 cyf{t\ x → 2–  x'Fbf f (x) → 2 5 . t;y{, kmngsf] afofF 
 ;LdfGtdfg 2 x'G5 . 

 o;/L kmngsf] bfofF / afofF ;LdfGtdfg a/fa/ gePsfn] kmngsf] ;LdfGtdfg olsg ug{  
 ;lsFb}g (limit deos not exist) . cyf{t\ lim

x → 2  f (x) = does not exist

cEof; 6.3

1. -s_  x → –3   sf] cy{ n]Vg'xf];\ .  -v_  x → 5–   sf] cy{ n]Vg'xf];\ .

 -u_ lim
x → 2  f (x) = –5 sf] cy{ n]Vg'xf];\ .  -3_  lim

x → –2–  f (x)  = 1 sf] cy{ n]Vg'xf];\ . 

 -ª_ lim
x → –3+  f (x) = –4 sf] cy{ n]Vg'xf];\ . 

 -r_  x sf] dfg m sf] Psbd} glhs -bfofF / afofF b'a}lt/af6_ x'Fbf f (x) sf] ;LdfGtdfgnfO{ 
  hgfpg] ;ª\s]t tnsf] dWo s'g ;xL 5 <

  (i)   lim
x → m+  f (x)     (ii)  lim

x → m–  f (x)      (iii)  lim
x → –m+ f(x)       (iv) lim

x → m  f (x)

2. kmng f (x) = 
x – 9

√x – 3
  lbOPsf] 5 .

 -s_ x = 0, 1, 4 / 9 /fvL f (x) sf] dfg lgsfNg'xf];\ . 

Y

X0
1

2

3

4

1–1–2–3–4

–1

–2

–3

–5

2 3 4 5 6
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 -v_ x sf] s'g dfgdf kmng clgZro :j¿k (Indeterminate form) df 5 < n]Vg'xf];\ . 

3. kmng f (x)= 
x2 –16 
x – 4   lbOPsf] 5 .

 -s_ x = 0, 1, 3 / 4  /fvL f (x) sf] dfg lgsfNg'xf];\ . 

 -v_ x sf] s'g dfgdf kmng clgZro :j¿k (Indeterminate form) df 5 < n]Vg'xf];\ . 

4. tnsf] tflnsf k"/f ug'{xf];\ / pSt tflnsfsf cfwf/df lbOPsf] kmngsf] ;LdfGtdfg kQf 
 nufpg'xf];\ :

 -s_ lim
x → 3 (x + 2)

x 2.9 2.99 2.999 2.9999 … 3
x + 2 … ?

x 3.1 3.01 3.001 3.0001 … 3
x + 2 … ?

 -v_ lim
x → –2 (2x – 3)

x –2.1 –2.01 –2.001 –2.0001 … –2
2x – 3 … ?

x –1.9 –1.99 –1.999 –1.9999 … –2
2x – 3 … ?

 -u_  lim
x → 4  (x2

 + 2)

x 3.9 3.99 3.999 3.9999 … 4
x2 + 2 … ?

x 4.1 4.01 4.001 4.0001 … 4
x2

 + 2 … ?

 -3_   lim
x → –3  

x2 – 9
x + 3( )

x –3.1 –3.01 –3.001 –3.0001 … –3

x2 – 9
x + 3

… ?

x –2.9 –2.99 –2.999 –2.9999 … –3

x2 – 9
x + 3

… ?
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5. -s_ Pp6f kmng f (x) = x2 – 4
x – 2

 lbOPsf] 5 .

  (i) f (2) sf] dfg slt x''G5 <

  (ii)  f (1.9), f (1.99), f (1.999),  f (1.9999) sf] dfg kQf nufO{ x sf] dfg 2 sf] w]/} 
   glhs x'Fbf kmngsf] afofF ;LdfGtdfg slt xf]nf < ;ª\s]tdf n]Vg'xf];\ . 

  (iii)  f (2.01), f (2.001), f (2.0001),  f (2.00001) sf] dfg kQf nufO{ x sf] dfg 2 sf] 
   w]/} glhs x'Fbf kmngsf] bfofF ;LdfGtdfg slt xf]nf < ;ª\s]tdf n]Vg'xf];\ .  

   (iv)  kmngsf] ;LdfGtdfg slt xf]nf < ;ª\s]tdf n]Vg'xf];\ . 

 -v_  Pp6f kmng f (x) = x2 – 9
x –3  lbOPsf] 5 .

  (i)  f (3) sf] dfg slt x'G5 <

  (ii)  f (2.9), f (2.99), f (2.999),  f (2.9999) sf] dfg kQf nufO{ x sf] dfg 3 sf] w]/} 
   glhs x'Fbf kmngsf] afofF ;LdfGtdfg slt xf]nf < ;ª\s]tdf n]Vg'xf];\ . 

  (iii)  f (3.01), f (3.001), f (3.0001),  f (3.00001) sf] dfg kQf nufO{ x sf] dfg 3 sf] 
   w]/} glhs x'Fbf kmngsf] bfofF ;LdfGtdfg slt xf]nf < ;ª\s]tdf n]Vg'xf];\ .

   (iv)  kmngsf] ;LdfGtdfg slt xf]nf < kQf nufO ;ª\s]tdf n]Vg'xf];\ . 

6. lbOPsf] kmngx¿sf] nflu tflnsf lgdf{0f u/L lbOPsf] ljGb'df ;LdfGtdfgsf] vf]hL 
 ug'{xf];\ M 

 -s_ lim
x → 2 (3x+1) -v_ lim

x → –3 (2x–3)  -u_   lim
x → –2 (4x)

 -3_ lim
x → 1 (x2 – 2) -ª_ lim

x → –2 (3x2 + 1)  -r_  lim
x → –2 (2x2 – 3)

 -5_ (     )x – 1
x + 2

lim
x → 3  -h_ (     )–2 

x + 1
lim

x → –1   -em_ 
x – 1
x + 2

lim
x → –3(     )

 -`_ 
2 

x – 2
lim

x → 2(     )  -6_ 
2x – 6
x – 3

lim
x → 3(     )   -7_

1 
4x – 8

lim
x → 2(     )

7. tn lbOPsf] kmngx¿sf] nflu tflnsf lgdf{0f u/L lbOPsf] ljGb'df ;LdfGtdfgsf] vf]hL ug'{xf];\ M

 -s_ (     )x2 – 9
x – 3

lim
x → 3    -v_ (     )x – 9

 x – 3
lim

x → 9    -u_ (      )x2 – 16
x – 4

lim
x → 4  

 

 -3_ (         )x2 – 4
x2 + x – 6

lim
x → 2   -ª_ (          )x2 + 6x + 6 

x2 – 9
lim

x → –3    -r_ (      )x2 + 1
x2 – 1

lim
x → 1  
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8. k|dfl0ft ug'{xf];\ M

 -s_ (     )x3 – 1
x – 1

lim
x → 1  = 3 -v_ (          )x2 – 2x + 4 

x2 + 1
lim

x → 3   = 5 
2  -u_ (      )x3 – 8

x – 2
lim

x → 2  = 12

9. n]vflrq cWoog u/L ;f]lwPsf k|Zgx¿sf] pQ/ lbg'xf];\ .

 -s_ olb f (x) = x2 – 1
x –1  eP,

  lim
x → 1+ f (x),  lim

x → 1– f (x) / lim
x → 1 f (x) sf 

  ;LdfGtdfg kQf nufpg'xf];\ .

 

 -v_ olb f (x) = x2 eP 
  lim

x → 1– f (x),  lim
x → 1+ f (x) / lim

x → 1 f (x) sf 
  ;LdfGtdfg kQf nufpg'xf];\ .
 

 -u_  olb f (x) = x3 eP
  lim

x → 1+ f (x),  lim
x → 1– f (x)  / lim

x → 1 f (x) sf 
  ;LdfGtdfg kQf nufpg'xf];\ .
 

 -3_  bfofFsf]  y = f(x) sf] n]vflrqaf6 

  lim
x → 2+ f (x),  lim

x → 2– f (x) / lim
x → 2 f (x) sf 

  ;LdfGtdfg kQf nufpg'xf];\ .

10. bfofFsf] n]vflrq x]/L ljGb' 2 df kmng f (x) sf] 
 ;LdfGtdfg olsg ug{ ;lsG5 of ;lsFb}g sf/0f;lxt  
 n]Vg'xf];\ . 
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11. bfofFsf] n]vflrq x]/L ljGb' 1 df kmng f (x) sf] ;LdfGtdfg 
 olsg ug{ ;lsG5 of ;lsFb}g sf/0f;lxt n]Vg'xf];\ .

pQ/

1. lzIfsnfO b]vfpg'xf];\ . 2. -s_ 3, 4, 5,
0 
0   -v_ x = 9  3. -s_ 4, 5, 7,

0 
0  

-v_  x =  4  4. -s_ 5  -v_ –7  -u_ 18  -3_ –6 

5. s_  i) 
0 
0   ii) lim

x → 2– f (x) = 4   iii)   lim
x → 2+  f (x) = 4   iv)   lim

x → 2  f (x)=4

  v_ i) 
0 
0   ii) lim

x → 3–  f (x) = 6 iii)   lim
x → 3+  f (x) = 6   iv)   lim

x → 3  f (x) = 6

6. -s_ 7  -v_ –9  -u_ –8 3_ –1 -ª_13 -r_ 5  -5_ 
2 
5  

h_ does not exist  -em_ 4 -`_ does not exist  -6_ 2 -7_ does not exist

7. -s_ 6 -v_ 6  -u_ 8  -3_ 
4 
5       -ª_ 0  -r) does not exist

9. -s_ 2, 2, 2 -v_  1, 1, 1 -u_ 1, 1, 1 -3_ 2, 2, 2    

10. does not exist   11. does not exist   

Y

X
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