
vè;k; 2

cgqin

2.1 Hkwfedk

fiNyh d{kkvksa esa] vki chth; O;atdksa vkSj muosQ tksM+] ?kVkuk] xq.kk vkSj Hkkx dk
vè;;u dj pqosQ gSaA ogk¡ vki ;g Hkh vè;;u dj pqosQ gSa fd fdl izdkj oqQN chth;
O;atdksa dk xq.ku[kaMu fd;k tkrk gSA vki fuEu chth; loZlfedkvksa vkSj mudk
xq.ku[kaMu esa mi;ksx dk iqu%Lej.k dj ldrs gSa%

(x + y)2 = x2 + 2xy + y2

(x – y)2 = x2 – 2xy + y2

vkSj] x2 – y2 = (x + y) (x – y)

bl vè;k; esa] lcls igys ,d fo'ks"k izdkj osQ chth; O;atd dk] ftls cgqin
(polynomial ) dgk tkrk gS] vkSj mlls lac¼ 'kCnkoyh (terminology) dk vè;;u djsaxsA
;gk¡ ge 'ks"kiQy izes;  (Remainder Theorem ), xq.ku[kaM izes;  (Factor Theorem) vkSj
cgqinksa osQ xq.ku[kaMu esa buosQ mi;ksx dk Hkh vè;;u djsaxsA buosQ vfrfjDr] ge oqQN
vkSj chth; loZlfedkvksa dk vkSj oqQN fn, gq, O;atdksa dk xq.ku[kaMu djus rFkk eku
fudkyus osQ ckjs esa Hkh vè;;u djsaxsA

2.2 ,d pj okys cgqin

lcls igys ge ;kn djsaxs fd pj dks ,d izrhd ls izdV fd;k tkrk gS tks dksbZ Hkh
okLrfod eku /kj.k dj ldrk gSA ge pjksa dks v{kjksa  x, y, z, vkfn ls izdV djrs gSaA è;ku

jgs fd 2x, 3x, – x, –
1

2
x chth; O;atd gSaA ;s lHkh O;atd] (,d vpj) × x osQ :i osQ
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gSaA vc eku yhft, fd ge ,d ,slk O;atd fy[kuk pkgrs gSa tks fd (,d vpj) × (,d
pj) gS vkSj ge ;g ugha tkurs fd vpj D;k gSA ,slh fLFkfr;ksa esa] ge vpj dks a, b, c

vkfn ls izdV djrs gSaA vr% O;atd] eku yhft,] ax gksxkA

fiQj Hkh] vpj dks izdV djus okys v{kj vkSj pj dks izdV djus okys v{kj esa varj
gksrk gSA ,d fo'ks"k fLFkfr esa vpjksa osQ eku lnk leku cus jgrs gSaA vFkkZr~ ,d nh gqbZ
leL;k esa vpj osQ eku esa dksbZ ifjorZu ugha gksrkA ijUrq pj osQ eku esa ifjorZu gksrk
jgrk gSA

vc 3 ,dd dh Hkqtk okyk ,d oxZ yhft, (nsf[k,
vko`Qfr 2-1)A bldk ifjeki (perimeter) D;k gS\ vki tkurs
gSa fd oxZ dk ifjeki pkjksa Hkqtkvksa dh yackb;ksa dk tksM+ gksrk
gSA ;gk¡ izR;sd Hkqtk dh yackbZ 3 ,dd gSA vr% bldk ifjeki
4 ́  3 vFkkZr~ 12 ,dd gSA ;fn oxZ dh izR;sd Hkqtk 10 ,dd
gks] rks ifjeki D;k gksxk\ ifjeki 4 ´ 10 vFkkZr~ 40 ,dd
gksxkA ;fn izR;sd Hkqtk dh yackbZ x ,dd gks (nsf[k, vko`Qfr
2-2)] rks ifjeki 4x ,dd gksrk gSA vr% ge ;g ikrs gSa fd
Hkqtk dh yackbZ esa ifjorZu gksus ij ifjeki cny tkrk gSA

D;k vki oxZ PQRS dk {ks=kiQy Kkr dj ldrs gSa\ ;g
 x × x = x2  oxZ ,dd (ek=kd) gSA  x2  ,d chth; O;atd gSA
vki  2x, x2 + 2x, x3 – x2 + 4x + 7  tSls vU; chth; O;atdksa ls
Hkh ifjfpr gSaA è;ku nhft, fd vHkh rd fy, x, lHkh chth;
O;atdksa esa pj osQ ?kkrkad iw.kZ la[;k gh jgs gSaA bl :i osQ
O;atdksa dks ,d pj okyk cgqin (polynomials in one variable ) dgk tkrk gSA Åij fn,
x, mnkgj.kksa esa pj x gSA mnkgj.k osQ fy,]  x3 – x2 + 4x + 7, pj x esa ,d cgqin gSA blh
izdkj  3y2 + 5y, pj y  esa ,d cgqin gS vkSj  t2 + 4, pj t esa ,d cgqin gSA

cgqin x2 + 2x esa O;atd x2 vkSj 2x cgqin ds in (terms) dgs tkrs gSaA blh izdkj]
cgqin  3y2 + 5y + 7 esa rhu in vFkkZr~  3y2, 5y vkSj 7  gSaA D;k vki cgqin
 –x3 + 4x2 + 7x – 2 osQ in fy[k ldrs gSa\ bl cgqin osQ pkj in vFkkZr~  –x3, 4x2, 7x

vkSj –2 gSaA

cgqin osQ izR;sd in dk ,d xq.kkad (coefficient) gksrk gSA vr%] –x3 + 4x2 + 7x – 2

esa x3 dk xq.kkad –1 gS]  x2 dk xq.kkad 4 gS]  x dk xq.kkad 7 gS vkSj  x0 dk xq.kkad &2 gS

3

3 3

3

vkÑfr 2-1

x

x x

x
S R

P Q

vkÑfr 2-2
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(Lej.k jgs fd x0 = 1 gS)A D;k vki tkurs gSa fd  x2 – x + 7 esa x dk xq.kkad D;k gS\
x dk xq.kkad –1 gSA

è;ku jgs fd 2 Hkh ,d cgqin gSA oLrqr% 2] –5] 7 vkfn vpj cgqinksa (constant

polynomials ) osQ mnkgj.k gSaA vpj cgqin 0 dks 'kwU; cgqin  dgk tkrk gSA lkFk gh] tSlk
fd mPp d{kkvksa eas vki ns[ksaxs] lHkh cgqinksa osQ laxzg esa 'kwU; cgqin ,d vfr egRoiw.kZ
Hkwfedk fuHkkrk gSA

vc vki  x + 
23

1 , 3+ +x y y
x

v k S j  tSls chth; O;atd yhft,A D;k vki tkurs

gSa fd vki x + 
1

x
 = x + x–1  fy[k ldrs gSa\ ;gk¡ nwljs in vFkkZr~  x –1 dk ?kkrkad –1 gS

tks ,d iw.kZ la[;k ugha gSA vr% ;g chth; O;atd ,d cgqin ugha gSA lkFk gh] 3x +

dks 
1

2 3x +  osQ :i esa fy[kk tk ldrk gSA ;gk¡ x dk ?kkrkad 
1

2
 gS] tks fd ,d iw.kZ la[;k

ugha gSA rks D;k vki ;g le>rs gSa fd 3x +  ,d cgqin gS\ ugha] ;g ,d cgqin ugha
gSA D;k 3 y  + y2  ,d cgqin gS\ ;g Hkh ,d cgqin ugha gSA (D;ksa\)

;fn ,d cgqin esa pj x gks] rks ge cgqin dks  p(x) ;k q(x) ;k r(x), vkfn ls izdV
dj ldrs gSa] mnkgj.k osQ fy,] ge ;g fy[k ldrs gSa%

p(x) = 2x2 + 5x – 3

q(x) = x3 –1

r(y) = y3 + y + 1

s(u) = 2 – u – u2 + 6u5

cgqin esa ifjfer la[;k esa fdrus Hkh in gks ldrs gSaA mnkgj.k osQ fy,]
x150 + x149 + ... + x2 + x + 1 ,d cgqin gS] ftlesa 151 in gSaA

vc cgqin 2x, 2, 5x3, –5x2, y vkSj  u4  yhft,A D;k vki ns[krs gSa fd bu cgqinksa esa
ls izR;sd cgqin oQk osQoy ,d in gSA osQoy ,d in okys cgqin dks ,dinh
(monomial ) dgk tkrk gSA (vaxzsth 'kCn 'mono' dk vFkZ gS “,d”)A

vc uhps fn, x, cgqinksa esa ls izR;sd ij è;ku nhft,%

p(x) = x + 1, q(x) = x2 – x, r(y) = y30 + 1, t(u) = u43 – u2

;gk¡ izR;sd cgqin esa fdrus in gSa\ buesa ls izR;sd cgqin esa osQoy nks in gSaA
osQoy nks inksas okys cgqinksa dks f}in (binomials) dgk tkrk gSA (vaxzsth 'kCn ‘bi’

dk vFkZ gS “nks”)A
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blh izdkj] osQoy rhu inksa okys cgqinksa dks f=kin (trinomials ) dgk tkrk gSA (vaxzsth
'kCn ‘tri’ dk vFkZ gS “rhu ”)A f=kin osQ oqQN mnkgj.k ;s gSa%

p(x) = x + x2 + p, q(x) = 2  + x – x2,

r(u) = u + u2 – 2, t(y) = y4 + y + 5

vc cgqin  p(x) = 3x7 – 4x6 + x + 9 dks nsf[k,A blesa x dh vf/dre ?kkr okyk in
dkSu&lk gS\ ;g in 3x7 gSA bl in esa  x  dk ?kkrkad 7 gSA blh izdkj] cgqin
q(y) = 5y6 – 4y2 – 6 esa  y oQh vf/dre ?kkr okyk in 5y6 gS vkSj bl in esa y dk ?kkrkad
6 gSA ,d cgqin esa pj dh vf/dre ?kkr okys in osQ ?kkrkad dks cgqin dh ?kkr
(degree of the polynomial ) dgk tkrk gSA vr% cgqin  3x7 – 4x6 + x + 9 dh ?kkr 7 gS
vkSj cgqin 5y6 – 4y2 – 6 dh ?kkr 6 gSA ,d 'kwU;srj vpj cgqin dh ?kkr 'kwU; gksrh
gSA

mnkgj.k 1 : uhps fn, x, izR;sd cgqin dh ?kkr Kkr dhft,%
(i) x5 – x4 + 3 (ii) 2 – y2 – y3 + 2y8 (iii) 2

gy : (i) pj dk vf/dre ?kkrkad 5 gSA vr% cgqin dh ?kkr 5 gSA

(ii) pj dk vf/dre ?kkrkad 8 gSA vr% cgqin dh ?kkr 8 gSA

(iii) ;gk¡ osQoy ,d in 2 gS ftls 2x0 osQ :i esa fy[kk tk ldrk gSA vr%  x  dk ?kkrkad
0 gSA blfy,] cgqin dh ?kkr 0 gSA

vc cgqinksa p(x) = 4x + 5, q(y) = 2y, r(t) = t + 2  vkSj  s(u) = 3 – u dks yhft,A D;k
buesa dksbZ loZfu"B rF; ns[kus dks feyrk gS\ buesa izR;sd cgqin dh ?kkr ,d gSA ,d
?kkr okys cgqin dks jSf[kd cgqin (linear polynomial ) dgk tkrk gSA ,d pj esa oqQN
vkSj jSf[kd cgqin 2x – 1, 2 y + 1 vkSj 2 – u gSaA vc D;k x esa rhu inksa okyk ,d jSf[kd
cgqin ge Kkr dj ldrs gSa\ ge ,d ,slk jSf[kd cgqin Kkr ugha dj ldrs] D;ksafd
x esa ,d jSf[kd cgqin esa vf/d ls vf/d nks in gks ldrs gSaA vr% x esa dksbZ Hkh jSf[kd
cgqin  ax + b osQ :i dk gksxk] tgk¡  a vkSj b vpj gSa vkSj a ¹ 0 gSA (D;ksa\) blh izdkj
ay + b, y esa ,d jSf[kd cgqin gSA

vc vki fuEufyf[kr cgqinksa dks yhft,%

2x2 + 5, 5x2 + 3x + p, x2 vkSj x2 + 
2

5
x

D;k vki bl ckr ls lger gSa fd Åij fn, x, lHkh cgqin ?kkr 2 okys gSa\ ?kkr
2 okys cgqin dks f}?kkrh ;k f}?kkr cgqin (quadratic polynomial ) dgk tkrk gSA
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f}?kkrh cgqin osQ oqQN mnkgj.k 5 – y2, 4y + 5y2 vkSj 6 – y – y2 gSaA D;k vki ,d pj esa
pkj vyx&vyx inksa okys ,d f}?kkrh cgqin dks fy[k ldrs gSa\ vki ns[ksaxs fd ,d
pj esa ,d f}?kkrh cgqin osQ vf/d ls vf/d 3 in gkssaxsA ;fn vki oqQN vkSj f}?kkrh
in cuk losaQ rks vki ik,¡xs fd x esa dksbZ Hkh f}?kkrh cgqin ax2 + bx + c osQ :i dk gksxk]
tgk¡ a ¹ 0 vkSj a, b, c vpj gSaA blh izdkj]  y esa f}?kkrh cgqin  ay2 + by + c osQ :i dk
gksxk] tcfd  a ¹ 0 vkSj a, b, c vpj gksaA

rhu ?kkr okys cgqin dks f=k?kkrh cgqin (cubic polynomia l) dgk tkrk gSA  x esa ,d
f=k?kkrh cgqin osQ oqQN mnkgj.k 4x3, 2x3 + 1, 5x3 + x2, 6x3 – x, 6 – x3 vkSj
2x3 + 4x2 + 6x + 7 gSaA vkiosQ fopkj ls ,d pj esa f=k?kkrh cgqin esa fdrus in gks ldrs
gSa\ vfèkd ls vf/d 4 in gks ldrs gSaA bUgsa  ax3 + bx2 + cx + d osQ :i esa fy[kk tk
ldrk gS] tgk¡  a ¹ 0 vkSj  a, b, c vkSj d vpj gSaA

vHkh vkius ns[kk gS fd ?kkr 1] ?kkr 2 ;k ?kkr 3 okys cgqin ns[kus esa yxHkx leku
gh yxrs gSa] rks D;k vki ,d pj esa] ?kkr  n  okyk ,d cgqin fy[k ldrs gSa] tgk¡  n
dksbZ izko`Qr la[;k gS\ ,d pj x esa] ?kkr n okyk cgqin fuEu :i dk ,d O;atd gksrk gS%

 a
n
xn + a

n–1
xn–1 + . . . + a

1
x + a

0

tgk¡  a
0
, a

1
, a

2
, . . ., a

n
 vpj gSa vkSj  a

n
 ¹ 0 gSA

fo'ks"k :i esa] ;fn  a
0
 = a

1
 = a

2
 = a

3
 = . . . = a

n
 = 0 gks (lHkh vpj 'kwU; gksa)] rks

gesa 'kwU; cgqin (zero polynomial) izkIr gksrk gS] ftls 0 ls izdV fd;k tkrk gSA 'kwU;
cgqin dh ?kkr D;k gksrh gS\ 'kwU; cgqin dh ?kkr ifjHkkf"kr ugha gSA

vHkh rd geus osQoy ,d pj okys cgqinksa osQ ckjs esa vè;;u fd;k gSA ge ,d
ls vf/d pjksa okys cgqin Hkh izkIr dj ldrs gSaA mnkgj.k osQ fy,]  x2 + y2 + xyz (tgk¡
pj  x, y vkSj z gSa) rhu pjksa esa ,d cgqin gSA blh izdkj]  p2 + q10 + r  (tgk¡ pj  p,

q vkSj r gSa)] u3 + v2  (tgk¡ pj  u vkSj  v gSa) Øe'k% rhu pjksa vkSj nks pjksa esa (okys)
cgqin gSaA bl izdkj osQ cgqinksa dk foLrkj ls vè;;u ge ckn esa djsaxsA

iz'ukoyh  2.1

1. fuEufyf[kr O;atdksa esa dkSu&dkSu ,d pj esa cgqin gSa vkSj dkSu&dkSu ugha gSa\ dkj.k osQ
lkFk vius mÙkj nhft, %
(i) 4x2 – 3x + 7 (ii) y2 + 2 (iii) 3 2t t+

(iv) y + 
2

y
(v) x10 + y3 + t50
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2. fuEufyf[kr esa ls izR;sd esa  x2  dk xq.kkad fyf[k,%

(i) 2 + x2 + x (ii) 2 – x2 + x3 (iii)
2

2
x x

p
+ (iv) 2 1x -

3. 35 ?kkr osQ f}in dk vkSj 100 ?kkr osQ ,dinh dk ,d&,d mnkgj.k nhft,A

4. fuEufyf[kr cgqinksa esa ls izR;sd cgqin oQh ?kkr fyf[k, %

(i) 5x3 + 4x2 + 7x (ii) 4 – y2

(iii) 5t – 7 (iv) 3

5. crkb, fd fuEufyf[kr cgqinksa esa dkSu&dkSu cgqin jSf[kd gSa] dkSu&dkSu f}?kkrh gSa vkSj
dkSu&dkSu f=k?kkrh gSa%

(i) x2 + x (ii) x – x3 (iii) y + y2 + 4 (iv) 1 + x

(v) 3t (vi) r2 (vii) 7x3

2.3  cgqin osQ 'kwU;d

fuEufyf[kr cgqin yhft,%
p(x) = 5x3 – 2x2 + 3x – 2

;fn p(x) esa loZ=k x osQ LFkku ij 1 izfrLFkkfir djsa] rks gesa ;g izkIr gksrk gS%

p(1) = 5 × (1)3 – 2 × (1)2 + 3 × (1) – 2

= 5 – 2 + 3 – 2

= 4

vr%] ge ;g dg ldrs gSa fd x = 1 ij  p(x) dk eku 4 gSA

blh izdkj, p(0) = 5(0)3 – 2(0)2 + 3(0) –2

= –2

D;k vki  p(–1) Kkr dj ldrs gSa\

mnkgj.k 2 : pjksa osQ fn, x, eku ij uhps fn, x, izR;sd cgqin dk eku Kkr dhft,%

(i) x = 1 ij p(x) = 5x2 – 3x + 7  dk eku

(ii) y = 2 ij q(y) = 3y3 – 4y + 1 1 dk eku

(iii) t = a  ij p(t) = 4t4 + 5t3 – t2 + 6 dk eku

gy : (i) p(x) = 5x2 – 3x + 7
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x = 1 ij cgqin  p(x) dk eku ;g gksrk gS%

p(1) = 5(1)2 – 3(1) + 7

= 5 – 3 + 7 = 9

(ii) q(y) = 3y3 – 4y + 1 1

y = 2 ij cgqin q(y) dk eku ;g gksrk gS%

q(2) = 3(2)3 – 4(2) + 1 1 = 24 – 8 + 1 1 = 16 + 1 1

(iii) p(t) = 4t4 + 5t3 – t2 + 6

t = a  ij cgqin p(t) dk eku ;g gksrk gS%

p(a) = 4a4 + 5a3 – a2 + 6

vc cgqin  p(x) = x – 1 yhft,A

p(1) D;k gS\ è;ku nhft, fd p(1) = 1 – 1 = 0 gSA

D;ksafd  p(1) = 0 gS, blfy, ge ;g dgrs gSa fd 1] cgqin  p(x) dk ,d 'kwU;d
(zero) gSA

blh izdkj] vki ;g ns[k ldrs gSa fd 2] q(x) dk ,d 'kwU;d gS] tgk¡
q(x) = x – 2 gSA

O;kid :i esa] ge ;g dgrs gSa fd cgqin  p(x) dk 'kwU;d ,d ,slh la[;k c gS
fd  p(c) = 0 gksA

bl ckr dh vksj vkius vo'; è;ku fn;k gksxk fd cgqin  (x – 1) dk 'kwU;d bl
cgqin dks 0 osQ leho`Qr djosQ izkIr fd;k tkrk gSA vFkkZr~  x – 1 = 0, ftlls x = 1 izkIr
gksrk gSA rc ge dgrs gSa fd p(x) = 0 ,d cgqin lehdj.k gS vkSj 1 bl cgqin lehdj.k
p(x) = 0 dk ,d ewy gSA vr% ge ;g dgrs gSa fd 1] cgqin  x – 1 dk 'kwU;d gS ;k
;g cgqin lehdj.k x – 1 = 0 dk ,d ewy  (root) gSA

vc vpj cgqin 5 yhft,A D;k vki crk ldrs gSa fd bldk 'kwU;d D;k gS\ bl
cgqin dk dksbZ 'kwU;d ugha gS] D;ksafd 5x0 esa x osQ LFkku ij fdlh Hkh la[;k dks
izfrLFkkfir djus ij gesa 5 gh izkIr gksrk gSA oLrqr%] ,d 'kwU;srj vpj cgqin dk dksbZ
'kwU;d ugha gksrkA vc iz'u mBrk gS fd 'kwU; cgqin osQ 'kwU;dksa osQ ckjs esa D;k dgk tk,A
ijaijk osQ vuqlkj izR;sd okLrfod la[;k 'kwU; cgqin dk ,d 'kwU;d gksrh gSA
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mnkgj.k 3 : tk¡p dhft, fd –2 vkSj 2 cgqin x + 2 osQ 'kwU;d gSa ;k ughaA

gy : eku yhft, p(x) = x + 2

rc  p(2) = 2 + 2 = 4, p(–2) = –2 + 2 = 0

vr% –2 cgqin x + 2 dk ,d 'kwU;d gS] ijUrq 2 cgqin x + 2 dk 'kwU;d ugha gSA

mnkgj.k 4 : cgqin  p(x) = 2x + 1 dk ,d 'kwU;d Kkr dhft,A

gy :  p(x) dk 'kwU;d Kkr djuk oSlk gh gS tSlk fd lehdj.k

p(x) = 0

dks gy djukA

vc 2x + 1 = 0 ls gesa x = 
1

–
2

 izkIr gksrk gSA

vr%] 
1

–
2

 cgqin 2x + 1 dk ,d 'kwU;d gSA

vc] ;fn  p(x) = ax + b, a ¹ 0 ,d jSf[kd cgqin gks] rks ge bl  p(x) dk 'kwU;d
fdl  izdkj Kkr dj ldrs gSa\ mnkgj.k 4 ls vkidks bldk oqQN laosQr fey ldrk
gSA cgqin  p(x) dk 'kwU;d Kkr djus dk vFkZ gS cgqin lehdj.k  p(x) = 0 dks gy djukA

vc  p(x) = 0 dk vFkZ gS ax + b = 0, a ¹ 0

vr%] ax = –b

vFkkZr~ x = –
b

a

vr%] x = 
b

a
-  gh osQoy  p(x)  dk 'kwU;d gS] vFkkZr~ jSf[kd cgqin dk ,d vkSj osQoy

,d 'kwU;d gksrk gSA

vc ge ;g dg ldrs gSa fd 1]  x – 1 dk osQoy ,d 'kwU;d gS vkSj – 2, x + 2 dk osQoy
,d 'kwU;d gSA

mnkgj.k 5 : lR;kfir dhft, fd 2 vkSj 0 cgqin x2 – 2x osQ 'kwU;d gSaA

gy : eku yhft, p(x) = x2 – 2x

rc p(2) = 22 – 4 = 4 – 4 = 0

vkSj p(0) = 0 – 0 = 0
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vr%] 2 vkSj 0 nksuksa gh cgqin x2 – 2x osQ 'kwU;d gSaaA

vkb, vc ge vius izs{k.kksa dh lwph cuk,¡%

1. vko';d ugha gS fd cgqin dk 'kwU;d 'kwU; gh gksA

2. 0] cgqin dk ,d 'kwU;d gks ldrk gSA

3. izR;sd jSf[kd cgqin dk ,d vkSj osQoy ,d 'kwU;d gksrk gSA

4. ,d cgqin osQ ,d ls vf/d 'kwU;d gks ldrs gSaA

iz'ukoyh 2.2

1. fuEufyf[kr ij cgqin  5x – 4x2 + 3 ds eku Kkr dhft,%

(i) x = 0 (ii) x = –1 (iii) x = 2

2. fuEufyf[kr cgqinksa esa ls izR;sd cgqin osQ fy,  p(0), p(1) vkSj  p(2) Kkr dhft,%

(i) p(y) = y2 – y + 1 (ii) p(t) = 2 + t + 2t2 – t3

(iii) p(x) = x3 (iv) p(x) = (x – 1) (x + 1)

3. lR;kfir dhft, fd fn[kk, x, eku fuEufyf[kr fLFkfr;ksa esa laxr cgqin osQ 'kwU;d gSa%

(i) p(x) = 3x + 1; x = 
1

–
3

(ii) p(x) = 5x – p; x = 
4

5

(iii) p(x) = x2 – 1; x = 1, –1 (iv) p(x) = (x + 1) (x – 2); x = – 1, 2

(v) p(x) = x2; x = 0 (vi) p(x) = lx + m; x = –
m

l

(vii) p(x) = 3x2 – 1; x = 
1 2,
3 3

- (viii) p(x) = 2x + 1; x = 
1

2

4. fuEufyf[kr fLFkfr;ksa esa ls izR;sd fLFkfr esa cgqin dk 'kwU;d Kkr dhft, %

(i) p(x) = x + 5 (ii) p(x) = x – 5 (iii) p(x) = 2x + 5

(iv) p(x) = 3x – 2 (v) p(x) = 3x (vi) p(x) = ax; a ¹  0

(vii) p(x) = cx + d; c ¹ 0, c, d okLrfod la[;k,¡ gSaA

2.4  'ks"kiQy izes;

vkb, ge nks la[;k,¡ 15 vkSj 6 ysaA vki tkurs gSa fd tc ge 15 dks 6 ls Hkkx nsrs
gSa] rks gesa HkkxiQy 2 vkSj 'ks"kiQy 3 izkIr gksrk gSA D;k vki tkurs gSa fd bl rF; dks
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fdl izdkj O;Dr fd;k tkrk gS\ ge 15 dks bl :i esa fy[krs gSa%

15 = (2 × 6) + 3

ge ;gk¡ ns[krs gSa fd 'ks"kiQy 3 Hkktd 6 ls de gSA blh izdkj] ;fn ge 12 dks
6 ls Hkkx nsa] rks gesa izkIr gksrk gS%

12 = (2 × 6) + 0

;gk¡ ij 'ks"kiQy D;k gS\ ;gk¡ ij 'ks"kiQy 'kwU; gSA ge ;g dgrs gSa fd 6] 12 dk
,d xq.ku[kaM (factor ) gS ;k 12] 6 dk ,d xq.kt (multiple ) gSA

vc iz'u ;g mBrk gS fd D;k ge ,d cgqin dks nwljs cgqin ls Hkkx ns ldrs gSa\
vkb, lcls igys ge bls gy djus dk iz;kl djsa vkSj ;g rc djsa tcfd Hkktd ,d
,dinh gksA

vr% vkb, ge cgqin  2x3 + x2 + x  dks ,dinh  x  ls Hkkx nsaA

(2x3 + x2 + x) ¸ x =
3 22x x x

x x x
+ +

= 2x2 + x + 1

;gk¡ vki ;g ns[k ldrs gSa fd  2x3 + x2 + x osQ izR;sd in esa  x  loZfu"B gSA vr%
ge 2x3 + x2 + x  dks  x(2x2 + x + 1) osQ :i esa fy[k ldrs gSaA

rc ge ;g dgrs gSa fd  x  vkSj  2x2 + x + 1 cgqin 2x3 + x2 + x osQ xq.ku[kaM gSa] vkSj

2x3 + x2 + x, x  dk ,d xq.kt gS vkSj  2x2 + x + 1 dk Hkh ,d xq.kt gSA

cgqinksa  3x2 + x + 1  vkSj  x  dk ,d vU; ;qXe yhft,A

;gk¡ (3x2 + x + 1) ¸ x = (3x2 ¸ x) + (x ¸ x) + (1 ¸ x) gSA

ge ns[krs gSa fd 1 dks  x  ls Hkkx nsus ij gesa ,d cgqin izkIr ugha gks ldrkA vr%
bl fLFkfr esa ge #d tkrs gSa vkSj ns[krs gSa fd 'ks"kiQy 1 gSA vr%

3x2 + x + 1 = {(3x + 1) × x} + 1

;gk¡ HkkxiQy 3x + 1  gS vkSj 'ks"kiQy 1 gSA D;k vki ;g lksp ldrs gSa fd  x  cgqin
3x2 + x + 1 dk ,d xq.ku[kaM gS\ D;ksafd 'ks"kiQy 'kwU; ugha gS] blfy, ;g xq.ku[kaM ugha
gSA

vkb, vc ge ,d cgqin dks ,d&nwljs 'kwU;srj cgqin ls Hkkx nsaA
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mnkgj.k 6 :  p(x) dks g(x) ls Hkkx nhft,] tgk¡  p(x) = x + 3x2 – 1 vkSj  g(x) = 1 + x gSA

gy : ge Hkkx nsus osQ izØe dks fuEufyf[kr pj.kksa esa djrs gSa%

pj.k 1 : HkkT;  x + 3x2 – 1 vkSj Hkktd  (1 + x)  dks ekud :i esa fy[krs gSa] vFkkZr~ inksa
dks muoQh ?kkrksa osQ vojksgh Øe (descending order) esa fy[krs gSaA

vr% HkkT; : 3x2 + x –1, Hkktd : x + 1

pj.k 2 : ge HkkT; osQ igys in dks Hkktd osQ
igys in ls Hkkx nsrs gSa] vFkkZr~ ge 3x2  dks  x  ls
Hkkx nsrs gSa vkSj gesa  3x izkIr gksrk gSA ;g HkkxiQy
dk igyk in gksrk gSA

pj.k 3 : ge Hkktd dks HkkxiQy osQ igys in ls
xq.kk djrs gSa vkSj bl xq.kuiQy dks HkkT; ls ?kVk
nsrs gSa] vFkkZr~ ge  x + 1 dks 3x ls xq.kk djrs gSa
vkSj xq.kuiQy 3x2 + 3x dks HkkT; 3x2 + x – 1 ls
?kVkrs gSaA blls gesa 'ks"kiQy  –2x – 1  izkIr gksrk gSA

pj.k 4 : ge 'ks"kiQy  –2x – 1 dks u;k
HkkT; eku ysrs gSaA Hkktd ogh cuk jgrk
gSA pj.k 2 dks iqu% ykxw djus ij] gesa
HkkxiQy dk vxyk in izkIr gksrk gSA
vFkkZr~ (u,) HkkT; osQ igys in – 2x dks
Hkktd osQ igys in x ls Hkkx nsrs gSa vkSj
gesa – 2 izkIr gksrk gSA bl rjg] HkkxiQy dk
nwljk in – 2 gSA

pj.k 5 : ge Hkktd dks HkkxiQy osQ nwljs in
ls xq.kk djrs gSa vkSj bl xq.kuiQy dks HkkT;
ls ?kVkrs gSaA vFkkZr~ ge  x + 1 dks – 2 ls xq.kk
djrs gSa vkSj xq.kuiQy – 2x – 2 dks HkkT;
 – 2x – 1 ls ?kVkrs gSaA blls 'ks"kiQy osQ :i esa
gesa 1 izkIr gksrk gSA

(x + 1)(–2) –2x – 1
= –2x – 2 –2x – 2

+ +

       + 1

– 2x

x
 = – 2

= HkkxiQy dk nwljk in

u;k HkkxiQy
= 3x – 2

3x2 +  x –1

3x2 + 3x
–  –

     – 2x – 1

3x

x + 1

23x

x
= 3x = HkkxiQy dk igyk in
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;g izØe ge rc rd djrs jgrs gSa tc rd fd u, HkkT; dh ?kkr Hkktd oQh ?kkr ls
de ugha gks tkrhA bl pj.k ij] HkkT; 'ks"kiQy gks tkrk gS vkSj HkkxiQyksa osQ ;ksxiQy ls
gesa iw.kZ HkkxiQy izkIr gks tkrk gSA

pj.k 6 : bl rjg iwjk HkkxiQy 3x – 2 gS vkSj 'ks"kiQy 1 gSA

vkb, ge ns[ksa fd iwjs izØe esa geus D;k&D;k fd;k gSA
3x – 2

x + 1 3x2 + x – 1
3x2 + 3x

          –    –

     – 2x – 1
      – 2x – 2

                                                  + +

1

è;ku nhft, fd 3x2 + x – 1 = (x + 1) (3x – 2) + 1

vFkkZr~ HkkT; = (Hkktd × HkkxiQy) + 'ks"kiQy

O;kid :i esa] ;fn  p(x) vkSj g(x)  ,sls nks cgqin gksa fd  p(x) dh ?kkr  > g(x)  dh ?kkr
vkSj g(x) ¹ 0 gS, rks ge ,sls cgqin  q(x) vkSj  r(x) izkIr dj ldrs gSa ftlls fd

p(x) = g(x)q(x) + r(x),

tgk¡  r(x) = 0 ;k  r(x) dh ?kkr < g(x) dh ?kkrA ;gk¡ ge dg ldrs gSa fd  p(x)  dks  g(x)

ls Hkkx nsus ij HkkxiQy q(x) vkSj 'ks"kiQy r(x) izkIr gksrk gSA

Åij osQ mnkgj.k esa] Hkktd ,d jSf[kd cgqin FkkA ,slh fLFkfr esa vkb, ge ns[ksa fd
'ks"kiQy vkSj HkkT; osQ oqQN ekuksa esa dksbZ laca/ gS ;k ughaA

p(x) = 3x2 + x – 1 esa  x  osQ LFkku ij  –1 izfrLFkkfir djus ij] gesa ;g izkIr gksrk gS%

p(–1) = 3(–1)2 + (–1) –1 = 1

vr%  p(x) = 3x2 + x – 1 dks  (x + 1) ls Hkkx nsus ij tks 'ks"kiQy izkIr gksrk gS] ;g ogh
gksrk gS tks fd cgqin (x + 1) osQ 'kwU;d] vFkkZr~ –1 ij cgqin p(x) dk eku gksrk gSA

vkb, ge oqQN vU; mnkgj.k ysaA
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mnkgj.k 7 :  3x4 – 4x3 – 3x –1 dks x – 1 ls Hkkx nhft,A

gy : yacs Hkkx ls gesa ;g izkIr gksrk gS %

3x3 – x2 – x – 4

x – 1 3x4 – 4x3 – 3x – 1

          
–

3x4 –
+

 3x3

     –   x3  – 3x – 1

     –
+

   x3 +
–

 x2

– x2 – 3x – 1

– 
+

x2 +
–

 x

       – 4x – 1

       – 
+

4x +
–

 4

 – 5

;gk¡ 'ks"kiQy – 5  gSA vc x – 1 dk 'kwU;d 1 gSA vr%  p(x) esa  x = 1 j[kus ij ge ;g ikrs
gSa fd

p(1) = 3(1)4 – 4(1)3 – 3(1) – 1

= 3 – 4 – 3 – 1

= – 5, tks fd 'ks"kiQy gSA

mnkgj.k 8 :  p(x) = x3 + 1 dks x + 1 ls Hkkx nsus ij izkIr 'ks"kiQy Kkr dhft,A

gy : yacs Hkkx ls]

x2 – x + 1

x + 1 x3 + 1
         

–
 x3 +

–
 x2

    – x2 + 1
   –

+
 x2 –

+
 x

             x + 1

           
–

 x +
–

 1

  0
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vr%] gesa 'ks"kiQy 0 izkIr gksrk gSA

;gk¡  p(x) = x3 + 1 gS vkSj  x + 1 = 0 dk ewy  x = –1 gSA vr%

p(–1) = (–1)3 + 1

= –1 + 1

= 0,

tks okLrfod :i ls Hkkx nsus ij izkIr 'ks"kiQy osQ cjkcj gSA

D;k ;g ,d cgqin dks ,d jSf[kd cgqin  ls Hkkx nsus ij izkIr 'ks"kiQy Kkr djus dh
,d ljy fof/ ugha gS\ vc ge bl rF; dks fuEufyf[kr izes; osQ :i esa izLrqr djsaxsA
ge ;gk¡ bl izes; dh miifÙk nsdj ;g Hkh fn[kk,a¡xs fd ;g izes; lR; D;ksa gSA

'ks"kiQy izes; : eku yhft,  p(x) ,d ls vf/d ;k ,d osQ cjkcj ?kkr okyk ,d cgqin
gS vkSj eku yhft, a dksbZ okLrfod la[;k gSA ;fn  p(x) dks jSf[kd cgqin  x – a ls Hkkx
fn;k tk,] rks 'ks"kiQy  p(a) gksrk gSA

miifÙk : eku yhft,  p(x) ,d ;k ,d ls vf/d ?kkr okyk ,d cgqin gS vkSj eku
yhft, fd tc  p(x) dks x – a ls Hkkx fn;k tkrk gS] rks HkkxiQy q(x) gksrk gS vkSj 'ks"kiQy
r(x) gksrk gSA vFkkZr~

p(x) = (x – a) q(x) + r(x)

D;ksafd x – a dh ?kkr 1 gS vkSj  r(x) dh ?kkr  x – a  oQh ?kkr ls de gS] blfy, r(x)

dh ?kkr = 0 gSA bldk vFkZ ;g gS fd  r(x) ,d vpj gSA eku yhft, ;g vpj  r  gSA

vr%]  x osQ izR;sd eku osQ fy,  r(x) = r gSA
blfy,, p(x) = (x – a) q(x) + r

fo'ks"k :i ls] ;fn x = a, rks bl lehdj.k ls gesa ;g izkIr gksrk gS%
p(a) = (a – a) q(a) + r

= r

bl rjg izes; fl¼ gks tkrh gSA

vkb, ge bl ifj.kke dks ,d vU; mnkgj.k ij ykxw djsaA

mnkgj.k 9 : x4 + x3 – 2x2 + x + 1 dks x – 1 ls Hkkx nsus ij izkIr 'ks"kiQy Kkr dhft,A

gy : ;gk¡, p(x) = x4 + x3 – 2x2 + x + 1 gS vkSj x – 1 dk 'kwU;d 1 gSA
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p(1) = (1)4 + (1)3 – 2(1)2 + 1 + 1 = 2

vr% 'ks"kiQy izes; osQ vuqlkj x4 + x3 – 2x2 + x + 1 dks (x – 1) ls Hkkx nsus ij 'ks"kiQy
2 izkIr gksrk gSA

mnkgj.k 10 : tk¡p dhft, fd cgqin q(t) = 4t3 + 4t2 – t – 1, 2t + 1 dk ,d xq.kt gSA

gy : tSlk fd vki tkurs gSa fd  q(t) cgqin 2t + 1 dk xq.kt osQoy rc gksxk tcfd
2t + 1 ls  q(t) dks Hkkx nsus ij dksbZ 'ks"k u cprk gksA vc 2t + 1 = 0 ysus ij gesa ;g izkIr
gksrk gS%

t =
1

–
2

vkSj, q 
1

–
2

æ ö
ç ÷
è ø

 =
3 2

1 1 1
4 4 1

2 2 2

æ ö æ ö æ ö
- + - - - -ç ÷ ç ÷ ç ÷

è ø è ø è ø

=
1 1

1 1
2 2

- + + -

= 0

vr%] q(t) dks 2t + 1 ls Hkkx nsus ij izkIr 'ks"kiQy 0 gSA

vr%] 2t + 1 fn, gq, cgqin  q(t)  dk ,d xq.ku[kaM gS vFkkZr~  q(t), 2t + 1 dk ,d xq.kt
gSA

iz'ukoyh  2.3

1.  x3 + 3x2 + 3x + 1 dks fuEufyf[kr ls Hkkx nsus ij 'ks"kiQy Kkr dhft,%

(i) x + 1 (ii) x – 
1

2
(iii) x (iv) x + p (v) 5 +  2x

2. x3 – ax2 + 6x – a  dks  x – a ls Hkkx nsus ij 'ks"kiQy Kkr dhft,A

3. tk¡p dhft, fd  7 + 3x,  3x3 + 7x dk ,d xq.ku[kaM gS ;k ughaA

2.5  cgqinksa dk xq.ku[kaMu

vkb, vc ge Åij osQ mnkgj.k 10 dh fLFkfr ij è;kuiwoZd fopkj djsaA blosQ vuqlkj]

D;ksafd 'ks"kiQy  
1

2
q

æ ö
-ç ÷

è ø
 = 0 gS, blfy, 2t + 1, q(t) dk ,d xq.ku[kaM gSA vFkkZr~ fdlh

cgqin g(t) osQ fy,]
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q(t) = (2t + 1) g(t) gksrk gSA

;g uhps fn, gq, izes; dh ,d fo'ks"k fLFkfr gS%

xq.ku[kaM izes; : ;fn  p(x) ?kkr  n > 1 okyk ,d cgqin gks vkSj  a dksbZ okLrfod la[;k
gks] rks

(i) x – a, p(x) dk ,d xq.ku[kaM gksrk gS] ;fn  p(a) = 0 gks, vkSj

(ii) p(a) = 0 gksrk gS, ;fn x – a,  p(x) dk ,d xq.ku[kaM gksA

;g oLrqr% 'ks"kiQy izes; ls rqjUr izkIr gks tkrh gSA ijarq ;gk¡ ge bls fl¼ ugha djsaxsA
fiQj Hkh bldk ge ;nk&dnk iz;ksx djrs jgsaxs] tSlk fd vkxs osQ mnkgj.kksa esa fn[kk;k x;k
gSA

mnkgj.k 11 : tk¡p dhft, fd x + 2 cgqinksa  x3 + 3x2 + 5x + 6 vkSj 2x + 4 dk ,d
xq.ku[kaM gS ;k ughaA

gy :  x + 2 dk 'kwU;d –2 gSA eku yhft,

p(x) = x3 + 3x2 + 5x + 6 vkSj  s(x) = 2x + 4

rc] p(–2) = (– 2)3 + 3(– 2)2 + 5(– 2) + 6

= –8 + 12 – 10 + 6

= 0

vr% xq.ku[kaM izes; (Factor Theorem) osQ vuqlkj  x + 2, x3 + 3x2 + 5x + 6 dk ,d
xq.ku[kaM gSA

iqu%] s(–2) = 2(–2) + 4 = 0

vr% x + 2, 2x + 4 dk ,d xq.ku[kaM gSA okLro esa] xq.ku[kaM izes; ykxw fd, fcuk gh vki
bldh tk¡p dj ldrs gSa] D;ksafd 2x + 4 = 2(x + 2) gSA

mnkgj.k 12 : ;fn x – 1,  4x3 + 3x2 – 4x + k dk ,d xq.ku[kaM gS] rks k dk eku Kkr
dhft,A

gy : D;ksafd x – 1, p(x) = 4x3 + 3x2 – 4x + k  dk ,d xq.ku[kaM gS] blfy,

p(1) = 0 gksxkA

vc] p(1) = 4(1)3 + 3(1)2 – 4(1) + k
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blfy, 4 + 3 – 4 + k  = 0

vFkkZr~ k  = –3

vc ge ?kkr 2 vkSj ?kkr 3 osQ oqQN cgqinksa osQ xq.ku[kaM Kkr djus osQ fy, xq.ku[kaM
izes; dk iz;ksx djsaxsA

vki  x2 + lx + m tSls f}?kkrh cgqin osQ xq.ku[kaMu ls ifjfpr gSaA vkius eè; in
lx dks ax + bx esa bl izdkj foHkDr djosQ fd  ab = m gks]  xq.ku[kaMu fd;k FkkA rc
x2 + lx + m = (x + a) (x + b) izkIr gqvk FkkA vc ge  ax2 + bx + c,  tgk¡  a ¹ 0 vkSj  a,

b, c  vpj gSa] osQ izdkj osQ f}?kkrh cgqinksa dk xq.ku[kaMu djus dk iz;kl djsaxsA

eè; in dks foHkDr djosQ cgqin ax2 + bx + c  dk xq.ku[kaMu fuEu izdkj ls gksrk
gS%

eku yhft, blosQ xq.ku[kaM (px + q) vkSj (rx + s) gSaA rc]
ax2 + bx + c = (px + q) (rx + s) = pr x2 + (ps + qr) x + qs

x2  osQ xq.kkadksa dh rqyuk djus ij] gesa  a = pr izkIr gksrk gSA

blh izdkj]  x osQ xq.kkadksa dh rqyuk djus ij] gesa  b = ps + qr  izkIr gksrk gSA

lkFk gh] vpj inksa dh rqyuk djus ij] gesas  c = qs izkIr gksrk gSA

blls ;g irk pyrk gS fd  b nks la[;kvksa ps vkSj qr dk ;ksxiQy gS] ftudk xq.kuiQy
(ps)(qr) = (pr)(qs) = ac gSA vr% ax2 + bx + c dk xq.ku[kaMu djus osQ fy,] ge b dks
,slh nks la[;kvksa osQ ;ksxiQy osQ :i esa fy[krs gSa ftudk xq.kuiQy ac gksA ;g rF; uhps
fn, x, mnkgj.k 13 ls Li"V gks tk,xkA

mnkgj.k 13 : eè; in dks foHkDr djosQ rFkk xq.ku[kaM izes; dk iz;ksx djosQ
6x2 + 17x + 5 dk xq.ku[kaMu dhft,A

gy 1 : (eè; in dks foHkDr djosQ) % ;fn ge ,slh nks la[;k,¡ p vkSj q Kkr dj ldrs
gksa ftlls fd

p + q = 17 vkSj pq = 6 × 5 = 30 gks, rks ge xq.ku[kaM izkIr dj ldrs gSaA

vr% vkb, ge 30 osQ xq.ku[kaM&;qXeksa dks <w<+saA oqQN ;qXe 1 vkSj 30] 2 vkSj 15] 3 vkSj
10] 5 vkSj 6 gSaA

bu ;qXeksa esa] gesa 2 vkSj 15 osQ ;qXe ls  p + q = 17  izkIr gksxkA
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vr% 6x2 + 17x + 5 = 6x2 + (2 + 15)x + 5

= 6x2 + 2x + 15x + 5

= 2x(3x + 1) + 5(3x + 1)

= (3x + 1) (2x + 5)

gy 2 : (xq.ku[kaM izes; dh lgk;rk ls)%

6x2 + 17x + 5 = 
2 1 7 5

6
6 6

x x
æ ö

+ +ç ÷
è ø

 = 6 p(x), eku yhft,A ;fn  a vkSj  b, p(x)

osQ 'kwU;d gksa] rks  6x2 + 17x + 5 = 6(x – a) (x – b) gSA vr%  ab = 
5

6
 gksxkA vkb, ge

a vkSj b osQ fy, dqN laHkkouk,¡ ns[ksaA ;s 1 1 5 5, , , , 1
2 3 3 2

± ± ± ± ±  gks ldrs gSaA vc,

1 1 1 7 1 5

2 4 6 2 6
p

æ ö æ ö
= + +ç ÷ ç ÷

è ø è ø
 ¹ 0 gSA ijUrq 

1

3
p

-æ ö
ç ÷
è ø

 = 0 gSA vr% 
1

3
x

æ ö
+ç ÷

è ø
,  p(x) dk ,d

xq.ku[kaM gSA blh izdkj] tk¡p djosQ vki ;g Kkr dj ldrs gSa fd 
5

2
x

æ ö
+ç ÷

è ø
,  p(x) dk ,d

xq.ku[kaM gSA

vr%] 6x2 + 17x + 5 = 6
1 5

3 2
x x

æ ö æ ö
+ +ç ÷ ç ÷

è ø è ø

=
3 1 2 5

6
3 2

x x+ +æ ö æ ö
ç ÷ ç ÷
è ø è ø

= (3x + 1) (2x + 5)

bl mnkgj.k osQ fy,] foHkDr djus dh fof/ dk iz;ksx vf/d izHkko'kkyh gSA fiQj Hkh]
vkb, ge ,d vkSj mnkgj.k ysaA

mnkgj.k 14 : xq.ku[kaM izes; dh lgk;rk ls  y2 – 5y + 6 dk xq.ku[kaMu dhft,A

gy : eku yhft,  p(y) = y2 – 5y + 6 gSA vc] ;fn  p(y) = (y – a) (y – b) gks, rks ge tkurs
gSa fd bldk vpj in ab gksxkA vr%  ab = 6 gSA blfy,]  p(y) osQ xq.ku[kaM izkIr djus
osQ fy, ge 6 osQ xq.ku[kaM Kkr djrs gSaA

6 osQ xq.ku[kaM 1] 2 vkSj 3 gSaA

vc] p(2) = 22 – (5 × 2) + 6 = 0
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blfy, y – 2,  p(y) dk ,d xq.ku[kaM gSA

lkFk gh] p(3) = 32 – (5 × 3) + 6 = 0

blfy,] y – 3 Hkh  y2 – 5y + 6 dk ,d xq.ku[kaM gSA

vr%] y2 – 5y + 6 = (y – 2) (y – 3)

è;ku nhft, fd eè; in  –5y  dks foHkDr djosQ Hkh  y2 – 5y + 6 dk xq.ku[kaMu fd;k
tk ldrk gSA

vkb, vc ge f=k?kkrh cgqinksa dk xq.ku[kaMu djsaA ;gk¡ izkjaHk esa foHkDr&fof/ vf/d
mi;ksxh fl¼ ugha gksxhA gesas igys de ls de ,d xq.ku[kaM Kkr djuk vko';d gksrk
gS] tSlk fd vki uhps osQ mnkgj.k esa ns[ksaxsA

mnkgj.k 15 : x3 – 23x2 + 142x – 120  dk xq.ku[kaMu dhft,A

gy : eku yhft, p(x) = x3 – 23x2 + 142x – 120 gSA

vc ge –120 osQ lHkh xq.ku[kaMksa dk irk yxk,¡xsA buesa oqQN xq.ku[kaM gSa%

±1, ±2, ±3, ±4, ±5, ±6, ±8, ±10, ±12, ±15, ±20, ±24, ±30, ±60

tk¡p djus ij] ge ;g ikrs gSa fd  p(1) = 0 gSA vr%  (x – 1),  p(x) dk ,d xq.ku[kaM gSA

vc ge ns[krs gSa fd  x3 – 23x2 + 142x – 120 = x3 – x2 – 22x2 + 22x + 120x – 120

                                           = x2(x –1) – 22x(x – 1) + 120(x – 1) (D;ksa\)

                                            = (x – 1) (x2 – 22x + 120) [(x – 1) dks loZfu"B ysdj]

bls p(x) dks (x – 1) ls Hkkx nsdj Hkh izkIr fd;k tk ldrk FkkA

vc  x2 – 22x + 120  dk xq.ku[kaMu ;k rks eè; in dks foHkDr djosQ ;k xq.ku[kaM izes;
dh lgk;rk ls fd;k tk ldrk gSA eè; in dks foHkDr djus ij] gesa ;g izkIr gksrk gS%

x2 – 22x + 120 = x2 – 12x – 10x + 120

= x(x – 12) – 10(x – 12)

= (x – 12) (x – 10)

vr%] x3 – 23x2 – 142x – 120 = (x – 1)(x – 10)(x – 12)
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iz'ukoyh  2.4

1. crkb, fd fuEufyf[kr cgqinksa esa ls fdl cgqin dk ,d xq.ku[kaM  x + 1 gSA

(i) x3 + x2 + x + 1 (ii) x4 + x3 + x2 + x + 1

(iii) x4 + 3x3 + 3x2 + x + 1 (iv) x3 – x2 – ( )2 2 2x+ +

2. xq.ku[kaM izes; ykxw djosQ crkb, fd fuEufyf[kr fLFkfr;ksa esa ls izR;sd fLFkfr esa  g(x),

p(x) dk ,d xq.ku[kaM gS ;k ugha%

(i) p(x) = 2x3 + x2 – 2x – 1, g(x) = x + 1

(ii) p(x) = x3 + 3x2 + 3x + 1, g(x) = x + 2

(iii) p(x) = x3 – 4x2 + x + 6, g(x) = x – 3

3. k dk eku Kkr dhft, tcfd fuEufyf[kr fLFkfr;ksa esa ls izR;sd fLFkfr esa  (x – 1),  p(x)

dk ,d xq.ku[kaM gks %

(i) p(x) = x2 + x + k (ii) p(x) = 2x2 + kx  + 2
(iii) p(x) = kx2 – 2 x + 1 (iv) p(x) = kx2 – 3x + k

4. xq.ku[kaM Kkr dhft,%

(i) 12x2 – 7x + 1 (ii) 2x2 + 7x + 3

(iii) 6x2 + 5x – 6 (iv) 3x2 – x – 4

5. xq.ku[kaM Kkr dhft,%

(i) x3 – 2x2 – x + 2 (ii) x3 – 3x2 – 9x – 5

(iii) x3 + 13x2 + 32x + 20 (iv) 2y3 + y2 – 2y – 1

2.6  chth; loZlfedk,¡

fiNyh d{kkvksa esa] vki ;g i<+ pqosQ gSa fd chth; loZlfedk (algebraic identity) ,d
chth; lehdj.k gksrh gS tks fd pjksa osQ lHkh ekuksa osQ fy, lR; gksrh gSA fiNyh d{kkvksa
esa] vki fuEufyf[kr chth; loZlfedkvksa dk vè;;u dj pqosQ gSa%

loZlfedk I : (x + y)2 = x2 + 2xy + y2

loZlfedk II : (x – y)2 = x2 – 2xy + y2

loZlfedk III : x2 – y2 = (x + y) (x – y)

loZlfedk IV : (x + a) (x + b) = x2 + (a + b)x + ab

bu chth; loZlfedkvksa esa ls oqQN dk iz;ksx vkius chth; O;atdksa osQ xq.ku[kaM Kkr
djus esa vo'; fd;k gksxkA vki budh mi;ksfxrk vfHkdyuksa (computations) esa Hkh ns[k
ldrs gSaA
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mnkgj.k 16 : mi;qDr loZlfedkvksa dk mi;ksx djosQ fuEufyf[kr xq.kuiQy Kkr
dhft,%

(i) (x + 3) (x + 3) (ii) (x – 3) (x + 5)

gy : (i) ;gk¡ ge loZlfedk I (x + y)2 = x2 + 2xy + y2 dk iz;ksx dj ldrs gSaA bl
loZlfedk esa  y = 3 j[kus ij] gesa ;g izkIr gksrk gS%

(x + 3) (x + 3) = (x + 3)2 = x2 + 2(x)(3) + (3)2

= x2 + 6x + 9

(ii) loZlfedk IV vFkkZr~  (x + a) (x + b) = x2 + (a + b)x + ab dks ykxw djus ij] gesa ;g
izkIr gksrk gS%

(x – 3) (x + 5) = x2 + (–3 + 5)x + (–3)(5)

= x2 + 2x – 15

mnkgj.k 17 : lh/s xq.kk u djosQ 105 × 106 dk eku Kkr dhft,A

gy : 105 × 106 = (100 + 5) × (100 + 6)

= (100)2 + (5 + 6) (100) + (5 × 6) (loZlfedk IV ykxw djosQ)

= 10000 + 1100 + 30

= 11130

oqQN fn, gq, O;atdksa dk xq.kuiQy Kkr djus osQ fy,] geus Åij crk;h xbZ oqQN
loZlfedkvksa dk iz;ksx fd;k gSA ;s loZlfedk,¡ chth; O;atdksa dk xq.ku[kaMu djus esa
Hkh mi;ksxh gksrh gSa] tSlk fd vki uhps fn, x, mnkgj.k esa ns[k ldrs gSaA

mnkgj.k 18 : xq.ku[kaM Kkr dhft,%

(i) 49a2 + 70ab + 25b2 (ii) 
2

22 5

4 9

y
x -

gy : (i) ;gk¡ vki ;g ns[k ldrs gSa fd

49a2 = (7a)2, 25b2 = (5b)2, 70ab = 2(7a) (5b)

x2 + 2xy + y2  osQ lkFk fn, gq, O;atd dh rqyuk djus ij] ge ;g ikrs gSa fd  x = 7a

vkSj y = 5b gSA

loZlfedk I ykxw djus ij] gesa ;g izkIr gksrk gS%

49a2 + 70ab + 25b2 = (7a + 5b)2 = (7a + 5b) (7a + 5b)



54 xf.kr

File Name : C:\Computer Station\Math-IX (Hindi)\Chapter\Chap-1\Chap-1.PM65

(ii) ;gk¡ 
2 22

22 5 5
– –

4 9 2 3

y y
x x

æ ö æ ö
= ç ÷ ç ÷

è ø è ø

loZlfedk III osQ lkFk bldh rqyuk djus ij] gesa ;g izkIr gksrk gS%

2
22 5

–
4 9

y
x  =

2 2
5

–
2 3

y
x

æ ö æ ö
ç ÷ ç ÷
è ø è ø

=
5 5

2 3 2 3

y y
x x

æ ö æ ö
+ -ç ÷ ç ÷

è ø è ø

vHkh rd gekjh lHkh loZlfedk,¡ f}inksa osQ xq.kuiQyksa ls lacaf/r jgh gSaA vkb, vc ge
loZlfedk I dks f=kin x + y + z ij ykxw djsaA ge loZlfedk I ykxw djosQ] (x + y + z)2

dk vfHkdyu djsaxsA

eku yhft,  x + y = t gSA rc]
(x + y + z)2 = (t + z)2

= t2 + 2tz + t2 (loZlfedk I ykxw djus ij)

= (x + y)2 + 2(x + y)z + z2 (t dk eku izfrLFkkfir djus ij)

= x2 + 2xy + y2 + 2xz + 2yz + z2 (loZlfedk I ykxw djus ij)

= x2 + y2 + z2 + 2xy + 2yz + 2zx (inksa dks foU;kflr djus ij)

vr% geas fuEufyf[kr loZlfedk izkIr gksrh gS%

loZlfedk V : (x + y + z)2 = x2 + y2 + z2 + 2xy + 2yz + 2zx

fVIi.kh : ge nk,¡ i{k osQ O;atd dks ck,¡ i{k osQ O;atd dk izlkfjr :i ekurs gSaA
è;ku nhft, fd (x + y + z)2  osQ izlkj essa rhu oxZ in vkSj rhu xq.kuiQy in
gSaA

mnkgj.k 19 : (3a + 4b + 5c)2  dks izlkfjr :i esa fyf[k,A

gy : fn, gq, O;atd dh (x + y + z)2  osQ lkFk rqyuk djus ij] ge ;g ikrs gSa fd

x = 3a, y = 4b vkSj z = 5c

vr% loZlfedk V ykxw djus ij] gesa ;g izkIr gksrk gS%
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(3a + 4b + 5c)2 = (3a)2 + (4b)2 + (5c)2 + 2(3a)(4b) + 2(4b)(5c) + 2(5c)(3a)

= 9a2 + 16b2 + 25c2 + 24ab + 40bc + 30ac

mnkgj.k 20 :  (4a – 2b – 3c)2  dk izlkj dhft,A

gy : loZlfedk V ykxw djus ij] gesa ;g izkIr gksrk gS%
(4a – 2b – 3c)2 = [4a + (–2b) + (–3c)]2

= (4a)2 + (–2b)2 + (–3c)2 + 2(4a)(–2b) + 2(–2b)(–3c) + 2(–3c)(4a)

= 16a2 + 4b2 + 9c2 – 16ab + 12bc – 24ac

mnkgj.k 21 : 4x2 + y2 + z2 – 4xy – 2yz + 4xz  dk xq.ku[kaMu dhft,A

gy : ;gk¡  4x2 + y2 + z2 – 4xy – 2yz + 4xz = (2x)2 + (–y)2 + (z)2 + 2(2x)(–y)

+ 2(–y)(z) + 2(2x)(z)

= [2x + (–y) + z]2 (loZlfedk V ykxw djus ij)
= (2x – y + z)2 = (2x – y + z) (2x – y + z)

vHkh rd geus f}?kkr inksa ls lacaf/r loZlfedkvksa dk gh vè;;u fd;k gSA vkb, vc
ge loZlfedk I dks (x + y)3  vfHkdfyr djus esa ykxw djsaA ;gk¡]

(x + y)3 = (x + y) (x + y)2

= (x + y)(x2 + 2xy + y2)

= x(x2 + 2xy + y2) + y(x2 + 2xy + y2)

= x3 + 2x2y + xy2 + x2y + 2xy2 + y3

= x3 + 3x2y + 3xy2 + y3

= x3 + y3 + 3xy(x + y)

vr%] gesa fuEufyf[kr loZlfedk izkIr gksrh gS%

loZlfedk VI : (x + y)3 = x3 + y3 + 3xy (x + y)

loZlfedk VI essa  y  osQ LFkku ij  – y j[kus ij] gesa izkIr gksrk gS%

loZlfedk VII : (x – y)3 = x3 – y3 – 3xy(x – y)

= x3 – 3x2y + 3xy2 – y3

mnkgj.k 22 : fuEufyf[kr ?kuksa dks izlkfjr :i esa fyf[k,%
(i) (3a + 4b)3 (ii) (5p – 3q)3

gy : (i)  (x + y)3  osQ lkFk fn, x, O;atd dh rqyuk djus ij ge] ;g ikrs gSa fd

x = 3a vkSj  y = 4b
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vr% loZlfedk VI dk iz;ksx djus ij] gesa ;g izkIr gksrk gS%

(3a + 4b)3 = (3a)3 + (4b)3 + 3(3a)(4b)(3a + 4b)

= 27a3 + 64b3 + 108a2b + 144ab2

(ii) (x – y)3  osQ lkFk fn, gq, O;atd dh rqyuk djus ij] ge ;g ikrs gSa fd

x = 5p vkSj y = 3q

loZlfedk VII ykxw djus ij] gesa ;g izkIr gksrk gS%

(5p – 3q)3 = (5p)3 – (3q)3 – 3(5p)(3q)(5p – 3q)

= 125p3 – 27q3 – 225p2q + 135pq2

mnkgj.k 23 : mi;qDr loZlfedk,¡ iz;ksx djosQ] fuEufyf[kr esa ls izR;sd dk eku Kkr
dhft,%

(i) (104)3 (ii) (999)3

gy : (i) ;gk¡
(104)3 = (100 + 4)3

= (100)3 + (4)3 + 3(100)(4)(100 + 4)

(loZlfedk VI dk iz;ksx djus ij)
= 1000000 + 64 + 124800

= 1124864

(ii) ;gk¡
(999)3 = (1000 – 1)3

= (1000)3 – (1)3 – 3(1000)(1)(1000 – 1)

(loZlfedk VII dk iz;ksx djus ij)
= 1000000000 – 1 – 2997000

= 997002999

mnkgj.k 24 : 8x3 + 27y3 + 36x2y + 54xy2  dk xq.ku[kaMu dhft,A

gy : fn, gq, O;atd dks bl izdkj fy[kk tk ldrk gS%
(2x)3 + (3y)3 + 3(4x2)(3y) + 3(2x)(9y2)

= (2x)3 + (3y)3 + 3(2x)2(3y) + 3(2x)(3y)2

= (2x + 3y)3 (loZlfedk VI dk iz;ksx djus ij)
= (2x + 3y) (2x + 3y) (2x + 3y)
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vc (x + y + z) (x2 + y2 + z2 – xy – yz – zx) dk izlkj djus ij] gesa xq.kuiQy bl :i
esa izkIr gksrk gS%

x(x2 + y2 + z2 – xy – yz – zx) + y(x2 + y2 + z2 – xy – yz – zx)

+ z(x2 + y2 + z2 – xy – yz – zx)

= x3 + xy2 + xz2 – x2y – xyz – zx2 + x2y + y3 + yz2 – xy2 – y2z – xyz

+ x2z + y2z + z3 – xyz – yz2 – xz2

= x3 + y3 + z3 – 3xyz (ljy djus ij)

vr%] gesa fuEufyf[kr loZlfedk izkIr gksrh gS%

loZlfedk VIII : x3 + y3 + z3 – 3xyz = (x + y + z) (x2 + y2 + z2 – xy – yz – zx)

mnkgj.k 25 : 8x3 + y3 + 27z3 – 18xyz  dk xq.ku[kaMu dhft,A

gy : ;gk¡]

8x3 + y3 + 27z3 – 18xyz

= (2x)3 + y3 + (3z)3 – 3(2x)(y)(3z)

= (2x + y + 3z)[(2x)2 + y2 + (3z)2 – (2x)(y) – (y)(3z) – (2x)(3z)]

= (2x + y + 3z) (4x2 + y2 + 9z2 – 2xy – 3yz – 6xz)

iz'ukoyh  2.5

1. mi;qDr loZlfedkvksa dks iz;ksx djosQ fuEufyf[kr xq.kuiQy Kkr dhft,%

(i) (x + 4) (x + 10) (ii) (x + 8) (x – 10) (iii) (3x + 4) (3x – 5)

(iv) (y2 + 
3

2
) (y2 – 

3

2
) (v) (3 – 2x) (3 + 2x)

2. lh/s xq.kk fd, fcuk fuEufyf[kr xq.kuiQyksa osQ eku Kkr dhft,%

(i) 103 × 107 (ii) 95 × 96 (iii) 104 × 96

3. mi;qDr loZlfedk,¡ iz;ksx djosQ fuEufyf[kr dk xq.ku[kaMu dhft,%

(i) 9x2 + 6xy + y2 (ii) 4y2 – 4y + 1 (iii) x2 – 

2

1 0 0

y

4. mi;qDr loZlfedkvksa dk iz;ksx djosQ fuEufyf[kr esa ls izR;sd dk izlkj dhft,%

(i) (x + 2y + 4z)2 (ii) (2x – y + z)2 (iii) (–2x + 3y + 2z)2

(iv) (3a – 7b – c)2 (v) (–2x + 5y – 3z)2 (vi)
2

1 1
1

4 2
a b

é ù
- +ê ú

ë û
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5. xq.ku[kaMu dhft,%

(i) 4x2 + 9y2 + 16z2 + 12xy – 24yz – 16xz

(ii) 2x2 + y2 + 8z2 – 2 2 xy + 4 2 yz – 8xz

6. fuEufyf[kr ?kuksa dks izlkfjr :i esa fyf[k,%

(i) (2x + 1)3 (ii) (2a – 3b)3

(iii)
3

3
1

2
x

é ù
+ê ú

ë û
(iv)

3
2

3
x y

é ù
-ê ú

ë û

7. mi;qDr loZlfedk,¡ iz;ksx djosQ fuEufyf[kr osQ eku Kkr dhft,%

(i) (99)3 (ii) (102)3 (iii) (998)3

8. fuEufyf[kr esa ls izR;sd dk xq.ku[kaMu dhft,%

(i) 8a3 + b3 + 12a2b + 6ab2 (ii) 8a3 – b3 – 12a2b + 6ab2

(iii) 27 – 125a3 – 135a + 225a2 (iv) 64a3 – 27b3 – 144a2b + 108ab2

(v) 27p3 – 
1

2 1 6
 – 29 1

2 4
p p+

9. lR;kfir dhft,%  (i) x3 + y3 = (x + y) (x2 – xy + y2) (ii) x3 – y3 = (x – y) (x2 + xy + y2)

10. fuEufyf[kr esa ls izR;sd dk xq.ku[kaMu dhft,%

                     (i) 27y3 + 125z3 (ii) 64m3 – 343n3

[laosQr: nsf[k, iz'u 9]

11. xq.ku[kaMu dhft,%  27x3 + y3 + z3 – 9xyz

12. lR;kfir dhft,%  x3 + y3 + z3 – 3xyz  = 
2 2 21

( ) ( ) ( ) ( )
2

x y z x y y z z xé ù+ + - + - + -ë û

13. ;fn  x + y + z = 0 gks, rks fn[kkb, fd  x3 + y3 + z3 = 3xyz gSA

14. okLro esa ?kuksa dk ifjdyu fd, fcuk fuEufyf[kr esa ls izR;sd dk eku Kkr dhft,%

(i) (–12)3 + (7)3 + (5)3 (ii) (28)3 + (–15)3 + (–13)3

15. uhps fn, x, vk;rksa] ftuesa muosQ {ks=kiQy fn, x, gSa] esa ls izR;sd dh yackbZ vkSj pkSM+kbZ
osQ fy, laHko O;atd nhft,%

{ks=kiQy : 25a2 – 35a + 12       {ks=kiQy : 35y2 + 13y –12

                              (i) (ii)
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16. ?kukHkksa (cuboids), ftuosQ vk;ru uhps fn, x, gSa fd] foekvksa osQ fy, laHko O;atd D;k
gSa\

    vk;ru : 3x2 – 12x   vk;ru : 12ky2 + 6ky  – 20k

                              (i) (ii)

2.7  lkjka'k

bl vè;k; esa] vkius fuEufyf[kr fcanqvksa dk vè;;u fd;k gS%

1. ,d pj okyk cgqin  p(x) fuEu :i dk  x  esa ,d chth; O;atd gS%

p(x) = anx
n + an–1x

n – 1 + . . . + a 2x
2 + a1x + a0,

tgk¡  a0, a1, a2, . . ., an vpj gSa vkSj  an ¹  0 gSA a0, a1, a2, . . ., an  Øe'k%  x0, x, x2, . . ., xn  osQ
xq.kkad gSa vkSj  n  dks cgqin dh ?kkr dgk tkrk gSA izR;sd  anx

n, an–1 x
n–1, ..., a0, tgk¡

an ¹ 0, dks cgqin  p(x) dk in dgk tkrk gSA

2. ,d in okys cgqin dks ,dinh dgk tkrk gSA

3. nks inksa okys cgqin dks f}in dgk tkrk gSA

4. rhu inksa okys cgqin dks f=kin dgk tkrk gSA

5. ,d ?kkr okys cgqin dks jSf[kd cgqin dgk tkrk gSA

6. nks ?kkr okys cgqin dks f}?kkrh cgqin dgk tkrk gSA

7. rhu ?kkr okys cgqin dks f=k?kkrh cgqin dgk tkrk gSA

8. okLrfod la[;k ‘a’,  cgqin  p(x) dk ,d 'kwU;d gksrh gS] ;fn  p(a) = 0 gksA

9. ,d pj esa izR;sd jSf[kd cgqin dk ,d vf}rh; 'kwU;d gksrk gSA ,d 'kwU;srj vpj cgqin
dk dksbZ 'kwU;d ugha gS vkSj izR;sd okLrfod la[;k 'kwU; cgqin dk ,d 'kwU;d gksrh gSA

10. 'ks"kiQy izes; : ;fn  p(x), ,d ls vf/d ;k ,d osQ cjkcj ?kkr okyk ,d cgqin gks] vkSj
p(x) dks jSf[kd cgqin  x – a ls Hkkx fn;k x;k gks] rks 'ks"kiQy  p(a) gksrk gSA

11. ;fn  p(a) = 0 gks] rks x – a cgqin  p(x) dk ,d xq.ku[kaM gksrk gS vkSj ;fn x – a, p(x) dk
,d xq.ku[kaM gks] rks p(a) = 0 gksrk gSA

12. (x + y + z)2 = x2 + y2 + z2 + 2xy + 2yz + 2zx

13. (x + y)3 = x3 + y3 + 3xy(x + y)

14. (x – y)3 = x3 – y3 – 3xy(x – y)

15. x3 + y3 + z3 – 3xyz = (x + y + z) (x2 + y2 + z2 – xy – yz – zx)


