




(iii)

 $TH&T $<jT+<T, |+> bsX\ $<jT+<T XssyTq esT @s&, 
M{ eT\+> n bsX\  $<$<q+, eT<yTq bs|D[ <s+> @ 
$<$<q+ neT\T #jTT eTqdTq q+< *dTq~. $TH&T |uT+ @ssq 
 d<eX d+|Ps $<_e~ |j+#T=qeqT.

 $CqXdeTTq+{ sD nsTTq >DXd+ d:d<yTq $\TeqT, B >T 
n+< * m\|& |+#T  bs+XeTT>qTq~. $CqXdeTT, +]+> eT]
jTT s bs+XeTT\ >D+ $&BjTs d++<+ *jTTq~. eq, $CqXd+ 
eT]jTT k+_e~ e>+> sT mqT=qT s+>+ |+#T >DCqeTT 
$T* eXeT>TqT. ss >D D nqTq~  >D CqeTT L&q, eTyTq 
+q keTseTT, d+w deTd\qT $Xw+#T keTseTT#TqT.

 $T e\ Bs<] nsTTq sTeesY, dTesT s+&T y\ d+eseTT\ eTT+< 
>D $< $\TeqT eT]jTT y{ eTTKeTTqT \T| $<+>, 

  v©bz‹g Vid vG¤bj‹g Ï›éu©L« 

  f©bz‹g thG« cæ®¡F.                            - FwŸ (392)

 nq> d+K\T eT]jTT nseTT\T uT$ |\ s+&T e+{$ n nseTT.

 eTq J$+ @s&T deTd\qT k~+#T, M{ m<Ts=qT e\dq 
keTseTT nedseT>T#Tq~. >DeTT nqTq~ deTd\qT k~+#T |j>|&T 
k<qeTT eyT><T, n~ $T* Xe+yTq dHqT |+b+~+#T X>qTq~. 
 d\+{ $<sT\T eTqdTq+<T+#T=, M] eTqd+w+ d+, n_e~d+ 
>D+qT eTs eTs\ nudq+ #jTeqT.

 <X+ u$s\ y] eT+ u$wTqT @ssT#T eT+ >D D nedseTT. 
|dTeTT HsT=qT >D b<$T ueq\T q $< >D+ eT]jTT $CqXd 
bs+XeTT\ <seTT>qT+&TqT. >D b<$T ueq\qT HsT=qTjT>, y{ 
@$<+> deTd\ k<q nqsTT+#e\jTTH HsT=qeqT.

=*|\T



(iv)

 >DXd nudqeTTq s+&T eTTK seTTq b<$T d<+eTT\T eT]jTT 
deTd |]cseTT\qT T> ns+ #dT=qT ~X>  |deTTq+<T #s\T rdT=q&q~. 
>D b<$T ueq\qT eT]jTT deTd |]cs+ M{ |j+, ns+ #dT=qT 
dVjT|&Tq n_bjT|&T#THeTT. $$< |]dT\ >D+ mT n_e~ #+<TTq<, mT 
|j>|&T#Tq< *jTCjTT me X< eV+$T,  bs|deTT n<jTeTT\T 
dV+>qT, s>qT, eT+ <VsD\qT eT|sjTTHeTT. +qT, >Dud+ 
#jTT >D ueq\qT ns+ #dT=qT nedsyTq = n<jTeTT> eT|s#&q~. 
$<sT\T, b<jTT\ dVjTeTT >D ueq\qT, M{ d++<eTT\qT \TdT=q sTy 
nud \ yT\T qT>=qT eT+ |<jT qeTTTHeTT.

 d+U $CqXdeTT, >D XdeTT  u>eTT> $d]+jTTq< 
|jT+<T#T=qTeTT. $<sT\T >D+ nud+#TjT+<T s> b<jTT b # 
eTTKyTq~. n dVjTeTT, #q\T, esZ<seTT\T nudqeTTq mq$. b<$T 
>D+ qT+& q >DeTTq esT <X b<jTT\T |eTTK b eV+#T<TsT.  
<XeTTqT |P]#jTT  seTT>  bs|deTT neT]jTTq< qeTTTHeTT. 
b<jTT\T, $<sT\T sTy|\ $wjT |]Cq esTq b<jTT&T X$T+q, 
 bs|deTT qT+& n~ |*+ b+<e#TqT. $<]`+< nudq s>T\  
|jT+ d+<V+> |]+#TqT. >DHwD n $<\ keTseTTqT |+b+~+#T 
esZeTT  bs|d eTTU<XeT>TqT. + eTT+< *|q $<+> >DudqeTT s+&T 
$<eTT\T. n+<T { >D b<$T nudeTT, eTs={ deTd\ |]cseTT y{ 
|j+#T n>TqT. <VsD\qT nudqeTT #jTT <s, |<T\qT dsq  ns+ 
#dT=qe#TqT. b<$T ueq\qT nud deTd\jT+<T |j+q sTy y{ 
qq deTd\qT dw+#T <s eyT ] >DCqeTT |+b+<TqT.

>D deTd\qT k<q #jTT <s >DeTTqT HsT=qe#T
(We Learn Mathematics by doing Mathematics)

 yT<e\T, b<jTT\T eT]jTT $<sT\T  bs|d_e~ d\V*q, yTeTT 
$T* d+w+#>\eTT.

s#sTT\ +<+



(v)

|<e s>                                                                 bs |D[

bseTT bs+XeTT +#T nudq |*eTT\T u<H |<T\T
|]jT& 
d+K

•	 |]#jT+
•	 d$T |]jT\ <seTT\T
•	 & esZH deTT\T` yH 

eTT <s d]##T
•	 n A B C, ,^ hdeTT 
•	 |yTjTeTT\T

•	 d$T |]jT\ <s ueq\T ` 
|q]eTs

•	 d$T |]jT\ <seTT\T ns+ 
#dT=qT ` ejT HjTeTT, 
dV#s HjTeTT, $u> HjTeTT 
(eT&T d$TT\T eyT) 

•	 |Ps d$TT\ HjTeTT\qT 
ns+ #dT=qT.  

•	 & esZH deTT\qT ns+ 
#dT=qT, yH eTT <s 
$e]+#T. 

•	 |< deTd\qT deTT <s, 
yH eTT <s k~+#T.

•	 s#qeTT, seTT\T, |yTjTeTT\
qT \T| |<T\qT ns+ 
#dT=qT. 

•	 |yTjTeTT\ seTT\qT dT\u 
<VsD\ ns+ #dT=qT. 

n $esD\qT yH 
eTTqT |j+#TeTT.

]Xd+, y<Xd+, 
$CqXd+ 
yTT<\>T y{ qT+& 
|yTjTeTT\ 
<VsD*eTT.

26

•	 |]#jT+
•	 esTd\T
•	 n+X& (A.P)
•	 >TDX& (G.P)
•	 XDT\T

•	 n+X&, >TDX&\qT >T]+ 
ns+#dT=qT. 

•	 n+X&, >TDX& n e 
|<eTTqT qT>=qT. 

•	 n+X&, >TDX& n |<eTT\ 
yTTeTTqT rs+#T. 

•	 = |]$T XDT\ yTTeTTqT 
ssTT+#T.

sD |< 
|j+#TeTT.

_+<T sD |< 
`u<q |sD+> 
|j+#TeTT.

sD |< 
|j+ deTTqT 
~+#TeTT.

27

•	 sFjT dMTsDeTT\ 
k<q.

•	 VQ|< dedeTT\T.
•	 d+j u>VseTT
•	 >]w keq ueTT           

(>.k.u) eT]jTT w 
keq >TDeTT(.
k.>T).

•	 nsDjT dedeTT\T
•	 esZeT\eTT
•	 esZdMTsDeTT\T

•	 s+&T #\sX\   
sFjT dMTsDeTT\ ueqqT 
ns+#dT=qT. 

•	 s+&T #\sX\   sFjT 
dMTsDeTT\qT =\+#T |<.

•	 n&T>TDs |< <s 
k~+#T.

•	  | esZ dMTsDeTT qT+& 
VQ|< dedeTT\ XSqeTT\ 
eT]jTT >TDeTT\ eT< >\ 
d++<eTT ns+#dT=qT.

<VsD\ 
$e]+#T. 

#sT\qT 
u<H|sDeTT> 
|j+#TeTT.

yTT<> d+K\ >.k.
u, .k.>T \qT 
|q]eTs #jTT.

I. 
 d

$T
T

\T
 e

T]
j

TT 
|

yT
j

Te
TT\

T
 II

.  y
d

e 
d+

K
\ 

e
q

T>
 

X
DT

\T
II

I. 
;

>D
e

TT



(vi)

•	 e&q VQ|< dedeTT 
jTT XweTT, u>|\eTTqT 
d+j u>Vs |< <s 
ssTT+#T.

•	 d+j u>Vs |< 
<s e&q VQ|< 
dedeTT jTT sD+eTT\T 
ssTT+#T.

•	 nsDjT dedeTT\        
>.k.u eT]jTT .k.>T eT< 
>\ u<eTTqT ns+ #dT=qT.

•	 nsDjT dedeTT\
qT d]+#T.(dT\u         
deTd\T>) 

•	 esZeT\eTTqT ns+ #dT=qT. 
•	 esZdMTsD jTeT s|eTTqT 

ns+ #dT=qT.
•	 esZdMTsDeTTqT k~+#T 

(yde eT\eTT\T 
eyT)`sD+ |<, esZeTT 
|P]+#T |<, esZdMTsD 
deTT\qT |j+.

•	 esZdMTsDeTTqT nqTd]+ |< 
deTd\qT k~+#T.

•	 eT\eTT\ dueeTT                     
eT]jTT $#D\ eT< 
>\ |sds d++<eTTqT                    
\TdT=qT.

•	 eT\eTT*e&q 
esZdMTsDeTTqT @ssT#T.

_qeTT\ |jT\qT  
b\T.

d+K\ esZeT\eTT\ 
|jT\qT b\T.

eT\eTT\ dueeTTqT 
;>DeTT, sUeTT 
<s }V+#T 
dVjT|&T.

40

•	 |]#jT+
•	 |]#jTeTT e\ 

seTT\T
•	 d+\qeTT, ee\qeTT
•	 >TDeTT
•	 e\ dMTsDeTT

•	 e\qT neTsT, s> 
>T]+#T.

•	 e\ seTT\qT \TdT=qT.
•	 e&q e\ d+\qeTT, 

ee\qeTT #jTT. 
•	  eqT n~X eqT, 

ejT eqT >TD+#T. 
•	 e&q e\qT >TD+#T 

(2x2; 2x3; 3x2  q 
e\).

•	 s+&T #\sX\ dMTsDeTT\qT 
e\ |< <s k~+#T. 

Bs #Tsks |<q 
d+K\qT neTsT.

 J$ |]dT\qT 
|j+#T

d+U eed\qT 
|j+#T.
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(vii)

• |]#jT+
• s+&T _+<Te\ eT< 

<seTT`|q]eTs 
• $uq deTT, eT< 

_+<Te deTT, 
>TsT+< deTT  

• uT eT]jTT #TsT 
yX\eTT 

• dssK

•	 s+&T _+<Te\ eT< <seTTqT 
|q]eTs e&q s+&T 
_+<Te\ eT< _+<TeqT 
>T]+#T.

•	 $uq deTT <s $uq 
_+<TeqT ssTT+#T.

•	 uT yX\eTTqT +#T.
•	 s+&T _+<Te\T, dMTsDeTT\T 

e&q dssK y\TqT 
qT>=qT. 

•	 e&q $eseTT\  dssK 
dMTsDeTTqT qT>=qT. 

•	 y\T`n+sK+& s|eTT, 
_+<Te`y\T s|eTT, s+&T 
_+<Te\ s|eTT n+sK+& 
s|eTT <s dssK 
dMTsDeTT qT>=qT. 

•	  _+<Te <s be 
dssK (i) de+seTT> 
(ii) \+eTT>qTq dssU 
dMTsDeTTqT qT>=qT.

ds C$TrjT 
|*eTTqT uTeTT 
eT]jTT #TsTeTT\ 
d++<|s, 
|j>eTTqT 
d]#&TeTT.

 y = mx + c s|eTTqT 
bs+u _+<Te> 
rdT=qT. 25

•	   b<$T nqTb 
d<++ (s|D)

•	   b<$T nqTb d<+ 
$|seTT (s|D) 

•	    DdeT~K+&q d<++ 
(s|D`n+s+ 
eyT)

•		  DdeT~K+&q d<+ 
$|seTT (s|D ` 
n+s+ eyT)

 •	  ds| uTeTT\T 
•		  |<>sdt d<+eTT
•			 dssU`C d<+eTT

•	 d<+eTT\qT ns+ #dT=qT 
y{ k~+#T dT\u     
deTd\qT #jTT.

eTT eT&T#T 
<s kweeTTqT              
\TdT=qT, 
esT\ k+qT              
\TdT=qT.

dsq s|D\qT     
\TdT=qT. 

|eTT\qT ^jTT

|eTT\ L&q, s 
>, kbqeTT\T> 
s|D\T ` $e]+#T 
eT]jTT #]+#T.

20

• |]#jT+
• dsdMTsDeTT\T
• mT\T eT]jTT <seTT\T

•	 D$T dsdMTsDeTT\T   
\TdT=qT, M{ dT\u 
deTd |j+#T.

•	 D$T wT\qT ns+ 
#dT=qT eT]jTT M{ 
mT\T, <seTTqT qT>=qT 
|j+#T. (s+&T \+D 
uTeTT\qT $T+#)

;JjT deTT\T 
|j+#T. 

D$T 
dsdMTsDeTT\T 
|j+#T.

ses$T $\Te\               
dueeTTqT $e]+#T.
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(viii)

• |]#jT+
• d|eTT, X+KTe, >eTT, 

ns>eTT, X+KTK+&eTT\ 
|]\ yX\eTT eT]
jTT |Tq|]eDeTT.  

• d+jTT <seTT\ 
|]\ yX\eTT, 
|Tq|]eDeTT.

• ds |Tq|]eDeTT.

•	 d|eTT, X+KTe, >eTT, 
ns>eTT, X+KTK+&eTT\ 
|]\ yX\eTT, |Tq|]
eDeTT \TdT=qT 
(ssTT+#T) 

•	 d+jTT seTT\ |]\ 
yX\eTT, |Tq|]eDeTT (s+&T 
eyT).

•	 ds |Tq|]eDeTT\ = 
deTd\T.

d+jTT seTT\
qT jsT#jTT 
|]eDeTTqT 
|j+#T(y&)

y&, |eTT\
qT  u<H|sDeTT\T> 
|j+#T.

 J$ |]dT\ qT+& 
=  <VsD\qT 
mqT=qT.

24

• |]#jT+
• eeTTq dssK\ 

sDeTT
• uT sDeTT
• #jT #TsT sDeTT

•	 eeTTq dssK\T ]+#T.
•	 uTeTTqT ]+#T.e&q$ 

<seTT, osDeTT eT]jTT 
      (a) eT<<seTT    

(b) mT   

•	 #jT #TsTeTTqT ]+#T.

dssK\ b&e\T 
;>D |< 
d]##TqT |]#jTeTT 
#jTT.

eeTT DeTT\T 
<seTT\qT |eTT 
^jTT eTT+<T 
|q]eTs#jTT.

15

• |]#jT+
• ~| sUeTT\T
• | sUeTT\T

•	 ~| dMTsDeTTqT sUeTT 
<s k~+#T.

•	 |< deTd\qT sUeTT <s 
k~+#T.

 J$ |]dT\qT 
|]#jTeTT #jTT.

10

• +<kq| =\\T ` 
|q]eTs

• $dsD =\\T
• $#\q >TDeTT

•	 deTVeTT eT]jTT 
deTVeTT  <+XeTT\ 
n+eT<eTeTT`|q]eTs.

•	 $dsD ueqqT ns+#dT=qT 
eT]jTT y|, eT$#\qeTT, 
$#\qeTT qT>=qT.

•	 $#\q >TDeTTqT +#T.

|\T, \T e+{ 
J$ |]dT\qT 
|j+#T.

16

• |]#jT+       
• d<+|s+> d+ue
•		  d+ue d+\q 

d<+eTT

•	 j< |j>eTT\T, |s| 
esD, |Tq\T`|sds 
e]eTT\T, |PseTT\T, K 
eT]jTT nk<sD |Tq\T ns+ 
#dT=qT. 

•	 d+ue d+\q d<+eTTqT 
dT\u deTd\ k<q 
|j+#T, y{ nseTT 
#dT=qT.

HDeTTqT m>TsyjTT, 
b\T <=]+#T, | 
qT+& | eTTqT 
rjTT.
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s#qeTT

“A set is Many that allows itself  to be thought of  as a One”
- Georg Cantor

CsY 
(1815-1864)

+>+&
    s d++<eTT\qT *jTCjTT 
d+eTT\ eT]jTT ;JjT 
d+eTT\ eT< # <>Z]  
b* >\<  $Xd+#qT.
 qT s d++<eTT\
qT *jTCjTT >D           
d+eTT\qT |j+#qT. n               
\eTT +|PsY q|{ 
|dT +|PsY n+>DeTTq 
\H ;>DyT eT<seTT.
 qMq +|PsY seTTq 
eT<seTT> qT+&Tq~  
\H seTT. qT +|PsY 
$CqXdeTTq |H~ydq~ 
jT n #|e#T.

	|]#jT+
	d$TT\T
	d$T |]jT\ <seTT\T
	&`ysZH deTT\T
	 |yTjTeTT\T

11

1.1.  |]#jT+
	 >DXd eT[ ueq\, d$T ueq nqTq~ 
{. d$T d<+eTT d+eTT eT]jTT |]uw, 
>DXd+ |u>eTT |j>|&T#Tq~. eq 
d$T d<+eTTqT >DXdeTT jTT uw n #|e#TqT. 
 bs+XeTT 19e XeTT e] CsY  (1815 
` 1864) eT]jTT CsY +sY (1845 ` 1918) \T #dq 
de\ qT+ qyTq~.  s 20 e XeTT 
>DXd+ n $u>eTT\ n_e~ q |ueeTTqT 
#|q~. ~ d++<eTT  nH #q\qT @eTT 
#jTT dVjT|&, >DXd |s> <V<|&q~.
  9 e s> s+&T d$TT\ d$T |]jT\sTTq 
dyTqeTT, #<qeTT eT]jTT u<eTT\qT >] HsT=+{$T. 
# d$TT\ d++~+q eT]= ueq\qT                                         
eT]jTT  >DXd+ eT]jTT eTTK d$TT\ |yTjTeTTqT 
>] HsT=H<eTT. yTT< = <VsD\ b<$T 
s#qeTT\qT |q:XsD #dT=H<eTT. eTqeTT dV d+K\
d$T	N	qT, yde d+K\ d$T	R 	qT d+#<eTT.
1.2 d$TT\T (Sets) 

u>T> s+#&q edTe\ deTT<jTeTTqT d$T n 
n+<TsT.  d$T edTe\qT  d$T jTT eT\eTT\T 
 duT\T n n+<TsT. 

 # u>T> s+#&q~ nq>  edTe d$T 
#+~q< < nqT \DeTTqT mTe+{ d+<VeTT +& 
s+|&Tq~.
<VsD #H b&yq e\T nqT dsD d$T 
sb+~+#<T. m+<Tq> &  b&yq e\T  nqT ssTT+#T 
\DeTTqT dweTT> s+|&<T. eq,  dsD d$T 
s+|<T.

1

d$TT\T eT]jTT |yTj\Td$TT\T eT]jTT |yTj\T
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s#qeTT

s#qeTT

d+eTT (Notation):
 k<sD+> d$TT\qT A, B, X  yTT<\>T |< nseTT\ d+TsT. d$T 
eT\eTT\qT d+#T x, y yTT<\>T q nseTT\qT y&T<TeTT. x Y!  nq> x nqTq~ 
Y  d$T  eT\eTT. t Yb  nq> t  nqTq~ Y  d$T #+~q eT\eTT <T.
<VsD\T

(i)   $TH&T n q bsX\\ $<sT\ d$T.
(ii)  $TH&T n q bsX\\T  X\ >\ $<sT\ d$T.
(iii)  |Ps+eTT\ n <H d] d+K\ d$T.
(iv)   |Ps+eTT\ esZeTT TTDeTT> qT+&T d$T.
(v)    #+<T| ~q e\ d$T.

 | (i), (ii), (iii), (iv)  eT]jTT (v) \ s+q y{ eTeTT> A, B, C, D eT]jTT 
E d$TT\qT d+#TqqT=H<eTT. @ |Ps+ esZyTqqT dTq  <H |Ps+eTT> 
qT+&TqT eT]jTT esZeTT TTDeT>T mTe+{ |Psd+K <qTqT >eT+|eTT. eq, 
D mTe+{ eT\eTTqT *jTT+&<T. nTe+{ d$T XSq d$T n n+<TsT. XSq 
d$T z   d+#<eTT. 

     (i)  |]$T d+K >\ eT\eTT\qT *jTTq d$T |]$T d$T (Finite Set) n 
n+<TsT.

 (ii) |]$T  d$T n|]$T d$T (Infinite Set) n n+<TsT.
 |q e&q y{ A d$T,  |]$T d$T n> C  d$T  n|]$T d$T. 
XSq d$T mTe+{ eT\eTT\T +&TqT >eT+|eTT. nq> XSq d$T 
eTeTT\ d+K dTq. eq XSq d$T L&  |]$T d$T n>TqT.

X  nqTq~  |]$T d$T nsTTq X   eT\eTT\ d+KqT ~ d+K  d$T    
|]eDeTT n n+<TsT. X  nqTq~  n|]$T d$T nsTTq X  jTT ~ d+KqT 3 
d+eTT d+#<eTT. d$T X  jTT ~ d+KqT n(X) # d+#<eTT.  

 | <VsD\ ,A B  d$TT\qT >eT+q, A   | eT\eTT B  qT 
eT\eTT> qT+&TqT #&e#T. Te+{ d+<seTT\ A  B jTT |d$T n 
#|<eTT. eTq$T|&T 9 e s> HsT=q = s#qeTT\qT |q:XsD #d<eTT. 

|d$T (Subset):   ,X Y  nqTq$ s+&T d$TT\qT=qTeTT. X  nqTq~ Y  jTT |d$T n 
#|q  X   |eT\eTT Y  qT eT\eT>TqT. nq> X  nqTq~ Y  jTT |d$T 
nq z X!  nsTT z Y!  n>TqT 
 X nqTq~ Y  jTT |d$T nsTTq < X Y3  n d+#<eTT. 
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d$T deqeTT (Set Equality):  s+&T d$TT\T X, Y nqTq$ deqeTT nqT 
s+&+{qT K+>  syTq eT\eTT\qT *jTT+&eqT. nTe+{ d+<seTT 
X Y=  n yd<eTT. nq>  X Y=  nsTTq#  X Y3  eT]jTT  Y X3  n>TqT.
T\ d$TT\T (Equivalent Sets):   ( ) ( ) .n X n Y=  nsTTq X, Y nqT s+&T |]$T d$TT\qT 
T\ d$TT\T n #|e#T. 
 <VsD, P x x x 6 0

2
;= - - =" , eT]jTT ,Q 3 2= -" , nqT=qTeTT. # ,P Q 

\T  syTq eT\eTT\qT *jTT+&TqT #&e#T. qT P = Q n>TqT. ,F 3 2=" , nsTTq, 
n|&T ,F Q \T T\ d$TT\T.  .Q F!  
 |yTjT ueqqT|j+, s+&T n|]$T d$TT\ T\eTTqT s+|e#TqT.
|d$T (Power Set): A  nqT d$T e&q~, A  jTT n |d$TT\ deTT<jTeTTqT 
( )P A   d+q, ( )P A  nqTq~ d$T A jTT |d$T.  

      n(A) = m nsTT, ( )P A   eT\eTT\ d+K  n(P(A)) = 2m   
 <VsD A = {a,b,c} nsTT ( )P A  = { ,{ },{ },{ } .{ , },{ , },{ , },{ , , }a b c a b a c b c a b cz } 
eT]jTT n(P(A)) = 8.
e&q s+&T d$TT\qT |j+ = d$TT\qT @$<+> @ss#>\eTT? 
 s+&T d$TT\ eT\eTT\qT {> #]  = d$T> @ss#&+  |<. eTs= 
|< s+&T d$TT\ eT&>qTq eT\eTT\qT eeTT rdT= d$T> @ss#&+ eT]jTT 
 d$T eeTT +& eTs= d$T  eT\eTT\qT rdT= d$T @ss#&+. M{ 
dr]+#T +~ s#qeTT\T <V<|&TqT. | s#qeTTq yH eTT\T #s&q$.
1.3 d$TT\ |]jT\T (Operations on Sets) : 
 ,X Y  nqTq$ s+&T d$TT\qT=qTeTT. +~ = d$TT\qT s+#<eTT
  (i)   dyTq+:  /X Y z z X, != "    z Y! ,

                      ( X  dyTqeTT Y  n #<TeeTT)
X Y,  nqTq~ X   n eT\eTT\qT eT]jTT Y   
n eT\eTT\qT *jTT+&TqT >eT+|eTT. B |eTT 
1.1  #|&q~. eT]jTT X X Y,3  Y X Y,3  n>TqT 
>eT+|eTT.

 (ii)   K+&qeTT  #<qeTT:  /X Y z z X+ != "   eT]jTT z Y! ,            
                                   ( X  K+&qeTT Y  n #<TeeTT)

X Y+  nqTq~ X  eT]jTT Y  nqT s+&+{qT eT&> q 
eT\eTT\>TqT >eT+|eTT. B |eTT 1.2  #|&q~. 
eT]jTT X Y X+ 3  X Y Y+ 3  n>TqT >eT+|eTT. 

X
Y

X Y,

|eTT.1.1

X

Y

X Y+

|eTT.1.2
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d#q

(iii)  d$Tu<+(ed+): \ /X Y z z Xd= "    z Yb ,   
                                     ( X  u<+ Y  n #<TeeTT)

\X Y  nqTq~ X   eeTT +& Y    eT\eTT\T. B 
|eTT 1.3  #|&q~. =+<sT s#sTT\T \A B  <T\T  A B-   
 y&T<TsT. eTqeTT \A B  nqT d+eTTH y&T<TeTT. m+<Tq> 
>DXd+  d+eTTH $]$> y&T#THsT. 

 (iv) kwe u<+: ( \ ) ( \ )X Y X Y Y X3 ,=                   
           ( X  kwe u<+ Y  n #<TeeTT).
 X Y3  nqTq~ X Y,   eeTT +& X Y+    

eT\eTT\T.
  (v)  |PseTT:  U   $Xd$T nqT=q, X U3  nsTT \U X    

U |seTT> X  jTT |PseTT n+<TsT. nsTT eTqeTT rdT=q 
$Xd$T dsyTq<sTT \U X   Xl # d+#<eTT eT]jTT BH 
X  |PseTT n+<TsT. 

 (vi) $jTT d$TT\T: s+&T d$TT\T X   eT]jTT Y  nqTq$ 
$jTTeTT nqT=q y{ eT&> @ eT\eTT +&<T. 
nq> X  eT]jTT Y nqTq$ $jTTyTq X Y+ z=  n>TqT.   

 k<sDeTT> yH eTT\ <s d$TT\qT *jTCjTT eeTT\qT |j+#<eTT. 
nsTTqqT yH eTT <s d$T *jTCsTT @< eTjT&q eeTTqT L& 
|j+#<eTT.  d$T eT\eTT\qT yjTTq|&T k] ydq~ eTs=k] 
yjTs<T.

eTqeTT |&T = <VsD\T #d<eTT:
 A = { x/x nqTq~ 12 H e> qT+&T <H |Ps+eTT},  , , , , , , ,B 1 2 4 6 7 8 12 15=" , 
eT]jTT  , , , , , ,C 2 1 0 1 3 5 7= - -" ,. nqT=qTeTT. |&T +~ y{ qT>=qTeTT.
  (i)    /A B x x A, d= "    x Bd ,

               = {x/x nqTq~ 12 H e> qT+&T <H |Ps+eTT,  x=12  x=15}
              { , , , , , , , , , , , , }1 2 3 4 5 6 7 8 9 10 11 12 15= .
 (ii)    /C B y y C+ d= "  eT]jTT ,y B 1 7d = ", ,.

(iii)    \ /A C x x Ad= "    , , , , , ,x C 2 4 6 8 9 10 11b = ", ,.

(iv)    \ \A C A C C A3 ,= ^ ^h h

                                 , , , , , , , , { 2, 1, 0, 2, 4, 6, 8, 9,10,11}2 4 6 8 9 10 11 2 1 0,= - - = - -" ", , .

X
Xl

U

|eTT.1.5

X
Y

|eTT.1.6

X Y3

|eTT.1.4

X
Y

X  \ Y

X
Y

|eTT.1.3
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 (v)   U = {x / x nqqT~ |Ps+eTT} qT $Xd$T nqT=qTeTT. 
 0 nqTq~ TTDy, <Hy <T. eq A0 g .
 |&T A1  = U \ A = {x/x nqTq~  |Ps+eTT  A  ~}
 = {x/x nqTq~ dTq  TTD |Ps+eTT  12 n+H me> +&T <q|Ps+eTT\T}
          { , , , , , } { , , , , }4 3 2 1 0 12 13 14 15,g g= - - - -

          { , 4, 3, 2, 1, 0,12,13,14,15, }g g= - - - - .
|j>syTq = |*eTT\qT &]+#<eTT.
 U  nqTq~ $Xd$T eT]jTT ,A B \T U  jTT |d$TT\qT=q +~$ e]+#TqT.
 (i)  \A B A B+= l                          (ii) \B A B A+= l

 (iii) \A B A A B+ + z= =             (iv) ( \ )A B B A B, ,=

 (v)  ( \ )A B B+ z=     (vi) ( \ ) ( \ ) ( )\( )A B B A A B A B, , +=

d$T |]jT\ <seTT\ =+{ s+#<eTT.
1.4 d$T |]jT\ <seTT\T(HjTeTT\T) (Properties of Set Operations)
 ,A B  eT]jTT C  nqT @y eT&T d$TT\,  +~$ e]+#TqT.
  (i)   d+s  $eTjT <seTT
           (a)   A B B A, ,=           (d$T dyTqeTT $eTjTeT>TqT)       
           (b)   A B B A+ +=           (d$T K+&qeTT $eTjTeT>TqT)
 (ii)    dV#s <seTT
          (a)    A B C, ,^ h = A B C, ,^ h    (d$T dyTqeTT dV#seT>TqT)
          (b)    A B C+ +^ h = A B C+ +^ h   (d$T K+&qeTT dV#seT>TqT)
(iii)   $u> <seTT
          (a)    A B C+ ,^ h = ( )A B A C+ , +^ h   ( dyTqeTT MT< K+&qeTTqT $u+#T)
          (b)    A B C, +^ h = ( )A B A C, + ,^ h   (K+&qeTT MT< dyTqeTTqT $u+#T)
nHeTT> e&q d$TT\ <s  <seTT\qT d]##<eTT.
 | <seTT\qT <VsD\ s|+#TH, >DXdjT s|D*e&yT eT+. ~ 
 |d <XeTTq my nsTTqqT ]qyTq >D s|D\qT ns+#dT= n_q+~+#T 
eTqeTT  <seTTqT rdT= s|+#<eTT.
 (i)  $eTjT <seTT
   u>eTT A  eT]jTT B  nqTq$ @y s+&T d$TT\sTTq A B,  eT]jTT B A,  
deqeT ds|+#eqT. d$TT\ deq s#q+ qT+& s+&T d$TT\T deqeTq n$ 
 syTq eT\eTT\qT *jTT+&eqT. 
 yTT< A B,   | eT\eTT B A,  qT eT\eT>Tq #|<eTT. eq z A B,!  
nqTq~  d+yTq eT\eTqT=q, A eT]jTT B jTT dyTq s#q+ qT+& z A!   
 z B!  nq> 
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        |        z A B,!      (       z A!   or   z B!

    (       z B!   or  z A!  

    (       z B A,!   ( B A,  s#q+ qT+&)   (1)

 | z A B,!   (1)  deT>T# |< qT+& A B,   | eT\eTT B A,  qT 
eT\eT>TqT. { |d$T s#q+ qT+& ( ) ( )A B B A, ,3  n>TqT
  s y B A,!  qT  d+ eT\eTT> rdT=, y  nqTq~ A B,  qT 
eT\eT>Tq #d<eTT. 
|&T, |        y B A,!   (  y B!      y A!

   (        y A!      y B!                                        

   (        y A B,!   ( A B,  s#q+ qT+&)   (2)

 | y B A,!   (2)  deT>T# | < qT+& B A,   |eT\eTT A B,  qT 
eT\eT>TqT. { |d$TT\ s#q+ qT+& ( ) ( )B A A B, ,3  n>TqT. 
 eq  ( ) ( )A B B A, ,3  eT]jTT ( ) ( )B A A B, ,3  n #|&q~. ~ ( ) ( )A B B A, ,=  
nsTTq|&T eyT d+u$+#TqT. < |< q <seTT\qT s|+#e#T.  
>DXd+ s|D >T]+ (About proofs in Mathematics)
 >DXd+  |e#qeTTqT d|e#qeTT nq n~ m\|& deTT>H +&eqT. 
 |e#qeTT @<  d+<seTT ndyTq < nd |e#qeTT n n+<TsT. <VsD 
+~ = |e#qeTT\qT #d<eTT.
 (i)   @<  <H ud |Ps+eTT |<H+eT>TqT.     (ii)   uTeTT DeTT\ yTT+ 1800

(iii)  | |<H+eTT  ud |Ps+eTT        
(iv)  A eT]jTT B nqT @y s+&T d$TT\ \ \A B B A=  n>TqT  
 & |e#qeTT (i) ndeTT, m+<Tq> nHyTq <H ud |Ps+eTT\T 
|<H+eTTqqT, 9, 15, 21, 45 e+{ yTT<\>T |Ps+eTT\T <HeTT eT]jTT ud d+K\T, 
 |<H+eTT\T <T. 
 |e#qeTT (ii) deTT, m+<Tq> @ uTeTTqT rdT=qqT DeTT\ yTTeTT 1800  
deqeTT. 
 |e#qeTT (iii)  ndeTT, m+<Tq> 2 |<H+eTT,  d] |Ps+eTT. 2 | $T*q 
|<H+eTT\ |e#qeTT (iii)  deT>TqT. eq  |e#qeTTqT deT s|+#eqq 
n~ n d+<seTT\qT deTT> qT+&eqT.  |e#qeTT ndeT s|+#T, @< 
 d+<seTT ndeT #|q #\T.
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 |e#qeTT (iv) ndeTT.  |e#qeTTqT $Xw+#<eTT. eTqeTT \A B  qT>=qT A 
qT+ B  q eT\eTT\+{ =\+#<eTT. n< $<+> \B A   qT>=H<eTT.. eq 
K+>  |e#q+ ndeTT. <VsD A = {2, 5, 8} eT]jTT B = {5, 7, -1}  nsTTq 
\ {2, 8}A B =  eT]jTT \ { 7, 1}B A = - . qT \ \A B B A! . eq |e#qeTT (iv) ndeTT. 

<VsD 1.1
 A = {-10, 0, 1, 9, 2, 4, 5}, B = {-1, -2, 5, 6, 2, 3, 4} d$TT\
  (i) d$T dyTqeTT $eTjTeT d]#&TeTT eT]jTT yH eTT <s s|+#TeTT.
 (ii) d$T K+&qeTT $eTjTeT d]#&TeTT eT]jTT yH eTT <s s|+#TeTT.
k<q  

(i)           { 10,0,1, 9, 2, 4, 5} { 1, 2, 5, 6, 2,3,4}A B, ,= - - -  
                                      = { 1 , , ,0,1,2,3,4, , , }0 2 1 5 6 9- - -    (1)
 eT]jTT      { 1, 2, 5, 6, 2,3,4} { 10,0,1, 9, 2, 4, 5}B A, ,= - - -

                                      { 10, 2, 1,0,1,2,3,4, 5, 6, 9}= - - -                           (2)
 qT (1) eT]jTT (2) \ qT+& A B B A, ,=  n s|+#&q~.
yH eTT <s 
 

 qT s|+#&q~
(ii) d$T K+&qeTT\ $eTjT HjTeTTqT s|+#T..
           { 10,0,1, 9, 2, 4, 5} { 1, 2, 5, 6, 2,3,4}A B+ += - - -

     {2,4, 5}= .                                                                           (1)
 eT]jTT  { 1, 2, 5, 6, 2,3,4} { 10,0,1, 9, 2, 4, 5}B A+ += - - -

                         {2,4, 5}= .                                                                          (2)
 qT (1) eT]jTT (2) \ qT+&  A B B A+ +=  n s|+#&q~.
yH eTT <s

 qT s|+#&q~

A B B A, ,=

|eTT.1.7

B B
A

A –10

0
1

9

2
5

4

–1
–2

6
3

–1
–2

6
3

–10
0

1

9

2
5

4

A B B A+ +=

|eTT.1.8

B B
A

A
2

5
4

2
5

4
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B C,

A B C, ,^ h  A B C, ,^ h

|eTT.1.9

5
6

3
4

7
8

5
6

3
4

1

2

5
6

4

7
8

1

5
6

3
4

7
8

1

2

A B,

A

C

B A

C

B

A

C

B

32

A

C

B

<VsD 1.2
 A = {1, 2, 3, 4, 5}, B = {3, 4, 5, 6} eT]jTT C= {5, 6, 7, 8}  \   (i)  .A B C A B C, , , ,=^ ^h h      
n #|eTT eT]jTT (ii)  yH eTT <s d]#&TeTT.

k<q   

(i)                  B C,   = {3, 4, 5, 6} {5, 6, 7, 8},  = {3, 4, 5, 6, 7, 8}
        ( )A B C` , ,  = {1, 2, 3, 4, 5},{ 3, 4, 5, 6, 7, 8}= {1, 2, 3, 4, 5, 6, 7, 8} (1)    

  eT]jTT    A B,  = {1, 2, 3, 4, 5} {3, 4, 5, 6},  = { , , , , , }1 2 3 4 5 6

        A B C` , ,^ h  = { , , , , , } { , , , }1 2 3 4 5 6 5 6 7 8,  = {1, 2, 3, 4, 5, 6, 7, 8}  (2)

 (1) eT]jTT (2) \ qT+& A B C, ,^ h = A B C, ,^ h  n s|+#&q~.

(ii) yH eTTqT|j+

         (1)       (3)

 

         (2)       (4)

 qT (2) eT]jTT (4) qT+& d$T dyTqeTT dV#s HjTeTT s|+#&q~.
<VsD 1.3
 A = {a, b, c, d}, B = {a, c, e} eT]jTT C = {a, e} \ (i) A B C+ +^ h = .A B C+ +^ h   

n #|eTT eT]jTT (ii) yH eTT <s d]#&TeTT.

k<q   

(i) A = {a, b, c, d}, B = {a, c, e} eT]jTT C = {a, e} n e &q~.

 A B C A B C+ + + +=^ ^h h  n s|+#T yTT< A B C+ +^ h rdT=H<eTT.
   B C+  = { , , } { , } { , }a c e a e a e+ =  

      A B C+ +^ h = { , , , } { , } { }a b c d a e a+ = .                                       (1)
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B C+ A B+

A B C+ +^ h A B C+ +^ h  

|eTT.1.10

a
e

a
c

a a

A

C

B A

C

B

A

C

B A

C

B

 sTy  A B+  = { , , , .} { , , } { , }a b c d a c e a c+ =  

   A B C+ +^ h  = { , } { , } { }a c a e a+ =                                                (2)

 (1) eT]jTT (2) \T eTq e\dq |*eTT #TqT.
(ii) yH eTT <s  

           (1)           (3)

      

           (2)            (4)

 qT (2) eT]jTT (4) qT+& A B C A B C+ + + +=^ ^h h  d]#&&q~.
<VsD 1.4

 e&q A = {a, b, c, d, e}, B = {a, e, i, o, u} eT]jTT C = {c, d, e, u} \

 (i)  \ \ \ \A B C A B C!^ ^h h  n #|eTT      (ii)  yH eTT <s d]#&TeTT.
k<q
(i) yTT< \ \A B C^ h   qT>=H<eTT.
  \B C^ h     = { , , , , }\{ , , , }a e i o u c d e u  = { , , }a i o   

   \ \A B C^ h = { , , , , }\{ , , }a b c d e a i o  = { , , , }b c d e .   (1)

 sTy  \ \A B C^ h  qT qT>=H<eTT.
   \A B  = { , , , , }\{ , , , , }a b c d e a e i o u  = { , , }b c d  

              \ \A B C^ h  = { , , }\{ , , , }b c d c d e u  = { }b .    (2)

 (1) eT]jTT (2) \ qT+&   \ \A B C^ h ! \ \A B C^ h .

 eq dV#s HjTeTT d$T u<eTTq e]+#<T.
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d#q\T

\B C^ h
\A B^ h

\ \A B C^ h \ \A B C^ h

|eTT.1.11

a i

o

b

c d

b

c d e
b

A

C

B A

C

B

A

C

B A

C

B

(ii) yH eTT <s  

           (1)           (3)

          (2)           (4)

 eq (2) eT]jTT (4) qT+& \ ( \ ) ( \ ) \A B C A B C!  d]#&&q~.

 d$T u<+ kV#s HjTeTTqT b{+#<T. nsTTqqT ,A B  eT]jTT C  d$TT\T |sds 
$jTTeTT\sTTq \ \ ( \ ) \A B C A B C=^ h  n>TqT. B dT\ueTT> s|+#e#TqT. B                    

eT]jTT C $jTTeTT\sTTq \B C B=  n>TqT. ,A B  \T $jTTeTsTTq \A B A=  n>TqT. 
eq \ ( \ )A B C A=  n>TqT. eTs\, \A B A=   eT]jTT ,A C  \T $jTTeTT\sTTq \A C A=  
n>TqT. eq ( \ ) \A B C A= . eq eTqeTT nqTqT  \ \ ( \ ) \A B C A B C=^ h  n>TqT. 
{ |sds $jTT d$TT\ d$T u<eTT dV#s HjTeTT e]+#TqT. 

<VsD 1.5
 A = {0, 1, 2, 3, 4}, B = {1, -2,  3, 4, 5, 6} eT]jTT C = {2, 4, 6, 7} nsTTq 

 (i)  A B C, +^ h = A B A C, + ,^ ^h h n #|eTT.  (ii) yH eTT <s d]#&TeTT.

k<q 

(i) yTT<  A B C, +^ h  qT>=H<eTT.
                           B C+  = {1, 2, 3, 4, 5, 6} {2, 4, 6, 7 } {4, 6}+- =

                   A B C, +^ h = {0,1, 2, 3, 4} {4, 6}, = { , , , , , }0 1 2 3 4 6 .     (1)

   sTy             A B,  = {0,1,2,3,4} {1, , 3,4,5,6}2, -  
              = { 2, 0,1, 2, 3, 4, 5, 6}- , 
                            A C,  = {0,1,2,3,4} {2,4,6,7},  = {0,1, 2, 3, 4, 6, 7} .
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 A B A C, + ,^ ^h h

A C,

A B,B C+

A B C, +^ h

|eTT.1.12

4
6

1
3

4
62

0 –2

5

1
3

4
62

0 1
3

4
62

0

7

1
3

4
62

0

A

C

B A

C

B

A

C

B A

C

B

A

C

B

               A B A C, + ,^ ^h h = { 2, 0,1, 2, 3, 4, 5, 6} {0,1, 2, 3, 4, 6, 7}+-

     = {0,1, 2, 3, 4, 6} .                                         (2)

 (1) eT]jTT (2) \ qT+&  A B C, +^ h = A B A C, + ,^ ^h h n s|yTq~. 
(ii) yH eTT <s 

      (1)           (3)

      (2)           (4)

                 (5)

 (2) eT]jTT (5) \ qT+&  ( ) ( ) ( )A B C A B A C, + , + ,=  d]#&&q~.
<VsD 1.6
 { 3 4, }, { 5, }A x x x B x x xR N1 1; # ! ; != - =  eT]jTT
 { 5, 3, 1,0,1,3}C = - - -  nsTTq A B C A B A C+ , + , +=^ ^ ^h h h n #|+&.
k<q yTT< >eT+#e\dq~ d$T A q+<T `3  n++f me eT]jTT 4 +f e 
>\ yde d+K\T (|Ps+eTT +&) \e.
 d$T B  5 +f e >\ n <q |Ps+eTT\T \e. eq, 
 A= { 3 4, }x x x R1; # !- ; nq> A   `3 qT+& 4 es 
>\ yded+K\T \e. nsTT 4 #s<T.
      eT]jTT  B  = { 5, } {1,2,3,4}x x x N1; ! = . 

 |&T qT>=qe\dq~       B C,  = { , , , } { , , , , , }1 2 3 4 5 3 1 0 1 3, - - -

–3 4
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    = { , , , , , , , }1 2 3 4 5 3 1 0- - - ; eq 
   A B C+ ,^ h = {1,2,3,4, 5, 3, 1,0}A + - - -

     = { , , , , , }3 1 0 1 2 3- - .                                           (1)

sTy qT>=qe\dq~  A B A C+ , +^ ^h h

          A B+  = { 3 4, } {1,2,3,4}x x x R +1; # !-   = { , , }1 2 3 ;

                  eT]jTT A C+  = { , } { 5, 3, 1,0,1,3}x x x3 4 R +1; # !- - - -

    = { , , , , }3 1 0 1 3- - . eq
   A B A C+ , +^ ^h h = {1,2,3,} { 3, 1,0,1,3}, - -

    = { , , , , , }3 1 0 1 2 3- - .    (2)

(1) eT]jTT (2) \ qT+& A B C+ ,^ h = A B A C+ , +^ ^h h.

nudeTT 1.1 

 1. A B1  nsTTq A B B, =  n #|eTT  (yH eTT |j+).
 2. A B1  nsTTq  A B+  eT]jTT \A B  qT>=qTeTT (yH eTT |j+).
 3. P = {a, b, c}, Q = {g, h, x, y} eT]jTT R = {a, e, f, s} +~ y{ qT>=qTeTT.
  (i)  \P R    (ii)  Q R+                  (iii)  \R P Q+^ h.

 4. A = {4, 6, 7, 8, 9}, B = {2, 4, 6} eT]jTT C= {1, 2, 3, 4, 5, 6} nsTTq
  (i)  A B C, +^ h      (ii)  A B C+ ,^ h        (iii)  \ \A C B^ h   \qT qT>=qTeTT.
 5. { , , , , }, {1,3,5,7, 10}A a x y r s B= = -  d$T dyTqeTT\ $eTjT HjTeTTqT 

d]#&TeTT.
 6. , , , , , , ,A l m n o 2 3 4 7= " , eT]jTT  , , , , , , ,B m n o p2 5 3 2= -" ,  \ d$T K+&qeTT\  

$eTjT HjTeTTqT d]#&TeTT.
 7. A = {x/x nqTq~ 42 jTT |<q sD+eTT\T}, { 5 12, }B x x x N1; # !=   eT]jTT 
           C = { , , , }1 4 5 6  nsTTq A B C A B C, , , ,=^ ^h h  d]#&TeTT. 
 8. P = {a, b, c, d, e}, Q = {a, e, i, o, u} eT]jTT R = {a, c, e, g} nsTTq d$T K+&qeTT\ 

dV#s HjTeTTqT d]#&TeTT.
 9. A = {5, 10, 15, 20}, B = {6, 10, 12, 18, 24} eT]jTT C = {7, 10, 12, 14, 21, 28} nsTTq  

\ \ \ \A B C A B C=^ ^h h   n  d]#&TeTT. $ yTqT HjT|s#TeTT.
 10. A = {-5, -3, -2, -1}, B = {-2, -1, 0} eT]jTT C = {-6, -4, -2} nsTTq A\(B\C) 

eT]jTT (A\B)\C \qT qT>=qTeTT. d$T u< |]jT\ >] $ n_bjTyT$T? 
 11. A = {-3, -1, 0, 4, 6, 8, 10}, B = {-1, -2, 3, 4, 5, 6} eT]jTT C = {-1, 2, 3, 4, 5, 7}  nsTTq  

  (i) A B C, +^ h= A B A C, + ,^ ^h h     (ii) A B C+ ,^ h= A B A C+ , +^ ^h h n #|eTT
  (iii)  yH eTTqT|j+ (i)  d]#&TeTT. (iv)    yH  eTTqT|j+ (ii)   d]#&TeTT.
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1.5  & esZH HjTeTT\T
 n>dH &esZH +& (+>jTT&T) +&j ]+&j +| | #dT+&qT. 
n>dH & esZH (1806 - 1817) us<XeTTq+<T $TH&T eT<Ts q+<T +#qT. 
+_& {{ X\ q+<T $<qud+#qT. dyTqeTT, K+&qeTT eT]jTT |PseTT nqT 
eT&T b<$T d$T |]jT\ <s & esZH HjTeTT\qT d++<|s#e#TqT.
d$T u<eTTq & esZH HjTeTT\T:
    A, B eT]jTT C nqTq$ @y eT&T d$TT\T nqT=q
 (i) \A B C,^ h = \ \A B A C+^ ^h h          (ii)  \A B C+^ h = \ \A B A C,^ ^h h.

d$T |PseTTq & esZH HjTeTT\T:
           U  $Xd$T jT+<T A eT]jTT B d$TT\T >\e nqT=q
 (i) A B, l^ h  = A B+l l                        (ii)   A B+ l^ h = A B,l l.

 d$T u<eTT qT+ d$T |Ps HjT s|D deTT, @<  d$T D  ' \D U D=  
n>Tq |]o*+#e#TqT. B eTqeTT s|+#e\dq neds+<T. nsTT deTd |]cseTT 
 HjTeTT\qT mT |j+#eH \TdT=qe\jTTqT. 
<VsD 1.7
 A B A B+ ,=l l l^ h  qT yH eTTqT|j+ d]#&TeTT.
k<q

       (1)        (3)

      (2)        (4)

 

              (5)

 (2) eT]jTT (5) \ qT+& A B A B+ ,=l l l^ h  d]#&&q~.

A B+

U

A B,l l

Al

U

Bl

U

B

( )A B+ l

U

|eTT.1.13

BA BA

BAA

U
BA
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<VsD 1.8
 yH eTTqT|j+ d$T u<eTT\ & esZH HjTeTTqT d]#&TeTT.
                              \ \ \A B C A B A C+ ,=^ ^ ^h h h.

k<q

      (1)       (3)

      (2)       (4)

 

             (5)

 (2) eT]jTT (5) \ qT+&  \ \ \A B C A B A C+ ,=^ ^ ^h h h d]#&&q~.
<VsD 1.9

 { 2, 1, 0,1, 2, 3, ,10}, { 2, 2,3,4,5}U Ag= - - = -   eT]jTT {1,3,5, ,9}B 8=  
nqT=q, d$T |PseTT\ & esZH HjTeTT\qT d]#&TeTT.

k<q yTT< d]#&e\dq~ A B A B, +=l l l^ h .  +<T rdT=qe\dq~
   A B,  = { , 2, 3, 4, 5} {1, 3, 5, , 9} { , , , , , , , }2 8 2 1 2 3 4 5 8 9,- = - ; 

   A B, l^ h  = \ { 2,1, 2, 3, 4, 5, 8, 9} { 1, 0, 6,7,10}U - = - .  (1)

sTy qT>=qe\dq~ Al = \ { 1, 0,1, 6,7,8,9,10}U A = -

   Bl = \ { 2, 1, 0, 2,4,6,7,10}U B = - - .

 eq  A B+l l = { 1, , , 6,7,8,9,10}0 1- + { 2, 1, 0, 2,4,6,7,10}- -

    = { , , , ,10}1 0 6 7- .                                                          (2)

(1) eT]jTT (2) \ qT+&  A B, l^ h  =  A B+l l.

 < $<eTT> | d$TT\qT|j+  A B+ l^ h  =  A B,l l qT d]#&e#TqT. $esD\T 
nudeTTq e~*yjT&q$.

B C+

A B

C

A B

C

A B

C
\( )A B C+

A B

C
\A B

A B

C
\A C

( \ ) ( \ )A B A C,

|eTT.1.14
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<VsD 1.10
 A  = { , , , , , , , , , }a b c d e f g x y z , B  = { , , , , }c d e1 2  eT]jTT C  = { , , , , , }d e f g y2  nsTTq  

 \ \ \A B C A B A C, +=^ ^ ^h h h qT d]#&TeTT.
k<q yTT< qT>=qe\dq~   B C,  = { , , , , } { , , , , , }c d e d e f g y1 2 2,

                                                   = { , , , , , , , }c d e f g y1 2 .

                      \ ( )A B C,  = { , , , , , , , , , } \ {1, 2, , , , , , }a b c d e f g x y z c d e f g y

      = { , , , }a b x z .       (1)

                                      \A B   = { , , , , , , }a b f g x y z  eT]jTT \ { , , , , }A C a b c x z=

n<$<eTT>              ( \ ) ( \ )A B A C+  = { , , , }a b x z .        (2)

eq (1) eT]jTT (2) \ qT+&    \ \ \A B C A B A C, +=^ ^ ^h h h.

nudeTT 1.2
1. +~ y{ yH eTT <s \T|eTT.
 (i) U = {5, 6, 7, 8, ....., 13}, A = {5, 8, 10, 11} eT]jTT B = {5, 6, 7, 9, 10}

 (ii) U = {a, b, c, d, e, f, g, h}, M = {a, b, f, g} eT]jTT N = {a, b, d, e, g} 

2. #jT ydq | b+eTTqT $e]+#TeTT. U‚ , , , ,A B C , +  ,l eT]jTT \  nqT >TsT\qT 
nedseT>T# |j+#TeTT. 

     (i)      (ii)

   (iii)      (iv)

3. +< $X<|sq A, B eT]jTT C nqT eT&T d$TT\qT yH eTT <s ^jTTeTT? 
 (i) A B C+ +                 (ii)  A eT]jTT B $jTTeTT\T  s+&T C  jTT |d$TT\T
 (iii) \A B C+ ^ h (iv) \B C A,^ h             (v)   A B C, +^ h 

 (vi) \C B A+ ^ h (vii) C B A+ ,^ h

4. \A B A B A+ , =^ ^h h  qT yH eTT <s d]#&TeTT.
5. U  = { , , , , , , }4 8 12 16 20 24 28 ,  A= { , , }8 16 24   eT]jTT   B= { , , , }4 16 20 28  nsTTq

A B |,^ h  eT]jTT A B |+^ h  qT>=qTeTT.
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6. e&q  U = { , , , , , , , }a b c d e f g h , A = {a, b, f, g} eT]jTT B = {a, b, c} \ d$T 
|PseTT\ & esZH HjTeTT\qT d]#&TeTT.

7. +< e&q d$TT\qT |j+ d$T u<eTT\ & esZH HjTeTT\qT d]#&TeTT:
 A = {1, 3, 5, 7, 9, 11, 13, 15}, B = {1, 2, 5, 7} eT]jTT C = {3, 9, 10, 12, 13}.

8. A  = {10,15, 20, 25, 30, 35, 40, 45, }50 ,  B  = { , ,10,15, 20, 30}1 5  eT]jTT
 C  = { , ,15,2 ,35,45, }7 8 0 48  nsTTq \ \ \A B C A B A C+ ,=^ ^ ^h h h qT d]#&TeTT.
9. yH eTTqT|j+ +~$ d]jTqyq #|eTT.
 (i) A B C+ +^ h = A B A C, + ,^ ^h h    (ii) A B C+ ,^ h = A B A C+ , +^ ^h h

 (iii) A B, l^ h  = A B+l l  (iv) \A B C,^ h = \ \A B A C+^ ^h h      

1.6   d$TT\ |]eDeTT () ~ d+K (Cardinality of sets)

 IX e s> n A B n A n B n A B, += + -^ ^ ^ ^h h h h nqT deTTqT|j+, s+&T 
d$TT\ deTd\qT k~+#TqT HsT=+{$T. ,A B  eT]jTT A B+  jTT ~d+K\T *dq|&T 
A B,  d$T jTT ~d+KqT >D+#T  deTT |j>|&TqT. ,A B  eT]jTT C  eT&T 
d$TT\T nqT=q, A B C, ,  jTT~d+KqT qT>=qT nqTs| deTT @$T?  
d+<s+  deTT e&q~. 

n A B C, ,^ h= n A n B n C n A B n B C n A C n A B C+ + + + ++ + - - - +^ ^ ^ ^ ^ ^ ^h h h h h h h.

| deTT |j>eTTqT +~ <VsD $XB]+# e#TqT.
<VsD 1.11

 $<sT\ deTVeTT, 65 eT+~ * +, 45 eT+~ V, 42 eT+~ {, 20 eT+~ 
*+ eT]jTT V, 25 eT+~ *+ eT]jTT {, 15 eT+~ V eT]jTT {   
eT]jTT 8 eT+~ eT&+{ &<sT. nsTTq deTVeTT $<sT\ d+KqT qT>=qTeTT. 
(deTVeTT | $<] deTT  qT &T<Ts nqT=qTeTT.)

k<q  ,F H  eT]jTT C  nqTq$ eTeTT> *+, V eT]jTT { &Ty] d+K> rdT=q 

 n(F) = 65, n(H) = 45 eT]jTT n(C) = 42. 

 eT]jTT n F H 20+ =^ h ,  25n F C+ =^ h ,  n H C 15+ =^ h  eT]jTT  n F H C 8+ + =^ h . 

 yTT+ deTVeTT $<sT\ d+K n F H C, ,^ h qT qT>=qT.
deTT <s  n F H C, ,^ h = n F n H n C n F H++ + -^ ^ ^ ^h h h h

        n H C n F C n F H C+ + + +- - +^ ^ ^h h h

      = 65 45 42 20 25 15 8+ + - - - +  =  100.

eq, deTVeTT $<sT\ d+K R 100.
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eTs= |<:
 yH eTT <s < deTdqT k~+#e#TqT. |dTeTT  
J$eTT e#T = deTd\qT yH eTT eT]jTT seTT <s 
k~+#T M\>TqT. yH eTTjT+<T 3 K+&q d$TT\T \e. | 
{  qT \T|qT. |eTTqT #, deTVeTT >\ > 
d+KqT e&q yeTT\qT #~$ C>> + |P]+|eTT. 
 deTVeTT $<sT\ d+K
  = 28 + 12 + 18 + 7 + 10 + 17 + 8 = 100.
<VsD 1.12
 $X$<\jT $<sT\ |]o\q, 64 eT+~ >DeTT, 94 eT+~ d+>D XdeTT,        
58 eT+~ u XdeTT, 28 eT+~ >DeTT eT]jTT u XdeTT, 26 eT+~ >DeTT                   
eT]jTT d+>D XdeTT, 22 eT+~ d+>D XdeTT eT]jTT u XdeTT, eT]jTT 14 eT+~ 
eT&+{ rdT=]. |]o\q >\ $<sT\ d+KqT qT>=qTeTT.   $u>eTTqT eeTT 
rdT=qysT m+<sT. qT>=qTeTT. 
k<q  q $eseTT\T yH eTT \T|eqT.
  M, C, P  nqTq$ eTeTT> $<sT\T rdT=q >DXdeTT, d+>D XdeTT eT]jTT 
u XdeTT nqT=q, q $eseTT\T yH eTT |P]+|&q$. 

        n M C P+ +^ h   = 14

        ( )n M C P+ + l   = 26 – 14 = 12

        ( )n M P C+ + l   = 28 – 14 = 14

 ( )n C P M+ + l   = 22 – 14 = 8

|]o\q >\ $<sT\ d+K
=  24 + 12 + 60 + 8 + 22 + 14 + 14 = 154

 >D XdeTT eeTT rdT=q $<sT\ d+K     = 64–(14+14+12) = 24
 d+>D XdeTT eeTT rdT=q $<sT\ d+K = 94 – (12+14+8) = 60
 u XdeTT eeTT rdT=q $<sT\ d+K     = 58 – (14+14+8) = 22
     $u>eTTqT eeTT rdT=q $<sT\ d+K = 24 G 60 G 22 = 106
<VsD 1.13  
  XyD +<eTT 190 $<sT\| y] wyTq d+^ seTT\qT \TdT=qT 
|]o\q ]|qT.  |]o\q 114 eT+~ s d+^eTT, 50 eT+~ Cq|< d+^eTT, 41 eT+~ 
XdjT d+^eTT w|&]. 14 eT+~ s d+^eTT eT]jTT Cq|< d+^eTT, 15 eT+~ s 
d+^eTT eT]jTT XdjT d+^eTT, 11 eT+~ XdjT d+^eTT eT]jTT Cq|< d+^eTT, 5 
eT+~ eT&+{ w|&]. nsTTq

M
C

P

64–(14+14+12)

= 24

26 – 14

= 12
94 – (12+14+8)

= 60

14

58–(14+14+8)

28 –14

= 14
22 –14

= 8

= 22

|eTT.1.16

F H

C

8

25–8 15-8

42-(8+17+7)

= 10

= 7= 17

65–(12+8+17)

= 28
20–8

45-(12+8+7)
= 18=12

|eTT.1.15
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 (i)  eT&+{ w|&ysT m+ eT+~?
 (ii)  s+&T seTT\qT eeTT w|&TysT m+ eT+~?

 (iii) s d+^eTT  Cq|< d+^eTT w|&TysT m+ eT+~? qT>=qTeTT. 

k<q R, F eT]jTT C  nqTq$ eTeTT> s d+^eTT, 
Cq|< d+^eTT eT]jTT XdjT d+^eTT w|&T 
$<sT\ d$T nqT=q,
e&q $eseTT\qT yH eTT |P]+|eTT.

 ( )n R F C+ + l   = 14 – 5 = 9

 ( )n R C F+ + l   = 15 – 5 = 10

 ( )n F C R+ + l   = 11 – 5 = 6.

 yH eTT qT+& 3 seTT\ d+^eTT\ @<  seTTqT w|&T $<sT\ d+K 
  90 + 9 + 30 + 6 + 20 + 10 + 5 = 170.

 |]o\q #jT&q $<sT\ d+K R 190.

 eT&+{ w|& $<sT\ d+K R 190 – 170 R 20.

 s+&+{ eeTT w|&T $<sT\ d+K R 9 G 6 G 10 R 25.

 s d+^eTT  Cq|<d+^eTT w|&T $<sT\ d+K R 30 G 6 R 36.

nudeTT 1.3
 1. A  eT]jTT B  \T s+&T d$TT\T eT]jTT U nqTq~ $Xd$T, n U 700=^ h , n A 200=^ h ,

n B 300=^ h  eT]jTT n A B 100+ =^ h  nsTTq n A B| |+^ h qT qT>=qTeTT.
 2. n A 285=^ h , n B 195=^ h , n U 500=^ h , n A B 410, =^ h  e&q n A B| |,^ h qT 

qT>=qTeTT.
 3.  A, B  eT]jTT C nqT @y eT&T d$TT\T n A 17=^ h ,  n B 17=^ h ,  n C 17=^ h ,  

n A B 7+ =^ h , n B C 6+ =^ h , n A C 5+ =^ h  eT]jTT n A B C 2+ + =^ h  nsTTq 

n A B C, ,^ h qT qT>=qTeTT. 
 4.      +< e&q d$TT\qT|j+  

n A B C n A n B n C n A B, , += + + - -^ ^ ^ ^ ^h h h h h

                         n B C n A C n A B C+ + + +- +^ ^ ^h h h   d]#&TeTT.
              (i)  A = {4, 5, 6}‚ B = {5, 6, 7, 8}, eT]jTT C = {6, 7, 8, 9}

   (ii)  A = {a, b, c, d, e}‚ B = {x, y, z}, eT]jTT C = {a, e, x}

50-(9+5+6)
= 30

11-5

41-(10+5+6)

= 20

F

C

= 6= 10

190U

20

114–(9+5+10)

= 90

14–5

5

15–5

R

= 9

|eTT.1.17
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 5.  X\ 60 eT+~ $<sT\T skjTq XdeTT, 40 eT+~ u XdeTT, 30 eT+~                       
Je XdeTT, 15 eT+~ skjTq eT]jTT u XdeTT\T, 10 eT+~ u eT]jTT Je XdeTT\T, 
5 eT+~ Je eT]jTT skjTq XdeTT\+<T #]]. eT&+{ @ s #s<T. nsTTq deTT 
 bseTTHq #]q ys+<sT? 

 6.  q>s+ |\T 85% $TeTT, 40% +>eTT, 20% V+B e{&T<TsT eT]jTT        
32%  +>eTT eT]jTT $TeTT, 13% $TeTT eT]jTT V+B eT]jTT 10% +>eTT 
eT]jTT V+B e{&T<TsT. nsTTq eT&T uw\qT e{&T |\ XeTTqT qT>=qTeTT? 

 7.  |H d+d q 170 eT+~ U<sT\ 115 eT+~ <s<], 110 eT+~ XyD, 130 
eT+~ ys |\qT eT]jTT 85 eT+~ <s<] eT]jTT ys |\T, 75 eT+~ <s<] eT]
jTT XyD, 95 eT+~ XyD eT]jTT ys |\T eT]jTT 70 eT+~ eT&+{ y&T<TsT. 
 $eseTT\qT yH eTT <s \T|eTT. 

    (i)  m+ eT+~ XyD eeTT y&T<TsT? 

   (ii) m+ eT+~ <s<] eeTT y&T<TsT?
  (iii)  m+ eT+~ XyD  <s<] eT]jTT ys |\T y&T<TsT?

 8. 4000 eT+~ $<sT\T >\ bsX\jT+<T 2000 eT+~ |+#Y *dqysT, 3000 eT+~ 
$TeTT, 500 eT+~ V+B, 1500 eT+~ |+#Y eT]jTT $TeTT, 300 eT+~ |+#Y 
eT]jTT V+B, 200 eT+~ $TeTT eT]jTT V+B eT]jTT 50 eT+~ eT&T uw\T 
*dqysT \sT.   

           (i) @  uw *jT ys+<sT?
           (ii) deTT  uw *dq ys+<sT?
           (iii) s+&T uw\T *dq ys+<sT?

 9. 120 T+eTT\T >\  >eTeTT, 93 T+eTT\T e+ #i, 63 T+u\T 
sdH, 45 T+eTT\T e+>dt, 45 T+eTT\T e+ #i eT]jTT sdH, 24 
T+eTT\T sdH eT]jTT e+>dt, 27 T+eTT\T e+>dt eT]jTT e+ #i 
y&T<TsT. nsTTq e+ #i, sdH eT]jTT e+>dt y&T ys+<s qT>=qTeTT? 

1.7 d++<eTT\T
 eTqeTT d$T ueqqT >] eTT+<T u>eTTq+<T #$T. q d$TT\ dyTqeTT, 
K+&qeTT eT]jTT |PseTT\ <s qq d$TT\qT mT dw+#e#TH #$T. |&T eTs= 
|< q s+&T d$TT\T A  eT]jTT B <s qq d$TT\qT dw+#TqT #&uTHeTT. 
eTs= eTTKyTq >D ueq\T d++<eTT eT]jTT |yTjTeTT \qT s+#T  qq 
d$T eTTK b eV+#TqT.
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s#qeTT

d#q\T

 A eT]jTT B  s+&T XSHs d$TT\T nsTTq, A  B jTT wjTH \eTT A B#         

(A dt B) nqT qq d$T s#qeTT +~ $<eTT> e&q~. 
                         A B#  = , \a b a Ad^ h"  eT]jTT b Bd ,.

n< $<eTT> B A#  (B  dt A ) nqT d$T  $<eTT> s+|e#TqT.
                                   B A# = , \b a b Bd^ h"  eT]jTT a Ad ,

 (i)   ( , )a b  nqT jTT>eTT eTeTT eTTKyTq~. nq> a b!  nsTTq|&T ( , ) ( , )a b b a!  .

(ii)  A B#  wjTH \eTT  A  eT]jTT B  d$TT\T deqyTq ~ k<eT>TqT .

 <VsD ##<eTT 
  dbH <TDeTT C

1
, C

2
, C

3
 nqT eT&T seTT\ dbqqT $sTT+#qT. C

1
  <s   

`1200, C
2
 <s `2500 eT]jTT C

3
 <s `2500 nqT=qTeTT. 

 A  = { C
1
, C

2
, C

3
 } eT]jTT B  = {1200, 2500} > rdT=qTeTT.

 d+<seTTq ,  A B# ={(C
1
, 1200), (C

1
, 2500), (C

2
, 1200), (C

2
, 2500), (C

3
, 1200), (C

3
,2500)}

               B A# = {(1200, C
1
), (2500, C

1
), (1200, C

2
), (2500, C

2
,),(1200, C

3
), (2500, C

3
).

 A !  B  nsTT  A B#  !  B A#  n dT\ueTT> \TdT=qe#TqT.

 F  = {(C
1
, 1200), (C

2
, 2500), (C

3
, 2500)} nqTq~ A B#  jTT  |d$T nqT=qTeTT.

 | eTjTT>eTT | yTT<{ eT\eTT @ eT\eTT d++<eTT *jTTq~. 
nq> yTT<{ kqeTT @ eT\eT, s+&e kqeTT { H me eT\eTT\ 
jTT>eTT *jTT+&T <T.
 F   k<sD+> yTT<{ eT\eTT <sqT s+&e eT\eTT d+#TqT. sTy            
E= {(1200, C

1
), (2500, C

2
), (2500, C

3
)} nqTq~ B A#  jTT |d$T nsTTq, # C

2
               

eT]jTT C
3
 nqT s+&T yssT eT\eTT\T 2500 nqT yTT<{ eT\eTT d++<eTT 

*jTTq~. 

 A  eT]jTT B  nqTq$ s+&T XSHs d$TT\T nqT=q, A  qT+& B   >\ d++<eTT 
R  nqTq~ A B#  jTT XSHs |d$T n>TqT. nq> R A B#3  

 R jTT |<XeTT = / ,x A x y Rd d^ h"  = y Bd  }

 R jTT y|  = / ,y B x y Rd d^ h"  = x Ad  }
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s#qeTT

1.8 |yTjTeTT\T (Functions)

 A  eT]jTT B  \T @y s+&T XSHs d$TT\T 
nqT=qTeTT.  |yTjT+ A  qT+& B   >\ d++<eTT, 
       f A B#3  n>T  +~$ e]+#eqT:
 (i)  f  |<X+ = A.
(ii)   ( , )x y f!  n>T, | x  !  A    y B!  > 

qT+&eqT.
 A  qT+& B   >\ |yTjTeTT nqTq~  | d++<eTT 
*jTT+& | (i)‚ (ii) \qT ||s#Tq~> qT+&TqT 
>eT+#TeTT. nTe+{ |yTjTeTTqT |dsqeTT (mapping) 
n n+<TsT.
 A qT+& B  >\ |yTjTeTT f  qT :f A B"  > d+# 
e\jTTqT. eT]jTT ,x y f!^ h  nsTTq < ( )y f x=  n 
yjTeqT. 
 d++<eTT\ ueqqT |j+#+& |yTjTeTTqT 
de]+ +~ $<+> s+#e#TqT. nsTTqqT nH 
deTj  drsDqT, |yTjTeTT jTT y&T 
s#qeTT> |j>|&T#Tq~.

  A eT]jTT B \T @yH s+&T XSHs d$TT\T nqT=qTeTT. A qT+& B   |yTjT+ 
f n>T jTeT+, | eT\+ x A!   @ eT\+ y B!  > e+&TqT. eTqeTT 
B ( )y f x=  > d+#e#TqT nq> x |yTjT+ y n ns+.

 |yTjT+ jTT |<X+ (domain)   d$T A n>TqT. |yTjT+ jTT dV |<X+ (co-domain) 
d$T B  n>TqT. f   x jTT |_+eTTqT (image) y nq&TqT eT]jTT y jTT |Ps_+eTT 
(pre-image)  x nq&TqT. f  A jTT n |_+eTT\ eT\eTT\ d$T f jTT y| (range) 
n+<TsT. dV|<XeTT jTT |d$T  |yTjT+ jTT y| n>Tq >eT+|eTT.
 1837 b+eTT, |sY &sY#{ eT]jTT  #ed\T yssT> |yTjTeTTq 
<T s#q+ #]. B eTT+<T |yTjTeTTq dsq s#q+ <T. 
 | s#qeTT\ eTT+<T $u>eTT 1.7  |]>D+|&q <VsD qT+&, d$T
 F = {(C

1
, 1200), (C

2
, 2500), (C

3
, 2500)} nqTq~  |yTjTeTTqT *jTCjTTqT. 

m+<Tq> F A B#3   nqT d++<eTT (i), (ii) jTeTeTT\qT ||s#T#Tq~. 
 E =  {(1200, C

1
), (2500, C

2
), (2500, C

3
)} nqTq~ |yTjTeTT <T. m+<Tq>  

(2500, ), (2500, )C C E
2 3

!  nqTq~ (ii) e jTeTeTTqT ||s#&+<T..

|sY &]#Y{
(1805-1859) 

Cs
	 d+U d<+eTT, 
yXweTT eT]jTT j+Xd 
$u>eTT\ &]#Y{ mq 
w #d]. 
 &T 1837  
|yTjTeTTqT	 y = f(x)	 	 nqT 
>TsT qMq ueqqT 
|]#jT+#dqT. eT]jTT qT 
dT|]yTq |jH 
deTTqT dr]+#qT.
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d#q
    (i) |yTjTeTT f qT  jT+eTT> u$+q | x jTT <eTT (input) $\Te y 

 @ qeTT (output) \_+#TqT.  

 

  (ii)  |yTjTeTTqT s+#T |<XeTT, dV|<XeTT eT]jTT |<XeTT | 
eT\eTT, dV|<XeTT @ eT\eTT d++<eTTqT b{+#T nedseT>T#Tq~.

<VsD 1.14
 { , , , }A 1 2 3 4=  eT]jTT { , , , , , , , , , , }B 1 2 3 4 5 6 7 9 10 11 12= -  nqT=qTeTT.
 R  = {(1, 3), (2, 6), (3, 10), (4, 9)} A B#3   d++<eTT nsTTq R  |yTjTe n 
#|eTT eT]jTT |<XeTT, dV|<XeTT, R  jTT y| qT>=qTeTT.
k<q R   |<XeTT = {1, 2, 3, 4}= A . 
 | x A!     y B!  .  qT  ( )y R x= . 
 `   R   |yTjTeTT. B  nqTq~ dV|<XeTT n>TqT.
 qT ( ) , ( ) , ( )R R R1 3 2 6 3 10= = =  eT]jTT ( )R 4 9= . `  R  y| { , , , }3 6 10 9 .
<VsD 1.15
 +~ uD eTT\T @$ |yTjTeTT\>TqT? $e]+|eTT.
 (i)      (ii)

k<q uD eTT (i)  A  | eT\eTTq @ |_+eTT\Tq$. eq ~  
|yTjTeTT. uD eTT (ii)  C d$T qTe+{ eT\eTT 2 q s+&T |_+eTT\T 
20 eT]jTT 40 \qT *eq~. eq ~ |yTjTeTT <T.
<VsD 1.16
 X  = { 1, 2, 3, 4 }. nsTTq +~ d++<eTT\T X  qT+& X   |yTjTeTT\T n>TH < 
$e]+|eTT? 
 (i) f  = { (2, 3), (1, 4), (2, 1), (3, 2), (4, 4) }
 (ii) g  = { (3, 1), (4, 2), (2, 1) } (iii) h  = { (2, 1), (3, 4), (1, 4), (4, 3) }
k<q 
  (i)  f  = { (2, 3), (1, 4), (2, 1), (3, 2), (4, 4) }
 f  |yTjTeTT <T m+<Tq> eT\+ 2  s+&T yssT eT\eTT\T 3 eT]jTT 1  

d++<eTT *jTTq~.

( )f x x2
=

a

b

c

d

x

y

z

A B

|eTT.1.18

20

30

40

C D

2

4

3

|eTT.1.19



Sets and Functions 23

 (ii) d++<eTT g  = { (3, 1), (4, 2), (2, 1)}  |yTjTeTT <T. m+<Tq> eT\eTT 1  
|_+eTT <T. `  g  |<XeTT = , ,  X2 43 ]" , .

(iii)   h  = { (2, 1), (3, 4), (1, 4), (4, 3) } qT rdT=q>.
 X   | eT\eTT X   @ eT\+ |s#&q~. qT h nqTq~  |yTjT+.
<VsD 1.17
 A  = { 1, 4, 9, 16 }‚  B  = { –1, 2, –3, –4, 5, 6 }  +~ d++<eTT\ @$ |yTjTeTT\>TqT? 
|yTjTeTT\sTT y{ y| qT>=qTeTT? 

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

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

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

 (iv) f
4
 = { (1, 2), (4, 5), (9, –4), (16, 5) }

k<q (i) f
1
 = { (1, –1), (4, 2), (9, –3), (16,– 4) }.

 A   | eT\eTT B   @ eT\eTT d++<eTTqT *jTTq~ qT f
1
  

|yTjTeT>TqT.
         `   f

1
 y| R { , , , }1 2 3 4- - - .

 (ii)  f
2
 = { (1, – 4), (1, –1), (9, – 3), (16, 2) }.

f
2
 |yTjT+ <T. m+<Tq> eT\+ 1  s+&T yssT |_+eTT\T –4 eT]jTT –1 

eq$ eT]jTT f
2
 |yTjTeTT <qqT >eT+|eTT. m+<Tq> 4 q |_+eTT <T.

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

 A   | eT\+ B   @ eT\+ \T|&q~. qT f
3
  |yTjT+. 

    `   f
3
 y| R { 2 }.

(iv)  f
4
 = { (1, 2), (4, 5), (9, – 4), (16, 5) }.

 A   | eT\+ B   @ eT\+ |s#&q~.
 qT f

4
  |yTjT+.

  `  f
4
 y| = { 2, 5, – 4}.

<VsD 1.18
  x = ,

,
x x
x x

0
01

$
-
$  ,  .x Rd   nqT=qTeTT. 

{ ( ,x y) | y  = | x |, x R!  } nqT d++<eTT |yTjTeTTqT s+#TH? y| qT>=qTeTT?

k<q  x  jTT | $\Te y  = | x |  @ $\TeqT *jTTq~.

 `  qTe+{ d++<eTT |yTjTeTTqT s+#TqT. 
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d#q

d#q

yde d+K\ d$T R  nqTq~ |yTjT |<X+ neT+~. 

eq | |x  m\|&T, | yde d+K x   dTq  <H+ eT]jTT 
 |yTjT+ qT+& | <q yde d+K |_+eTT> @s&TT+~. 
TTD+  yde d+Ud$T y| n>TqT. (dTq  <H+> 
+&TqT)

 y = x = ,
,

x x
x x

0
01

$
-
$ ‚ x Rd , |yTjT+qT eT\eTT  |seT eT\eTT |yTjTeTT 

n+<TsT.
 <VsD  |–8| = –(–8) = 8 eT]jTT |8| = 8

1.8.1 |yTjTeTTqT d+#T $<qeTT\T:
 |yTjTeTTqT +~ $<eTT> d+#e#TqT. 
 (i) eTjTT>eTT\T    (ii)  |{     (iii) uD| eTT\T      (iv) sU eTT\T     
 :f A B"    |yTjTeTT nqT=qTeTT.
  (i)   d$T ( , ) : ( ),f x y y f x x Ad= =" , jTT n eTjTT>eTT\T |yTjTeTTqT d+#TqT.
 (ii)  |yTjTeTT f  qT |{ s|+ x  $\Te\qT eT]jTT y{ |_+ $\Te\qT d+#e#TqT.  
(iii)  f  |yTjT+ jTT |<XeTT eT\eTT\qT y{ |_+eTT\ uD| >TsT\ d+TsT.
(iv) ( , ) : ( ),f x y y f x x Ad= =" , nqT  d$T eTjTT>eTT\+{ x – y \eTT|           

>T]+#e\jTTqT.  \eTT| n _+<Te\ d$T f |yTjT+ jTT sU eTT 
n>TqT.

 = <VsD\ <s |yTjTeTT\qT $$< s|eTT\T> d+#TqT >eT+|eTT.
 nH  |yTjTeTT\ y{ sUeTT\qT b+<e#TqT.  | sUeTT   
|yTjTeTTqT d+#<T.
 +~ | qT+ e&q sUeTT\T |yTjTe < n s]+#T#Tq~.
1.8.2 \Te s | () \+s | (Vertical line test)

  sUeTT |yTjTeTT eqq | \Te sK, sUeTTqT  _+<Tee<          
K+&+#e\jTTqT.

 = \Te sK\T sUeTTqT K+&+#beqT. ~ d]jTq~.  \Te sK, sU
eTT { +f me _+<Te\qT *dq# n{ sUeTT |yTjTeTT <T.    
d+<seTT  x $\Te s+&T y $\Te\T +{sTT. <VsD y2 = x nqT sUeTT 
|yTjTeTT <T.

|eTT 1.20

x

y

O
xl

| |y x

yl



Sets and Functions 25

<VsD 1.19
 \TesK |qT |j+ +~ sUeTT\T @$ |yTjTeTT\qT d+#TH \TeTT?

 (i)       (ii)

 (iii)       (iv)

k<q 

  (i)    qTe+{ sUeTT |yTjTeTT <T. m+<Tq> \TesK, sUeTTqT s+&T  
_+<Te\T P eT]jTT Q \ e< K+&+#T#Tq~. 

 (ii)  qTe+{ sUeTT |yTjTeTT. m+<Tq> \TesK, sUeTTqT >]w+>  
_+<Te P e< K+&+#T#Tq~.

(iii)  \TesK, sUeTTqT s+&T _+<Te\T A eT]jTT B \ e< K+&+#T#Tq~. qT   
qTe+{  sUeTT |yTjTeTT <T.

(iv) sUeTT \Te sK |qT ||s#T#Tq~. qT e&q sUeTT |yTjTeT>TqT.

<VsD 1.20
 A= { 0, 1, 2, 3 } eT]jTT B  = { 1, 3, 5, 7, 9 }  s+&T d$TT\T eT]jTT :f A B"  
|yTjTeTT ( )f x x2 1= +  n  s+|&q~  |yTjTeTTqT (i) eTjTT>eTT\T (ii) |{   
(iii) uDeTT (iv) sUeTT\ d+#TeTT.

k<q  A = { 0, 1, 2, 3 }, B  = { 1, 3, 5, 7, 9 }, ( )f x x2 1= +

      f (0) = 2(0) + 1 = 1, f (1) = 2(1)+1 = 3 ,   f (2) = 2(2) + 1 = 5, f (3) = 2(3) + 1 = 7

1 2 3 4 501

1
2
3

2
x

y

P

Q

1 2 3 4 501

1

2

3

2
x

y

A

B

3
1 2 3

0

1

1

2

3

2
x

y

A

1

2

yl
y

yl
yl

xl

xl
xl

xl

|eTT1.21 |eTT1.22

|eTT1.23 |eTT1.24

x

y

0
P
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(i) eTjTT>eTT\ d$T 

 eTjTT>eTT\ d$T +~ |yTjTeTT f  <s d+#e#TqT.

  f  = { (0, 1), (1, 3), (2, 5), (3, 7) }

(ii) |{ s|+

 +~ $<+> f   qT |{ |< d+#e\jTTqT.

x 0 1 2 3

 ( )f x 1 3 5 7

(iii) uDeTT (Arrow Diagram)

  f  qT uDeTT> d+#e\jTTqT. 
 s+&T d+e eeTT\qT A  eT]jTT B d$TT\qT \T| $<+>  
^jTe\jTTqT. 

 n|&T A  | eT\eTT  B   y{ @ |_+eTT\  
nqTd+<qeTTqT uD| >TsT\ d+#e\jTTqT

(iv) s eTT

 , ( ) {(0,1), (1, 3), (2, 5), (3, 7)}f x f x x A; != =^ h" , . 

 _+<Te\T (0, 1) (1, 3) (2, 5) eT]jTT (3, 7) \qT    
\eTT #|q $<eTT> >T]+#eqT.

 n _+<Te\T |yTjT+ jTT sUeTTqT 
d+#T#Tq$.

1.8.3 |yTjTeTT\ seTT\T

 |yTjTeTT\ <seTT\ H<seTT> |yTjTeTT\qT $$< seTT\T> $u+#e#TqT.

(i) @ ` @ |yTjTeTT () nH |yTjTeTT (One-One function)

 :f A B"   |yTjTeTT nqT=qTeTT. f  nqT |yTjTeTT A  qT+& 
B  >\ @ ` @ |yTjTeTT n>T A  | eT\eTTq B  
$_q eT\\ d++<eTT * +&e\jTTqT. f  @ ` @ n>T A  
 u v!  nsTTq  ( ) ( )f u f v!  n>TqT. eTs= $<eTT> B   eT\eTT A  
 { +f me eT\\ d++<eTTqT *jTT+& L&<T. 
 @ ` @ |yTjTeTTqT n+s |yTjTeTT n L& n+<TsT. | |eTT @ ` @ 
|yTjTeTTqT d+#TqT.

0

1

2

3

A B

1
3
5
7
9

f A B: �

|eTT1.25

|eTT1.26
1 2 3 4 5 6

1

2

3

4

5

6

7

8

x

y

(3, 7)

(2, 5)

(1, 3)

(0, 1)

0

f
5

6

7

8

7
9
10
8
4

A B

|eTT1.27
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>eT

(ii) d+>d |yTjTeTT  (Onto function)

 :f A B"  d+>d |yTjTeTT eqq B   | eT\eTTq 
A   |Ps_+eTT\qT *jTT+&eqT. f   d+>d+ n>T | b B!  
 d+  eT\+ a A!  e+&e\jTTqT. eq f a b=^ h , n< $<+> 
f  y|  B  n>TqT.   d+>d |yTjTeTTqT uV |yTjTeTT (Surjective) n L& n+<TsT. | 
|eTT qT+&  f   d+>deTT 
(iii) @ ` @ eT]jTT d+>d |yTjTeTT (One-One and onto function)

 |yTjTeTT :f A B"  @ ` @ eT]jTT d+>deTT L& nsTT f  
qT ~>TD (Bijective) |yTjTeTT n+<TsT. :f A B"  @ ` @ d+>deTT 
n>T A   $_q eT\eTT\  B   n eT\eTT\ $_q 
|_+eTT\T e+&eqT.

   (i)  |yTjTeTT :f A B"  d+>deTT n>T B  R f y|.
  (ii) :f A B"  @ ̀  @ eT]jTT d+>deTT n>T f a f a

1 2
=^ ^h h nsTTq|&T A    a a

1 2
=  

n>TqT. eT]jTT B  | eT\eTTq A   deTT  |Ps_+eTT e+&eqT.
 (iii) :f A B"  ~>TD |yTjTeTT n>T A  eT]jTT B \T |]$T d$TT\T nsTTq A       

eT]jTT B \ eT\eTT\ d+K deqeTT> +&e\jTTqT. |eTT 1.29 qT+&               
f  @ ` @ eT]jTT d+>deTT. 

 (iv) :f A B"  ~>TD |yTjTeTT, n|&T A eT]jTT B \T T\ d$TT\T.
  (v) @`@ eT]jTT d+>d |yTjTeTTqT @`@ deTqjTeTT n+<TsT.

(iv) ds |yTjTeTT (Constant function)
  |yTjTeTT :f A B"  ds |yTjTeTT n>T A  | 
eT\eTTq  B     |_+eTT e+&e\jTTqT.
 ds |yTjTeTT y| @ eT\ d$T n>TqT.
 A  = { , , , ,1x y u v }, B  = { 3, 5, 7, 8, 10, 15} nqT=qTeTT. :f A B"  
qT | x A!    ( )f x 5=  n s+#&q~. e&q |eTT ds |yTjTeTTqT d+#TqT.
(v) eT |yTjTeTT (Identity function)
 A   XSHs d$T. A  |yTjT+ :f A A"   eT |yTjTeTT 
n>T ( )f a a=  6 a A! n>TqT. eT |yTjT+ A   | eT\eTT 
A   n< eT\eTTq nqTd+<qeT>TqT.
 <VsD A R=  nqT=qTeTT. |yTjT+ :f R R$  qT 
( )f x x= ,  6 x R!  n s+q n~ R  | eT |yTjT+ n>TqT. |eTT 1.31 R  | 

eT |yTjTeTTqT d+#TqT. 

a

b

c

d

x

y

z

A Bf

|eTT1.28

10

20

30

40

15

25

35

45

A B

|eTT1.29

x

y

u

v

1

3
5
7
8
10
15

A Bf

|eTT1.30

x

y

O

y

x
=

|eTT1.31
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d#q

<VsD 1.21
 A  = { 1, 2, 3, 4, 5 }, B  = N  eT]jTT :f A B"  qT  ( )f x x

2
=  n seTsTT  f  

jTT y| qT>=qTeTT. |yTjT seTTqT >T]+#TeTT?
k<q A  = { 1, 2, 3, 4, 5 }; B  = { 1, 2, 3, 4, g  }

 :f A B"  eT]jTT ( )f x x
2

=  n e&q~.
  (1)f`  = 12 = 1 ;  ( )f 2  = 4 ; ( )f 3  = 9 ; ( )f 4  = 16 ; ( )f 5  = 25.

  f  y|  = { 1, 4, 9, 16, 25}

 eq $_q eT\eTT\ $_q |_+eTT\Tq$. eq ~ @ ̀  @ |yTjTeTT  
d+>deTT <T. m+<T+f  B3 !   nqT>TD+> x A!  <T eq ( ) 3.f x x

2
= =  

   |yTjTeTT :g R R$  qT  ( )g x x
2

=   > s+q n~ @ ̀  @ |yTjTeTT <T.
m+<Tq> u 1=  eT]jTT v 1=-  nsTTq u v!   ( ) ( ) ( ) ( )g u g g g v1 1 1= = = - =  qT 
deTT f @`@  d+>d |yTjTeTTqT @ss#<T.  jTeTeTTqT b{+#eqq 
@`@ eT]jTT d+>deTT ssTT+#T |<XeTT eT]jTT dV|<XeTT\qT |]>D+#eqT. 

<VsD 1.22
  |yTjTeTT : [1, 6)f R$  +~ $<eTT> s+#&q~.

 

1

2 1f x

x x

x x

x x

1 2

2 4

3 10 4 62

1

1

1

#

#

#

=

+

-

-

^ h *   ( &  [1 , 6) = { xeR : 1#  x 1  6} )

 nsTTq +~ y{ $\Te\qT qT>=qTeTT?
  (i)   ( )f 5  (ii)  f 3^ h (iii)  f 1^ h    (iv) f f2 4-^ ^h h (v)  2 3f f5 1-^ ^h h

k<q 

  (i) ( )f 5  $\TeqT qT>=qT:  4 eT]jTT 6 eT< 5 e+T+~ qT ( ) 3 10f x x
2

= -  qT 
|j+#eqT.

 `  (5) 3(5 ) 10 65.f
2

= - =  

 (ii) ( )f 3  $\TeqT qT>=qT. 2 eT]jTT 4 \ eT<q 3 e+~ n >eT+#TeTT. 
 qT ( )f x  = x2 1-  qT |j+ ( )f 3   qT>=qeqT.
 `  (3) ( ) .f 2 3 1 5= - =

(iii)  ( )f 1  $\Te qT>=qT.
 |&T 1 jTT n+seTT x1 21#  nsTTq|&T ( )f x   = 1 + x  qT |j+#eqT. 
 `   ( ) .f 1 1 1 2= + =

(iv)  ( ) ( )f f2 4-  $\Te
 |&T 2 n+seTT  x2 41#  qT ( )f x  = x2 1-  qT |j+#e\jTTqT.
 qT  (2) ( )f 2 2 1 3= - = .   

,
,
,
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        n<$<+> 4 n+seTT x4 61#  qT  ( )f x  = 3 10x
2
-  qT |j+#e\jTTqT.

 `   f(4) = 3(4)2 – 10 = 3(16) – 10 = 48 – 10 = 38.

 `    f(2) – f(4) = 3 – 38 = – 35.

 (v)  2 3f f5 1-^ ^h h +#T. 

 (i) eT]jTT (iii) $\Te\ qT+&2 3f f5 1-^ ^h h ( ) ( ) .2 65 3 2 130 6 124= - = - =

nudeTT 1.4
  1.  +~ uDeTT\T @$ |yTjTeTT \+&. $ yTqT d]#&TeTT.
 (i)           (ii)

  2. F = { (1, 3), (2, 5), (4, 7), (5, 9), (3, 1) } nqT |yTjT+ |<X+ eT]jTT y| qT>=qTeTT?
  3. A  = { 10, 11, 12, 13, 14 }; B  = { 0, 1, 2, 3, 5 } eT]jTT :f A Bi "  , i = 1,2,3.  

nsTTq  +~$ @ syTq |yTjTeTT \TeTT? (sDeTTqT \T|eTT)
   (i)  f

1
 = { (10, 1), (11, 2), (12, 3), (13, 5), (14, 3) }

  (ii)  f
2
 = { (10, 1), (11, 1), (12, 1), (13, 1), (14, 1) }

 (iii)  f
3
 = { (10, 0), (11, 1), (12, 2), (13, 3), (14, 5) }

  4. X = { 1, 2, 3, 4, 5 }, Y = { 1, 3, 5, 7, 9 } eT]jTT :f X Y"   +~$ @$ |yTjTeTT 
qT>=qTeTT? sD+ \TeTT eT]jTT |yTjTyTq |yTjT seTTqT \TeTT?

   (i) R
1
 = { ,x y^ h|y x 2= + , x X! , y Y!  }

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

 (iii) R
3
 = { (1, 1), (1, 3), (3, 5), (3, 7), (5, 7) }

 (iv) R
4
 = { (1, 3), (2, 5), (4, 7), (5, 9), (3, 1) }

  5. R {( , 2), ( 5, ), (8, ), ( , 1)}a b c d= - - -  nqTq~ eT |yTjTeTTqT d+q , ,a b c           
eT]jTT d  $\Te\qT qT>=qTeTT.

  6. A  = { –2, –1, 1, 2 } eT]jTT , :f x
x

x A1 != ` j$ . nsTTq f  y| yjTTeTT. :f A A"  
|yTjTeT>TH qT>=qTeTT?

  7. f  = { (2, 7), (3, 4), (7, 9), (-1, 6), (0, 2), (5, 3) } nqT |yTjT+                                                                              
A  = { –1, 0, 2, 3, 5, 7 },  B  = { 2, 3, 4, 6, 7, 9 }\ qT+& @s&q~. ~ (i)  @ ` @ 
|yTjTeT>TH (ii) d+>d |yTjTeTT n>TH (iii) @ ̀  @ eT]jTT d+>d |yTjTeT>TH 
n \T|eTT.

  8. +~ |yTjTeTT qT+& 2 eT]jTT 3 \ |Ps_+eTT\qT yjTTeTT.
  f  = { (12, 2), (13, 3), (15, 3), (14, 2), (17, 17) }.

a

b

c

d

x

y

z

P Q
f

–3

–2

–1

1

2

3

L M
f

m
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  9. +< |{ A  = {5, 6, 8, 10} qT+& B  = {19, 15, 9, 11}  |yTjT+. & f x^ h = x2 1-  
nsTTq a  eT]jTT b $\Te\qT qT>=qTeTT.

x 5 6 8 10

f(x) 9 11 15 19

10. A= { 5, 6, 7, 8 };  B  = { –11, 4, 7, –10,–7, –9,–13 } eT]jTT
  f  = {( ,x y) : y  = x3 2- , x A! , y B!  }

 (i) f  eT\eTT\qT yjTTeTT  (ii) dV|<XeTT
 (iii) y|     (iv) |yTjTeTT seTTqT >T]+#TeTT.
11. +~ sUeTT\T |yTjTeTT n dsq sDeTT\ $e]+#TeTT.
 (i)           (ii)         (iii)

 (iv)               (v)

12. f  = { (–1, 2), (– 3, 1), (–5, 6), (– 4, 3) } qT  (i) |{ (ii) uDeTT\T> #|+#TeTT.
13. A  = { 6, 9, 15, 18, 21 }; B  = { 1, 2, 4, 5, 6 } eT]jTT :f A B"  qT f x^ h = x

3
3-  >  

 s+#&q f  qT 
 (i)  uDeTT               (ii)   eTjTT>eTT\T  

 (iii)  |{             (iv)  sUeTT\ <s d+#TeTT.
14.  A  = {4, 6, 8, 10} eT]jTT  B  = {3, 4, 5, 6, 7}‚  :f A B"  qT f x x

2
1 1= +^ h  > s+q 

f  qT (i) uD eTT (ii) eTjTT>eTT\T  eT]jTT  (iii) |{ |<T\ d+#TeTT?
15.      |yTjTeTT f : ,3 7- h6  "R  nqTq~ +~ $<eTT> s+#&q~.

  f x^ h = 
;

;

;

x x

x x

x x

4 1 3 2

3 2 2 4

2 3 4 6

2 1

1

#

# #

#

- -

-

-

*  nsTTq +~ y{ qT>=qTeTT?

   (i)      f f5 6+^ ^h h             (ii) f f1 3- -^ ^h h

   (iii)   f f2 4- -^ ^h h            (iv) 
( ) ( )

( ) ( )
f f

f f
2 6 1
3 1

-
+ - .

x

y

O
x

y

O
x

y

O

x

y

O
x

y

O
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16.    |yTjTeTT f : ,7 6- h6  "R  nqTq~ +~ $<eTT> s+#&q~.

  ( )f x  = 
.

x x x

x x

x x

2 1 7 5

5 5 2

1 2 6

2 1

1 1

#

# #

+ + - -

+ -

-

*  nsTTq +~ y{ qT>=qTeTT?

 (i) ( ) ( )f f2 4 3 2- +         (ii) ( ) ( )f f7 3- - -       (iii)  
( ) ( )
( ) ( )

f f
f f

6 3 1
4 3 2 4

- -
- + .

nudeTT 1.5

dsq de<qeTTqT mqT=qTeTT.
  1. A  eT]jTT B  nqT s+&T d$TT\ A B,  = A   nqT< e\dq eT]jTT d]be 

+<q
 (A)  B A3  (B)  A B3  (C)  A B!  (D)  A B+ z=

  2. A B1  nsTTq A B+  =

 (A)  B      (B)  \A B  (C)  A  (D)  \B A

  3. P  eT]jTT Q  nqT @y s+&T d$TT\ P Q+  =

 (A)  {x/x Pd   Qx ! } (B)  {x/x Pd  eT]jTT Qx g }

 (C)  {x/x Pd  eT]jTT Qx ! } (D)  {x/ Px g , Qx ! }

  4. If  A= { p, q, r, s }, B  = { r, s, t, u } nsTTq \A B   =

 (A)  { p, q } (B)  { t, u } (C)  { r, s } (D) {p, q, r, s }

  5. ( )n p A6 @ = 64 nsTTq n A^ h =

 (A)   6   (B)   8 (C)   4 (D)   5

  6. A, B eT]jTT C nqT @y eT&T d$TT\  A B C+ ,^ h = 

 (A)  A B B C, , +^ ^h h (B)  A B A C+ , +^ ^h h

 (C)  ( )A B C, +   (D)  A B B C, + ,^ ^h h

  7. A eT]jTT B nqT @y s+&T d$TT\ {( \ ) ( \ )} ( )A B B A A B, + +  $\Te
 (A)  z  (B)  A B,  (C)  A B+  (D)  A B+l l

  8. +~ y{ deTT ~ @~?
 (A)  \A B  = A B+ l (B)  \A B A B+=  

 (C)  \ ( )A B A B B, += l (D)  \ ( ) \A B A B B,=

  9. ,A B  eT]jTT C  nqTq$ @y eT&T d$TT\sTTq \B A C,^ h =

 (A) \ \A B A C+^ ^h h (B) \ \B A B C+^ ^h h

 (C) \ \B A A C+^ ^h h (D) \ \A B B C+^ ^h h
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4

2

16

25

2

4

5

C D
f

10. n(A) = 20 ,  n(B) = 30 eT]jTT ( )n A B, =  40 nsTTq ( )n A B+   deqyTq~
 (A)  50 (B)  10 (C)  40 (D)  70.

11. { ( x , 2), (4, y ) } nqTq~ eT |yTj *jTCdq, ( , )x y  nqTq~
 (A)  (2, 4) (B)  (4, 2) (C)  (2, 2) (D)  (4, 4)

12. { (7, 11), (5, a ) } nqTq~ ds|yTj *jTCdq, ‘a ’ jTT $\Te
 (A)  7 (B)  11 (C)  5 (D)  9

13. ( )f x  = 1 x-^ h  nqTq~ N qT+& Z   e&q  |yTjTyTq f  jTT y|
 (A)  { 1}               (B)  N  (C) { 1, – 1 } (D) Z

14. f  = { (6, 3), (8, 9), (5, 3), (–1, 6) } nsTTq 3 jTT |Ps_+eTT
 (A)  5 eT]jTT –1 (B)  6 eT]jTT 8 (C)  8 eT]jTT –1 (D)  6 eT]jTT 5.

15. A  = { 1, 3, 4, 7, 11 },   B  = {–1, 1, 2, 5, 7, 9 } nqT=qTeTT eT]jTT  :f A B"    
 f  = { (1, –1), (3, 2), (4, 1), (7, 5), (11, 9) }> e&q f  nqTq~  

 (A)  @ ` @ (B)  d+>d (C)   ~>TD        (D)  |yTjTeTT <T
16. +< e&q |eTT *jTCjTTq~

    

 (A) d+>d |yTjTeTT (B)  ds |yTjTeTT
 (C)  @ ` @ |yTjTeTT (D) |yTjTeTT <T
17. A  = { 5, 6, 7 }, B  = { 1, 2, 3, 4, 5 }eT]jTT  :f A B"   ( )f x x 2= -  > s+q f  

jTT y| 
 (A)  { 1, 4, 5 }  (B)  { 1, 2, 3, 4, 5 }        (C)  { 2, 3, 4 }     (D)  { 3, 4, 5 }

18. ( )f x x 52
= +  nsTTq ( )f 4-  = 

 (A)  26 (B)  21 (C)  20 (D)  –20

19.  |yTjTeTT jTT y| @eT\ d$T nsTTq n~
 (A)   ds |yTjTeTT (B)   eT |yTjTeTT  

 (C)   ~>TD |yTjTeTT (D)   @ ` @ |yTjTeTT
20. :f A B"  nqTq~  ~>TD |yTjTeTT eT]jTT n(A) = 5  nsTTq n(B)  deqyTq~
 (A)  10 (B)  4 (C)  5 (D)   25
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d$TT\T
	 u>T> s+#&q eT\eTT\ deTT<jTeTT d$T n>TqT.
	 	 d$T dyTqeTT $eTjT eT]jTT dV#s HjTeTT\T e]+#TqT.
 		d$T K+&qeTT $eTjT eT]jTT dV#s HjTeTT\T e]+#TqT.
 		d$T u<eTT $eTjT HjTeTT e]+#<T.
 		d$TT\T |sdseTT $jTTeTsTTq|&T eeTT d$T u<eTT dV#s HjTeTT 

e]+#TqT

 $u> HjTeTT\T     A B C A B A C, + , + ,=^ ^ ^h h h    

       A B C A B A C+ , + , +=^ ^ ^h h h

 d$T u<eTT & ysZH HjTeTT\T
    \A B C,^ h  = \ \A B A C+^ ^h h         \A B C+^ h = \ \A B A C,^ ^h h

 |PseTT & ysZH HjTeTT\T
   ' ' 'A B A B, +=^ h           	 ' ' 'A B A B+ ,=^ h

    d$TT\ dyTqeTT ~d+K  deTT\T
    ( ) ( ) ( ) ( )n A B n A n B n A B, += + -

             n A B C, ,^ h      

   = n A n B n C n A B n B C n A C n A B C+ + + + ++ + - - - +^ ^ ^ ^ ^ ^ ^h h h h h h h.

|yTjTeTT\T
 A   B  jTH \eTTqT +~ $<eTT> s+|e#TqT

 A B#  = , /a b a A!^ h"  eT]jTT b B! ,

 A  qT+ B    >\ d++<eTT R  nqTq~ A B#  jTT XSHs d$T nq> R A B#3 .

	 |yTjT+ :f X Y"  s+|&qsTT  +~ +<q\T e]+#eqT.
 | x X!    y Y!   eeTT d++<eTT *jTT+&eqT.
 | |yTjTeTTqT sUeTT <s \T|e#TqT. nsTTqqT k<sD+> B $|sjTeTT 

d]<T.
 | \Te sK, sU eTTqT >]weTT>  _+<Te e< K+&+q,  sUeTT 

|yTjTeTTqT *jTCjTTqT.
 |yTjTeTTqT  +~ $<eTT> d+#e#TqT.

  eTjTT>eTT\T    uD eTT     |{ eT]jTT    sUeTT

eTTU+XeTT\T
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	 y  = | x | jTT eT\eTT  |seT eT\eTTqT +~$<+> s+|e#T. 

     ,

,

x x

x x
x 0

01

$
=

-
)  

 |yTjTeTT\ = seTT\T:
  @ ` @ |yTjTeTT    (  yssT eT\eTT\T yssT |_+eTT\qT *jTT+&TqT)
      (injective function)

            d+>d |yTjTeTT         (y| eT]jTT dV|<XeTT deqeTT)
      (surjective function)
            ~>TD |yTjTeTT     ( @ ` @ eT]jTT d+>deTT> qT+&eqT)
                (One-One and onto function)
  ds |yTjTeTT      ( y| @ eT\ d$T n>TqT)
      (Constant function)
  eT |yTjTeTT     ( | eT\eTT n< eT\eTTq nqTd+<qeT>TqT)
      (Identity function)

MT \Tk?
 >DXdeTT $T*jTq =\~ VQeqeTT> #T nyT]  >DXd 
d+d 2000 d+ @&T deTd\qT eTT+<T+#qT. >w 2010 es sT deTd\T +qT 
k~+#HjTTq~. dsq k<q #T @ deTdqqT 10,00,000 nyT]H &\sqT VQeqeTT> 
 d+d #TqT. 2010 d+ sc #+~q > |syTH nqT >DXdE&T  Poincare 
conjecture nqT deTdqT k~+#qT.  nqT  $T*jTq VQeqeTTqT s]+#qT. 
(# conjecture nq>  >D deTdqT s|+#e#T  s|+#eTT n nseTT)



*jÓ÷Hês√¶ |òækÕH√ 
( |òæuÛÀH˚dæ)

(1170-1250)

Ç≥©

 |òæuÛÀH˚dæ ÁbÕNq >∑DÏ‘·XÊg 

|ü⁄qs¡T<ä∆s¡D˝À Á|üeTTK bÕÁ‘·qT 

b˛wæ+#ÓqT. Ä<ÛäTìø£ >∑DÏ‘· XÊg+˝À 

j·TT+&ÉT dü+U≤´ es¡Tdü\qT n‘·qT 

e∫Ãq ‘·s¡Tyê‘· |òæuÀHêdæ dü+K´\T>± 

yê&Éã&ÉT#·Tqï$. á $<Ûä+>± n‘·ì 

ù|s¡T |ü]#·j·TyÓTÆ+~. ø±ì M{Ïì n‘·qT 

ø£qT>=qø£b˛sTTqqT ñ<ëVü≤s¡D>± 

ñ|üjÓ÷–+#·T#·THêïs¡T.

	|ü]#·j·T+

	es¡Tdü\T 

	n+ø£ÁX‚&ÛçÏÏ

	>∑TDÁX‚&ÛçÏ

	 ÁX‚DT\T

22 yêdüÔe dü+K´\ Áø£e÷qT>∑‘· es¡Tdü\T

 e ]j·TT ÁX‚ \

2.1   |ü]#·j·T+ 

     á n<Ûë´j·T+˝À, yêdüÔe dü+K´\ es¡Tdü\T  eT]j·TT ÁX‚DT\ 

>∑T]+∫ H˚s¡TÃø=HÓ<äeTT. Bs¡Èø±\ #·]Á‘·˝À es¡Tdü\T nqTq$ ÁbÕ<∏ää$Tø£ 

>∑DÏ‘· ñ<˚›X¯´eTT\T. ì‘·´ J$‘· dü+|òüT≥q\˝À >∑DÏ‘· XÊg eT]j·TT  

Ç‘·s¡ uÛ≤eq\ n_Ûeè~∆øÏ Ç$ kÕ<ÛäqeTT\T.

 N eT]j·TT R  \qT es¡Tdü>± <Ûäq |üPsêí+ø£eTT\ dü$T‹ eT]

j·TT yêdüÔe dü+K´\ dü$T‹ nì >∑Ts¡TÔ≈£î ‘Ó#·TÃø=qTeTT.

ì‘·´J$‘·+˝À  »s¡T>∑T ÁøÏ+~ ø=ìï dü+|òüT≥q\qT |ü]>∑DÏ+#Ó<äeTT:

  (i) ˇø£ ìØí‘· ø±\+˝À düeTTÁ<ä eT≥º+ qT+&ç ñ|üÁ>∑Vü≤eTT\ m‘·TÔqT 

ISRO XÊg»„\ ãè+<ä+ |ü]o*+#·T#·T qyÓ÷<äT #̊kÕÔs¡T.

 (ii) #ÓHÓ’ï ôd+Á≥˝Ÿ ¬s’˝Ò«ùdºwüHéqT m+‘· eTs~ Á|ü»\T s√E 

yê] Áø£eT+˝À ñ|üjÓ÷–+#·T#·THêïs¡ì ¬s’˝Ò« eT+Á‹Á‘·«XÊK 

ø£qT>=qe\j·TTqì ø√]q~ eT]j·TT 180 s√E\T>± 

Á|ü‹s√E ôd+Á≥˝Ÿ ¬s’˝Ò«ùdºwüHé≈£î Á|üy˚•+#·T#·Tqïyê] dü+K´qT  

eT+Á‹‘·« XÊK qyÓ÷<äT #˚düTÔ+~.

(iii) ÄdüøÏÔÔ ø£*–q 9e ‘·s¡>∑‹ $<ë´]ú ø£s¡D°j·T dü+K´˝À e#·TÃ 

<äXÊ+X¯ uÛ≤>∑eTTqT ø£qT>=ì  5 = 2.236067978g   ÁøÏ+~ 

$<Ûä+>± ÁyêôdqT 2, 3, 6, 0, 6, 7, 9, 7, 8, g  .

(iv) ˇø£ $<ë´]ú \eeTT 1 ‘√ ÁbÕs¡+uÛÑeT>∑T <ÛäHê‘·àø£ _ÛqïeTT\qT 

ÄdüøÏÔ‘√ ø£qT>=ì  á $<Ûä+>± ÁyêôdqT. 1, , , , ,
2
1

3
1

4
1

5
1 g  .

 (v) >∑DÏ‘· XÊg ñbÕ<Ûë´j·TTsê\T ‘·s¡>∑‹˝À e⁄+&ÉT $<ë´s¡Tú\ 

ù|s¡¢qT nø£ås¡Áø£eT+˝À Áyêdæ yê] e÷s¡Tÿ\qT 

, , , , , , , , ,75 95 67 35 58 47 100 89 85 60 . >± ÁyêôdqT.

Mathematics is the Queen of  Sciences, and arithmetic  
is the Queen of  Mathematics - C.F.Gauss    

yêdüÔe dü+K´\ Áø£e÷qT>∑‘· es¡Tdü\T

 eT]j·TT ÁX‚DT\T

35
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ìs¡«#·qeTT

(vi) n<˚ ñbÕ<Ûë´j·TTsê\T Ä <ä‘êÔ+X¯eTTqT Äs√Vü≤D Áø£eT+˝À ÁyêôdqT. 
, , , , , , , , ,35 47 58 60 67 75 85 89 95 100 .

 ô|’q ù|s=ÿqï ñ<ëVü≤s¡D\˝À, ø=ìï yêdüÔe dü+K´\ dü$T‘·T\ C≤_‘ê ˇø£ Á|ü‘˚´ø£yÓTÆq Áø£eT+˝À 

qTqï~.

 (iii) eT]j·TT (iv) neT]ø£\˝À n|ü]$T‘· dü+K´˝À |ü<äeTT\Tqï$. (i), (ii), (v) eT]j·TT (vi) \˝À 

|ü]$T‘· dü+K´˝À |ü<äeTT\Tqï$. ø±ì (v) eT]j·TT (vi) \˝À n<˚ dü+K´\T y˚πs«s¡T Áø£eTeTT\˝À qTqï$. 

2.2  es¡Tdü\T (Sequences)

  ˇø£ Á|ü‘˚´ø£ Áø£eT+˝À qTqï yêdüÔe dü+K´\ C≤_‘ê ˝Òø£ neT]ø£qT yêdüÔe dü+K´\ es¡Tdü n+<äTs¡T. 
(1) ˇø£ es¡Tdü˝À |ü]$T‘· dü+K´˝À |ü<äeTT\T+fÒ <ëìì |ü]$T‘· es¡Tdü n+<äTs¡T.

(2) ˇø£ es¡Tdü˝À n|ü]$T‘· dü+K´˝À |ü<äeTT\T+fÒ <ëìì n|ü]$T‘· es¡Tdü n+<äTs¡T. 

  |ü]$T‘· es¡TdüqT : , , , ,S a a a an1 2 3 g  ˝Òø£ { }S a
j j

n

1
=

=
 eT]j·TT n|ü]$T‘· es¡TdüqT 

: , , , ........ , .....S a a a an1 2 3  ̋ Òø£ S aj j 1=
3

=
" ,  >± dü÷∫kÕÔeTT Çø£ÿ&É  a

k
 nqTq~ es¡Tdü jÓTTø£ÿ k e |ü<äeTTqT 

dü÷∫+#·TqT.  ñ<ëVü≤s¡D≈£î es¡Tdü˝À  a
1
e |ü<äeTT yÓTT<ä{Ï |ü<äeTTqT eT]j·TT  a

7
 nqTq~ 7e |ü<äeTTqT  

dü÷∫+#·TqT.

  ô|’ ñ<ëVü≤s¡D\˝À (i), (ii), (v) eT]j·TT (vi) \T |ü]$T‘· es¡Tdü\T. n<˚ $<ÛäeTT>± (iii), (iv) 
\T n|ü]$T‘· es¡Tdü\T n>∑T≥qT >∑eTì+#·TeTT. 

 ø=ìï dü+K´\ ùdø£s¡D C≤_‘êqT ˇø£ es¡Tdü>± rdüT≈£î+fÒ, Ä es¡TdüqT yÓTT<ä{Ï |ü<äeTT, 

¬s+&Ée |ü<äeTT, eT÷&Ée |ü<äeTT, .......  yÓTT<ä˝…’q$>± nìï >∑T]Ô+#·e\j·TTqT. Ç+‘·≈£î eTTqT|ü⁄ ø=ìï 

ñ<ëVü≤s¡D\T #·÷XÊeTT. eT]ø=ìï ÁøÏ+~ ñ<ëVü≤s¡D\qT >∑eTì+#·TeTT.

 (i) 2, 4, 6, 8, g , 2010.              ( |ü<äeTT\T |ü]$T‘· dü+K´˝À >∑\e⁄)

(ii) 1, -1, 1, -1, 1, -1, 1,  .... (1 eT]j·TT -1 eT<Ûä´ &√\qeTT #Ó+<äT |ü<äeTT\T)

(iii)   , , , , .r r r r r   (|ü<äeTT\T düe÷qeTT n≥Te+{Ï es¡Tdü\qT dæ›s¡ es¡Tdü\T n+<äTs¡T) 

(iv) 2, 3, 5, 7, 11, 13, 17, 19, 23, g  .            (nìï Á|ü<Ûëq dü+K´\ C≤_‘ê)

(v) 0.3, 0.33, 0.333, 0.3333, 0.33333, g  .   (nq+‘· |ü<äeTT\ dü+K´)

 (vi) S a
n 1

= 3" ,  Çø£ÿ&É an = 1  ˝Òø£ 0  nqTq~ HêD…eTTqT n  kÕs¡T¢ m>∑Ts¡y˚j·TT≥˝À u§eTà ˝Òø£ 

u§s¡TdüT dü+uÛÑ$+#·TqT. 

 ô|’ ñ<ëVü≤s¡D\ qT+&ç (i) eT]j·TT (iii) |ü]$T‘· es¡Tdü\T eT]j·TT $T–*q$ n|ü]$T‘· es¡Tdü\T 

ô|’ yê{Ï˝À (i) qT+&ç (v) es¡≈£î ì]∆wüºyÓTÆq qeT÷Hê ˝Òø£ ˇø£ ìj·TeTeTT Á|üø±s¡eTT ñqï$ eT]j·TT 

es¡Tdü˝Àì @<Ó’Hê |ü<äeTT jÓTTø£ÿ Á|ü‘˚´ø£ kÕúqeTTqT ø£qT>=qe#·TÃqT. ø±ì (vi) ˝À  Á|ü‘˚´ø£ |ü<äeTTqT 

eTT+<äT>± ‘Ó\TdüTø=q˝ÒeTT. nsTTqqT n~ K∫Ã‘·eTT>± 1 ̋ Òø£ 0 >± e⁄+&ÉTqT. ªªqeT÷Hêµµ nqT|ü<äeTTqT 

ñ|üjÓ÷–+#·T≥˝À >∑\ ns¡ú+ es¡Tdü˝Àì n e |ü<äeTTq≈£î eTT+<äT>± e#·TÃ eT÷\ø£eTT\qT|üjÓ÷–+∫ n 
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>∑eTìø£

e |ü<äeTTqT ø£qT>=qe#·TÃqT. kÕ<Ûës¡D+>± es¡Tdü\TqT Á|üj˚Tj·TeTT\T>± #·÷|æ+#·e#·TÃqT.

2.2.1  es¡Tdü\qT Á|üj˚Tj·TeTT\>± #·÷|æ+#·T≥  (Sequences viewed as functions)

 ˇø£ yêdüÔe |ü]$T‘· es¡Tdü , , , ,a a a an1 2 3 g  Ò̋ø£ { }S a
j j

n

1
=

=
 qT , 1,2,3, ,f k a k n

k
g= =^ h >± 

ìs¡«∫+∫q <ëìì : {1,2,3,4, , }f n R"g  nqT Á|üẙTj·TeTT>± #·÷|æ+#· e#·TÃqT. 

 ˇø£ yêdüÔe n|ü]$T‘· es¡Tdü , , , ,a a a an1 2 3 g  Ò̋ø£ { }S a
j j

n

1
=

=
 qT ,g k a k N

k
6 !=^ h  >± 

ìs¡«∫+∫q <ëìì  :g N R" nqT Á|üy˚Tj·TeTT>± #·÷∫+#·e#·TÃqT.

  6  nqT dü+πø‘·eTTq≈£î ªªÁ|ü‹ ˇø£ÿ <ëìøÏµµ  (for all) nì ns¡ú+. es¡Tdü a
k 1

3" , jÓTTø£ÿ kÕ<Ûës¡D 

|ü<ä+    ak nì Çe«ã&çq, yÓTT‘·ÔeTT es¡TdüqT eTqeTT ì]à+#·e#·TÃqT.  düVü≤» dü+K´\ jÓTTø£ÿ              

{ 1, 2, 3, g , } dü$T‹ Á|ü<˚X¯eTT>± qTqï|ü⁄&ÉT Ò̋ø£ düVü≤» dü+K´\˝À ø=ìï ñ|üdü$T‘·T\T eT]j·TT yê{Ï 

yê´|æÔ\T, yêdüÔe dü+K´\ ñ|üdü$T‘·T\sTTq|ü⁄&ÉT ˇø£ es¡Tdü Á|üy˚Tj·T+ n>∑TqT.

ˇø£ Á|üy˚Tj·T+ es¡Tdü ø±qø£ÿs¡˝Ò<äT. ñ<ëVü≤s¡D≈£î ˇø£ Á|üj˚Tj·T+ :f R R$  qT 

( ) ,f x x x2 1 R6 != +  >± Ç∫Ãq Ç~ es¡Tdü ø±<äT. ø£qTø£ ø±e\dæq C≤_‘ê @s¡Œ&É<äT.                  

f  Á|ü<˚X¯+ N >±qT ˝Òø£ N jÓTTø£ÿ ñ|üdü$T‹ { , , , }n1 2 g  >±qT @s¡Œ&ÉT≥˝Ò<äì >∑eTì+|ü⁄eTT.

ñ<ëVü≤s¡D 2.1  

 ˇø£ es¡Tdü jÓTTø£ÿ  e |ü<äeTT c
n n n

6

1 2 1
n
=

+ +^ ^h h  , n N6 !   nsTTq yÓTT<ä{Ï eT÷&ÉT 

|ü<äeTT\qT ø£qT>=qTeTT

kÕ<Ûäq                         c n n n

6

1 2 1
n
=

+ +^ ^h h  , n N6 !

   ,n 1=      nsTT‘˚       c
1
 =  

6

1 1 1 2 1 1+ +^ ^^h h h  = 1.

     ,n 2=                       c
2
 =  

6

2 2 1 4 1+ +^ ^h h  =  
6

2 3 5^ ^h h = 5.

    ,n 3=                        c
3
=  

6

3 3 1 7+^ ^h h  =  
6

3 4 7^ ^ ^h h h  = 14.

 es¡Tdü jÓTTø£ÿ yÓTT<ä{Ï eT÷&ÉT |ü<äeTT\T  1, 5, 14

 ô|’ ñ<ëVü≤s¡D qT+&ç kÕ<ës¡D |ü<äeTTq≈£î ˇø£ dü÷Á‘·+qT  Ç∫Ãq Á|ü‘·´ø£åeTT>± ˇø£ Á|ü‘˚´ø£ 

|ü<äeTTqT ø£qT>=qT≥≈£î ñ|üjÓ÷>∑|ü&ÉTqT. ÁøÏ+~ ñ<ëVü≤s¡D qT+&ç Ç+ø=ø£ |ü<ä›‹˝À ˇø£ es¡Tdü 

ñ‘·ŒqïeTTqT #·÷&Ée#·TÃqT.

ñ<ëVü≤s¡D 2.2

 ÁøÏ+~ es¡Tdü\≈£î  yÓTT<ä{Ï ◊<äT |ü<äeTT\qT Áyêj·TTeTT   

 (i) 1,a
1
=-      , 1a

n

a
n

2n
n 1 2=
+
- ,  n N6 !  

 (ii) 1F F
1 2
= = ,          , 3,4, .F F F n

n n n1 2
g= + =

- -
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dü÷#·q

kÕ<Ûäq 
(i)   1a1 =-   eT]j·TT  , 1a

n

a
n

2
1

n
n 2=
+
-

                  a
2
 = a

2 2
1

+
 = 

4
1-

         a
3
 =  

a

3 2 5
4
1

20
12

+
=

-
=-

         a
4
 =  

a

4 2 6
20
1

120
13

+
=

-
=-

         a
5
 =  

a

5 2 7
120
1

840
14

+
=

-
=-

 `   ø±e\dæq es¡Tdü |ü<äeTT\T 1, , ,
4
1

20
1

120
1- - - - ,  

840
1- .

(ii)   1F F
1 2
= =   eT]j·TT Fn = Fn-1 + Fn-2 ;  n = 3, 4, 5, ......

  1, 1F F
1 2
= =

        1 1 2F F F
3 2 1
= + = + =

  2 1 3F F F
4 3 2
= + = + =          

  3 2 5F F F
5 4 3
= + = + =

 `   es¡Tdü jÓTTø£ÿ yÓTT<ä{Ï ◊<äT |ü<äeTT\T 1,  1,  2,  3,  5. 

 es¡Tdü 1F F
1 2
= =    eT]j·TT ,F F F

n n n1 2
= +

- -
 3,4,n g=  qT 

|òæuÛÀH˚dæ es¡Tdü n+<äTs¡T. Ä |ü<äeTT\T es¡Tdü>± 1, 1, 2, 3, 5, 8, 13, 
21, 34 ...... >± @s¡Œ&ÉTqT. á |òæuÛÀH˚dæ es¡Tdü dü÷s¡´ø±+‹ |ü⁄wüŒeTT˝Àì 

$‘·ÔqeTT\ neT]ø£ e˝… ñ+&ÉTqT. dü÷s¡´ø±+‹ |ü⁄wüŒeTT˝Àì $‘·ÔqeTT\T 

e´‹πsø£ ~X¯\˝À e⁄+&ÉT dü]Œ˝≤ø±s¡eTT\ dü+K´\T |òæuÛÀH˚dæ es¡Tdü jÓTTø£ÿ 

es¡Tdü dü+K´\T n>∑TqT.

nuÛ≤´düeTT 2.1

1.  ÁøÏ+~e«ã&çq es¡Tdü\ n e |ü<äeTT\≈£î yÓTT<ä{Ï eT÷&ÉT |ü<äeTT\qT ø£qT>=qTeTT. 

 (i) a n n

3

2
n
=

-^ h        (ii) 3c 1
n

n n 2
= -

+
^ h  (iii) z n n

4

1 2
n

n

=
- +^ ^h h

2.   ÁøÏ+~ es¡Tdü\ n e |ü<äeTT\T Çe«ã&çq$. es¡Tdü˝À dü÷∫+∫q |ü<äeTT\qT ø£qT>=qTeTT.

 (i)    ; ,a
n
n a a
2 3

2
n 7 9
=

+
+   (ii)   2 ; ,a n a a1 1

n

n n 3

5 8
= - +

+
^ ^h h  

 (iii)  2 3 1; ,a n n a a
.n

2

5 7= - +  (iv)   ( 1) (1 ); ,a n n a a
n

n 2

5 8
= - - +
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3.  ÁøÏ+~ ìs¡«∫+∫q $<ÛäeTT>± es¡Tdü jÓTTø£ÿ 18e eT]j·TT 25e |ü<äeTT\qT ø£qT>=qTeTT.

  
,

,a
n n

n
n

3

1
2n =
+

+

^ h
*

4. ÁøÏ+~ ìs¡«∫+∫q $<ÛäeTT>± es¡Tdü jÓTTø£ÿ 13e eT]j·TT 16e |ü<äeTT\qT ø£qT>=qTeTT.

  
,

,
b

n

n n 2
n

2

=
+^ h

)

5.     ÁøÏ+~e«ã&çq es¡Tdü jÓTTø£ÿ yÓTT<ä{Ï ◊<äT |ü<äeTT\qT ø£qT>=qTeTT.               

  2, 3a a a
1 2 1
= = +  eT]j·TT an = 2an-1 + 5, n > 2.

6. ÁøÏ+~e«ã&çq es¡Tdü jÓTTø£ÿ yÓTT<ä{Ï Äs¡T |ü<äeTT\qT ø£qT>=qTeTT.

  1a a a
1 2 3
= = =  eT]j·TT a a a

n n n1 2
= +

- -
 ,  n 32 .

2.3 n+ø£ÁX‚&ÛçÏ  (Arithmetic Progression (A.P.)

á $uÛ≤>∑eTT˝À es¡Tdü\ jÓTTø£ÿ ø=ìï Á|ü‘˚´ø£ s¡ø£eTT\qT #·÷ôd<äeTT.

 ˇø£ es¡Tdü , , , , ,a a a a
n1 2 3

g g  qT n+ø£>∑DÏ‘· es¡Tdü n+<äTs¡T. Ç+<äT˝À  

a a d
n n1

= +
+

, n N!  Çø£ÿ&É d nqTq~ ˇø£ dæús¡ dü+K´. a
1
 qT yÓTT<ä{Ï |ü<äeTT, dæ∆s¡dü+K´ d qT 

kÕe÷q´ uÛÒ<äeTT nì n+<äTs¡T . á n+ø£>∑DÏ‘· es¡TdüqT n+ø£ÁX‚&Ûç n+<äTs¡T.

ñ<ëVü≤s¡D\T :

 (i) 2, 5, 8, 11, 14, g    ˇø£ n+ø£ÁX‚&ÛÏ m+<äTø£q>± a1 = 2  eT]j·TT kÕe÷q´uÛÒ<äeTT d = 3.

 (ii) -4, -4, -4, -4, g    ˇø£ n+ø£ÁX‚&Ûç m+<äTø£q>± a1 = -4  eT]j·TT  d = 0. 

 (iii) 2, 1.5‚ 1‚ 0.5‚ 0‚ -0.5, -1.0, -1.5, ... ˇø£ n+ø£ÁX‚&Ûç, m+<äTø£q>± a1 = 2 eT]j·TT d =  -0.5.

n+ø£ÁX‚&ÛçÏ jÓTTø£ÿ kÕe÷q´ s¡÷|üeTT (The general form of an A.P.) 

 n+ø£ÁX‚&Ûç jÓTTø£ÿ kÕe÷q´ s¡÷|üeTTqT ‘Ó\TdüTø=HÓ<äeTT n+ø£>∑DÏ‘· es¡Tdü { }a
k k 1

3

=
 jÓTTø£ÿ yÓTT<ä{Ï 

|ü<äeTT a eT]j·TT kÕe÷q´ uÛÒ<äeTT d  nsTTq. 

            a a
1
=   eT]j·TT a a d

n n1
= +

+
 ,  n N6 ! .

    n = 1, 2, 3   nsTTq

                                    
( )

( ) ( )

( ) ( )

a a d a d a d

a a d a d d a d a d

a a d a d d a d a d

2 1

2 3 1

2 3 4 1

2 1

3 2

4 3

= + = + = + -

= + = + + = + = + -

= + = + + = + = + -

 ô|’ qeT÷Hê\qqTdü]+∫ n e |ü<äeTT an qT ÁøÏ+~ $<ÛäeTT>± #·÷|üe#·TÃqT.

                            [ ( 2) ] ( 1) .a a d a n d d a n d
n n 1
= + = + - + = + -

-

ìs¡«#·qeTT

n!N  eT]j·TT n  dü]dü+K´ ÄsTTq|ü⁄&ÉT

n!N  eT]j·TT n  uÛÒdædü+K´ ÄsTTq|ü⁄&ÉT

n!N  eT]j·TT n  dü]dü+K´ ÄsTTq|ü⁄&ÉT

n!N  eT]j·TT n  uÛÒdædü+K´ ÄsTTq|ü⁄&ÉT
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 ø£qTø£ Á|ü‹ n N!  ≈£î  ( 1)a a n d
n
= + -   n>∑TqT.

  n+ø£ÁX‚&Ûç kÕe÷q´ s¡÷|ü+ 

                   , , 2 , 3 , , ( 1) , ,a a d a d a d a n d a ndg g+ + + + - +

 eT]j·TT n+ø£ÁX‚&Ûç jÓTTø£ÿ kÕe÷q´ |ü<äeTTq≈£î dü÷Á‘·eTT

 ( 1)t a n d
n
= + - ‚ 6 n N! .

 

      (i) ˇø£ es¡Tdü |ü]$T‘· es¡Tdü>± e⁄+fÒ n+ø£ÁX‚&Ûç˝À n |ü<äeTT\T e÷Á‘·y˚T e⁄+&ÉTqT. <ëì ∫e] 

|ü<äeTT l nqT≈£î+fÒ l a n d1= + -^ h

     (ii) l a n d1= + -^ h   qT 1n
d

l a= - +` j  >±qT Áyêj·Te#·TÃqT yÓTT<ä{Ï |ü<äeTT a, ∫e] |ü<äeTT 

l  eT]j·TT kÕe÷q´ uÛÒ<äeTT d \qT Ç∫Ãq |ü<äeTT\ dü+K´qT ø£qT>=qT≥≈£î Ç~ ñ|üjÓ÷>∑|ü&ÉTqT.

    (iii) n+ø£ÁX‚&Ûç˝À eT÷&ÉT es¡Tdü |ü<äeTT\qT   , ,m d m m d- +  >± rdüTø=qe\j·TTqT.

    (iv) n+ø£ÁX‚&Ûç˝À Hê\T>∑T es¡Tdü |ü<äeTT\qT 3 , , , 3m d m d m d m d- - + +   >±                        

rdüTø=qe\j·TTqT. Ç#·Ã≥ kÕ<Ûës¡D uÛÒ<äeTT 2d.
     (v) ˇø£ n+ø£ÁX‚&Ûç˝Àì Á|ü‹ |ü<äeTTq≈£î ˇø£ dæ∆s¡ $\TeqT ≈£L&çq ˝Òø£ rdæy˚dæq e#·TÃ |òü*‘·ÁX‚&ÛçÏ 

n+ø£ÁX‚&Ûç>±H˚ ñ+&ÉTqT. 

    (vi) n+ø£ÁX‚&Ûç˝Àì  Á|ü‹ |ü<äeTTqT @<Ó’q X¯S´H˚´‘·s¡ dæ∆s¡dü+K´‘√ >∑TDÏ+∫q ˝Òø£ uÛ≤–+∫q e#·TÃ 

|òü*‘·ÁX‚&Ûç n+ø£ÁX‚&Ûç>±H˚ j·TT+&ÉTqT.

ñ<ëVü≤s¡D 2.3

 ÁøÏ+~ es¡Tdü\T @$ n+ø£ÁX‚&Ûç˝À qTqï$?

 (i)  , , ,
3
2

5
4

7
6 g  .    (ii) , , , .m m m3 1 3 3 3 5 g- - -

kÕ<Ûäq 

(i)  Çe«ã&çq es¡Tdü jÓTTø£ÿ n e |ü<äeTT ,t n N
n

d  nqTø=qTeTT.

 `     t
1
 = ,

3
2  ,t t

5
4

7
6

2 3
= =  

   t t
2 1
-  = 

5
4

3
2-  = 

15
12 10-   =  

15
2

      t t
3 2
-  = 

7
6

5
4-  = 

35
30 28-  = 

35
2

   t t
2 1
-  t t

3 2
= -Y ,  ø£qTø£ Çe«ã&çq es¡Tdü n+ø£ÁX‚&Ûç ø±<äT

(ii) , , , .m m m3 1 3 3 3 5 g- - -   
  t

1
 = 3 1, 3 3, 3 5,m t m t m

2 3
g- = - = - . 

 `   t t
2 1
-  = (3 3) (3 1) 2m m- - - =-  

  t t
3 2
-  = (3 5) (3 3) 2m m- - - =-

  Ç∫Ãq≥Te+{Ï es¡Tdü n+ø£ÁX‚&Ûç n>∑TqT. Ç#·Ã≥ yÓTT<ä{Ï |ü<äeTT 3m -  1,  kÕe÷q´ uÛÒ<äeTT`2

>∑eTìø£
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ñ<ëVü≤s¡D 2.4

 n+ø£ÁX‚&Ûç jÓTTø£ÿ yÓTT<ä{Ï |ü<äeTT eT]j·TT kÕe÷q´ uÛÒ<äeTTqT ø£qT>=qTeTT.

 (i) 5, 2, 1, 4,g- - .    (ii)   , , , , ,
2
1

6
5

6
7

2
3

6
17g

kÕ<Ûäq  
 (i) yÓTT<ä{Ï |ü<äeTT  ,a 5=  kÕe÷q´ uÛÒ<äeTT d  = 2 5- = 3- .

(ii) a
2
1= , kÕe÷q´ uÛÒ<äeTT  d  = 

6
5

2
1-  =  

6
5 3-  = 

3
1  .

ñ<ëVü≤s¡D 2.5

 20,19 ,18 ,
4
1

2
1 gnqT n+ø£ÁX‚&Ûç˝À kÕe÷q´ |ü<ä+ tn  ˇø£ ãTTDdü+K´>± qT+&ÉT≥≈£î, n jÓTTø£ÿ 

n‘·´\Œ <Ûäq|üPsêí+ø£eTT m+‘· e⁄+&Ée˝…qT? 

kÕ<Ûäq  

  Ç+<äT ,a 20=  d  = 19
4
1 20-  = 

4
3- . 

 0t
n
1  ñ+&ÉTq≥T¢ yÓTT<ä{Ï <Ûäq|üPsêí+ø£eTT nqT ø£qT>=qe˝…qT. 

 n‘·´\Œ $\Te n N! ≈£î ( )a n d1 01+ -    qT Bìì kÕ~Û+#·T≥≈£î rdüTø=qe\j·TTqT.

 ø£qTø£, n N!  ≈£î 20 0n 1
4
3 1+ - -^ `h j

     n 1
4
3- -^ `h j 201-

           (   ( 1) 20n
4
3

# 2-       ( Çs¡TyÓ’|ü⁄\ (-1) ‘√ >∑TDÏ+#·>± á ndüe÷q‘·«eTT e´‹Áø£eTeT>∑TqT.)

  `  n 1-  20 26
3
4

3
80

3
2

#2 = = .

 ø£qTø£,  26 1n
3
22 + . nq>±,  2 .n 7

3
2 27 662 =

 á ndüe÷q‘·«eTTqT ‘·è|æÔ|üs¡#·T n‘·´\Œ <Ûäq|üPsêí+ø£eTT .n 28=

 ø£qTø£, n+ø£ÁX‚&Ûç˝À yÓTT<ä{Ï ãTTDdü+K´ 28 e |ü<äeT>∑TqT (t28 ). 

ñ<ëVü≤s¡D 2.6

 ˇø£ |üP\‘√≥j·T+<äT, yÓTT<ä{Ï es¡Tdü˝À 23 s√C≤#Ó≥T¢, ¬s+&Ée es¡Tdü˝À 21, eT÷&Ée es¡Tdü˝À 

19 s√C≤ #Ó≥T¢ neT] ñqï$. ∫e] es¡Tdü˝À 5 s√C≤ #Ó≥T¢qï$. nsTTq Ä ‘√≥˝À mìï es¡Tdü\Tqïy√ 

‘Ó\TŒeTT.

kÕ<Ûäq |üP\ ‘√≥˝Àì es¡Tdü\ dü+K´qT n nqTø=qTeTT.

 1e, 2e, 3e ... ... ... ne es¡Tdü\˝À s√C≤ #Ó≥¢ dü+K´ Áø£eTeTT>± 23, 21, 19......5 n>∑TqT.  

 tk -  tk- 1 = -2, k = 2, ..... n

 23, 21, 19, g , 5  nqT es¡Tdü n+ø£ÁX‚‚&Ûç˝ÀqTqï~.
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    ,a 23=  ,d 2=-  eT]j·TT l 5= .   

  ` n  = 
d

l a 1- +  = 
2

5 23 1
-
- +   = 10.

 s√C≤|üP\‘√≥˝À 10 es¡Tdü\T ø£\e⁄.

ñ<ëVü≤s¡D 2.7

 ˇø£ e´øÏÔ 2010 ˝À dü+e‘·‡s¡eTTq≈£î  `30,000 J‘·+ #=|üq |üì˝À #˚¬sqT. Á|ü‹ dü+e‘·‡s¡+ 

`600 n‘·ì J‘·+˝À ô|]–q @ dü+e‘·‡s¡+˝À n‘·ì J‘·+ `39,000 qT #˚s¡TqT?

kÕ<Ûäq  n e dü+e‘·‡s¡+˝À n‘·qT J‘·eTT `39,000 qT bı+<ä>∑\&Éì nqTø=ìq.   

  2010, 2011, 2012, g , [2010 +( )n 1- ] dü+ˆˆ \˝À n‘·ì J‘·eTT Áø£eTeTT>± ` 30,000,    

` 30,600,   ` 31,200, g  , ` 39000  n>∑TqT. J‘·eTT\T n+ø£ÁX‚&Ûç˝ÀqTqïeì >∑eTì+|ü⁄eTT. Á|ü‹ 

|ü<äeTTqT 100 ‘√ uÛ≤–+#·>± 300, 306, 312, g , 390 nqT Áø=‘·Ô n+ø£ÁX‚&Ûçì bı+<ä>∑\eTT.

   a = 300,  d = 6,  l = 390.

   n  = 
d

l a 1- +

   = 1
6

390 300- +  = 1
6
90 +   = 16 

  16e dü+e‘·‡s¡eTT J‘·eTT `39000 n>∑TqT. 

 ` n‘·ì J‘·eTT `39,000 qT 2025  dü+ˆˆ˝À bı+<ä>∑\&ÉT.

 n‘·qT 2025 dü+e‘·‡s¡+˝À `39,000 J‘·eTTqT bı+<ä>∑\&ÉT.

ñ<ëVü≤s¡D 2.8

 eT÷&ÉT dü+K´\T 2:5:7 ìwüŒ‹Ô˝À ñqï$. ¬s+&Ée <ëì qT+&ç 7qT rdæy˚j·T>± @s¡Œ&ÉT es¡Tdü 

n+ø£ÁX‚&Ûç˝À e⁄qï≥¢sTTq Ä dü+K´\qT ø£qT>=qTeTT.

kÕ<Ûäq Ä dü+K´\T 2x‚ 5x‚  7x  nqTø=qTeTT. 0x !^ h

 Çe«ã&çq düe÷#ês¡eTT qT+&ç, Ä dü+K´\T 2 , 5 7, 7x x x-  nqTq$ n+ø£ÁX‚&Ûç˝À qTqï$.

 `   2 ( )x x x x5 7 7 5 7- - = - -^ h    (  3 7x x2 7- = +  ,  x  =  14.

 ø£qTø£ ø±e\dæq dü+K´\T 28,70,98 

nuÛ≤´düeTT 2.2

  1.  ˇø£ n+ø£ÁX‚&Ûç jÓTTø£ÿ yÓTT<ä{Ï |ü<äeTT 6 eT]j·TT kÕe÷q´ uÛÒ<äeTT 5 nsTTq n+ø£ÁX‚&Ûçì           

eT]j·TT <ëì kÕ<Ûës¡D |ü<äeTTqT ø£qT>=qTeTT.

  2. 125, 120, 115, 110, ... nqT n+ø£ÁX‚&Ûç jÓTTø£ÿ kÕe÷q´ uÛÒ<äeTT eT]j·TT 15e |ü<äeTTqT 

ø£qT>=qTeTT.

  3. 24, 23 , 22 , 21 , .
4
1

2
1

4
3 g  nqT n+ø£ÁX‚&Ûç˝À 3 nqTq~ mqïe |ü<äeTT n>∑TqT.



Sequences and Series of  Real Numbers 43

  4. , 3 , 5 , .2 2 2 g n+ø£ÁX‚&Ûç jÓTTø£ÿ  12 e |ü<äeTTqT ø£qT>=qTeTT.

  5. 4, 9, 14, .... n+ø£ÁX‚&Ûç jÓTTø£ÿ 17e |ü<äeTTqT ø£qT>=qTeTT.

  6.  ÁøÏ+~ n+ø£ÁX‚&Ûç˝À mìï |ü<äeTT\Tqïy√ ø£qT>=qTeTT.

 (i) 1, , , , .
6
5

3
2

3
10g- - -   (ii)  7, 13, 19, g , 205.

  7. n+ø£ÁX‚&Ûç jÓTTø£ÿ 9e |ü<äeTT düTqï nsTTq 29e |ü<äeTT, 19e |ü<äeTTq≈£î ¬s{Ïº+|ü⁄>± ñ+&ÉTqì 

ìs¡÷|æ+#·TeTT.

  8. ˇø£ n+ø£ÁX‚&Ûç jÓTTø£ÿ 10e eT]j·TT 18e |ü<äeTT\T es¡Tdü>± 41 eT]j·TT 73 nsTTq 27e 

|ü<äeTTqT ø£qT>=qTeTT.

  9. 1,7,13,19... ... ... eT]j·TT 100, 95, 90. ... ... ... nqT ¬s+&ÉT n+ø£ÁX‚&ÛÉT\ n e |ü<äeTT\T 

düe÷qyÓTÆq n $\TeqT ø£qT>=qTeTT.

10. 13 #˚ uÛ≤–+#·ã&çq ¬s+&ÉT n+¬ø\ dü+K´\T mìï ?

11. ˇø£ {Ï.$. ‘·j·÷Ø <ës¡T&ÉT 7e dü+e‘·‡s¡+˝À 1000 {Ï.$\qT ñ‘·Œ‹Ô #̊ôdqT. eT]j·TT 10e 

dü+e‘·‡s¡+˝À 1450 {Ï.$ \qT ñ‘·Œ‹Ô #̊ôdqT. Á|ü‹ dü+e‘·‡s¡+ ̌ ø£ dæús¡yÓTÆq dü+K´˝À {Ï.$.\ ñ‘·‡‹Ô 

ô|s¡T>∑T#·T+&çq  yÓTT<ä{Ï dü+e‘·‡s¡+ eT]j·TT 15e dü+e‘·‡s¡+˝À mìï {Ï.$. \qT ñ‘·Œ‹Ô  #̊ôdH√ 

ø£qT>=qTeTT.

12. ˇø£&ÉT yÓTT<ä{Ï HÓ\ `640 bı<äT|ü⁄ #̊ôdqT. ¬s+&Ée HÓ\ `720 eT]j·TT eT÷&Ée HÓ\ `800 bı<äT|ü⁄ 

#̊ôdqT. n‘·qT Ç<̊ $<Ûä+>± bı<äT|ü⁄qT ø=qkÕ–+∫q#√ , 25e HÓ\ n‘·ì bı<äT|ü⁄ m+‘·?

13. ˇø£ n+ø£ÁX‚‚&Ûç jÓTTø£ÿ eT÷&ÉT es¡Tdü |ü<äeTT\ yÓTT‘·ÔeTT 6 eT]j·TT yê{Ï \ã∆eTT -120 nsTTq 

Ä dü+K´\qT ø£qT>=qTeTT.

14. n+ø£ÁX‚‚&Ûç˝À e⁄qï eT÷&ÉT dü+K´\ yÓTT‘·ÔeTT 18 eT]j·TT yê{Ï es¡ZeTT\ yÓTT‘·ÔeTT 140 nsTTq 

Ä dü+K´\qT ø£qT>=qTeTT.

15.      ˇø£ n+ø£ÁX‚‚&Ûç˝À m e |ü<ä+  m ¬s≥T¢ eT]j·TT  n e |ü<ä+ n ¬s≥¢≈£î düe÷qyÓTÆq, (m+n)e |ü<ä+ 

düTqï nì #·÷|ü⁄eTT.

16.    ˇø£ e´øÏÔ dü+e‘·‡sêìøÏ 14% kÕ<Ûës¡D e&û¶‘√ `25000 \qT ô|≥Tºã&ç>± ô|f…ºqT. á yÓTT‘·ÔeTT\T 

(ndü\T G e&û¶) n+ø£ÁX‚&Ûçì @s¡Œs¡T#·THê? nfÒ¢s¡Œ]∫q#√ 20 dü+ˆˆ\ ‘·s¡Tyê‘· n‘·ì ô|≥Tºã&ç m+‘·?

17. a, b, c  \T n+ø£ÁX‚‚&Ûç˝À ñ+fÒ ( ) 4( )a c b ac
2 2

- = -  nì  ìs¡÷|æ+#·TeTT.

18. a, b, c \T n+ø£ÁX‚‚&Ûç˝À ñ+fÒ , ,
bc ca ab
1 1 1  n+ø£ÁX‚‚&Ûç˝À e⁄qïeì #·÷|ü⁄eTT.

19. , ,a b c
2 2 2  n+ø£ÁX‚‚&Ûç˝À ñ+fÒ , ,

b c c a a b
1 1 1
+ + +

 n+ø£ÁX‚‚&Ûç˝À e⁄qïeì #·÷|ü⁄eTT.

20. , , ,a b c x y z0 0 0
x y z

! ! != =  eT]j·TT b ac
2
= , nsTTq , ,

x y z
1 1 1  n+ø£ÁX‚‚&Ûç˝À e⁄qïeì 

#·÷|ü⁄eTT.
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2.4 >∑TDÁX‚&Ûç (Geometric Sequence or Geometric Progression (G.P.))

 ˇø£ es¡Tdü  , , , , ,a a a a
n1 2 3

g g  qT >∑TD≤‘·àø£ es¡Tdü nìq, a a r
n n1

=
+

,  n N! , r  ˇø£ 

X¯SH˚´‘·s¡ dæ∆sê+ø£+. a
1
 yÓTT<ä{Ï |ü<äeTT, r qT kÕe÷q´ ìwüŒ‹Ô nì n+<äTs¡T. á >∑TD≤‘·àø£ es¡TdüqT 

>∑TDÁX‚&Ûç(G.P.) n+<äTs¡T.

  >∑TDÁX‚&ÛçøÏ ø=ìï ñ<ëVü≤s¡D\qT #·÷#Ó<äeTT.

(i) 3, 6, 12, 24,g  .

 ˇø£ es¡Tdü a
n 1

3" ,   >∑TD≤‘·àø£ es¡Tdü nsTTq, Ç+<äT 0
a

a
r

n

n 1 !=+ ,  n N! >± e⁄+&ÉTqT.

  2
3
6

6
12

12
24 0!= = = . 

 ø±e⁄q Ç∫Ãq es¡Tdü >∑TDÁX‚&Ûç n>∑TqT.

(ii) , , , ,
9
1

27
1

81
1

243
1 g- -  .

   0

9
1
27
1

27
1
81
1

81
1

243
1

3
1 !

-
=

-
=

-
= - . 

 ø£qTø£ Çe«ã&çq es¡Tdü >∑TDÁX‚&Ûç n>∑TqT.

>∑TDÁX‚&Ûç jÓTTø£ÿ kÕ<Ûës¡D s¡÷|ü+ (The general form of a G.P. )
 >∑TDÁX‚&Ûç jÓTTø£ÿ kÕ<Ûës¡D s¡÷|üeTTqT ñ‘êŒ~+#Ó<äeTT. >∑TD≤‘·àø£ es¡Tdü { }a

k k 1

3

=
. ˝À yÓTT<ä{Ï 

|ü<äeTT a eT]j·TT kÕe÷q´ ìwüŒ‹ r n>∑TqT.

      Á|ü‹ n N!  ≈£î a
1
= a   eT]j·TT  

a

a
r

n

n 1 =+  n>∑TqT.

  Á|ü‹ n N!  ≈£î  a
n 1+

= r a
n
 n>∑TqT.

                        n = 1, 2, 3 .... >± rdüTø=ìq

 a2  = a r ar ar
1

2 1
= =

-

 a3  = ( )a r ar r ar ar
2

2 3 1
= = =

-

 a4  = ( )a r ar r ar ar
3

2 3 4 1
= = =

-

  á $<Ûä+>± ø=qkÕ–q#√,

   a
n
 = ( ) .a r ar r ar

n

n n

1

2 1
= =

-

- -

 ø£qTø£,  Á|ü‹ n N!  ≈£î an  = arn 1-  nqTq~ >∑TDÁX‚&Ûç˝À n e |ü<äeTTqT Ç#·TÃqT

 >∑TDÁX‚&Ûç kÕe÷q´ s¡÷|ü+ ÁøÏ+~ $<Ûä+>± e⁄+&ÉTqT.

                             , , , , , , ,a ar ar ar ar ar
n n2 3 1

g g
- .                                                

 >∑TDÁX‚&Ûç jÓTTø£ÿ kÕ<Ûës¡D |ü<äeTTq≈£î dü÷Á‘·eTT

                                      , 1, 2, 3, .nt ar
n

n 1
g==

-

ìs¡«#·qeTT
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 ˇø£ es¡Tdü˝À yÓTT<ä{Ï ø=ìï |ü<ë\qT Ç∫Ãq Ä es¡Tdü >∑TDÁX‚&Ûçj·÷ ø±<ë nì m˝≤ ìs¡ísTT+#Ó<äeTT?

 ,
t

t
r n N

n

n 1 6 !=+ ,eT]j·TT Çø£ÿ&É  nqTq~ X¯S´H˚´‘·s¡ dæúsê+ø£+ n|ü⁄&ÉT t
n 1

3" ,  nqTq~  

G.P. ˝À e⁄+&ÉTqT.  

     (i) ˇø£ es¡Tdü˝À yÓTT<ä{Ï |ü<äeTT ‘·|üŒ $T–*q |ü<äeTT\ìï yê{Ï eTT+<äT |ü<äeTTq≈£î ˇø£ X¯SH˚´‘·s¡ 

dæús¡ ìwüŒ‹Ô˝À j·TTqï#√ á s¡ø£yÓTÆq ÁX‚&Ûçì >∑TDÁX‚&Ûç n+<äTs¡T

  (ii) >∑TDÁX‚&Ûçì ̌ ø£ X̄SH̊´‘·s¡ dæús¡dü+K´#̊ >∑TDÏ+∫qqT ̋ Òø£ uÛ≤–+∫qqT @s¡Œ&ÉT ÁX‚&Ûç >∑TDÁX‚&Ûçj̊T n>∑TqT.

 (iii) >∑TDÁX‚&Ûç˝À eT÷&ÉT es¡Tdü |ü<äeTT\T , ,
r
a a ar >± rdüTø=qe\j·TTqT. Ç+<äT  nqTq~ 

kÕe÷q´ ìwüŒ‹Ô.

  (iv) >∑TDÁX‚&Ûç˝À Hê\T>∑T es¡Tdü |ü<äeTT\T , , , .
r

a
r
a ar ar

3

3

>± rdüTø=qe\j·TTqT.  

           (Çø£ÿ&É kÕe÷q´ ìwüŒ‹Ô   r2   n>∑TqT.  ø±˙ ô|’$<Ûä+>± r  ø±<äT.)

ñ<ëVü≤s¡D 2.9

 ÁøÏ+~ es¡Tdü˝˝À @$ >∑TDÁX‚&Ûç\>∑TH√ ‘Ó\TŒeTT.

 (i)  5, 10, 15, 20, g  .        (ii) 0.15, 0.015, 0.0015, g  .

 (iii) , , 3 , 3 , .7 21 7 21 g  

kÕ<Ûäq 
(i)  ¬s+&ÉT es¡Tdü |ü<äeTT\ kÕe÷q´ ìwüŒ‹Ô  

5
10

10
15=Y . 

 kÕe÷q´ ìwüŒ‹Ô ˝Ò<äT ø£qTø£ Ç~ >∑TDÁX‚&Ûç ø±<äT.

(ii) 
.
.

.
.

0 15
0 015

0 015
0 0015

10
1g= = =  .  

 kÕe÷q´ ìwüŒ‹Ô = 
10
1 , ø±e⁄q Ç~ >∑TDÁX‚&Ûç n>∑TqT.

(iii) 
7

21

21

3 7

3 7

3 21 3g= = = =

kÕe÷q´ ìwüŒ‹Ô = 3 .  ø£qTø£  Çe«ã&çq es¡Tdü >∑TDÁX‚&Ûç n>∑TqT.

ñ<ëVü≤s¡D 2.10

 ÁøÏ+~ >∑TDÁX‚&Ûç jÓTTø£ÿ kÕ<Ûës¡D |ü<äeTT eT]j·TT kÕe÷q´ ìwüŒ‹Ôì ø£qT>=qTeTT.

 (i)  , , ,
5
2

25
6

125
18 g  .   (ii)   0.02, 0.006, 0.0018, g  .

kÕ<Ûäq 
(i)  kÕe÷q´ ìwüŒ‹Ô      r  = 

t

t

t

t

1

2

2

3 g= = .      

         ø£qTø£  r  =  

5
2
25
6

5
3= .

>∑eTìø£
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 es¡Tdü jÓTTø£ÿ yÓTT<ä{Ï |ü<ä+  
5
2 .  ø£qTø£ es¡Tdü kÕ<Ûës¡D |ü<äeTT

          , 1, 2, 3, .t ar n
n

n 1
g= =

-

     (  , 1,2,3,t n
5
2

5
3

n

n 1
g= =

-

` j

(ii)   Çe«ã&çq >∑TDÁX‚&Ûç jÓTTø£ÿ kÕe÷q´ ìwüŒ‹Ô

      
.
. .r
0 02
0 006 0 3

10
3= = = .     >∑TDÁX‚&Ûç jÓTTø£ÿ yÓTT<ä{Ï |ü<äeTT 0.02

 ø£qTø£ es¡Tdü jÓTTø£ÿ kÕ<Ûës¡D |ü<äeTT

                      (0.02) , 1,2,3,t n
10
3

n

n 1
g= =

-

` j  

ñ<ëVü≤s¡D 2.11

  >∑TDÁX‚&Ûç jÓTTø£ÿ 4e  |ü<ä+  
3
2  eT]j·TT 7e  |ü<ä+ 

81
16  nsTTq  >∑TDÁX‚&Ûçì ø£qT>=qTeTT 

kÕ<Ûäq t
3
2

4 =   eT]j·TT t
81
16

7 =  nì Çe«ã&çq~.

 kÕ<Ûës¡D |ü<ä+ dü÷Á‘·eTT  , 1, 2, 3,t ar n
n

n 1
g= =

-  qT|üjÓ÷–+∫

   t ar
3
2

4
3

= =   eT]j·TT t ar
81
16

7
6

= =   

 >∑TDÁX‚&Ûç ø£qT>=qT≥≈£î eTT+<äT>± yÓTT<ä{Ï |ü<äeTT a eT]j·TT kÕe÷q´ ìwǘ ‹Ô r \qT ø£qT>=qe …̋qT.

    t
7
 qT t

4
 ‘√ uÛ≤–+#·>±

  
t

t

4

7  = 
ar

ar
3

6

=  

3
2
81
16

27
8= .

      r
3  = 

27
8

3
2 3

=` j  qT+&ç  r
3
2= .

   t4  = ar
3
2

3
23

( =` j.

 (   ( )a
27
8  = 

3
2 .   `      a = 

4
9 .

 ø±e⁄q ø±e\dæq >∑TDÁX‚&Ûç    , , , , , ,ar ar ar ar ar
n n2 3 1

g g
-

      nq>±      , , ,
4
9

4
9

3
2

4
9

3
2 2

g` `j j .

ñ<ëVü≤s¡D 2.12

 u≤ø°º]j·÷ |ü]XÀ<Ûäq\˝À u≤ø°º]j·÷ dü+K´ Á|ü‹ >∑+≥≈£î ¬s+&ç+‘·\>∑TqT. ÁbÕs¡+uÛÑeTT˝À 30 

u≤ø°º]j·÷\T ñ+&çq jÓT&É\ 14 e >∑+≥ ∫e]˝À  mìï u≤ø°º]j·÷\T ñ+&ÉTqT?

kÕ<Ûäq u≤ø°º]j·÷ |ü]XÀ<Ûäq˝À u≤ø°º]j·÷\ dü+K´, ‘·s¡Tyê‘· e#·TÃ >∑+≥ ∫es¡≈£î ¬s+&ç+‘·\>∑Tqì 

>∑eTì+#·TeTT. 
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	 							ÁbÕs¡+uÛÑeTT˝À	u≤ø°º]j·÷	dü+K´	=	30

	 yÓTT<ä{Ï	>∑+≥	∫es¡q	u≤ø°º]j·÷	dü+K´	=	2(30)

	 ¬s+&Ée	>∑+≥	∫es¡q	u≤ø°º]j·÷	dü+K´		=  (2(30)) ( )2 30 22=  
 ô|’	$<ÛäeTT>±	»s¡T>∑Tq|ü⁄&ÉT	Á|ü‹	>∑+≥	∫es¡˝À	ñ+&ÉT	u≤ø°º]j·÷\	dü+K´	(G.P) ˝À	e⁄+&ÉTqT.

	 <ëì	kÕe÷q´	ìwüŒ‹Ô	r = 2. 
  n >∑+≥\T	‘·s¡Tyê‘·	u≤ø°º]j·÷	dü+K´qT	t

n
 >±	dü÷∫+∫q≥¢sTT‘˚ 

                    >∑TDÁX‚&Ûç	kÕ<Ûës¡D	|ü<äeTT 30 (2 )t
n

n
=  

  14e	>∑+≥	∫es¡	u≤ø°º]j·÷	dü+K´	  30 (2 )t
14

14
= . 

ñ<ëVü≤s¡D 2.13

 ˇø£	dü+e‘·‡s¡eTTq≈£î	10%	#·Áø£e&û¶	 πs≥T	#=|üq	u≤´+≈£î˝À	`	500	»eT	#˚dæq	jÓT&É\	10	

dü+ˆˆ\	∫es¡	Ä	ô|≥Tºã&ç	$\Te	m+‘·	?  

kÕ<Ûäq

 ˇø£	dü+e‘·‡eTTq≈£î	ndü\T	`.	500	\≈£î	n>∑Te&û¶ 500
100
10 50=` j

 ¬s+&Ée	dü+e‘·‡s¡eTTq≈£î	ndü\T	=	yÓTT<ä{Ï	dü+e‘·‡s¡+	ndü\T	G	e&û¶

                                        =  500 500
100
10 500 1

100
10+ = +` `j j

  ¬s+&Ée	dü+e‘·‡s¡+	e&û¶								  = 500 1
100
10

100
10+`` `jj j.

 eT÷&Ée	dü+e‘·‡s¡+	ndü\T         = 500 5001
100
10 1

100
10
100
10+ + +` `j j

   = 500 1
100
10 2

+` j
                   Ç<˚	$<Ûä+>±	ø=qkÕ–q

                n e	dü+e‘·‡s¡+˝À	ndü\T 
=  500 1

100
10 n 1

+
-

` j .

      (n–1) e	dü+e‘·‡s¡+	∫e]˝À	yÓTT‘·ÔeTT	=	n	e	dü+e‘·‡s¡|ü⁄	ndü\T

	 á	$<Ûä+>±,	‘n’	e	dü+e‘·‡s¡eTT	∫es¡q	U≤‘ê˝À	ñqï	yÓTT‘·ÔeTT	

           = 500 1
100
10 n 1

+
-

` j + 500 1
100
10

100
10n 1

+
-

` `j j =  500
10
11 n

` j .

 10	dü+e‘·‡s¡eTT\T	‘·s¡Tyê‘·	U≤‘ê˝À	yÓTT‘·ÔeTT 

   =  ` 500 1
100
10 10

+` j =  ` 500
10
11 10

` j .

 ô|’	 |ü<ä›‹qT|üjÓ÷–+∫	#·Áø£e&û¶	 düeTdü´\≈£î	 dü+ã+~+∫q	yÓTT‘·ÔeTT	 ø£qT>=qT≥≈£î	á	 ÁøÏ+~	

dü÷Á‘·eTTqT	ñ‘êŒ~+#·e#·TÃqT.	

 	yÓTT‘·ÔeTT	 , (1 )A P i
n

= + . Çø£ÿ&É	P	ndü\T, i r
100

= , r dü+e‘·‡s¡¡	e&û¶	 πs≥T	eT]j·TT	n		
dü+e‘·‡s¡eTT\	dü+K´	n>∑TqT.

>eT

 }
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ñ<ëVü≤s¡D 2.14

 ˇø£ >∑TDÁX‚&Ûç jÓTTø£ÿ yÓTT<ä{Ï eT÷&ÉT |ü<äeTT\ yÓTT‘·ÔeTT  
12
13   eT]j·TT yê{Ï \ã›eTT `1 nsTTq  

kÕe÷q´ ìwüŒ‹Ô eT]j·TT Ä |ü<äeTT\qT ø£qT>=qTeTT. 

kÕ<Ûäq >∑TDÁX‚&Ûç j·T+<äTqï yÓTT<ä{Ï eT÷&ÉT |ü<äeTT\T  , ,
r
a a ar >± rdüTø=ìq

   
r
a a ar+ +  = 

12
13                                                           

   a
r

r1 1+ +` j = 
12
13     ( a

r
r r 1
2
+ +c m =  

12
13    (1)

   eT]j·TT  
r
a a ar` ^ ^j h h = 1-

  (   a
3  = 1-       `    a 1=-

   1a =-  qT (1)  ˝À Á|ü‹πøå|æ+∫q 

   
r

r r1 1
2

- + +^ ch m = 
12
13

 (   12 12 12r r
2
+ +  = r13-

   12 25 12r r
2
+ +  = 0

   r r3 4 4 3+ +^ ^h h = 0

  r  = 
3
4-   or  

4
3-

  r   = 
3
4-   eT]j·TT  a = – 1, nsTTq|ü⁄&ÉT Ä |ü<äeTT\T  

4
3 , –1, 

3
4 . 

  r   =  
4
3-  eT]j·TT   a = – 1, nsTTq|ü⁄&ÉT |ü<äeTT\T ‹s√>∑eTq+˝Àñ+&ÉTqT i.e.  

3
4 , –1, 

4
3 , 

ñ<ëVü≤s¡D 2.15

 , , ,a b c d  \T >∑TDÁX‚&Ûç˝À j·TT+&çq

 b c c a d b a d2 2 2 2- + - + - = -^ ^ ^ ^h h h h  nì ìs¡÷|æ+#·TeTT

kÕ<Ûäq , , ,a b c d  \T >∑TDÁX‚&Ûç˝À ñqï$. yÓTT<ä{Ï |ü<äeTT a eT]j·TT kÕe÷q´ ìwüŒ‹Ô  r nì nqTø=qTeTT.

 ø±e⁄q , ,b ar c ar d ar
2 3

= = =

 Ç|ü&ÉT b c c a d b2 2 2- + - + -^ ^ ^h h h

  = ar ar ar a ar ar
2 2 2 2 3 2

- + - + -^ ^ ^h h h

  = a r r r r r1
2 2 2 2 2 3 2

- + - + -^ ^ ^h h h6 @

  = a r r r r r r r r2 2 1 2
2 2 3 4 4 2 6 4 2

- + + - + + - +6 @

  = a r r2 1
2 6 3

- +6 @ = a r 1
2 3 2

-6 @

  = ar a a ar
3 2 3 2
- = -^ ^h h  = ( )a d

2
-
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nuÛ≤´düeTT 2.3

  1. ÁøÏ+~ es¡Tdü\˝À @$ >∑TDÁX‚&Ûç˝À >∑T]Ô+#·TeTT. Ä >∑TDÁX‚&Ûç\≈£î kÕe÷q´ ìwüŒ‹Ôì ø£qT>=qTeTT.

 (i)  0.12, 0.24, 0.48,g . (ii) 0.004, 0.02, 0.1,g .  (iii) , , , ,
2
1

3
1

9
2

27
4 g .

 (iv)  12, 1, ,
12
1 g .  (v) , , ,2

2

1

2 2

1 g .  (vi)  4, 2, 1, ,
2
1 g- - - .

  2. , ,1, 2,
4
1

2
1 g- -  >∑TDÁX‚&Ûç j·T+<äT 10e |ü<äeTT eT]j·TT kÕe÷q´ ìwüŒ‹Ôì ø£qT>=qTeTT.

  3. >∑TDÁX‚&Ûç˝À 4e eT]j·TT 7e |ü<äeTT\T es¡Tdü>± 54 eT]j·TT 1458 nsTTq G.P. ì ø£qT>=qTeTT.

  4. ˇø£ >∑TDÁX‚&Ûç˝À  yÓTT<ä{Ï |ü<äeTT 
3
1   eT]j·TT 6e |ü<äeTT  

729
1  nsTTq G.P. ì ø£qT>=qTeTT. 

  5. ÁøÏ+~ >∑TDÁX‚&Ûç˝À ... 

 (i)  5, 2, , ,
5
4

25
8 g  ,˝À 

15625
128  nqTq~ mH√ï |ü<äeTT ?

 (ii) 1, 2, 4, 8,g , ˝À 1024 nqTq~ mH√ï |ü<äeTT ?

  6. 162, 54, 18,g . eT]j·TT , , ,
81
2

27
2

9
2 g  nqT >∑TDÁX‚&Ûç\˝À ne |ü<äeTT\T düe÷qyÓTÆq                   

n $\TeqT ø£qT>=qTeTT.

  7. ˇø£ >∑TDÁX‚&Ûç jÓTTø£ÿ 5e |ü<äeTT 1875 eT]j·TT yÓTT<ä{Ï |ü<äeTT 3 nsTTq kÕe÷q´ ìwüŒ‹Ôì 

ø£qT>=qTeTT.

  8. ˇø£ >∑TDÁX‚&Ûç jÓTTø£ÿ yÓTT<ä{Ï eT÷&ÉT |ü<äeTT\ yÓTT‘·ÔeTT  
10
39  eT]j·TT yê{Ï \ã∆eTT 1 nsTTq 

kÕe÷q´ ìwüŒ‹Ô eT]j·TT n |ü<äeTT\qT ø£qT>=qTeTT.

  9. G.P. ̋ À eT÷&ÉT es¡Tdü |ü<äeTT\ \ã∆eTT 216 eT]j·TT yê{Ïì »‘·\T>± rdüTø=ìq yê{Ï \ã∆eTT\ 

yÓTT‘Ô·ÔeTT 156 nsTTq yê{Ïì ø£qT>=qTeTT.

10. >∑TDÁX‚&Ûç˝À yÓTT<ä{Ï eT÷&ÉT es¡Tdü |ü<äeTT\ yÓTT‘·ÔeTT 7 eT]j·TT yê{Ï $˝ÀeTeTT\ yÓTT‘·ÔeTT 

4
7  nsTTq Ä |ü<äeTT\qT ø£qT>=qTeTT.

11. >∑TDÁX‚&Ûç j·T+<äT yÓTT<ä{Ï eT÷&ÉT |ü<äeTT\ yÓTT‘·ÔeTT 13 eT]j·TT yê{Ï es¡ZeTT\ yÓTT‘·ÔeTT 91 

nsTTq G.P. ø£qT>=qTeTT.

12. ˇø£ u≤´+≈£î˝À 5% #·Áø£e&û¶ πs≥T‘√ ̀ 1000 »eT#˚dæq 12 dü+e‘·‡s¡eTT\ ∫es¡ e#·TÃ yÓTT‘·ÔeTTqT 

ø£qT>=qTeTT.

13.  ˇø£ ø£+ô|ì ̀ 50,000 \≈£î ̌ ø£ C…sêø˘‡ j·T+Á‘·eTTqT ø=HÓqT Ä j·T+Á‘·eTT $\Te dü+e‘·‡sêìøÏ 15%  

‘·–Zq#√ 15 dü+e‘·‡s¡eTT\ ‘·s¡Tyê‘· j·T+Á‘·eTT $\Te m+‘·? 

14. , , ,a b c d   \T >∑TDÁX‚&Ûç˝À e⁄+fÒ  .a b c b c d ab bc cd- + + + = + +^ ^h h   nì #·÷|ü⁄eTT.

15. , , ,a b c d   \T  >∑TDÁX‚&Ûç˝À e⁄+fÒ, , , ,a b b c c d+ + +  \T ≈£L&Ü >∑TDÁX‚&Ûç˝À e⁄qïeì 

#·÷|ü⁄eTT.
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2.5 ÁX‚DT\T (Series)

ÁøÏ+~ düeTdü´qT >∑eTì+|ü⁄eTT.

 ˇø£e´øÏÔ »qe] 1, 1990 ̋ À dü+e‘·‡s¡ J‘·eTT ̀  25,000 \≈£î ñ<√´>∑eTT˝À #̊], Á|ü‹ dü+e‘·‡s¡eTT 

n<äq|ü⁄ J‘·eTT ` 500 rdüTø=ìq, n‘·&ÉT »qe] 1, 2010 es¡≈£î rdæq yÓTT‘·ÔeTT J‘·eTTqT ø£qT>=qTeTT.

yÓTT<ä≥ n‘·ì dü+e‘·‡s¡ J‘·+ n+ø£ÁX‚&Ûç˝À qTqï<äì >∑eTì+|ü⁄eTT. 

            25000, 25500, 26000, 26500, , (25000 19(500))g + .

 20 dü+‘·‡s¡eTT\ J‘·eTTqT ≈£L&ÉT≥ <ë«sê düeTdü´qT kÕ~Û+#·e#·TÃqT.

 i.e.  25000 25 00 26 00 2 00 (25000 19( 00))5 0 65 5g+ + + + + + .

 á es¡Tdü qT+&ç |ü<äeTT\qT ≈£L&Ée˝…qH˚ Ä˝À#·q nedüs¡eT>∑T#·Tqï~.  

 ˇø£ es¡Tdü˝Àì |ü<äeTT\qT ≈£L&çø£ >∑Ts¡TÔ (G) #˚ ‘Ó*j·TCÒj·TT≥qT ÁX‚DT\T nì n+<äTs¡T. 

|ü]$T‘· dü+K´˝À >∑\ |ü<äeTT\ yÓTT‘·ÔeTTqT |ü]$T‘· ÁX‚DÏ (finite series) n+<äTs¡T. n|ü]$T‘·  

dü+K´˝À  >∑\ |ü<äeTT\ yÓTT‘·ÔeTTqT n|ü]$T‘· ÁX‚DÏ (infinite series) n+<äTs¡T.

 yêdüÔe dü+K´\ es¡Tdü S a
n n 1

= 3
=" ,   qT |ü]>∑DÏ+#·TeTT. Á|ü‹ n N!  ≈£î bÕøÏåø£ dü+ø£\qeTTqT 

, ,S a a a
n n1 2

g= + + +  1,2,3,n g= >± ìs¡«∫+#·e#·TÃqT. ø£qTø£ Çe«ã&çq es¡Tdü a
n n 1

3
=" ,  

≈£î bÕøÏåø£dü+ø£\q es¡Tdü  { }S
n n 1

3

=
  n>∑TqT. 

 a
n n 1

3
=" ,   nqT es¡Tdü jÓTTø£ÿ Áø£eTj·TT>∑àeTT\T  ,a S

n n n n1 1
3 3
= =^ h" ", ,  \qT n|ü]$T‘· ÁX‚DÏ 

|ü<äeTT\T n+<äTs¡T. n|ü]$T‘· ÁX‚DÏì  a a a
1 2 3

g+ + + , >± dü÷∫+#Ó<äs¡T. dü÷ø£åàeTT>± Bìì a
n

n 1

3

=

/  

>± dü÷∫+#Ó<äs¡T. Çø£ÿ&É / nqT >∑Ts¡TÔ yÓTT‘·ÔeTTqT dü÷∫+#·TqT. eT]j·TT <ëìì dæ>±à nì |ü*¬ø<äeTT.

 |ü]$T‘· ÁX‚DT\qT düT\uÛÑeTT>± ns¡∆+ #˚düTø=qe#·TÃqT (|ü]$T‘· |ü<äeTT\ dü+ø£\qeTT) n|ü]$T‘· 

es¡Tdü˝À >∑\ |ü<äeTT\ yÓTT‘·ÔeTTqT kÕ<Ûës¡D dü+ø£\qeTT <ë«sê #˚j·TT≥ M\Tø±<äT. es¡Tdü˝À n|ü]$T‘· 

|ü<äeTT\ dü+ø£\qeTT m≥T¢ ns¡ú+#˚düTø√>∑\eTT? es¡Tdü˝À n|ü]$T‘· dü+K´˝À >∑\ |ü<äeTT\ yÓTT‘·ÔeTTqT 

ø£qT>=qT≥qT ô|’ ‘·s¡>∑‘·T\˝À H˚s¡TÃ≈£î+{≤s¡T. eTq+ Çø£ÿ&˚ |ü]$T‘· ÁX‚DT\ >∑T]+∫ ‘Ó\TdüTø=HÓ<äeTT.

 á $uÛ≤>∑+˝À n+ø£ÁX‚DÏ eT]j·TT >∑TDÁX‚DÏ\ >∑T]+∫ nuÛÑ´dæ+#Ó<äeTT. 

2.5.1 n+ø£ÁX‚DÏ (Arithmetic Series)

 n+ø£ÁX‚DÏ nq>± Ä ÁX‚DÏ˝Àì |ü<äeTT\T n+ø£ÁX‚&Ûç s¡÷|üeTT˝À qT+&ÉTqT. 

n+ø£ÁX‚&Ûç jÓTTø£ÿ yÓTT<ä{Ï n |ü<äeTT\ yÓTT‘·ÔeTT 
 yÓTT<ä{Ï |ü<äeTT a , kÕe÷q´ uÛÒ<äeTT d  >± qT+&ÉT n+ø£ÁX‚&Ûçì >∑eTì+#·TeTT.

   , , 2 , ..., ,a a d a d a n d1 g+ + + -^ h .

 n+ø£ÁX‚&Ûç˝Àì yÓTT<ä{Ï n |ü<äeTT\ yÓTT‘·ÔeTTqT S
n
 nqTø=qTeTT.

      ( ) ( 2 ) ( ( 1) )S a a d a d a n d
n

g= + + + + + + -

ìs¡«#·qeTT
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dü÷#·q

      ( ( ) )

( ( ) )

S na d d d n d

na d n

2 3 1

1 2 3 1
n

( g

g

= + + + + + -

= + + + + + -

 ( )n1 2 1g+ + + -  yÓTT‘·ÔeTTqT ø£qT>=ìq, dü÷Á‘·eTTqT dü÷ø°Îø£]+#·e#·TÃqT.

  Ç~   , , , , ( )n1 2 3 1g -  n+ø£ÁX‚&Ûç yÓTT‘·ÔeT>∑TqT.

 yÓTT<ä{ ( )n1 2 1g+ + + -  \ yÓTT‘·ÔeTTqT ø£qT>=qe˝…qT

 Ç|ü⁄&ÉT yÓTT<ä{Ï n   <Ûäq |üPsêí+ø£eTT\ yÓTT‘·ÔeTT ø£qT>=HÓ<äeTT  

    1 2 3 ( 2) ( 1)S n n n
n

g= + + + + - + - + .                      (1)

 ô|’ yÓTT‘·ÔeTTqT ø£qT>=qT≥≈£î ˇø£ ñbÕj·TeTTqT ñ|üjÓ÷–+#Ó<äeTT.

  S
n
 qT ÁøÏ+~ $<ÛäeTT>± Áyêj·Te#·TÃqì >∑eTì+|ü⁄eTT

                     ( 1) ( 2) 3 2 1S n n n
n

g= + - + - + + + + .           (2)

    (1) eT]j·TT (2)  dü+ø£\qeTT #˚j·T>±,

                       2 ( 1) ( 1) ( 1) ( 1) .S n n n n
n

g= + + + + + + + +    (3)

 düMTø£s¡D+ (3) ˝À ≈£î&çyÓ’|ü⁄ ( )n 1+  \T mìï >∑\e⁄? (1) eT]j·TT (2) ˝À n  |ü<äeTT\T >∑\e⁄. 

(1) eT]j·TT (2) \˝Àì nqT>∑TDyÓTÆq |ü<äeTT\qT ≈£L&É>±  ( )n 1+  ˝≤+{Ï n  |ü<äeTT\T >∑\e⁄. 

ø£qT≈£ (3)qT dü÷ø£åàeTT>±    2 ( 1)S n n
n
= + . 

  yÓTT<ä{Ï  n  <Ûäq |üPsêí+ø£eTT\ yÓTT‘·ÔeTT  

   S n n

2

1
n =

+^ h , ø£qT≈£ 1 2 3 ............ n
n n

2

1
+ + + + =

+^ h            (4)

 yÓTT‘·ÔeTT ø£qT>=qT≥≈£î á dü÷Á‘·eTT ñ|üjÓ÷>∑|ü&ÉTqT.

  ô|’ |ü<ä›‹ì  yÓTT≥ºyÓTT<ä≥>± ñ|üjÓ÷–+∫q Á|üU≤´‹ #Ó+~q »s¡à˙ 

>∑DÏ‘· XÊgẙ‘·Ô ø±sY¢ ô|ò&É]ø̆>±dtqT >∑DÏ‘·XÊg j·TTesêE n+<äTs¡T. 

100 <Ûäq |üPsêí+ø£eTT\ yÓTT‘·ÔeTTqT ø£qT>=qT≥≈£î á dü÷Á‘·eTTqT  

ñ|üjÓ÷–+#ÓqT. 5 dü+ˆˆ\ ej·TdüT‡˝À n‘·ì ñbÕ<Ûë´j·TTsê\T á düeTdǘ qT 

Ç#ÓÃqT. ô|’ ‘·s¡>∑‘·T\˝À ô|’ dü÷Á‘·+ e\q e#·TÃ Ç‘·s¡ |ü<ä∆‘·T\qT H̊s¡TÃø=HÓ<äs¡T.

 Ç|ü&ÉT ô|’q #·÷∫+∫q kÕ<Ûës¡D n+ø£ÁX‚DÏ jÓTTø£ÿ yÓTT<ä{Ï  n   |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=HÓ<äeTT 

Ç~ es¡πø #·÷∫q $<ÛäeTT>±  

    
........s na d d d n d2 3 1n = + + + + + -^ h6 @ 

        ...........na d n1 2 3 1= + + + + + -^ h6 @       

        = na d
n n

2

1
+

-^ h
                (4)qT ñ|üjÓ÷–+∫

 `     = [ ( ) ]n a n d
2

2 1+ -        (5)

Carl Fredrick Gauss
(1777 – 1855)
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  ø£qTø££  S
n
 =  [ ( ( ) )]n a a n d

2
1+ + -  = n

2
 ( yÓTT<ä{Ï |ü<ä+ G ∫e] |ü<ä+)

      = ( )n a l
2

+ .

yÓTT<ä{Ï |ü<äeTT a Ç∫Ãq#√ n+ø£ÁX‚&Ûç˝À yÓTT<ä{Ï n |ü<äeTT\ yÓTT‘·ÔeTT S
n
 

     (i)    S
n
= [2 ( 1) ]n a n d

2
+ -    (kÕe÷q´ uÛÒ<äeTT d Ç∫Ãq≥¢sTTq)

    (ii)    S
n
= ( )n a l

2
+                  (∫e]|ü<äeTT l Ç∫Ãq≥¢sTTq)

ñ<ëVü≤s¡D 2.16

 5 11 17 95g+ + + +  n+ø£ÁX‚DÏ jÓTTø£ÿ yÓTT‘·ÔeTTqT ø£qT>=qTeTT

kÕ<Ûäq  Çe«ã&çq ÁX‚DÏ  5 11 17 95g+ + + +   ˇø£ n+ø£ÁX‚DÏ n>∑TqT.

         a  = 5,     d  = 11 5 6- = ,   l  = 95. 

     n   = 1
d

l a- +

    = 1 .
6

95 5
6
90 1 16- + = + =

   ø£qTø£ yÓTT‘·ÔeTT S
n
 = n l a

2
+6 @

   S
16

 = ( ) .
2
16 95 5 8 100 800+ = =6 @

ñ<ëVü≤s¡D 2.17

  1 2 3 4 ...
2 2 2 2
- + - + . nqT ÁX‚DÏ jÓTTø£ÿ yÓTT<ä{Ï 2n |ü<äeTT\ yÓTT‘·ÔeTT ø£qT>=qTeTT.

kÕ<Ûäq    1 2 3 4
2 2 2 2

g- + - +  n2   |ü<äeTT\T 

  = 1 4 9 16 25 g- + - + -  n2   |ü<äeTT\T

  = 1 4 9 16 25 36 g- + - + - +^ ^ ^h h h  n |ü<äeTT\T    

  = 3 7 11 g- + - + - +^ ^h h  n |ü<äeTT\T 

 ô|’ ÁX‚DÏ n+ø£ÁX‚&Ûç˝À ñqï~, yÓTT<ä{Ï |ü<äeTT 3a =-  eT]j·TT kÕe÷q´ uÛÒ<äeTT d 4=-  

 ø£qTø£, ø±e\dæq yÓTT‘·ÔeTT  = n a n d
2

2 1+ -^ h6 @

         = n n
2

2 3 1 4- + - -^ ^ ^h h h6 @

         = n n
2

6 4 4- - +6 @ = n n
2

4 2- -6 @

         = n n
2
2 2 1- +^ h = n n2 1- +^ h.
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ñ<ëVü≤s¡D 2.18

 ˇø£ n+ø£ÁX‚DÏ˝À yÓTT<ä{Ï 14 |ü<äeTT\ yÓTT‘·ÔeTT `203 eT]j·TT Ä ‘·s¡Tyê‹ 11 |ü<äeTT\ 

yÓTT‘·ÔeTT `572 nsTTq Ä n+ø£ÁX‚DÏì ø£qT>=qTeTT. 

kÕ<Ûäq                S
14

  = 203-

  (  a d
2
14 2 13+6 @ = 203-

  (  a d7 2 13+6 @ = 203-

  (  a d2 13+  = 29- .      (1)

        ‘·s¡Tyê‹ 11 |ü<äeTT\ yÓTT‘·ÔeTT  = 572- . 

                     Ç|ü&ÉT,          S
25

 =   ( 572)S
14
+ -      

                     nq>±,           S
25

 = 203 572- -  = 775- .

  (  a d
2
25 2 24+6 @ = 775-

  (  a d2 24+  = 31 2#-

  (             a d12+  = 31-      (2)

 (1) eT]j·TT (2)  \qT kÕ~Û+#·>±,    5a =  eT]j·TT  d 3=- .

 ø±e\dæq n+ø£ÁX‚DÏ  5 5 3 5 2 3 g+ - + + - +^ ^^h hh .

     i.e.   5 2 1 4 7 g+ - - - - .
ñ<ëVü≤s¡D 2.19

  24 21 18 15 g+ + + + , nqT n+ø£ÁX‚DÏ˝À |ü<äeTT\qT n$∫Ã¤qïeTT>± rdüTø=ìq mìï 

|ü<äeTT\ yÓTT‘·ÔeTT `351 n>∑TqT?

kÕ<Ûäq  Çe«ã&çq n+ø£ÁX‚DÏ˝À  ,a 24=    d 3=- . 

        351.S
n
=-  qT+&ç  n qT ø£qT>=qe˝…qT

     S
n
  = n a n d

2
2 1+ -^ h6 @ =  351-

             n n
2

2 24 1 3+ - -^ ^ ^h h h6 @ =  351-

 (         n n
2

48 3 3- +6 @ =  351-

 (        n n51 3-^ h =  702-

 (   17 234n n
2
- -  =  0

   n n26 9- +^ ^h h =  0

    `    26n =    ˝Òø£   9n =-

  |ü<äeTT\ dü+K´ n, ãTTDdü+K´>± e⁄+&Ésê<äT. 

  ø£qTø£, |ü<äeTT\ yÓTT‘·ÔeTT `351 n>∑T≥≈£î 26 |ü<äeTT\T ≈£L&Ée\j·TTqT.
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ñ<ëVü≤s¡D 2.20

 8#˚ uÛ≤–+|üã&ÉT 3 n+¬ø\ düVü≤» dü+K´\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT. 

kÕ<Ûäq  
 8 #˚ uÛ≤–+|üã&ÉT 3 n+¬ø\ düVü≤» dü+K´\T 104, 112, 120, g ,  992.  

 yê{Ï yÓTT‘·ÔeTT    S
n
 = 104 112 120 128 , 992g+ + + + + .

 104, 112, 120, 128, ........ 992 nqT es¡Tdü n+ø£ÁX‚&Ûçì @s¡Œs¡T#·TqT. 
               ,a 104=   8d =    eT]j·TT  .l 992=  

 `             n   = 
d

l a 1- +  = 
8

992 104 1- +

    = 1 .
8

888 112+ =

       S
112

 = n a l
2

+6 @ 
2

112 104 992= +6 @ = 56(1096) 61376= .

 ø£qTø£  8 #˚ uÛ≤–+|üã&ÉT 3 n+¬ø\ düVü≤» dü+K´\ yÓTT‘·ÔeTT 61376.
ñ<ëVü≤s¡D 2.21

 ˇø£ ãVüQuÛÑTõ jÓTTø£ÿ n+‘·s¡ø√DeTT\ ø=\‘·\T es¡Tdü>± rdüTø=ìq n+ø£ÁX‚&Ûçì @s¡Œs¡T#·TqT. 

es¡Tdü˝À n‹ ø£ìwüº ø=\‘·   85c eT]j·TT >∑]wüº ø=\‘· 215c nsTTq ãVüQuÛÑTõ˝Àì uÛÑT»eTT\ dü+K´qT 

ø£qT>=qTeTT. 

kÕ<Ûäq   

 n  nqTq£~ ãVüQuÛÑTõ˝Àì uÛÑT»eTT\ dü+K´qT ‘Ó\T|ü⁄qT. 

 n+‘·s¡ø√DeTT\ ø=\‘·\T n+ø£ÁX‚&Ûçì @s¡Œs¡T#·TqT. ãVüQuÛÑTõ n+‘·s¡ ø√DeTT\ yÓTT‘·ÔeTT

      S
n
  = a a d a d2 g+ + + + +^ ^h h l+  ,     (Ç+<äT a = 85 eT]j·TT l = 215)

          S
n
 =  n l a

2
+6 @      (1)

 ãVüQuÛÑTõ˝Àì ns‘·s¡ ø√DeTT\ yÓTT‘·ÔeTT  (n 2- ) 180
0

#  nì eTq≈£î ‘Ó\TdüT

                                            S
n
  =  n 2 180#-^ h

   (1), qT+&ç               n l a
2

+6 @ = n 2 180#-^ h

  (                     n
2

215 85+6 @  = n 2 180#-^ h

                                  n150  =  n180 2-^ h    (      n  = 12..
     ãVüQuÛÑTõ˝Àì uÛÑT»eTT\ dü+K´ 12 n>∑TqT.

nuÛ≤´düeTT 2.4

  1. yÓTT‘·ÔeTTqT ø£qT>=qTeTT (i) yÓTT<ä{Ï 75 <Ûäq |üPsêí+ø£eTT\T (ii) yÓTT<ä{Ï 125 düVü≤» dü+K´\T 

  2.   A.P. jÓTTø£ÿ n e |ü<äeTT n3 2+  nsTTq yÓTT<ä{Ï 30 |ü<äeTT\T yÓTT‘·ÔeTT ≈£qT>=qTeTT.
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  3.  ÁøÏ+~ Á|ü‹ n+ø£ÁX‚DÏ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

     (i)  38 35 32 2g+ + + + .              (ii) 6 5 4 25
4
1

2
1 g+ + +   |ü<äeTT\T.

  4. ÁøÏ+~ n+ø£ÁX‚DÏ $es¡eTT\≈£î  S
n
 qT ø£qT>=qTeTT.

 (i)   ,a 5=  ,n 30=      l 121=    
 (ii)   ,a 50=     ,n 25=     d 4=-

  5. 1 2 3 4
2 2 2 2

g- + - +  ÁX‚DÏ jÓTTø£ÿ yÓTT<ä{Ï 40 |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

  6. ˇø£ n+ø£ÁX‚DÏ˝À yÓTT<ä{Ï 11 |ü<äeTT\ yÓTT‘·ÔeTT 44 eT]j·TT Ä ‘·s¡Tyê‹ 11 |ü<äeTT\ yÓTT‘·ÔeTT 

55 nsTTq n+ø£ÁX‚DÏì ø£qT>=qTeTT.

  7. 60, 56, 52, 48,g , nqT n+ø£ÁX‚&Ûç yÓTT<ä{Ï |ü<ä+ qT+&ç yÓTT<ä\sTTq, |ü<äeTT\ yÓTT‘·ÔeTT 368 

n>∑T≥≈£î mìï |ü<äeTT\T ø±e\j·TTqT ?

  8. 9 #˚  uÛ≤–+|üã&ÉT 3 n+¬ø\ düVü≤» dü+K´\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

  9. ˇø£ n+ø£ÁX‚DÏ˝À 3e |ü<äeTT 7 eT]j·TT @&Ée |ü<äeTT eT÷&Ée |ü<äeTTq≈£î 3 ¬s≥T¢‘√ bÕ≥T       

2 m≈£îÿe>± e⁄+&çq, yÓTT<ä{Ï 20 |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

10. 300 eT]j·TT 500 eT<Ûä´ 11 #˚ uÛ≤–+|üã&ÉT nìï düVü≤» |ü+K´\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

11. kÕ~Û+#·TeTT  1 6 11 16 148xg+ + + + + = .

12. 100 eT]j·TT 200 eT<Ûä´ 5 #˚ uÛ≤–+|üã&Éì nìï düVü≤» dü+K´\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

13. ˇø£ ìsêàD dü+dü∆ e+‘Óq ì]à+#·Tq|ü⁄&ÉT Á|ü‹ s√E Ä\dü´yÓTÆq+<äT≈£î >±qT n|üsê<äeTTqT 

#Ó*¢+#ÓqT. yÓTT<ä{Ï s√E n|üsê<äeTT ` 4000 eT]j·TT Ä ‘·s¡Tyê‘· Á|ü‹~qeTTq≈£î Ä|üsê<ÛäeTT 

` 1000 ô|]¬>qT. á $<ÛäeTT>± Ä dü+dü∆ n|üsê<ÛäeTT ` 1,65,000 qT #Ó*¢+#ÓqT. nsTTq Ä |üì 

mìï s√E\T Ä\dü´eTT‘√ eTT–j·TTqT. 

14. 8% kÕ<Ûës¡D e&û¶‘√ ̀   1000 \qT Á|ü‹ dü+e‘·‡s¡+ ô|≥Tºã&ç>± ô|f…ºqT. Á|ü‹ dü+e‘·‡s¡+ ∫es¡q 

e&û¶ì ˝…øÏÿ+#·TeTT.  á e&û¶ n+ø£ÁX‚&Ûçì @s¡Œs¡T#·THê? n≥¢sTTq 30 dü+ˆˆ ∫es¡q yÓTT‘·ÔeTT e&û¶ì 

ø£qT>=qTeTT.

15. ˇø£ ÁX‚DÏ jÓTTø£ÿ yÓTT<ä{Ï n |ü<äeTT\ yÓTT‘·ÔeTT 3 2 .n n
2
-  nsTTq ÄÁX‚DÏ n+ø£ÁX‚DÏ nì #·÷|ü⁄eTT.

16.  ˇø£ >∑&çj·÷s¡eTT ˇø£ >∑+≥≈£î ˇø£kÕ], ¬s+&ÉT >∑+≥\≈£î ¬s+&ÉT kÕs¡T¢ ÁyÓ÷–q Ä $<Ûä+>± ˇø£ 

s√E≈£î mìï e÷s¡T¢ ÁyÓ÷>∑TqT?

17.  yÓTT<ä{Ï |ü<äeTT a , ¬s+&Ée  |ü<äeTT b  eT]j·TT ∫e] |ü<äeTT c  >± qT+&ÉT n+ø£ ÁX‚DÏ yÓTT‘·ÔeTT 

b a

a c b c a

2

2

-

+ + -

^
^ ^

h
h h . nì #·÷|ü⁄eTT.                     

18.  ˇø£ n+ø£ÁX‚DÏ˝À n2 1+^ h |ü<äeTT\Tqï≥¢sTTq  uÛÒdæ |ü<äeTT\ yÓTT‘·ÔeTT eT]j·TT dü] |ü<äeTT\ 

yÓTT‘·ÔeTTq≈£î >∑\ ìwüŒ‹Ô  :n n1+^ h  >± ñ+&ÉTqì ìs¡÷|æ+#·TeTT.

19. ˇø£ n+ø£ÁX‚DÏ˝À yÓTT<ä{Ï m eT]j·TT n  |ü<äeTT\ yÓTT‘·ÔeTT\ ìwüŒ‹Ô  :m n
2 2  >± e⁄+&çq  

m e eT]j·TT n e |ü<äeTT\ ìwüŒ‹Ô  :m n2 1 2 1- -^ ^h h >± e⁄+&ÉTqì ìs¡÷|æ+#·TeTT.
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dü÷#·q

20. ˇø£ ‘√≥e÷* ‘·q ‘√≥˝À ˇø£ Áf…|”õj·T+ Äø±s¡+qT ì]à+#·T≥≈£î |ü<Ûäø£+ y˚ôdqT. Áf…|”õj·T+ 

jÓTTø£ÿ bı&ÉyÓ’q uÛÑT»eTTqT ì]à+#·T≥≈£î ̌ ø£ n&ÉT¶es¡Tdü≈£î 97 Ç≥Tø£\T ø±e\j·TTqT. Ä ‘·s¡Tyê‘· 

Á|ü‹ n&ÉT¶ es¡Tdü ∫es¡\˝À 2 Ç≥Tø£\T ‘·–Zq#√ 25e n&ÉT¶es¡dü‘√ ìsêàDeTTqT ì*|æy˚dæq, 

n‘·qT mìï Ç≥Tø£\qT ø=qe˝…qT? 

2.5.2  >∑TDÁX‚DÏ  (Geometric series)

 ˇø£ ÁX‚DÏ˝Àì |ü<äeTT\T >∑TD≤‘·àø£ es¡TdüqT @s¡Œ]∫q≥¢sTTq Ä ÁX‚DÏì >∑TDÁX‚DÏ n+<äTs¡T.

 , , , , , ,a ar ar ar ar
n n2 1

g g
-  ̌ ø£ >∑TD≤‘·àø£ es¡Tdü nqTø=qTeTT. Çø£ÿ&É  r 0=Y  nqTq~ kÕe÷q´ 

ìwüŒ‹Ô. á es¡Tdü jÓTTø£ÿ yÓTT<ä{Ï n  |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=HÓ<äeTT.

 S a ar ar ar
n

n2 1
g= + + + +

-                                        (1)

 r 1=  nsTTq,  (1)  e düMTø£s¡D+ ÁøÏ+~ $<Ûä+>± e⁄+&ÉTqT. S na
n

= .  

 r 1!   nsTTq,  (1) ñ|üjÓ÷–+∫      
( )rS r a ar ar ar ar ar ar ar

n

n n2 1 2 3
g g= + + + + = + + + +

- . (2)

   (1) qT+&ç (2) ì rdæy˚j·T>±, S rS
n n
-    =  ( )a ar ar ar

n2 1
g+ + + +

-
( )ar ar ar

n2
g- + + +

  (    S r1
n

-^ h  =  a r1
n

-^ h

  ø£qTø£           S
n
 =  

r
a r
1
1

n

-
-^ h                  r 1! .

ˇø£ >∑TDÁX‚&Ûç jÓTTø£ÿ  yÓTT<ä{Ï n   |ü<äeTT\ yÓTT‘·ÔeTT

         S r
a r

r
a r

1
1

1
1

n

n n

= -
-

-
-

,=

,na

^ ^h h
*  

 Çø£ÿ&É a  yÓTT<ä{Ï |ü<äeTT eT]j·TT r  kÕe÷q´ ìwüŒ‹Ô n>∑TqT.

  j·T<ës¡úeTT>±,  1 1r1 1- , nsTTq|ü⁄&ÉT á ÁøÏ+~ dü÷Á‘·+ e]Ô+#·TqT. 

                         a ar ar ar
r

a
1

n2
g g+ + + + + =

-
 .

 n|ü]$T‘· <ÛäHê‘·àø£ dü+K´\ yÓTT‘·ÔeTT ˇø£ |ü]$T‘· $\TeqT Ç#·TÃqì >∑eTì+|ü⁄eTT.

ñ<ëVü≤s¡D 2.22

  >∑TDÁX‚DÏ jÓTTø£ÿ yÓTT<ä{Ï 25 |ü<äeTT\ yÓTT‘·ÔeTT ø£qT>=qTeTT

 16 48 144 432 g- + - +  .

kÕ<Ûäq  ,a 16=   3 1.r
16
48 != - = - ,  , 1S

r
a r r
1
1

n

n

!=
-
-^ h  qT|üjÓ÷–+∫

       S
25

 = 
1 3

16 1 3 25

- -

- -

^
^^

h
h h

 = 
4

16 1 3
25

+^ h  4 .1 3
25

= +^ h   

r 1!  nsTTq|ü⁄&ÉT

 r = 1 ÄsTTq|ü⁄&ÉT
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ñ<ëVü≤s¡D 2.23 

 ÁøÏ+~ >∑TDÁX‚DÏ $es¡eTT\≈£î  S
n
 qT ø£qT>=qTeTT.   

 (i) ,a 2=   t
6  = 486,   n = 6   (ii)  a = 2400,  r = – 3,   n = 5  

kÕ<Ûäq

(i)  ,a 2=    486,t
6
=     n 6=

     2( )t r
6

5
=  = 486

 (                 r5  =  243       `     r = 3.

                  S
r

a r

1

1
n

n

=
-

-^ h  , r 1!  nsTTq|ü⁄&ÉT

                 S
6
= 

3 1
2 3 1

6

-
-^ h  = 3 1 728

6
- = .

(ii)    ,a 2400=    ,r 3=-    n 5=    

                    S
r

a r

1

1
n

5

=
-

-^ h , r 1!  ÄsTTq|ü⁄&ÉT

    =  
3 1

2400 3 15

- -

- -

^
^

h
h6 @

  ø£qTø£     S
5
  =  

4
2400 1 3

5
+^ h  =  600 1 243+^ h  =  146400.

ñ<ëVü≤s¡D 2.24

2 4 8 g+ + + ,  nqT >∑TDÁX‚DÏ yÓTT<ä{Ï |ü<ä+ qT+&ç @s¡Œ&çq |ü<äeTT\ yÓTT‘·ÔeTT 1022 n>∑T≥≈£î mìï 

|ü<äeTT\qT ≈£L&Ée˝…H√ ‘Ó\TŒeTT. 

kÕ<Ûäq  >∑TDÁX‚DÏ   2 + 4 + 8 + g .

 yÓTT‘·ÔeTTqT bı+<äT≥≈£î ø±e\dæq |ü<äeTT\ dü+K´qT n  nqTø=qTeTT.

  ,a 2=  ,r 2=   1022S
n
= . 

 n  ø£qT>=qT≥≈£î,     S
r

a r

1

1
n

n

=
-

-^ h  , r 1!  nsTTq|ü⁄&ÉT

    = 2
2 1
2 1

n

-
-^ h; E = 2 2 1

n
-^ h

 ø±ì S
n
 = 1022  ø£qTø£    2 2 1

n
-^ h= 1022 

  (  2 1
n
-  = 511

  (                2n  = 512 = 29 .     ø£qTø£,   n  = 9.

ñ<ëVü≤s¡D 2.25

  ˇø£ >∑TDÁX‚DÏ˝À yÓTT<ä{Ï |ü<ä+ 375 eT]j·TT 4e |ü<äeTT 192 nsTTq ÁX‚DÏ jÓTTø£ÿ kÕe÷q´ 

ìwüŒ‹Ô eT]j·TT yÓTT<ä{Ï 14 |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.
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>∑eTìø£

kÕ<Ûäq  >∑TDÁX‚DÏ jÓTTø£ÿ yÓTT<ä{Ï |ü<äeTT a kÕe÷q´ ìwüŒ‹Ô r nqTø=qTeTT.

    ,a 375=    192t
4
= . 

           t
n
= arn 1-      

  `  t
4
 = 375 r

3

  (  375 r
3  = 192

   r
3  = 

375
192      (     r3  = 

125
64

   r
3  = 

5
4 3

` j        (     r   = 
5
4 ,  

                      S
r

a r

1

1
n

n

=
-

-^ h  , r 1!  nsTTq|ü⁄&ÉT

                      S
14

 = ( 1) 5 375

5
4 1

375
5
4 1

5
4 1

14

14

# #
-

-
= - -

`
`

j
j

8
8

B
B

                           = 375 5 1
5
4 14

-^ ^ `h h j8 B   =  1875 1
5
4 14

- ` j8 B.
 
 ô|’ ñ<ëVü≤s¡D˝À  S a

r
r

1
1

n

n

=
-
-8 B , r 1!  ã<äT\T  S a

r
r

1
1

n

n

=
-
-8 B, r 1!  qT ñ|üjÓ÷–+#·e#·TÃqT. 

ñ<ëVü≤s¡D 2.26

 ˇø£ >∑TDÁX‚&Ûç Hê\T>∑T |ü<äeTT\T eT]j·TT <ÛäHê‘·àø£ kÕe÷q´ ìwüŒ‹Ôì ø£*–e⁄qï~. yÓTT<ä{Ï ¬s+&ÉT 

|ü<äeTT\ yÓTT‘·ÔeTT 8 eT]j·TT ∫e] ¬s+&ÉT |ü<äeTT\ yÓTT‘·ÔeTT 72 nsTTq ÁX‚DÏì ø£qT>=qTeTT.

kÕ<Ûäq  >∑TDÁX‚DÏ˝Àì Hê\T>∑T |ü<äeTT\ yÓTT‘·ÔeTT a ar ar ar
2 3

+ + + ,   r 02   nqTø=qTeTT.

   8a ar+ =    eT]j·TT  72ar ar
2 3
+ =  

                        ar ar
2 3
+  = ( )r a ar

2
+  = 72

                                   (      (8)r
2  = 72     `     r  = 3!

                    r > 0,       n>∑T≥#˚   r  = 3 n>∑TqT.

                                            a + ar  = 8   (     a  = 2
  ø±e⁄q, >∑TDÁX‚DÏ    2 6 18 54+ + + .
ñ<ëVü≤s¡D 2.27

 6 + 66 + 666 +g  nqT ÁX‚DÏ jÓTTø£ÿ n |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

 Çe«ã&çq ÁX‚DÏ >∑TDÁX‚DÏ ø±<äqT≥qT >∑eTì+|ü⁄eTT.

kÕ<Ûäq  S
n
  = 6 66 666 g+ + +  n |ü<äeTT\ es¡≈£î

       S
n
  = 6(1 11 111 g+ + +  n |ü<äeTT\ es¡≈£î  

    = 
9
6 9 99 999 g+ + +^   n |ü<äeTT\î)  (9 #˚ >∑TDÏ+∫, uÛ≤–+#·>±)

     = 
3
2 10 1 100 1 1000 1 g- + - + - +^ ^ ^h h h6  n |ü<äeTT\î)

    = [( .........n
3
2 10 10 102 3

+ + +  |ü<äeTT\T)-  n]

  ø£qTø£  S
n
 = ( )

n
3
2

9
10 10 1

n
-

-; E.



Sequences and Series of  Real Numbers 59

ñ<ëVü≤s¡D 2.28

 ˇø£ q>∑s¡+˝Àì 25 M<ÛäT\˝À yÓTTø£ÿ\qT Hê≥T≥≈£î ˇø£ dü+düú |ü<∏äø£+ y˚ôdqT. yÓTT<ä{Ï M~Û˝À ˇø£ 

yÓTTø£ÿ, ¬s+&Ée M~Û˝À ¬s+&ÉT, eT÷&Ée M~Û˝À Hê\T>∑T, Hê\Ze M~Û˝À mì$T~ nì Hê{Ïq#√ Ä |üìì 

eTT–+#·T≥≈£î mìï yÓTTø£ÿ\T ø±e˝…qT.

kÕ<Ûäq ˇø£ q>∑s¡+˝À 25 M<ÛäT\˝À Hê≥T yÓTTø£ÿ\ dü+K´ >∑TDÁX‚&Ûçì @s¡Œs¡T#·TqT. ø±e\dæq yÓTTø£ÿ\ 

dü+K´\ yÓTT‘·ÔeTTqT S
n
 nqTø=qTeTT.

   S
n
 = 1 2 4 8 16 g+ + + + +    25 |ü<äeTT\î)

    ,a 1=    ,r 2=    n 25=  

   S
n
 = a

r
r

1
1

n

-
-; E

           S25 = (1) 
2 1
2 1
25

-
-6 @

    = 2 1
25
-

   ø£qTø£ ø±e\dæq yÓTTø£ÿ\ dü+K´  2 1
25
- .

nuÛ≤´düeTT 2.5

  1. 
2
5

6
5

18
5 g+ + +  >∑TDÁX‚DÏ jÓTTø£ÿ  yÓTT<ä{Ï 20 |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

  2. 
9
1

27
1

81
1 g+ + +  >∑TDÁX‚DÏ jÓTTø£ÿ  yÓTT<ä{Ï 27 |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

  3. ÁøÏ+~ >∑TDÁX‚DÏ $es¡eTT\ qT+&ç  S
n
 qT ø£qT>=qTeTT.

 (i)  ,a 3=   384,t
8
=  n 8= .  (ii)  ,a 5=   r 3= ,  n 12=

  4. ÁøÏ+~ |ü]$T‘· ÁX‚DÏ jÓTTø£ÿ yÓTT‘·ÔeTTqT ø£qT>=qTeTT.

 (i) 1 0.1 0.01 0.001 .0 1 9g+ + + + + ^ h  (ii) 1+ 11+ 111+........ 20 |ü<äeTT\ es¡≈£î

  5.   ÁøÏ+~ ÁX‚DÏ˝À yÓTT<ä{Ï |ü<äeTT qT+&ç mìï es¡dü |ü<äeTT\T+fÒ

 (i) 3 9 27 g+ + +   yÓTT‘·Ô+  1092  n>∑TqT (ii) 2 6 18 g+ + +   yÓTT‘·Ô+  728 n>∑TqT

  6. ˇø£ >∑TDÁX‚DÏ jÓTTø£ÿ ¬s+&Ée |ü<äeTT 3 eT]j·TT kÕe÷q´ ìwüŒ‹Ô  .
5
4  nsTTq yÓTT<ä{Ï 23 

es¡dü|ü<äeTT\ yÓTT‘·Ô+qT ø£qT>=qTeTT. 

  7. ˇø£  >∑TDÁX‚DÏ Hê\T>∑T |ü<äeTT\qT eT]j·TT <ÛäHê‘·àø£ kÕe÷q´ ìwüŒ‹Ôì ø£*Zj·TTqï~.  yÓTT<ä{Ï ¬s+&ÉT 

|ü<äeTT\ yÓTT‘·ÔeTT 9 eT]j·TT ∫e] ¬s+&ÉT |ü<äeTT\ yÓTT‘·ÔeTT 36 nsTTq ÁX‚DÏì ø£qT>=qTeTT.

  8. ÁøÏ+~ ÁX‚DT\ yÓTT<ä{Ï n  |ü<äeTT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT. 

 (i) 7 77 777 g+ + + .  (ii) 0.4 0.94 0.994 g+ + + .
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dü÷#·q

  9. yÓTT<ä{Ïyês¡+˝À 5 eT+~ n+≥Tyê´~Û e\q s√>∑eTTq≈£î >∑T¬s’]. ¬s+&Ée yês¡+ ∫e]øÏ Á|ü‹ ̌ ø£ÿs¡T 

eTs=ø£ q\T>∑T]ì s√>∑eTTq≈£î >∑T]#˚dæq#√ 15e yês¡+ ∫es¡q m+‘· eT+~ á n+≥Tyê´~Û 

e\q u≤~Û+|üã&ÉT<äTs√ ø£qT>=qTeTT.

10. ˇø£ ‘√≥e÷* ˇø£ u≤\Tì düÁ‘·Œes¡Ôq≈£î yÓT∫Ã ø=ìï e÷$T&ç |ü+&É¢qT Ç#·TÃ≥≈£î ìs¡ísTT+#ÓqT. 

n‘·ìøÏ ¬s+&ÉT neø±X¯eTT\qT ø£*Œ+#ÓqT. n$ @eTq>± 1000 e÷$T&ç |ü+&É¢qT ˇπø kÕ] 

rdüTø=qT≥ ˝Òø£ yÓTT<ä{Ï s√Eq ˇø£{Ï , ¬s+&Ées√Eq ¬s+&ÉT, eT÷&Ées√Eq Hê\T>∑T Hê\Ze 

s√Eq 8 e÷$T&ç |ü+&ÉT¢ nì 10 s√E\≈£î rdüTø=ìq#√ , Ä u≤\T&ÉT @ neø±X¯+˝À m≈£îÿe 

e÷$T&ç |ü+&ÉT¢qT bı+<ä>∑\&ÉT ? 

11. ˇø£ >∑TDÁX‚DÏ dü]dü+K´ |ü<äeTT\qT ø£*–j·TTqï~. uÒdæ |ü<äeTT\ yÓTT‘·ÔeTT nìï |ü<äeTT\ 

yÓTT‘·ÔeTTq≈£î eT÷&ÉT ¬s≥T¢ nsTTq kÕe÷q´ ìwüŒ‹Ôì ø£qT>=qTeTT.

12. ˇø£ >∑TDÁX‚DÏ˝À yÓTT<ä{Ï n, 2n, 3n |ü<äeTT\ yÓTT‘·Ô+ es¡Tdü>± S1, S2 eT]j·TT S3  nsTTq   
S S S S S
1 3 2 2 1

2- = -^ ^h h   nì #·÷|ü⁄eTT

    a 1=  eT]j·TT kÕe÷q´ ìwüŒ‹Ô 1x !  nsTTq, >∑TDÁX‚DÏ˝Àì yÓTT<ä{Ï n |ü<äeTT\ yÓTT‘·ÔeTT 

1 x x x
n2 1

g+ + + +
- = , 1

x
x x

1
1

n

-
- =Y  >± Çe«ã&çq~.

 ô|’q m&ÉeTyÓ’|ü⁄ >∑\ düMTø£s¡D+ x  ˝À n 1-  n+‘·düTÔ >∑\ ˇø£ ãVüQ|ü~ nì >∑eTì+|ü⁄eTT. 

ø=ìï ÁX‚DT\ yÓTT‘·ÔeTT ø£qT>=qT≥≈£î á dü÷Á‘·+ ñ|üjÓ÷>∑|ü&ÉT‘·T+~. 

2.5.3  Á|ü‘˚´ø£ ÁX‚DT\T  (Special series): ,k k
k

n

k

n

1

2

1= =

/ /   eT]j·TT   k
k

n
3

1=

/

 R   nqT dü+πø‘·eTTqT yÓTT‘·ÔeTT ø£qT>=qT≥≈£î Ç~es¡πø ñ|üjÓ÷–+∫‹$T. dæ>±à dü+πø‘·+‘√ 

dü÷∫+#·T |ü]eT‘· ÁX‚DT\≈£î ø=ìï ñ<ëVü≤s¡D\T

e.dü+K´ dü+πø‘·eTT\T $düÔs¡D

1. k
k

n

1=

/   or  j
j

n

1=

/ 1 2 3 ng+ + + +

2. ( )n 1
n 2

6

-
=

/ 1 2 3 4 5+ + + +

3. ( )d 5
d 0

5

+
=

/ 5 6 7 8 9 10+ + + + +

4. k
k

n
2

1=

/ 1 2 3 n
2 2 3 2

g+ + + +

5. 33 1
k k1

10

1

10

=
= =

/ / 3[1 + 1+ ...... 10 |ü<äeTT\T ] = 30
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dü÷#·q

 n
n n

1 2 3
2
1

g+ + + + =
+^ h  nì ñ‘êŒ~+#êeTT. Bìì a =1 ,  d = 1 eT]j·TT  l = n  >± 

rdüTø=ì ( ) (1 )S n a l n n
2 2n

= + = +  >± n+ø£ÁX‚&Ûçì ñ|üjÓ÷–+∫ @s¡Œs¡#·e#·TÃqT.

 dæ>±à dü+πø‘·+ ñ|üjÓ÷–+∫ Bìì á $<Ûä+>± Áyêj·Te#·TÃqT.   ( )
k
n n
2
1

k

n

1

=
+

=

/ .

ÁøÏ+~ yê{ÏøÏ dü÷Á‘·eTT\qT ñ‘êŒ~+#Ó<äeTT. 

   (i)   k2 1
k

n

1

-
=

^ h/ ,       (ii)   k
k

n
2

1=

/             (iii)   k
k

n
3

1=

/ .

ìs¡÷|üD :    (i)  1 3 5k n2 1 2 1
k

n

1

g- = + + + + -
=

^ ^h h/  $\TeqT ø£qTø=HÓ<äeTT.

  ,a 1=  ,d 2=  .l n2 1= -^ h >± >∑\ n  |ü<äeTT\T >∑\  n+ø£ÁX‚&Ûç.  

 `   S
n
 = (1 2 1)n n n
2

2
+ - =               (S

n
 = ( )n a l
2
+ ) 

 `    k n2 1
k

n

1

2
- =

=

^ h/        (1)

 1. dü÷Á‘·+ (1) ì ÁøÏ+~ |ü<ä›‹˝ÀqT bı+<äe#·TÃ. 

  ( )k2 1
k

n

1

-
=

/  = k2 1
k

n

k

n

1 1

-
= =

/ /  = 2 k n
k

n

1

-
=

c m/  = ( )( )n n
n

2
2 1+

-   =  n2 .

 2. (1) qT+&ç   1 + 3 + 5 + g  + l = l
2
1 2+` j ,    m+<äTø£q>±   l =  2n – 1 1n l

2
( = + .

(ii)        a b a b a ab b
3 3 2 2
- = - + +^ ^h h  nì eTq≈£î ‘Ó\TdüT.

       `      k k 1
3 3- -^ h  = k k k k1 1

2 2+ - + -^ ^h h    ( a = k   eT]j·TT  b = k – 1>± rdüTø=ìq)

       (  k k 1
3 3- -^ h  = 3 3 1k k

2
- +               (2) 

 ,k 1=  nsTTq 1 0
3 3
-  = 3 3 11 12 - +^ ^h h  

 ,k 2=  nsTTq 2 1
3 3
-  = 3 3 12 22 - +^ ^h h

 ,k 3=  nsTTq 3 2
3 3
-  = 3 3 13 32 - +^ ^h h .   á $<Ûä+>± ø=qkÕ–+∫q#√

 ,k n=   nsTTq   n n 1
3 3- -^ h  = 3 3 1n n2 - +^ ^h h .

 , , ,k n1 2 g=   \ Á|üø±s¡+ ô|’ düMTø£s¡D+qT ì\Te⁄>± dü+ø£\q+ #˚j·T>±,        

                                  n3  = 3 3n n n1 2 1 2
2 2 2

g g+ + + - + + + +6 6@ @

      3 n1 2
2 2 2

g+ + +6 @ = 3n n n1 2
3

g+ + + + -6 @

                         3 k
k

n
2

1=

; E/  = n n n
n

2
3 13

+
+

-
^ h

                  ø±e⁄q, k
k

n
2

1=

/  = n n n
6
1 2 1+ +^ ^h h .    (3)
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(iii) 1 2k n
k

n
3

1

3 3 3
g= + +

=

/
 ÁøÏ+~ qeT÷HêqT |ü]o*+#·TeTT 

   1
3   =   1   = 1 2^ h   

   1 2
3 3
+  =   9  = 1 2 2+^ h

   1 2 3
3 3 3
+ +  =  36  = 1 2 3 2+ +^ h

   1 2 3 4
3 3 3 3
+ + +  =  100  = 1 2 3 4 2+ + +^ h .

 á qeT÷HêqT n |ü<äeTT\≈£î $düÔ]ùdÔ, 

   1 2 3 n
3 3 3 3

g+ + + +  = n1 2 3 2g+ + + +6 @

    = n n
2
1 2+^ h; E

         k
k

n
3

1=

/  = k
n n
2
1

k

n

1

2 2

=
+

=

c
^

m
h; E/ .   (4)

(i)     yÓTT<ä{Ï n  düVü≤» dü+K´\ yÓTT‘·ÔeTT  ( )
k
n n
2
1

k

n

1

=
+

=

/ .  

(ii)    yÓTT<ä{Ï n uÛÒdææ düVü≤» dü+K´\ yÓTT‘·ÔeTT  k n2 1
k

n

1

2
- =

=

^ h/ .

(iii)   yÓTT<ä{Ï n uÛÒdæ düVü≤» dü+K´\ yÓTT‘·ÔeTT  (∫e]|ü<äeTT l Çe«ã&çq)

                       1 + 3 + 5 + g  + l = l
2
1 2+` j . 

(iv)   yÓTT<ä{Ï n  düVü≤» dü+K´\ es¡ZeTT\ yÓTT‘·ÔeTT   k
k

n
2

1=

/  = n n n
6
1 2 1+ +^ ^h h .

(v)    yÓTT<ä{Ï n  düVü≤» dü+K´\  |òüTqeTT\ yÓTT‘·ÔeTT k
k

n
3

1=

/  = n n
2
1 2+^ h; E . 

ñ<ëVü≤s¡D 2.29

  ÁøÏ+~ ÁX‚DT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT

        (i) 26 27 28 60g+ + + +    (ii)  1 + 3 + 5 + ....... 25 |ü<äeTT\T    (iii) 31 33 53.g+ + +

kÕ<Ûäq

(i)          26 27 28 60g+ + + +  =  1 2 3 60 1 2 3 25g g+ + + + - + + + +^ ^h h

   = n n
1

60

1

25

-/ /

   = 
2

60 60 1
2

25 25 1+
-

+^ ^h h

   = (30 61) (25 13)# #-   = 1830 325-  = 1505.
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(ii)  Çø£ÿ&É  n 25=

 `    1 3 5 g+ + + 25  |ü<äeTT\ es¡≈£î  = 252                     ( ( )k n2 1
k

n

1

2
- =

=

/   )

                    = 625.     

(iii) 31 33 53g+ + +

  = 1 3 5 53g+ + + +^ h 1 3 5 29g- + + + +^ h

  = 
2

53 1
2

29 12 2+ - +` `j j                           (  1 + 3 + 5 + g  + l = l
2
1 2+` j  )

  =  27 15
2 2
-  =  504.   

ñ<ëVü≤s¡D 2.30

 ÁøÏ+~ ÁX‚DÏ\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT 

 (i) 1 2 3 25
2 2 2 2

g+ + + +     (ii) 12 13 14 35
2 2 2 2

g+ + + +

 (iii)  1 3 5 51
2 2 2 2

g+ + + + .

kÕ<Ûäq

(i)     1 2 3 25 n
2 2 2 2 2

1

25

g+ + + + =/

                  = 
6

25 25 1 50 1+ +^ ^h h      ( k
k

n
2

1=

/  = n n n

6

1 2 1+ +^ ^h h  )

                  = 
6

25 26 51^ ^ ^h h h

 `   1 2 3 25
2 2 2 2

g+ + + +  = 5525. 

(ii) 12 13 14 35
2 2 2 2

g+ + + +

   = 1 2 3 35
2 2 2 2

g+ + + +^ h 1 2 3 11
2 2 2 2

g- + + + +^ h

   = n n
2 2

1

11

1

35

-//

   = 
6

35 35 1 70 1

6

11 12 23+ +
-

^ ^ ^ ^h h h h

   = 
6

35 36 71

6

11 12 23
-

^ ^ ^ ^ ^ ^h h h h h h

   = 14910 506- = 14404 .

(iii)  1 3 5 51
2 2 2 2

g+ + + +

   = 1 2 3 51 2 4 6 50
2 2 2 2 2 2 2 2

g g+ + + + - + + +^ ^h h

   = 2n 1 2 3 25
2

1

51
2 2 2 2 2

g- + + + +6 @/
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   = 4n n
2

1

51
2

1

25

-/ /

   = 4
6

51 51 1 102 1

6

25 25 1 50 1
#

+ +
-

+ +^ ^ ^ ^h h h h    

   = 4
6

51 52 103

6

25 26 51
#-

^ ^ ^ ^ ^h h h h h

   = 4 221005526 -  =  23426.

ñ<ëVü≤s¡D 2.31

 ÁøÏ+~ ÁX‚DT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT

 (i)  1 2 3 20
3 3 3 3

g+ + + +   (ii)  11 12 13 28
3 3 3 3

g+ + + +

kÕ<Ûäq

(i) 1 2 3 20 n
3 3 3 3 3

1

20

g+ + + =/

   = 
2

20 20 1 2+^
c

h
m           a  k

k

n
3

1=

/  = n n

2

1 2+^ h; E .

   = 
2

20 21 2#` j   = 210 2^ h  =  44100.

(ii)  11 12 28
3 3 3

g+ + +  

 = 1 2 3 28 1 2 10
3 3 3 3 3 3 3

g g+ + + + - + + +^ ^h h

  = n n
3

1

28
3

1

10

-/ /  

  = 
2

28 28 1

2

10 10 12 2+
-

+^ ^h h; ;E E  

  = 406 55 (4 6 )( )0 55 406 55
2 2
- = + -  

  = (461)(351) = 161811.

ñ<ëVü≤s¡D 2.32

 1 2 3 k
3 3 3 3

g+ + + + = 4356 nsTTq k  $\TeqT ø£qT>=qTeTT

kÕ<Ûäq k  nqTq~ <Ûäq |üPsêí+ø£eTT nì >∑eTì+|ü⁄eTT. 

          1 2 3 k
3 3 3 3

g+ + + +  = 4356

                           (     k k

2

1 2+^
c

h
m  = 4356 =6 6 11 11# # #

 es¡ZeT÷\eTT ø£qT>=q>±    k k

2

1+^ h   = 66

                             (    132k k
2
+ -  = 0    (    k k12 11+ -^ ^h h = 0 

     k 11= ,   m+<äTø£q>± k  <ÛäHê‘·àø£+.
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ñ<ëVü≤s¡D 2.33

     (i) 1 2 3 120ng+ + + + =  nsTTq 1 2 3 n
3 3 3 3

g+ + +  $\Te ø£qT>=qTeTT

    (ii) 1 2 3 36100n
3 3 3 3

g+ + + + =  nsTTq 1 2 3 .ng+ + + + $\Te ø£qT>=qTeTT 

kÕ<Ûäq

(i)   1 2 3 ng+ + + +   = 120 i.e.  n n

2

1+^ h  = 120

 `        1 2 n
3 3 3

g+ + +  =  n n

2

1 2+^
c

h
m  = 1202   = 14400

(ii)   1 2 3 n
3 3 3 3

g+ + + +  = 36100

  (              n n

2

1 2+^
c

h
m  = 36100 =19 19 10 10# # #

  (                  n n

2

1+^ h  = 190

          1 + 2 + 3 + g  + n = 190.
ñ<ëVü≤s¡D 2.34

 11 ôd+.MT, 12 ôd+.MT, ....... ......  24 ôd+.MT uÛÑT»eTT\qT ø£*–q 14 #·‘·Ts¡ÁdüeTT\ 

yÓTT‘·ÔeTT yÓ’XÊ\´eTT\qT ø£qT>=qTeTT. 

kÕ<Ûäq #·‘·Ts¡Ádü yÓ’XÊ\´eTT\ ÁX‚DÏ 11 12 24
2 2 2

g+ + +

 14 #·‘·Ts¡ÁdüeTT\ yÓTT‘·ÔeTT yÓ’XÊ\´eTT  = 11 12 13 24
2 2 2 2

g+ + + +

          = (12 + 22 + 32 + ....... + 242) -  (12 + 22 + 32+ .........+102)

          = n n
2

1

24
2

1

10

-/ /

          = 
6

24 24 1 48 1

6

10 10 1 20 1+ +
-

+ +^ ^ ^ ^h h h h

          = 
6

24 25 49

6

10 11 21
-

^ ^ ^ ^ ^ ^h h h h h h

          = 4900 385-  
          = 4515 #·.ôd+.MT

nuÛ≤´düeTT 2.6

1. ÁøÏ+~ ÁX‚DT\ yÓTT‘·ÔeTTqT ø£qT>=qTeTT

 (i)     1 + 2 + 3 + g  + 45              (ii)    16 17 18 25
2 2 2 2

g+ + + +

           (iii)   2 + 4 + 6 + g  + 100         (iv)   7 + 14 +21 g  + 490

 (v)    5 7 9 39
2 2 2 2

g+ + + +   (vi)   16 17 35
3 3 3

g+ + +
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2. k $\Te ø£qT>=qTeTT

 (i)     1 2 3 6084k
3 3 3 3

g+ + + + =            (ii)    1 2 3 2025k
3 3 3 3

g+ + + + =

3.  1 2 3 171pg+ + + + =  nsTTq  1 2 3 p
3 3 3 3

g+ + + +  $\Te ø£qT>=qTeTT

4.  1 2 3 8281k
3 3 3 3

g+ + + + =  nsTTq 1 2 3 kg+ + + +  $\Te ø£qT>=qTeTT

5. #·‘·Ts¡Ádü uÛÑT»eTT\T es¡Tdü>± 12 ôd+ˆˆMT, 13 ôd+ˆˆMT .........  23 ôd+ˆˆMT nsTTq 12 

#·‘·Ts¡ÁdüeTT\ yÓTT‘·ÔeTT yÓ’XÊ\´eTTqT ø£qT>=qTeTT.

6. |òüTqeTT jÓTTø£ÿ uÛÑT»eTT\T es¡Tdü>± 16 ôd+ˆˆMT, 17 ôd+ˆˆMT, 18 ôd+ˆˆMT .........  30 

ôd+ˆˆMT >± e⁄+&çq 15 |òüTqeTT\ yÓTT‘·ÔeTT |òüTD|ü]e÷DeTTqT ø£qT>=qTeTT.

nuÛ≤´düüeTT 2.7

dü¬s’q »yêãT\qT mqTïø=qTeTT :

1. ndü‘·´ Á|üe#·qeTTqT >∑T]Ô+#·TeTT ?
 (A)   ˇø£ es¡Tdü nqTq~  N  ô|’ ìs¡«∫+∫q ˇø£ yêdüÔe Á|üy˚Tj·T+.

 (B)    Á|ü‹ Á|üy˚Tj·T+ es¡TdüqT dü÷∫+#·TqT

 (C)   ˇø£ es¡Tdü n|ü]$T‘·· dü+K´˝À |ü<äeTT\qT ø£*–e⁄+&Ée#·TÃqT.

 (D)    ˇø£ es¡Tdü˝À |ü]$T‘· dü+K´˝À |ü<äeTT\T+&Ée#·TÃqT.

2. 1, 1, 2, 3, 5, 8, g   nqT es¡Tdü˝À 8e |ü<äeTT 

 (A)  25 (B)  24 (C)  23 (D)  21

3. , , , ,
2
1

6
1

12
1

20
1 g  nqT es¡Tdü˝À ‘·s¡Tyê‹ |ü<ä+  

 (A)   
24
1  (B)   

22
1  (C)   

30
1  (D)   

18
1

4. a, b, c, l, m  \T n+ø£ÁX‚&Ûç˝À e⁄+&çq 4 6 4a b c l m- + - +  $\Te

 (A)  1 (B)  2 (C)  3 (D)  0 

5. a, b, c \T n+ø£ÁX‚&Ûç˝À e⁄+&çq  
b c
a b

-
-   øÏ düe÷qyÓTÆq~

 (A)  
b
a  (B)  

c
b  (C)  

c
a  (D)  1

6. ˇø£ es¡Tdü jÓTTø£ÿ n e |ü<äeTT 100 n +10 nsTTq, Ä es¡Tdü

 (A)  n+ø£ÁX‚&Ûç   (B)   >∑TDÁX‚&Ûç   
 (C)   dæ∆s¡ es¡Tdü    (D) n+ø£ÁX‚&Ûç >±qT ˝Òø£ >∑TDÁX‚&Ûç >±qT e⁄+&É<äT

7. , , ,a a a
1 2 3

g n+ø£ÁX‚&Ûç˝À e⁄+&çq  
a

a

2
3

7

4 =   nsTTq,  n+ø£ÁX‚&Ûç˝À 13e |ü<äeTT.

 (A)   
2
3  (B)  0 (C)   a12 1  (D)   a14 1

8. , , ,a a a
1 2 3

gnqT es¡Tdü n+ø£ÁX‚&Ûç nsTTq , , ,a a a
5 10 15

g  nqTes¡Tdü  

 (A)  >∑TDÁX‚&Ûç  (B)  n+ø£ÁX‚&Ûç

 (C)   n+ø£ÁX‚&Ûç ˝Òø£ >∑TDÁX‚&Ûç ø±<äT   (D)  dæús¡es¡Tdü
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9. k+2, 4k–6, 3k–2  nqTq$ n+ø£ÁX‚&Ûç˝Àì eT÷&ÉT es¡Tdü |ü<äeTT\T nsTTq k  $\Te 
 (A)   2 (B)  3 (C)  4  (D)  5

10. a, b, c, l, m. n n+ø£ÁX‚&Ûç˝À e⁄+{˚ 3a+7, 3b+7, 3c+7, 3l+7, 3m+7, 3n+7 nqT es¡Tdü

 (A)  >∑TDÁX‚&Ûç (B)   n+ø£ÁX‚&Ûç   (C)   dæ∆s¡ es¡Tdü  (D)   n+ø£ÁX‚&Ûç eT]j·TT >∑TDÁX‚&Ûç ø±<äT  

11. >∑TDÁX‚&Ûç˝Àì eT÷&Ée |ü<äeTT 2 nsTTq yÓTT<ä{Ï 5 |ü<äeTT\ \ã∆eTT

 (A)  52  (B)  25  (C)  10  (D) 15

12. a, b, c \T >∑TDÁX‚&Ûç˝À e⁄+{˚    
b c
a b

-
-  ≈£î düe÷qyÓTÆq~

 (A)  
b
a  (B)  

a
b  (C)  

c
b  (D)  

b
c

13. ,x  x2 2+ , 3x + 3  >∑TDÁX‚&Ûç˝À e⁄+{˚,  ,x5  x10 10+ , 15x + 15 nqT es¡Tdü 

 (A)  A.P.   (B)  G.P.     (C)    dæ∆s¡ es¡Tdü           (D)  A.P. eT]j·TT G.P.  ø±<äT

14. –3, –3, –3,g   es¡Tdü 

 (A)  A.P. e÷Á‘·+  (B)  G.P.   e÷Á‘·+  
 (C)  A.P. eT]j·TT G.P. ø±<äT  (D)  A.P. eT]j·TT G.P. 

15. ˇø£ >∑TDÁX‚&Ûç jÓTTø£ÿ  yÓTT<ä{Ï Hê\T>∑T es¡Tdü |ü<äeTT\ \ã∆+ 256 eT]j·TT kÕe÷q´  ìwüŒ‹Ô 

4 eT]j·TT yÓTT<ä{Ï |ü<äeTT <ÛäHê‘·àø£eTT nsTTq <ëì 3e |ü<äeTT 

 (A)  8 (B)  
16
1  (C)  

32
1  (D) 16

16. >∑TDÁX‚&Ûç˝À  t
5
3

2
= , t

5
1

3
=  nsTTq kÕe÷q´ ìwüŒ‹Ô 

 (A)  
5
1  (B)  

3
1  (C) 1 (D)  5

17. x !0 nsTTq 1 sec sec sec sec secx x x x x
2 3 4 5

+ + + + + =  

 (A)  (1 )( )sec sec sec secx x x x
2 3 4

+ + +   (B)   (1 )( )sec sec secx x x1
2 4

+ + +  

 (C)  (1 )( )sec sec sec secx x x x
3 5

- + +  (D)  (1 )( )sec sec secx x x1
3 4

+ + +

18.  n+ø£ÁX‚&Ûç˝Àì n e |ü<äeTT 3 5t n
n
= -  nsTTq, yÓTT<ä{Ï n  |ü<äeTT\  yÓTT‘·ÔeTT

 (A)  n n
2
1 5-6 @ (B)  n n1 5-^ h (C)  n n

2
1 5+^ h (D)  n n

2
1 +^ h

19. a
m n-  , am , am n+  nqT >∑TDÁX‚&Ûç kÕe÷q´ ìwüŒ‹Ô 

 (A)  am  (B)  a m-  (C)  an  (D)  a n-

20. 1 + 2 + 3 +. . . + n = k nsTTq 13 n2
3 3

g+ + +  ≈£î düe÷qyÓTÆq~

 (A)  k2  (B)  k3  (C)  k k

2

1+^ h  (D)  k 1 3+^ h
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eTTU≤´+X¯eTT\T

	q	 ˇø£ Á|ü‘˚´ø£ Áø£eT+˝À qTqï yêdüÔe dü+K´\ C≤_‘ê ̋ Òø£ neT]ø£qT yêdüÔe dü+K´\ es¡Tdü n+<äTs¡T.

	q	 ˇø£ es¡Tdü 1F F
1 2
= =     eT]j·TT    ,F F F

n n n1 2
= +

- -
 3,4,n g= >± Ç∫Ãq <ëìì |òæuÛÀH˚dæ 

es¡Tdü n+<äTs¡T. n$ 1, 1, 2, 3, 5, 8, 13, 21, 34 .........

	q	 , , , , ,a a a a
n1 2 3

g g  nqT es¡TdüqT n+ø£>∑DÏ‘· es¡Tdü n+<äTs¡T. Ç+<äT˝À a a d
n n1

= +
+ , n N!  

Çø£ÿ&É d  ̌ ø£ dæ∆s¡dü+K´ a
1
qT yÓTT<ä{Ï |ü<äeTT nì eT]j·TT dæ∆s¡dü+K´ d qT kÕe÷q´ uÒ<ÛäeTT n+<äTs¡T

  A.P ˝Àì kÕ<Ûës¡D |ü<äeTT ( )t a n d n1 Nn 6 != + - .

	q	 ˇø£ es¡Tdü , , , , ,a a a a
n1 2 3

g g  qT >∑TD≤‘·àø£ es¡Tdü n+<äTs¡T. Ç+<äT˝À an+1 = an r, r !0, 

n N!  Çø£ÿ&É r  dæ›sê+ø£+. a
1
qT yÓTT<ä{Ï |ü<äeTT, r  qT kÕe÷q´ ìwüŒ‹Ô n+<äTs¡T. G.P. kÕ<Ûës¡D 

|ü<ä+  , , , ,t ar n 1 2 3n

n 1
g= =

-

	q	 ˇø£ es¡Tdü˝Àì |ü<äeTT\qT ≈£L&çø£>∑Ts¡TÔ (G) ‘√ ‘Ó*j·TCÒj·TT≥qT ÁX‚DÏ n+<äTs¡T. |ü]$T‘· dü+K´˝À 

>∑\ |ü<äeTT\ yÓTT‘·ÔeTTqT |ü]$T‘· ÁX‚DÏ n+<äTs¡T. n|ü]$T‘· dü+K´˝À >∑\ |ü<äeTT\ yÓTT‘·ÔeTTqT 

n|ü]$T‘· ÁX‚DÏ n+<äTs¡T.

	q	 yÓTT<ä{Ï |ü<äeTT a  eT]j·TT kÕe÷q´ uÛÒ<äeTT d >± >∑\ n+ø£ÁX‚&Ûç˝Àì yÓTT<ä{Ï n |ü<äeTT\ yÓTT‘·ÔeTT  

S
n
  >± rdüTø=ìq Sn  = [2 ( 1) ]n a n d

2
+ -  = ( )n a l

2
+ , Çø£ÿ&É l ∫e] |ü<äeTT 

	q	 >∑TDÁX‚&Ûç˝À yÓTT<ä{Ï n  |ü<äeTT\ yÓTT‘·ÔeTT

   S r
a r

r
a r

1
1

1
1

n

n n

= -
-

-
-

,=

,na

^ ^h h
*

       Çø£ÿ&É yÓTT<ä{Ï |ü<äeTT a  eT]j·TT kÕe÷q´ ìwüŒ‹Ô r

	q	 yÓTT<ä{Ï n düVü≤» dü+K´\ yÓTT‘·ÔeTT  ( )
k

n n
2

1

k

n

1

=
+

=

/ .

	q	 yÓTT<ä{Ï n uÛÒdæ düVü≤» dü+K´\ yÓTT‘·ÔeTT   k n2 1
k

n

1

2
- =

=

^ h/
	q	 yÓTT<ä{Ï n uÛÒdææ düVü≤» dü+K´\ yÓTT‘·ÔeTT (∫e]|ü<äeTT l Çe«ã&çq)  

     1 + 3 + 5 + g  + l = l
2
1 2+` j . 

	q	 yÓTT<ä{Ï n düVü≤» dü+K´\ es¡ZeTT\ yÓTT‘·ÔeTT k
k

n
2

1=

/  = n n n

6

1 2 1+ +^ ^h h .

	q	 yÓTT<ä{Ï n düVü≤» dü+K´\  |òüTqeTT\ yÓTT‘·ÔeTT k
k

n
3

1=

/  = n n

2

1 2+^ h; E . 

MT≈£î ‘Ó\TkÕ?

yÓTØHé yÓT]‡H̊ (Marin Mersenne) nqTq‘·ì ù|s¡T‘√ |æ\eã&ÉT yÓT]‡Hé dü+K´ nqTq~ M=2P-1 s¡÷|ü+˝À 

neT]q ˇø£ <Ûäq|üPsêí+ø£eT>∑TqT. Ç+<äT˝À P nqTq~ ˇø£ <Ûäq|üPsêí+ø£eTT. M ˇø£ Á|ü<Ûëqdü+K´ nsTTq 

<ëìì yÓT]‡Hé Á|ü<Ûëq dü+K´ nì |æ\eã&ÉT#·Tqï~. 2P-1 ˇø£ Á|ü<Ûëqdü+K´ nsTTq P ≈£L&É Á|ü<Ûëqdü+K´ 

n>∑TqT. ÄdüøÏÔø£s¡+>±, Ç|üŒ{Ïes¡≈£î ‘Ó*dæq dü+K´\˝À n‹ ô|<ä› Á|ü<Ûëqdü+K´ 243,112,609 -1 nqTq~ ˇø£ 

yÓT]‡Hé Á|ü<Ûëqdü+K´ n>∑TqT.

r 1!  nsTTq|ü⁄&ÉT

 r = 1 ÄsTTq|ü⁄&ÉT



3.1	 |]#jT+
 >DXdeTT jTT eTTKyTq eT]jTT bNqyTqXK 
;>DeTT. ~ ;JjT dMTsDeTT\qT k~+#T >]         
\T|qT. eT&e XeTTq, ^ >DXdE&q &jb+dt 
(Diophantus) s+q n]<yT{ (Arithmetic) nqT 
>+<eTTq+<T nH |j> deTd\qT b+<T|s#qT. se 
eT]jTT @&e XeTT us<X >DXdEq su     
eT]jTT V>T|&T @| dMTsDeTT\T eT]jTT esZ 
dMTsDeTT\qT k~+#T keq |<T\ n_e~ w#d]. 
 =$T<e XeTTq+<T nsT >DXdE\# ;>D+ 
me n_e~>+#qT. ǹ ] (Al-Khwarizmi) # 
s+|&q  eTT+| eT]jTT T\ >Dq d+V (Compendium 
on calculation by completion and balancing) nqT >+<eTT  
eTTKyTq yT\TssTT e+{~. n+<T nqT|j+q n 
nqT |<eTTqT {H uw nJu > #|&qT.  |<eTTq 
b{  |Psd rdT=e#T n nqTy<eT>TqT. 13 
e XeTTq *jHs= |uHd (Leonardo Fibonacci) jTT 
;>D >+<eTT\T eTTKyTq$ $ n+<] |u$eTT 
#jT>\$> qT+&qT.  >D XdE&T \|dj* (Luca 
Pacioli‚ 1445-1517) eT]jTT +> >D XdE&T ssY ]s 
(Robert Recorde‚ 1510-1558) ;>D+| eT]+ me> 
w#d]. s X+ ;>DeTT me n_e~ #+<qT. 19 
e X+  |jTeTTq _{wt >D XdE\T HjT+ 
eV+]. _H <XdT&q | (Peacock‚ Britain, 1791-1858) 
n+>DeTT eT]jTT ;>DeTT d|e#qeTT\ k|&T.  
sDeTT>  jT& |t nJu (Euclid of Algebra) n 
|\Te&qT. &esZH (DeMorgan‚ Britain, 1806-1871), | 
|]jT\qT >eT+, ue>TsT\qT s+, $d]+|CdqT. 
  n<jTeTT, sFjT dMTsDeTT\ eed eT]jTT 
esZ dMTsDeTT\qT k~+#TjT+<T yTe\T HsT=H<eTT.

;>DeTT;>DeTT

(n	`	]J)
(780-850)

nsT
  >D XdeTT eT]jTT u> 
XdeTT q+<T n ]J jTT 
s#q\T ;>DeTT eT]jTT 
D$T qq eT\ 
d<+eTT\qT s|+#T 
dVjT|&qT. @| eT]jTT 
~| dMTsDeTT\ eT<yTq 
k<q\qT yTT<{ k]> |{+#qT. 
  ;>D k|& 
>T]+]. us >D XdeTT 
V+<`ns_ d+U eed n_e~ 
<s+> ns_ d+K\qT |eT 
<X\ |]#jTeTT #jTT 
n+>DeTTq+<T w#dqT.

	|]#jT+
	VQ|<dedeTT\T
	d+j u>VseTT
	>.k.u eT]jTT .k.>T
	nsDjT dedeTT\T
	esZeT\eTT
	esZ dMTsDeTT\T

33
“The human mind has never invented a labour-saving machine  

equal to algebra”  - Author unknown
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d#q

s#qeTT

3.2 *jT	 s+&T	 sX\	 sFjT	 (@|)	 dMTsDeTT\	 eed	 (System of linear 
equations in two unknowns)

 IX s>,  *jT s x qT *q @| dMTsDeTT ax b+  = 0, a 0!  qT 
>] #~$jTTHeTT.
 x eT]jTT y nqT *jT s+&TsX\T *q sFjT dMTsDeTT ax + by = c , & a 
eT]jTT b \ deTT { XSHseTT n>TqT. ,x x y y0 0= =  $\Te\T sFjT dMTsDeTTqT 
||sqsTTq, (x0, y0) nqT eTjTT>eTT  dMTsDeTT jTT k<q n+<TsT.
 C$TrjTeTT>, ax + by = c nqT sFjT dMTsD sUeTT \eTT neT]jTT+&T  
dssKjT>TqT. sK| qT+&T | _+<Te ( ,x y) nqTq~ ax + by = c dMTsDeTT jTT k<q 
n>TqT. $|seTT>, dMTsDeTT jTT |k<q ( ,x y) sK| neT]jTT+&T  _+<Te>TqT. 
qT, ax + by = c nqT dMTsDeTT nq+yTq k<q\qT *jTT+&TqT. 
 {> #s&q x eT]jTT y nqT s+&T *jT sX\T *jTTq |]$T d+UsFjT 
dMTsDeTT\ d$T x eT]jTT y  >\ sFjT dMTsDeTT\ eed n+<TsT.  dMTsDeTT\ 
eedqT deT| dMTsDeTT\T njTT n+<TsT.

 ,x x y y0 0= =  $\Te\T eed n dMTsDeTT\qT | |sqsTTq, (x0, y0) nqT 
eTjTT>eTTqT s+&T #\sX\ sFjT dMTsDeTT\ k<q n+<TsT. 

      a1x + b1y = c1     
     a2x + b2y = c2  nqT s+&T #\sX\ sFjT dMTsDeTT\ eed

  (i)   x eT]jTT y $\Te\ d+  jTT>eTT | s+&T dMTsDeTT\qT | |sqsTTq 
n$ n$s<eT>TqT (Consistent). eT]jTT

 (ii)  | s+&T dMTsDeTT\qT ||s#T x eT]jTT y $\Te\T # n$ $s<eT>TqT 
(Inconsistent).

 n<jTeTT s+&T #\sX\   sFjT dMTsDeTT\qT >] #]+#<eTT.

  (i) ax + by = c nqT dMTsD s|eTTqT sFjT dMTsDeTT n+<TsT. m+<Tq>, 
dMTsDeTT #\sX\ sFjTeTT>qT eT]jTT dMTsDeTT #\sX\T \eTT 
$.

 (ii) s+&T +f me #\sX\T *q deT| dMTsDeTT\T +&T M\>TqT. M{ 
| s>T\ HsT=qe#TqT.

     a x b y c1 11+ =     (1)
     a x b y c2 2 2+ =     (2)     nqTq$
x eT]jTT y #\sX\T *q sFjT dMTsDeTT\ eed> jTT+&T |dMTsDeTT d+  
#\s | +&TqT, a1, b1, a2 eT]jTT b2 ds+eTT\ @y { XSqeTT> +&e#T. 
 , .a b a b0 01

2

1

2

2

2

2

2
! !+ +  > +&e#TqT.
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C$TrjTeTT> +~ |]dT\T d+u$+#TqT. (1) eT]jTT (2) \ \T| s+&T dssK\T n$
 (i) KeTT>  _+<Te e< K+&+#TqT
 (ii) @ _+<Te e< K+&+#T=q<T
 (iii) @u$+#T=qTqT.
 (i) d]jTq#,  K+&q _+<Te eed jTT @ k<q n>TqT.  (ii) d]jTq#,  
eed k<q\T+&e. (iii) d]jTq#, sK| >\ | _+<Teq nqTs| k<q\T  eed 
\<T. qT  d+<seTTq,  eed nq+ k<q\T *jTT+&TqT. 
 |dTeTT, +~ ;JjT |<T\qT |j+ *jT s+&T sX\ sFjT dMTsDeTT\ 
eed\qT k~+#<eTT. (i)  =\+#T |<   (ii) n&T >TDs |<.

3.2.1	=\+#T	|< (Elimination method)

  |<, eed jTT dMTsDeTT\T \T| <s  |< |seTT *jT  
s =\+#<eTT. *jT  s =\+#T +~ esZeTTq b+<e#TqT.
  (i)  dMTsDeTT |<eTT\qT d+K\# >TD+#&+  u+#&+ <s *jT y{ 

=\+#T y{ >TDeTT\qT d+U+> deqeTT #dT=qe\jTTqT.

 (ii)  sTy, |* >TDeTT\ es >TsT\TqsTTq d+\qeTT (L&T) <s eT]
jTT  >TsT\TqsTTq ee\qeTT (rdyjTT) <s =\+#TeTT.

<VsD	3.1
 k~+#TeTT  x y3 5-  = –16 ,   x y2 5+  = 31

k<q e&q dMTsDeTT\T 
     x y3 5-  = –16       (1) 

    x y2 5+  =  31        (2)

 s+&T dMTsDeTT\ y jTT >TDeTT d+UeTT> deqeTT> es >TsT\Tq$.
eq, y qT dT\u+> =\+#e#TqT. 
 (1) eT]jTT (2), \qT d+\qeTT #jT>,
    5x = 15       (3)
   nq>,   x = 3.   

y qT k~+#T (1)  (2)  x = 3 qT ||+#TeTT.
 x = 3 qT (1)  ||+#>, 3(3) –5y  =  –16

     (        y = 5.

 x = 3 eT]jTT y = 5 qT (1) eT]jTT (2) \ ||+q 3(3)–5(5) = –16 eT]jTT                
2(3) +5(5) = 31 n>TqT. ~ dyTq+<Tq, q eed (3, 5) nqTq~  k<q n>TqT.



72 10th Std. Mathematics

>eT

>eT
 k<qqT qT>=qT   #\sqTq dMTsDeTT (3) qT b+<T  eTTKyTq 
|TeTT n>TqT. #\s y qT =\+#T <s  #\s x >\ dMTsDeTT (3) @s&qT. 
eq  eed #\sX\ yTT< { =\+#T <s k~+#T |< =\+#T 
|< n+<TsT. 

<VsD	3.2
 11 | eT]jTT 3 ssT\ (erasers) <s ` 50 eT]jTT 8 | eT]jTT 3 ssT\ 
<s ` 38 nsTTq  | <s eT]jTT  ssT <sqT qT>=qTeTT. 
k<q  | <s x (sbjT\) eT]jTT  ssT <s y (sbjT\) nqT=q.
q de#s+ |s+,
                      x y11 3+  =  50       (1)

    x y8 3+  =  38      (2)

(1) qT+& (2) qT rdyjT>,  x3  = 12 $ 4x =  #TqT.
y $\Te qT>=qT x = 4 qT (1)  ||+#>,
   11(4) + 3y = 50  i.e.,   y 2= .

{ x = 4 eT]jTT y 2=  nqTq$ e&q dMTsDeTT\ k<q\T n>TqT. 
qT,  | <s ` 4 eT]jTT  ssT <s ` 2.

 b+~q $\Te\T s+&T dMTsDeTT\qT | |s#T#Tqy n F #dT=qT m|{ 
eT+~.

<VsD	3.3
 3x y4+  = –25,   x y2 3-  = 6 qT =\+#T |< <s k~+#TeTT.
k<q e&q$ 

                 3x y4+  = –25      (1)

                                 x y2 3-  =  6      (2)

#\s x qT =\+#T (1) qT 2 # eT]jTT (2) qT `3 # >TD+#>,
       (1) #  2   (    x y6 8+  = –50     (3)

       (2) #  –3 (   x y6 9- +  = –18     (4)

(3) eT]jTT (4) L&>, y17  = – 68 $ y  = – 4 #TqT.
sTy, y  = – 4 qT (1)  ||+#>,  ( )x3 4 4+ -  = – 25   i.e.,  x  = – 3

 eq k<q\T (`3, `4)
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d#q
 <VsD 3.1  #dq $<eTT>, q dMTsDeTTqT L&T  rdyjTT <s 
 #\s =\+#T +<T (<VsD 3.3) M\T<T. qT,  ssTT+#&q 
|< x  y \ >TsT\ d++<eTT +&, y{ >TDeTT\qT deT|s#eqT. sTy 
y{ =\+#TeTT.

<VsD	3.4
 x y101 99+  = 499,   x y99 101+  = 501 \qT =\+#T |<qT|j+ k~+#TeTT.
k<q e&q dMTsDeTT\ eed 
    x y101 99+  = 499     (1)
    x y99 101+  = 501     (2)

 H= #\s =\+#T q d+K\# dMTsDeTT\qT >TD+#eqT. 
  nsTTq|{,  dMTsDeTT x >TDeTT eTs= dMTsDeTT y >TDeTTq 
deqeTT>qTq$.  d+<seTTq, s+&T dMTsDeTT\qT L&T eT]jTT rdyjTT <s n< 
k<q\T *q  = dMTsDeTT\ eed @s&TqT.
 (1) eT]jTT (2) \qT L&>,    x y200 200+  = 1000.   

 200 # u+#>,               x y+  = 5     (3)
 (1) qT+& (2) qT rdyjT>,            x y2 2-  = –2  
       x y-  = –1      (4)  
 (3) eT]jTT (4) \qT  k~+#>   x = 2,  y = 3 @s&TqT.
 qT, e\dq k<q (2, 3).
<VsD	3.5
 x y3 2 +^ h = xy7 ;   x y3 3+^ h = xy11   \qT =\+#T |<qT|j+ k~+#TeTT.
k<q  e&q$, 
    x y3 2 +^ h = xy7      (1)

    x y3 3+^ h = xy11      (2)
xy |<eTT q+<Tq, e&q eed sFjT eed <T eT]jTT x = 0 nsTTq y = 0 n>TqT. B 
$|seTT d]jT n>T#Tq~. eq, (0,0) nqTq~ eed jTT k<q n>TqT eT]jTT x !  0, 
y 0!  nsTTq @y k<q\T *jTT+&TqT.
 qT, x 0! ,  y 0!  d+<seTTq,
 |r dMTsDeTTqT xy # sTy|\ u+#>,

   
y x
6 3+  = 7,   i.e.,  

x y
3 6+  = 7   (3)

 eT]jTT            
x y
9 3+  = 11     (4)



74 10th Std. Mathematics

    a
x
1=   eT]jTT   b

y
1=  nqT=q,

 (3) eT]jTT (4) dMTsDeTT\ qT+&,  a b3 6+  = 7      (5)
                                        a b9 3+  = 11                (6)

 $ a eT]jTT  b  >\  sFjT eed n>TqT.
b qT =\+#T,     (6) #2 (    18a + 6b = 22     (7)

 (5) qT+& (7) qT rdyjT>,  a15-  = –15. (     a  = 1.

 a = 1 qT (5)  ||+#>,  b = 
3
2 . qT , a = 1 eT]jTT b

3
2= .

 a = 1  nsTTq,  
x
1 1= .  qT, x 1= .

 b = 
3
2  nsTTq, 

y
1

3
2= .  qT, y

2
3= .

 qT,  eed ( 1,
2
3  ) eT]jTT (0, 0) nqT s+&T k<q\T \e.

eTs= |<
q dMTsDeTT\ eedqT  +~ $<eTT> k~+#e#TqT.  
   x y3 2 +^ h = xy7      (1)

   x y3 3+^ h = xy11     (2)

   (2) × 2 – (1)  (  15y = 15xy

                        (  15y(1–x) = 0.  qT, x = 1 eT]jTT y = 0

 x = 1 nsTTq|&T, y  = 
2
3  eT]jTT y = 0 nsTTq|&T, x = 0 n>TqT.

 eq, ( 1,
2
3 ) eT]jTT (0, 0) nqTq$ s+&T k<q\T.

>eT 15y = 15xy q+<T y = yjTs<T. +<Tq>, y = 0 nqTq~ ys= k<qqT #TqT

nudeTT 3.1
+< e&q dMTsDeTT\ eedqT =\+#T |< <s k~+#TeTT..

1. x y2 7+ = ,   x y2 1- =  2. x y3 8+ = ,  x y5 10+ =

3. x y
2

4+ = ,   x y
3
2 5+ =  4. x y xy11 7- = ,   x y xy9 4 6- =

5. 
x y xy
3 5 20+ = , 

x y xy
2 5 15+ = , 0,x y 0! !  6. x y xy8 3 5- = ,  x y xy6 5 2- =-

7. x y13 11 70+ = ,  x y11 13 74+ =  8. x y65 33 97- = ,  x y33 65 1- =

9. 
x y
15 2 17+ = , , ,

x y
x y1 1

5
36 0 0! !+ =      10.  

x y
2
3
2

6
1+ = , 0, 0, 0
x y

x y3 2 ! !+ =
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sFjT	 dMTsDeTT\	eed	jTT	 k<q	d$T	|]eDeTT (Cardinality of the set of 
solutions of the system of linear equations)
 +~ s+&T dMTsDeTT\ eedqT rdT=H<eTT.
    a x b y c1 1 1+ +  = 0      (1) 
    a x b y c2 2 2+ + = 0     (2)

& , .a b a b0 01

2

1

2

2

2

2

2
! !+ + n>TqT >TDeTT\T yde d+K\T.  

y >TDeTT\T deT|s#T =\+#T |<qT|j+#<eTT.
dMTsDeTT (1)  b2 # eT]jTT dMTsDeTT (2)  b1 # >TD+#>, 
     b a x b b y b c2 1 2 1 2 1+ + = 0      (3)
      b a x b b y b c1 2 1 2 1 2+ +  = 0      (4)

dMTsDeTT (3) qT+& (4) qT rdyjT>,
 b a b a x2 1 1 2-^ h  = b c b c1 2 2 1-  (  x = 

a b a b

b c b c

1 2 2 1

1 2 2 1

-

-  ‚ 0a b a b1 2 2 1 !-  nqT wsT\

x $\TeqT dMTsDeTT (1)  (2)  ||+ eT]jTT k~+#>

         y  = 
a b a b

c a c a

1 2 2 1

1 2 2 1

-

- ,  0a b a b1 2 2 1 !- . nqT wsT\

qT,   x = 
a b a b

b c b c

1 2 2 1

1 2 2 1

-

-   eT]jTT  y   = 
a b a b

c a c a

1 2 2 1

1 2 2 1

-

- , 0a b a b1 2 2 1 !- . (5)

& s+&T d+<seTT\T >eT+#*
d+<seTT (i)  0a b a b1 2 2 1 !- . nq>, 

a

a

b

b

2

1

2

1! .

    d+<seTTq,   sFjT dMTsDeTT\T @ k<qqT *jTT+&TqT.

d+<seTT (ii)  0a b a b1 2 2 1- = . nq>, 
a

a

b

b

2

1

2

1= ‚  0a2 !  eT]jTT 0b2 !  nsTT  

    d+<seTT,  
a
a

b
b

2

1

2

1 m= = . nsTTq  a a1 2m=  ,  b b1 2m=  n>TqT.

a1 eT]jTT b1 $\Te\qT dMTsDeTT (1)  ||+#>
        a x b y c2 2 1m + +^ h  = 0       (6)

c1  =  c2m  (   
c

c

2

1  = m nsTTq, s+&T dMTsDeTT\T  (6) eT]jTT (2) | #+<Tq dT\ueTT> 

>eT+#e#TqT.
c c1 2m=  nsTTq, dMTsDeTT (2) jTT @y k<q\T dMTsDeTT (1)  | |sq $|seTT d]jT.
 qT, 

a

a

b

b

c

c

2

1

2

1

2

1 m= = =  nsTTq, (1) eT]jTT (2) nqT  sFjT dMTsDeTT\T 

nq+yTq nH k<q\qT *jTT+&TqT.
 c c1 2! m   nsTTq, dMTsDeTT (1) jTT @y k<q\T, dMTsDeTT (2) qT | |s#<T 
eT]jTT $|seTT d]jT. 
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>eT

 {, 
a

a

b

b

c

c

2

1

2

1

2

1!=  nsTTq, e&q  sFjT dMTsDeTT\T (1) eT]jTT (2) \ 

k<q\T *jTT+&<T.

   | #sqT d+|eTT #d<eTT. 
  0a x b y c1 1 1+ + =  

 0a x b y c2 2 2+ + = , +<T , .a b a b0 01

2

1

2

2

2

2

2
! !+ +  nqT dMTsDeTT\ eed

     (i) 0a b b a1 2 1 2 !-    
a

a

b

b

2

1

2

1! , nsTTq dMTsDeTT\ eed @+ k<qqT *jTT+&TqT.

  (ii) 
a

a

b

b

c

c

2

1

2

1

2

1= =  , nsTTq, dMTsDeTT\ eed nq+yTq nH k<q\T *jTT+&TqT.

 (iii) 
a

a

b

b

c

c

2

1

2

1

2

1!=  , nsTTq, dMTsDeTT\ eed k<q\T+&e.

3.2.2	n&T	>TDs	|< (Cross multiplication method)
 =\+#T |< |j+ s+&T *jT sX\T x eT]jTT y >\   sFjT 
dMTsDeTT\ k<q\qT qT>=qT y{ >TDeTT\qT |j+$T. eTs= |< n&T 
>TDs |< n+<TsT. ~ dT\uyTq |<. |dTeTT  |< mT |j+#Tj 
$e]+#<eTT.
     0a x b y c1 1 1+ + =        (1)

    0a x b y c2 2 2+ + =  +<T 0a b b a1 2 1 2 !-  nqT=H<eTT (2)

  eed k<q\qT + eTT+< s|+jTTHeTT. 

                x  = 
a b a b

b c b c

1 2 2 1

1 2 2 1

-

- ,   y = 
a b a b

c a c a

1 2 2 1

1 2 2 1

-

-

          qT,  
b c b c

x

1 2 2 1-
 =  

a b a b
1

1 2 2 1-
,   

c a c a
y

1 2 2 1-
 = 

a b a b
1

1 2 2 1-
 yjTe#TqT.

 | y{ +~ s|eTT yjT>,
                

b c b c
x

1 2 2 1-
 = 

c a c a
y

1 2 2 1-
 = 

a b a b
1

1 2 2 1-
. 

| d+<eTTqT >TsT+#T=qT +~ uD| >TsT\ |eTT # |j>|&TqT.
x y 1

 s+&T d+K\ eT<qTq uD| >TsT\T y{ >TDseTTqT \T|qT. yTT<{ >TDs 
\eTT (+< y|qTq uD| >TsT) qT+& s+&e >TDs \eTT (| y|qTq uD| >TsT)  
rdyjTTeTT. 

b1

b2

c1

c2

a1

a2

b1

b2
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sFjT dMTsDeTT\ eedqT | s|eTT# k~+#T |< n&T>TDs |< n+<TsT.
   

b c b c
x

1 2 2 1-
 = 

c a c a
y

1 2 2 1-
 = 

a b a b
1

1 2 2 1-
 ,

b c b c1 2 2 1-    c a c a1 2 2 1-  = 0 > +&e#T.  a b a b 01 2 2 1 !-  > +&eqT.

{                0a x b y c1 1 1+ + =  

               0a x b y c2 2 2+ + =  dMTsDeTT\ eed 
(i)       b c b c1 2 2 1-  = 0  eT]jTT  a b a b 01 2 2 1 !-  nsTT,  x = 0 n>TqT.
(ii)      c a c a1 2 2 1-  = 0  eT]jTT   a b a b 01 2 2 1 !-  nsTT, y = 0 n>TqT.

 MT<, nH+> @+ k<q\T *q dMTsDeTT\ eedqT n&T>TDs |< 
k~+#<eTT.
<VsD	3.6
 k~+#TeTT:
            2x + 7y – 5 = 0
   –3x + 8y =  –11
k<q   e&q dMTsDeTT\ eed
            2x + 7y – 5 = 0
   –3x + 8y +11 = 0
 n&T >TDseTTq, >TDeTT\qT  $<eTT> yjTTeTT.

x y 1
7 –5 2 7
8 11 –3 8

    qT,       
( )( ) ( )( )

x
7 11 8 5- -

 = 
( )( ) ( )( )

y
5 3 2 11- - -

 = 
( )( ) ( )( )2 8 3 7

1
- -

.

    nq>,         x
117

  = y
7-

  = 
37
1 . i.e., x = , y

37
117

37
7=- .

    eq, k<q  ,
37
117

37
7-` j.

<VsD	3.7
             3x + 5y  = 25
           7x + 6y   = 30 \qT n&T>TDs |<qT|j+ k~+#TeTT.
k<q   e&q dMTsDeTT\ eed    3x + 5y –25 = 0
             7x + 6y–30 = 0
 |&T, n&T>TDseTTq >TDeTT\qT yjTTeTT.

x y 1
5 –25 3 5
6 –30 7 6



78 10th Std. Mathematics

>eT

(  x
150 150- +

  = y
175 90- +

  =  
18 35

1
-

. i.e.,  x y
0 85 17

1=
-

=
-

. 

qT x = 0,  y = 5.    eq (0, 5) k<q>TqT. 

 & x
0

 = 
17
1- . B nseTT x = 

17
0

-
 = 0. qT x

0
 nqTq~  >TsT eyT eT]jTT 

~ dTq# u+#&+ <T. dTq# u+#TqT s+|&<T. ~ deT>TqT.

<VsD	3.8
 s+&+\ d+K  kqeTTqTq n+, |<T\ kqeTTqTq n+ s+&+\T.  
d+K n+\T sTesT #dq @s&T = d+K nqTq~ e&q d+K 27 me>TqT. 
 d+K qT>=qTeTT.

k<q |<T\ kqeTTqT x > eT]jTT  kqeTTqT y > rdT=qTeTT. eq, $dsD 
s|eTT  d+KqT x y10 +  > yjTe#TqT. (35 R 10(3)G5 $<eTT>) 

 n+\qT sTesT #dq|&T, x  kqeTT >qT eT]jTT y |<T\ kqeTT>qT e#TqT. 
$dsD s|eTT es&q d+K 10y + x > yjTe#TqT. 

yTT<{ +<q |seTT, y x2=  B +~ $<eTT> ydq, 
     x y2 -  = 0     (1)

s+&e +<q |seTT,
    ( ) ( )y x x y10 10+ - +  = 27

 nq>, x y9 9- +  = 27    (    x y- +  = 3  (2)

(1) eT]jTT (2) dMTsDeTT\T L&>, x  = 3 @s&TqT. 

dMTsDeTT (2)  x 3=  qT ||+#> , y  = 6 n>TqT.

 qT, e&q d+K (3#10) + 6 = 36 n>TqT.

<VsD	3.9

  _qeTT jTT \eeTTqT 3 # >TD+, VseTTqT 3 # Z+q 
11
18  @s&TqT eT]jTT        

\eeTTqT 8 # n~eTT #d, VseTTqT s+&+\T #dq 
5
2  @s&TqT. nsTTq  _qeTTqT qT>=qTeTT. 

k<q 
y
x   _qeTT nqT=q, q +<q\ |seTT,

      
y

x
3

3
-

 = 
11
18       eT]jTT  

y
x
2

8+   = 
5
2

 (      x11  = y6 18-    eT]jTT  x5 40+  = y4
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 eq,  x y11 6 18- +  = 0      (1)
   x y5 4 40- +  = 0      (2)

(1) eT]jTT (2) >TDeTTqT a1x + b1y + c1 = 0, a2x + b2y + c2 = 0  dMTsDeTT\ >TDeTT\ b\>,
        a1  = 11,  b1  = – 6,  c1= 18 ;    a2  = 5,   b2  = –4,    c2  = 40.  

 qT,        a b a b1 2 2 1-  = (11)(–4) – (5)(–6) = 14- !  0.

 eq,  eed @+ k<qqT *jTT+&TqT. 
 n&T >TDs |<q y{ >TDeTT\qT yjT>,

x y 1
–6 18 11 –6

–4 40 5 –4

 (     x
240 72- +

  = y
90 440-

 = 
44 30
1

- +

 (     x
168-

   =  y
350-

 =  
14
1

-

 qT, x  = 
14
168  = 12‚ y  = 

14
350  = 25 eq _qeTT 

25
12  n>TqT.

<VsD	3.10
 8 eT+~ |sTw\T eT]jTT 12 eT+~ u\TsT \d  | 10 sE\ eTT+#>\
sT. n< | 6 eT+~ |sTw\T eT]jTT 8 eT+~ u\TsT \d 14 sE\ eTT+#>\sT.  
|sTw&T eyT  | |P] #jTT eT]jTT  u\T&T eyT  | |P] #jTT 
|T sE\ d+KqT qT>=qTeTT. 
k<q | |P] #jTT  |sTw& nedsyTq sE\ d+KqT x >qT,  u\T& 
nedsyTq sE\ d+KqT y >qT rdT=qTeTT. dweTT>, x !  0, y !  0.

 eq,  |sTw&T  sE |P] #jTT | u>eTT 
x
1  eT]jTT  u\T&T  

sE |P] #jTT | u>eTT 
y
1 . 

  sE 8 eT+~ |sTw\T eT]jTT 12 eT+~ u\TsT #jTT | 
10
1 . 

 qT,    
x y
8 12+  = 

10
1       (1)

  sE 6 eT+~ |sTw\T eT]jTT 8 eT+~ u\TsT #jTT | 
14
1 .   

 qT,             
x y
6 8+  =  

14
1       (2)

 a = 
x
1  eT]jTT b = 

y
1  rdT=q (1) eT]jTT (2) \T eTeTT>  $<eTT> #TqT.  

                  a b8 12+  =  
10
1     (    a b4 6

20
1+ -  = 0.   (3)

                        a b6 8+  =  
14
1      (   a b3 4

28
1+ -   = 0.   (4) 
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n&T >TDs |<q (3) eT]jTT (4) \ >TDeTT\qT yjTTeTT
                       a                          b     1
   6  

20
1-   4  6

   4  
28
1-   3  4

 qT,   a

14
3

5
1- +

 =   b

20
3

7
1- +

 = 
16 18

1
-

. i.e.,   a

70
1-

 = b

140
1-

 =  
2
1
-

. 

 nq>,              a  = 
140
1 ,  b   = 

280
1

 qT,      x  = 
a
1  = 140 ,  y  = 

b
1  = 280.

  |sTw&T eeTT  | 140 sE\ |P] #jTTqT eT]jTT  u\T&T eeTT 
 | 280 sE\ |P] #jTTqT.

nudeTT	3.2

1.  n&T>TDs |<qT|j+ +~ dMTsDeTT\ eedqT k~+#TeTT.
   (i)  x y3 4 24+ = , x y20 11 47- =      (ii) . . .x y0 5 0 8 0 44+ = , . . .x y0 8 0 6 0 5+ =

 (iii) ,x y x y
2
3

3
5

2
3 2 6

13- =- + =     (iv) ,
x y x y
5 4 2 2 3 13- =- + =

2. +~ deTd\qT   dMTsDeTT\T> yd, y{ k<qqT qT>=qTeTT:
 (i)  d+K eT&T sT >\ d+K H 2 me> qT+&TqT. q d+K 4 ssTTq  

d+K H 5 me>TqT.  d+K\qT qT>=qTeTT.
 (ii) <] <jTeTT\ w 9 : 7 eT]jTT y] KsT\ w 4 : 3. | sT |rH\  

` 2000 b<T| #dq, y] H\d] <jTeTTqT qT>=qTeTT.
 (iii)  s+&\ d+K y{ n+\ yTTeTTq @&T sT+&TqT.  n+\qT sTesT 

#dq    @s&T d+K e&q d+KH 18 e> qT+&TqT. nsTTq  d+KqT 
qT>=qTeTT.

 (iv) 3 \T, 2 yTC\ <s ` 700 eT]jTT 5 \T, 3 yTC\ <s ` 1100 nsTTq           
2 \T, 3 yTC\ yTTeTT <s m+?

 (v)  Bs #TsdeTT b&e 2 d+.MT n~]+ eT]jTT y&\T 2 d+.MT Z+qsTTq 
y{ yX\eTT 28 #.d+.MT >TZqT. b&e 1 d+.MT Z+ eT]jTT y&\T 2 d+.
MT n~s+qsTTq y{ yX\eTT 33 #.d+.MT |sT>TqT. Bs#Tsd yX\eTTqT 
qT>=qTeTT.

 (vi)  s\T =+ <seTTqT  ds y>eTT |jDeTT #dqT. >+ 6 .MT me 
y>eTT s\T |jD+q, ssTT+q \eTT +f 4 >+\T e rdT=qTqT. 
>+ 6 .MT e y>eTT s\T |jD+q, ssTT+q \eTT +f 6 >+\T 
me rdT=qTqT. s\T |jD+q <seTTqT qT>=qTeTT.
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>eT

3.3  esZ VQ|< dedeTT\T (Quadratic polynomials)
  n  n+dT *q  x  #\s >\ VQ|< dedeTT a0x

n+a1x
n–1+a2x

n–2+.....+an–1x+an 
, 

& 0a0 !  eT]jTT , , , ...,a a a an1 2 3  yde ds+eTT\T. 

 n+dT s+&T *q  VQ|< dedeTTqT esZ (~|) VQ|< dedeTT n+<TsT. 
B ( )p x ax bx c

2
= + +  > yjTT<TsT, & a 0! , b eT]jTT c \T yde ds+eTT\T. 

yde ds+eTT\T dTq n+dT *q VQ|< dedeTT\T> +&e#TqT.

 <VsD, 1x x
2
+ + , 3 1x

2
- , 2x x

2
3

3
72

- + -  nqTq$ esZ VQ|< dedeTT\T.

 x k=  e<, ( )p x ax bx c
2

= + +  nqT esZ VQ|< dedeTT\ $\TeqT ( )p x   x  
<T\T k qT ||+#> b+<e#TqT. qT, x k= , e< ( )p x  $\Te ( )p k ak bk c

2
= + +  n>TqT. 

3.3.1 VQ|< dedeTT\ XSqeTT\T (dTq\T) (Zeros of a polynomial)
 p(x)  VQ|< dedeTT nqT=qTeTT. k nqT yde d+K p(k) = 0 nsTTq, k qT p(x) 
nqT VQ|< dedeTT jTT XSqeTT (zero) n n+<TsT. 
<VsD, 
       q(x) = 5 6x x

2
- +  nqT VQ|< dedeTT jTT XSqeTT\T 2 eT]jTT 3 n>TqT. 

m+<Tq>  q(2) = 0 eT]jTT q(3) = 0.

 = VQ|< dedeTT\ yde d+K\ XSqeTT\T *jTT+&be#T. 
<VsD, ( ) 1p x x

2
= +  q yde d+K\ XSqeTT <T. nq> p k 0=^ h  n>TqT k 

nqT yde d+K $\Te <T. C$TrjT+> VQ|< ded XSqeTqTq~ < sUeTT 
x-neTT K+&+qsTTq  K+&q _+<Te x s|eT>TqT. (|eTT 3.1 eT]jTT 3.2 
#&TeTT)  

   

3.3.2 esZdedeTT\ XSqeTT\T eT]jTT >TDeTT\ eT<>\ d++<eTT (Relationship 
between zeros and coefficients of a quadratic polynomial)

 keqeTT>, ( )p x ax bx c
2

= + + , a 0!  nqT esZ VQ|<dedeTT\ XSqeTT\T a  
eT]jTT b  nsTTq, sD+ d<++ |s+, x a- ‚ x b-  nqTq$ p(x) jTT sD+eTT\T.

y = 5 6x x
2
- +

1y x
2

= +

|eTT 3.1 |eTT 3.2
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 eq,        ax bx c
2
+ +  =  k x xa b- -^ ^h h,  & k nqTq~ XSHs ds+eTT. 

    = k x x
2
a b ab- + +^ h6 @

 sTy|\ >\ x
2 , x \ >TDeTT\T eT]jTT ds|<eTT\qT b\>, a  = k, b  = ( )k a b- +    

eT]jTT c  = kab  b+<>\eTT

( )p x ax bx c
2

= + +  jTT XSqeTT\ eT]jTT >TDeTT\ eT< >\ <s d++<eTT\T,

  XSqeTT\ yTTeTT :    a b+    = 
a
b-  =  -

x jTT >TDeTT
x2 jTT >TDeTT

  XSqeTT\ \eTT :     ab  =  
a
c   =  

 ds+eTT
x2 jTT >TDeTT

<VsD 3.11
 9 20x x

2
+ +  esZ dedeTTq XSqeTT\T qT>=qTeTT. XSqeTT\T eT]jTT >TDeTT\ 

eT< <s d++<eTTqT d]#&TeTT. 
k<q   ( ) 9 20p x x x

2
= + +  = x x4 5+ +^ ^h h 

 p x 0=^ h   (  x x4 5+ +^ ^h h = 0   `   x 4=-   x 5=-

qT, p(– 4) = (– 4 + 4)(– 4 + 5) = 0 eT]jTT p(– 5) = (– 5 + 4)(– 5 + 5) = 0
{,  ( )p x    XSqeTT\T – 4 eT]jTT – 5.
qT, XSqeTT\ yTTeTT = –9 eT]jTT XSqeTT\ \eTT R 20. (1)
<s d++<eTT\ qT+&,

XSqeTT\ yTTeTT  =  -
x jTT >TDeTT

x2 jTT >TDeTT    =  
1
9-  9=-  (2) 

XSqeTT\ \eTT    =    
 ds+eTT

x2 jTT >TDeTT      =  
1
20   20=   (3)

 qT, <s d++<eTT\T d]#&&q~.

 ( )p x ax bx c
2

= + +  nqT esZ VQ|< dedeTTq >]w+> s+&T XSqeTT\T 
+&TqT. qT, a eT]jTT b  XSqeTT\ a 0!  > +&T, a x x

2
a b ab- + +^^ h h 

 VQ|< dedeT>TqT. m+<Tq> @< XSHseTT a  rdT=q, a eT]jTT b  
XSqeTT\ nq+yTq esZ VQ|< dedeTT\T +&TqT.

<VsD 3.12
 XSqeTT\ yTTeTT eT]jTT \eTT\T eTeTT> `4 eT]jTT 3 > qT+&T esZ VQ|< 
dedeTTqT qT>=qTeTT.
k<q  a eT]jTT b  nqTq$ esZ VQ|< dedeTT\ XSqeTT\T nqT=q,
 e&q~, a b+  = –4 eT]jTT ab  = 3.
 ( )p x  = ( )x x

2
a b ab- + +   VQ|< dedeTT.

   = ( 4) 3x x
2
- - +  = 4 3x x

2
+ +

      d#q\T:
209x x

2

+ +  qT 
sD+ |s#T 
+~ $<qeTTqT 
nqTd]+#TeTT.

    20
4 5  a  4+5=9,  4×5=20

4
1

       5
1

( 4x + ) ( 5x + ).

x2 jTT >TDeTT

ds+eTT
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<VsD	3.13
 x = 

4
1  eT]jTT x = –1 XSqeTT\ esZ VQ|< dedeTTqT qT>=qTeTT.

k<q 
 a eT]jTT b  nqTq$ p(x) esZ VQ|< 
dedeTT\ XSqeTT\T nqT=q, XSqeTT\ 
eT]jTT >TDeTT\ d++<eTTqT|j+, 
 ( )p x  = ( )x x

2
a b ab- + +

  = x x
4
1 1

4
1 1

2
- - + -` ` ^j j h 

  = x x
4
3

4
12

+ -

~jT 
4
1  eT]jTT –1 XSqeTT\ @s&q 

VQ|<dedeTT.

 
4
1  eT]jTT –1 XSqeTT\ x x4 3 12

+ -  nqTq~ L&  VQ|<dedeTT.

nudeTT	3.3
1. +~ esZ VQ|< dedeTT\ XSqeTT\T qT>=qTeTT eT]jTT XSqeTT\ >TDeTT\ 

eT<>\ <s d++<eTTqT d]#&TeTT.
 (i) 2 8x x

2
- -    (ii) 4 4 1x x

2
- +  (iii) 6 3 7x x

2
- -        (iv) 4 8x x

2
+

 (v) 15x
2
-     (vi) 3 5 2x x

2
- +  (vii) 2 2 1x x2

2
- +       (viii) 2 143x x

2
+ -

2. eTeTT> +< e&q XSqeTT\ yTTeTT eT]jTT \eTT\ <s esZ VQ|< 
dedeTT\qT qT>=qTeTT.

 (i)   3, 1 (ii)  2, 4  (iii)   0, 4  (iv)    ,2
5
1

 (v) ,
3
1 1  (vi) ,

2
1 4-   (vii) ,

3
1

3
1-   (viii) ,3 2

3.4		 d+j	u>VseTT (Synthetic division)
 29 qT 7 # u+q u>|\eTT 4 eT]jTT XweTT 1 e#Tq eTq *jTTqT. qT, 29 
R 4(7)G1. n<$<+> ( )p x  nqT eTs= VQ|< dedeTTqT ( )q x  nqT VQ|< dedeTT 
u+#> @s&T |*eTT\T u>|\eTT eT]jTT XweTT nqTq$
   ( )p x  R (u>|\eTT) ( )q x  G XweTT 
 nq>,  ( )p x  = s x q x r x+^ ^ ^h h h, & (r x^ h n+dT < q x^ h n+dT. 
B u>Vs $Xw $~ (Division Algoritham) n+<TsT. 
 ( )q x  = x a+  nsTTq, n+dT r x^ h = 0 n>TqT. qT, r x^ h  ds+eTT.
 {, ( )p x  = s x x a r+ +^ ^h h , & r  ds+eTT.
 x  = –a | dMTsDeTT ||+#>, p a-^ h = s a a a r- - + +^ ^h h   (  r  = p a-^ h.
 qT q x^ h = x a+  nsTTq, x a=-  e< ( )p x  qT eT+qeTT #d XweTTqT  >D+#e#TqT. 

    eTs=	|<	: +~ $<qeTTqT nqTd]+, 
e\dq VQ|< dedeTTqT |eTT> 
b+<e#TqT.
p(x)  = x x

4
1 1- +` ^j h

  = x x
4
3

4
12

+ - .

@y XSHs yde d+K# p(x) qT >TD+q, 
ssTT+q <seTT\ @y VQ|< dedeTTqT 
b+<e#TqT.
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u>Vs	$Xw	$~ (Division algorithm) :
     $ueTT ( )p x  eT]jTT ueTT q x^ h nsTTq, u>Vs $Xw $~                                         
( )p x  = s x q x r x+^ ^ ^h h h > yjTe#TqT. 

+~ |*eTT\T @s&TqT.
   (i) q(x) sFjT dMTsDeTT nsTTq, r x^ h= r  ds+eTT.
 (ii) q(x) n+dT R 1 nsTTq (i.e., q(x) nqTq~ sFjTeTT)                                                            

p(x) n+dT = 1+ s(x) n+dT n>TqT.
 (iii) ( )p x  qT x a+  # u+qsTTq ( )p a-  XweT>TqT.
 (iv) r = 0 nsTTq, q(x) # p(x) qT XweTT> u+#Tq #|e#TqT.  q(x) 

nqTq~ p(x)   sD+eT>TqT. 

   VQ|< dedeTTqT  sFjT VQ|<T\# dT\ueTT> 
u+#T |< 1809  besT|H (Paolo Ruffin) # |]#jTeTT 
#jT&q~.  |<H d+j u>VseTT n+<TsT. VQ|< 
dedeTT >TDeTT\ dVjTeTT sFjT VQ|< dedeTT# u+#T 
dT\uyTq~. 

 d+j u>VseTTqT  <VsD $e]+#<eTT.
 ( )p x  = 2 4x x x

3 2
+ - -  $ueTT> eT]jTT ( )q x  = x 2+ ueTT> rdT=qTeTT. 

u>|\eTT ( )s x  eT]jTT XweTT r qT +~ |<T\ <s qT>=H<eTT.
kbqeTT 1 $ueTT eT]jTT ueTT\ x jTT |eTT\qT 

nesVD eTeTT neT] eT]jTT $ueTT\ >TDeTT\
qT yTT<{ n&TesTd yjTTeTT.(|eTTqT #&TeTT). 
$&Te&q |<eTT\ 0 qT #sTeTT.

kbqeTT 2 ueTT jTT XSqeTT\T qT>=qTeTT.
kbqeTT 3 2e &TesTd yTT< 0 qT +#TeTT. 2e n&TesTd eT]jTT 3e n&TesTd\     

$\Te\qT +< #|q $<eTT> |P]#jTTeTT 
      

           #XweTT

kbqeTT 4 B |seTT> u>|\eTT eT]jTT  XweTTqT yjTTeTT. eT&e n&TesTd es     
$\Te | $T*q $\Te\qT u>|\eTT jTT >TDeTT\T> @ssT#TeTT. 

  qT, u>|\eTT 1x
2
-  eT]jTT XweTT `2 n>TqT.

 besT|H 
(1765 ` 1822 )

 1   2 –1 –4

 0 –2  0   2

 1+0 2+(–2) –1+0 –4+2
 = 1 = 0 = –1 = –2

1#(–2) 0#(–2) –1#(–2)
–2

1 2 –1 –4

2 4x x x
3 2
+ - -
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<VsD	3.14
 7 3x x x

3 2
+ - -  qT x 3-  # u+#> @s&T u>|\eTT eT]jTT XweTTqT qT>=qTeTT.

k<q ( )p x  = 7 3x x x
3 2
+ - - , ueTT jTT XSqeTT 3 > rdT=q,

     3  1 1 –7 –3

   0 3 12 15

   1 4 5 12  $  XweTT.

`  ( )p x  qT x 3-  # u+#Tq|&T, u>|\eTT 4 5x x
2
+ +  eT]jTT XweTT 12.

<VsD	3.15
 2 14 19 6x x x x

4 3 2
+ - - + qT x2 1+  # u+#> e#T u>|\eTT 6x ax bx

3 2
+ - -  

nsTTq a eT]jTT b $\Te\qT, XweTTqT qT>=qTeTT.

k<q ( )p x  = 2 14 19 6x x x x
4 3 2
+ - - +  nqT=qTeTT.

 ueTT x2 1+  qT x2 1+ = 0 > ydq x = 
2
1-  n>TqT.

 `  ueTT jTT XSqeTT 
2
1-  n>TqT.

    
2
1-  2   1 –14 –19 6

     0 –1    0     7 6

     2  0 –14 –12 12 $  XweTT

eq, 2 14 19 6x x x x
4 3 2
+ - - +

2
1 12x x x2 14 12

3
= + - - +` j" ,

      = 12x x x2 1
2
1 2 14 12

3
+ - - +^ ^h h

 qT, u>|\eTT x x
2
1 2 14 12

3
- -^ h = 7 6x x

3
- -  eT]jTT XweTT 12. 

 , e&q u>|\eTT 6x ax bx
3 2
+ - - . eq u>|\eTT b*q,  a 0=  eT]

jTT b 7=  @s&TqT. qT, a 0= , b 7=  eT]jTT XweTT 12.

nudeTT	3.4
1. d+j u>VseTTqT |j+ u>|\eTT eT]jTT XweTTqT qT>=qTeTT.
          (i) ( 3 5x x x

3 2
+ - + ) '  ( x 1- )   (ii) (3 2 7 5x x x

3 2
- + - ) '  ( x 3+ ) 

          (iii) (3 4 10 6x x x
3 2
+ - +  )' ( x3 2- ) (iv) (3 4 5x x

3 2
- - ) '  ( 1x3 + )

          (v) (8 2 6 5x x x
4 2
- + - )' ( 1x4 + )  (vi) (2 7 13 63 48x x x x

4 3 2
- - + - )'( 1x2 - )

2. 10 35 50 29x x x x
4 3 2
+ + + +  qT x 4+  # u+#> e#T u>|\eTT 6x ax bx

3 2
- + +  

nsTTq, a eT]jTT b $\Te\qT eT]jTT XweTTqT qT>=qTeTT. 
3. 8 2 6 7x x x

4 2
- + -  qT x2 1+  # u+#> e#T u>|\eTT 4 3x px qx

3 2
+ - +  nsTTq, 

p eT]jTT q $\Te\qT eT]jTT XweTTqT qT>=qTeTT.
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3.4.1	 d+j	 u>VseTTqT|j+	 sD+|s#T (Factorization using 
synthetic division)

 esZ dedeTT\qT mT sD+ |s#e#TH IX s> HsT=+{$T.  n<jTeTT, 
d+j u>VseTTqT|j+ |Tq dedeTTqT mT sD+ |s#e#TH HsT=H<eTT.
 |Tq dedeTT ( )p x  jTT  @| sD+eTTqT >T]+qsTTq, d+j 
u>VseTTqT|j+, ( )p x  jTT esZsD+eTTqT b+<e#TqT. esZ sD+eTTqT 
sD+|s#T MqsTT s+&T @| sD+eTT\T> #jTe#TqT. { |Tq dedeTT\qT 
@| sD+eTT\T> sD+|s#T Mq d+j u>Vs |< |j>seTT>qTq~. 

    (i)  @y VQ|< dedeTT p x^ h q x a=   XSqyTq p a 0=^ h  B $|seTT d]jT.
    (ii)  p x^ h  x a-   sD+yTq p a 0=^ h   B $|seTT d]jT. (sD+ d<+eTT) 
   (iii) p x^ h  x 1-   sD+yTq p x^ h jTT >TDeTT\ yTTeTT 0. B $|seTT d]jT
   (iv)  p x^ h  x 1+   sD+yTq x jTT d] |eTT\ >TDeTT\ yTTeTTq, (ds+eTT 

#])  x jTT ud |eTT\ >TDeTT\ yTTeTTq deqeTT.

<VsD	3.16
  (i)  6 11 6x x x

3 2
- + -   x 1-   sD+eT s|+#TeTT.

 (ii)  6 11 6x x x
3 2
+ + +   x 1+   sD+eT s|+#TeTT.

k<q    (i)   ( )p x   = 6 11 6x x x
3 2
- + - .

               p 1^ h = 1 – 6 + 11 – 6 = 0. (>TDeTT\ yTTeTT 0 n>TqT >eT+|eTT)
         qT,  ( )p x   (x 1- )  sD+eT>TqT.
 (ii)            q(x) = 6 11 6x x x

3 2
+ + + .

             q 1-^ h = –1 + 6 – 11 + 6 = 0.  {, q(x)  x 1+   sD+eTT. ( )q x

<VsD	3.17
 2 3 3 2x x x

3 2
- - +  @| sD+eTT\T> sD+|s#TeTT.

k<q   ( )p x  = 2 3 3 2x x x
3 2
- - +

  p 1 2 0!=-^ h   (>TDeTT\ yTTeTT XSqeTT ~ >eT+|eTT) 
    `  ( x 1- ) nqTq~ ( )p x  jTT  sD+eTT <T.
 nsTTq|{, p 1-^ h = 2 3 3 21 1 13 2- - - - - +^ ^ ^h h h  = 0.
eq, x 1+  nqTq~ ( )p x  jTT sD+eT>TqT.
s sD+eTT\qT d+j u>VseTTqT|j+ 
qT>=H<eTT.
            –1 2     –3  –3  2
  0     –2    5     –2

          2     –5    2 0      $  XweTT 
eq,   p(x)  =  ( 1)(2 5 2)x x x

2
+ - +

    2 5 2x x
2
- +  = 2 4 2 ( 2)(2 1)x x x x x

2
- - + = - - .

qT,  2 3 3 2x x x
3 2
- - +  = ( )( )( )x x x1 2 2 1+ - - .

x2 jTT >TDeTT

ds+eTT

        d#q\T

2x x2 5
2

- +  qT 
sD+|s#T 
+~ $<qeTTqT 
nqTd]+# e#TqT

     4
–4     –1  a  –4+(–1)=–5,  –4×(–1)=4

2 1
4 2=- -

    2
1-

( x 2- ) ( x2 1- ).
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<VsD	3.18
  3 10 24x x x

3 2
- - +  qT sD+|s#TeTT.

k<q ( )p x  = 3 10 24x x x
3 2
- - + . 

 p 1^ h 0!  eT]jTT p 1 0!-^ h  nsTTq+<Tq, x 1+  eT]jTT x 1-  nqTq$ ( )p x  
jTT sD+eTT\T <T. 
eq jT <w |< (trial and error method) <s x jTT yssT $\Te\qT nHw+#TeTT.
 2x =  nsTTq 0p 2 =^ h . qT, ( )p x   x 2-   sD+eT>TqT.
d+j u>VseTTqT|j+ s sD+eTT\T qT>=qT.
                     2 1 –3 –10 24

     0 2 –2 –24

     1 –1 –12   0     $  XweTT
 `  12x x

2
- -  eTs= sD+eT>TqT.

          12x x
2
- -   =  4 3 12x x x

2
- + -  = ( )( )x x4 3- +

 qT, 3 10 24x x x
3 2
- - +  = x x x2 3 4- + -^ ^ ^h h h

nudeTT	3.5
1.  +~ VQ|<T\qT sD+|s#TeTT.
 (i) 2 5 6x x x

3 2
- - +  (ii) 4 7 3x x3

- +  (iii) 23 142 120x x x
3 2
- + -  

 (iv) 4 5 7 6x x x
3 2
- + -   (v) 7 6x x

3
- +  (vi) 13 32 20x x x

3 2
+ + +

 (vii) 2 9 7 6x x x
3 2
- + +   (viii) 5 4x x

3
- +  (ix) 10 10x x x

3 2
- - +

 (x) 2 11 7 6x x x3 2
+ - -    (xi) 14x x x

3 2
+ + -  (xii) 5 2 24x x x

3 2
- - +     

3.5 >]w	keq	ueTT	(>.k.u)	eT]jTT	w	keq	>TDeTT	(.k.>T) 
 (Greatest Common Divisor (GCD) and Least Common Multiple (LCM))
3.5.1	>]w	keq	ueTT	(>.k.u) (Greatest common divisor (GCD))
 s+&T  n++f me ;JjT dedeTT\qT =< XweTT> u+#& >]
w n+dT *q dedeTTH >]w keq ueTT (>.k.u)  >]w keq sD+eTT 
(HCF) n n+<TsT.
 +~ ds dedeTT\qT >eT+#TeTT.
 (i)    , , ,a a a a

4 3 5 6     (ii)   , ,a b ab c a b c
3 4 5 2 2 7

 (i)  n dedeTT\ , ,a a a
2 3 ueTT\>TqT >eT+|eTT. n+{qT a

3 nqT 
ueTTq >]w n+dT \<T. eq , , ,a a a a

4 3 5 6 nqT dedeTT\ jTT >.k.u a
3 .

 (ii) n< $<eTT> , ,a b ab c a b c
3 4 5 2 2 7  jTT >.k.u ab4 n dT\ueTT> >T]+#e#TqT.

 d+U >TDeTT\T *q dedeTTq,  >TDeTT\ >]w keq ueTTqT 
qT>=,  ;JjT dedeTT\ >]w keq ueTTq >TDeTT> eTT+<T+#TeTT.
 >]w keq ueTTqT nseTT #=qT eT]= <VsD\qT >eT+#<eTT.
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<VsD	3.19
 +~ y{ >.k.u qT qT>=qTeTT.
 (i)  90, 150, 225          (ii)  15x y z

4 3 5 , 12x y z
2 7 2

 (iii) 6 x x2 3 2
2
- -^ h, 8 x x4 4 1

2
+ +^ h, 12 x x2 7 3

2
+ +^ h

k<q
  (i) 90, 150 eT]jTT 225 d+K\qT |<q sD+eTT\ \eTT> yjTTeTT.                                

90 = 2I3I3I5, 150 = 2I3I5I5 eT]jTT 225 = 3I3I5I5. e&q n d+K\ 
qT+& eT& |<q sD+eTT\T 3 eT]jTT 5.

 eq >.k.u = 3I5 = 15. 
 (ii) ;JjT dedeTT\ >.k.u qT qT>=qT n< yTe\qT |j+#TeTT.
 e&q 15x y z

4 3 5 eT]jTT 12x y z
2 7 2 dedeTT\ 3, x

2 , y
3 eT]jTT z

2 eT& 
ueTT\>TqT.

 eq, >.k.u  =  3 x y z
2 3 2

# # #   = 3x y z
2 3 2

(iii) e&q dedeTT\T 6 x x2 3 2
2
- -^ h, 8 x x4 4 1

2
+ +^ h, 12 x x2 7 3

2
+ +^ h \,

 6, 8, 12 jTT >.k.u 2. 
 esZ dedeTT\ sD+eTT\T qT>=H<eTT.
  2 3 2x x

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

  4 4 1x x
2
+ +  = x x2 1 2 1+ +^ ^h h

  2 7 3x x
2
+ +  = x x2 1 3+ +^ ^h h

 | esZ dedeTT\ eT& ueTT x2 1+^ h.

 eq, >.k.u = x2 2 1+^ h.

3.5.2	u>Vs	$Xw	|<	|j+	VQ|<	dedeTT\	>]w	keq	ueTTqT	
qT>=qT.	(Greatest common divisor of polynomials using division algorithm)
 yTT<>, 924 eT]jTT 105 jTT >.k.u qT qT>=qT dT\uyTq |< >eT+#TeTT.
 924 = 8 × 105 + 84

 105 = 1 × 84 + 21,            ()
   84 = 4 × 21 + 0,  

 924 eT]jTT 105 jTT >.k.u 21. 
 < yTe\qT |j+ VQ|< dedeTT\ >.k.u qT qT>=qe#TqT.
 f x^ h n+dT $  g x^ h n+dT f(x)‚ g(x) nqT s+&T ds+eTT  VQ|< dedeTT\
qT rdT=qTeTT.  f(x) eT]jTT g(x) jTT >.k.u qT qT>=H<eTT. |q HsT=q |< <s f(x)
‚ g(x) qT @|eTTq, Z+#T M\T esZ dedeTT\T> sD+|s, >.k.u qT dT\
ueTT> qT>=qe#TqT. VQ|<dMTdeTT\T f(x)  eT]jTT g(x) \qT dT\ueTT> sD+|s#T 

924
840

84

105
84
21

105 84 84
84

0

21

8 1 4
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d#q\T

d#q\T

M\T#, M{ ]q deTd\T> |]>D+#eqT. nsTTq|{, +~ |<<s >.k.u.qT  
eT |< qT>=qe#TqT.
kbqeTT 1 : yTT< f x^ h qT g x^ h # u+q|&T, f x^ h = g x q x r x+^ ^ ^h h h @s&TqT. & 

u>|\eTT q(x) eT]jTT XweTT r x^ h n>TqT.  g(x) n+dT > r x^ h n+dT nsTTq|&T 
XweTT r(x) nqTq~ 0 nsTTq, f(x) eT]jTT g(x) jTT >.k.u g(x) n>TqT.

kbqeTT 2 : XweTT ( )r x  nqTq~ XSHseTsTTq, g x^ h qT r x^ h # u+q|&T  g x^ h = 
r x q x r x

1+^ ^ ^h h h @s&TqT, r x^ h n+dT > r x
1
^ h  n+dT nsTTq|&T, & r x

1
^ h 

nqTq~ XweT>TqT.      XweTT r x
1
^ h nqTq~ 0 nsTTq e\dq >.k.u ( )r x  n>TqT.

kbqeTT 3 : ( )r x1  XSHsyTq, XweTT 0 > e#Tq+es  |< =qk+#TeTT. 
   e] kbqeTTq eTT+<Tq XweTT f x^ h eT]jTT g x^ h jTT >.k.u n>TqT. 

f x^ h eT]jTT g x^ h nqT VQ|< dedeTT\ >.k.u qT ( f x^ h , g x^ h) > yjTe#TqT.

 jT& u>Vs $Xw $~ nqTq~ s+&T d+K\ |< d+K qT+& q d+KqT 
rdqsTTq  s+&T d+K\ >.k.u es<T. qT >.k.u (252, 105) R >.k.u (147, 
105) R  >.k.u R (42, 105) R >.k.u R (63, 42) R >.k.u R (21, 42) R 21. 

<VsD	3.20
 3 3x x x

4 3
+ - -  eT]jTT 5 3x x x

3 2
+ - +  VQ|< dedeTT\ >.k.u qT>=qTeTT.

k<q    f x^ h  =   3 3x x x
4 3
+ - -  eT]jTT  g x^ h = 5 3x x x

3 2
+ - +  nqT=q.

 &, f x^ h jTT n+dT > g x^ h jTT n+dT    ` 5 3x x x
3 2
+ - +  ueT>TqT.

     x 2+                      x–1
    5 3x x x

3 2
+ - +  3 0 3x x x x

4 3 2
+ + - -             x x2 32

+ -  5 3x x x
3 2
+ - +

  2 3x x x
3 2
+ -

        2 3x x
2

- - +

        2 3x x
2

- - +

          0 $  XweTT

   5 3x x x x
4 3 2
+ - +

         2 5 4 3x x x
3 2
+ - -

         2 2 10 6x x x
3 2
+ - +

                  3 6 9x x
2
+ -

      (         x x2 32
+ -  $XweTT

 eq, GCD ( f x^ h , g x^ h) = x x2 3
2
+ - .

 | s+&T ndq dedeTT\ ds sD+eTT\T (ds+eTT\T) e. qT y{            
>.k.u <T. { | <VsD 3 6 9x x

2
+ -  qT+& ds sD+eTT 3 qT rdyd 

eT]jTT x x2 32
+ -  qT = ueTT> rdT=qTeTT.

<VsD	3.21
 +< e&q VQ|< dedeTT\ >.k.u qT qT>=qTeTT. 
 3 6 12 24x x x x

4 3 2
+ - -  eT]jTT  4 14 8 8x x x x

4 3 2
+ + - .

( 0)!
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k<q   f x^ h = 3 6 12 24x x x x
4 3 2
+ - -  = 3x x x x2 4 8

3 2
+ - -^ h.

           g x^ h =   4 14 8 8x x x x
4 3 2
+ + -  = 2x x x x2 7 4 4

3 2
+ + -^ h

 2 4 8x x x
3 2
+ - -  eT]jTT 2 7 4 4x x x

3 2
+ + -  VQ|< dedeTT\ >.k.u qT 

qT>=H<eTT.
 2 4 8x x x

3 2
+ - -  qT ueTT> rdT=q.

     2
2 4 8x x x

3 2
+ - -  2 7 4 4x x x

3 2
+ + -              

   2 4 8 16x x x
3 2
+ - -

            3 12 12x x
2
+ +

             ( 4 4)x x2 + +

          XweTT( 0)!                   
 2 4 8x x x

3 2
+ - -  eT]jTT  2 7 4 4x x x

3 2
+ + -  \ eT eTT 4 4x x2 + +

>TqT. < <>
 x3  eT]jTT x2  jTT eT eTT x. 
 qT,    >.k.u ( f x^ h, g x^ h) = x x x4 4

2
+ +^ h.

nudeTT 3.6
1. ~ y{ >]w keq ueTTqT qT>=qTeTT.
 (i)  7x yz2 4  ,  21x y z2 5 3  (ii) x y2 ,  x y3 ,  x y2 2

 (iii)  25bc d4 3 ,  35b c2 5 ,  45c d3  (iv) 35x y z5 3 4 ,  49x yz2 3 ,  14xy z2 2

2. ~ y{ >.k.u qT qT>=qTeTT.
 (i)  c d

2 2
- ,  c c d-^ h (ii) 27x a x

4 3
- ,  x a3 2-^ h  

 (iii)  3 18m m
2
- - ,  5 6m m

2
+ +  (iv) 14 33x x

2
+ + ,  10 11x x x

3 2
+ -

 (v)  3 2x xy y
2 2
+ + ,  5 6x xy y

2 2
+ +  (vi) 2 1x x

2
- - ,  4 8 3x x

2
+ +

 (vii)  2x x
2
- - ,  6x x

2
+ - ,  3 13 14x x

2
- +    (viii) 1x x x

3 2
- + - ,  1x

4
-

 (ix)  24 x x x6 2
4 3 2
- -^ h,  20 x x x2 3

6 5 4
+ +^ h

 (x)  a a1 35 2- +^ ^h h ,  a a a2 1 32 3 4- - +^ ^ ^h h h

3. u>V Xw ~qT|j ~  VQ|< dedeTT\ >.k.u qT qT>=qTeTT.
 (i)    9 23 15x x x

3 2
- + - ,  4 16 12x x

2
- +

 (ii)   3 18 33 18x x x
3 2
+ + + ,  3 13 10x x

2
+ +

 (iii)  2 2 2 2x x x
3 2
+ + + ,  6 12 6 12x x x

3 2
+ + +

 (iv)  3 4 12x x x
3 2
- + - ,  4 4x x x x

4 3 2
+ + +

3.5.3 w keq >TDeTT (.k.>T) (Least common multiple (LCM))
 T  f me ;JjT dedeTT\ w keq >TeTT qTq~                                  
 dedeTT\ H==<# XweTT> u|T w dT *q dedyT jT>TqT.

    x – 2
4 4x x2 + +  2 4 8x x x

3 2
+ - -

  4 4x x x
3 2
+ +

      2 8 8x x
2

- - -

      2 8 8x x
2

- - -

                                0 $XweTT
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 a3, a4 eT]jTT a6 jTT eT& >TDeTT\T , , ,a a a
6 7 8

g n eT& >TDeTT\+{qT 
n+ q eT& >TDeTT a

6 n>TqT.

 qT, , ,a a a
4 3 6 jTT .k.>T a

6. n<$<eTT> a b
3 4 , ab5 , a b

2 7 jTT .k.>T a b
3 7.

 .k.>T qT qT>=qT eT]= <VsD\qT >eT+#<eTT.
<VsD	3.22
 +~ y{ .k.>T qT>=qTeTT.
 (i)     90, 150, 225   (ii)  35a c b

2 3 , 42a cb
3 2 , 30ac b

2 3

 (iii)  a a1 35 2- +^ ^h h , a a a2 1 32 3 4- - +^ ^ ^h h h

 (iv)  x y
3 3
+ , x y

3 3
- , x x y y

4 2 2 4
+ +

k<q
(i)  90 = 2 3 3 5# # #  = 2 3 5

1 2 1
# #

  150 = 2 3 5 5# # #  = 2 3 5
1 1 2
# #

  225 = 3 3 5 5# # #  = 3 5
2 2
#   

  2 3 5
1 2 2
# #  \eTT R 450 nqTq~ e\dq .k.>T n>TqT.

(ii) 35, 42 eT]jTT 30 .k.>T R 5I7I6 R 210.
 eq, e\dq .k.>T R 210 a c b

3 3 3
# # #  = 210a c b

3 3 3 .

(iii) a a1 35 2- +^ ^h h , a a a2 1 32 3 4- - +^ ^ ^h h h  \ .k.>T a a a1 3 25 4 2- + -^ ^ ^h h h

(iv)   yTT<>, e&q | dedeTTq sD+eTT\T qT>=qTeTT.
  x y

3 3
+  = x y x xy y

2 2
+ - +^ ^h h

  x y
3 3
-  = x y x xy y

2 2
- + +^ ^h h

  x x y y
4 2 2 4
+ +  = ( )x y x y

2 2 2 2 2
+ -   =  x xy y x xy y

2 2 2 2
+ + - +^ ^h h

                  eq, .k.>T           = x y x xy y
2 2

+ - +^ ^h h x y x xy y
2 2

- + +^ ^h h

   = x y x y
3 3 3 3
+ -^ ^h h  = x y

6 6
- . 

nudeTT	3.7
+~ y{ .k.>T qT>=qTeTT.
1.  x y

3 2 ,  xyz  2. 3x yz
2 ,  4x y

3 3

3. a bc
2 ,  b ca

2 ,  c ab
2  4. 66a b c

4 2 3 ,  44a b c
3 4 2 ,  24a b c

2 3 4

5. a
m 1+ ,  am 2+ ,  am 3+  6. x y xy

2 2
+ ,  x xy

2
+

7. a3 1-^ h,  2 a 1 2-^ h ,  a 1
2
-^ h 8. 2 18x y

2 2
- ,  5 15x y xy

2 2
+ ,  27x y

3 3
+

9. x x4 32 3+ -^ ^h h ,  x x x1 4 3 2- + -^ ^ ^h h h

10. 10 x xy y9 6
2 2
+ +^ h,  12 x xy y3 5 2

2 2
- -^ h,  14 x x6 2

4 3
+^ h.
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3.5.4	 .k.>T	eT]jTT	>.k.u	\	eT<	>\	d++<eTT (Relation between LCM and GCD)

 s+&T <q |Ps+eTT\ \eTT y{ .k.>T eT]jTT >.k.u \ \eTTq deqeTT. 
<VsD, 21I35 R 105I7. & (21, 35) .k.>T R 105 eT]jTT (21, 35) >.k.u R 7. 
< |< +~ |*eTT\qT >eT+#TeTT:
 @y s+&T VQ|< dedeTT\ \eTT, y{ .k.>T eT]jTT >.k.u \ \eTTq deqeTT.
 n$,   f x g x#^ ^h h =  .k.>T (f(x) , g(x)) #   >.k.u (f(x) , g(x)). 

  <VsD  |*eTTqT HjT|s#<eTT. 
 f x^ h  = 12 x x

4 3
-^ h  eT]jTT g x^ h =  8 x x x3 2

4 3 2
- +^ h nqT s+&T VQ|< dedeTT\T.

  f x^ h  =  12 x x
4 3
-^ h = 2 3 x x 1

2 3
# # # -^ h      (1)

  g x^ h  = 8 x x x3 2
4 3 2
- +^ h = 2 x x x1 2

3 2
# # #- -^ ^h h   (2)

(1) eT]jTT (2) \ qT+&,

 .k.>T (f(x) , g(x))    =  2 3 x x x1 2
3 1 3
# # # #- -^ ^h h = 24x x x1 2

3
- -^ ^h h

 >.k.u (f(x) , g(x))    =  4x x 1
2

-^ h

eq,  .k.>T I >.k.u      =  24 4x x x x x1 2 1
3 2

#- - -^ ^ ^h h h

                                    = 96x x x1 2
5 2- -^ ^h h      (3)

            n>,   f x g x#^ ^h h    = 12 8x x x x x1 1 2
3 2

#- - -^ ^ ^h h h

                                    = 96x x x1 2
5 2- -^ ^h h       (4)

(3) eT]jTT (4) \ qT+& .k.>T I >.k.u R f x g x#^ ^h h b+<>\eTT.
 qT, s+&T VQ|< dedeTT\ .k.>T eT]jTT >.k.u\ \eTTq,  s+&T 
dedeTT\ \eTTq deqeT>TqT. +q, f x^ h, g x^ h eT]jTT .k.>T eT]jTT >.k.u 
\ { qsTTq eTs={ d+~>eTT  qT>=qe#TqT. m+<Tq> .k.>T eT]jTT >.k.
u @+eTT\>TqT. `1 nqT sD+eTT |
<VsD	3.23
 3 5 26 56x x x x

4 3 2
+ + + +  eT]jTT 2 4 28x x x x

4 3 2
+ - - +  jTT >.k.u 

5 7x x
2
+ + . y{ .k.>T qT>=qTeTT.

k<q f x^ h  = 3 5 26 56x x x x
4 3 2
+ + + +   eT]jTT g x^ h = 2 4 28x x x x

4 3 2
+ - - +

 >.k.u 5 7x x
2
+ +  e&q~.>.k.u I .k.>T R f x g x#^ ^h h.

 qT, .k.>T = >.k.u
f x g x#^ ^h h                   (1)
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>eT

 |&T , f x^ h eT]jTT g x^ h s+&+{ >.k.u  u+#TeTT.
 |&T , f x^ h qT >.k.u  u+#TeTT.
  1   – 2       8

       1  5   7 1      3       5       26       56  

  1      5       7 

       2-    2-        26

       2-   10-     14-

         8        40      56

         8        40      56

            0

 >.k.u # f x^ h qT u+#Tq|&T, u>|\eTT 2 8x x
2
- +  @s&TqT.

 (1) (  .k.>T R  x x g x2 8
2

#- +^ ^h h

 qT,   .k.>T R  x x x x x x2 8 2 4 28
2 4 3 2
- + + - - +^ ^h h.

 | deTd, eTq e\dq .k.>T b+<T g x^ h qT >.k.u # u+ eT]jTT  
u>|\eTTqT f x^ h # >TD+#TeTT.

<VsD	3.24
 s+&T VQ|<dedeTT\ >.k.u eT]jTT .k.>T eTeTT> x 1+  eT]jTT 1x

6
- . 

1x
3
+   VQ|< dedyTq, eTs={ qT>=qTeTT. 

k<q >.k.u R x 1+  eT]jTT .k.>T R 1x
6
-  e&q~.

 f x^ h = 1x
3
+  nqT=q.

                    .k.>T I >.k.u R f x g x#^ ^h h

  (   g x^ h = 
.k.>T I >.k.u

f x^ h
 = 

x

x x

1

1 1
3

6

+

- +^ ^h h

   = 
x

x x x

1

1 1 1
3

3 3

+

+ - +^ ^ ^h h h  = x x1 1
3
- +^ ^h h

 { , g x^ h = x x1 1
3
- +^ ^h h.

nudeTT	3.8
1. +~ VQ|< dedeTT\ .k.>T qT qT>=qTeTT
   (i) 5 6x x

2
- + ,  4 12x x

2
+ -  M{ >.k.u x 2- .

 (ii)  3 6 5 3x x x x
4 3 2
+ + + + ,  2 2x x x

4 2
+ + +   M{ >.k.u 1x x

2
+ + .
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 (iii)  2 15 2 35x x x
3 2
+ + - ,  8 4 21x x x

3 2
+ + -  M{ >.k.u x 7+ .

 (iv)  2 3 9 5x x x
3 2
- - + ,  2 10 11 8x x x x

4 3 2
- - - +   M{ >.k.u x2 1- .

2. .k.>T, >.k.u eT]jTT  VQ|< dedeTT p x^ h eTeTT> +< e&q$. 

eTs= VQ|< dedeTT q x^ h qT qT>=qTeTT.

   (i)   x x1 22 2+ +^ ^h h ,  x x1 2+ +^ ^h h,  x x1 22+ +^ ^h h.

  (ii)   x x4 5 3 73 3+ -^ ^h h ,  x x4 5 3 7 2+ -^ ^h h ,  x x4 5 3 73 2+ -^ ^h h .

 (iii)   x y x x y y
4 4 4 2 2 4
- + +^ ^h h,  x y

2 2
- ,  x y

4 4
- .     

 (iv)   x x x4 5 1
3
- +^ ^h h,  x x5

2
+^ h,  x x x5 9 2

3 2
- -^ h.

  (v)   x x x x1 2 3 3
2

- - - +^ ^ ^h h h,  x 1-^ h,  x x x4 6 3
3 2
- + -^ h.

 (vi)   2 x x1 4
2

+ -^ ^h h,  x 1+^ h,  x x1 2+ -^ ^h h.

3.6		 nsDjT	dedeTT\T (Rational expressions)

 s+&T |Ps+eTT\T m eT]jTT n  !  0, nsTTq|&T 
n
m  _qs|+qT nsDjT d+K n 

s+#&qT. n< $<eTT>, s+&T VQ|< dedeTT\T p x^ h eT]jTT q x^ h nqTq$ 
q x

p x

^
^
h
h  nqT 

_qs|eTTqT nsDjT dedeTT n+<TsT. &, q x^ h nqTq~ XSHs VQ|<dedeT>TqT.

 | VQ|< dedeTT p x^ h  nsDjT dedeTT. m+<Tq>, p x^ h qT p x

1

^ h  > 

yjTe#TqT. & 1 ds+ VQ|< dedeTT nsTTq|{,  nsDjT dedeTT  

VQ|< dedeTT qedseTT <T. 

 <VsD, 
x

x

1
2
+

 nqTq~ nsDjT dedeTT   VQ|< dedeTT <T. 

nsDjT dedeTT\ = <VsD\T x2 7+ , 
x x

x

1

3 2
2
+ +

+ , 
x x

x x

3

2 5
2

3

+ -

+ + .

3.6.1	 nsDjT	d+K\	ds|eTT	(n\	s|eTT) (Rational expressions in lowest form)

 |Ps+eTT\ >TDeTT\T *q s+&T VQ|< dedeTT\T p x^ h eT]jTT q x^ h, y{ 

jTT >.k.u 1 nsTTq, 
q x

p x

^
^
h
h  qT ds|eTT >\  nsDjT dedeT #|e#TqT. 

  nsDjT dedeTT ds|eTT qsTT, \eeTT p x^ h eT]jTT VseTT q x^ h 

qT, p x^ h eT]jTT q x^ h jTT >.k.u # u+#T <s d]+#e#TqT.

 = <VsD\T >eT+#<eTT.
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<VsD	3.25
 nsDjT dedeTT\qT d]+#TeTT.

   (i) 
x
x

7 28
5 20

+
+    (ii) 

x x

x x

3 2

5
3 4

3 2

+

-

 (iii) 
x x

x x

9 12 5

6 5 1
2

2

+ -

- +   (iv) 
x x x

x x x

1 2 3

3 5 4
2

2

- - -

- - +

^ ^

^ ^

h h

h h

k<q

   (i) 
x
x

7 28
5 20

+
+  = 

x

x

7 4

5 4

+

+

^
^

h
h  = 

7
5

  (ii) 
x x

x x

3 2

5
3 4

3 2

+

-  = 
x x

x x

2 3

5
3

2

+

-

^

^

h

h  = 
x x

x
2 3

5
+

-
^ h

 (iii) p x^ h = 6 5 1x x
2
- + = x x2 1 3 1- -^ ^h h eT]jTT

  q x^ h = 9 12 5x x
2
+ - = x x3 5 3 1+ -^ ^h h

  eq. 
q x

p x

^
^
h
h  = 

x x

x x

3 5 3 1

2 1 3 1

+ -

- -

^ ^
^ ^

h h
h h  = 

x
x

3 5
2 1

+
-

 (iv) f x^ h = x x x3 5 4
2

- - +^ ^h h= x x x3 1 4- - -^ ^ ^h h h eT]jTT

   g x^ h = x x x1 2 3
2

- - -^ ^h h= x x x1 3 1- - +^ ^ ^h h h

  eq. 
g x

f x

^
^
h
h  = 

x x x

x x x

1 3 1

3 1 4

- - +

- - -

^ ^ ^
^ ^ ^

h h h
h h h = 

x
x

1
4

+
-

nudeTT	3.9
+~ y{ d]+#TeTT.

(i)  
x x

x x

3 12

6 9
2

2

-

+  (ii) 
x

x

1

1
4

2

-

+    (iii) 
x x

x

1

1
2

3

+ +

-  

(iv)  
x

x

9

27
2

3

-

-   (v) 
x x

x x

1

1
2

4 2

+ +

+ +   (d#q:  1x x
4 2
+ +  = x x1

2 2 2
+ -^ h )

(vi)  
x x

x

4 16

8
4 2

3

+ +

+  (vii) 
x x

x x

2 5 3

2 3
2

2

+ +

+ -  (viii) 
x x

x

9 2 6

2 162
2

4

+ -

-
^ ^h h

      

(ix)  
x x x

x x x

4 2 3

3 5 4
2

2

- - -

- - +

^ ^

^ ^

h h

h h
 (x) 

x x x

x x x

10 13 40

8 5 50
2

2

+ - +

- + -

^ ^

^ ^

h h

h h
 (xi) 

x x

x x

8 6 5

4 9 5
2

2

+ -

+ +          

(xii)  
x x x

x x x x

7 3 2

1 2 9 14
2

2

- - +

- - - +

^ ^

^ ^ ^

h h

h h h
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3.6.2	nsDjT	 dedeTT\	 >TDseTT	 eT]jTT	 u>VseTT. (Multiplication and 
division of rational expressions)

 
q x

p x

^
^
h
h ; q x 0!^ h  eT]jTT 

h x

g x

^
^
h
h ; h x 0!^ h  nqTq$ s+&T nsDjT dedeTT\sTTq,

 (i)  y{ \eTT  
q x

p x

h x

g x
#

^
^

^
^

h
h

h
h  qT 

q x h x

p x g x

#

#

^ ^
^ ^
h h
h h  > \T|e#TqT.

 (ii) y{ u>VseTT 
q x

p x

h x

g x
'

^
^

^
^

h
h

h
h  qT  

q x

p x

g x

h x
#

^
^

^
^

h
h

h
h  > \T|e#TqT.

   qT,      
q x

p x

h x

g x
'

^
^

^
^

h
h

h
h   = 

q x g x

p x h x

#

#

^ ^
^ ^
h h
h h

<VsD	3.26

(i) 
z

x y

9
4

3 2

 qT 
x y

z27
4 2

5

 # (ii) 
a ab b

a b

2
2 2

3 3

+ +

+  qT 
a b
a b
2 2

-
-  # (iii)  

x

x

4

8
2

3

-

-  qT 
x x

x x

2 4

6 8
2

2

+ +

+ +  # 

>TD+#TeTT.

k<q
(i)     

z

x y

x y

z

9

27
4

3 2

4 2

5

#  = 
(9 ) ( )

( ) (27 )

z x y

x y z
4 4 2

3 2 5

 = 
x
z3 .

(ii)     
a ab b

a b

2
2 2

3 3

+ +

+ #
a b
a b
2 2

-
- =

( )a b a b

a b a ab b

a b

a b a b
2 2

#
+ +

+ - +

-

+ -

^ ^
^ ^ ^ ^

h h
h h h h  = a ab b

2 2
- + .

(iii)   
x

x

4

8
2

3

-

-  #  
x x

x x

2 4

6 8
2

2

+ +

+ +  = 
x

x

x x

x x

2

2

2 4

4 2
2 2

3 3

2#
-

-

+ +

+ +^ ^h h

    = 
x x

x x x

x x

x x

2 2

2 2 4

2 4

4 2
2

2#
+ -

- + +

+ +

+ +

^ ^
^ ^ ^ ^

h h
h h h h   = x 4+ .

<VsD	3.27

(i) 
x

x

1

4 4
2
-

-  qT 
x
x

1
1

+
-  # (ii) 

x
x

3
1

3

+
-  qT 

x
x x
3 9

1
2

+
+ +  # (iii) 

x

x

25

1
2

2

-

-   qT 
x x

x x

4 5

4 5
2

2

+ -

- -  # 

u+#TeTT.

k<q
 (i) 

x

x

1

4 4
2
-

-  '  
x
x

1
1

+
-   = ( )

( )x x
x

x

x

1 1
4 1

1

1
#

+ -
-

-

+

^ ^
^

h h
h  = 

x 1
4
-

.

 (ii) 
x
x

3
1

3

+
-  '  

x
x x
3 9

1
2

+
+ +   = ( )( )

x
x x x

3
1 1

2

+
- + +  #  ( )

x x

x

1

3 3
2
+ +

+  = 3(x–1).

 (iii) 
x

x

x x

x x

25

1

4 5

4 5
2

2

2

2

'
-

-

+ -

- -   = 
x x

x x

x x

x x

5 5

1 1

5 1

5 1
#

+ -

+ -

- +

+ -

^ ^
^ ^

^ ^
^ ^

h h
h h

h h
h h

       = 
x x

x x

5 5

1 1

- -

- -

^ ^
^ ^

h h
h h  = 

x x

x x

10 25

2 1
2

2

- +

- + .
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nudeTT	3.10
1.  +~ y{ >TD+ ds|eTT de<qeTT yjTTeTT.

 (i)  
x

x x
x
x

2
2

2
3 6

2

#
+
-

-
+  (ii) 

x

x

x x

x x

4

81

5 36

6 8
2

2

2

2

#
-

-

- -

+ +

 (iii)  
x x

x x

x

x x

20

3 10

8

2 4
2

2

3

2

#
- -

- -

+

- +  (iv) 4 16
x x

x
x
x

x x
x x

3 2
16

64
4

2 8

2

2

2

3

2

2# #
- +
-

+
-

- -
- +

 (v)   
x x

x x

x x

x x

2

3 2 1

3 5 2

2 3 2
2

2

2

2

#
- -

+ -

+ -

- -  (vi) 
x x

x

x x

x x

x x

x

2 4

2 1

2 5 3

8

2

3
2 2

4

2# #
+ +

-

+ -

-

-

+

2. +~ y{ u+ eT]jTT ds|eTT de<qeTT yjTTeTT.

 (i)  
x

x

x

x
1 1

2

2

'
+ -

 (ii) 
x

x
x
x

49

36
7
6

2

2

'
-

-
+
+    

 (iii)  
x

x x

x x

x x

25

4 5

7 10

3 10
2

2

2

2

'
-

- -

+ +

- -  (iv) 
x x

x x

x x

x x

4 77

11 28

2 15

7 12
2

2

2

2

'
- -

+ +

- -

+ +  

 (v)  
x x

x x

x x

x x

3 10

2 13 15

4 4

2 6
2

2

2

2

'
+ -

+ +

- +

- -  (vi) 
x

x x

x x

x

9 16

3 4

3 2 1

4 4
2

2

2

2

'
-

- -

- -

-

 (vii)  
x x

x x

x x

x x

2 9 9

2 5 3

2 3

2 1
2

2

2

2

'
+ +

+ -

+ -

+ -

3.6.3	nsDjT	 dedeTT\	 L&	 eT]jTT	 rdy (Addition and subtraction of 
rational expressions)

 q x 0!^ h  eT]jTT s x 0!^ h  > +&T 
q x

p x

^
^
h
h  eT]jTT 

s x

r x

^
^
h
h  nqTq$ @y s+&T nsDjT 

dedeTT\sTTq, y{ yTTeTT eT]jTT edeTT (ee\qeTT) qT

     
q x

p x

s x

r x
!

^
^

^
^

h
h

h
h  = 

.

.

q x s x

p x s x q x r x!

^ ^
^ ^ ^ ^

h h
h h h h  > \T|e#TqT.

<VsD	3.28
        d]+|eTT  (i) 

x
x

x
x

3
2

2
1

+
+ +

-
-    (ii) 

x
x

1
1

2-
+

^ h
 + 

x 1
1
+

   (iii) 
x

x x

x x

x x

9

6

12

2 24
2

2

2

2

-

- - +
- -

+ -  

k<q
  (i) 

x
x

x
x

3
2

2
1

+
+ +

-
-       =  

x x

x x x x

3 2

2 2 1 3

+ -

+ - + - +

^ ^
^ ^ ^ ^

h h
h h h h  =  

x x

x x

6

2 2 7
2

2

+ -

+ -

 (ii) 
x
x

1
1

2-
+

^ h
 + 

x 1
1
+

  =  
x x

x x

1 1

1 1
2

2 2

- +

+ + -

^ ^

^ ^

h h

h h  = 
x x

x
1 1
2 2

2

2

- +
+

^ ^h h
  = 

x x x

x

1

2 2
3 2

2

- - +

+  

(iii) 
x

x x

x x

x x

9

6

12

2 24
2

2

2

2

-

- - +
- -

+ -   = 
x x

x x

x x

x x

3 3

3 2

3 4

6 4

+ -

- +
+

+ -

+ -

^ ^
^ ^

^ ^
^ ^

h h
h h

h h
h h

      = 
x
x

x
x

3
2

3
6

+
+ +

+
+  = 

x
x x

3
2 6
+

+ + +  = 
x
x

3
2 8
+
+
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<VsD	3.29
 

x

x

2

1
2

3

+

-  q @ nsDjT dedeTTqT L&q 
x

x x

2

2 3
2

3 2

+

- +  qT b+<e#TqT?

k<q e\dq nsDjT dedeTTqT p x^ h nqT=q, 

     
x

x

2

1
2

3

+

-   + p x^ h =  
x

x x

2

2 3
2

3 2

+

- +  

   p x^ h =  
x

x x

2

2 3
2

3 2

+

- +   -  
x

x

2

1
2

3

+

-

    =  
x

x x x

2

2 3 1
2

3 2 3

+

- + - +  =  
x

x x

2

4
2

3 2

+

- +

<VsD	3.30
 

x
x

x
x

x
x

1
2 1

2 1
1

1
2

-
- -

+
+ +

+
+c m  s+&T VQ|< dedeTT\  _qeTT> ds|eTT 

d]+#TeTT.

k<q      
x
x

x
x

x
x

1
2 1

2 1
1

1
2

-
- -

+
+ +

+
+c m

   = 
x x

x x x x

x
x

1 2 1

2 1 2 1 1 1

1
2

- +

- + - + -
+

+
+

^ ^
^ ^ ^ ^

h h
h h h h; E

   = 
x x

x x
x
x

1 2 1
4 1 1

1
2

2 2

- +
- - - +

+
+

^ ^
^ ^

h h
h h  = 

x x
x

x
x

1 2 1
3

1
2

2

- +
+

+
+

^ ^h h

   = 
x x

x x x x x

1 2 1

3 1 2 1 2 1
2

2

- +

+ + + - +

^ ^

^ ^ ^ ^

h h

h h h h  = 
x x x

x x x

2 2 1

5 6 3 2
3 2

3 2

+ - -

+ - -

nudeTT	3.11
1. +~ y{ s+&T VQ|< dedeTT\  _qeTT> ds|eTT d]+#TeTT.

 (i)  
x

x
x2 2

8
3

-
+

-
  (ii)    

x x

x

x x

x

3 2

2

2 3

3
2 2
+ +

+ +
- -

-

 (iii)  
x

x x

x x

x x

9

6

12

2 24
2

2

2

2

-

- - +
- -

+ -   (iv)   
x x

x

x x

x

7 10

2

2 15

3
2 2
- +

- +
- -

+

     (v) 
x x

x x

x x

x x

3 2

2 5 3

2 3 2

2 7 4
2

2

2

2

- +

- + -
- -

- -       (vi)   
x x

x

x x

x x

6 8

4

20

11 30
2

2

2

2

+ +

- -
- -

- +

(vii) 
x
x

x

x
x
x

1
2 5

1

1
1

3 2
2

2

+
+ +

-

+ -
-
-` j= G    (viii)  

x x x x x x3 2
1

5 6
1

4 3
2

2 2 2
+ +

+
+ +

-
+ +

.

2. 
x

x

2

1
2

3

+

-  q @ nsDjT dedeTTqT L&q 
x

x x

2

3 2 4
2

3 2

+

+ +  b+<e#TqT?

3. 
x

x x
2 1

4 7 5
3 2

-
- +  qT+& @ nsDjT dedeTTqT rdydq x x2 5 1

2
- +  qT b+<e#TqT?

4. P  = 
x y
x
+

, Q  = 
x y
y

+
 nsTTq 

P Q P Q

Q1 2
2 2-

-
-

 qT qT>=qTeTT.
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3.7   esZeT\eTT (Square root)

 a R!  nqTq~  TTDeTT  yde d+K. a jTT esZeT\eTT b  yde d+K, 
< |seTT b a

2
=  n>TqT. a <H esZeT\eTTqT a2   a  > >T]+#<sT. (-3)2 R 9 

eT]jTT (G3)2 R 9 s+& dyTq|{,  nqT eT\ VeTT  d+K jTT <HesZ 
eT\eTTqT  d+#T |j+TsT. eq 3 .9 =  n<$<+> 11, 100.121 10000= =

 < |<, @< dedeTT  VQ|< dedeTT jTT esZeT\eTT  dedyT, 
< esZeTT q dedeTTq deqeTT. VQ|< dedeTT\     

  p x p x2 =^^ ^hh h ,  & ( )p x  = 
,

,

p x p x

p x p x

0

01
$

-

^ ^
^ ^
h h
h h) .   

nsTTq|&T

<VsD  x a 2-^ h  = x a-^ h  , a b 2-^ h  = a b-^ h . 

 keqeTT>, e&q  VQ|< dedeTT jTT esZeT\eTT qT>=qT 
|]#jTeTTq s+&T |<T\T +< e&q~. (i) sD+ |< (ii) u>Vs |<.

  n<jTeTT dedeTT\T eT]jTT VQ|< dedeTT\ s+&+{ sD+|s#T 
Mq = <VsD\ <s sD+ |< HsT=H<eTT. 

3.7.1	sD+	|<	<s	esZeT\eTT (Square root by factorization method) 

<VsD	3.31
 (i) 121 x a x b x c4 6 12- - -^ ^ ^h h h   (ii) 

w s

x y z

64

81
12 14

4 6 8

      (iii) (2 3 ) 24x y xy
2

+ -  

 jTT esZeT\eTTqT qT>=qTeTT
k<q

  (i) x a x b x c121 4 6 12- - -^ ^ ^h h h  = 11 x a x b x c2 3 6- - -^ ^ ^h h h

 (ii)  
w s

x y z

64

81
12 14

4 6 8

  =  
w s

x y z
8
9

6 7

2 3 4

(iii)  x y xy2 3 242+ -^ h  = x xy y xy4 12 9 24
2 2
+ + -  = x y2 3 2-^ h

     = 2 3x y-^ h

<VsD	3.32
 (i)  4 20 25x xy y

2 2
+ +       (ii)  2x

x

16

6+ -   

 (iii)  x x x x x x6 2 3 5 2 2 1
2 2 2
- - - + - -^ ^ ^h h h jTT esZeT\eTTqT qT>=qTeTT

nsTTq|&T
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k<q
  (i) x xy y4 20 25

2 2
+ +  =  x y2 5 2+^ h     =  2 5x y+^ h

 (ii) x
x

1 2
6

6+ -  =  x
x

13

3

2

-c m  = x
x

13

3-c m

(iii) yTT< VQ|< dedeTT\qT sD+ |]#<eTT.

  6 2x x
2
- -  = x x2 1 3 2+ -^ ^h h ;   3 5 2x x

2
- +  = x x3 2 1- -^ ^h h eT]jTT

  2 1x x
2
- -  = x x1 2 1- +^ ^h h

 x x x x x x6 2 3 5 2 2 1
2 2 2
- - - + - -^ ^ ^h h h  

  = x x x x x x2 1 3 2 3 2 1 1 2 1# #+ - - - - +^ ^ ^ ^ ^ ^h h h h h h

  = x x x2 1 3 2 12 2 2+ - -^ ^ ^h h h   = 2 1 3 2 1x x x+ - -^ ^ ^h h h

nudeTT	3.12
1. +~ y{ esZeT\eTT qT>=qTeTT.
 (i) 196a b c

6 8 10           (ii) 289 a b b c4 6- -^ ^h h         (iii) 44x x11 2+ -^ h  

 (iv) 4x y xy2- +^ h    (v) 121x y
8 6  '  81x y

4 8          (vi) 
x y a b b c

a b x y b c

25

64
4 6 10

4 8 6

+ - +

+ - -

^ ^ ^

^ ^ ^

h h h

h h h

2. +~ y{ esZeT\eTT qT>=qTeTT.

 (i) 16 24 9x x
2
- +                          

 (ii)   x x x x x25 8 15 2 15
2 2 2
- + + - -^ ^ ^h h h

 (iii) 4 9 25 12 30 20x y z xy yz zx
2 2 2
+ + - + -

 (iv) 2x
x

14

4+ +                               

 (v)   x x x x x x6 5 6 6 2 4 8 3
2 2 2
+ - - - + +^ ^ ^h h h

 (vi) x x x x x x2 5 2 3 5 2 6 1
2 2 2
- + - - - -^ ^ ^h h h

3.7.2	u>Vs	|<	<s		VQ|<	dedeTT	jTT	esZeT\eTT	qT>=qT																			
(Finding the square root of a polynomial by division method)

  VQ|< dedeTTqT sD+eTT\ \eTT> Z+#T dT\ueTT jT&\  
|< qT|j+ esZeT\eTTqT qT>=H<eTT. n~ n+dT\ qTq VQ|< dedeTT\ 
esZeT\eTTqT qT>=qT q |< u>Vs |< n>TqT.
  <q|Ps+eTT jTT esZeT\eTTqT qT>=qT n< |<,  VQ|< dedeTT 
jTT esZeT\eTTqT qT>=qT nqTd]+#eqT.
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 +~ <VsD\  |< $e]+#<eTT.

 (i)  66564                         (ii) x x x x9 12 10 4 1
4 3 2
+ + + +  qT>=qTeTT.

          2   5   8

      2    6  65  64
          4

    45     2  65
           2  25

   508    40  64
              40   64
       0 

 eq, 66564  = 258    eT]jTT     x x x x9 12 10 4 1
4 3 2
+ + + +   = x x3 2 1

2
+ +

   (i) VQ|< dedeTTq+<T >\ x jTT |eTT\qT sVD  nesVD eTeTT 
yjTTq|&T  |<eTT\ XSqeTTqT+#TeTT.

  (ii)  |< +~$<eTT> b\e#TqT.

  x x x x9 12 10 4 1
4 3 2
+ + + +  = a b c 2+ +^ h

 eq, a, b eT]jTT c \ q $<eTT> qT>=qe#TqT.
   ( )a b c

2
+ +  =  2 2 2a b c ab bc ca

2 2 2
+ + + + +

    =  2 2 2a b ab ac bc c
2 2 2
+ + + + +

    =  a a b b a b c c2 2 2
2
+ + + + +^ ^h h

    =  x x x x x x3 6 2 2 6 4 1 1
2 2 2 2

+ + + + +^ ^ ^ ^ ^h h h h h

    qT, x x x x9 12 10 4 1
4 3 2
+ + + + = x x3 2 1

2
+ + , & a =  3x

2 , b=  x2  eT]jTT c =  1

				eTs=|<: esZeT\eTT qT>=qT,  yTT<> 9x2 + 12x3 + 10x2 + 4x + 1 yjTTeTT 

 = (mx2 + nx + l)2 = m2x4 + 2mnx3 + (n2 + 2lm)xe + 2nlx + l2 

 sTy|\ >TDeTT\qT b*, d]jTq ds+eTT\T m‚ n‚ l \qT qT>=qTeTT
    (iii) +< e&q dsyTq y{ >eT+|eTT.
  x x x x25 30 29 12 4

4 3 2
- + - +    = x x x x x25 30 9 20 12 4

4 3 2 2
- + + - +

  = 10 ( 3 ) ( )x x x x x x5 3 10 6 2 2
2 2 2 2

+ + - - + - +^ ^h h6 @

  = ( ) ( ) ( 3 ) 2(5 ) 2( 3 ) 2 2x x x x x x5 2 5 3
2 2 2 2

+ + - - + + - +^ h 6 6@ @

( )p x  = 9 12 10 4 1x x x x
4 3 2
+ + + +  nqT=q,

   3x
2   +    2x   +   1

     3x
2  9 12 10 4 1x x x x

4 3 2
+ + + +

   9x
4

       6 2x x
2
+            12 10x x

3 2
+

             12 4x x
3 2
+

6 4 1x x
2
+ +            6 4 1x x

2
+ +

             6 4 1x x
2
+ +

            0

d#q\T
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  = ( ) ( ) 2 2( )a a b b a b c c2
2
+ + - - + + - +6 6@ @

  = ( ) ( ) ( )a b c a b b c ac2 2 2
2 2 2
+ - + + - + - +

  = ( )a b c
2

- + ,     where  , ,a x b x c5 3 2
2

= = =

 `  5 3 2x x x x x x25 30 29 12 4
24 3 2

- + - + = - + .

<VsD	3.33
 10 37 60 36x x x x

4 3 2
- + - +  esZeT\eTTqT qT>=qTeTT.

k<q    e&q VQ|~ x jTT |eTT\ eT\+> nesVD eT+ eq~.

          5 6x x
2
- +

         x
2                 10 37 60 36x x x x

4 3 2
- + - +  

                             x
4

        2 5x x
2
-        10 37x x

3 2
- +

                 10 25x x
3 2

- +

  2 10 6x x
2
- +    12 60 36x x

2
- +

                            12 60 36x x
2
- +    

                     0

 eq,   x x x x10 37 60 36
4 3 2
- + - +  = x x5 6

2
- +^ h

<VsD	3.34	   

 x x x x6 19 30 25
4 3 2
- + - +  esZeT\eTTqT qT>=qTeTT.

k<q  e&q VQ|~ x |eTT\ eT\+> sVD eT+ yd, esZeT\eTTqT 
qT>=qeqT.

     x x5 3
2

- +

   5 x x x x25 30 19 6
2 3 4

- + - +

    25

   10–3x  x x30 19
2

- +

     30 9x x
2

- +

       x x10 6
2

- +                  x x x10 6
2 3 4
- +

        x x x10 6
2 3 4
- +

         0

 eq, e&q VQ|< dedeTT esZeT\eTT x x3 5
2
- +
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<VsD	3.35
 28 12 9m nx x x x

2 3 4
- + + +   K esZeTsTTq, m eT]jTT n $\Te\qT qT>=qTeTT.

k<q e&q VQ|~ x |eTT\qT nesVD eT+ yjTeqT.
  9 12 28x x x nx m

4 3 2
+ + - + .

      3 2 4x x
2
+ +

      3 x
2  9 12 28x x x nx m

4 3 2
+ + - +

    9x
4

        6 2x x
2
+    12 28x x

3 2
+

     12 4x x
3 2
+

 6 4 4x x
2
+ +    24x nx m

2
- +

      24 16 16x x
2
+ +    

        0

 eq, e&q VQ|~ KyTq esZeTT, n = –16 eT]jTT m = 16.

nudeTT	3.13
1. u>Vs |< +< e&q VQ|<T\ esZeT\eTTqT qT>=qTeTT.
 (i) 4 10 12 9x x x x

4 3 2
- + - +  (ii) 4 8 8 4 1x x x x

4 3 2
+ + + +  

 (iii) 9 6 7 2 1x x x x
4 3 2
- + - +  (iv) 4 25 12 24 16x x x x

2 3 4
+ - - +

2. +< e&q VQ|<T\T K esZeTT\sTTq a eT]jTT b $\Te\T qT>=qTeTT.
 (i) 4 12 37x x x ax b

4 3 2
- + + +  (ii) 4 10x x x ax b

4 3 2
- + - +

 (iii) 109ax bx x x60 36
4 3 2
+ + - +  (iv) 40 24 36ax bx x x

4 3 2
- + + +

3.8 esZ	dMTsDeTT\T (Quadratic equations)

 ^ >D Xdy jT& (Euclid) >DeTT qqTd]+ eTq |dT sE\ |]
uw> qTe+{ b&e\qT qT>= n_e~ |]#qT. n$ esZdMTsDeTT\ k<q\T n>TqT. 
esZdMTsDeTT\ k<sD s|eTTqT k~+q |Tq bNq us >D Xdy\ #+<TqT. 
ax bx c

2
+ =  nqT s|eTT >\ esZ dMTsDeTTqT k~+#T V>T| (.X 598 ` 665) 

 dwyTq deTTqT #qT. sTy o<sY #s (.X 1025) esZeTT\qT |P]+#T $<q+ 
esZdMTsD+ k~+#T deTTqT sb+~+#qT. |dT+ B esZdMTsD deTT n 
n+THsT. (uds II |s=q $<eTT>) 

  u>+ esZdMTsDeTT\ k<qqT yssT |<T\ k~+#TqT HsT+{sT. 
esZdMTsD+ |j>eTT\qT =+{ #&uTH+.
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s#qeTT
 x #\s >\ esZdMTsD s|eTT 0ax bx c

2
+ + = . & a , b , c \T yde d+K\T 

eT]jTT a 0! .

 ydy, @<H dMTsD s|+ p x 0=^ h , & p x^ h n+dT 2 > >\ uVQ|~  
esZdMTsD+ n>TqT. < k<sD s|eTT 0ax bx c

2
+ + = , a 0! .

 <VsD 2 3 4 0x x
2
- + = , 1 0x x

2
- + =  = esZdMTDeTT\T.

3.8.1	sD+	 |<	 <s	 esZdMTsDeTTqT	 k~+#T. (Solution of a quadratic 
equation by factorization method)

 sD+ |< |j+ esZdMTsDeTTqT @| sD+eTT\T> sD+ 
|s#e#TqT. e&q \+ @<  sD+eTT dTq nsTTq, yTT+ \eTT dTq n>TqT. 
$|s+>  \+ dTq deqyTq,  \+ jTT = sD+eTT\T dTq> +&TqT. 
@<H *jT #\s *jTTq sD+eTT e+f n~ dTq deq+> +&e#T. qT 
esZdMTsD+ k~+#T x jTT $\Te\qT qT>=qTq|&T | sD+eTT dTq e\jTTqT. 
qT *jT #\s qT>=qT | sD+eTTqT qTq deT|s#e\jTTqT. 
<VsD	3.36
 6 5 25x x

2
- -  = 0 qT k~+#TeTT.

k<q e&q~ 6 5 25x x
2
- -  = 0.

yTT<>, a eT]jTT b  qT>=qT a b+  = –5 eT]jTT ab  = 6 ×(–25) = –150 & x jTT 
>TDeTT `5, qT a  R `15 eT]jTT b  R 10 @s&TqT. sTy
    6 5 25x x

2
- -  = 6 15 10 25x x x

2
- + -  = x x x3 2 5 5 2 5- + -^ ^h h

     = x x2 5 3 5- +^ ^h h.

 { x2 5-  = 0 eT]jTT x3 5+  = 0 qT+& k<q d$T @s&TqT.
 qT,  x  = 

2
5  ,   x = 

3
5- . 

 eq, k<q d$T ,
3
5

2
5-$ ..

<VsD	3.37
 

x x x x7 21
6

6 9

1

9

1
2 2-

-
- +

+
-

 = 0 qT k~+#TeTT.

k<q e&q dMTsDeTT esZ dMTsDeTT <T.   dMTsDeTTqT d]+ 
esZdMTsDeTTqT b+<e#TqT. 

                   
x x x x7 3
6

3
1

3 3
1

2-
-

-
+

+ -^ ^ ^ ^h h h h
  =  0

                     (   
x x

x x x

7 3 3

6 9 7 3 7 3
2

2

- +

- - + + -

^ ^

^ ^ ^

h h

h h h   =  0

                                 (                     6 54 42x
2
- -    =  0    (    16x

2
-  = 0
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 16x
2
=   esZ dMTsDeTT. eq B s+&T $\Te\T \e. n$ x = 4 eT]jTT x= –4.

 `   k<q d$T ,4 4-" ,

<VsD	3.38
  x24 10-  = x3 4- , x3 4 0>-  k~+#TeTT.
k<q e&q~ x24 10-  = x3 4-

sTy|\ esZeTT #jT>, x24 10-  =  x3 4 2-^ h  @s&TqT.
                       (    16 14 15x x

2
- -  =  0         (    16 24 10 15x x x

2
- + -  =  0

  (   ( )( )x x8 5 2 3 0+ - =  eq x  = 
2
3      

8
5-  @s&TqT.

  x = 
2
3  nsTTq|&T, x3 4 3 4

2
3 01- = - ` j  n>TqT. {, x = 

2
3  nqTq~ dMTsDeTT 

k<q <T. 
 x

8
5=-   nsTTq|&T, 3 – 4x > 0 n>TqT. { k<q d$T 

8
5-$ ..

 | <VsD +{ eT\ dMTsDeTT\qT k~+#T eTqeTT esZ <seTTqT 
nqTd]+#e\jTTqT

  .a b a b2 2
(= =  , esZ <seTT# b+<T = dMTsDeTT k<q\ < 

dMTsD k<q\T> +&Tq KeTT> #|eTT. <VsD x = 5 qT esZ|s#> x 252
=  

n>TqT. & x = 5 eT]jTT x = –5 nqTq$ k<q\T> >\e.  x = –5 nqTq~ < dMTsD 
k<q <T. Te+{ k<qqT nqq (extraneous) k<q n+<TsT.

 qT, | eT\ dMTsDeTTqT sTy|\ esZ|sT#T# b+<T e] dMTsD k<q\T 
< dMTsD k<q\T> e+&THjT |+ s]+#e\jTTqT. ~ # eTTKyTq~, 
m+<Tq> < dMTsDeTT @ k<qqT s<T.  < dMTsDeTTq >, = 
dMTsD+q eeTT eT\eTT\T> e+&T = $\Te\qT |]#jT+ #jTe#TqT.

nudeTT	3.14

+~ esZ dMTsDeTT\qT sD+ |< <s k~+#TeTT.

  (i)     81x2 3 2+ -^ h  = 0  (ii)  3 5 12x x
2
- -  = 0  (iii)  3x x5 2 5

2
+ -  = 0

 (iv) 3 x 6
2
-^ h = x x 7 3+ -^ h  (v)  x

x
3 8-  = 2  (vi)  x

x
1+  = 

5
26

   (vii) 
x

x
x

x
1

1
+

+ +  = 
15
34          (viii)  1a b x a b x

2 2 2 2 2
- + +^ h = 0

 (ix) 2 5x x1 12+ - +^ ^h h = 12  (x)  3 5x x4 42- - -^ ^h h = 12

d#q\T
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3.8.2	esZeTTqT	 |P]+#T	 <s	 k~+#T (Solution of a quadratic equation by 
completing square):

 
2

x b x bx b
2

2 2 2
+ = + +` `j j  s|eTT e] |<eTT b

2

2
` j  nqTq~ x >TDeTT d>eTT 

jTT esZeT>TqT.  x b
2

+  esZeTT x bx2
+  nqTq~ b

2

2
` j  nqT |<eTTqT e#Tq~. 

qT x bx2
+  s|eTTq x >TDeTT d>eTT jTT esZeTTqT  dedeTTq *|qsTTq 

< |*eTT ~|<	 dedeTT jTT esZeTT> +&TqT. k<sD+> Te+{ d+\qeTTqT 
esZeTTqT	 |P]+#T n+<TsT.  u>+ esZdMTsDeTT jTT k<q\qT esZeTTqT	 |P]+#T 
$<qeTT qT>=qT +~ kbqeTT\T b{+#e\jTTqT. 

kbqeTT 1 x2 >TDeTT 1 nsTTq 2 e kbqeTTqT b{+#e\jTTqT. nq|&T x2 jTT 
>TDeTT dMTsDeTTqT sTy|\ u+#TeTT. #\s L&q n |<eTT\qT 
dMTsDeTT jTT  | #T=qTeTT.

kbqeTT 2  x jTT >TDeTT d>eTTqT esZeTT #d dMTsDeTTq sTy|\ L&TeTT. 
      x = t &  x = t  () x = – t  & t  TTDsd+K.

       B k~+#T esZeT\ <seTTqT |j+#TeTT.

<VsD	3.39
 5 6 2x x

2
- -  = 0 esZdMTsD+qT esZeTT |P]+#T $<qeTT k~+#TeTT. 

k<q   e&q esZdMTsD+ 5 6 2x x
2
- -  = 0

 (    x x
5
6

5
22

- -  =  0  (sTy|\ 5  u+#TeTT)

 (    2x x
5
32

- ` j  =  
5
2        ( x >TDeTT d>eTT 

5
3  )

 (    2x x
5
3

25
92

- +` j  =  
25
9

5
2+    ( 

5
3

25
92

=` j  qT sTy|\ L&TeTT )

 (    x
5
3 2

-` j  =  
25
19   

 (    x
5
3-  =  

25
19!         (sTy|\ esZe\eTT rjTTeTT)

 qT,              x  =  
5
3

5
19!  = 

5
3 19! .

  eq, k<q d$T ,
5

3 19
5

3 19+ -' 1.

<VsD	3.40
 3 2a x abx b

2 2 2
- +  = 0  dMTsDeTTqT esZeTT |P]+#T $<qeTT k~+#TeTT.
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k<q    
   3 2a x abx b

2 2 2
- +  =  0

 (    x
a
b x

a

b3 22

2

2

- +  =  0  (   2x
a
b x

2
32

- ` j  =  
a

b2
2

2
-

 (    2x
a
b x

a

b
2
3

4

92

2

2

- +` j  =  
a

b

a

b

4

9 2
2

2

2

2

-

 (   x
a
b

2
3 2

-` j  =  
a

b b

4

9 8
2

2 2
-      (   x

a
b

2
3 2

-` j  =  
a

b

4
2

2

 (    x
a
b

2
3-  =  

a
b

2
!       (                 x  =  

a
b b
2

3 !

 {, k<q d$T ,
a
b

a
b2$ ..

3.8.3	d	|<	esZdMTsDeTTqT	k~+#T (Solution of quadratic equation by 
formula method)

  u>+ esZ deTTqT eTqeTT ~+#<eTT. ~ esZdMTsD+ eT\eTT\T 
qT>=qT |j>s+> +&TqT. 0ax bx c

2
+ + = , a 0!   nqT esZ dMTsDeTTqT 

rdT=H<eTT.  dMTsDeTTqT
   x

a
b x

a
c2

+ +  =  0 > yjTTeTT.

 (   2x
a
b x

a
c

2
2
+ +` j  =  0  (   2x

a
b x
2

2
+ ` j   =  

a
c-

 sTy|\ 
a
b

a

b
2 4

2

2

2

=` j  L&>, 2x
a
b x

a
b

2 2
2 2

+ +` `j j  =  
a

b
a
c

4
2

2

-

 n$,  x
a
b
2

2

+` j  =  
a

b ac

4

4
2

2
-

       (  x
a
b
2

+  =  
a

b ac

4

4
2

2

! -  = 
a

b ac
2

42

! -

 qT,        x  =  
a

b b ac
2

4
2

!- -       (1)

 k<q d$T ,
a

b b ac
a

b b ac
2

4
2

4
2 2

- + - - - -' 1.

 dMTsD+ (1)  e&q deTTqT esZ deTT n+<TsT. 

 |&T, esZdeTTqT|j+ = esZ dMTsDeTT\qT k~+#<eTT.

<VsD	3.41
 

x x1
1

2
2

+
+

+
 = 

x 4
4
+

, & x 1 0!+ , x 2 0!+  eT]jTT x 4 0!+  esZ deTTqT  

|j+ dMTsDeTTqT k~+#TeTT.
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k<q e&q dMTsD+ esZdMTsD+ keqs|+ < >eT+#TeTT.

  
x x1
1

2
2

+
+

+
 =  

x 4
4
+

        
x 1
1
+

 =  
x x

2
4

2
2

1
+

-
+

; E = 
x x
x x2

4 2
2 4 4

+ +
+ - -

^ ^h h
; E

      
x 1
1
+

  =  
x x

x2
2 4+ +^ ^h h8 B

   6 8x x
2
+ +  =  2 2x x

2
+

 qT,     4 8x x
2
- -  =  0, ~ esZdMTsDeTT.

  (.k.>T rjTT <s | dMTsDeTT @s&TqT)

 esZdeTTqT|j+,

   x  =  
2 1

4 16 4 1 8! - -

^

^ ^
h

h h  = 
2

4 48!

  qT,  x  =  2 2 3+     2 2 3-

 {, k<q d$T R ,2 2 3 2 2 3- +" , 

nudeTT	3.15
1 esZeTT\qT |P]+#T |< +~ esZdMTsDeTT\qT k~+#TeTT.
 (i)    6 7x x

2
+ -  = 0   (ii)  3 1x x

2
+ +  = 0

 (iii)  2 5 3x x
2
+ -  = 0   (iv)  4 4x bx a b

2 2 2
+ - -^ h = 0

 (v)  x x3 1 3
2
- + +^ h  = 0 (vi)  

x
x

1
5 7
-
+  = x3 2+

2. esZdeTTqT|j+ +~ esZdMTsDeTT\qT k~+#TeTT.
 (i)  7 12x x

2
- +  = 0 (ii) 15 11 2x x

2
- +  = 0  

 (iii)  x
x
1+  = 2

2
1  (iv) 3 2a x abx b

2 2 2
- -  = 0  

 (v)  a x 1
2
+^ h = x a 1

2
+^ h  (vi) 36 12x ax a b

2 2 2
- + -^ h = 0 

 (vii)  
x
x

x
x

1
1

4
3

+
- +

-
-  = 

3
10  (viii) a x a b x b

2 2 2 2 2
+ - -^ h  = 0

3.8.4	esZdMTsDeTT\	L&q	deTd\qT	k~+#T (Solution of problems involving 
quadratic equations)

  u>+ |<C\+ *jTCjTT = dT\u deTd\qT eT]jTT J$+ sT>T 
= deTd\qT *jTTq esZdMTsDeTT\T k~+#<eTT. yTT< q yeTT\qT dMTsDeTT 
s|eTT esT  sTy k~+#e\jTTqT. e]> e&q deTd d++~+q 
k<qqT mqT=qe\jTTqT.
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<VsD 3.42
  d+K eT]jTT y{ $eTeTT\ yTTeTT 5

5
1  nsTTq,  d+KqT qT>=qTeTT.

k<q e\dq d+KqT x nqT=qTeTT. < $eTeTT 
x
1 .

 +<q |seTT,  x
x
1+   =  5

5
1    (  

x
x 1
2
+  =  

5
26

 eq    5 26 5x x
2
- +    =  0       

                        (       5 25 5x x x
2
- - +  =  0 

                       nq>,  x x5 1 5- -^ ^h h =  0       (     x  =  5    
5
1

  { e\dq d+K\T  5,  
5
1  .

<VsD 3.43
  uT+ jTT u$T, < q+f 4 d+.MT me >\<T. uT yX\eTT 48 
#.d+.MT nsTTq < u$T eT]jTT q qT>=qTeTT.
k<q uT q x d+.MT nqT=qTeTT 
 qT, uT u$T (x 4+ ) d+.MT n>TqT,
       uT yX\eTT R 2

1  (u$T)(mT)

 e&q +<q x x
2
1 4+^ ^h h =  48

  (  4 96x x
2
+ -  =  0      (  x x12 8+ -^ ^h h =  0

  (                         x  = 12-      8
          x  =  12- e]+#<T ( b&e <q d+K> e+&TqT)
 `   x = 8  eq,  x 4+  = 12 n>TqT.
 qT, uT q 8 d+.MT eT]jTT uT+ u$T 12 d+.MT.
<VsD 3.44
  sT nqTq deTjT+ +f 30 $Tc\T \d+> jT\T<sqT.  \eTT 
n~ >eT+ #sT 150 .MT <seTT eq~. k<sD y>+ +f 25 .MT/>+ y>+ |+q < 
k<sD y>eTTqT qT>=qTeTT.
k<q   sT k<sD y>eTT x  .MT/>+.

           |]q sT y>eTT x 25+^ h .MT/>+.

 yTTeTT <seTT R 150 .MT;  |T \eTT = 
<seTT
y>eTT

.

 qT T1 eT]jTT T2 \T nqTq$ esTd> sT ssTT+q \eTT q <seTTqT 
#sT rdTq \eTT eT]jTT Zq \eT>TqT, (y>eTT n~yTq+<Tq)
| de#seTT qT+&   T T1 2-  =  

2
1  >+ ( 30 $Tc\T = 

2
1 >+)
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 (   
x x

150
25

150-
+

 =  
2
1    (  

x x
x x150

25
25
+

+ -
^ h

; E  = 
2
1

 (    x x25 75002
+ -  =  0     ( x x100 75+ -^ ^h h =  0

 qT, x  =  75    100- ,          x  = 100-   e]+#<T.
 { sT k<sD y>eTT R 75 .MT/>+.

nudeTT	3.16
  1.  d+K eT]jTT < $eTeTT\ yTTeTT 

8
65  nsTTq  d+KqT qT>=qTeTT.

  2. s+&T <q d+K\ esZeTT\ u<eTT 45. q d+K esZeTT, |< d+K H\T>T ssTTq  
d+K\qT qT>=qTeTT.

  3.  sT 100 #.MT yX\eTT *q Bs#Tsks jTLs\ qT yjTeqqT=HqT. 
n <>Zs 30 MT +# r> eyT q+<Tq n&T q +{ Bs#Tsks   
uTeTTq q +{ |V >&qT|j+, $T*q eT&T uTeTT\ r>qT +#> 
ydqT. nsTTq  jTT |]eDeTT\qT qT>=qTeTT.

  4.  Bs#Tsks b\eTT b&e 20 MT eT]jTT y&\T 14 MT > eq~. B #T 
deq y&\T >\ u yX\eTT 111 #.MT *jTTq~. y\T|* y| >\ uy&\TqT 
qT>=qTeTT.

  5.  s\T @ y>eTT 90 .MT <seTT |jD+ #dqT. y>eTTqT 15 .MT/>+ 
|+q, |jD \+ 30 $Tc\T >TZqT. nsTTq s\T  y>eTTqT qT>=qTeTT.

  6. X\ {  |&e y>eTT 15 .MT/>+.  |&e |yV| ~X 30 .MT. y[ 
es ~X ] >eTkq+ #sT 4 >+ 30  |TqT. nsTTq { |yV y>eTTqT 
qT>=qTeTT.

  7.  d+eseTTq eTT+<T  eTw ejTdT n esT ejTdT 8 sT> e+&qT. 
|&T n ejTdT, =&T ejTdT esZeTTq deq+ nsTTq |dT+ y] ejTdT\
qT qT>=qTeTT.

  8.  #<s+>+  usT 64 deq #TsdeTT\T \e. | #TsdeTT yX\eTT 6.25 
d+.MT2  eT]jTT  usT #T 2 d+.MT y&\T >\ V<T \<T. #<s+>+ usT uTeTT 
jTT b&eqT qT>=qTeTT.

  9.  | |P] #jTT B +f A‚  6 sE\T e> rdT=qTqT. A eT]jTT B \T <sT 
*d 4 sE\  | eTT+q. B &  | m+ \eTT eTT+#TqT?

10.  s dwH qT+&  deTjTeTT s+&T  s jT\T<sqT. yTT<{ s\T |&eTs 
eT]jTT s+&e s\T s+ y| |jD+ #dqT. s+&e s\T +f yTT<{ s\T 5 
.MT/>+ y>eTT |jD+ #dqT. 2 >+ sTy y{ eT< <seTT 50 .MT +&q, 
=  s\T jTT dsd] y>eTTqT qT>=qTeTT.
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3.8.5	esZdMTsDeTT	jTT	eT\eTT\	dueeTT (Nature of roots of a quadratic equation)

 0ax bx c
2
+ + =  dMTsDeTT jTT eT\eTT\T x

a
b b ac

2
4

2
!= - -  > e&q~. 

  (i) 4 0b ac >
2
- , nsTT s+&T $_q yde eT\eTT\qT b+<>\eTT.

   x = 
a

b b ac
2

4
2

- + -    eT]jTT  x = 
a

b b ac
2

4
2

- - - . 

 (ii) 4 0b ac
2
- =  nsTT, dMTsDeTTq s+&T deq eT\eTT\T >\e. n$ x

a
b

2
= -  n>TqT.

(iii) 4 0b ac <
2
-  nsTT, b ac4

2
-  yde d+K <T. eq qTe+{ esZ 

dMTsDeTTq yde eT\eTT\T e. 

 eq, eT\eTT\ due+ 4b ac
2
-  $\Te\| <s|&e+&TqT. 0ax bx c

2
+ + =  

jTT eT\eTT\ due+qT 4b ac
2
-  ded $\Te \T|qT. B esZ dMTsDeTT $#D 

(discrininat) n+<TsT. eT]jTT 3 nqT >TsT d+#T<TsT.

$#D 3  = b2 - 4ac eT\eTT\ dueeTT
3  > 0 ydeeTT\T eT]jTT ndeqeTT\T.
3  = 0 ydeeTT\T eT]jTT deqeTT\T.
3  < 0 yde eT\eTT\T <T (* eT\

eTT\T).

<VsD	3.45
  +~ esZ dMTsDeTT\ eT\eTT\ dueeTTqT \TeTT.
 (i)  11 10 0x x

2
- - =  (ii) 4 28 49 0x x

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

2
+ + =

k<q   0ax bx c
2
+ + = , $#D 4b ac

2
3= - .

  (i) a = 1, b = –11 eT]jTT c = –10.

                  $#D 3  = 4b ac
2
-

    = 411 1 102- - -^ ^ ^h h h = 121 40+ = 161

 3  >0 qT, eT\eTT\T ydeeTT\T eT]jTT ndeqeTT\T.

 (ii) a = 4, b = –28 eT]jTT c = 49.

                  $#D 3  = 4b ac
2
-

    = 428 4 492- -^ ^ ^h h h = 0

 03=  nsTTq+<Tq, eT\eTT\T ydeeTT\T eT]jTT deqeTT\T.

(iii) a = 2, b = 5 eT]jTT c = 5.

                  $#D 3  = 4b ac
2
-
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    = 45 2 52
-^ ^ ^h h h 

    = 25 – 40 = –15

 0<3  nsTTq+<Tq, dMTsDeTTq yde eT\eTT\T e. 

<VsD	3.46
 a eT]jTT b n yde d+K\ eT]jTT c  jTT n nsDjT d+K\  

2 0a b c x a b x a b c
2

- + + - + - - =^ ^ ^h h h   dMTsD+ jTT eT\eTT\T nsDjT d+K\T 
n>Tq s|+#TeTT. 

k<q e&q dMTsD+ jTT s|eTT 0Ax Bx C
2
+ + =  nsTTq, 

  A a b c= - + , B a b2= -^ h eT]jTT C a b c= - - .

  0Ax Bx c
2
+ + =  jTT  $#D

  4B AC
2
-  =  4a b a b c a b c2 2- - - + - -^ ^ ^h h h6 @

           =  4 4a b a b c a b c2- - - + - -^ ^ ^h h h6 6@ @

           =  4 a b a b c42 2 2
- - - -^ ^h h6 @

    3    =  4 4 4a b a b c2 2 2
- - - +^ ^h h  = 4c

2 , K esZeTT..

 `  0>3  eT]jTT ~ KyTq esZeTT.

 {, e&q dMTsD+ eT\eTT\T nsDjT d+K\T.

<VsD	3.47
 2 7 0x x k k1 3 3 2

2
- + + + =^ ^h h  nqT dMTsD+ ydeeTT\T eT]jTT deq eT\

eTT\T *jTT+&q k $\TeqT qT>=qTeTT.

k<q   e&q dMTsD+ 2 7 0x x k k1 3 3 2
2
- + + + =^ ^h h .   (1)

 (1) dMTsD+ 0ax bx c
2
+ + =  s|+ \<T.

 &,   a 1= , b k2 3 1=- +^ h, c k7 3 2= +^ h.

   $#D,                     3  = 4b ac
2
-

                                       = 4k k2 3 1 1 7 3 22- + - +^^ ^ ^ ^hh h h h

              = 4 28k k k9 6 1 3 2
2
+ + - +^ ^h h =  4 k k9 8 20

2
- -^ h

 e&q dMTsDeTTq deqyTq eT\eTT\T \e. 3  = 0 qT
 (   9 8 20k k

2
- -  = 0

 (     k k2 9 10- +^ ^h h = 0

 eq,     k = 2,  
9
10- .
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nudeTT	3.17
1. +~ dMTsDeTT\ eT\eTT\ dueeTTqT \TeTT.
 (i) 8 12 0x x

2
- + =  (ii) 2 3 4 0x x

2
- + =   

 (iii)  9 12 4 0x x
2
+ + =   (iv) 3 2 2 0x x6

2
- + =  

 (v) 1 0x x
5
3

3
22

- + =  (vi) x a x b ab2 2 4- - =^ ^h h

2. +~ dMTsDeTT\ eT\eTT\T ydeeTT eT]jTT deqyTq k $\Te\qT qT>=qTeTT.
 (i) 2 10 0x x k

2
- + =   (ii)   12 4 3 0x kx

2
+ + =  

 (iii) x k x2 2 5 02
+ - + =^ h  (iv)  2 1 0k x k x1 1

2
+ - - + =^ ^h h

3. 2 2 0x a b x a b
2 2 2
+ + + + =^ ^h h  dMTsDeTT jTT eT\eTT\T nydeeTT\T n 

#|eTT.

4. 3 2 0p x pqx q
2 2 2

- + =  dMTsDeTT jTT eT\eTT\T ydeeTT\T < #|eTT.

5. 2 0a b x ac bd x c d
2 2 2 2 2
+ - + + + =^ ^h h  & ad bc 0!-  dMTsDeTT jTT eT\

eTT\T deqyTq, 
b
a

d
c=  n s|+#TeTT.

6. x a x b x b x c x c x a 0- - + - - + - - =^ ^ ^ ^ ^ ^h h h h h h  dMTsD eT\eTT\T ydeeTT\T 
eT]jTT a b c= =  q|&T  eT\eTT\T deqeTT\T e n #|eTT.

7. 2 0m x mcx c a1
2 2 2 2

+ + + - =^ h  dMTsD+ deq eT\eTT\T *e+f, 
c a m1
2 2 2
= +^ h n s|+#TeTT.

3.8.6	esZ	 dMTsDeTT	 jTT	 eT\eTT\T	 eT]jTT	 >TDeTT\	 eT<>\	 d++<eTT																	
(Relations between roots and coefficients of a quadratic equation)

 esZ dMTsD+  0ax bx c
2
+ + = , & a , b , c \T yde d+K\T eT]jTT a 0! . q 

dMTsD eT\eTT\T a eT]jTT b . 

        a  = 
a

b b ac
2

4
2

- + -    eT]jTT  b  = 
a

b b ac
2

4
2

- - - .

 eT\eTT\ yTTeTT,  a b+  = 
a

b b ac
2

4
2

- + -  + 
a

b b ac
2

4
2

- - -

                                       = 
a
b-  = – x >TDeTT

x2 >TDeTT

 eT\eTT\ \+, ab  = 
a

b b ac
2

4
2

- + -  #  
a

b b ac
2

4
2

- - -
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>eT

    = 
a

b b ac

4

4
2

2 2
- -^ h  = 

a

ac

4

4
2

    = 
a
c  = 

ds+eTT
x2 >TDeTT

 eq, 0ax bx c
2
+ + =   ,a b  \T eT\eTT\T nsTTq,

 (i) eT\eTT\ yTTeTT,  a b+  = 
a
b-  

  (ii) eT\eTT\ \eTT,        ab   = 
a
c  

q	eT\eTT\	<s	dMTsDeTTqT	sb+~+#T	(Formation of quadratic equation 
when roots are given)
 a eT]jTT b  \T esZdMTsDeTT jTT eT\eTT\T nqT=qTeTT.
 x a-^ h eT]jTT ( x b- ) \T sD+eTT\T.
 `          x a-^ h ( x b- )  = 0

 (     x x2 a b ab- + +^ h  = 0

nq>,  x2 – (eT\eTT\ eTTeTT)x + eT\eTT\ \eTT = 0

  eT\eTT\ nq+yTq nH esZdMTsDeTT\T >\e.

<VsD	3.48
 3 10 0x x k

2
- + =  dMTsDeTTq  eT\eTT 

3
1  nsTTq, eT]jTT eT\eTTqT eT]

jTT k $\TeqT qT>=qTeTT.
k<q   e&q dMTsDeTT 3 10 0x x k

2
- + = .

 a eT]jTT b  s+&T eT\eTT\T nqT=qTeTT.

 `   a b+  = 
3

10- -^ h = 
3
10                                             (1)

  a  = 
3
1  qT (1)  ||+#>,  b  =  3

  eT]jTT,    ab  = k
3

,          (    k = 3

 qT, eT]jTT eT\eTT b  = 3 eT]jTT k = 3.
<VsD	3.49
 5 0ax x c

2
- + =  nqT esZdMTsD eT\eTT\ yTTeTT eT]jTT \eTT s+&Tq10  

deqyTq, a eT]jTT c $\Te\qT qT>=qTeTT.

k<q  e&q dMTsDeTT 5 0ax x c
2
- + = .

 eT\eTT\ yTTeTT, 
a
5  = 10,  (  a

2
1=  
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>eT

 eT\eTT\ \eTT,  
a
c  = 10

 (      c = 10a 10
2
1

#=   = 5

 eq,  a = 
2
1   eT]jTT  c 5=

 0ax bx c
2
+ + =  jTT eT\eTT\T a eT]jTT b   nsTTq a eT]jTT b   *q = 

dedeTT\T , ,
2 2 2 2 2 2
a b a b a b+ -  yTT<\>T y{ a b+  eT]jTT ab  jTT $\Te\qT 

|j+ qT>=qe#TqT.

a eT]jTT b  \ L&q = |*eTT\qT yjTTqT >eT+#TeTT.
   (i) ( ) 4

2
a b a b ab- = + -    

  (ii) 2 2
a b+   = 22a b ab+ -^ h6 @ 

 (iii) 2 2
a b-   =  a b a b+ -^ ^h h =  42a b a b ab+ + -^ ^h h6 @ & $a b

 (iv) 3 3
a b+   = 33a b ab a b+ - +^ ^h h  

  (v) 3 3
a b-   = 33a b ab a b- + -^ ^h h

 (vi) 4 4
a b+   = 2

2 2 2 2 2
a b a b+ -^ h  = 222 2 2a b ab ab+ - -^ ^h h6 @

(vii) 4 4
a b-   = 2 2a b a b a b+ - +^ ^ ^h h h  

<VsD	3.50
 2 3 1 0x x

2
- - =  dMTsDeTT eT\eTT\T a eT]jTT b  \T nsTTq +~ y{ $\Te\qT 

qT>=qTeTT.
 (i)  2 2

a b+               (ii)  
b
a

a
b

+

 (iii) a b-   >a b  nsTTq. (iv) 
2 2

b
a

a
b

+e o

 (v) 1 1a
b a

b+ +c `m j (vi) 4 4
a b+  (vii) 

3 3

b
a

a
b

+

k<q		e&q dMTsDeTT x x2 3 1 02
- - =      (1)

 dMTsDeTT (1) qT 0ax bx c
2
+ + =  > b\>,

 a 2= , b 3=- , c 1=- .  dMTsDeTT eT\eTT\T a eT]jTT b  > e&q~.

 `  a b+ = 
a
b-  = 

2

3- -^ h = 
2
3   eT]jTT  

2
1ab =-

   (i)   2 2
a b+  = 22a b ab+ -^ h  = 2

2
3

2
12

- -` `j j = 
4
9 1+ = 

4
13
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  (ii) 
b
a

a
b

+  = 
2 2

ab
a b+  = 22

ab

a b ab+ -^ h  = 

2
1

2
3 2

2
12

-

- -` `j j
 = 

4
13 2# -^ h = 

2
13-

 (iii) a b-   = 42a b ab+ -^ h  & a>b , = 
2
3 4

2
12 2

1

#- -` `j j; E  = 
4
9 2 2

1

+` j  = 
2
17

 (iv) 
2 2

b
a

a
b

+   = 
3 3

ab
a b+  =  33

ab

a b ab a b+ - +^ ^h h  = 

2
1

8
27

4
9

-

+
 = 

4
45-

  (v) 1 1a
b a

b+ +c `m j = 1 1

ab

ab ab+ +^ ^h h  = 1 2

ab

ab+^ h  = 

2
1

1
2
1 2

-

-` j
= 

2
1-

 (vi) 4 4
a b+  = 2

2 2 2 2 2
a b a b+ -^ h   = 2

4
13

2
12 2

- -` `j j  = 
16
169

2
1-` j = 

16
161 .

(vii) 
3 3

b
a

a
b

+  = 
4 4

ab
a b+ = 

16
161

1
2-` `j j = 

8
161- .

<VsD	3.51
 7 3+  eT]jTT 7 3-  eT\eTT\T> >\ esZ dMTsDeTTqT @ssT#TeTT.
k<q e&q eT\eTT\T 7 3+  eT]jTT 7 3- .

      eT\eTT\ yTTeTT = 7 3 7 3+ + -   =  14.

      eT\eTT\ \eTT = 7 3 7 3+ -^ ^h h  =  7 32 2
-^ ^h h  = 49 –3 = 46.

 e\dq dMTsDeTT, x2 – (eT\eTT\ eTTeTT)x + eT\eTT\ \eTT = 0

 qT, e\dq dMTsDeTT 14 46x x
2
- +   = 0

<VsD	3.52
 3 4 1x x

2
- +  = 0 dMTsD eT\eTT a eT]jTT b  nsTTq 

2

b
a  eT]jTT 

2

a
b  eT\eTT\T> 

>\ esZdMTsDeTTqT qT>=qTeTT.

k<q		3 4 1x x
2
- + = 0 dMTsDeTT jTT eT\eTT\T a eT]jTT b . nsTTq+<Tq

   a b+  = 
3
4 ,       ab  = 

3
1

 e\dq dMTsDeTT jTT eT\eTT\ yTTeTT = 
2 2

b
a

a
b

+e o = 
3 3

ab
a b+

                                = 33

ab

a b ab a b+ - +^ ^h h  = 

3
1

3
4 3

3
1

3
43

# #-` j
 = 

9
28

  eT]jTT, eT\eTT\ \eTT  = 
2 2

b
a

a
bc cm m = ab  = 

3
1

`   e\dq dMTsDeTT    x x
9
28

3
12

- +   = 0   ()  9 28 3x x
2
- +  = 0
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nudeTT	3.18
  1. +~ dMTsDeTT\ eT\eTT\ yTTeTT eT]jTT \eTTqT qT>=qTeTT.
 (i) 6 5 0x x

2
- + =    (ii)    0kx rx pk

2
+ + =

 (iii) 3 5 0x x
2
- =     (iv)   8 25 0x

2
- =

  2. +~ eT\eTT\ <s esZdMTsDeTTqT @ssT#TeTT.

 (i) 3 , 4  (ii) 3 7+ , 3 7-   (iii) ,
2

4 7
2

4 7+ -

  3. 3 5 2x x
2
- +  = 0 dMTsDeTT jTT eT\eTT\T a eT]jTT b  nsTTq, +~ y{          

$\TeqT qT>=qTeTT. 

 (i) 
b
a

a
b

+   (ii) a b-   (iii) 
2 2

b
a

a
b

+

  4. 3 6 4x x
2
- +  = 0 dMTsD+ jTT eT\eTT\T a eT]jTT b  nsTTq 2 2

a b+  $\TeqT 
qT>=qTeTT.

  5. 2 3 5x x
2
- - = 0 dMTsD+ eT\eTT\T a , b  \T nsTTq 2

a  eT]jTT 2
b  eT\eTT\T> 

>\ dMTsDeTTqT qT>=qTeTT.
  6. 3 2x x

2
- +  = 0 jTT eT\eTT\T a , b  nsTTq a-  eT]jTT b-  eT\eTT\T> >\ esZ 

dMTsDeTTqT @ssT#TeTT.
  7. 3 1x x

2
- - = 0 dMTsD+ eT\eTT\T a eT]jTT b nsTTq, 1

2a
 eT]jTT 1

2b
                          

eT\eTT\T> >\ esZdMTsDeTTqT qT>=qTeTT.
  8. 3 6 1x x

2
- +  = 0 dMTsD+ eT\eTT\T a eT]jTT b  nsTTq, +~ eT\eTT\T> >\ 

esZdMTsDeTTqT qT>=qTeTT.

 (i)  ,1 1
a b

 (ii) ,
2 2
a b b a  (iii) 2 , 2a b b a+ +

  9. 4 3 1x x
2
- -  = 0 jTT eT\eTT\ eeTT\T> >\ eT\eTT\ dMTsDeTTqT 

qT>=qTeTT.
10. 3 81x kx

2
+ -  = 0 dMTsDeTT jTT  eT\eTT += eT\eTTq esZeTT nsTTq k     

$\TeqT qT>=qTeTT.
11. x ax2 64 0

2
- + =  dMTsDeTT jTT  eT\eTT += eT\eTTq s+&T sT> 

qT+&q a $\TeqT qT>=qTeTT.
12. 5 1x px

2
- +  = 0 jTT eT\eTT\T a eT]jTT b , a b-  = 1 nsTTq p $\TeqT 

qT>=qTeTT.
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nudeTT 3.19

d]jTq	yTqT	mqT=qTeTT.
  1. 6x – 2y = 3, kx – y = 2 nqT eed @+ k<q *jTTqsTTq,
 (A)  k = 3 (B)  k 3!  (C)   k = 4  (D)  k 4!  

  2. s+&T #\sX\ >\ s+&T @| dMTsDeTT\ eed $sT<yTq~. nsTTq y{ sU 
eTT\T

 (A)  @u$+#TqT  (B)   _+<Te e< K+&+#TqT 
 (C)  @ _+<Te e< K+&+#T=q<T (D)  x-neTTqT K+&+#TqT

  3. x –4y = 8 , 3x –12y =24 dMTsDeTT\ eed nqTq~,
 (A)  nq+ k<q\T *jTT+&TqT  (B)  k<q\T +&e 

 (C)  @ k<q\T+&TqT (D)  k<q\T +&#T () +&be#T

  4. p x^ h = (k +4) x
2+13x+3k VQ|< dedeTT jTT  XSqeTT eTs= XSqeTTq 

eeTeTT (reciprocal) nsTTq k  deqeTT

 (A)  2 (B)  3 (C)  4 (D)  5

  5. 2 ( 3) 5f x x p x
2

= + + +^ h  VQ|< dedeTT jTT XSqeTT\ yTTeTT XSqeTT 
nsTTq, p $\Te

 (A)  3 (B)  4 (C)  –3 (D)  –4

  6. x x2 7
2
- +  qT x+4 # u+#Tq|&T @s&T XweTT

 (A)  28 (B)  29 (C)  30 (D)  31

  7. 5 7 4x x x
3 2
- + -  qT x–1 # u+#Tq|&T @s&T u>|\eTT

 (A) 4 3x x
2
+ +   (B)   4 3x x

2
- +    (C)   4 3x x

2
- -     (D)    4 3x x

2
+ -  

  8. x 1
3
+^ h eT]jTT 1x

4
-  \ >.k.u

 (A)  x 1
3
-   (B)  1x

3
+   (C)  x +1 (D)  x 1-

  9. 2x xy y
2 2
- +  eT]jTT x y

4 4
-  \ >.k.u

 (A)  1 (B)  x+y (C)  x–y (D) x y
2 2
-  

10. x a
3 3
-  eT]jTT (x – a)2 \ .k.>T

 (A)  ( )x a x a
3 3
- +^ h (B)   ( )x a x a 23 3

- -^ h

 (C)   x a x ax a2 2 2
- + +^ ^h h (D)   x a x ax a2 2 2

+ + +^ ^h h 



Algebra 119

11. k Ne   +&T , ,a a a
k k k3 5+ +  \ .k.>T

 (A)  a
k 9+

 (B)  a
k

 (C)   a
k 6+

 (D)   a
k 5+

12. 
6x x

x x5 6
2

2

- -

+ +  nqT nsDjT dedeTT jTT ds|eTT.

 (A)  
x
x

3
3

+
-  (B)  

x
x

3
3

-
+  (C)  

x
x

3
2

-
+  (D)  

x
x

2
3

+
-

13. 
a b
a b
-
+  eT]jTT 

a b

a b
3 3

3 3

+

-  nqTq$ s+&T nsDjT d+K\sTTq y{ \eTT

 (A)  
a ab b

a ab b
2 2

2 2

- +

+ +  (B)  
a ab b

a ab b
2 2

2 2

+ +

- +   (C)  
a ab b

a ab b
2 2

2 2

+ +

- -    (D)   
a ab b

a ab b
2 2

2 2

- -

+ +

14. 
x

x
3
25

2

+
-  qT 

9x

x 5
2
-

+  # u+q, u>|\eTT R

 (A)  (x –5)(x–3) (B)  (x –5)(x+3) (C)  (x +5)(x–3) (D)  (x +5)(x+3)

15. 
a b
a
3

-
 qT 

b a
b
3

-
  L&qsTTq, @s&T = dedeTT

 (A)  a ab b
2 2
+ +  (B)  a ab b

2 2
- +  (C)  a b

3 3
+  (D)  a b

3 3
-

16. 49 ( 2 )x xy y
2 2 2
- +  jTT esZeT\eTT

 (A)  7 x y-  (B)  7 x y x y+ -^ ^h h    (C)   7( )x y
2

+     (D)  7( )x y
2

-

17. 2 2 2x y z xy yz zx
2 2 2
+ + - + -  jTT esZ eT\eTT

 (A)  x y z+ -  (B)  x y z- +  (C)  x y z+ +  (D)  x y z- -

18. 121 ( )x y z l m
4 8 6 2

-  jTT esZ eT\eTT

 (A)  11x y z l m
2 4 4

-   (B)  x y z l m11 4 4 3
-^ h

 (C)  11x y z l m
2 4 6

-    (D)  x z l m11 42 3
-^ h  

19. ax bx c 0
2
+ + =  q deq eT\eTT\TqsTTq, c  deqyTq~

 (A)  
a
b
2

2

 (B)  
a
b
4

2

 (C)  
a
b
2

2
-  (D)  

a
b
4

2
-

20. 5 16 0x kx
2
+ + =  q yde eT\eTT\T qsTTq

 (A)  k
5
82  (B)  k

5
82 -  (C)  k

5
8

5
81 1-  (D)  k0

5
81 1

21. 3 eT\eTTqT *q esZdMTsDeTT 

 (A)   x2 – 6x – 5 = 0    (B)   x2 + 6x – 5 = 0  

(C)   x2 – 5x – 6 = 0  (D)   x2 – 5x + 6 = 0
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eTTU+XeTT\T

22. 0x ax b
2
- + =  eT]jTT x bx a 0

2
+ - =  dMTsDeTT\ eT& eT\eTT

 (A)  
b

c a
2
+  (B)  

b
c a
2
-  (C)  

a
c b
2
+           (D) 

c
a b
2
+  

23. ax bx c 0
2

+ + = , ,a 0=Y  jTT eT\eTT\T ,a b  nsTTq, ndyTq yeTT

 (A)  
a

b ac22 2

2

2

a b+ = -  (B)  
a
cab =  

 (C)  
a
ba b+ =   (D)  

c
b1 1

a b
+ =-

24. ax bx c 02
+ + =  jTT eT\eTT\T a eT]jTT b  nsTTq, 1

a
 eT]jTT 1

b
 eT\eTT\T 

*q dMTsDeTT

 (A)  ax bx c 02
+ + =    (B)  0bx ax c2

+ + =   

 (C)  0cx bx a2
+ + =  (D)  0cx ax b2

+ + =

25. b = a + c nsTTq, 0ax bx c
2
+ + =  nqT dMTsDeTTq 

 (A)  yde eT\eTT\T \e   (B)  eT\eTT\T e
 (C)  deq eT\eTT\T \e   (D)  yde eT\eTT\T e

	q	 x eT]jTT y s+&T #\sX\T *jTTq @| dMTsDeTT\ |s$T d+K d$T,             
x eT]jTT y s+&T #\sX\T >\ @| dMTsDeTT\ eed n+<TsT. BH deT| 
dMTsDeTT\T njTT n+<TsT. 

	q	 yTT<> #\sX\  < =\+, k~+#T |< =\+#T |< n+<TsT. 
	q		a x b y c1 1 1+ +  = 0 , a x b y c2 2 2+ +  = 0 qT k~+#T n&T>TDs |<qT|j+#T 

+~ uD| >TsT\ |eTT dVjT|&TqT.
x y 1

	q		p(k) = 0 nsTT, k yde d+K nqTq~ p(x) nqT VQ|< dedeTT jTT XSqeTT nq&TqT. 
	q		p(x) = ax2 + bx + c nqT esZ dedeTT\ XSqeTT\T eT]jTT >TDeTT\ eT<>\ 

<sd++<eTT\T

   XSqeTT\ yTTeTT  = 
a
b-  =  – x >TDeTT

x2 >TDeTT

  XSqeTT\ \eTT =  
a
c   =  

ds+eTT
x2 >TDeTT

b1

b2

c1

c2

a1

a2

b1

b2
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	q	 (i)  p x^ h @y VQ|< dedeTTq, p a 0=^ h  nsTTq x a=  XSqeT>TqT, 
$|seTT d]jT

 (ii)  p a 0=^ h  nsTTq, p x^ h  x a-   sD+eT>TqT, $|seTT d]jT
	q		s+&T  n++f me dedeTT\qT Xw+> u+#T eT& ueTT jTT n 

|< |eTTqT *q ueTTH >.k.u n>TqT.
	q		s+&T  n++f me dedeTT\qT Xw+> u+#T eT& >TDeTT jTT 

n+ q |eTT *q >TDeTTH .k.>T n>TqT.
	q		@y s+&T VQ|< dedeTT\ \eTT, y{ .k.>T eT]jTT >.k.u \ \eTTq deqeTT.
	q	 a R!  nqTq~  TTDeTT  yde d+K. a jTT esZeT\eTT b  yde 

d+K, n~ b a
2
=  n>TqT. a jTT esZeT\eTTqT a2   a  >T]+#<sT.

	q	 ax bx c 0
2
+ + =  nqT s|eTT qTq x #\s >\ esZ dMTsDeTT & a,b,c yde 

d+K\T eT]jTT a 0!  > +&e\jTTqT.
	q	 (i) sD+ |< (ii) esZeTT\qT |P]+#T |< (iii) esZdeTTqT |j+#T 

<s esZ dMTsDeTT\qT k~+#e#TqT.
	q	 ax bx c 0

2
+ + =  esZ dMTsDeTT jTT eT\eTT\T 

a
b b ac

2
4

2
!- - , b ac4 0

2
$- .

	q ax bx c 0
2
+ + =  esZ dMTsDeTT

 (i)     b ac4 0
2

2-  nsTTq, s+&T eT\eTT\T $_q ydeeTT\T
 (ii) b ac4 0

2
- =  nsTTq, s+&T eT\eTT\T deqeTT.

 (iii) b ac4 0
2

1-  nsTTq, eT\eTT\T nydeeTT\T.

 \Tk?
|s{	&|{	d<+eTT (Fermat's Last Theorem):
 x y zn n n

+ =  nqT deTsDeTTq , n 2>  nsTTq|&T |Ps+eTT\ k<q <T. 
+> |d~>+q s|DqT HqT qT>=+{. nsTT s|DqT b+<T|s#T e\
dq+ ne~ <T n |s{ ydqT. 1994  _{wt >DXdE&T +&Ty (Andrew 

Wiles) B k~+#Tq+ es 300 d+eseTT\T> mes k~+#<T. q bsX\ 
$<]>qTq|&T q>s >+<\jT+q+<T +&y  deTdqT \TdT=HqT nqTq~ 
dsyTq ys n>TqT.
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4.1	 |]#jT+
 e\T	nqT eTTKyTq >DXg <XeTT >]  
n<jTeTT #]+#ue#THeTT. +<T e\T eT]jTT 
e ;>D <seTT\T >] |]#jTeTT #jT&q~. 

 18e eT]jTT 19e XeTT\ e\T nqTueqqT 
dr]+ n_e~ #jT&qT. bs+ueTTq, >TD (C$T) 
s|eTT eT]jTT sFjT dMTsDeTT\ k<q\T sb+seTT 
#+<T <s n_e~ #+~q~. |dTeTT >D XgeTTq+<T 
e\T # Xe+yTq |sDeTT\>qTq~. nH d+K\T 
 esTdeTeTT  < +< rdT=, sTTeT& >D+#T 
jT+<T e\T |j>|&T#Tq~. nH |j> 
deTd\T dT\ueTT> k~+#T jT+<T  >D deTT 
|j>seTT>qTq~.

 X 1850e d+eseTT CyTCd|t dydsY # 
e{ (e) nqT |<eTT |]#jTeTT #jT&q~. e{ 
nqT {H |<eTTqT +>eTT n> +]. k<sDeTT> 
~ @<  # =+ s|+ <*q~  @s&q~.

  +< e&q x eT]jTT y nqT #\sX\ @| 
dMTsDeTT\ eedqT rdT=H<eTT.
 x y3 2 4- =       (1)
 x y2 5 9+ =       (2)

 =\+#T |< (>dt|<)<s  eed jTT k<q 
(2,1) n eTT+< \TdT=jTTHeTT. # #\sX\qT 
|j+# y{ >TDeTT\T eyT |j+#eqT. e 
;>DeTT |j+#T <s k<q\T k~+#e#TqT.

CyT	Cd|t	dywsY	
(1814`1897) 

 +>+&T

	|]#jT+
	e\ neT]
	e\ seTT\T
	e\ d+\qeTT,  
 ee\qeTT eT]jTT   
 >TDseTT
	e\ dMTsDeTT\T

e\Te\T

qT >D XgeTT q+<T e 
d<+eTT, ds d<+eTT d+U 
d<+eTT eT]jTT d+j>\ 
eT\yTq s#q\qT #dqT. 
e&q e n e\T 
#T|#T=qTq *|qT. qT 
$#D +{ >D |<eTT\
qT |]#jTeTT #dqT. $CqXg 
k<q\ q VQeqeTT 
nsTTqTe+{ | |eTTqT 
1880 sjT kd{ |t \+&H 
y]# d\dsY VA]+], 
1901 sjT kd{ |t \+&H 
ysT >D Xg |]X<q\qT 
bV+#T  C|seTTq 
d\dsY |eTTqT @sT#d].

Number, place, and combination - the three intersecting but distinct spheres of  
thought to which all mathematical ideas admit of  being referred - Sylvester

122
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4.2	e\	neT]	(Formation of Matrices)

 e\ neT] jT+<T = <VsD\T ##<eTT.
 esT e< 10 \eTT\T \e. B (10) > \T|e#TqT. (  )  >\ d+K esY 
e< >\ \eTT\ d+K n nseTT.

 esY e< 10 \eTT\T eT]jTT 7 |\T \e nqT=q, B (7, 10) >  \|e#TqT. 
(10, 7)  >\ yTT<{ d+K \eTT\ d+KqT, s+&e~ | d+KqT *jTCjTTqT n 
nseTT.
+~	$wjTeTT\qT	>eT+|eTT
 esY eT]jTT n dVT\T sE, >| e< >\ \eTT\T eT]jTT | $eseTT\T 
+< e&q$.
 esT e<  10  \eTT\T,   7 |
 sE e<  8  \eTT\T,   4 |
 >| e<  6  \eTT\T,   5 | 

 |{	s|eTT	+~	$<eTT>	neTse#TqT
 \eTT\T  | 

esT 10 7

sE 8 4

>| 6 5

 M{ Bs#Tsd neT] \T|e#TqT. +<T $\Te\T q n+XeTT\qT d+#TqT. 

  

( )

10

8

6

7

4

5

i
f!

!

!

- -

f p

	 <	de#seTTqT		|{	s|eTT	L&	neTse#TqT.

esT sE >|
 \eTT\T 10 8 6

 | 7 4 5

 B Bs#Tsks neT] \T|e#TqT.

yTT<{ n&TesTd

yTT<{   s+&e

s+&e n&TesTd
eT&e n&TesTd

\Te    \Te 
esTd    esTd
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s#q+

 

( )
10

7

8

4

6

5
ii !

!

- - -

c m

 neT] (i)  yTT<{ \Te esTd>\ $\Te\T eTeTT> esY, sE eT]jTT >| 
e<>\ \eTT\ d+KqT \T|qT. s+&e \Te esTd>\ $\Te\T eTeTT> esT, sE 
eT]jTT >| e< >\ | d+KqT \T|qT.

 n< $<eTT> neT] (ii) , yTT<{ n&TesTd >\ $\Te\T eTeTT> esT, sE 
eT]jTT >| e<>\ \eTT\ d+KqT \T|qT. s+&e n&TesTd >\ $\Te\T eTeTT> 
esT, sE eT]jTT >| e< >\ | d+KqT \T|qT. 
 d+K\qT  $<eTT> neTsTqT  \T| $<qeTTqT e (matrix) n+<TsT.

  d+K\qT Bs #Tsks neT] n&TesTd\T eT]jTT \Te esTd\T> 
+&sDeTT\T  #Tsd u{\ eT< ydq neT]qT e (matrix) n+<TsT.

 k<sDeTT>  eqT  A, B, X, Y,g  nqT +> |< nseTT\ d+#T<TsT. 
e\ d+K\qT $\e\T  eT\eTT\T n+<TsT.  e  de+seTT> 
qTq neT]qT  e n&T esTd n+<TsT. n< $<eTT>  e  \+eTT> qTq 
neT]qT  e \Te esTd n+<TsT. 

e\ = <VsD\T, 

 ,A
1

4

2

5

3

6
= c m    B

2

3

1

0

8

5

1

9

1

= -

-

-

> H eT]jTT C
1

0

1

= f p

4.2.1	e	keq	s|eTT	(General Form of a Matrix))
 m n&T esTd\T eT]jTT n \Te esTd\T *q e A  s|eTT,

    

...

...

...

...

...

...

...

A

a

a

a

a

a

a

a

a

a

a

a

a
m m

j

j

mj

n

n

mn

11

21

1

12

22

2

1

2

1

2

h h h h h
=

J

L

K
K
K
KK

N

P

O
O
O
OO

, , , ... .a a a
11 12 13

 nqTq$ e eT\eTT\T | eqT A a
ij m n

=
#

6 @   A a
ij m n

=
#

^ h  n  

yjTe#TqT. +<T 1, 2, 3, ... , .i m=  eT]jTT 1, 2, 3, ... , .j n=  a
ij
 nqT eT\eTT A e 

jTT i e n&T esTd eT]jTT j  e \Te esTd\ n+sK+&eTT q+<T \<T.

yTT<{ n&TesTd
s+&e n&TesTd

yTT<{
\Te esTd 

s+&e 
\Te esTd 

eT&e
\Te esTd 
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>eT

<VsD, A = 
4

6

7

5

2

8

3

1

9

f p nsTTq, a
23

 = 1,  nqT eT\eTT s+&e n&TesTd eT]jTT eT&e 

\Te esTd jT+<T \<T 
n< $<+> , 4a

11
= , 5a

12
= , 3a

13
= , 6a

21
= , 2a

22
= , 7a

31
= ,  8a

32
=  eT]jTT 9a

33
= .

4.2.2		e	s>		|]eD+ 
 m  n&TesTd\T n  \Te esTd\T *jTTq e A jTT s>  |]eD+ m x n 

n #|e#TqT.  (m u n n #<TeeTT)

 A
1

4

2

5

3

6
= c m  nqT e jT+<T 2 n&T esTd\T eT]jTT 3 \Te esTd\T \e.  

eq,  A jTT  s>  2 3# . 

m n#  e yTT<{~ m n&T esTd\ d+KqT eT]jTT s+&e~ n  \Te esTd\ 
d+KqT ddT+~.

4.3	 e\	seTT\T	(Types of matrices)
 = e\ seTT\qT >] HsT=H<eTT.
  (i) n&T	esTd	e	(Row Matrix)
   n&T esTdqT eeTT *q eqT n&T esTd e n+<TsT. n&T 
esTd eqT n&T esTd d~X n L& n+<TsT. <VsD: A 5 3 4 1=^ h eT]jTT                                  
B = (–3  0  5)  nqTq$ eTeTT>  1 4#  eT]jTT  1 3#  s> >\ n&T esTd e\T.
k<sDeTT>  A a

ij n1
=

#
^ h  nqT n&T esTd s> n1 # .

 (ii)	 \Te	esTd	e	(Column Matrix)
   \Te esTdqT eeTT *q eqT \Te esTd e n+<TsT. B    
\Te esTd d~X n L& n+<TsT.

<VsD A = 0

2
c m  eT]jTTB

1

2

5

= f p nqTq$ eTeTT> 12 #  eT]jTT 13 # s> >\ 

\Te esTd e\T. k<sDeTT>, A a
ij m 1

=
#

6 @ nqT \Te esTd e s> m 1# .
(iii)	 #Tsd	e	(Square Matrix)
  e n&T esTd\T eT]jTT \Te esTd\T d+K deqyTq,  eqT #Tsd 
e n+<TsT. 

<VsD A 1

3

2

4 2 2
=

#

c m  eT]jTT B
3

1

7

0

5

6

2

7

1 3 3

= -

#

f p nqT #Tsd e s> eTeTT> 

2 eT]jTT 3. k<sDeTT> A a
ij m m

=
#

6 @  nqTq~ m s> >\ #Tsde. #Tsde  
A  eT\eTT\T , , , ,a a a a

mm11 22 33
g  \qT |<q $seTT eT\eTT\T n+<TsT.
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>eT

(iv)		 $s	e	(Diagonal Matrix)

 |<q $seTTq |q eT]jTT +< >\ eT\eTT\T XSqeTTq deqeTT> +&T 

#TsdeqT $s e n+<TsT. <VsD A
5

0

0

2
= c m  eT]jTT B

3

0

0

0

0

0

0

0

1

= f p

nqTq$ eTeTT> 2 eT]jTT 3 s>T\T> qT+&T $se\T.  k<sDeTT>  0a
ij
= , i j!  

nsTTq  A a
ij m m

=
#

6 @   $se n #|e#TqT.

   $s e |<q $seTT = eT\eTT\T dTq\T> +&e#TqT.

(v)		 n~X	e	(Scalar Matrix)

 $s e |<q $seTT n eT\eTT\T XSHsyTq ds+eTT\T> 
deqyTq, < n~X e n+<TsT. <VsD,

 A
5

0

0

5
= c m eT]jTT B

7

0

0

0

7

0

0

0

7

= f p nqTq$ eTeTT> 2 eT]jTT 3 s>> >\ 

n~Xe\T

 k<sDeTT>, ,

,
a

i j

k i j

0
ij

!
=

=
)   nsTTq A a

ij m m
=

#
6 @  nqTq~  n~Xe n>TqT.      

k nqTq~  n~X s   

(vi)	 jT{	e	(Unit Matrix)

	 $s e |<q $seTT >\ n eT\eTT\T 1 >qTq  eqT jT{ 
e n+<TsT. n  s> *q jT{ eqT In > d+#<sT.  <VsD,

I
1

0

0

12
= c m  eT]jTT   I

1

0

0

0

1

0

0

0

1
3
= f p nqTq~ eTeTT> 2 eT]jTT 3 s>T\T> >\ 

jT{ e\T. k<sDeTT> ,

,
a

i j

i j

1

0
ij

!
=

=
'  nsTTq A a

ij n n
=

#
^ h  nqT #Tsde  

jT{ e n>TqT.

 >TDseTTqqTd]+ jT{ eqT eT e n n+<TsT. | jT{ 
e nqTq~  n~X e n dweTT> #|e#TqT.   n~X e nqTq~ 
jT{ e> +&e\dq nedseTT<T. d+K\ 1 nqT d+K bqT jT{ e 
*jTT+&TqT.

>eT
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>eT

(vii)	 XSq	e		dTq	e	(Null Matrix or Zero Matrix)
   e n eT\eTT\T XSqeTT\sTTq  eqT XSqe   dTq 

e n+<TsT. B O  d+#<sT. <VsDO 0

0

0

0

0

0
= c m  eT]jTT O

0

0

0

0
= c m 

nqTq$, eTeTT> 2I3 eT]jTT 2I2 s>> >\ XSq e\T.

(i)  XSqe, #Tsde> +&e\dq nedseTT <T. (ii) d+K\ dTq nqT 
d+K bqT XSq e eV+#TqT. (iii)  e n< s> >\ XSq eqT 
L&q  rdydq  e es<T.

(viii)		 ejT	e	(Transpose Matrix)
s#qeTT: A  e n&T esTd\T eT]jTT \TeesTd\TqT |sdse]& #dq @s&T 
eqT A  ejT e n+<TsT. B  ATn yjTT<TsT (A {Hbdt n #<TeeTT). 

<VsD, A
1

3

2

4

5

6
= c m, nsTTq  A

1

2

5

3

4

6

T
= f p n>TqT k<sDeTT>    A aij m n= #

6 @  nsTTq 

A bT
ij n m= #

6 @  n>TqT. +<T b aij ji= , i = 1, 2, ...., n eT]jTT j = 1, 2, ....., m n>TqT.
<VsD	4.1
 <TsE\ yesDeTT >]w (H) eT]
jTT w (L) c>\T bsHV{\ |{ 
#|&q~.yTT<{ eT]jTT s+&e n&TesTd\T 
eTeTT> >]w eT]jTT w c>\qT \T| 
eqT yjTTeTT eT]jTT n~weTT>\ sE @< \T|eTT
k<q	 | de#seTTqT e s|eTT  $<eTT> \T|e#TqT.

  A
H

L

88

54

90

56

86

53

84

52

85

52
= = G.    nq> , A 88

54

90

56

86

53

84

52

85

52
= ; E  

 yTT<{ n&T esTd qT+& n~weTT >\ sE eT+> yseTT.
<VsD	4.2
 |r Vs edTe>\ =e\T |+& |<seTT\T eT]jTT e+dT\  yTTeTT >eTT\ 
eTeTT> +< e&q~.                    

edTe I edTe II edTe III edTe IV
=e\T 5 0 1 10

|+& |<seTT\T 0 15 6 9

e+dT\T 7 1 2 8

  de#seTTqT |j+ 3I4 eT]jTT 4I3 e\T yjTTeTT.

keT  eT+>  T<   >TsT   X
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k<q | de#seTTqT 3I4 e s|eTT  $<eTT> \T|e#TqT.

 A

5

0

7

0

15

1

1

6

2

10

9

8

= f p   & \Te esTd\T Vs| edTe\qT \T|qT.  

 4 3#  eqT B

5

0

1

10

0

15

6

9

7

1

2

8

=

J

L

K
K
K
K

N

P

O
O
O
O
   > yjTe#TqT  

 & n&T esTd\T Vs| edTe\qT \T|qT.

<VsD	4.3

 A a

1

6

3

9

4

2

7

2

8

5

0

1

ij
= =

- -

J

L

K
K
K
K

N

P

O
O
O
OO

6 @ .   nqT=q   

  (i) e jTT s> (ii) a
13

 eT]jTT a
42

 eT\eTT\qT 
 (iii) eT\eTT 2 jTT kqeTTqT qT>=qTeTT 
k<q (1) A  4 n&T esTd\T eT]jTT 3 \Te esTd\T +&T# A jTT s> 4I3.

 (2)  a
13
eT\eTT nqTq~ yTT<{ n&TesTd eT]jTT eT&e \Te esTd \<T   

       8.a
13

` = n< $<eTT>  a
42

2=-   eT\eTT 4e n&TesTd eT]jTT 2e \Te  
      esTd\<T. 

 3) eT\eTT 2 nqTq~ 2e n&TesTd eT]jTT 2e \Te esTd \<T. 2.a
22

` =

<VsD	4.4
 a i j2 3ij = -  > eT\eTT\T +&TqT 2I3 e A a

ij
= 6 @ qT ]+#TeTT.

k<q  k<sDeTT> 2I3 e +~ $<eTT> +&TqT. 

    A
a

a

a

a

a

a
11

21

12

22

13

23

= e o

    a i j2 3ij = -   +<T ,i 1 2=  eT]jTT , ,j 1 2 3=

   a 2 1 3 1 111 = - =^ ^h h ,  a 2 1 3 2 412 = - =^ ^h h , a 2 1 3 3 713 = - =^ ^h h

   a 2 2 3 1 121 = - =^ ^h h , a 2 2 3 2 222 = - =^ ^h h , a 2 2 3 3 523 = - =^ ^h h

 eq e\dq e A
1

1

4

2

7

5
= c m.

<VsD	4.5

   A
8

1

5

3

2

4
=

-
e o nsTTq,  AT  eT]jTT ( )A

T T  qT qT>=qTeTT
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>eT

k<q A 8

1

5

3

2

4
=

-
e o e jTT n&TesTd\T eT]jTT \TeesTd\TqT |sds e]& 

<s A jTT ejT e AT  qT b+<>\eTT. eq A
8

5

2

1

3

4

T
= -f p

 n< $<eTT>, e ATjTT n&T esTd\T eT]jTT \Te esTd\T |ss e]& <s 

( )A
T T  qT b+<>\eTT. {  ( )A

T T  8

1

5

3

2

4
=

-
e o

 | <VsD qT+&, ( )A A
T T

=  n #$T. @<q e B  ( )B B
T T

=  nqTq~ 
deT>TqT. ( )kA kA

T T
= eT]jTT k nqTq~ @<  n~X s

nudeTT	4.1
  1. ysY ByT bsT |yX { <s\T +< e&q~.

 k<sD	sE\  (`)  ys+	sE\T  (`)

 |<\T 400 500
 |\T\T 200 250
 e<T\T 300 400

 |<\T, |\\T eT]jTT ejTdT eT[q bsT\ |yX { <s\ e\qT yjTTeTT        
eT]jTT  e\ s> qT>=qTeTT.

  2.   q>seTT 6 eTq bsX\\T, 8 q bsX\\T eT]jTT 13 b<$T bsX\\T            
\e.  $eseTT\qT 3I1 eT]jTT 1I3 e\ s|eTT \T|eTT

  3.  +~e&q e\ s> qT>=qTeTT

    (i)  1

2

1

3

5

4-

-
e o      (ii) 

7

8

9

f p    (iii) 
3

6

2

2

1

4

6

1

5

-

-f p      (iv) 3 4 5^ h      (v) 

1

2

9

6

2

3

7

4

-

J

L

K
K
K
K

N

P

O
O
O
O

  4.   e 8 eT\eTT\T *jTTq, m k<yTq s>T\T n~ *jTT+&TqT?

  5.   e 30 eT\eTT\Tq, k<yTq e\ s>T\T qT>=qTeTT.

  6.  A a
ij

= 6 @ nqT eqT +~e&q eT\eTT\ <s 2I2 eqT ]+|eTT.

  (i)  a ij
ij

=   (ii) 2a i j
ij
= -   (iii) a

i j
i j

ij
=

+
-

  7.  A a
ij

= 6 @  nqT e +~e&q eT\eTT\ <s 3I2 eqT ]+|eTT.

  (i)  a
j
i

ij
=   (ii) ( )

a
i j

2
2

ij

2

=
-  (iii) a i j

2

2 3
ij
=

-
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  8.  A

1

5

6

1

4

0

3

7

9

2

4

8

=

-

-f p nsTTq,

  (i)  e |]eDeTTqT qT>=qTeTT. (ii)  a
24

 eT]jTT a
32

 \eT\eTT\qT yjTTeTT. 
(iii) 7 nqT eT\eTT @ n&T eT]jTT \Te esTd\ \<T.

  9.  A

2

4

5

3

1

0

= f p, nsTTq A jTT ejTeTTqT qT>=qTeTT.

10.  A

1

2

3

2

4

5

3

5

6

=

-

-f p,  nsTTq ( )A A
T T

= . n d]#&TeTT.

4.4		 e\	|]jT\T	(Operation on Matrices)
  $u>eTT e\ deqeTT, n~X# eqT >TD+#T, e\ d+\qeTT, 
ee\qeTT eT]jTT e\ >TDseTT\qT >] #]+#<eTT.
(i) e\	deqeTT	(Equality of Matrices)
  A a

ij m n
=

#
6 @  eT]jTT B b

ij m n
=

#
6 @  nqT s+&T e\T deqeTq, 

 (i) n$  |]eDeTTqT *jTT+&eqT (ii) A  |eT\eTT B  nqTs| 
eT\eTTq deqeTT> jTT+&eqT, nq> a b

ij ij
=    | i eT]jTT j \. 

<VsD, 
6

0

1

3

9

5

f p eT]jTT 6

3

0

9

1

5
c m nqT e\ s>T\T yssT> +&T#  e\T 

deqeTT <T. eT]jTT 1

8

2

5

1

2

8

5
!c cm m, +<T nqTs| eT\eTT\T deqeTT <T. 

<VsD	4.6

 x

y

z

5

5

9

4

1

3

5

5

1
=c cm m nsTTq x,  y, z $\Te\qT qT>=qTeTT.

k<q e&q e\T deqyTq+<Tq, y{ nqTs| eT\eTT\T deqyT jTT+&eqT. 
nqTs|eT\eTT\qT b*q. 3, 9x y= = , z 4= .n b+<>\eTT.

<VsD	4.7
 k~+#TeTT :  y

x

x

y3

6 2

31 4
=

-

+
c em o

k<q	e\T deqyTq+<Tq y{ nqTs|eT\eTT\T deqeTT. M{ nqTs| eT\eTT\
qT b*q y x6 2= -   eT]jTT 3 31 4x y= +  n b+<>\eTT.

 y = 6 –2x qT eTs= dMTsDeTT ||+q, 3 31 4(6 2 )x x= + -

               x x3 31 24 8= + -
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s#q+

  `   x = 5  eq   ( )y 6 2 5= - = 4- .

        x = 5  eT]jTT y = - 4 

(ii) n~X#	eqT	>TD+#T	(Multiplication of a Matrix by a Scalar)

 e&q e A a
ij m n

=
#

6 @  eT]jTT n~Xs (yde d+K) k # @s&T qq e  
B b

ij m n
=

#
6 @  > s+|e#T. +<T b ka

ij ij
=   | i eT]jTT j \.

 eq n~X k # A  | eT\eTTqT >TD+q B eqT b+< e#TqT B        
B = kA.  n yjTe#TqT.  >TDseTTH n~X >TDseTT n+<TsT. 

 <VsD :  A = a

d

b

e

c

f
c m nsTTq  kA = k a

d

b

e

c

f
c m = ka

kd

kb

ke

kc

kf
c m n>TqT.

<VsD	4.8
  A

1

3

2

6

4

5
=

-

-
e o nsTTq  3A qT qT>=qTeTT

k<q : A  |r eT\eTTqT 3 # >TD+#> 3A e e#TqT. 

 3 3A
1

3

2

6

4

5
=

-

-
e o ( )

( )

( )

( )

( )

( )

3 1

3 3

3 2

3 6

3 4

3 5
=

-

-
e o 3

9

6

18

12

15
=

-

-
e o

(iii)  e\	d+\qeTT	(Addition of Matrices)
 3 u\TsT eT]jTT 3 u*\T >DeTT eT]jTT $Cq XgeTT q+<T b+~q esT\T 
eTeTT> A eT]jTT B e\ <s +< e&q~.
     >DeTT                 $Cq XgeTT 

 A
45

30

72

90

81

65
= c m                      B

51

42

80

85

90

70
= c m

 | $<] b+~q esT\T yTTeTT qT>=qT A eT]jTT B jTT nqTs|         
eT\eTT\qT L&<eTT.

 A B
45

30

72

90

81

65

51

42

80

85

90

70
+ = +c cm m   > yjTe#TqT.

   45 51

30 42

72 80

90 85

81 90

65 70
=

+

+

+

+

+

+
e o  96

72

152

175

171

135
= c m

  e] e, >DeTT eT]jTT $Cq XgeTT q+<T yTT<{ u\T&T b+~q yTT+ 
esT\T 96 n #|#Tq~. n< $<eTT> >DeTT eT]jTT $CqXgeTT q+<T e] u* 
b+~q yTT+ esT\T 135 n \TdT=qe#TqT. 
 eq,  s> >\ s+&T e\ yTTeTT nqTq~  s+&T e\ nqTs| 
e\eTT\qT L&> @s&Tq >eT+$T.

u\TsT
u*\T

u\TsT
u*\T
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s#q+
A a

ij m n
=

#
6 @  eT]jTT B b

ij m n
=

#
6 @  \T  s> >\ s+&T e\T nsTTq A  eT]jTT 

B \ d+\qeTT C cij m n= #
6 @  e n>TqT.c a bij ij ij= + , V  i  eT]jTT j .  e\ >\ 

d+K\qqTd]+ d+\ |jTqT s+|&Tq >eT+|eTT. A  eT]jTT B nqT s+&T 
e\ L&qT A+B  # >T]+TsT. yssT s>T\T >\ e\ L&qT s+|eTT. 

<VsD	4.9

   A
8

5

3

9

2

1
= c m eT]jTT B

1

3

1

0
=

-
c m. A+B  \_+q, < qT>=qTeTT.

k<q  A  s> 2I3 eT]jTT B s> 2I2 nsTTq+<Tq A eT]jTT B e\ d+\qeTT 
k<eTT<T. 
<VsD	4.10

  A
5

1

6

0

2

4

3

2
=

-
c m eT]jTT  B

3

2

1

8

4

2

7

3
=

-
c m nsTTq, A+B  qT>=qTeTT

k<q A eT]jTT B \T  s> 2I4 *q e\T nsTTq+<Tq A eT]jTT B \        d+\
qeTT s+#e#TqT. 

  eq     A B
5

1

6

0

2

4

3

2

3

2

1

8

4

2

7

3
+ =

-
+

-
c cm m

                 5 3

1 2

6 1

0 8

2 4

4 2

3 7

2 3
=

+

+

-

+

- +

+

+

+
e o

  qT      A B
8

3

5

8

2

6

10

5
+ = c m

(iv)  TTD	e (Negative of a Matrix)
 e A a

xij m n
= 6 @ jTT TTD eqT A-  > d+#<sT. eT]jTT B 

( 1)A A- = - . > s+|e#T nq> A b
xij m n

- = 6 @ . +<T A b awhere
xij m ij ij

- = =-6 @  V  i  eT]jTT j .
(v)  e\	ee\qeTT	(Subtraction of Matrices)
 A a

ij m n
=

#
6 @  eT]jTT B b

ij m n
=

#
6 @   s> >\ s+&T e\sTTq A B-  qT 

( ) .A B A B1- = + -  > s+|e#T, nq> A B c
ij

- = 6 @  +<T c a b
ij ij ij
= -  V  i  eT]jTT j

<VsD	4.11
 sTe\T Z+#T $TyT Vs jTee[ (diet) seTeTT bZq& eTT+<T q\
T>TsT u\TsT eT]jTT q\T>TsT u*\ sTe\T >\ e A q+<T #|&q~. Vs 
jTee[ seTeTT sTy y{ nqTs| sTe\ e B  q+<T #|&q~.

 
A

35

42

40

38

28

41

45

30
= c m

    
B

32

40

35

30

27

34

41

27
= c m

  
 u\TsT eT]jTT u*\ Zq sTe\qT qT>=qTeTT 

u\TsT
u*\T

u\TsT
u*\T
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>eT

k<q     Zq sTe\ e  A B
35

42

40

38

28

41

45

30

32

40

35

30

27

34

41

27
- = -c cm m

                3

2

5

8

1

7

4

3
= c m.

4.5	 e	d+\q	<seTT\T	(Properties of matrix addition)
  (i)   e\	d+\q+	$eTjTeTT
     s> *q @< s+&T e\T A eT]jTT B nsTTq, A+B = B+A n>TqT.
 (ii)  e\	d+\q+	kV#s+
     s> *q @< eT&T e\T A, B e]jTT C nsTTq
    ( ) ( )A B C A B C+ + = + +   n>TqT.
 (iii)  e\	d+\q	eTeTT
   e\ d+\q+ XSq  dTq e eTeT>TqT.e A  jTT s>   

m#n nsTTq A + O  = O  + A = A n>TqT, +<T O  nqTq~ m#n s> >\ XSq 
e n>TqT.

 (iv)   e\	d+\q	$eT+ 
    e A  B nqTq~ d+\q $eTyTq, B + A = A + B = O n>TqT.
   ( ) ( )A A A A+ - = - + =O , n>T# A-   A  jTT d+\q $eT+ n+<TsT.

    e jTT d+\q $eT+ nqTq~ < TTD e n>TqT eT]jTT ~ @eT>TqT.

nudeTT	4.2
1. +~ e dMTsDeTT qT+& x, y eT]jTT z $\Te\T qT>=qTeTT.    
 x y

z

5 2

0

4

4 6

12

0

8

2

+ -

+
=

-
e co m

2. 
x y

x y

2

3

5

13

+

-
=e co m nsTTq x eT]jTT y \qT k~+#TeTT.

3. A
2

9

3

5

1

7

5

1
=

-
-

-
e eo o, nsTTq A  jTT d+\q $eT+ qT>=qTeTT.

4.  A
3

5

2

1
= c m eT]jTT B

8

4

1

3
=

-
c m nqT=q C A B2= +  nsTTq e C qT 

qT>=qTeTT.

5. A
4

5

2

9
=

-

-
e o eT]jTT B

8

1

2

3
=

- -
e o nsTTq, A B6 3-  qT>=qTeTT.

6. a b
2

3

1

1

10

5
+

-
=c c cm m m nsTTq, a  eT]jTT b \qT qT>=qTeTT. 
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7.  2 3X Y
2

4

3

0
+ = c m eT]jTT 3 2X Y

2

1

2

5
+ =

-

-
e o nsTTq, X eT]jTT Y  qT>=qTeTT.

8. 3
x

y

x

y

2 9

4

2

2 +
-

=
-

e e co o m nsTTq, x  eT]jTT y \qTk~+#TeTT

9. ,A B
3

5

2

1

1

2

2

3
= =

-
c cm m  eT]jTT A B O

0

0

0

0
and-

= c m  nsTTq, 

 (i)  A B B A+ = +     (ii)  ( ) ( )A A O A A+ - = = - +  jT d]#&TeTT.

10. ,A B

4

1

0

1

2

3

2

3

2

2

6

2

0

2

4

4

8

6

= - =f fp p  eT]jTT C
1

5

1

2

0

1

3

2

1

=

-

-

f p nsTTq,
 
 ( ) ( )A B C A B C+ + = + +   d]#&TeTT.

11.   m\ +|ysT eT eT&T <TDXK\ jT+<T n$Tq = m+sYfHyT+{ 
($H<) m\ edTe\qT ]sT #jTT<s ysT ds|s #dq y{ dsTuT 
#dT>\sT. s+&T yseTT\ n$Tq $eseTT\T +~ |{ <s #|&q~.

{.$. 	&.$.&. $&j>yT d.&.	|jTsY

yseTT	I
<TDeTT I 30 15 12 10

<TDeTT II 40 20 15 15

<TDeTT III 25 18 10 12

yseTT	II
<TDeTT I 25 12 8 6

<TDeTT II 32 10 10 12

<TDeTT III 22 15 8 10

e d+\qeTT |j+ s+&T yseTT\ n$Tq edTe\ yTTeTTqT qT>=qTeTT

12.    =\qT  sE |yX sTdTeTT +~ $<eTT> q~.

~qd] |yX sTdTeTT ` 
dueTTqysT |\\T |<\T

2.00 p.m.  eTT+<T 20 30

2.00 p.m.  sTy 30 40

dueTTysT
2.00 p.m.  eTT+<T 25 35

2.00 p.m.  sTy 40 50

dueTT ysT #*+#T n~sTdTeTTqT \T| eqT yjTTeTT 
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4.6.	e\	>TDs+	(Multiplication of matrices)
 d* 3 \eTT\T eT]jTT 2 |, MTH 4 \eTT\T eT]jTT 5 | =qT XsTT+]. 
\eTT eT]jTT | <s\T eTeTT>  ` 10 eT]jTT  ` 5 nsTTq, ] m+ Ks>TqT?

   3 10 2 5 40# #+ = ,  qT d*   ` 40 eqT.

             4 10 5 5 65# #+ = ,  qT MTH  ` 65 eqT.
 e\ >TDs+ |j+ B #jT>\eTT.
 | dMTsDeTTqT +~ $<eTT> yjTTeTT
         e\dq$        <s (` \)             e\dq |eTT (` \)

                     3

4

2

5

10

5
c cm m      3 10 2 5

4 10 5 5

40

65

# #

# #

+

+
=e co m

 eTs= <TDeTT \eTT eT]jTT | <s\T eTeTT> ` 8 eT]jTT ` 4 nqT=q, 
d*, MTH\ edq &T eTeTT> 3 8 2 4# #+  = ` 32 eT]jTT 4 8 5 4# #+ = ` 52.         
| de#seTTqT  $<eTT> yjTe#TqT.
   e\dq$   <s (` \)         e\dq |eTT (` \)

                         3

4

2

5
c m            8

4
c m  3 8 2 4

4 8 5 4

32

52

# #

# #

+

+
=e co m

| s+&T d+|Tq\>\ de#seTTqT *d e s|eTT +~ $<eTT> #|e#TqT.
        e\dq$     <s (` \)                  e\dq |eTT (` \)

                    3

4

2

5
c m        10

5

8

4
c m  3 10 2 5

4 10 5 5

3 8 2 4

4 8 5 4

# #

# #

# #

# #

+

+

+

+
e o = 40

65

32

52
c m

 | <VsDeTT qT+&, yTT<{ e \Te esTd\ d+K, s+&e e 
n&TesTd\ d+U deqeTT nsTTq s+&T e\ >TDseTT k<eT>Tq >eT+|eTT. 
yTT<{ e n&TesTd eT]jTT s+&e e \Te esTd\qT rdT= eT\eTT\ y]> 
>TD+ eT]jTT y{ yTTeTT\ <s \eqT b+<e#TqT. 

 <VsD A
2

3

1

4
=

-
c m eT]jTT B

3

5

9

7
=

-
c m nsTTq, AB \ \eTT +~ $<eTT> 

$e]+#&q~.

    AB 2

3

1

4

3

5

9

7
=

- -
c cm m

kbqeTT 1:   A jTT yTT<{ n&T esTd d+K\qT B jTT yTT<{ \Te esTd d+K\# 
>TD+ e#T \eTT\ L& |*eTTqT AB jTT yTT<{ n&TesTd eT]jTT 
yTT<{ \Te esTd jT+<T +#TeTT.

  ( ) ( )

3 4

9

7

2 1 2 13

5

3 5-
=

- + -
c c em m o

d*
MTH

d*
MTH

d*
MTH
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s#q+

kbqeTT 2:  kbqeTT 1  n< |<qqTd]+, A jTT yTT<{ n&T esTdqT eT]jTT B 
jTT s+&e \Te esTdqT|j+ |*eTTqT AB jTT yTT<{ n&TesTd 
eT]jTT s+&e \Te esTd jT+<T yjTTeTT.

  ( ) ( ) ( ) ( )

3 4

3

5

2 3 1 52 1 2 19

7

9 7
=

+ - +- -- -
c c em m o

kbqeTT 3: A  jTT  s+&e n&T esTd eT]jTT B jTT  yTT<{ \Te esTd n< 
|<qqTd]+#TeTT. |*eTTqT AB jTT s+&e n&TesTd eT]jTT yTT<{          
\TeesTd jT+<T yjTTeTT.

  ( ) ( )

( ) ( )

( ) ( )2 1 9

7

2 3 1 5 2 9 1 7

3 4 3 4

3

5 3 5

- -
=

+ -

+

- + -
c c em m o

kbqeTT 4: A jTT s+&e n&T esTd eT]jTT B jTT s+&e \Te esTd d+K\qT  
n< $<eTT> #jTTeTT.

  ( ) ( )

( ) ( )

( ) ( )

( ) ( )

2 1 3

5

2 3 1 5

3 3 4 5

2 9 1 7

3 4 3 4

9

7 9 7

-
=

+ -

+

- + -

+

-

-
c c em m o

kbqeTT 5: AB \ e b+<T d]+|eTT.

  ( ) ( )

( ) ( )

( ) ( )

( ) ( )

2 1

3 4

2 1

3 4

3 5

3 5

9 7

9 7

1

29

25

1

+

+

+

+
=

- --

-

-
e co m

A a
ij m n

=
#

6 @   eT]jTT B b
ij n p

=
#

6 @  nsTTq \e AB qT s+|& eT]jTT B 
jTT s> m p#  n>TqT. B +~ |eTT <s $e]+#e#TqT.

<VsD	4.12
 +~ e \eTTqT s+#>\e, < \T|eTT. s+qsTTq \e       
|]eDeTTqT qT>=qTeTT.  (i)  A2 5#  eT]jTT B5 4#   (ii) A1 3#  eT]jTT B4 3#

k<q    
 (i)  A  \TeesTd\d+K eT]jTT B  n&TesTd\ d+K deqeTT. eq AB 

\eTTqT qT>=qe#TqT. \e AB s>  2 4#  n>TqT.   
(ii)  A  jTT s> 1I3 eT]jTT B jTT s> 4I3 e&q~. |&T A  \Te 

esTd\ d+K eT]jTT B  n&TesTd\ d+K deqeTT <T. eq \e 
AB qT qT>=qeTT.

nm # n p#
A B

 $<eTT> e+&eqT

\ e AB jTT s> m p#



Matrices 137

<VsD	4.13

 k~+#TeTT:   x

y

3

4

2

5

8

13
=c c cm m m

k<q	    x

y

3

4

2

5

8

13
=c c cm m m  n e&q~.

 (    x y

x y

3 2

4 5

8

13

+

+
=e co m

 nqTs| eT\eTT\qT deq|sq,

               3 2 8x y+ =    eT]jTT        4 5 13x y+ =   
 

x y

x y

5 3

3 2 8 0

and
(

+

+ - =  eT]jTT  x y4 5 13 0+ - =  .
 n&T>TDs |< dMTsDeTT\T k~+#>,
        x  y   1
  2           –8        3         2
  5           –13        4         5

  ( x
26 40- +

  =   y
32 39- +

 =  
15 8

1
-

    (   x
14

 = y
7

 = 
7
1  .

    eq,   ,x y2 1= =

<VsD	4.14

 A
a

c

b

d
= c m eT]jTT I

1

0

0

1
2 = c m nsTTq, ( ) ( )A a d A bc ad I

2

2
- + = -  n #|eTT.

k<q A A A
2

#=  > rdT=q,

          a

c

b

d

a

c

b

d
= c cm m a bc

ac cd

ab bd

bc d

2

2=
+

+

+

+
e o                       (1)

             ( ) ( )a d A a d
a

c

b

d
+ = + c m

          a ad

ac cd

ab bd

ad d

2

2=
+

+

+

+
e o     (2)

 (1)  eT]jTT (2)  qT+&   

 ( )A a d A
a bc

ac cd

ab bd

bc d

a ad

ac cd

ab bd

ad d

2
2

2

2

2- + =
+

+

+

+
-

+

+

+

+
e eo o

              bc ad

bc ad0

0
=

-

-
e o ( )bc ad

1

0

0

1
= - c m .

         eq,  ( ) ( )A a d A bc ad I
2

2
- + = - .



138 10th Std. Mathematics

d#q

4.7		 e\	>TDs	<s\T	(Properties of matrix multiplication)
 d+K\ >TDseTT q+<T >\ = eTTKyTq <seTT\T e\ >TDs+ q+<T e. 
nTe+{ <seTT\T (i)  AB BA!  (k<sDeTT>) (ii) AB = 0,  A  B  XSqe n 
d+#T <T. (iii)  ,AB AC=  A nqTq~ XSHs e nsTTq  B = C n d+#T <T.

     <VsD, , ,A B C
0

0

0

1

1

3

2

4

5

3

6

4
= = =c c cm m m  eT]jTT D 1

0

0

0
= e o  nqT=q, 

 (i)  AB BA!   (ii) AD = 0 nsTTqqT, A eT]jTT D \T XSq e\T e eT]jTT             
 (iii)   ,AB AC=   B !  C. = <VsDeTT\ <s e\ >TDs <seTT\qT 
  ##<eTT.
i)	 e\	>TDs+	$eTjT+<T (Matrix multiplication is not commutative)

 A eT]jTT B s+&T e\sTTq AB eT]jTT BA  b+~q|{, AB = BA >               
+&e\dq neds+ <T.
<VsD	4.15

 A

8

2

0

7

4

3

= -

-

f p eT]jTT B
9

6

3

1

2

5
=

-

-
e o nsTTq, AB eT]jTT BA  \T \_+#Tqfq y{ 

qT>=qTeTT.

k<q e A s> 3I2 eT]jTT B s> 2I3 qT AB eT]jTT BA  s+&T \eTT\qT 
s+|e#TqT.

           AB
8

2

0

7

4

3

9

6

3

1

2

5
= -

-
-

- -
f ep o

       
72 42

18 24

0 18

24 7

6 4

0 3

16 35

4 20

0 15

=

-

- +

+

- +

-

-

+

- -

-

f p =  
30

6

18

17

2

3

51

24

15

-

-

-

-

f p

n<$<eTT>,

          BA 9

6

3

1

2

5

8

2

0

7

4

3

=
-

- -
-

-

e fo p 
78

50

69

61
=

-

-
e o.  (AB BA!  n >eT+|eTT)

   s> >\ s+&T $s e\ \eTT $eTjTeT>TqT. eT]jTT >TDseTT  
s> >\ @< #Tsd e jTT{ e $eTjTeT>TqT.

(ii) e	>TDs	dV#s+ (Matrix multiplication is always associative)
 A, B eT]jTT C,  @< eT&T e\ (AB)C = A(BC) n>TqT. (deqeTTq 
sTy|\$ \_+q|&T)
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(iii) d+\qeTT|	e	>TDs	$u>	HjT+ (Matrix multiplication is distributive 
over addition)

 A, B eT]jTT C,  @y eT&T e\  (i)   ( )A B C AB AC+ = +    
 (ii)  ( )A B C AC BC+ = +  n>TqT. (deqeTTq sTy|\$ \_+q|&T)
<VsD	4.16

 ,A B
3

1

2

4

2

6

5

7
=

-
=

-
e co m eT]jTT ,A B C

1

5

1

3
and

-
=

-
em o  nsTTq, ( )A B C AB AC+ = +   

n d]#&TeTT.

k<q            B C
2

6

5

7

1

5

1

3
+ =

-
+

-
c em o 1

1

6

10
=

-
c m

                    ( )A B C
3

1

2

4

1

1

6

10
+ =

-

-
e co m 1

5

38

34
=

-
c m   (1)

         AB AC
3

1

2

4

2

6

5

7

3

1

2

4

1

5

1

3
+ =

-

-
+

- -
e c e eo m o o

   6 12

2 24

15 14

5 28

3 10

1 20

3 6

1 12
=

- +

+

+

- +
+

-

- -

+

- +
e eo o

         6

26

29

23

7

21

9

11
= +

-

-
c em o 

   1

5

38

34
=

-
c m       (2)

 (1) eT]jTT (2) qT+&, ( )A B C AB AC+ = +  .

(iv) >TDs	e+X+	(Existence of multiplicative identity)
 k<sD ;>DeTT q+<T d+K 1# @< d+KqT >TD+q n< d+K e#TqqT 
<seTT \<T. |&T  keq ueqqT e\ ;>DeTTq+<T |]#jTeTT #d<eTT.
  n s> >\ @< #Tsde A  AI IA A= =  nsTTq, I nqTq~ n s> >\ 
eT e. {, >TDseTT q+<T I qT eTe n n+<TsT.
<VsD	4.17

A
1

9

3

6
=

-
e o , nsTTq  AI IA A= =  jT d]#&TeTT.  & I nqTq~ 2 s> >\ eT 

e.

k<q      AI 1

9

3

6

1

0

0

1
=

-
e co m = 1 0

9 0

0 3

0 6

+

+

+

-
e o

1

9

3

6
=

-
e o A=

  eT]jTT IA 1

0

0

1

1

9

3

6
=

-
c em o 1 0

0 9

3 0

0 6
=

+

+

+

-
e o

1

9

3

6
=

-
e o A=

 {  AI IA A= = .
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d#q

(v) >TDs	$eTeTT (Existence of multiplicative inverse)
 n s> >\ #Tsde A nsTTq, n< n s> *q #Tsde B +&         
A B = BA = I nsTTq, B nqTq~ A jTT >TDs $eT+ n>TqT. <  A 1-  # d+TsT. 
# I  nqTq~ n  s> >\ eTe

1) 2

4

3

6
c m  +{ = #Tsd e\ >TDs $eT+ *jTT+&<T.

2) B nqTq~ A jTT >TDs $eT+ nsTTq, A nqTq~ B  jTT >TDs $eT+ n>TqT.
3)  #Tsde >TDs $eT+ \_+q, n~ @eT>TqT. 

<VsD	4.18

       3

1

5

2
c m  eT]jTT 2

1

5

3-

-
e o nqTq~  <={ >TDs $eT+ n>Tq s|+#TeTT. 

k<q       I
3

1

5

2

2

1

5

3

6 5

2 2

15 15

5 6

1

0

0

1-

-
=

-

-

- +

- +
= =c e e cm o o m

        eT]jTT I
2

1

5

3

3

1

5

2

6 5

3 3

10 10

5 6

1

0

0

1-

-
=

-

- +

-

- +
= =e c e co m o m

  q e\T <={ >TDs $eT+ n>TqT
(vi) ejTe\	|eT+	(Reversal law for transpose of  matrices)

 A eT]jTT B nqT s+&T e\T eT]jTT AB  qT>=qT Mq, ( )AB B A
T T T
=  n>TqT.

<VsD	4.19

 A

2

4

5
= f p eT]jTT B 1 3 6= ^ h nsTTq, ( )AB B A

T T T
=  jT d]#&TeTT

k<q     AB = 
2

4

5

1 3 6

-

-f ^p h  
2

4

5

6

12

15

12

24

30

=

- -

-

-

> H

 qT, AB T^ h  = 
2

6

12

4

12

24

5

15

30

-

-

- -

f p      (1) 

 |&T ,   B A

1

3

6

2 4 5T T
=

-

-f ^p h

                     
2

6

12

4

12

24

5

15

30

=

-

-

- -

f p        (2)

  (1) eT]jTT (2)  qT+&  ( )AB B A
T T T
=  n>TqT.
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nudeTT	4.3
  1. +~ e\ \eTTqT qT>=qT Mq, y{ \eTT\ s> \T|eTT. 

   (i) AB, +<T ,A a B b
x xij ij4 3 3 2

= =6 6@ @  (ii)  PQ, +<T  ,P p Q q
x xij ij4 3 4 3

= =6 6@ @

 (iii) MN, +<T ,M m N n
x xij ij3 1 1 5

= =6 6@ @  (iv)  RS, +<T  ,R r S s
x xij ij2 2 2 2

= =6 6@ @

  2. +~ e\ \eTT \_+qfq qT>=qTeTT.

   (i) 2 1
5

4
-^ ch m   (ii) 3

5

2

1

4

2

1

7

-
c cm m

 (iii) 2

4

9

1

3

0

4

6

2

2

7

1
-

-
-

-

e fo p (iv) 6

3
2 7

-
-e ^o h  

  3. |+&T neTTy&T q <TDeTTjT+<T |+&qT nyTqT. |, e$T& eT]jTT H]+ 
|+& <s\T eTeTT> ` 20, ` 10 eT]jTT  ` 5 > q$ . eT&T sE\ neT\T +~ 
e&q~. 

sE\T	 | e$T& H]+	
1 50 60 30
2 40 70 20
3 60 40 10

 |sE \_+#T yTTeTT q><T eT]jTT eT&T |+&qT *| n$Tq e#T yTTeTT q><TqT 
\T| e\ s|eTTqT yjTTeTT.

  4. x

y

x1

3

2

3 0

0

9

0

0
=c c cm m m. nsTTq x eT]jTT y  $\Te\qT qT>=qTeTT

  5. ,A X
x

y

5

7

3

5
a= =c cm m , , X C

3

5

5

11
n= = =

-

-
e o eT]jTT AX C=  nsTTq, x eT]jTT y  $\Te\qT 

qT>=qTeTT.

  6. A
1

2

1

3
=

-
c m nsTTq,  4 5A A I O

2

2
- + = . n #|eTT.

  7. A
3

4

2

0
= c m eT]jTT B 3

3

0

2
= c mnsTTq, AB eT]jTT BA \qT qT>=qTeTT. n$ deqe?

  8. ,A B
1

1

2

2

1

3

0

1

2

=
-

=c fm p eT]jTT C
1

2
1 2 1and-

= = ^p h  nsTTq, ( ) ( )AB C A BC=  jT d]#&TeTT.
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  9.  A
5

7

2

3
= ; EeT]jTT B

2

1

1

1
=

-

-= G nsTTq ( )AB B A
T T T
= jT d]#&TeTT.

10. A
5

7

2

3
= c m  eT]jTT B 3

7

2

5
=

-

-
e o nqTq~ e >TDseTT  <={ $eT+ 

n>Tq s|+|eTT.

11. k~+#TeTT  0x
x

1
1

2

0

3 5- -
=^ e c ^h o m h.

12. A
1

2

4

3
=

-

-
e o eT]jTT B

1

3

6

2
=

-

-
e o nsTTq, ( ) 2A B A AB B

2 2 2
!+ + +  n 

s|+|eTT.

13. ,A B
3

7

3

6

8

0

7

9
= =c cm m eT]jTT C

2

4

3

6
=

-
c m nsTTq, (A+B)C eT]jTT AC+BC \qT 

qT>=qTeTT. ( )A B C AC BC+ = +  n>TH? 

nudeTT	4.4
d]jTq	de<qeTTqT	mqT=qTeTT

 1. +~ |e#qeTT\ @~ deTT <T?   

 (A)   n~X e nqTq~  #Tsde n>TqT 

 (B)    $eT e nqTq~  #Tsde n>TqT

 (C)    n~X e nqTq~  $se n>TqT 

 (D)   $s e nqTq~  n~X e n>TqT

  2. e A a
ij m n

=
#

6 @  nqTq~  #Tsde n>T

 (A) m n1  (B) m n2  (d) m 1=  (D) m = n

  3. x

y x

y3 7

1

5

2 3

1

8

2

8

+

+ -
=

-
e eo o nsTTq x eT]jTT y $\Te\T eTeTT>

 (A)  –2 , 7 (B)  
3
1- , 7 (C) 

3
1-  , 

3
2-  (D)  2 , –7

  4. A 1 2 3= -^ h eT]jTT B

1

2

3

=

-

f p nsTTq  A + B

 (A)  0 0 0^ h  (B) 
0

0

0

f p

 (C) 14-^ h    (D) s+|eTT



Matrices 143

  5.  e jTT s> 2I3 nsTTq  e eT\eTT\ d+K

 (A)  5 (B)  6 (C)  2 (D)  3

  6. 4
x

8 4

8

2

1

1

2
=c cm m nsTTq x  $\Te

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

  7. A s>  3I4 eT]jTT B s> 4I3 nsTTq, BA  s>   

 (A)  3 3#   (B)  4 4#   (C)  4 3#       (D) #|eTT

  8. A
1

0

1

2
1 2# =c ^m h nsTTq A s>

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

  9. A eT]jTT B nqT #Tsde\ AB = I  eT]jTT BA = I  nsTTq B nqTq~

 (A) eTe  (B) XSqe

 (C) A jTT e >TDs $eT+ (D) A-

10. x

y

1

2

2

1

2

4
=c c cm m m nsTTq, x eT]jTT y $\Te\T eTeTT>

 (A)  2 , 0  (B)  0 , 2 (C)  0 , 2-   (D)  1 , 1

11. A
1

3

2

4
=

-

-
e o eT]jTT A B O+ = , nsTTq B nqTq~

 (A) 1

3

2

4-

-
e o (B) 1

3

2

4

-

-
e o (C) 1

3

2

4

-

-

-

-
e o (D) 1

0

0

1
c m

12. A
4

6

2

3
=

-

-
e o, nsTTq A2  nqTq~

 (A) 16

36

4

9
c m (B) 8

12

4

6

-

-
e o (C) 4

6

2

3

-

-
e o (D) 4

6

2

3

-

-
e o

13. A s> m n#  eT]jTT B  s> p q#  nsTTq A  eT]jTT B \ d+\qeTT k<eT>T

 (A) m p=  (B) n = q (C) n = p (D) m = p, n = q

14. ,
a

1

3

2

2

1

5

0-
=c e cm o m nsTTq, a $\Te

 (A)  8 (B) 4 (C) 2 (D) 11



144 10th Std. Mathematics

15. A
a

c

b

a
=

-
e o nsTTq A I2

=  n>T 

 (A) 1 0
2
a bc+ + =   (B) 1 0

2
a bc- + =

 (C) 1 0
2
a bc- - =   (D) 1 0

2
a bc+ - =

16. A a
ij 2 2

=
#

6 @  eT]jTT ,a i j
ij
= +  nsTTq A = 

 (A)  1

3

2

4
c m (B) 2

3

3

4
c m (C) 2

4

3

5
c m (D) 4

6

5

7
c m

17. a

c

b

d

1

0

0

1

1

0

0

1

-
=

-
c c em m o nsTTq, a, b, c eT]jTT d $\Te\T eTeTT>

 (A) , , ,1 0 0 1- -  (B) 1, 0, 0, 1 (C) , , ,1 0 1 0-  (D) 1, 0, 0, 0

18. A
7

1

2

3
= c m  eT]jTT A B

1

2

0

4
+ =

-

-
e o nsTTq e B = 

 (A) 1

0

0

1
c m (B) 6

3

2

1-
e o (C) 8

1

2

7

- -

-
e o (D) 8

1

2

7-
e o

19. 20x5 1

2

1

3

- =^ f ^h p h  nsTTq x $\Te 

 (A) 7  (B) 7-  (C) 
7
1  (D) 0

20.  s> *q A eT]jTT B nqTq$ @y s+&T #Tsde\T nsTTq +~ y{ 
@~ deT>TqT?

 (A)  ( )AB A B
T T T
=  (B)  ( )A B A B

T T T T
=    (C)  ( )AB BAT

=  (D)  ( )AB B A
T T T
=

	q	 d+K\qT Bs#Tsks neT] neTsTqT e n+<TsT.
	q		m n&T esTd\T eT]jTT n  \Te esTd\T *q e jTT s> m n#  n>TqT.
	q		m = 1 nsTTq A a

ij m n
=

#
6 @  nqTq~  n&TesTd e n>TqT.

	q		n = 1 nsTTq A a
ij m n

=
#

6 @  nqTq~  \TeesTd e n>TqT.

	q		m n=  nsTTq A a
ij m n

=
#

6 @  nqTq~  #Tsde n>TqT.

	q		i j!  > +& aijR0 nsTTq A a
ij n n

=
#

6 @  nqTq~  $se n>TqT.

	q		i j!  > +& aijR0 nsTTq eT]jTT i j=   > +& a kij = , nsTTq A a
ij n n

=
#

6 @  nqTq~ 
 n~X e n>TqT. (k nqTq~ XSHs ds+eTT).

eTTU+XeTT\T
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	q	 i j=   > +& aij R 1 nsTTq eT]jTT i j!  > +& aijR0 nsTTq A a
ij

= 6 @ nqTq~  
eT e>TqT. 

	q n eT\eTT\T XSqeTT\T> >\ eqT XSqe n+<TsT. 

	q  s> >\ A eT]jTT B e\ nqTs|eT\eTT\T deqyTq A eT]jTT B 
e\T deq e\>TqT.

	q  s> >\ s+&T e\ d+\qeTT  ee\qeTT #jT M\>TqT.

	q e\ d+\q $eTjT+

  s> >\  A eT]jTT B e\  A B B A+ = +  n>TqT.

	q e\ d+\q+ kV#s+

  q>>\ A, B eT]jTT C e\  ( ) ( ),A B C A B C+ + = + + n>TqT 

	q A e s> m#n eT]jTT B e s> n#p nsTTq AB e \eTTqT 
s+|&TqT eT]jTT B s> m#p n>TqT.

	q keqeTT>, e\ >TDs+ $eTjT+ <T i.e.,AB BA! .

	q e\ >TDs+ kV#s+ n>TqT i.e., (AB)C = A(BC), s+&Ty|\ \_+qfq.

	q A AT T
=^ h , A B A BT T T

+ = +^ h  eT]jTT AB B AT T T
=^ h

	q		AB = BA = I nsTTq, A eT]jTT B \T  <={ >TDs $eT+ n>TqT.

	q AB = 0 nsTTq, A = 0  B = 0 > +&qedseTT <T.

MT	\Tk?
  $T*jTH nyT] &\s $\Te#jTT @u VQeqeTT yTTyTT< 2003 
d+eseTT VQ]+#&q~. ~  n+srjT VQeqeTT. Hs yC d+d 
| d+eseTT Hs <X| sE eT\eTT> sT  n+H |U>+q >D 
yT<e\ e&T#Tq~.
 #H q>seTT +q +&`nyT] >D XdE&q S.R. oyd es<H 
2007 d+eseTT  @u VQeqeTT H=d].  d+ue b<$T 
d<+eTT    >]w $#\qeTT\qT @eTT #dq+<T  VQeqeTT e&q~.



  

s| C$T

5.1 |]#jT+
 s| |< eT]jTT ;>DeTT\ $XwD    d<+eTT\
qT |j+ n<jTq+#jTT sU>DeTTH s| C$T 
 yXw sU>D+ n+<TsT. ~ ;JjT |*eTT\qT 
C$TrjTeTT> deTqjT|s#T <V<|&T# ;>D+ 
eT]jTT sU>D+ eT<  e+q e dVjT|&TqT. |+ 
y eT]jTT >D XgE&q s &s ;>DeTTqT 
|j+ sU>D+qT  |D[ <+> rdT=e#qT. 
>D XdeTT s|eTT\ |j>eTT &s jTT wjT. 
~ sU>D n<jTqeTTq $|yeTjTqT. 1637 q 
>+<eTsTTq  CyT{ |#T]+#qT.  >+<+ nqT 
C$TrjT deTdqT ;JjT dMTsD+> e] < d]+ 
 s  dMTsD+qT C$TrjT+> k~+#qT. <                                                                                       
\eTT eTs= |+ >D Xgy |jT & |s{  
s| C$T dr]+ >DXg+  qq 
n<jTqeTTqT $w]+#sT. 1692  s >D Xgy 
nsTTq >f|& $VyH _C, x s|eTT (abscissa) 
eT]jTT y s|eTT (ordinate) e+{ qq |<eTT\qT 
s|C$T |]#jT+ #dqT.
 \dt eTTs sY |s+, &sY yXw sU>D+, 
qH eT]jTT _C\ \q>DeTT, >D Xg |<T\qT 
Xs *+# $<+> y|+|#dqT.
 eTqeTT 9e s> s|C$T jTT |<q 
n+XeTTq s|\T, deT\+, deT\+| _+<Te\qT 
>T]+#T eT]jTT s+&T _+<Te\ eT< <s+ e+{ $wj\qT 
nud+$T.  bs+XeTT $uq d+, uTyX\+, 
dssK yT eT]jTT dMTsD+ >] n<jTq+ #jTT<TeTT.

|jTs & |s{
(1601-1665) 

 bH

17e XeTT |<eseTT sD& 
sY eT]jTT |s{ nqT <sT |eTTK 
>D Xgy\ sq ysT |s{, 
jTq yXw sU>D+ jTT 
eT\ d<+eTT\qT qT>=HqT qT 
esK s|eTT\ >]weTT eT]jTT 
weTT\qT qT>=qT ndq |<T\
qT qT>=HqT. qT s| C$T 
>T]+|q w #dqT. &dtsY jTT 
|U |#TsTD nsTTqTe+{  
CyT{   eTT+< |s{ yXw 
sU>DeTT = |]X<H 
$wjTeTT\ y| 1636 H 
|+|D (|#TsTD) #dqT.

	|]#jT+
	$uq d+ 
	 uTeTT eT]jTT 
 #TsT yX\+
	dssK\T

55
“No human investigation can be called real science if  it cannot be  

demonstrated mathematically” - Leonardo de Vinci

s| C$T

146
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5.2 $uq d+
  +~ deTdqT >eT+#<eTT.
A eT]jTT B nqTq$ s+&T q>seTT\T. &T A qT+& 60.MT. sT ~X> |jD+ #d  
s 30 .MT. s ~X> |jD+ #d B q>s+qT #sqT.  f*bH d+d A eT]jTT 
B \T| dssKqT n+seTT> 1:2 w $u+#T P e< |ks >|seTTqT ]+#T 
ssTT+#qT. |&T |ks >|seTT ]+#T P d\eTTqT \TdT=qeqT. 

 _+<Te A qT ~_+<Te> rdT=qTeTT  P ,x y^ h 
nqTq~ @<  _+<TeqT=qTeTT P  eT]jTT B qT+& 
x  neTTqT eTeTT> C  eT]jTT D \ e< d+~+#TqT 
\+eTT\qT ^jTTeTT. eT]jTT P qT+& BD  \+eTT> E 
e< K+&+#TqT ^jTTeTT. 

 TPAC  eT]jTT BPET  ds|eT>T#

     
PE
AC = 

BE
PC

PB
AP

2
1= =

  |&T   
PE
AC  = 

2
1  

                    
x

x
60

(
-

 = 
2
1      eT]jTT   

BE
PC  = 

2
1

   2x = 60 x-      
y

y
30

(
-

 = 
2
1  

        x = 20.     2y = 30 -  y   (   y = 10.

 `   |ks >|seTT jTT kqeTT P , .20 10^ h  n>TqT
 | deTdqT e~]> rdT=, keq $uqd+qT ~+#<eTT.
  ( , )A x y

1 1
‚ ,B x y

2 2^ h nqTq$ s+&T yssT _+<Te\qT=qTeTT. _+<Te ,P x y^ h nqTq~ 
AB  n+seTT> :l m  w $u+q 
     

PB
AP  =

m
l  n>TqT.

  |eTT 5.2  qT+& AF CD OD OC x x
1

= = - = -

         PG DE OE OD x x
2

= = - = -

      eT]jTT PF PD FD y y
1

= - = -  
                BG BE GE y y

2
= - = -

   |&T    T AFP    eT]jTT   PGBT   ds|eTT\T
 ($esD 6e n<jTeTT 6.3 qT #&TeTT)

       
PG
AF

BG
PF

PB
AP

m
l= = =

O
x

y

F

G

C ED

A
x

y

(
,

)
1

1

B x y( , )2 2

P
(x

,y
)

|eTT 5.2

|eTT 5.1
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 `   
PG
AF  

m
l=               eT]jTT  

BG
PF  

m
l=  

       (  
x x

x x

2

1

-

-
 

m
l=    (  

y y

y y

2

1

-

-
 

m
l=  

        (  mx mx
1

-  = lx lx
2
-      (  my my

1
-  = ly ly

2
-

    lx mx+  = lx mx
2 1
+    ly my+  = ly my

2 1
+

       (  x = 
l m

lx mx
2 1

+

+
                  (     y = 

l m

ly my
2 1

+

+

  qT :  A x y
,1 1^ h eT]jTT B ,x y

2 2^ h _+<Te\qT \T| sUK+&eTTqT
P nqT _+<Te n+seTT>  :l m   w $u+q

,P
l m

lx mx

l m

ly my
2 1 2 1

+

+

+

+
c m n>TqT.   

 BH $uq d+ n n+<TsT.

 +<TeT\eTT> d+u+~ eT&T _+<Te\T @sFjTyTq|&  $uq 
dqT|j+#TjT dweT>T#Tq~.

|*eTT\T
  (i)  ,A x y

1 1^ h eT]jTT ,B x y
2 2^ h  _+<Te\qT \T| sUK+&eTTqT uV+> :l m , w 

$u+# _+<Te P s|eTT\T ,
l m

lx mx

l m

ly my
2 1 2 1

-

-

-

-
c m.  d+<seTTq  

m
l  nqTq~ 

TTDeTT. 
 (ii)  AB  eT<_+<Te 
 AB  eT< _+<Te M nsTTq, AB   M nqTq~ n+seTT> 1:1 w $u+#TqT. 
  l = 1  eT]jTT m = 1 \qT $uq deTT ||+q

  AB  eT< _+<Te  M ,
x x y y

2 2
2 1 2 1
+ +

c m.

,A x y
1 1^ h eT]jTT ,B x y

2 2^ h  _+<Te\qT \T| sUK+&eTT jTT  

eT< _+<Te  ,
x x y y

2 2
1 2 1 2
+ +

c m  n>TqT.  

(iii)  uTeTT jTT >TsT +<eTT (Centroid of a triangle)

 ,A x y
1 1^ h, ,B x y

2 2^ h, ,C x y
3 3^ h. oseTT\T> >\  ABCT   

AD, BE eT]jTT CF nqTq$ eT<>sK\T   uT+ 
eT<> sK\T nqTweTT n>TqT. eT]jTT nqTw _+<Te 
>TsT+<eT>TqT.  

 ABCT   jTT >TsT +<eTT G(x , y) nqT=qTeTT. |eTT 5.3
B

A

F

1

2

D C

E

G
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 BC  eT<_+<Te = D ,
x x y y

2 2
2 3 2 3
+ +

c m

 uT<seTT qT+& >TsT+<eTT G nqTq~ eT<> sK AD  n+seTT> 2:1 w 
$u+#TqT. 

 $uq d+ |seTT >TsT+<eTT 

    G(x , y)  = G 
,

x x
x

y y
y

2 1

2
2

1

2 1

2
2

12 3

1

2 3

1

+

+
+

+

+
+

^
^

^
^f

h
h

h
h p 

    = G ,
x x x y y y

3 3
1 2 3 1 2 3
+ + + +

c m

,x y
1 1^ h, ,x y

2 2^ h eT]jTT , yx3 3^ h  \qT oseTT\T> >\ uTeTT jTT

>TsT+<+ ,
x x x y y y

3 3
1 2 3 1 2 3
+ + + +

c m. n>TqT.

<VsD 5.1      
  ,3 0^ h eT]jTT ,1 4-^ h. _+<Te\qT \T| sUK+&eTT jTT eT<_+<TeqT qT>=qTeTT.

k<q   ,x y
1 1^ h eT]jTT ,x y

2 2^ h _+<Te\qT \T| sUK+&eTT jTT  

 eT< _+<Te   M(x , y) = M ,
x x y y

2 2
1 2 1 2
+ +

c m 

 `  ,3 0^ h eT]jTT ,1 4-^ h _+<Te\qT \T| 

 sUK+&eTT jTT eT< _+<Te

   M(x , y ) =  M ,
2

3 1
2

0 4- +` j = M ,1 2^ h.

<VsD 5.2
 (3,5) eT]jTT (8,10) _+<Te\qT \T| sUK+&eTTqT n+seTT> 2:3 w $u+#T 
_+<TeqT qT>=qTeTT.

k<q e&q _+<Te\qT ,A 3 5^ h‚ ,B 8 10^ h 

nqT=H<eTT, dssK AB  _+<Te P, 2 :3 

w $u+#T#Tq<qT=H<eTT. 

 $uqd+ |seTT P(x , y) = P ,
l m

lx mx

l m

ly my
2 1 2 1

+

+

+

+
c m 

 & , , ,x y x y3 5 8 101 1 2 2= = = =  eT]jTT  ,l m2 3= =  

  `  P(x , y) = P ,
2 3

2 8 3 3

2 3

2 10 3 5

+

+

+

+^ ^ ^ ^
c

h h h h
m  = P(5 , 7)                   

B –( 1,4)A(3, 0) M(x, y)

|eTT 5.4

P B(8,10)A(3, 5) ( )x, y

|eTT 5.5

2 3
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>eT

<VsD 5.3
 A(-3, 5) eT]jTT B ( 4, -9) _+<Te\qT \T| sUK+&eTTqT  P(-2 , 3)  _+<Te 
n+seTT> @ w $u+#TqT. 

k<q  ,A 3 5-^ h, ,B 4 9-^ h nqTq$ e&q 
_+<Te\T. P (-2 , 3),  AB   n+seTT>  

:l m  w  $u+#T#Tq<qT=H<eTT. 

 $uq deTT qT+& P ,
l m

lx mx

l m

ly my
2 1 2 1

+

+

+

+
c m= P(-2, 3)       (1)

 & , , ,x y x y3 5 4 91 1 2 2=- = = =- .

            (1) ( ,
l m

l m

l m

l m4 3 9 5

+

+ -

+

- +^ ^ ^ ^
c

h h h h
m = (-2, 3)

  x-s|eTT\qT deq|s#>  

    
l m
l m4 3
+
-  = 2-

           (  6l  = m

   
m
l  = 

6
1

           i.e., l : m = 1 : 6

  eq P,  AB   n+seTT> 1 : 6 w $u+#TqT

  (i) | <VsD  y -s|eTT\qT deqeTT #dT= L& w b+<e#T. 

   (ii) eT&T _+<Te\T @sFjTeTTq|&T x-s|eTT\H y s|eTT\H deq|s#> 
b+<T w  $<eTT> qT+&TqT.

 (iii)  _+<Te sUK+&eTTqT n+seTT>  :l m , w $u+q  
m
l  <HeT>TqT

 (iv)  _+<Te sUK+&eTTqT uV+>  :l m , w $u+q  
m
l  uTTDeT>TqT.

<VsD 5.4
 (4,`1), (`2, `3) \qT \T| sUK+&eTTqT <]+#T _+<Te\qT qT>=qTeTT.

k<q e&q _+<Te\qT A(4,-1) eT]jTT B(-2,-3)  nqT=H<eTT. P(x,y) eT]jTT Q(a, b) 
\T  AB  jTT <sD _+<Te\qT=qTeTT. 

 < |seTT AP PQ QB= =  n>TqT. 
eq AB  P  _+<Te 1 : 2 w         
eT]jTT Q _+<Te 2 : 1 w n+seTT> 
$u+#T#Tq~.

l m

P B(4,-9)A(-3,5) (-2,3)

|eTT 5.6

P Q B(-2,-3)

| 7
A(4, –1)

1 2

P B(-2,-3)

|eTT .8
A(4, –1)
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`   $uq deTTqT+& e\dq _+<Te\T 

   P ,
1 2

1 2 2 4

1 2

1 3 2 1

+

- +

+

- + -^ ^ ^ ^
c

h h h h
m,  Q ,

2 1

2 2 1 4

2 1

2 3 1 1

+

- +

+

- + -^ ^ ^ ^
c

h h h h
m

 ( , ) ,P x y P
3
2 8

3
3 2( = - + - -` j  eT]jTT   ( , ) ,Q a b Q

3
4 4

3
6 1= - + - -` j

                     = ,P 2
3
5-` j                                    = ,Q 0

3
7-` j.

 Q nqTq~ PB jTT eT< _+<Te eT]jTT P nqTq~ AQ jTT eT<_+<Te >eT+|eTT. 

<VsD 5.5
A(4, -6), B(3,-2) , C(5, 2) \qT oseTT\T>>\ uTeTT jTT >TsT+<+qT qT>=qTeTT.  
k<q  ,x y

1 1^ h, ,x y
2 2^ h, ,x y

3 3^ h \qT oseTT\T> >\ 
uTeTT jTT >TsT+<eTT    

      G(x , y) = G ,
x x x y y y

3 3
1 2 3 1 2 3
+ + + +

c m.

 &  ( , ) (4, 6) , ( , )x y x y
1 1 2 2

= -  (3, 2), ( , ) (5 , 2)x y
3 3

= - =

 `   (4, -6), (3,-2) eT]jTT  (5, 2) \qT oseTT\T> 
>\ uT >TsT +<eTT

            G(x , y) =  G ,
3

4 3 5
3

6 2 2+ + - - +` j 

         =  G ,4 2-^ h.

<VsD 5.6
 de+s#TsT oseTT\T (7, 3), (6, 1), (8, 2) eT]jTT (p, 4) \qT  eT|< 
rdT=q&q p $\TeqT qT>=qTeTT.

k<q de+s #TsT oseTT\qT A (7, 3), B (6, 1), C (8, 2) eT]jTT D (p, 4) nqT=H<eTT.

 des#Ts seTT\T <={ deT~K+&q #dT=qTqT. 

 `    seTT  AC , seTT BD \ eT< _+<Te\T @u$+#TqT. 

 eq ,
2

7 8
2

3 2+ +` j = ,
p

2
6

2
1 4+ +c m

   (           ,
p

2
6

2
5+

c m =  ,
2
15

2
5` j

  x  s|eTT\qT deq|s#>,  p
2

6 +  = 
2
15

                                                p`  = 9

B(3,-2)

A(4,-6)

C(5,2)

G

D

F E

|eTT 5.10

B(6,1)A(7,3)

C(8,2)

|eTT 5.11

D(p,4)

2 1

Q B(-2,-3)

|eTT 5.9
A(4, –1)
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>eT

<VsD 5.7
 A(4 , 0)  eT]jTT B(0 , 6) \qT \T| sUK+&eTT jTT eT< 
_+<Te C eT]jTT O nqTq~ ~_+<Te nsTTq, C nqTq~  3OAB 

oseTT\ deq<seTT qT+&Tq #|eTT.

k<q AB  eT< _+<Te  ,C
2

4 0
2

0 6+ +` j = C ,2 3^ h

 P ,x y
1 1^ h eT]jTT Q ,x y

2 2^ h \ eT< <seTT x x y y1 2
2

1 2
2- + -^ ^h h  n *jTTqT.

 O ,0 0^ h eT]jTT C ,2 3^ h \ eT< <seTT

  OC  = 2 0 3 02 2- + -^ ^h h  = 13 .  

 A ,4 0^ h eT]jTT ,C 2 3^ h \ eT< <seTT

  AC  = 2 4 3 02 2- + -^ ^h h  = 4 9+  = 13

 B ,0 6^ h eT]jTT ,C 2 3^ h \ eT< <seTT

  BC  = 2 0 3 62 2- + -^ ^h h  = 4 9+  = 13

 `  OC = AC = BC

 `   _+<Te C nqTq~ 3 OAB.oseTT\ deq<seTT q~.

     seTT eT< _+<Te C nqTq~, \+D 3 OAB jTT |]e+<eT>TqT.
nudeTT 5.1

  1.  +~ _+<Te\qT \T| sU K+&eTT jTT eT< _+<Te\qT qT>=qTeTT 
         (i)  ,1 1-^ h eT]jTT ,5 3-^ h              (ii) ,0 0^ h eT]jTT  ,0 4^ h

  2.  +~ y{ oseTT\T> >\ uTeTT jTT >TsT+<eTTqT qT>=qTeTT.
  (i)  (1, 3), (2, 7), (12, -16)       (ii)  (3, -5), (-7, 4), (10, -2)

  3.   e +<eTT (-6, 4). e ydeTT jTT  n+_+<Te ~_+<Te nsTTq eTs= 
n+ _+<TeqT qT>=qTeTT.

  4.   uT >TsT+<eTT (1, 3) eT]jTT s+&T oseTT\T(-7, 6)‚ (8, 5) nsTTq eT&e 
oseTTqT qT>=qTeTT.

  5.  $uq deTTqT|j+, eT|< rdT=q A(1,0), B(5,3), C(2,7),  
D(-2, 4) _+<Te\T de+s#TseTT jTT oseTT\ #|eTT. 

  6.  (3,4), (`6, 2) \qT \T| sUK+&eTTqT uVeTT> 3:2 w $u+#T _+<T 
s|eTT\qT qT>=qTeTT. 

  7. (`3, 5), (4, `9) \qT \T| sUK+&eTTqT n+seTT> 1:6 w $u+#T _+<T 
s|eTT\qT qT>=qTeTT.

O

B

x

y

A(4,0)

(0,6)

C

|eTT 5.12
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  8.  A(-6,-5)‚ B(-6, 4) nqTq$ s+&T _+<Te\T. AB | _+<Te P nqTq~  
AP = 

9
2  AB  d+| |]qfq, _+<Te P  qT>=qTeTT. 

  9.  A(2,- 2)‚ B(-7, 4) _+<Te\qT \T| sUK+&eTTqT <sD#jTT _+<Te\qT 
qT>=qTeTT.

10. A(-4, 0)‚ B (0, 6) _+<Te\qT \T| sU K+&eTTqT H\T>T deTu>eTT\T> $u+#T 
_+<Te\qT qT>=qTeTT.

11.  (6, 4)‚ (1, -7) _+<Te\qT \T| sUK+&eTTqT x - neTT @ w $u+#TH qT>=qTeTT. 

12. (-5, 1), (2, 3) _+<Te\qT \T| sKqT y - neTT @ w $u+#TqT? eT]jTT 
K+&q _+<TeqT qT>=qTeTT.

13.  (1, -1), (0, 4), (-5, 3) \qT oseTT\T> >\ uTeTT jTT eT<> sK\ b&e\qT 
qT>=qTeTT.

5.3 uT yX\+   

 +~ s>T\ uTeTT jTT = =\\T q# uT yX\+ +#TqT 
HsT=+{$T . |&T uT oseTT\ s|eTT\T q# < yX\+ qT>=q>\e?
 A ,x y

1 1^ h, B ,x y
2 2^ h, C ,x y

3 3^ h \qT ABCT  oseTT\qT=H<eTT 
 AD, BE‚ CF nqsK\T x neTTq \+eTT> qT+&TqT ^jTTeTT.
 |eTT qT+&  ED = x x

1 2
- , DF x x

3 1
= - ‚ EF x x

3 2
= -  

 uT+  ABC  yX\+
 =  deT\+#Ts+ ABED  yX\+
     + deT\+#Ts+ ADFC  yX\+
     -  deT\+#Ts+ BEFC  yX\+

= BE AD ED AD CF DF BE CF EF
2
1

2
1

2
1+ + + - +^ ^ ^h h h

= y y x x y y x x y y x x
2
1

2
1

2
1

2 1 1 2 1 3 3 1 2 3 3 2
+ - + + - - + -^ ^ ^ ^ ^ ^h h h h h h

          = }x y x y x y x y x y x y x y x y x y x y x y x y
2
1

1 2 2 2 1 1 2 1 3 1 1 1 3 3 1 3 3 2 2 2 3 3 2 3
- + - + - + - - + - +"

 `   ABCT  yX\+ = x y y x y y x y y
2
1

1 2 3 2 3 1 3 1 2
- + - + -^ ^ ^h h h" , #.|eDeTT\T

A ,x y
1 1^ h, B ,x y

2 2^ h, C ,x y
3 3^ h nqTq$ ABCT  oseTTq,

ABCT   yX\+ = x y y x y y x y y
2
1

1 2 3 2 3 1 3 1 2
- + - + -^ ^ ^h h h" , #.|eDeTT\T.

O

A x y( , )1 1

C x y( , )3 3

x

y

y1

x3

x1

x2

y3y2

E FD

|eTT 5.13
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>eT

>eT

 uTyX\+qT  +~ $<eTT>qT yjTe#TqT

         x y x y x y x y x y x y
2
1

1 2 1 3 2 3 2 1 3 1 3 2
- + - + -" ,  #.|eDeTT\T

   ()      ( )x y x y x y x y x y x y
2
1

1 2 2 3 3 1 2 1 3 2 1 3
+ + - + +^ h$ . #.|eDeTT\T

 | deTTqT # dT\u+> yjTT  +~ s|eTT eTq dVjT|&TqT.
 ABCT   oseTT\T A ,x y

1 1^ h, B ,x y
2 2^ h, C ,x y

3 3^ h \qT n|de ~X rdT= y{ \Te 
esTd   +< #|q $<+> yjTeqT.

   
x

y

x

y

x

y

x

y2
1 1

1

2

2

3

3

1

1

) 3 

  uD| >TsT\ #|&q seTT\ \eTT x1y2, x2y3, x3y1 \qT L&TeTT.eT]
jTT #T\ #|&q uD| >TsT\ \eTT\T x2y1, x3y2, x3y3 \qT L&eTT.  s  

( )x y x y x y x y x y x y
2
1

1 2 2 3 3 1 2 1 3 2 1 3
+ + - + +^ h$ . dedeTTqT b+<T s+&e < yTT<{< 

qT+ rdyjTTeTT.

 uTyX\eTT qT>=qT  +~ kbqeTT\T |j>|&TqT.
   (i) _+<Te\qT T|eTT<s >T]+#TeTT.
  (ii) oseTT\qT n|de~X (counter clock-wise direction) rdT=qeqT. # d+ 

TTD $\TeqT #TqT. 
 (iii) ABCT   yX\+ = ( )x y x y x y x y x y x y

2
1

1 2 2 3 3 1 2 1 3 2 1 3
+ + - + +^ h$ . deTTqT 

|j+#TeTT.

5.4  eT&T _+<Te\ @sFjT (Collinearity of three points)

 deT\+ eT&T  n+H me _+<Te\T @sFjTeT #| n$  
dssK| qT+&eqT. eTs= $<+> A ,x y

1 1^ h, B ,x y
2 2^ h, C ,x y

3 3^ h nqT eT&T _+<Te\T @ 
sFjTyTq y{ @<  _+<e $T*q s+&T _+<Te\qT \T| dssK| qT+&eqT. 
 A ,x y

1 1^ h, B ,x y
2 2^ h eT]jTT C ,x y

3 3^ h eT&T _+<Te\T @ sFjTyTq n$ uTeTTqT @
ss#<T. eq 3ABC yX\+ dTq n>TqT.

   . .,i e  x y x y x y x y x y x y
2
1

1 2 2 3 3 1 2 1 3 2 1 3
+ + - + +^ ^h h" , =  0

   (  x y x y x y
1 2 2 3 3 1

+ + = x y x y x y
2 1 3 2 1 3

+ +  

  B $|seTTqT d]jTjT eTqeTT s|+#e#TqT. 

  eq 3ABC  yX\+ dTq  nsTTq# A‚ B‚ C _+<Te\T @sFjTeT>TqT.
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5.5	 #TsT	yX\+	(Area of the Quadrilateral)
    A ,x y

1 1^ h, B , , ,x y C x y
2 2 3 3^ ^h h eT]jTT D ,x y

4 4^ h nqTq$ #TsT+ ABCD oseTT\T 
nqT=H<eTT.
  #TsT+ ABCD  yX\+ = ABDT  yX\+  + BCDT   yX\+ 

 x y x y x y x y x y x y
2
1

1 2 2 4 4 1 2 1 4 2 1 4
= + + - + +^ ^h h" ,

       ( )x y x y x y x y x y x y
2
1

2 3 3 4 4 2 3 2 4 3 2 4
+ + + - + +^ h" ,

 `    #TsT+ ABCD   yX\+ 

    = x y x y x y x y x y x y x y x y
2
1

1 2 2 3 3 4 4 1 2 1 3 2 4 3 1 4
+ + + - + + +^ ^h h" ,

     
      x x y y x x y y
2
1

1 3 2 4 2 4 1 3
- - - - -^ ^ ^ ^h h h h" ,  #.|eDeTT\T

 | deTTqT  +~  s|eTT <s # dT\u+> yjTe#TqT.

 oseTT\T A ,x y
1 1^ h, B , , ,x y C x y

2 2 3 3^ ^h h eT]jTT D ,x y
4 4^ h  \qT n|de~X rdT= 

+< #|q $<+> \Te esTd  yd uTyX\+ qT>=qT b{+q H|DeTTH 
nqTd]+#eqT. 

  
x

y

x

y

x

y

x

y

x

y2
1 1

1

2

2

3

3

4

4

1

1

) 3.

 ~ eTq e\dq dedeTT
  $<+> ABCD  #TsTeTT jTT yX\eTT 

= x y x y x y x y x y x y x y x y
2
1

1 2 2 3 3 4 4 1 2 1 3 2 4 3 1 4
+ + + - + + +^ ^h h" , b+<T dVjT|&TqT.

<VsD	5.8	
 (1,   2), (- 3,  4), (- 5, - 6). _+<Te\qT oseTT\T> >\ uT 
yX\+ qT>=qTeTT.
k<q	 _+<Te\qT T |eTT >T]+ y{  eTeTT 
rdT=qTeTT. 
         oseTT\qT A(1 , 2), B(- 3 , 4) eT]jTT C (–5, –6) nqT=H<eTT.
 3ABC  yX\+
 = ( )x y x y x y x y x y x y

2
1

1 2 2 3 3 1 2 1 3 2 1 3
+ + - + +^ h$ .

 = 
2
1 4 18 10 6 20 6+ - - - - -^ ^h h" ,                   

2
1 1

2

3

4

5

6

1

2
- -

-
) 3

 = 
2
1 12 32+" , = 22.  #. |eDeTT\T.

|eTT 5.15

x

B(–3, 4)

C(–5, –6)

O

A(1, 2)

y

 qT |j+

O

A(x ,y )1 1

C x ,y( )3 3

x

y

L PM N

|eTT 5.14
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<VsD 5.9
 A(6 ,7),  B(-4 , 1) eT]jTT C(a , –9)  oseTT\T> >\ ABCT  yX\eTT 68 #.|eDeTT\T 
nsTTq# a   $\TeqT qT>=qTeTT. 

k<q  3ABC  yX\+ 

 a a
2
1 6 36 7 28 54+ + - - + -^ ^h h" ,= 68‚            a

2
1 6

7

4

1 9

6

7

-

-
) 3

  a a42 7 82( + - -^ ^h h = 136              
          6a(  = 12             `    a 2=

<VsD 5.10
 A(2 , 3), B(4 , 0)‚ C(6, -3)  _+<Te\T @sFjTeT #|eTT.

k<q  3ABC  yX\+

    = 
2
1 0 12 18 12 0 6- + - + -^ ^h h" ,‚           

2
1 2

3

4

0

6

3

2

3-
) 3

                                 = 
2
1 6 6-" , = 0.

 `  e&q _+<Te\T @sFjTeT>TqT.

<VsD 5.11
 _+<Te\T ,a 0^ h  eT]jTT , b0^ h \qT \T| sUK+&+| P ,x y^ h @<  _+<Tyq  

a
x

b
y

1+ = , n s|+#TeTT. (# a, b 0! ).

k<q  _+<Te\T (x, y), ,a 0^ h  eT]jTT , b0^ h,\T @sFjTeT>TqT. 

  `    M{# @s&q uTyX\+ dTq n>TqT.   
            (           ab – bx – ay = 0                   a

b

x

y

a

2
1

0

0

0
' 1

  `                    bx ay+  = ab

   sTy|\ ab   # u+#>

                          
a
x

b
y

+  = 1,   b+<>\eTT.  # a, b 0!

<VsD 5.12
 (-4, -2), (-3, -5), (3, -2)‚ (2 , 3) _+<Te\# @s&T 
#TsTyX\+ qT>=qTeTT.

k<q _+<Te\qT T|eTT >T]+ oseTT\qT 
n|de~X rdT=qTeTT. 

 oseTT\qT A(-4, -2), B(-3, -5), C(3, -2)‚ D(2, 3) 

nqT=H<eTT.

O
x

y

A
–

–

(
4,

2)

B – –( 3, 5)

D(2, 3)

C ,(3 –2)

|eTT 5.16

 qT |j+

 qT |j+

 qT |j+
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#TsT+ ABCD yX\+

 = 
2
1 20 6 9 4 6 15 4 12+ + - - - - -^ ^h h" ,

 = 
2
1 31 25+" , = 28  #.|eDeTT\T                   2

1 4

2

3

5

3

2

2

3

4

2

-

-

-

- -

-

-
) 3

nudeTT 5.2

1.  +~ _+<Te\qT oseTT\T> >\ uTyX\+ qT>=qTeTT.  
   (i)  (0, 0), (3, 0)‚ (0, 2)   (ii)  (5, 2), (3, -5)‚ (-5, -1)

 (iii) (-4, -5), (4, 5)‚  (-1, -6)

2.  eTeTT rdT=q&q uT oseTT\T eT]jTT y{ yX\eTT\T +< e&q$. 
|< a $\TeqT qT>=qTeTT.

                                oseTT\T                yX\+ (#.|eDeTT\)
    (i)  ( , )0 0 , (4, a), (6, 4)   17 

   (ii)  (a, a), (4, 5), (6,-1)     9

  (iii)  (a, -3), (3, a), (-1,5)       12

3.  +~ _+<Te\T @sFjTeTT n>TH, <jT ssTT+#TeTT.
   (i)   (4, 3), (1, 2)‚ (-2, 1)             (ii) (-2, -2), (-6, -2)‚ (-2, 2)

 (iii)  
2
3 ,3-` j,(6, -2)‚ (-3, 4)

4.  +~e&q _+<Te\T @sFjTeTT\>T# k $\TeqT qT>=qTeTT.

   (i)   (k, -1), (2, 1)‚ (4, 5)       (ii) (2, -5), (3, -4) eT]jTT (9,  k)

 (iii)   (k, k), (2,  3) eT]jTT (4,  -1)

5.  +~ y{ oseTT\T> >\ #TsT yX\+ qT>=qTeTT.
   (i)   (6, 9), (7,  4)‚ (4, 2), (3,  7)  (ii) (-3, 4), (-5, -6), (4, -1)‚ (1,  2)

 (iii)   (-4, 5), (0,  7), (5, -5)‚ (-4,  2)

6. eT&T _+<Te\T (h, 0), (a, -b) eT]jTT (0, k)  sK| neT]jTTq# uT yX\+ 

deTTqT|j+ 
h
a

k
b 1+ = , ,h k 0!^ h n #|eTT.

7. (0,  -1), (2,  1)‚ (0,  3) oseTT\T> >\ uT uTeTT\ eT< _+<Te\qT \T|>            
@s&T uTyX\+ qT>=qTeTT.  uTyX\eTTq e&q uT yX\eTTq 
>\  w qT>=qTeTT.
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d#q

s#q+

>eT

5.6   dssK\T
5.6.1  eTT #jTT DeTT (Angle of Inclination)
 dssK l, x neTTqT A e< K+&+#T#Tq<qT=H<eTT. <H               
x  neTTq eT]jTT dssK l  eT<DeTT nqTq~ x  neTTqT+& n|de~X 
=\e&q~. BH dssK l, eTT #jTTDeTT n+<TsT. 

 dssK  l ,  eTT #jTT DeTT  i   nsTTq,

   (i)    0 # #ic 180c  
  (ii)  sK\ i=00  1800 eT]jTT  \+sK\, i  = 900. 
 (iii)    dssK bs+ueTTq x neTT|qT+&, s x neTT|>\  ds_+<Te A  

<seTT> #dT= n|de~X ueTDeTT #+~ es> x neTT @u$+q  
dssK eTT #jTTDeTT bs+ud 00 eT]jTT T~ kqeTT 1800 n>TqT.

 (iv)    neTTq \++> q sK\qT \Te sK\T n+<TsT.neTTq \++>   
sK\qT \Te> sK\T n+<TsT.

5.6.2 dssK y\T (Slope of a straight line)

 \+eTT  dssK l, eTT #jTT DeTT i    nsTTq, tani   qT dssK 
jTT y\T n n+<TsT. B m  d+TsT. 

`   dssK y\T , m = tani            (0 # #ic 180c , 90!i c)

    (i)  x- neTT  x- neTTq de+seTT> >\ dssK y\T dTq.

   (ii)  y- neTT  y- neTTq de+seTT> >\ dssK y\T qT s+|eTT. 
m+<Tq> tan 900  nseTT. dssK jTT y\T nq> n~   \+eTT 
dssKjT nseTT.

  (iii)   i   \|TTDyTq y\T <HeTT>qT,  i  >TsTDyTq y\T TTDeTT>qT +&TqT.

5.6.3 dssK| >\ @< s+&T _+<Te\T e&q  sK y\T
 eTT i  DeTT #jTT dssK l | A(x1, y1) eT]jTT  
B(x2, y2) nqTq$ @y s+&T _+<Te\qT=H<eTT. # 
0 # #ic 180c, 90!i c. dssK AB,  x-neTTqT C e< 
K+&+#TqqT=qTeTT.
 dssK  l  jTT y\T  m = tan  i    (1)
 x-neTTq \+eTT> AD eT]jTT BE \T ^jTTeTT.  
A qT+& BE  \+eTT> AF  sKqT ^jTTeTT. |eTT 5.18

i

l

O

X

x2

x1

Y

F

DC E

B
x

y

(
,

)
2

2

A
x

y

(
,

)
1

1

y
2

y
1

i

i

O
x

y

l

|eTT 5.17
A
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>eT

  |eTTqT+&   AF =DE OE OD x x
2 1

= - = -   

       BF = BE EF BE AD y y
2 1

- = - = -

 n< $<+> DCA FAB i= =

 \+D+ ABFT  qT+& 

   tan
AF
BF

x x

y y

2 1

2 1i= =
-

-
, x x1 2!  n>Tq|&T      (2)

  (1) eT]jTT  (2), \qT+& y\T  m =
x x

y y

2 1

2 1

-

-

,x y
1 1^ h eT]jTT ,x y

2 2^ h _+<Te\qT \T| dssK y\T 

m = 
x x
y y

x x
y y

2 1

2 1

1 2

1 2

-
-

=
-
-  & x x1 2!  m+<Tq> 90!i c. 

,x y
1 1^ h eT]jTT ,x y

2 2^ h _+<Te\qT \T| dssK y\TqT  +~ $<+>qT \|e#TqT.                  

y\T  m =
x x

y y

2 1

2 1 =
-

- y s|eTT\ esT 
x s|eTT\ esT 

5.6.4 y\T\  de+s sK\T> qT+&T >\ +<q
 de+s sK\T l1 eT]jTT l2 \T eTT #jTTDeTT\T 
eTeTT> i 1 eT]jTT i 2, y\T\T eTeTT> m1 eT]jTT m2 nqT=qTeTT.
 l1, eT]jTT l2 \T de+seTT> qT+&T# eTT #jTT  
DeTT\T i 1 eT]jTT i 2  \T deqeTT.
             tan tan

1 2
` i i=    m m

1 2
( =

`     \+eTT s+&T sK\T de+syTq y{ y\T\T deqeTT. B $|seTT d]jT 
n>TqT. nq> s+&T sK\ y\T\T deqyTq,  sK\T de+seTT> qT+&TqT.

5.6.5 y\T\  \+sK\T> qT+&T >\ +<q
 l1 eT]jTT l2  nqT s+&T \+ dssK\T eTeTT> ,A x y

1 1^ h eT]jTT  ,B x y
2 2^ h _+<Te\ 

<s be#Tq<qT=qTeTT. 
 y{ y\T\T m1 eT]jTT m2  nqT=qTeTT
 y{ K+&q _+<Te ,C x y

3 3^ h nqT=qTeTT  

 dssK  l1 jTT y\T  m
1 x x

y y

3 1

3 1=
-

-
 

 dssK  l2 jTT y\T  m
2 x x

y y

3 2

3 2=
-

-

O
x

y

l1
l2

1i 2i

|eTT 5.19

B(x2, y2) A(x1, y1)

C(x3, y3)

l2 l1

|eTT 5.20

Y

XO



160   

>eT

 \+D  3ABC qT+&  AB AC BC
2 2 2
= +

    x x y y
2 1

2
2 1

2( - + -^ ^h h  x x y y x x y y
3 1

2
3 1

2
3 2

2
3 2

2= - + - + - + -^ ^ ^ ^h h h h             

x x x x y y y y
2 3 3 1

2
2 3 3 1

2( - + - + - + -^ ^h h         
       x x y y x x y y

3 1

2

3 1

2

3 2

2

3 2

2= - + - + - + -^ ^ ^ ^h h h h

) ( 2 )( ( ) ( ) 2( )( )x x x x x x x x y y y y y y y y
2 3

2

3 1

2

2 3 3 1 2 3

2

3 1

2

2 3 3 1
( - + - + - - + - + - + - -` ^j h

 x x y y x x y y
3 1

2
3 1

2
3 2

2
3 2

2= - + - + - + -^ ^ ^ ^h h h h  

(2 )( 2( )( ) 0x x x x y y y y
2 3 3 1 2 3 3 1
- - + - - =^ h

     y y y y
2 3 3 1

( - - =^ ^h h  x x x x
2 3 3 1

- - -^ ^h h

       
x x

y y

x x

y y

3 1

3 1

3 2

3 2

-

-

-

-
e eo o    1=- . 

                 1m m m
m
1or

1 2 1
2

( =- =-    

 m1  eT]jTT m2  y\T\T> >\ s+&T  \+eTT  dssK\T <{ \+eTT> qT+&q  
m1m2 = –1. 

 eTs= $<eTT> m1m2 = –1  nsTTq,  s+&T dssK\T <={ \+eTT> qT+&TqT.  

  dssKq x-neTT eT]jTT y-neTT <={ \+eTT> qT+&TqT. , 
1m m

1 2
=-  nqT +<q e]+#<T. m+<Tq> x-neTT y\T dTq eT]jTT y-neTT 

y\T nseTT.

<VsD 5.13
 y\T 

3

1  > qT+&T dssK eTT #jTT DeTTqT qT>=qTeTT.

k<q  sK eTT #jTT DeTT i   nsTTq sK jTT y\T      

   m = tani          00 #  i  #  1800, i  !  900

    tan
3

1` i =    (       i  = 300

<VsD 5.14
  eTT #jTT DeTT 450 > *q dssK y\TqT qT>=qTeTT.

k<q sK eTT #jTT DeTT i   nsTTq  

 sK jTT y\T m = tani  .

 m = tan450 n e&q~.  (   m 1= .
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<VsD 5.15
 (3,  -2) eT]jTT (-1,  4) _+<Te\ <s be dssK y\TqT qT>=qTeTT.

k<q (x1, y1) eT]jTT (x2, y2) _+<Te\ <s be dssK y\T m
x x

y y

2 1

2 1=
-

-
 

 (3 , -2) eT]jTT (-1 , 4) _+<Te\ <s be dssK y\T

     m = 
1 3
4 2

- -
+  = 

2
3- .  

<VsD 5.16
 y\T ueeTTqT|j+ _+<Te\T  A(5, -2),  B(4, -1) eT]jTT C(1, 2) @sFjT 
_+<Te\ #|eTT.
k<q (x1, y1)  eT]jTT (x2, y2)  _+<Te\qT \T| sK y\T              m

x x

y y

2 1

2 1=
-

-

           A(5, -2)  eT]jTT B(4, -1)  _+<Te\qT \T| sK AB y\T m
4 5
1 2

1
=

-
- +  =  – 1

           B(4,  –1)  eT]jTT C(1,    2)  _+<Te\qT \T| sK BC y\T  m
1 4
2 1

2
=

-
+  = – 1

 qT AB y\T = BC y\T eT]jTT B eT& _+<Te 

 eq _+<Te A, B eT]jTT C  @sFjT _+<Te\>TqT.

<VsD 5.17
         y\T ueeTTqT|j+, eTeTT> rdT=q&q (`2,`1), (4, 0) (3, 3) eT]jTT           
(`3, 2) nqT _+<Te\T  de+s#TsTeTTqT @ssT#Tq #|eTT. 
k<q eTeTT> rdT=q&q _+<Te\T A(-2 , -1),  B(4,  0), C(3,  3) eT]jTT D(-3, 2)   

nqT=qTeTT.
   AB y\T  =  

4 2
0 1
+
+ =

6
1

  CD  y\T  =  
3 3
2 3

- -
-  = 

6
1

                `     AB y\T =  CD  y\T

 eq AB  CD de+seTT>qTq~.        (1)       

  BC y\T   = 
3 4
3 0
-
-  =  -3

  AD  y\T  = 
3 2
2 1 3

- +
+ =-

               `    BC  y\T =  AD  y\T 

  eq BC  AD de+seTT>qTq~.       (2)

(1)  eT]jTT (2) \ qT+& ABCD jTT m<Ts<TsT uTeTT\T de+seTT> qTq~ 

 `    ABCD  de+s#TsTeT>TqT.

O
X

Y

A – –( 2, 1)

B(4, 0)

C(3, 3)

D(–3, 2)

|eTT 5.21
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<VsD 5.18
 3ABC oseTT\T A(1 , 2), B(-4 , 5) eT]jTT C(0 , 1) nsTTq,  uT qT\              
y\T\qT qT>=qTeTT.

k<q 3ABC qT\qT AD, BE eT]jTT CF nqT=qTeTT 

   BC  y\T =   
0 4
1 5
+
-  = -1

 q AD , BC \+eTT> qT+&T#

        AD  y\T = 1      a  m m
1 2

 = -1

       AC   y\T =   
0 1
1 2
-
-  = 1

      BE   y\T =  -1                                BE ACa =

  nT\H, AB  y\T  =  
4 1
5 2

5
3

- -
- =-     

     `       CF   y\T  =  
3
5                                     CF ABa =   

nudeTT 5.3
  1. +~ y\T >\ dssK eTT #jTTDeTTqT qT>=qTeTT.
 (i) 1  (ii) 3  (iii) 0

  2. +~  DeTT >\ dssK jTT y\TqT qT>=qTeTT.
 (i) 300 (ii) 600 (iii) 900

  3. +~ _+<Te\ <s be dssK y\TqT qT>=qTeTT.
 (i) (3 , -2) eT]jTT (7 , 2)                              (ii) (2 , -4) eT]jTT ~_+<Te 
 (iii) ,1 3 2+^ h eT]jTT  ,3 3 4+^ h

  4. +~ _+<Te\ <s be dssK eTT #jTT DeTTqT qT>=qTeTT.
 (i) ,1 2^ h eT]jTT ,2 3^ h  (ii) ,3 3^ h eT]jTT ,0 0^ h   

 (iii)  (a , b) eT]jTT (-a , -b)

  5. (0, `4) eT]jTT (8,0) _+<Te\qT \T| sUK+& eT< _+<Te eT]jTT ~ _+<Te 
<s be sU jTT y\TqT qT>=qTeTT.

  6. #TsdeTT ABCD jTT uTeTT AB, x-neTTq de+seTT> q~. nsTTq +~ 
y{ qT>=qTeTT.

 (i) AB  y\T (ii) BC  y\T (iii) seTT AC y\T
  7. deTuVQ 3ABC jTT uTeTT BC, x-neTTq de+seTT> q~. nsTTq AB y\T 

eT]jTT BC  y\TqT qT>=qTeTT.

|eTT 5.22

A(1, 2)

E

F

C(0, 1)B( 4, 5) D
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  8. y\T ueeTTqT|j+, +~ = _+<Te\ deTVeTT @sFjTeT #|eTT.
   (i) (2 , 3), (3 , -1), (4 , -5) (ii) (4 , 1), (-2 , -3), (-5 , -5)      

 (iii) (4 , 4), (-2 , 6), (1 , 5)

  9. _+<Te\T (a, 1), (1, 2) eT]jTT (0, b+1) @sFjTeTTq, 
a b
1 1+  = 1 n#|eTT.

10. A(-2 , 3) eT]jTT B(a , 5) _+<Te\qT \T| dssK, C(0 , 5) eT]jTT D(-2, 1). 
_+<Te\qT \T| dssK de+seTT> qT+&q a $\TeqT qT>=qTeTT.

11. A(0 , 5) eT]jTT B(4 , 2) _+<Te\qT\T| dssK, C(-1, -2) eT]jTT D(5, b). 
_+<Te\qT \T| dssK \++>qT+&q b $\TeqT qT>=qTeTT. 

12. A(1, 8), B(-2, 4), C(8, -5) nqTq$ 3ABC jTT oseTT\T. AB eT]jTT AC \ eT< 
_+<Te\T eTeTT> M eT]jTT N nsTTq, MN jTT y\TqT qT>=qTeTT. <<s MN, 
BC  de+seTT> jTTq~jT #|eTT. 

13.  uTeTT (6 , 7), (2 , -9) eT]jTT(-4 , 1) \qT oseTT\T> *jTTq~. nsTTq 
< eT<>sK\ y\T\qT qT>=qTeTT.  

14. 3ABC jTT oseTT\T A(-5 , 7), B(-4 , -5) eT]jTT C(4 , 5) nsTTq, < qT\ 
y\T\qT qT>=qTeTT.

15. y\T ueeTTqT |j+ eT|< rdT=q&q (1 , 2), (-2 , 2), (-4 , -3) eT]
jTT (-1, -3) oseTT\T de+s #TsTeTTqT @ssT#Tq #|eTT.

16. eT|< rdT=q&q A(-2 ,-4),  B(5 , -1), C(6 , 4) eT]jTT D(-1, 1) \qT 
oseTT\T> >\ #TsTeTT jTT m<T{ uTeTT\T de+seTT> jTTq< #|eTT.   

5.6.6 ds sK dMTsDeTT (Equation of a straight line)

 deT\+| L nqTq~  dssK nqT=qTeTT. x, y  #\sX\ >\ @ | 
dMTsDeTT px qy r 0+ + = , sK L | >\ @< _+<Te jTT s|eTT, y s|eTT# 
||s#&TqT. eT]jTT @< x eT]jTT y $\Te\T  dMTsDeTTqT ||sq# n$ sK L 
| >\ _+<T s|eTT\>TqT. eq  dMTsDeTTqT dssK L jTT dMTsDeTT n+<TsT. 
eTq$T|&T  sK L qT ;JjT>DeTT $e]+#<eTT. nq> L qT ;JjT dMTsDeTT <s 
$e]+#<eTT. |&T L nqTq~ +~ @<  s|eTT qT+&TqT.

1)  de+s sK 2)  \+sK 3)  de+seTT>H, \+eTT>H  sK
(i)   de+s sK : 

 L  nqTq   de+s sK nqT=qTeTT 

 L nqTq~ x- neTT,  x- neTT >  de+s sK>H +&eqT. 
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d+<seTT (a) L nqTq~ x- neTT nsTTq, y = 0 eT]jTT x 

nqTq~ @< yde d+K> q|&T eyT, 
_+<Te (x, y) sK L | +&TqT.

   eq  y = 0 nqTq~ x -neTTqT *jTCjTTqT.

   `   x- neTT jTT dMTsDeTT y = 0

d+<seTT (b) L nqTq~ x-neTT>  de+s sK nsTTq 
nq> L nqTq~ x- neTTq de+seTT> 
qT+&TqT.

   _+<Te (x, y) nqTq~ L | +&q, y-s|eTT m\|&T dseTT> qT+& 
x-s|eTT @<  yde d+K> qT+&TqT. 

     `  x- neTTq de+seTT> qT+&T dssK dMTsDeTT y = k,  (k nqTq~  
ds+eTT)

   k > 0 nsTTq L nqTq~ x-neTTq |q, k < 0 nsTTq L nqTq~ x-neTTq 
+< +&TqT eT]jTT k = 0  nsTTq L nqTq~ x-neTT n>TqT.

(ii)  \+sK (Vertical line) 

 L  nqTq~   \+sK nqT=qTeTT.  
 L nqTq~ y-neTT  y-neTT >  \++> +&TqT.
d+<seTT (a) L nqTq~ y-neTT nsTTq, x = 0 eT]jTT y nqTq~ @< yde d+K> eq|&T 

eyT, _+<Te (x, y), L | e+&TqT. 
   eq x=0 nqTq~ y neTTqT *jTCjTTqT. 
    `  y - neTT jTT dMTsDeTT x = 0.

d+<seTT (b)  L nqTq~ y-neTT >  \++> +&q, nq> 
L nqTq~ y-neTTq de+s+> +&TqT.  
_+<Te (x, y), L sK| e+&T x-s|eTT 
m\|&T ds+> e+& y-s|+ @<  yde 
d+K> e+&TqT.

   `     y - neTT de+s+> qT+& dssK 
dMTsD+ x = c    ( c nqTq~  ds++.)

   c > 0 nsTTq  L nqTq~ y-neTTq & y|q e+&TqT, c < 0 nsTTq  L nqTq~ 

y-neTTq m&eTy|q e+&TqT, c = 0 nsTTq L nqTq~ y- neTT n>TqT .

O
x

y

c

c

Ll

x 
=

 cx 
=

 –
c

L

|e T 5.24

x 
= 

0

O
x

y

k

k

Ll

y = k

y = –k

L

|e T 5.23

y = 0
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d#q

(iii)   de+s+>H \++>H +&T  (Neither vertical nor horizontal)

  L nqTq~  de+s+>H, \++>H ~ nqT=qTeTT.  d+<s+ 
L  jTT dMTsD+ @ $<+> $e]+#e#T? i  nqTq~ eTT #jTT DeTTqT 
d+#TqqT=qTeTT. i  eT]jTT L | _+<Te *dq# eTqeTT L qT dT\u+> 
$e]+#e#TqT. 

  \++  sK L jTT y\T mqT +~ y{ |j+ >Dq #jTe#TqT.

  (i)   eTT #jTT D+ i  *dq m = tani   

 (ii)  L |  ,x y
1 1^ h, ,x y

2 2^ h. nqT s+&T yssT _+<Te\T *dq m = 
x x

y y

2 1

2 1

-

-
 

(iii)  L   de+s+ nsTTq m = 0  n>TqT.

 L nqTq~ \+eTT ~> |]>D+q +~ s|eTT dssK dMTsDeTTqT 
~+#TeTT.
 (m) y\T` _+<T s|eTT   (_) s+&T _+<Te\s|eTT 
 (d) y\T`n+sK+& s|eTT    (&) n+sK+& s|eTT.

(a)  y\T` _+<T s|eTT (Slope-Point form)

 L jTT y\T m eT]jTT Q ,x y
1 1^ h nqTq~ L | _+<Te 

nqT=qTeTT. 

 L  | Q  eTs= d# _+<Te P ,x y^ hnqT=qTeTT.

 |&T m
x x

y y

1

1=
-

-
 +  m x x y y

1 1
- = -^ h

 eq y\T m > * ,x y
1 1^ h  _+<Te<s be dssK dMTsD+    

 y y m x x
1 1

- = -^ h ,  ~ L |>\ n ,x y
1 1^ h  _+<Te\ e]+#TqT.  (1)

   (i) x‚ y #\sX\ >\ @| dMTsD+ (1), sK L | >\ @< _+<Te jTT x eT]
jTT y s|eTT\# ||s#&TqT. @< x  eT]jTT y $\Te\T  dMTsD+qT | 
|sq# n$ sK |>\ _+<T s|eTT\>TqT. eq dMTsD+ (1)  dssK jTT 
dMTsD+ n+<TsT.

   (ii) dMTsD+ (1) *jTCjT&+ @eTq> L | >\ _+<Te\, y s|eTT\ esT 
x s|eTT \ esTq nqTeqT b+ e+&TqT.  nqTb ds+ m  

nqTq~ y\T n>TqT.

O
x

y

P(x, y)

Q(x1, y1)

L

|eTT 5.25
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>eT

(b) s+&T _+<Te\ s|eTT  (Two-Points form)

  \+eTT sK L | ,x y
1 1^ h, ,x y

2 2^ h  nqTq$ 
s+&T yssT _+<Te\T nsTTq L  jTT dMTsD+ qT>=qT 
yTT< L jTT y\TqT qT>=  s (1)  |j+#<eTT. 
 L jTT y\T

 m  = 
x x

y y

2 1

2 1

-

-
, & L nqTq~  \+eTT sK n>T# x x

2 1
! .

 (1) e dMTsD+ qT+&  

         y y
x x

y y
x x

1
2 1

2 1

1
- =

-

-
-e ^o h

 (  
y y

y y

2 1

1

-

-
 = 

x x

x x

2 1

1

-

-
  (  

x x

x x

2 1

1

-

-
= 

y y

y y

2 1

1

-

-
‚ L | >\ n ,x y^ h _+<Te\ (2)

 
  L, jTT dMTsD+ b+<T ,x y

1 1^ h  <T\T ,x y
2 2^ h qT |j+#e#T.

(c) y\T` n+sK+& s|eTT (Slope-Intercept form)

 sK L jTT y\T m eT]jTT n+sK+&eTT c  nqT=qTeTT. 
y-n+sK+&eTT  c nsTTq+<Tq, _+<Te  , c0^ h, L  | +&TqT. 

  ,x y1 1^ h = , c0^ h   (1)  |j+#> 

   y c m x 0= ^ h b+<e#TqT  

(  y mx c= +  ,  L | n ,x y^ h _+<Te\   (3)

 qT y\T n+sK+&s|eTT y mx c= +  nqTq~ dssK dMTsDeT>TqT.
(d)  n+sK+& s|eTT (Intercepts form)

 dssK L, x-neTT eT]jTT y- neTT\ #jTT XSHs n+sK+&eTT\T eTeTT> 
a eT]jTT b nqT=qTeTT.
`   dssK x-neTTqT A(a, 0)  e<, y-neTTqT B(0, b) e< K+&+#TqT. 

           AB  y\T m
a
b=- .   

 (1) qT+&      y – 0  = ( )
a
b x a- -

 (                ay    = bx ab- +

         bx ay+   = ab

O
x

y

B(0, )b

A a( , 0)a

b

|eTT 5.28

O

P x y( , )

x

y

L

A(x1, y1)

B(x2, y2) |eTT 5.26

O
x

y

c

(o, )c

L

|eTT 5.27
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>eT

 ab  # u+#>  
a
x

b
y

+  = 1

 `  x- n+sK+&eTT a,  y-n+sK+&eTT b > >\ dssK dMTsDeTT 
 

a
x

b
y

+  = 1,   L | >\ n ,x y^ h _+<Te\  (4)

     (i) y\T m, x-n+sK+&eTT d > >\ sK L jTT dMTsDeTT y m x d= -^ h. 

    (ii) y mx=   nqT dssK ~ _+<Te <s beqT. (m 0!  , x eT]jTT y 
n+sK+&eTT\T s+&Tq dTq n>TqT)  

   (iii) (3) e dMTsD+ qT dMTsDeTT (1), (2), (4) \qT y\T-n+sK+& s|+ 
d]+#e#TqT.

   (iv) (1), (2), (3), (4) \ | dMTsDeTTqT L | >\ n (x , y) _+<Te\ 
px qy r 0+ + =  s|+ yjTe#TqT. BH dssK jTT keq dMTsD 
s|eTT n+<TsT.

<VsD 5.19 
  s|eTT\ de+seTT>, ,3 4-^ h. _+<Te <s be dssK\ 
dMTsDeTT\qT qT>=qTeTT.

k<q ,3 4-^ h _+<Te <s be#, x-neTT eT]jTT y-neTT\ de+seTT> >\ 
dssK\qT eTeTT> L eT]jTT L 1nqT=qTeTT. 

 sK L | >\ | _+<Te jTT  y- s|eTT `4 n>TqT.
 eq sK L jTT dMTsDeTT   y 4=-

 n<$<+>, sK L1 | >\ | _+<Te jTT x- s|eTT 
3 n>TqT. 

 eq sK L1 jTT dMTsDeTT x = 3

<VsD 5.20 
 eTT #jTT DeTT 450 eT]jTT y-n+sK+&eTT 

5
2 , 

> >\ dssK dMTsDeTTqT qT>=qTeTT.

k<q  sK jTT y\T       m = tani   = tan450 =  1

 y - n+sK+&eTT   c =  
5
2

 n+sK+& s|+ dssK dMTsD+ y  = mx c+

                                                           y  = x
5
2+       y(  =  x

5
5 2+

      `     dssK dMTsD+    x y5 5 2- +  = 0

O
x

y

(3, -4)

y = –4

x 
= 

3

|eTT 5.29
L

Ll
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<VsD 5.21

 y\T  
3
1 . eT]jTT (`2 , 3) _+<Te <s be dssK dMTsDeTT qT>=qTeTT.

k<q e&q~ y\T  m = 
3
1  eT]jTT _+<Te ,x y

1 1^ h = ,2 3-^ h  

 y\T`_+<T s|eTT dssK dMTsDeTT    y y m x x
1 1

- = -^ h

               (        y 3-  = x
3
1 2+^ h

                 `   e\dq dMTsDeTT  x y3 11- + = 0 n>TqT.

<VsD 5.22

 (`1 , 1) eT]jTT (2 , `4) _+<Te\ <s be dssK dMTsDeTTqT qT>=qTeTT.

k<q e&q _+<Te\qT A ,x y
1 1^ h eT]jTT B ,x y

2 2^ h nqT=qTeTT.  

 & x 11 =- ,  1y
1
=  eT]jTT  2x

2
= ,  4y

2
=- .

 s+&T _+<Te\ d+qT|j+, dssK dMTsDeTT

                                    
y y

y y

2 1

1

-

-
 = 

x x

x x

2 1

1

-

-

                         (     y
4 1

1

- -
-  = x

2 1
1

+
+

                         (       y3 3-  = x5 5- -

                            x y5 3 2+ +  = 0 nqTq~ e\dq dssK dMTsDeTT.

<VsD 5.23

 3ABC jTT  oseTT\T A(2, 1), B(-2, 3)‚ C(4, 5). oseTT A <s ^jT&T eT<> 
sK dMTsDeTTqT qT>=qTeTT.

k<q uTeTT jTT  oseTTqT+& <<T{ uTeTT jTT eT< _+<Teq ^jT&T 
dssKqT eT<> sK n n+<TsT. BC  jTT eT< _+<eqT D nqT=qTeTT. 

 `   BC   jTT eT< _+<Te  D ,
2
2 4

2
3 5- + +` j = D (1, 4)

 eT< > sK AD jTT dMTsDeTT 

 y
4 1

1

-
-   = x

1 2
2

-
-        ( , ) (2,1)x y

1 1
a =  eT]jTT ( , ) ( , )x y 1 4

2 2
=  

 y
3
1-  = x

1
2

-
-  

 `   x y3 7+ -   = 0  nqTq~ e\dq dMTsDeTT. |eTT 5.30
B

A

(–2,3) (4,5)

(2,1)

D C
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<VsD 5.24
  dssK jTT x-n+sK+&eTT eT]jTT y-n+sK+&eTT\T eTeTT> 

3
2  eT]jTT 

4
3  

nsTTq  dssK dMTsDeTT qT>=qTeTT. 

k<q e&q~, dssK  x- n+sK+&eTT  a  = 
3
2 ‚  y- n+sK+&eTT   b  = 

4
3 .

 n+sK+& s|eTT dssK dMTsDeTT 

          
a
x

b
y

+  =  1   x y

3
2

4
3

( +  = 1

                       x y
2
3

3
4

( +  = 1 

 eq,  x y9 8+ -  6  = 0 nqTq~ e\dq dMTsDeTT.

<VsD 5.25  
 (6, -2) _+<Te <s be#, n+sK+&eTT\ yTTeTT 5 > >\ dssK\                     
dMTsDeTT\qT qT>=qTeTT.
k<q e\dq dssK\ x-n+sK+&eTT eT]jTT y-n+sK+&eTT\T eTeTT> a eT]jTT b  
nqT=qTeTT. 
 n+sK+&eTT yTTeTT  a b+  = 5    (      b  = a5 -

 n+sK+& s|eTT dssK dMTsDeTT

      
a
x

b
y

+  = 1    (      
a
x

a
y

5
+

-
  = 1

                          (   
a a

a x ay

5

5

-

- +

^
^

h
h  = 1

     eq              a x ay5 - +^ h  = a a5 -^ h      (1)

        (1) e dMTsDeTT (6,-2)  <s be# 
   ( )a a5 6 2- + -^ h  = a a5 -^ h

                       (  a a13 302
- +  = 0. 

                  a a3 10- -^ ^h h = 0
               `                        a 3=  or a 10=

   a 3= , nsTTq  (1)      (  3x y5 3- +^ h  = 3 5 3-^ h 
   (            x y2 3+  = 6    (2)

  a 10= ,nsTTq (1)  (  x y5 10 10- +^ h  = 10 5 10-^ h

                        (            x y5 10- +  = -50

   n$       2 10x y- -  =  0.     (3)

 {  x y2 3+  =  6  eT]jTT   2 10x y- -  =  0 nqTq$ e\dq dssK\ dMTsDeTT\T  
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nudeTT 5.4
  1. x-neTTq de+seTT>, x-neTT qT+& 5 |eDeTT\ <seTT >\ dssK 

dMTsDeTT\qT yjTTeTT. 
  2. s|eTT\ de+seTT>, (`5, `2) _+<Te <s be dssK\ dMTsDeTT\qT 

qT>=qTeTT.
  3. +~ de#seTT >\ dssK\ dMTsDeTTqT qT>=qTeTT.
  (i) y\T -3, y-n+sK+&eTT 4.

 (ii) eTT #jTT DeTT 600, y-n+sK+&eTT 3 
  4. ~ _+<e |q 3 |eDeTT\ <seTT y-neTTqT K+&+#T# eT]jTT tan

2
1i =

> qT+&T dssK dMTsDeTTqT qT>=qTeTT. (i  nqTq~ eTT #jTT DeTT).
  5. +~ y{ dMTsDeTT\T> >\ dssK\ y\T eT]jTT y-n+sK+&eTTqT qT>=qTeTT.

 (i) y x 1= +  (ii) x y5 3=  (iii) x y4 2 1 0- + =   (iv)  x y10 15 6 0+ + =

  6. +~ de#seTT >\ dssK\ dMTsDeTT qT>=qTeTT.
  (i) y\T `4 eT]jTT (1 , 2) _+<Te <s beqT.
 (ii) y\T  

3
2  eT]jTT  (5, -4) _+<Te <s beqT.

  7. (4, 2), (3, 1) _+<Te\qT \T| sUK+&eTT jTT eT< _+<Te <s be# eT]jTT 
eTT #jTT DeTT 300 > >\ dssK dMTsDeTTqT qT>=qTeTT.

  8. +~ _+<Te\ <s be dssK dMTsDeTTqT qT>=qTeTT.
 (i)  (-2, 5),  (3, 6)  (ii)  (0, -6),  (-8, 2)

  9. P (1, -3), Q (-2, 5),  R (-3, 4)  \qT oseTT\T> >\ 3PQR  oseTT R qT+& ^jT&T 
eT< > sK dMTsDeTTqT qT>=qTeTT.

10. dssK dMTsD ueqqT|j+, +~ _+<Te\T @sFjTeT #|eTT.

 (i)  (4, 2), (7, 5), (9, 7)  (ii)  (1, 4), (3, -2), (-3, 16)

11. +~ x eT]jTT y n+sK+&eTT\T #jTT dssK dMTsDeTTqT qT>=qTeTT. 

 (i) 2, 3  (ii) 
3
1- ,  

2
3   (iii) 

5
2 ,  

4
3-

12. +~ dssK\ x eT]jTT y n+sK+&eTT\qT qT>=qTeTT.
 (i) x y5 3 15 0+ - =   (ii) 2 1 0x y 6- + =    (iii) x y3 10 4 0+ + =

13. (3, 4) _+<Te <s be#, n+sK+&eTT\ w 3:2  > >\ dssK dMTsDeTTqT      
qT>=qTeTT.

14. (2, 2) _+<Te <s be#, n+sK+&eTT\ yTTeTT 9 > qT+&T dssK\ dMTsDeTTqT 
qT>=qTeTT.
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15. (5, `3) _+<Te <s be#, neTT\| deq |]eDeTT * esK >TsT\ 
qT+&T n+sK+&eTT\T *jTTq dssK dMTsDeTT qT>=qTeTT.

16. (9, `1) _+<Te <s be# x`n+sK+&eTT y`n+sK+&eTTq eT&T sT> 
qT+&T dssK dMTsDeTTqT qT>=qTeTT.

17.  dssK s|eTT\qT A eT]jTT B e< K+&+#TqT. AB eT< _+<Te (3, 2) nsTTq 
AB  jTT dMTsDeTTqT qT>=qTeTT. 

18.      (22, ̀ 6) _+<Te <s be#, x`n+sK+&eTT y`n+sK+&eTTH 5 me> qT+&T 
dssK dMTsDeTT qT>=qTeTT.

19.      deT\+ #TseTT (s+dt) ABCD jTT s+&T oseTT\T A(3, 6) eT]jTT C(-1, 2) 
nsTTq seTT BD y| >\ dssK dMTsDeTTqT qT>=qTeTT.

20.     A(`2, 6),  B (3, `4)  \qT \T| sUK+&eTTqT P n+seTT> 2 : 3 w $u+#TqT. 
y\T 

2
3  eT]jTT  P  <s be dssK dMTsDeTTqT qT>=qTeTT. 

5.7  dssK jTT keq dMTsD s|eTT (General Form of Eqn. of a straight line)

 dssK dMTsDeTTqT $$< s|eTT\ *jTdqqT, <  0ax by c+ + =  nqT 
beD s|+ esT<TeTT. & a, b,  c nqTq$ yde ds+eTT\T eT]jTT a!0  b!0.    

 |&T +~ y{ qT>=H<eTT. 

   (i)  0ax by c+ + =  jTT y\T, 
  (ii)   0ax by c+ + =   de+seTT> qT+&T dssK dMTsDeTT  
 (iii)   0ax by c+ + =    \+eTT> qT+&T dssK dMTsDeTT
 (iv) s+&T K+&q sK\ K+&q _+<Te.

(i) dssK keq dMTsDeTT  0ax by c+ + =  s|eTT qT+&TqT.

  | dMTsDeTT  y =-
b
a  x - 

b
c  , b !  0  > yjTe#TqT.                         (1)

  (1)  y\T n+sK+& s|yTq y mx k= +   b\> 

     y\T   m = -
b
a   eT]jTT y- n+sK+&eTT  = -

b
c

 `    0ax by c+ + = , nqT dMTsDeTTq 

    y\T   m = - x >TDeTT
y >TDeTT ‚ y- n+sK+&eTT R - 

ds|<eTT
y >TDeTT .

(ii) 0ax by c+ + =  sK de+seTT> qT+&T dssK dMTsDeTT.
 s+&T dssK\T de+syTq# y{ y\T\T deqeT eTq \TdT, eq

0ax by c+ + =  sK de+seTT> qT+&T n dssK\ dMTsDeTT\T  0ax by k+ + = , 

s|eTTqT+&TqT. k  $_q $\Te\T +&TqT.
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>eT

(iii)  0ax by c+ + =   sK \+eTT> qT+&T dssK dMTsDeTT.
 s+&T  \+eTT> sK\T \+eTT> qsTT y{ \eTT ̀ 1 n>Tq eTq \TdT. 
 eq 0ax by c+ + =   \+eTT> qT+&T n dssK\ dMTsDeTT 0bx ay k- + = , 
n>TqT. ( k. jTT $$< $\Te\) 

XSHs >TDeTT\T >\  a x b y c 01 1 1+ + = , 0a x b y c2 2 2+ + =  nqT  s+&T dssK\T,
   (i)  de+syTq#     

a
a

b
b

2

1

2

1=  

 (ii)  \+yTq#   a a b b 01 2 1 2+ =  n>TqT.

(iv)  s+&T dssK\ K+&q _+<Te
 s+&T dssK\T de+seTT> jT&\ n$  _+<Te e< K+&+#T=qTqT.  
_+<Te s+&T sK\| +&TqT. eq s+&T dssK\ dMTsDeTT\qT k~+q K+&q _+<TeqT 
b+<e#TqT.
<VsD 5.26 
 dssK\T x y3 2 12 0+ - =  eT]jTT x y6 4 8 0+ + =  \T de+seTT> qe #|eTT.

k<q dssK  x y3 2 12 0+ - =     jTT y\T   m1  = - x >TDeTT
y >TDeTT  = 

2
3-

 n<$<+>,   x y6 4 8 0+ + =   jTT y\T m2  = 
4
6-  = 

2
3-

 `   m1  = m2 .   eq s+&T dssK\T de+seTT> qT+&TqT.
<VsD 5.27 
       dssK\T x y2 1 0+ + =  eT]jTT x y2 5 0- + =  <={ \+eTT> qe s|+#TeTT.

k<q dssK x y2 1 0+ + =   y\T m
1
 = - x >TDeTT

y >TDeTT  =  
2
1-

dssK  x y2 5 0- + =  y\T m
2
 = - x >TDeTT

y >TDeTT  = 
1
2

-
-  = 2

       y\T\ \eTT  m m
1 2

 = 
2
1 2#- = – 1

 `     s+&T sK\T \+eTT> q$.
<VsD 5.28
 (2 , 5) _+<Te <s be# x y8 13 0- + =   nqTsK de+seTT> qT+&T dssK 
dMTsDeTTqT qT>=qTeTT.
k<q x y8 13 0- + =   de+seTT> qT+&T dssK dMTsDeTT x y k8 0- + =  
 ~ (2, 5) _+<Te <s be#
    ( ) k2 8 5- +  =  0  (    k   =  38
 `   e\dq dssK dMTsDeTT  x y8 38 0- + =
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<VsD 5.29 
  A(2, 1), B(6, –1), C(4, 11) nqTq$ ABC3  jTT oseTT\T oseTT A <s be q 
jTT dMTsDeTTqT qT>=qTeTT.
k<q BC jTT y\T = 

4 6
11 1
-
+  = – 6

 AD sK BC  \+eTT> qT+&T#, AD y\T = 
6
1

 `  AD jTT dMTsDeTT y y
1

-  = m x x
1

-^ h

            y 1-  = x
6
1 2-^ h   (     y6 6-  = x 2-

 `  e\dq sK dMTsDeTT  x y6 4- +  = 0

nudeTT 5.5
  1. +~ dssK\ y\T\T qT>=qTeTT.
 (i) x y3 4 6 0+ - =   (ii) y x7 6= +  (iii) x y4 5 3= + .

  2. dssK\T x y2 1 0+ + =   eT]jTT x y3 6 2 0+ + =  de+seTT> qe #|eTT.
  3. dssK\T x y3 5 7 0- + =   eT]jTT x y15 9 4 0+ + =  \+eTT> qe #|eTT.

  4. y
x p

2
= -  eT]jTT ax y5 3+ =  nqTq$ de+syTq a $\TeqT qT>=qTeTT.

  5. dssK\T x y5 2 9 0- - =  eT]jTT 11 0ay x2+ - =   <={ \+eTT> qT+&q 
a  $\Te\qT qT>=qTeTT.

  6. dssK\T px p y8 2 3 1 0+ - + =^ h  eT]jTT  px y8 7 0+ - =  <={ \+eTT> 
+&q P $\TeqT qT>=qTeTT. 

  7.  dssK (h , 3), (4 , 1) _+<Te\ <s be# x y7 9 19 0- - =   sKqT \+eTT>  
K+&+q h $\TeqT qT>=qTeTT.

  8. (1, -2). _+<Te <s be#, x y3 7 0- + =   de+seTT> >\ dssK dMTsDeTTqT 
qT>=qTeTT.

  9. (1, -2). _+<Te <s be#, x y2 3 0- + =   \+eTT> >\ dssK dMTsDeTTqT 
qT>=qTeTT.

10. (3, 4), (-1, 2) \qT \T| dssKqT \+ deT~K+&q #jTT sK jTT  dMTsDeTTqT 
qT>=qTeTT.

11. x y2 3 0+ - = , x y5 6 0+ - =  nqT sK\ K+&q _+<Te <s be#, (1, 2)  
(2, 1) \qT \T| sK de+seTT>qT+&T dssK jTT dMTsD+ qT>=qTeTT.

12. x y5 6 1- = , x y3 2 5 0+ + =  nqT sK\ K+&q_+<Te <s be#, x y3 5 11 0- + =  
sK \+eTT> qT+&T dssK dMTsDeTTqT qT>=qTeTT.

B(6, 1)

A(2,1)

C(4,11)D

|eTT 5.31
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13. 3 0x y 9- + = ‚ x y2 4+ =  sK\ K+&q _+<TeqT, 2 0x y 4+ - = , x y2 3 0- + =  
sK\ K+&q _+<TeqT \T| dssK jTT dMTsDeTTqT qT>=qTeTT.

14. A(2, -4), B(3, 3), C(-1, 5) nqTq$ 3ABC jTT oseTT\T. oseTT B  >T+& be q 
jTT dMTsDeTTqT qT>=qTeTT. 

15. A(-4,4 ), B(8 ,4)‚ C(8,10) nqTq$ 3ABC jTT oseTTq, oseTT A <s ^jT&T 
eT<> sK dMTsDeTTqT qT>=qTeTT.

16. ~_+<Te qT+& x y3 2 13+ =  sK ^jT&T \+b<eTT jTT s|eTT\qT 
qT>=qTeTT.

17. 2 7x y+ =  eT]jTT  x y2 8+ =  nqTq$  eeTT jTT s+&T ydeTT\ dMTsDeTT\T 
(0, -2) nqTq~ eeTT|  _+<Tyq  e ykseTTqT qT>=qTeTT. 

18. x y2 3 4 0- + = , x y2 3 0- + =  dssK\ K+&q _+<Te eT]jTT (3, -2),  (-5, 8) 
_+<Te\qT \T| sK jTT eT< _+<TeqT n+ _+<e\T> >*q dssU K+&eTT 
jTT dMTsDeTTqT qT>=qTeTT.

19.       deT~uVQ 3PQR , PQ  = PR. <seTT QR, x-neTT| q~, oseTT y-neTT| 
jTTq~. eT]jTT x y2 3 9 0- + =  nqTq~ PQ jTT dMTsDeTT nsTTq PR y|>\  
dssK dMTsDeTTqT qT>=qTeTT. 

nudeTT 5.6

dsq de<qeTTqT mqT=qTeTT.
  1. ,a b-^ h, ,a b3 5^ h _+<Te\qT \T| sK jTT eT< _+<Te.

 (A) ,a b2-^ h  (B) ,a b2 4^ h  (C) ,a b2 2^ h  (D) ,a b3- -^ h

  2. ,A 1 3-^ h‚ ,B 3 9-^ h \qT \T| sUU+&eTTqT n+seTT> 1:3 w $u+#T 
_+<Te P

 (A) ,2 1^ h  (B) ,0 0^ h  (C) ,
3
5 2` j  (D) ,1 2-^ h

  3. ,A 3 4^ h‚ ,B 14 3-^ h \qT \T| sUK+&eTT x-neTTqT P e< d+~+#TqT. nsTTq 
sUK+&eTT AB  P  $u+#T w ?

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

  4. ,2 5- -^ h, ,2 12-^ h‚ ,10 1-^ h \qT oseTT\T> >\ uTeTT jTT >TsT+<eTT. 

 (A) ,6 6^ h  (B) ,4 4^ h  (C) ,3 3^ h  (D) ,2 2^ h

  5. ,1 2^ h, ,4 6^ h, ,x 6^ h ‚ ,3 2^ h nqTq$  eTeTT> rdT=q&q de+s #TsTeTT 
jTT oseTTq, x  $\Te.

 (A)  6   (B)  2   (C)  1   (D)  3
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  6. (0,0), ,2 0^ h‚ ,0 2^ h _+<Te\ @s&T uTyX\+ 
 (A) 1 #.|.  (B)  2 #.|.  (C) 4 #.|.  (D) 8 #.|.
  7. ,1 1^ h, ,0 1^ h, ,0 0^ h‚ ,1 0^ h _+<Te\ @s&T #TsT yX\+
 (A) 3 #.|.  (B) 2 #.|.  (C) 4 #.|.  (D) 1 #.|.
  8. x- neTTq de+seTT> qT+&T dssK eTT #jTT DeTT.
 (A) 00   (B)  600  (C) 450   (D)  900

  9. ,3 2-^ h‚ , a1-^ h \qT \T| sK y\T 
2
3- , nsTTq a $\T deqyTq~.

 (A) 1    (B)  2   (C)  3   (D)  4
10. ,2 6-^ h‚ ,4 8^ h _+<Te\qT \T| dssK \+eTT> qT+&T dssK y\T.
 (A) 

3
1    (B) 3   (C) -3   (D) 

3
1-

11. x y9 2 0- - = ‚ x y2 9 0+ - =  nqT dssK\ K+&q _+<Te.
 (A) ,1 7-^ h  (B) ,7 1^ h  (C) ,1 7^ h  (D) ,1 7- -^ h

12. x y4 3 12 0+ - =  nqT dssK y-neTTqT K+&+#T _+<Te.
 (A) ,3 0^ h  (B) ,0 4^ h  (C) ,3 4^ h  (D) ,0 4-^ h

13. y x7 2 11- =  nqT dssK jTT y\T deqyTq~.
 (A)  

2
7-   (B)  

2
7    (C)  

7
2    (D)  

7
2-

14. x-neTTq de+seTT> eT]jTT (2 , `7) _+<Te ys be dssU dMTsDeTT.
 (A) x 2=   (B) x 7=-   (C) y 7=-   (D) y 2=

15. x y2 3 6 0- + = , nqT sK jTT x‚ y  n+sK+&eTT\T eTeTT>
  (A) 2, 3   (B) 3, 2  (C)  -3, 2  (D)  3, -2

16. (-6, 4) nqTq~ e +<eTT.  e ydeTT jTT  n+_+<Te (-12, 8) nsTTq 
eTs= n+ _+<Te 

 (A) (-18, 12)  (B) (-9, 6)  (C) (-3, 2)  (D) (0, 0)

17. x y2 3 7 0+ - = nqTsK \+eTT>, ~ _+<Te <s be dssK dMTsDeTT
 (A) x y2 3 0+ =  (B) x y3 2 0- =  (C) y 5 0+ =   (D) y 5 0- =

18.  _+<Te ,2 5-^ h  <s be# y`neTTq de+seTT> qT+&T sK dMTsDeTT
 (A) x 2 0- =   (B) x 2 0+ =   (C) y 5 0+ =   (D) y 5 0- =

19. (2, 5), (4, 6)‚ ,a a^ h _+<Te\T @sFjTeTTq a $\Te deqyTq~ 
 (A) -8   (B) 4   (C)  -4  (D) 8
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20. y x k2= +   nqT dssK (1, 2)  _+<Te <s bsTTq k $\Te deqyTq~ 
 (A)  0   (B)  4   (C)  5   (D) -3

21.  y\T 3 >qT eT]jTT y`n+sK+&eTT `4 >qT *q dssKdMTsDeTT.
 (A) x y3 4 0- - =     (B) x y3 4 0+ - =

 (C) x y3 4 0- + =     (D) x y3 4 0+ + =

22. y 0=   eT]jTT  x 4=-  nqT dssK\ K+&q _+<Te.
 (A) ,0 4-^ h  (B)  ,4 0-^ h  (C)  ,0 4^ h  (D)  ,4 0^ h

23. 3x + 6y + 7 = 0 eT]jTT 2x + ky = 5 nqT dssK\T <={ \+eTT> qT+&q k     
$\Te

 (A)  1   (B)  –1   (C)  2   (D) 
2
1

	q		 ( , )P x y
1 1

‚ ,Q x y
2 2^ h  \ eT< <s+ x x y y

2 1
2

2 1
2- + -^ ^h h

	q		 ,A x y
1 1^ h‚ ,B x y

2 2^ h _+<Te\qT \T| sUK+&eTTqT n+seTT> :l m  w $u+#T 

_+<Te P jTT s|eTT\T  ,
l m

lx mx

l m

ly my
2 1 2 1

+

+

+

+
c m.

	q		 ,A x y
1 1^ h‚ ,B x y

2 2^ h  _+<Te\qT \T| sU K+&eTTqT uVeTT> :l m  w $u+#T  

_+<Te Q jTT s|eTT\T   ,
l m

lx mx

l m

ly my
2 1 2 1

-

-

-

-
c m.

	q	 ,x y
1 1^ h‚ ,x y

2 2^ h  \qT \T| sUK+&eTT jTT eT< _+<Te ,
x x y y

2 2
1 2 1 2
+ +

c m

	q	 ,x y
1 1^ h, ,x y

2 2^ h‚ ,x y
3 3^ h _+<Te\ @s&T uTyX\+ 

( )x y y
2
1

1 2 3-/  = x y y x y y x y y
2
1

1 2 3 2 3 1 3 1 2
- + - + -^ ^ ^h h h" ,  

      = x y x y x y x y x y x y
2
1

1 2 2 3 3 1 2 1 3 2 1 3
+ + - + +^ ^h h" ,.

	q		 ,A x y
1 1^ h, ,B x y

2 2^ h‚ ,C x y
3 3^ h nqT eT&T _+<Te\T @sFjTyTq# 

(i)  x y x y x y
1 2 2 3 3 1

+ +  = x y x y x y
2 1 3 2 1 3

+ +      (ii)  AB y\T = BC y\T () AC y\T

	q		 sK x neTT <H ~X i  DeTT #dq, y\T m = tani

	q		 ,x y
1 1^ h‚ ,x y

2 2^ h  _+<Te\ <s be  \+eTT> sU jTT   

    y\T  m = 
x x

y y

2 1

2 1

-

-
 = 

x x
y y

1 2

1 2

-
-

eTTU+XeTT\T
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	q		 0ax by c+ + =  nqT sK jTT y\T m  = - x >TDeTT
y >TDeTT  = 

b
a- ,  0b !

	q	  de+s sK y\T 0,  \+sK y\T ns#eTT.

	q	 s+&T sK\ de+syTq# y{ y\T\T deqeTT 

	q	  \+eTT> s+&T sK\T \+eTT> qT+&q# y{ y\T\T \eTT –1 

   nq>  m
1
m

2
 = -1.

              dssK dMTsDeTT\T

e.d+ dssK   dMTsDeTT

1. x-neTT y = 0

2. y-neTT x = 0

3. x-neTT q de+seTT> qT+&T y = k

4. y-neTT q de+seTT> qT+&T x = k

5. ax+by+c =0 q de+seTT> qT+&T ax+by+k = 0

6. ax+by+c =0 q \+eTT> qT+&T bx–ay+k = 0

e&q~  dMTsDeTT

1. ~_+<Te <s beq~        y = mx

2. y\T m,  y`n+sK+&eTT c y = mx + c

3. y\T m,  _+<Te (x1 , y1) y – y1 = m(x–x1)

4.
(x1 , y1), (x2 , y2) nqT s+&T _+<Te\ 
<s be y y

y y

x x

x x

2 1

1

2 1

1

-

-
=

-

-

5. x`n+sK+&eTT a,  y`n+sK+&eTT b 1
a
x

b
y

+ =
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