
• 

( REAL NUMBER) 

2.1 Q£l~~QQI (Introduction) : 

01gQ '<ll!i'l%'1Q C'.J<QJ£1§6Q '<1°~41 9£19Q Q~QI '<1Q6~~ I '<l0~41Yllg~ Q4Q21Q 0~~ 6Q6Q 
<-

. QQe/@I, 9121Q C'.Jl6@1~g1 l'.'.1§ 9£1g I '<J§§ 01~ 91~QI QQQIQ 6~, C'.JIQ~4G91 'ftij6l '<1°~41 9£19Q 
. . -

~ij 621Qe/@I C3 '<1°~41 9£19 Qgl l'.'Jl0Q '<J '<1Q%'1Gl 8QGigl GQl~IQ81QQ g12 I 

'<1°~4101W rn.J6Q ~eJ60 C'.Jl~a1'§ Q€Jg '<1°~41 (Counting Numbe~) §~1 ~IQl9Q 

<Cl0~41 (Natural Numbers) I ~'i~G 626@ 1,2,3, 4, 5, ... I '<'!YI@ Q6Jg '<1°~41Q G'<l~Q '<1°61ii'9 

N C3 ~21Gl 91QGI ~611Q16Q 6@~QI N = { I , 2, 3, .... } I 

'<l21 86Q ~.ll~ell'§ Q.4 '<1°~41'i~ ~Q0 '<'!YI@ ict.-0 '<1°~41 (Integers) Y)lg~ 6«1£1,Q «l0 6Q9 z 

'<JQ" z = { .... , - 3, -2, - 1, 0, I, 2, 3, .. ... } I W~Jl9, «10@ Q6Jg «1°~41, 0 ( ~g) '<JQ0 «10~ Q611Y.!Q 

84 Q0~41Q 6«1£1 I ~016Q Q61ijl~6~1£14 6~ N 6«1£1,6Q 0 ( ~g) Q81Qlg9G 6gQ Q~IQ Q6@ C'.!160 
(...... \ (...... Cl.. 

N * 6'<1£1 81QeJIQ C3 '<l21G '<l0 g'<llQ6' ~IQl9~ {(]0~416{(]~, N * lii'21~1'<l I Qg 6«1£1Q 91QQI 
\ ~ ~ ' Cl.. 

~611Q16Q N * = { 0, I , 2, 3, .. .. . } 6bll~l~l'<l I 

~fi,Qlf ! ~g ( 0) ~Q0 Q6Jl8Q Q.~fa0~41 ( ... - 3, - 2, -J) ~l~Jg l!i'!IQ91Q~ l'.'.JQQlg I ~~'i~ 
( ~1~1Q 5986Q 9~) 91~ ~IQI Q~g '~~~eii'I~' Q.@G6Q Q6118Q «1°~41 QeJI Q6~~ QQ~~ 1 

Q_~ «i0~41 6'<1£1, Z Q «1°~'<1IQ61 62X( '<'!YI@ OQ6~Q '<1°~41 (Rational Numbers) 6'<l~Q 

~ ~ p - < 

~ij I 6~6Ql61«1 8Q6Y!Q «1°~41Q Q418Q 62_8 q ~6£1, 6~Q016Q p C3 q ~~«1°~41 (3 q :1; O I '<'!YI@ 

£JQ60Q «1°~41 6«1£1,Q «1°6Q9 Q l'.'.16£1 ~QO Q = { ~ : p (3 q ~~ '<1°~41 (3 q :!; 0 } 
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6~6§161~ ~~ 1(]0~41 H~J 6Ql~'<l t.JQ6~Q 1(]0~41 I CJ'nll8G t.lQ6~Q <(]0~41Q ~ij Q~ Q_QIG'nl I 

'<JQIQ Q91Q'nl C(]gQG8 ~l~~Q 3000-2000 ~~21Q £1£1611 I 

'<l016Q Y16'nl Q~QI Q09, 6~ , N c N* c Z c Q 

N 6<(]£1" Z 6<(]£1, (3 Q 6<(]£1,Q 6~6§161~ ~~ QtJIQl'nl x (3 y 6'nlQ 61(]Y11~ m.J6Q 6~1Q( ~~161) 

(3 iq]__61'nl Q~QI Qt.JQ QQl~l'<l 9121 ~16~ ~1~61r I '<l2 Q~Ql~l'nl~ ~EJl~6Y1 + (3 x 6Q~ ~~l~l'<l I 

~~~ 6~G11Q C(]Q~ Q~G (Ql~Q~G) Q_'9Q6Q '<l2 Q~QI ~Q6Q@Q Ql~Ql~§Q CJYl (algebraic 

properties) «lr1.!&6Q ~16Ql~'nll QQl~IQ~ I Q 61(]£1,Q Q.'nl8 C(]~l(]IQ61 QQQI ~QG)_ 6<(]2 Ql~Ql~§Q 

CJYl ~~<ii ~Q61 QQQI Q0G, I 

- -- < 2.2 N 6~~,6Q 6~1Q (3 ~~g g~QIQ 91~QI~~~ ~~ 

QEJ6Y1 Q61'nl <(]0~41 6<(]£1, N Q QlgQl~§Q CJYl ~~{ii ~16Ql~'nll GQQI I '<l016Q Q4Q~9 <(]0 61ii'G 

m, n (3 p. Q6G4G 6£1@-<J 6Ql~'<l Q61'nl <(]0~41 I ~EJfo, m, n, p EN 

- < 6XJIQ ~~QIQ ~YI : . 

1. ~0~& ~A(Closure property): m + n EN I ~EJJG, ~Q£1£161'nl1(]0~41Q 6~1Q<JQ '<IQ 

QGlg «1°~41 I 
~~ ... 

2. !{Flfilf?P/£11 CIFI (Commutative property) : m + n = n + m 

3. ~"()£1/(;11 Clrl (Associative property) : m + (n + p) = (m + n) + p 

- < 
~61~ ~~QIQ ~YI : 

4. ~0~& CIA: m n EN ~EJlG, ~Q~ Q61'nl <(]0~41Q iq)__Gl<JQ '<lQ QGl'nl «1°~41 I 

( m x n Qr!.I m.n {ii mn bl_6£l 6Q~l~l'<l I) 

-- < 5. !{Fl filf?P/£11 CIFI: mn =nm 

6. ~"()£1/(;11 CIA: m(np) = (mn)p 

7. ?:J()(;}fil CIA (Identity property) : ~61'nl Q~Ql6Q <(]0~41 l ( '<lQ) ~6S!Q (3 m. l = m I 

1 ~ ~~ ~Gl~IYJ.~ ~E>Q~ (Multiplicative Identity) ~21Xll'<I I 
"" < - -8. file&f? CIP/ (distributive property) : m(n+p)= mn+mp ~EJIG, ~Gl'nl Q~QI 6~1Q Q~Ql<il 

Q~g QQEJl'<l I 

Q61~ '<l0 'd1416Q ~YI (Order) : 

N 6<(]£1,Q Q£11Qlg~~Q ~~9 (ordered) I ~EJfo, ~Q~ £161~ <(]0~41 m (3 n Q~IQ6Q 61ii'OO ~ 
(3 6GQ't1 <(Jig G2QI C(]gQ I n ~6£1~1 m Q~ 626Q m > n Qr!.I n < m 6QI@ 6Q~l~l'<I I Q~gg 

I <2< 3 <4< ... I 
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~ ~ ~N El<a~, 8QQ6@ N * 6<Cl£'. ( <Cl9'Y<CllQO ~llYllQQ «1"~41 6«1£') 6g()Q Qt:JQQ~t;' QY!g CJ~ Q4t;'lt;' 
~~Q~G CJYI~ "1~ <CIG4 61fQ I • 

o£//b/Q e/ofi>fi> t.IA: 6(]6Q!G1~ l:iKllQlg m EN* 626G O+m = m I 

0 ( ~~)~ 6Xl1QlijQ ~6Q~ (Additive Identity) ~21Xll'<I I 

N * 6«1£',ElQ ~\'.:i' El1fQ~QI 6~1£1 t3 ~Gig Q~QIQ Qyig Cl~ Q_id «1"~41 6«1£', Z 6Q «194 CJ£'§ I 

'<IGQ,Q4G1G CJIQ 6Ql£1'<1 CJY1 YI~ «104 621QeJl'<l I 0121 ~86Q QCJIQQI I , 

o£//b/ fl~EJ/ fltfiJ"' 6'6rnt!F11 t/A(lnverse property) : 6~6§161~ Q_id «1°~41 m £llQ '<121Q 

Q6QIY11 (inverse)~ -m (3 -m E z '<IQ" m + (-m) = O = (-m) + m I 

rn (3 -m £1QVJQQ Q6Ql911 CJ£'§ I 

'<3°'6141 0 Q Q6Ql911 - 0 (3 - 0 = 0 

Z El<C1£',~ rnJ ~~G CJeJfo, .. . -4 < - 3 < -2 <-I < 0 < I < 2 < 3 < ... 

'<1016Q Q~4 QQ 6~ N QFl.I N* 6«1£',6Q Q6Ql£1 'Y~QIQ <a"Slil 'YQQGI CJ<aflQ I Yll~· Z 6«1~,Q 

~ij 62~ QE>QIQ ty§Ql~Q «1°Slll 'Y'ii'QGI <agQ 621Q tJIQQI I 

91600~ 6~, ~6£1@ Q_id «l0~41Q Q6Ql£10~ '<IQ 'tl_id «1"~41 I 6GSJ. Q6QIQ Q~Q@ Z 6«1£',6Q 

«1°~@ QQ91 £11~g Q6Q; 911~ QGQIQ 'Y~QI «126~1£11 QFl.I ~YI QQY1Q1 ~62 I . 

~fi94 : Q_~<C1°~41911g(;i," tJIQ §8~~g Qg ~~Q «104 I 

(i) -(-m) = m (ii) (-m) (-n) =mo (iii) 0 x m = m x 0 = 0 

< 
E>"'E>~"' ~~~qlti ~IQGll : 

(a) QQ~U'1Q ~~§ (Euclidean algorithm) : ~Q 6Yll £11~6Q 6 £1 6£1~QQ_ CJ~ t3 '<121~ 

3 ~Gl 8Ql'i Ql~QI~ 629 606Q, 'Y6G4Q {)Ql~2 ~ QQ E)t:Jg,~Q 6QQ 62Q I QIQGl 3 x 2 = 6 I 

911~ ~Q 6911 t11~6Q 10 ~ 6t:Jg,QQ_ CJ~ 6t;'6Q ~GI~ §6g1£1 QQ 6QQ 6QQI 86Q CJIQ GQ@'<J Q~QI 
"' 

Q2Q I QIQGl 10 = 3 x 3 + I I '<JQ CJIQGll 2 gq~~10. 8\'.:i'§ I "<121 Q418Q ~8 QY_16Q ~NU"l 62QI I 

p > I '<IQ, <.(,JllYllQQ «1°~41 (3 n '<JQ tt.id «1°~41 62E>Q n = mp + r 
~ < - - < -

6~QOl6Q m (3 r Q_~ «1°~41 (3 0 s r < p I n = mp + r 8Q'YQl<a1£' (Jgg4 ( CJeJIG, "<18Q '<JQl~Q 

£1Q~Ql'51 g12') I QQl2QGI <.(,]£l.8 p = 4, n = 1 I 626Q 11 = 2 x 4 + 3 (3 '<1016Q m = 2, r = 3 I '<12 
8~G6Q n Gll~4 (devidenJ), p Gll~Q (divisor), m GllQO~ (quotient) (3 r GllQ6<al~ (remainder 

QA.I residue) I 0019, Ql~4 = (Ql~{ii') x (QIQO'~) + QIQ6~~ I 

·'<IQ 8~§61 Gll£1 'Y~QI (division) Q q]ij I ~Qr= 0 (Ql£16-al~ = O) 6G6Q CJl6Y1 Q2eJIQ n 

<a0~41§ p ~IQI QGll~4 I 
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(b) q~ "~'2.~ ~0'd141 (Even and Odd Numbers) : 

6~Q q_~ «1°~41~~Q 2 ~IQI Q~llir4 6((J~~Q qtql ((1°16141 I 0. ± 2. ± 4, ± 6 ... <y694Q 6£1@'<! 
- < - ~ < -

6£11~'<1 q~ ((1°~41 [± 2 Q C'1<:1 2 Q~l - 2) I ()G~1 ~l1l <(1°~41~~Gi' 2 ~IQI QQ1'0?4 ~W E;((J~~Q C'1qtql 

<a0 io141 (3 I ± 1, ± 3. ± 5 .... Q941Q C'1qtql <a0~41 I 

6£1@'() q~ <a0~41~ 2m , (m E Z) (3 C'1 !(,l_tql ((1°~41<i1 2m+I , (m E Z) ('JIQIQ6Q ~QI~ QQIOl'<I I 

~Q~ <Cl0~41 9Q~Q 6~§Q (relatively prime) !JQ 6~W1lg\;i," 0.1(11.~ I I W~Jfo, m (3 n 9Q~Q 

6~§Q O~ (m, n) = I I 2. 3; 5, 8; 8. 9 e!IQ £1QYJQ 6~QQ <a0~41601~1 ('..!£'§ I 

(c) 6~Q~ C3 6~Q~ ~0'd141 (Prime & Composite Numbers): 

1 C'16£1~1 ~~Q '<IQ ~l@Q~ 1(1°~41P6Gi'Q~ I (3 P ~IQI QQl94 62Ge!61iil, 1(1°~41~ '<IQ 6~§Q 
<Cl0~41 t ·C'.JeJfo, '<IQOIGJ.. ~26)Q ~IQQQ «1°~4@ 6~c;;,Q <a0~41 OQ '<121Q I (3 6«12«1°~41 Q~ ('.Jg4 

6§161~ QQIQQ g e!Q I . . . . 

2, 3, 5, 7, 11, 13, 17, t 9, 43 ... Q941Q ~694\ii' 6<011~'<1 6<011~'<l 6~§Q «1°~41 I 

~94 ( 1) : ~694Q Q61g «1°~tll~ G«l gE)9 (3 I GQIQQ~Q Q261iil '<12 ~Q()Q@ GQl'U'Q<i1 

· gQ614. QQIQQ (Trivial factors) <i121£ll'<l I 

01~ 6~QQ «1°~41~§QQ '<l2 gQE,14 GQIQQ Q%%' '01614 Q'iJ_IQQ (Non - trivial factors) 

rnJ ell'<! I @~4 QQ 60, 6~c;;,Q <a0~%J_§QQ 6QQ9 gQ6J~ GQIQQ ell'<! I§~ 6~QQ «1°~4101gf.;\Q 

gQ614 '<IQ0 £1614 Q@Q ~QIQ .GQIQQ 2Jl'<l I 

~fi94 (2) : £1Q1~1 QQ 6Q~ IOIQ§ 60, I 6J.. 1000 '(1~6Q 168 ~. 1000 GJ..2000 0~6Q 

135~' 2000 £J.. 3000 0~6Q J 27 ~ ' 3000 6J.. 4000 ~~6Q 120 £' (3 4000 6J.. 5000 0~6Q 119~ 
6~c;;,Q <a0~41 C'.J~ I ~Gl06Q G¢11Q<ii' <a0~41 ~lcri'~Q G<a~, 2'.l<alfl I 

@~4QQ 60, c;J6941ii' <;JIQIQQ <a0~41 ( l ~~), '<JQ El~l~Q «1°~41 C'12JQI '<l211il_ 61ii'691ii' 6~§Q 

<a0~41Q ~618'~6Q ~QI~ QQIOIQ£116Q : 

02JI : 6 = 2 x 3, 24 = 2 x 2 x 2 x 3, 94860 = 2 x 2 x 3 x 3 x 5 x 17 x 31 Q041Q I 

~IQIQQ «1"~41Q '<l2 'S:llii'IQ QQIQQ1QQ61 (Jgg4 (Unique) ; ~cll9, 6§161QJ ~!QIQG «l0~411il_ 
~Q~QIQ ()~QQ ((1°~41Q gQIQQQ ~618'Q6Q ~Ql<§l lii'Ql~IQ <;;1£116Q I C'.IQ~4 ~Y16Q t]QQ@i;;-. 

QQl~IQ816Q; '1211 : 6 = 2 x 3 = 3 x 2 I '<l2 9e.14 gY.l G9£11<ti'46Q QOQ~ '1121§ Fundamental 

Theorem of Arithmetic QI Unique Factorisation Theorem g106Q C'.J§2~ I 

1 Gl~ tfJ6~4{i? t;JIQIQG ((] 0~41 Zl~~4 QllQ'6Q GYil~{i? QJ0~41Q ~~tf~GQ tfJ~I~ 

QQl'11Q£116Q I 

Y16~Q~ - 1 6Ql~'<l 6Yil9~ ((]0~141 ~6~ I 
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6~QG Q0~41Q 6?il~G Ql~Yllg~Q QQIQ§~g b)._8~ filGI~ (standard) QI (i.'16gl§(i.'I'\ 

(Canonical) Q8 G21~1'<1 1 <- .... 

2.3 £JQ6YlQ Q0~41 (Rational numbers) : 

~~Yl 6~Gl1Q QQ~ QQG' ( Ql~QG') ~~QQ ~la ~~IQ6Q 8Q6Y1Q Q0~I '<l~l&GQ ~16Ql~I 
p .,, 

QQl~IQ(>JQI I ~QGl GQQI <'.llQ<Q4Q 6~, '<JQ 8Q6Y1Q «J0~41Q Q418Q b)._8 q 6~QOl6Q P (3 q 

~~«1°~41 (3 q * O I _ ~, ~ , ~ ~694Q 6Ql~'<l 6Q@'<J £JQ6Y1Q Q0~41 I ~69%? ~IQIQG '<1°~41 
'<IQ0 8~ '<1°~41 n rn.1 '<JG £1Q6Y1Q '<]0~41 GIQGl '<l21G ~ Q68 6Q~ 62Q I ,_ .... I '-

69q <'.116Yl 81QQI, N c Z c Q 

£JQ6Yla Q0~41Yll~'!. 6~Q QQ~ g~a1 : 

~~Q~g <'.116Ql'i)'gl6Q X, ye Q (<'.le.Jig, x (3 y 8Q6Y1Q '<!0~41) I ~9Ql
0 

p r 
X = -q (3 y = - ; ( p, q, f, S E Z (3 q '* 0, S "#- 0) 

s . 

6~1Q ci§a1 : x + y = E. + ~ = ps +qr e Q . 
. ~ ~ q s qs ' 

Q6QIQ ci§a1 : x - y = E. - ~ = ps - qr e Q· 
~~ q s qs , 

~ p r pr 
~Gig ~GQI : x X y = - X - = - E Q · 

~ q s qs ' 

x £. ps · 
2QG1 ~~QI : ~Q 8Q6Y1Q '<1°~41 y * 0, <'.leJfo, r * 0 696Q Y = t = qr e Q 

<'.19'<1Q 8Q6Y1Q '<1°~41 6'<1~, Q ~ Q'O'IQ G6Q 'O'IQ~~IQ ~~QI ( 6~1Q, Q6QIQ, ~Gig (3 2QG1) 

Q0~ ~QYl 81~g QQ~ I 6GW 2QG1 6~Q6Q Ql~Q Ql6Q QQ(>.!QI 8Q6YlQ Q0~41~ <'.16l~g4 62QI 

<'.11004G I 

E>~IQ (3 ~Gig ~~a1 ~a rnQ' §~Q~g Q19Ql~9Q §ayi~~Q '<194 1 '<IOl6£l x, y, z e Q 
I 

6~1Q ~~QIQ §a~ : 

(i) Q"i'& f;iaFT: X + y e Q 

(ii) gFT@f;iFT£J1 f;iaFT: x +y = y + x 

(iii) Q~(j£//'11 f;iaFT : :x + (y + z) = (x + y ) + z 

(iv) f!J(j{;1fi' {;iaFT: x + 0 = x ('0' ~ 6~1QIYJ.Q <'.16QQ ~21~1'<1 I) 

(v) ~(jfiJ/F11 f;iaFT: x + (-x) = 0 (x (3 -x 8QQQQ 6~1QYJ.G Q6Qlrn I) 
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··- -

i"~ g~QIQ ~Q~ : 

(vi) ~ ~.fJF!: xy E Q 

(vii) ~~~F1.fl1 ~.fJF!: xy = yx 

(viii) Q~£J/bl1 ~.fJF!: x (yz) = (xy) z 

(ix) !J6Qfi' ~.fJF!: x. l = x ( l ~ 'i6Jglf.1Q ~6QQ ~21~1'<J I) 

~ ~ ~ I ~ I 
(x) fi'6fil/F11 f?.fJF! : x(x "# 0) Q Q6@1Y11 - (QA.I x- 1

) (3 x • - = I 
x x 

I ~ 
(x (3 -; ~6X>'YQ ~QQQQ 'i6Jglf.1Q Q6@1Y11 I) 

6ft11Q C3 ~€!~ g~a1~aQ ??afl : 

(xi) 94g §a~ : x(y + z) = xy + xz, 

6~ 6~~ Q~IQlg 'i~ Q~6QI~ 6'11Ql~'1', ~t;igl~Q 612.11 ~g §Q91 ~IQg ~~69 
6~~ 6~~-~ 6Ql~'<I ~~Q (Field) 'l.~1'11'<1 I 

'<J «10~ «19Y Ei2~ ~QEiYlQ «1°~YI Ei«1£1, Q '<JQ O@~ (field) I 

~~ (i) : Q Ei<a~,EiQ <qJ_6JgQ QEi@IYll §QY'l «19Y; Yll~ '<J21 Z E>c:a£1,EiQ c;ax;iy Ei2Q g eJ_@I I 

(ii) : a+ a+ a+ ..... . (n e.JQ) = na (3 a X ax a X ..... (n e.JQ) = a" 

"a"' <a06QQ~ ~e.JEiYl £J'Ql~1 Q~61Bll Rene Descartes QYQ21Q QQeJ_Ei@ I 

~QEiYlQ <a0~YI 6«1£1, ~~Q (Ordered) I ~QE>Q@ ~Q6Y1Q c:a0~YI x (3 y Q~l~IQ eJ_Ei@ ~'ii!lgl 

QQ Q2 Ei2Q (i) x>y QA.I (ii) x < y QA.Ix= y I '<l211i1 ~YJ.~1 §Q91 (trichotomy law) 1i121~1'<1 I 

p T ~ ~ ~ 

Y16gQQ x = q (3 y = ~; p, q, r, s E Z (3 q "# 0 (3 s "# 0 I x (3 yQ QEiQIQXJ''iill g~~61 QQ ~YJ.~1 

gQYl~ gQl~I QQQI «12~ I '<JOl6Q ~IEiYl q (3 s Iii c.Jglf,JQ ~Ii} «1°~YI ~6~ E)gQG~ I 

~<a01g91 «1A.1&1Q §Y)YJ, §QYl<qJ_~\i1 @~Y QQ -

p r ~ ~ 

(i) x < y QI - < - ~Q (3 EiQQ'iill ~Q ps <qr ~e.JQI ps - qr< 0 
q s 

p r ~ . ~ 

(ii) x > y QI q > ~ ~Q (3 GQQ'iill ~Q ps >qr ~e.JQI ps - qr> 0 

I 3 7 - 18 II 
QQl2Q61 CIQg • ---=-=--<O· 

~ (.,,. • 6 7 42 42 • 

[ 25] 

I 3 
:.-<-

6 7 

I I 
:.-->--

3 2 



~8QiJg <'.J((]Yllli,'QGJ ~~Ii,' '<Jb'4 <'.J£1~ ()~Q 016Q X, y, Z E Q 

(a) x < y (3 y < z 626Q, x < z, ~21 '<J0~YJ1 §aYJ (law of transitivity) 

(b) x < y 6\!16Q, x + z < y + z, 

(c) x < y (3 z > 0 6\!16Q, xz < yz, 

(d) x < y (3 z < 0 6\!16G, xz > yz, 

I I I I 
(e) 0 < x < y 626Q - > - (3 y < x < O 626Q, - > -

x y y x 

£JQE)~Q <a0~41Q fJ~El! (Density) 

8Q691Q ((]0~41Q ~~ '<lfJ.~lQ Q8()Qlg G'eJ4 Q4Q21Q GQ <'.Jl60 ~01Gl QQ81QQI 6~, 
6'16~€1~ ~Q~ £JQ6YIQ '<1°~41 Y1~9@1 ~'<1°~4 £JQ6YIQ '<1°~41 eJl'<I I .. 

~~,~~- 1 : a (3 b 5[Q£18Q691Q Q~~41 (3 a< b I 6i?6Q a< a; b < b 

'<l911CJI~: a < b => a +a < a + b 

=> 2a <a+ b => ~ x 2a < t (a+b) 

a+b 
=>a< -

2
- .. .. ... ... ( 1) 

q~ a<b => a+b<b+b=>a+b<2b => }<a+b) < Ix2b 

a+h 
=> --< b ... ... .. .. (2) 

2 

· a+ h 
(I) (3 (L) ~ 81Q6Q a< -

2
- < b (g911~g) 

~2 8~§~ 'ii'%"lfJ.IQ g6QIQ Q()Q, a (3 b 91~001 ('.J((] 0~4 Q0~41 ~~Q I ~2 gG11ilill16Q Q~g a 

(3 b 91~'ii'oQ1 6Q6gQ '<1°~41 §'f]GQ Q<'.JIQQI I 

a -'· b a + X1 a+ x ~ &icQ 0C1 < -

x1 = -~-. x2 = - 2-, x_, = -r-"'°····· "'.lo {5(.,Q0~41~1~Q0~416Q~l6Q~ll(JIQ~ I 

a x x, x1 b 
< I 1

3
1 I - l I . I I I I I I > 

-4 -3 -2 -I 0 I 2 3 4 

(~~ 2.1) 

9169~Q x (3 y ~Q6£JI§ 8Q6flQ '<1°~41 (3 x < Y I x <'.J68~1 ~26)Q (3 y <'.J68~1 ~b'Q '<] 0~41§ 

~(x+y) == z,; 6'<1286i J-cx+z1) = z2 (3 icz,+y) = z.1 0¢J6Q x <'.J68~1 ~26lQ (3 y <'.J68~ 1 ~b'Q 
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~IQ ~Q~ ~Q6~Q ((]0~YI I '<JQ ((]0~YI z, , z2' ZJ .. Q9410-r_ x (3 y m.1ca ~Q6~Q ((]0~41 ~21~1'<1 I 

'<I~~~§~ QIQA.IQ ty6QIQ lii'Q ~1~6Q ~16~ 6Q~QI 6~, X (3 y ~Q6~Q ((]0~YI CCi:Q m.J6Q ~((]0~4 

~Q6~Q ((]0~41 QQY~lg I '<JQ Cl~~ ~Q6~Q ((]0~YI 6((]£1,Q Qg~ ~21~1'<1 I '<1016Q Q~Y QQQIQ Q2JI 

6~ x < z
1
<y, x < z

2
<y Q~IQ I '<l~I g~6Q Q~Q 621Q~ I 

x < y 6~0 y - x > O· z - x = x + y - x = y - x > 0 I ( .. z = x + y ) 
"- ., 2 2 ., 2 

<fJ_QQl0 
Z1 > X; 

~ ~ x+y y-x < 
6((]2~Q y-z

1 
=y--

2
-=-

2
->0 I <fJ_gQ1° y>z1 ~211~, x<z, <y; 

6((]Q~Q c;;i~l~IQ£116Q 6~ x < z
2 

< z, < y (3 x < z1 < z3 < y I 

QQl~Q'1- 2 : -1 (3 I ~~6Q §§6£11~ Q611Y.}Q (3 ~Q 6Ql£1 Cl91YJQ qQG~Q ((]0~41 §£L~61 QQ I 

~Wll~I~ : Q611YJ'ii' ((]"~YI ~IQ x = -1 (3 y = 0 §~l~IQ I ( ·: '<1016Q ~I < 0 < l ) 

z =. z,+y = -t+o= _ _!. I 
3 2 2 4 

CJglYJQ ((]0~YI £11Q x = 0 (3 y :: 1 §~l~IQ I 

x + y 0 + 1 I x + z, 0 + t l 
:. z = -2-=-2-""2• z2 = -2-=-2-=4 

~ 1 3 I ~ 
<fJ_gQl0 

- } (3 } ~~6Q ~QIYJ~ ~QE)~Q ((]0~YI ~Q -2, -4 (3 -4 '<JQ0 CJ01Y.}Q ~Q6~Q ((]0~41 

I l 
"i:Q 2' 4 1 

QQl~Q'1- 3 : ~ (3 ~ Q m.1~1 QE)gl~ ~Q6~Q ((]0~YI §~fo QQ I 

'<JYllCll~ : ~ (3 ~ Q ~~QQ1 ((]•~Yl , G\6g@ 626Q -
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~~9tl : x (3 y 8QE)Y1Q '<lo~41 E)~E)Q (x ± y)2, (x ± y)3, x2- yz, x3± y3 Q0~1~1Q '<191~ 'iQ 

'<194 ~~~ I Ql~Ql~§Q CJYl'Oj_~QQ QE)QIQE)Q \(j2 'i~ 'OJ.~'i '<llQ4~ QQl!JIQ rnQQ I QQl2Q61 Vl~8 

x2 + 2xy + yz = x.x + xy + xy + yy 

= x(x+y)+(x+y)y=x(x+y) + y (x+y) (Q~~ §QY!) 

= (x + y) (x + y) = (x +y)2 ('<]0 &;11) I rnYll~G') 

2.4 £]QE)91Q ((J0~'11Q ~~~(i? Q£] : 
t.-

Y16~Q x = ! \(jQ 8QE)Y1Q Q0~41 (3 Q_~ Q0~41 q > O I p '!_ QQ (3 q '12Q '121!Jl\(j I P 'i 

q ~IQI QIQ 11.'E)Q E)QE)G'Q 6~QE)Q QIQ Q§Q@Q t:JQ'<IYll{J Q6£1 (3 ~IQ E)QE)G'Q E)~~GQ QIQ 'SJ~QIQ 
8Q'<IY11£] E)QGQ 626Q Q QE)£1 ~JQ I QQl2Q61 Y,jb)_t:l, 

(
. I I 1 3 ~ .,, ~ ~ ~ ~ 
1) 2=0.5, 4 =0.25, 5 =0.2, 

25 
=0.12 ~IQ; G~Q G~Q QK>i ~IQ 800Y11£] Qb'eJM I 

( .. ) I · l 5 ~ "" 
II 3 = 0.33333 .. . ., 7 = 0.14285714285714, 6 = 0.83333 ......... QG'41Q; E)f(JQ 

E)~~E)Q QIQ 'SJ~Ql§Q 8Q«101{j ~01 Q6£1 ~12' I 

'SJeJYI E)~~E)Q Q<til~Q b)_t:J§ «1rnY1 QI '<]Qij (terminating)§~ ~G'1Q G~~GQ \(jQI ~«11Y1 QI 

~QQij (non-terminating) Q~~Q Q£,1«1°~41 I 

E)f(Jg OO~Q Q£,1'<1°~416Q ooflQ ~ 8~1 E>Q@'-Q ~{.il' QI \(jQICJQ ~~I~ QIQl=l.IQ ~lit;!QE)Q 

~IQQjQ ~\(j G'l21'16~gsq§~ ~~fi~ Q~'<l0~lll (Recurring Decimals) '121fJl'-Q I 

rJeJI : 0.3333 .... = o.3, 0.14285714285714 ... = 0.142857, 0.8333 .. .. = o.83 QG'41Q I 

Q~4 QQ, qoo1~ 62Qe!QI ~{,il''OJ.~ eJGQ 01~ E)Q~ \(j21 Q86Q E)Ql§\(j QIQ GQQ qool~'i 

'i~lrJIQ~ I 

91E)~~ : 'SJ694Q 8Q6Y1Q «1°~41 ~Q§ b)_86Q 'SJQl~G' 621Q816Q !(Jell : 

'<l'<.1191 oofi'ii' (terminating decimals) b)_8 \(jQO 

~'<llYI E)~gsq§Q ~~~'ii' (non-terminating and recurring decimals) Q8 I 
Go.. 

'<I~~ ~186~ E)rJ, gE)~Q '<3~191 00~ Q~~lll '<19° ~~ ~'<JWI ~2J9 G~gs~ 
OOfiQ Q~ '<l0~lll 6Ql~'<I 6Ql~'<I £JQ691Q '<3°~41 ~~~ I 

Qt:JE)QI'!} ~ID! Q~ '<1°~41 b)_8 Q~ 

(iii) 0.101001000100001. ... ., -l.21221222122221... QG'41Q 
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OO?lG Q~<a0~41~~G ~<am (non-termin.ating) ~~ 6~gg~gG ~2~ I E>Glq ~~~G 
~ ........ 

006~Q «1°~41 ~2~ I · 

9.~.: 6~6~Gl~ «1«11~ 'li'iai?lG «1°~41~ ~<aWl Qiai0G Q~«J0~416Q 8QG19 GQl~IQ816Q I 

~en: 0.5 = o.5000 .... , 0.31 = 0.310000 ... . Q941Q 1 

OO?lG ~8~ 8Q6~Q ~8~ 8QQ~g «Jf'!.~lQ g~ QQl2QGI~~~ 6Q~ I 

QQl~Q - 4 : (i) 0.58 (ii) 5.7 (iii) 1.32 (iv) 0.712 Q 8Q6~Q Q8 §Q861 QQ I 
c.. c.. 

<Clfll~l~ : (i) 0.58 <a<am Qiai0Q Q~<a0~41 I :. 0.58 = 1~ = ~~ (Q~Q) 

(ii), (iii) (3 (iv) '(]~6Q fJQI Qiai~Q Ql~~~Q ~«J1~ 6~gsqg9 Q~~Q Q~«l0~41 I 

(ii) ~E>gQQ x = 5.7 = 5.7777 .... => !Ox= 57.7777 .... 

~9Ql
0 lOx - X = (57.7777 ..... )- (5.7777 ..... ) 

52 
=> 9x = 52 => x = - I (~) 

9 
(iii") ,., ("'\("'\ -T16nllTQ X: l.32 = 1.323232 ..... 

=> lOOx = 132.323232 ..... . 
:. lOOx - x = (132.323232 ..... ) - (1.323232 ..... ) 

131 
=> 99x = 131 => x = - I (QOO) 

99 

(iv) ~6gQQ x = 0.712 = 0.7121212 .... 

=> IOx = 7.121212 ... .... => lOOOx = 712.121212 .... . . 
:. 1000x - lOx = (712.121212 .. ... ) - (7.121212 ..... ) 

705 141 
=> 990x = 705 => x ~ 

990 
=

198 
I (~) 

"' ( 1 OOOx - 1 OOx, 1 OOx - 1 Ox QI 1 OOx - x ~IQI 'x' Q ~lg QIQ§ §~861 g 621Q£llQQ §6~ 

8Q1~1 QQ 6Q~ ) 

~Qll : Q86QIC!} ~16\iill'O'gl~ ~21 ~v.1~ 6~, '(]6949 «l«Jl~ OOflQ Q~«J0~41 ~Q0 ~«Jm (3 

68Jggq§Q Q~0Q Q~<a0~411ii_ 8Q6~Q <a0~41 ~86Q 8QG19 QQ62Q I 

· -<J21Q 9£JQ19 Q~~ rn.1 <a94 1 ~69%i' 8Q6flQ <a0~411ii <a<a1~ Q~~G Q~ <a0~416Q QI ~<am 
(3 68Jggq§Q OO~Q Q~ «1°~416Q '(]QI~ QQ62Q I 

QQl~Q • S : <aQ~ GQ : (1.19)2 + 2 x 1.19 xl.79 + (I.79)2 

<Clfll~I~ : 00 8Q'f]G1~6Q 1.19 = 1.2, 1.79 = 1.8 I rn6\ii' 8Q1~1 QQ 600) 

~ 8Q'f]QI~ = (1.2)2 +2 x 1.2 x 1.8 + (1.8)2 = (1.2 + 1.8)2 = 32 = 9 (Q~Q) 
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~~ca11Q~1 -.. 2 (a) 

1. ~~ ~E>Q (F) C3 6~ ~6Q (T) 6Q~ I 

(i) -1 ~IQI -201 QQ1~4 (ii) l ~IQI 0 QQI~ (iii) 0 ~IQI: 5 QQI~ 

(v) -5 < -3 (vi) 0. 9 '<JG £1QE)Yla «1°~41 

(vii) 0 '<IG Q61g Q0~41 

(ix) a, b e N 626.Q ab e N 

(viii) - ~ '<JG £1Q6Yla «1°~41 

(x) a, be N 626Q a-be N 

(xii) a, b e N 626Q a - b e z (xii) a, b e Z 626Q ~ e Q 

(iii) .. ..... 611' g~Q E)~IQIY,!G Q6QIYl1 (iv) ....... 611' g~Q £1.GlglY,!G Q6QIYl1 I 

(v) 'Ct_ti° '<1°~41 E)«J~,E)Q E)~IQIY,!G C'.JE)QQ ..... (vi) q'iil (3 l".lq'iil '<l0~41Q E)~IQXJ'Q .. . 

(vii) .... '<IGYllQ q~ 6~~G Q0~41 C'.J6~ I (viii)«JQg8 C'.Jq'iil 6~~Q Q0~419 ... C'.J6~ I 

(ix) £J.61g ~~al .. .. ~~al~ Q~g G6Q 1 

(x) £1Q6Yla '<1°~41 E)Q~,6Q ~Q§ £1QYJQ 6~1QIY,!G Q6QIYl1 Q£11Qlg~ 0c&11Q6Q Xl'Q ..... C'.JE)~ I 

(xi) N n N* = .. ...... (xii) Z 6Q~6Q -1 Q £,l,GJglY,!G QE)QIYl1 ..... . 

3. g~QQ16' ~66'4~ ~~ £11Q ~~6l '<JBIQ4 ~6lQ~ 6~ ~6lQ~~ QI~ I 

(i) n, me Z 626Q gf]Q~g Yl~bJ.. 6QOO ('.JQgy ? 

(a) m+ neZ, (b)m-neZ (c)mxn·ez (d)n.meZ 

(ii ) z 6«1~6Q E>GOO «194 ? 

(a) 6~1QIY,!G C'.J6QQ 0 

( c) £J.61gl~Q ('.JE)QQ 0 

(iii) g8Q~9 Yl~bJ.. 6~00 .'<194 ? 

(b) 6~1QIY,!Q C'.J6Q9 I 

(d) 6~1QIY,!G Q6QIYl1 (-1) 

(a) «J~OlbJ.. ~9Yl 6~~Q Q0~419 3 (b) ~g§ ('.Jq~ «J0~41Q E)~IQXJ'Q C'.Jq~ 

(c) ~Q~ C'.Jq~ «l0~41Q £J.61Xl'Q ('.Jq~ (d) ~g§ 6~~Q «l0~41Q £J.61Xl'Q 6~~G 
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(iv) g~Q~Xl' fl~£)_ 6QQ~ '<1\l'4 7 

(a) x < y <3 y < z 6\f6Q x < z I 

(b) x < y (3 z E Q 6\f6Q xz < yz I 

( c ) x < y <3 z E Q 626Q x + z < y + z g 6\flQ rn6Q 1 

(d) G(Q~ tJQ6flQ '<1°~41 fl~6Q '<1'<11fl '<1°~4Q tJQ6flQ QQ4fll0 I 

C v) g~g~Xl' fl~£16QOO OQ, ? 

(vi) 

(a) 0.9999 ... .. .. ... < 1.0 
I ~ ~ ~ . 

(b) 5 Q Q'61~Q tJQQGi'l'61£1 0.19999 ...... . 

( c) ~ Q Q<;i~Q tJQQQ1'61 <'.JQQ~ ~62 I 

(d) n '<IQ 6~QQ «'1°~4162~_!_ Q Q'61~Q 8QQQ1'61 QQQI 68lggQ_gQ I 
n 

I 
(a) -

2 

l 
(a) -

2 

(b) 3. 
3 

(b) 3. 
3 

3 
(c) -

5 

3 
(c) -

5 

(d) ~ 
7 

(d) ~ 
7 

C viii) 1 Q 6~1g1~Gi' Q6@1~1 6QOO ? 

(a) I (b) 0 (c) -1 

(ix) g~Q'Q19 ~~£)_ 6QQ g§~ ~<(194 ? 

(a) P <3 q 6~QQ 626Q 6«l~lg~Q Q.QI.~ = 1 I 

(b) P <3 q Q61g «1°~41 626@ p + q + pq '<IQ Q61g «1°~41 I 

( c) P <3 q 6~QQ «1°~41 626Q p + q fl~ '<IQ 6~QQ '<1°~41 I 

(d) P -.QQ ~tij <(1°~41 <3 q '<IQ Q61g «1°~41 626Q pq '<IQ ~~ «1°~41 I 

4. Q9 q~ «'1°~41 6~QQ ~6£1 ~ ? QIQ61 «12 QGlQ Q~ I 

5. 6QQ 6GQ Ql~l~GQ CJYl~~Q ~~ «1°~41 6<(1£1, Z 6Q «194, fll~ QGJg «1°~41 6<(1£1,6Q <(194 ~62 

6«l~~Q 6Q~ I 
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6. E)QQ E)QQ Ql~IOOG? CJ~~~ £1QE)Y!Q Qo~41 ()((]~, Q ()Q Q94, Y!IQ ~4 Qo~41 E)((]~()Q ~((]614 
6'<1~~6Q~ I 

7 · x (3 Y ~q'q\ 626Q ~YllGl G?Q 6~, xy ~q'q\ Y!IQ x + y q'q\ I 

8. ~'J.'q\ '<1°~41Y116g 6~1Q ~§g Q0~6i §aY! £11~ G?Qij § ? G?IQ61 QQ QQQ Q~ I 

9. 15 ~6£1~1 ~~Q (3 1 ()() Olq ~gQ ()~~ q_4 Qo~41 ~~G?Q QICJIQ61 bt_£l 3n
2+ 2, n E Z 

6«1~~ 6Q~ I 

10. 0.123 123 123 ....... '<1°~41~ t:iQE>YIQ Q0~41 ()2Q § ? G?IQ61 ((12 .QQQ Q~ I 

11. 0.131 '<1°~41~ £. t:lQ()Y!Q Q£16Q ~G?I~ G?Q I q <-

-15 
14. { - : n '<Iii? QGJg Q0~41 (3 n ::; 15 } E><.Cl~,6Q ~26lY1 (3 ~9Yl £1Q()Y1Q <.Cl0~41 ~a E>Q~ I 

n . 

1 1 ~ ~ ~< 
15. 4 <3 s rnJE>Q 4 E>QI~ £1Q6YIQ Q0~41 g~Q G?Q I · 

1 1 ~ ~ ~< 
16. - 2 (3 3 ~~6Q 3 E>QI~ £1Q6YIQ ((]0~41 'fi'~Q G?Q I 

17. 
2
; 'tlQ6~Q <.CJ0~41~~ ~<.CJQ§ 6~1"'8Q_§(iil Q~?l(iil ~'tl ~G?I~ .(iilQ I 

18. ~YllGl ~Q I 

(i) o.9 = 1 (ii) 1.29 = 1.3 (iii) 2.349 = 2.35 

19. £1Q6~Q ~'tl6Q ~(iill~ (iilQ I 

(i) o.I (ii) o.D (iii) 0.89 (iv) 0.37 (v) 0.123 

(vii) -0.54 viii) 6.89 (ix) -0.12 (x) 0.01305 

20. ~Q4 §GJ..'tlGl G?Q ( q_.Q Q0 gj41 §rJ.I Q~ <.CJ0 gj41 GJ..£J6Q) I 

(vi) 0.32l 

(i) 0.6+0.3 (ii) o.6-(0.3) x 2 

(iv) (0.6)2 +(0.3}2-2x (0.6) x(0.3)+0.6 

(vi) (0.6)3 +(0.3)3 +3x (0.6) x(0.3) · 

(iii) (0.6)2 +(0.3)2+2X (0.6) X(0.3) 

(v) (0.6)2 - _(0.3)2 

(vii) (0.6)3 -(0.3)3 -3x (0.3) (0.6)x (0.6-0.3) 
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2.5 \lQ6YlQ ((] 0~~1 6((]~ Q Q ~Ql9~ (Inadequacy of Rationals) '<19° ~\lQ6YlQ 
((1°~~1 (Irrational numbers) : 

'<JQ c.Jgl~Q Ql~Q QQ'Y]_<m' c.Jgl~Q Q~I Q@~Q 621Qrn6Q I '<1016Q ~1691 6QQQ c.Jgl~Q 

QQ'Y]_<m'~~ Q'O'IQ Q~6~ I J1 = I , Ji. = 2, J9 = 3 Q9410 W691 ~1~6~ I I , 4, 9, 16, .... Q9410 

OOQI~ (Square number) I '<l2 QQ Q~rng{;i;' 8QQ6Q ~1691 fJQ 2, 3, 5, ... Q941Q Q QQY]_Q 

6~1 I '<l~~ OOQI~ g 621Q<'.l_QI~ :<l'fll~ J2,J3,./5 ... . '9)_68 6Q'Q1_QI I '<l'Tll~ 'fl~ 21n, 3112, 

5 1 12 ~H6Q 6Q<Qj_ ~Ql£>1QQlfJl'<l1 QQY]_<m' ~~!CJ.I «12 ~16'fl 8Q~9 I 2 Q QQY]_<m' §~861 Q6Q ~16'fl 

6~: 2 = 1.4142135623730950488 .... 6«128£1J3=1.7320508 .. .. , JS= 2.236068 ... 

Q941Q I QQY]_Q §.rjQ6Q Q£il~Q Q~ 86Q 6fJ69 ~CJ_Q lJlg 8fJ4~ §.rjQ Q6Q 91~ '<l2 ~~QIQ 
8Q«l'fllq £169 g12°1 ~ell~ OO~Q QI~~ 'fl~ 6Q6Q 2 6~ggq~ 62Q g1t)'1 9J_9Ql 0 '<l «l 0~41~~Q 
8Q6'f1Q «1°~41 626Q g1t)' I 

.J2, J3, J5 , 2J2 WQ «1°~41 Q~~ 6~~6Q QQ_§ ell'<l I 6«1<'.l_~ 6Q696QI~ §~6Q q_~g 
62Qll A , 

(i) ABC «l'f16Ql611 «l'fl~QI£' ~~~6Q mLB = 90°, I ~2 
AB =BC= l '<JQQ 626Q, rn~.116QIQ'<l_ Q881Q4 ~9fJIQ1 C 

... B 

AC= .J2 '<lQQ 62Q I (-:AC= J AB2 + BC2 
) (~~ 12.2) 

(ii ) x2 
- 3 = 0 «l'f11QQ61 Q «l'T11Cll9 8Q6'f1Q «1°~41 6«l~,6Q 81QQI 912' I QIQ61 '<l016Q 

~IQ£>14Q Cl91qQ QQY]_Q~ J3 62Q I 

6XMJ.. ~~ Ql~OO g.qJ911W «l911Cll9 QQQI 6Q6Q .J2 ,J3 ,J5 QOYIQ 8Q «1°~41 QQ_§6Q I 

fJl21 8Q691Q «1°~41 6«19, Q Q QrnQl0 9 621Q 81Q§ I QQl2Q61 ~~8 : x2 
- 2 = O, x2 - 5 = O 

G.94100 «l911Cll9 Q 6«19,6Q 0 ell'<l I 69GJ.. 8Q691Q «1°~41 6«19, Q Q «J0 g«llQ61 ~94~ ~IQ£>14Q I 

QQ9119 J2 «1°~41~ 8Q691Q ~62' 9121Q OIQQ grn61 (Logical proof) «l~!&6Q ~16QIQ01 

OOQI I 

J2 «] 0~41~ 8Q691Q ~6Q '<l21Q ~91161 rnQ' §Y)Q<QJ.9 CllQ6ll~~Q WQ£>14Q I 

p "' ~ 
(i) '<JQ 8Q691Q «l 0~41Q Q418Q ~'tl q 6!JQOl6Q p (3 q Q «l1CllQ61 QQ_I~ l (3 '<l21 Q4019 

"' 2 3 ~ ~ ~ "'~ ~ ~ ~ 1 
~94 Q~ g62 I - - QmlQ QQ~IQO 92~ I '<l911g{;i;'Q QQ~IQO c:i99 -

2 
I ... 4 ' 6 ~ ... ~ 't:. 

(ii ) C'.J69Q 6~cgl6Q '<IQ Q'tlrnQ4Q ~91161 QbQICllQI@ 8~ (Method of contradiction)6Q 

OOl!Jl'<l I '<IQ 'tl~§6Q C'.Jl91~ !JQ 6Ql~'<l Q§ «104 6QIQ grn61 QQQI~ ell'<!, 696Q ~1691 Q§~~ 

~«194 6QIQ ~261 QQ C'.J'2]«lQ 626Q -<IQ Q6QICllQI~ (fJl21Q ~2611Q ~62) 6Q 8Q&Q1~ 6Q~I 
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·. · .. :. 

QQ "'~'IQ I '<J~Q C'.l~2611Q 8Q~§ rJQ Qq6~ 6~6Q Yl~~ ~1QIQ QQlrJIQeJ_QI ~eJY, "~§§ ~~y . 
~62 ~ 8Q~YIQ OOQI~ 62Q I '<l016Q Q QY1161~ Q11-d 621Qell'<J I Q~gQ 6~6116Q '<l2 8 &>g6Q 

C'.l6~ Q881QYQ ~0161 QQQ 1 

~~~4 : 6Ql~'<J QQ Q0~41 q~ ~Ii.I ('JlfJ_~ 621Q816Q I 1, 9, 25, .... QQ «1°~Yl~~Q ('JlfJ_~ 
(3 4, 16, 36 ... . ~ Q0~YI IQJ_~Q q~ I '<l2 Q0~YI IQJ_~Q 6Q~ C'.Jl6Yl W 81QQI 6fJ "a2 '<IQ lfl~ «l

0

~YI 
626Q a Ylctl q~" (3 "a2 C'.llfl~ 626Q a '<IQ ('JlfJ_~ Qo~y1" I Q~ Q§IQJ_~QQ q§ Yl~Q !JYllGl 

Q~ICJY?lQ ~Q6Q QQl~Q I 

Q£]£ll~4-l : J2 '<JQ 8Q60Q Q0~41 ~6QI (~9g1 : Q6QICJIQI~ 8&>§Q !J6QIQ6Q !JY1161 

{iX))lrJIQ~ I) 

~~161 : 06gQQ J2.'<JQ 8Q6f1Q Q0~41 I 

:. J2 = ~, (p, q E Z (3 q ;e·Q) .... . (i) ( 6rJQ016Q p '(]Q0 q Ylctl6Q 1 Qygm ('Jgy 6~61Q 
'<lltJIQ611QJ_61g1QQ g1Q' 1 C'.Jelf~ P (3 q l(]QVJQ 6¢il~g 1) 

• < < p2 
(1) Q QQQ 81.q]Q QQ 6g6Q 2 = 2 => 2q2 = p2 

q 
.... (ii) 

2q2 '<JQ q~ «1°~41 621Q~QI~ p2 flctl '<JG q~ «i0~q1 I 

<igQl0 p flctJ '(IQ lfJ_~ Q0~41 I 

f]()gQQ p = 2n .... (iii) ( 6rJQOl6Q n -<JG q~ Q0~YI) 

(ii) (3 (iii)~ 2q2 = (2n)2 = 4n2 => q2 = 2n2 •••• (iv) 

C'.JeJi~ q2 '<JQ lfl~ Q0~YI I 6~6J. q 'GQ XJ._~ Q0~41 I ~g'(]Q q = 2m ..... (v) 

(iii) (3 (v) '<JQ§' OOIQ Q6Q 81QQI, p (3 q g6GYOO ()QI~ 6£11~ 'J_~ '<1°~41 I C'.JeJ1~ p (3 q 

flctl6Q 2 62Q~ 'G «JICJIQ61 IQJ_61g1QG I Yll~ '<l21 C'.JQQQ, ~16fl gelfli] CJQ E)gQ6U' p (3 q flctl6Q 

1 QYgig C'.Jgtj 6QJ61~ Qlt.JIQGl ~61g1QQ ~12' I 69~ ~I~ qtOIQ oltJIQ~ (i) -<JG ('J«Jgy Q§ I 

'<l2 Q6QICJIQI~ 622 '<l21 ~VJ~ 6rJ "J2 Q0~YI~ 8Q6f1Q ~G2" I (!JYll~g) 

.fi QgYIQ 8Q Ql~fllg~ W6Y! tl~Q()YIQ (irrational) '<1°~41 . Q2eJIQ I ('J~~8 Ql6Q 

g0161 OOlrJIQ 8ibQ 6rJ J3, JS, ../7, Ji1 QmlQ CC1~~1~~ l!J£1QE)f1Q I 

Y!6gQ~ 6rJ, p 6¢il~Q 626Q JP C'.J8Q6f1Q 62Q I 

2.6 ~~191 (3 ~€16£1l~sq§"' ~~~"' QI~ (Non-terminating and non-recurring 

decimals) : 
.Z'.Jl6Yl ~IGJ. 6rJ, gGgYQ 8Q6Y!Q «l 0~YI~ '<lQ «1«11~ OO?lQ Qlljl«J 0~416Q QI C'.J«JWl (3 

60lggq~ OO?iQ Q~«l0~Yl6Q gQl'51 ~62Q I ~ C'.JOQ6YIQ '<1~~1~m OO?lG ~8 ( ('.J~~ 
,, ' 

2.5GQ .fi' J3 (3 JS Q Q'51?iG ~8~ ('J~ctJlg QQ) C'.J«Jm 629 '<1Q0 ~61-E)~gsq~g 62Q I 
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... 

QQl2Q~ ~~£] : 0.202002000200002000002 .... , 

- l.11811181111811111811111181111 l 118 .. .... ., 

7.121122111222111122221111122222 ..... . Qm1Q ~£JQEiY1Q 

EiQW 00~9 ~Q~IEiQ ( ftle.11 :.ff. , .f3 (3 JS Q941Q) Eiftl, ~tlQEiYlQ Q0~41 QQ_~ ~ 9121 

~62 I ~Y11QQ~ x3 = 2, x4 = 2 .. . QmlQ QY11QQ~S! QYll~I~ QQ ifi.,ifi. ... QQ41Q ~£JQ6Y1Q 

Q~41 tllQ£llQQI I n-GYl ~9 6~Q QQ_~ Q0~41 Q~QEiQ gggQ 6~~16Q 899 I 

~6~Q~: 91~9Q 6SC16Q OQ6Y1Q ~0~41 ~~ Ql'OI~ SC16el~ ~~Q ~0~41Q ~OQ6Y1Q . 

~·~41 Q~~ I 

QQl~Q~ - 6 : Q~l~ 6ftl, (i) 3 +.ff. (ii) 3../2 Q0~41 ~Q ~tJQ6Y1Q I 

~Yll~I~ : (i) Y16~QQ 3 + .ff. '<IQ tJQ6Y1Q Q0~41 I . 

~001° 3 +.ff.=! , 6!(]QOl6Q p, q eZ (3 q -:t: 0 

r::; p p-3q "' 
=> -v .:: = q -3 = -q- E Z QIQGl p-3q E Z '<19° q E Z 6£1Q016Q q -:t: 0 I 

9J.GQl 0 .J2 '<JQ tJQ6Y1Q Q0~41 (3 '<121 QtltJIQ4 - 1 Q '<IQ Q6Ql~IQI~ I ~G'<JQ ~16Y1 ~261 

QQeJ_QI Ge.14 3 + .J2 '<IQ tJQ6Y1Q <:(] 0~41 ~i.iG'llQ ~621 ~eJI~ 3 + .J2 '<IQ ~tJQ6Y1Q Q0~41 I 

(ii) 3.J2 '<IQ tlQ6Y1Q Q0~41 62Q I 6G6j_3.J2 = E. ; p, q e Z (3 q -:t: 0 
q 

p p 
=> ..fi. = 3q (3 '<J016Q p, 3q E Z (3 3q "# 0 622 3q E Z 

9J.OOl0 .ff. '<IQ tJQ6Y1Q <:(]~41 I Yll~ '<121 ~oom ~21 6XMJ.3../2 Yl~ '<IQ ~tJQGYlQ «1~411 

2. 7 ~£lQ6~Q QI~ 7t (Irtational number 7t ) : 

1t '<1°~41 «12 26Y1Y116~ ~410§6Q tJQOO I 1t QI~~~~ «12 (3G6~1G Ql69 «l~GG I '<121Q 

«J'1lil 62QI : 6StJ6Ql~~ ~6Q OQ~ (3 941~Q 6004Q ~~IQ '<IQ ~9Q ~yt41 (Constant); 

Stll~li 1t ~IQI ~00 QQIStJIQell'<I I ~ell~ 6£16QIG1~ ~6Q 9:~ ~:~ = 1t I 

1761 Y1~216Q Q~G&ll Lambert q§ Y]_9Q ~Y1161 QQ Q~IQ eJ,6Q 6!tl "1t '<IQ ~tlQ6Y1Q 

'<]0~41" I ~1~ Ql4gQ ~IQEiYl~<(\ ( ~l.~ 287-212) '<121Q ~l«l~Yll~ 2
; 691Q g4Q QQeJ_6Q I 

22 . 22 ( < 22 ~ ~ 
Y1600~ 6£11t-:t:7 Yll~ 7t =7 ~ell~ 7 Q~Y1Q6Q 6Q<Q1_6Q Q<i) Y]_Q41t Q 6~ OOYlQ 2Q 

"11t;:i> tJx:i4~ 6~ (3 
22 

, 1t Q '<IQ tll~ltll<Q1. ( W<:Cl~) Y]_Q4) I QQ~ 6~~6Q 1t Q W«l~ Yll~ 22 

7 7 
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22 ~ < 

Q4QS[~ 621Q Ql~~Q 2QIQ '<16Q Yi~ ~16Yl Q~ij_I Yll~ 7t = 76Q'Qj_QI ~£1q_EU I 

QQ~ <CJQ4~1 (3 QQ~ <CJY1a6Q 7t Q QQ~ w~~Yll~Q 91QQI gY)6Q QWQQI I 

Q~~sa I <CJQ4~1 <CJYia 7tQ ~lg 

600 Q~Q98 ~1.~ 3000 JfO 
' r 25 

GQQGQ1gm QQ491 Q~Q98~1. ~ 3000 -
8 

WQ6Y1~«1, 
22 

~1.~ 287-212 -
7 

~6Q~ ~1~1Q 150 3.1416 

~g~ (~1~) 
335 

~1~1Q 480 -
133 

<'.Jlfi4Q~ 
62832 

~1~1Q 530 --
20000 

QIQ.Ql~lfi4 
3927 

~1~1Q 1150 -
1250 

. '' 
9801 

QIYll~~ ~1~1Q 18871 
" T9i 9' ' 

I 103xJ8 
- ' 

QIQXi Q ~~~ Q~~ ~1Wl«1 QIY11~rg~·-4Q ~ QllWIQ 00 ~4£1Q <;(]21aOl6Q 

7t Q YJ..Q4 ~~Q ~ t:J6Q QOO gqg 'iJlg t:J£i4~ ~(jg 621Q~ I '<I t:Jfi4~ ~(jg 7t Q YJ..Q4Y11irx;n" 

Y1~6Q '<121 <;(JQICJ.Q <;(JOQ y,1g ~6£11 

tg~94 : '<1016Q QEl~~ 6£11Q4 6£1 7t t:JQ ~g4 '<IQ <;(] 0~41 e £1121Q ;¢}_"Q4 2 ~ r:JCJ_Q (3 3 ~ 
~ I I I ~ ~ ~ 

Qql Q~ <;(] 0~41£1 l + 1 + 6 + 
24 

+ 
120 

+ ..... '<IQ Q1Y1121g <;(]Yl~ I 7t,e, QG41Q t:JQ r:J 0<;(]~4 

<'.Jt:JQ6Yia Ql~Q Q~Xi6Q Q4Q21Q gggQ 6~611 ~ Q6Q El'ii''Qj_QI~ t:JIQQ I 

2.8 91~9 ((] 0~41 (Real Numbers) : 

«1Y1'9 ~t:JQ6Yia Q0~41Yll~6Q~,s? Q' Q0 600 'i'IQI 

6Q~l£11'<1 I QY1'9 t:JQ6Yla Q0~41 ElQ~, Q (3 <'.Jt:JQElYla Q0~41 

6Q~ Q' Q Q06£!1Q~ 6£1Q '[00 6Q~, ?16Q Gl21~ 91~9 
((] 0 Qf41 (Real number) ElQ~, ~21£11'<1 (3 '<12 6<Cl~,Q «1°6QG 

R I <'.JG'<JQ Q u Q' = R I '<1016Q Q '<JQ0 Q' , R 6<;(]~,Q 

6Ql~'<l 6Ql~'<I Qt:l6«1~, ~~§ I Y160Q~ 6£1, Q n Q' =<I> 

1361 

(~~ 2.3) 



W6Ql~gl~ VJ~ 6£1 6£16QIGIQ Ql'!)Q C(]0~41 X ~Q 8Q6'Y1Q Q~I '<IQ ('J(]Q6'Y1Q C(]0~41 

621Q(]l6Q I C(]~C(]IQGI !J~QI~ C'.ll6'Yl 6Q~6~ 6£1, N c Z c Q c R I 

6Q~ ~ 2.3 'Yll~'Y16Q QQQ 6'<l~,~~~ ooif.llQ~ I 

2.8.1 91~9 «1°~~1Yllg.- 91~ QIQ6'"' ~rl (Algebraic Properties in Reals) : 

q_Q C'J~62Q~~Q6Q 8Q6'Y1Q (3 ('J(]Q6'Y1Q C(] 0~41'Yllg(;ii"Q QQ QQ ~~~~~ C'Jl6Ql~gl 

QQ6~ I 8Q6'Y1Q C(]0~41~~Q 6Q6gQ ~Q'Yl rn<;;;ig ~Q§ £1121 C'J8Q6YIQ C(]0~41 (]IQ C(]gy g 

621Q(]l6Q I C'.l16Yl '<1016Q 6Q6W Q1~QI~~ ~~Q ('JQglQGll QQQI, £1121 § C(]Y!'9 Ql'9Q '<l0~YI 

6'<l~, (R) 81Q C(]gy C'J6~ I '<l~~QQ !J'YllGl '<I q'9~ 8QC(]Q~~ g 621QeJ_QI~ W6'Yl 6C(]~~~ 
~1QldY ~68 ~261 QQQI I x, y, z E R 

6!UIQ 'Y~QIQ ~fl :-
(i) 'il°f@ tlfT: x + y ER 

(ii) ~Fl~~F/£11 tlfT: x + y = y + x 

(iii) 'i1€'6£1/611 tlfT: x + (y + z) = (x + y) + z 

(iv) i/6'1fil tifT: x + 0 = x ; 0 ( ~~ R 6'<l~, 6£'L6XJIQl~Q C'J6QQ C'.l6~ I) 

(v) ~6(;1/F/1 tlfT: g6gYQ Ql'9Q C(] 0~1Yl'x Q 6rnQl~Q Q6Qlf11 (-x) C3 x + (-x) = 0 

(x YI~ (-x) Q 6£JiQl~Q Q6Ql'Y11 1) 

~~~ 'Y~QIQ ~fl : 
(vi) 'il'f'@ t/fT: xy E R 

(vii) ~Fl6¥rlFl,.£11 tlfT: xy = yx 

(viii) 'i196£11611 t/fT: x(yz) = (xy)z 

(ix) i/6'1fil tlfT: xx 1 = x; 

6£1t:JQQ x • x-1 = 1 

( _!_ QI x-1 ~ x Q ~GiglYJ_Q Q6Qlrn ~21£11'<1) I x, x-1 Q 'Yl~ ~GiglYJ_Q Q6Qlrn C'J6~ 1 
x 

6!UIQ (3 ~~9 cy~QI ~QQ ~fl : 
(xi) ~41$7' ~£/Fl: x(y+z) = xy + xz (~Gig g~QI~ 6£11Q g~QI Q86Q QI~ 62Q) 
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~6Q '<LOO Q~'i9Q g~Cll~ 6k.11Q4 I 

(i) 2Q~ O§E>Y!Q ((]~41x(3yQ6f(]IQ09 ge11~61~09 O~YIQ ( Q 6Q~6Q Q~ ~QYI) I 
X, Y E Q 6~6Q, X + y E Q '<19° xy E Q 

(ii)~~ 91~9 «1~41 x (3 y YI~~ 6Ql~'<I OQ6YIQ (3 ~~~ ~t:JQ6YIQ 626Q 6f(]IQ~ x+_: 

~OQ6YIQ (3 OQ6YIQ ((]0~41~ ~61~~4 626Q ~QO~ YI~ ~t:JQ6YIQ I Yll§> 'iQ(J'~ = 0 629 f(]Q 

OQ6f1Q Qli~ ~~I '<1016Q gY!IQ 0091S? 629 : xx 0 = 0 (Zero Law) 

~fll«l: 0+0=0 (~6QQ?,)QY1) 

=> x (0 + 0) = x. 0 ( ((]Y11~91 ci0) 

=> x . 0 + x . 0 = x. 0 ( ~~ ~QYI) 

~ x. 0 + x. 0-(x.O) =x.0-(x. 0) (QQQ rn~6Q -(x. 0)6'llQ QQ) 

=> x .0 + {-{x.O) + x. O} = {-{x.O) + x.O} (c<!26£11Q1 ~QYI) 

=> x .0 + 0 = 0 (~6QIY11 §QYI) 

=> x. 0 = 0 (~6QQ §QY!) 

~fi9~ : 6!(]6Q'JQ~ 91~9 ((]0~41 x «12 0 §? QQ~ Q6Q ~QO~ 0 I 

(iii) x (3 y 91~9 «1°~41 ~Q QQ6Q ~t:JQ6YIQ 626\nl 6£11QO~ x + y Qfl.I ~610~ xy 

t:JQ6YIQ Qfl.I ~t:JQ6YIQ 621QOIQ§ I QQIOOQ ~~8 

x = .J2, y = 3 626Q x + y = J2 + 3 (3 !(]121 ~OQ6YIQ; 

x = 1 + .J2, y = 1 - J2 626Q, x + y = 2 !(] 121 t:JQ6YIQ; 

x = .J2, y = J3 626Q xy = J2 x J3 = .J6 £1121 ~OQ6YIQ; 

(?i'6'ii? gYllQ 00 600) 

x = 1- ./2, y = 1 + .J2 626Q xy = (1- .fi.)(1+./2)=1-2 =-1 'll21 OQ6YIQ I '<12 
~16Ql~I ~ ~16Y16~65'6£1 Q' 6Q~6Q 6~1Q C3 CCi,€1~ ~~QI Q~ ~~i £JI~ ~Q ~l~I 

./2= 2t,.j3 =Jf,J5 =5t .... Q941Q ~OQ6YIQ I 

J4 = 4t = 2 (3 '<121 t:JQ6YIQ I a
0 

6Q a i tll~IQ (base) C3 n i Qlb' (index) ii?l~l'<J 1 

6<aQ£JQ ~Y)~~g 6~~6Q ~ICJIQ 13 £Jig ~Q QQ : · 

2t,3t,4t,st,6t, 1t,9t ..... Q941Q (s>5 = 2, = 21>5 = 3 Qg41Q§? 5'1~) 
I I I I I I I ~ _x 

24 34 44 54 64 74 g4 .... Q941Q (16 4 = 2, s1X = 3 Qg4IQO 5'1§) 
' ' ' ' , ' ~ . 
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<;J_GQl 0 ~GQ6Y1Q '<1°~41 ~1g.- C(1°~41 ~'<11~ I W6~ N 6C(l~Q Z 6'<1~,Q, (3 Q 6'<1~,Q 
QGIQl~I~ 6QI~ 6Q@ 00 GIQQI 00 6QIQ1_QI C(]QQ I ~I~ Q! 6'<1~6Q -<JGQ GIQ~I 00 6Q'Q1_QI 

~C(]QQ I !tlQ -<IGQ GIQQI QQQI 6G6Q QQ~ ~GQ6~Q '<1°~41 ~~6Q ~'<1°~4 ~GQ6~Q '<1°~41 .... 
~GC(]IQG 621Q GIQQI ~I!} 621Q GIQ6Q g1Q'16!tl62~R6'<1~,6Q Q' 6'<1~ Q '<1~@ QGIQlg ~~§, 

- - - - ,..II' 6GGl W6~ QQ GIQQI 6!tl R 6'<1~,Q '<1~@ QGIQlg~IW GIQQI QQ 6W g121 

2.8.2 R E)<CJ~E)Q E>"11Q ~ ~t;i~ <Clf1.~1Q ~~ ~~~ 6\21~ : 

R 6C(l~, 6Q 6!tllQ (3 ~51g C(]A.~6Q fJ_QI <;J1QUcJ4~1g~ g6QIQ QQ ~Q'Q1_G ~~fli'I~ ~I~ 

'<1G4GI ~I~~-<! I ~~~lg'i\"Q '<l~lcllg QQl6Q6~ <;J1Qlici4~~~ YI~ Q4Q21Q QQl£11Qell-<I I 6C(12 

~~~fli'l~~~Q ~YJ6Q W6Ql~G 621Q~ I '<1016Q x,y,z g6G46Q 6Ql~'<l 6Q@-<J Ql@Q '<1°~411 

tl~~fll'I~ - 1: x + y = x + z 626Q, y = z (3 y+ x = z + x 626Q y = z 

gYiltl : x + y = x + z ~ (- x) + (x + y) = (-x) + (x + z) 

~ (-x + x) + y = (-x + x) + z 

~ 0 + y = 0 +z .~ y = z I 

6'<l2GQ y + x = z + x ~ y = z Q ~Yl!Sl QQU(llQ GIQQ I 

-<! 2Q~ S? 6£JIQ Q 96Ql£J~ §ay, (Cancellation law of addition) S?21£ll-<I I 

t.l~~fll'I~ - 2 : x * 0 '<JQ0 xy = xz 626Q, y =z (3 yx = zx 626Q, y = z 

gYilt'l : x * 0 626Q -<JQIQ ~Gl~l~Q Q6Ql~1 x-1 I tlg'<JQ 

xy = xz ~ x-1(xy) = x-1 (xz) 

~ (x-1 x) y = (x -1 x) z 

~ l .y= l .z ~ y = z; 6C(12 GQ tl~4~Q YI~ gYilGI ~l!tllQ Gl6Q, yx = zx 626Q, y = z 

-<12 2Q6QI~ ~ti~ Q 96Ql£J~ §QYi (Cancellation law of multiplication) ~1£11'<1 I 

t.li~fii'I~ - 3 : (i) xx 0 = 0 (ii) -{-x) = x (iii) x * 0 626Q (x -1
)-

1 = x 

gYi1ti : (i) o = o + o (~6Q~ ??a~) 
~ x x 0 = x(O +O) ~ xx 0 = xx 0 + xx 0 ( Q~g ??QYI) 

~ 0 = x x 0 ( 6£1 IQQ Q6QIG~ ??QYlQ ~6QIQ) 

~xx 0 = 0 . (~~l~G) 

(ii) x e R 626Q - x e R (3 -x Q 6£JIQl~Q Q6QIY11 -{-x) ~ -{-x) + (-x) = O 

~-(-x)+(-x)=x+(-x) [-:x+(-x)=O] 

~ -{-x) = x ( 6!JIQQ Q6QIG~ ??a~) ( gY11~g) 
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(iii) x(x ~ 0) Q ~61gl~Q 96Qlf11 x-1, x-1 Q ~61gl~Q 96Ql01 (x-1 t 1 I 

6Q161Q '<1'1' Ql~Q '<l0~41 a rnQ' a x a-1 = I 6fJQOl6Q a :t 0 I 

a g1g6Q x-1 g18g '1'6Q 81QQI (x-1) . (x-1t 1 = I 

~ x. x-1= l :. (x-1). (x-1t 1 = x. x-1 

=> (x-1
) -

1 = x ( ~6100 96Ql8g ?i\a0) 

tJ~~ti'I~ - 4 : (i) x(-y) = (-x)y = -{xy) 

(ii) (-x) (~y) = xy .I • 

\)~1€1 : (i) xy + x(-y) = x{y+(-y)} =xx d ::!:LO, Ir: ·) 

q~ xy + {-{xy)} = 0 I . 'n_; ;.·o f&1u 

:. xy + x(-y) = xy + {-{xy)} => x(-y) = -xy ( 6fC11QQ 96Ql~m ?i\Q0) 

6'<l28Q g0161 QQlfC11Q816Q 6fCl, (-x)y =-{xy) (g01~g) 

(ii) x(-y) = -{xy) (i) 6Q g01~0 · ,:,_, !' ;·, ' ·· !;J · 

x 8QQ6Q -x 6Qtqt6Q 81QQI : . 

=> (-x) (-y) = -{(-x) .y} 

=> (-x) (-y) = -{(-xy)} [-: (-x). y = -{xy)] 

=> (-x) (-y) = xy [·: -{-x) = i!C] \ - ·. · 

(i) bl. g01~g 

(g01~g) 

g6G'llQ Q1~161W ~6~Q ~~QI~~~ Ql~Q l,(]~41626Q, Ql~Q '<l~41Q ~91~4~~ 

Ql!Q21Q QQ ~6QQ ~~ g01Sl QQl£JIQ 81QQ I Q@ QQl2Q61~ Q~4 QQ I 

g~l€1 QQ : (a+b)2 = a2 + ·2ab + b2 (a, be R) 

Ql0rn.qj = (a+b)2 =(a+ b)(a -tb) = a(a+b) + b (a+ b) ( Q~g ?iia0) 

=a. a+ a. b + b . a+ b . b = a2 +ab +ba+b2 = a2 +ab+ ab+ b2 L ab= ba) 

= a2 + 2ab + b2 = Q~61 rn.qj ( g01~g) 

2.9((J0~lf16Q~I (Number Line): 

tJ._Q ~~6~ 2.8 6Q ~16QIQgl QQl!CllQ~ 6!Cl, 8Q60Q (3 ~8Q60Q <(] 0~41 ~~QQ 6<(]~ 

~Q~Q C(] 0 6f(]IQ (Union) Ql~QC(]0~41 6<(]~ ~6£1 I '<12 Ql~Q <(]0~41 ~~QQ g41?iG'1' 8QgQI~ 

~8Q QQlfll'<J, g121 '<1016Q W6QIQ~I QQQI I QQ~QlQ g41?iGQ §'0 991'51 Q~~ I QQ01g 

911?jg 6QQQ 9£, 6Q~I, 6~2 QI 2'.JIQggQ 9~QQ~ 621Q Q2g12' 1 QlgQl~GQ QI~ (3 ~41?lg 
C(]Q«1°8~ 6gQ 96~~611~9 ~41?1§ (analytical geometry)Q Q9Q I 6£1 6Q161Q Ql~Q 

C(]0~41~ '<IQ C(]Q~Q~IQ '<IQ 9~1QI '1_§g QQlfllQGIQQ I g694Q Ql~Q '<l0~41~ 6QI~ 6Ql~'<J 

92 ~IQI '1_§g QQ 6'<l ~~~ ~~ 6Q6Q 6Ql~'<I §QQ~Q C(]Q~6Q~I '<1,ij 62Q I '<l21 9~419 
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Ql~§G 6~6~~~ (Dedekind) (3 Gl~Q (Cantor)Q ~ ~QQ1g (3 '<121 Q6.qj,~611YJ.G 
~41~QQ ~QYllQg I ~elf~ 61(] 6Gl61Q Gl41~QQ Q~QQ'!!_~ ~16Y1 QlG'Q~G 
Ql211J46Q Q!Ylltilg GQtllQQI I 6Q Q~ 26¥1 8QQQl ~~IQ6Q (".J~m;1 GQQ I 

2.9. t ~·~lfl6Q~l6Q 91~9 ~·~41Yllcri'~Q 1118Cfi' {Representation of real numbers on 

the number line) : 

Q~ Q0~41~~GQ ~41?l§G 8QgGl'81GQQI~626Q '<JG§~ Q~~ 0 §~llJIQ I '<12 Q~ 

6QQ XO<. QQ~6Q~I (".J~g GQ I O Q~~ yt~~ (Origin) (3 <xx) 6Q~I~ Q0~416Q~I 
(Number Line) QI Ql@Q Wa (Real axis) i ~21£11'<1 I 0 Q '<JG rn.qj Q1 ~ t.l'l?IYJ.G 0g 

(positive side) (3 '<121Q Q8Q19 rn.qj ~1 ~ Q611YJ.G 0Q (Negative side) ~21£11'<1 I 

(a) q_~~0'1l141Yll~Q illtlcri' 

6Ql61~ '<JG 6Q~I~~ 6'l?Q 9121Q 6~ci4~ '<IQ '<IQQ 6QI@ §(".JlfJIQ I 0 Q2Q «l_~G Q0~41 

( 0) ~g 62Q I 00 '<IQQ Q2 QY'll'l? QQ 0 Q2~ ~ QQ6Q OA 6~Q QQlfJIQ I (".JeJJQ OA 
~ ~ ~~ ~ --7 

'<IQ '<JQQ g1£] A Q~Q «l_~G Q0~41 1 62QI 1. 6Q28Q Q8Q1G' Q£l ox' ~ '<IQ '<IGQ ~2 QY'll'l? 

QQ OA' 6~Q G6Q, A' Q2Q «l_~G Q0~41 -1 62Q I 
~ ~ ~ ~ . ~ 

6Q28Q OX 6Q~I Q86Q A 01~ '<IQQ ~Q6Q B Q~, B 01~ '<IGQ <i[Q6Q C Q2, C 

01~ '<IQQ ~Q6Q D Q2 - '<128§ g~ '<IQQ ~Q6Q Q2Yll'l? ~19g QQl£11'<1 I '<12 Q2 Yllg'il'Q 

«l_~Q QJ0~41 fJe.JIS6Yl 2, 3, 4 QG'41Q 62Q ( t;<Ci§tl©7-;.o11 QQ6Q B', C', D' QG'41Q Q2 
6'l?6Q, '<12 Q2 Yllg'il'Q «l_~Q Q0~41 fJeJIS6Yl -i~ -; _:3;-4 Q941Q 62Q I '<128§ ~IQ6Q <xx) 
6Q~I Q86Q QY'l@ q_ttJQ0~41Yll'l?~ ~IO'l? QQ81QQI I <x..J. 6Q~I Q86Q fJe.J1~6Yl 
0 , A , A', B, B', C, C' Q941Q Q~Yllg'il' ~l'l?l'il' (co-ordinate) ~g 2.46Q 6Q~IQ Q(".11£11Q~ I 

-4 -3 
X' 

D' C' 

(b) OQ6YIQ ~0'1l141Q 1118Cfi' : 

-2 -1 0 1 2 
B' A' O'. A . B 

(~g 2.4 ) 

3 

c 
4 

x 
D 

Q0'61416Q~I <xx) 6Q q_4QJ0~41~~Q Q8~1ag 62Ql86Q QJQ~6Q~I Q86Q ~l~Q ~Q0~4 
Q~ Q2fJIQ~ I 6fJ~~~G q_4QJ0~41 ~IQI «l_~G' 626Q g12' I Q@Yll'l? ~~Q0~41Yll~~ <xx) Q86Q 

~.i..1,-d I r 1 c-l;11t ,J 1 ~ 

q_9g ~QI I ,, ... . ··r . 
Y16gGQ b > 1 '<JG t.JglYJ_G q_4Q0~41 I 696]_ b '<IQ g~g ~~1°~ (proper fraction) 

621Qej_QI~, '<12 Q0~41~ 0 01~ ~ (3 1 01~ 6~1£1 (".16£11 6G'GJ. '<12 QJ0~41~ 0 Q~Q t.J'l? QQE)Q 

0 (3 A Q~~Q Y1~6Q 6Ql61~ '<IQ Q~Q ~1g1~ 62Q I 
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OA (~ell~ '<I"' '<1~"'1 6Q~l~~s.? b QY!lg QIQ6Q QQ~ li?6Q, g§ QY!lg QIQQ 

., 6~Q~ 1; 6~ I 6i9 Q£q~"' l(]e.JIS6YI Q
1
, Q

2
," Q

3
'.'.. . 626Q, '<12 6W Q£Yll~Q 

il~I-- l(Jl>.JIS6YI 1;, i, i ... 6~ I 6Q20Q Q611~'ii' OQ6YIQ QI~ -1;, -i, -~ ··· ~IQI 
'<l_~~ Q~ ~~'ii' 6Q~IQ Q61 QQ ~1 Q06Q ~Q'6Jl{j~ 62Q I '<J2£JQ QIQ6Q 

((]fl~ OQ6YIQ Q0~~1q~'ii' Q0~~l6Q~I Q06Q '611£1g 'ii'Qll(]IQOIQQ I 

X' < -1, -~lb -~lb -l(b 
1
0 l(b 2~ 3{b 11 ;:. X 

A' 
A 

02' Q,' 0 
(9~ '~':5), . 

(c) ~OQE)f'IQ Q·~~lf'll~Q ilO~ I 

Q2 QJ 

q_'9«1~~1 '<JQO OQ6YIQ Q~~I Q~~ Q~~l6Q~I Q06Q '611£1g 'ii'QI O()Q ~I~ t'JQ0~~ Ql~Q 
Q~41 Q~IQi§, 61(]Q q~ t'Jl6YI Q~416Q~I Q06~ Q0'611£Jg ~I~ I QQl2Q61 ~~ '<Jli? 

'<IGXii' QI~ 00~ '<I~ QY16'ii'l611 QYl~I~ ~~-,~Q 6004 J12 +12 t'J_~1~ Ji. 6QI~ Ql~Q 
- < ·~ , I • . - \U _.' l '· ·1 \ ,I 

Q~41 I ~ '<121§? '<I ~mG Q0~416Q~I Q06Q Q0'611£1g oog1~ I . 

J2 §? Q0'611£Jg QQQI§? 6U16Q, ~~ 0 ~ ~ QOQ'61 A~ OOll(]IQ, 61(]0Q OA=l '<J~ I 

A ~Q ~ gg AB Qfl. t'J~ 00 61(]£JQQ AB = OA I OB t'J~ QQll(]IQ I 

£le.Jl6QIQl(('t_. QOOIQ4 ~~Ql6Q OB .;:;= JoA 2 + AB2 = J1 2 + 12 = Ji. 
~Yll~ 0 §? 6~§'~ (3 OB ~ Q~ l«llei 6gQ ~I~ t'J~ 00~ 1(1121 ~ §? P Q5?6Q 6W 

QQQ I 61(162~ OP =Ji., 661~ P Q£ Ji. «'1°~41 ~IQI ~9~ 62"11 I t'Jell~ Ji., P 9~6Q 
il~I-- 62QI I ( ~ 9 .~ 600) I 

q~ OB 6Q~I~~ g§ B Q£6Q 8c Qfl. t'J'"9g 'ii'Q, 61(]£JQ§ BC = OA I 

:. oc = Jos2 + sc2 =Ji+i =13 

0 §? 61i?§'li?Q (3 OC §? Q41«Jlei 6gQ ~10 t'J_.,g li?6Q, 6'121 ~ §? Q Q~6Q 6U'Q QQ9 I 

OQ = /j 62Q Q Q~~ J3 Q0~41~1QI ~96' 62"11 I 

'<JQ£JQ ~16YI OD= J4, OE =J5 , OF= J6 Q9111Q tllQQI I q_OOQ 0 §? 6"'~ C3 '1eJl~f1 . - ~ 
OD, OE, OF §? Q41{{]1~ 6gQ ~10 t'J'"9g fiil6Q ~I~ q~fiil ox §? l(]e.JIS6YI R, S, T 9~6Q 6U'Q 

QQ9 I ~Yll~ R, ~ T Q5?fllg '1e.JIS6YI J4, J5, ./6 ~IQI ~9~ 62Q I 6«12 6~d~ fll~ 
6~ ~16YI q9Q~ ox' 6Q~I Q~6Q-/2' -13' -14 ' -J5' _J6Q0~~1fll~111£1~ QQ£JIQ91· 

I 

PK-01-29-17 
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!tll21 !tleJIS60 P', Q', R', S' '<IQ0 T' Q ~l~I~ 6W I '<I~~~ «]_'O'IQQI 81Q W0~ 6~~ (3 Q~I~ 
Ql!Q2iQ ~QQI~ tl~ I 

X' 
T' S' R' Q' P' A' . 0 A P Q R S T 

(~~2.6) 
x 

'<12 ((]~ ~tlQ60Q ((] 0~41 ~~~ <xi ((]Q~6Q~I Q86Q ~I~~ QQ«JIQQI 86Q 0~ ~g4 
Q~ Q~ 61(]Q01g~Q «J.~Q Q1°~41 ~~Q ~XJQ60Q 1 rt, Ji, rt +.Fi, rt+e, rt.f2 QmlQ w~£1 

W~ ~~Q60Q «1°~41 ~ii'§, 61(]Q 01g'ii_ <xi 6Q~I Q86Q «J.~9 QQQI Q~QQ I 
~01g gcqi Q60, g694Q ~8Q60Q «1°~41 Q~~6Q~I~ (<xx)) 6Q@-<J 6Ql9'<l Q£~ 

«J.~IQQ ~ ? 
- l..:,, ,t - < - -

'<l g~Q Q~Q '<l q_@QQ 8QQQ~9 ~62 I ·6Gq g~ ~1QllCl4 ~~ ~2Gl QQQI I 

~lQl~lf - 91g9 <C'J0~lfl 6<CJ~ (3 '<IQ <(JQ96Q~IQ 9201g~Q 6{(1~~Q {(]~~; ~2J1~ 
~Q 6<CJ~ f1~6Q '<16QQ ('<IQ - '<IQ) {(1°£JQ Qi}~ I 

2.9.2 91g9 {(1°~lflf'll~~Q ~fl (Order in R) : 

~Q~ Ql@Q «J0~41 a <3 b 0~6Q 6Ql~'<l ~g40l'S! Q~, QA.I «Jig G21Q816Q 1 Ql~~a 0~6Q 

'<12 2~10.Q Q0~~ 6QY11g~Q ~0 ~~IQG'l QQeJl'<l I '<321~ a» b QI a < b ~IQI gQl'61 QQliCll'<l I 

£JQ a> b ~'<!, 9121626Q a ~IQI «J.~9 Q£~ <xi· Q0~416Q~IQ bQ ~~Q Q~Q Q~Gl 
tll~6Q Q~ I '<12~§ QQ~ Q0~4101g~- 2~g1 QQ, «10@ Ql@Q Q0~41~ ~160 ~06Q Q91Q 

tl!OOI I 

~lQl!Cf'I: Ql@Q Q0~4101g~ ~0 ~~IQGI QQQI 81Q 6Q691~ VJ1QlfJ4 (Axioms) Q~IQQI I 

a, b, C ~6~1~ 91g9 <C'J0~'11 _ I 

t a, b ~Q~ 91g9 {(1°~'11 626Q, i-<161 a > b 91 a < b QI a ·= b 6i'IQ£Jl6Q I 

'<li'li 2~~1 ~Qfl (L~w of Trichotomy) ~i'l~l'<I I 

2. a, b, c ~6~1~ 91g9 <CJ0~41 f1~6Q, a < b '<19° b < c 6i?6Q a < c 6i?9 I 

'<Jilli <(J 0~f11 ~Qfl (Law of Transitivity) ~i?l~l'<I 1 _ 
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3. 

4. 

a < b '<l9° c > O 6~6Q, ac < be 6~9 I 

Kl~ ·a < b ~'<l, 66169 c<Jfl~ 91~9 c<l 0~41 c alQ a + c < b + c 6i?9 I 

5. a > 0 (3 b > O 6~6Q, ab > 0 I 

'<12 «JlQlfCJY ~~QQ gGQIQ QQ ()Q()b'I~ gGYJQQ CSJY1161 ()Q~QI I 

( I ) a b '<JQ0 c > d G2G@, a +c > b + d 

(2) a b '<JQ0 c O G2G@, ae > be 

~rn~ : ( I ) a b (Q@) 

=> a + e > b + e . . . . ... . . ... (I) ( <;JlQlfCJY - 4) 

Q_'M'Q e > d (Q@) - 1';' • 0~~' 

=> b + c > b + d . . . . . . .. . . . (ii) ( <;J1QlfCJY - 4) 

(i) <3 (ii) S3 rnQ' a + c > b + c > b + d 

:. a + c > b + 'd 

(2) c < 0 ( 00) => - c > 0 

Q.'M'Q a < b (Q@) => b - a, :::-" o_ '" 
: . b - a > 0, - c > 0 

«J1QlfCJY - 5 ~IQI (b -a )((- c) > 0- . 

=> - be + ac ::;- 0 => ae > be 

~~Qll : 1. a '<JQ Ql@Q ~'M'l~G «l0~YI ~e.JI~ a > 0 £>'<l G9GQ a, «l 0~YIGQ~IGQ 0 

( ~g )Q g12161~ Q()2 I £IQ a '<JG 6\611QG Ql@Q «l 0~YI ~e.il~ a < 0 £>'<l, ()9()Q a, 0 

( ~g )Q QIY'l 81oqlGQ QG2 I 

2. ~g '<l'1'fll~ 91~9 c<J 0~41 ltll~I ~m1aQ 91 Q~laQ ~6i? 1 

2.9.3 ~0~416Q~IQ 2Q9~ fl~6Q ~QG'I 

~Q91 '<JQ GQQYQ Yll'tl I '<l2 Yll'tl GGGQ G2G@ 6\611QG G21Q81QQ <n112' I GQ161Q <;JQ~GQ~I 

Q8GQ P (3 Q ~Q~ Q~ G2G@, G«lYll'M'~ Yl~GQ ~Q91~ PQ G@~lfll'<l I ~'M'Y'SjQIQGQ CSJGI~ 

QG@, PQ Q ()QQY PQ Gi?Q I 

91@Q <;] 0~YI~~~ Q0~YIGQ~I ~866'. G8Q 1'118<n' QQl£11Q81QQ, 9121 ~IGY'l q_Q ~~G!i'QGQ 
WG@l~'M'I QQQIQGfi' I Q~98 '<l21 '<llii' 1'11g1~ 'Q611~1 (Co-ordinate System) I '<l2 1'J1g1~ 

~Yl~G~ 6Q~Q ~41~Q {Geometry of line) ~21fll'<l. I 

~Q Q0~YIGQ~I Q'tJGQ P (3 Q ~Q~ Q~Q 1'Jlgl~ 4 (3 6 £>'<l, G9GQ P (3 Q Yl~GQ ~Q91 
4-6 QI 6-4 ()29 I ~e.JI~ - 2 QI 2 Gi?Q I §~ -2 (3 2 Q@Q~Q Ql0~G ~@Y 2 ~()~ I - 2 

(3 2 Q Ql0~Q fllg ~616\GllQG (3 '<12 Ql0~G ~@Y~ 1- 21 (3 121 ()@~lfll'<l I 
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~016Q 1-21 = 121 = 2 

~e.JiQ Clgl~Q 62Q ~I QGll~Q 62Q, 6rtl 6QIG1Q Ql@Q <Cl 0~41 x Q <Cll 0~Q Yilg~ W6Yl 
~ < ~ 

lxl ~IQ6Q gQlt;l Q~ I '(]~ lxl '<]QQI ~Q Cl~laQ Ql~Q QI~ (3 '(]~I~ xQ £JQ91 911~ 

(Absolute Value) ~~IS(]l'<J I '<IQ <Cll 0 6Q9Q ~~~ Q4Q21QQ QQ W6~ Qt:J6Qlg ~QG'I~ §Y] 

gQIQ6Q 6Q~81QQI I 

PQ = I 6 - 4 I QI PQ = I 4 .:_ 6 I 

:. PQ = 2 

~e.JiQ PQ = I P <3 Q Q l}1g1~~QQ ~~Q I . 

6QGJ_ '<l0~'116Q~l~G' P (3 Q 9£~~Q ~1·'C\{~ 911~ QI '611~1_.- !Cl2.11~691 a (3 b 6~6Q, 

£QG'I PQ = I a - b I 

6QGj_ x cigl~Q QI QGll~Q Ql~Q <Cl0~41 626Q, 

- { x, 6£16Q6Q6~ x ;:: 0 
lxl- -x, 6£1696Q6~ x < 0 

QQl2QSJ «;j~t:I x = 5 626Q, lxl = 151 ::- S- = x; 

x = 0 626Q, lxl = IOI = 0 = x; 

x = -7 626Q, lxl = 1-7-1 = 7 = -x; 

~~Q4 : x 6£1 6§1SJ~ '<IG Ql~Q Q0~41 626Q, 

(i) lxl = I-xi · ;:: 0 (ii) lxl ;:: x 

. : ~ 

(iii) lxl ;:: -x (iv) lxl ::;; a 626Q, - a::;; x::;; . a 62Q r 

(iv) Q gYilGl : 
., ( 

gem t:i£\~9 :x ;:: o 626Q, 1x1 = x 

:. I x I ::;; a ::::::> x ::;; a ...... (i) 

Q91a t:iQOO : · x < O 626Q, I x I = -x 
~ 

. . I x I ::;; a ::::::> -x ::;; a ::::::> x ;:: -a .... .. (ii) 

. . (i) (3 (ii) ~ t:JIQQI -a ::;; x ::;; a 

x' -a 0 a x 

I x I ::;; a 

(~~ 2.7) 
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QQl~Q~ - 6 

'<IQ <()0~416Q~l6Q ~ (3 B Q '6Jl~I~ ~"' 3 '<JQ0
. -7 626~1", AB 6Q6b' ? 

'<lfll~I~ : AB = AB Q 6~Q4 

= I 3 - (-7) I = I 3 +71 = I 10 I = 10 

~eJQI AB = I -7 -3 I = I -10 I = 10 '<l~ 

QQI~~ -7 : I 3x - 2 I = 4 «WllCllg QQ I .. . \ 

'<lfl·l~l~: !(]Q 3x- 2 ~ O ~'<I, 696Q . I 3x- 2 I = 3x- 2 62Q, 

:. 3x- 2 = 4 ~ 3x = 4, + 2 . 

~3x=6 ~ .x=2 

!(]Q 3x- 2 < 0 ~'<I, 696Q I 3x- 2 I = -(3x- 2) 62Q, 

:. -{3x- 2) = 4 ~ -3x +2 . = 4 

~ 3x = -2 ~ x = -2 
. . 3 

:. ?.'GtUQ '<IYllCJlg = .{ -2 
, 2} 

3 

QQl2Q~ - 8 : I xi < 5 626Q x Q ~I~ §~Q 00 I 

CC!fll~l~ : <() 0Slll~'<ll6Q lxl = x, !()Q x ;;::: 0 '<JQ0 

-x, !()~ x < 0 

!(]Q x e1g1YJ_Q ~'(] 91626Q x < 5 ... ..... ............. : (i) 

!(]Q x QGllY].Q ~'<I 91626Q -x < 5 Qfl.I x > -5...................... (ii) 

(961Q) 

(goo) 

6b'6J.. (i) (3 (ii) 2 rnQQI -5 < x < 5 ( Q6lQ) 

QG~~Gi :!ClQ x Q Yi1g 5 012 Q~ <'.le.JIQ 6. ~-<1, 

696Q lxl = 161 = 6, !()121Q lxl < 5 <()~~ Q6QICJ QQQ I 

!(]Q x ,Q fllg -5 012 Qfl_ <'.le.II~ -6 ~'(]I 

696Q lxl = 1-61 = 6, !()121§ q_QSI~ lxl < 5 <()~~ Q6QICJ QQQ I 

§~ -5 012 <'.JIQQ QQ 5 6~ 6'51~ Q6Q, 6!(]Q «lr-1~ Ql~Q «'1°~41 . Q2QI, 

9121 lxl s 5 «1~~ ~fii' QQQ I 696]_ lxl s 5 · ~ - 5 s x s 5 

QQl~Q~ - 9 : 13x - 21 s 5 1)26Q, · xQ «lfl~ fllg ?.'~~Gl QQ I · 

CC!fll~I~ : ~~94 - (iv) 6Q Q<'.Jl!()IQej_QI ~ <'.J~«116Q 13x - 21 S 5 626Q, 

-5 S 3x - 2 s 5 
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=> -5 +· 2 ~ (3x - 2) +2 ~ 5 + 2 

=> -3 ~ 3x ~ 7 · 

=> 3 ~IQI QIQ Q6Q, -1 

QQl2Q~ - 10: I 3x - 2 I> 5 ~'<IY11QQG1~ '<IY11CJl'fi' QQ I 

< 2. - 3 

'<IYll~I~ :- QQIQQGJ -9 6Q I 3x- 2 I $ 5 ~'<IY11QQGJ~Q '<IYllCJl'fi' QQl!C:JIQ~ I 

I 3x - 2 I~ 5 Q 6~ Q~QG Q~~ I 3x _: 2 I > 51 ~GQl0 QQl2QG1 -9 6Q ?l~~QI QQQQ 

WQG Q~ ~'<IY11QQG1~Q '<IYllCJl'fi' 6W I 

7 ~ 
~~Q I 3x - 2 I > 5 Q '<IY11CJl'fi' x > 3 'ii'~I x < -11 

2.10 Ql6'_. QI~ (Exponential numbers) : 

a '<JQ Ql'!lQ '<1°16141 (3 n '<JQ QGJ'n' '<1°16141 626Q a" Q ~cl ax ax.ax ax ..... (n eJQ) W>£1 I 

a" '<J{iil Ql'!lQ '<1°16141 (3 '<l21Q QIQGl 62QI Ql'!lQ '<1°161.41 6'<1£1,6Q ~Gl'fi' g~a@ Q0~Q §QYilM'fi' I 

a"~~~ QIGl(;i," ~~(exponential form) ~21!C:ll'<l ! 6lCJQ016Q a ~ICJIQ (base) (3 n QIGI_. I 

'<JOl6Q n = 0 626Q a0 = 1 (3 '<JOl6Q a '#. 0 I ~21 '<JQ Q0 l\lll I 

~16Yl ~1~6il' 6!C:J, a'#. 0 626Q, a·1 = _!_ '<JQ0 a-m = -k- (a'#. 0, me N) 
a a 

a" Q1g1-- ~~6Q a ~G1'5J_'n'4 Ql'!lQ '<1°16141. (3 QIGI-- Ii '<JQ q_ttl '<1°16141 (n E Z) 626~ ~~Yi 
6'2]6116Q §Y)§~g Qlgl_. §QY! ~~Q ~~Qt;;' QQif I 

(i) am x a" = a m+n (ii) am .+ a" = a m-n 
(iii) (abr =am x bm (iv) (am)n =a mn 

6!C:JQOl6Q a, b e R (3 a* 0, b * 0, m, n e Z 

} .... (1) 

x0 =a (x e R, n e N) 626Q ~16Yl x ~ a Q n-gY, ~Q (n-th root) 6QIQ Q~ I 6Ql61~ 

CJ'fi'IY.}Q Ql'!lQ '<1°~41 a Q n gy, YJ_Q ~6~ ~16Yl ~~ 6Ql~'<l tl'fi'l~Q YJ_Q 91QQI (3 ~2 n-xx:l q_Q~ 
' . 

Va '<1°600 ~IQI gQI~ QQ91QQI I 6'<12 ~ij~ a Q QQYJ_Q ~Q0 a Q Q~Q~ ~eJl~6Yl .Ja (3 v;_ 
Yll~Y16Q gQlial QQl~l'<I I '.[' ~~~ QQG11 (radical)~~ ~21rn~ I 

' ' ! ! 
.Ja (3 v;_ ~Yi~ ~eJl~6Yl a2 ~Q0 a 3 ~6~ 6Ql61~1~1Q91Q<QI I Q41~~,· Ql6Q q ~Q QGl'fi' 

' \• 

I . 

<(]0 '6141 6~16Q aq- '<IQ CJ'fi'l~Q Ql'!lQ '<1°16141 (3 -<l21~ a Q qG~ !~Q ( qth root) ~21~1'<1 I 

I I I P 

aq QI~~ p eJQ qGi'fi' Q()Q 91QQI : aqxaqx .... . (p eJQ) = aq-

'<12 ~ij~ g1g1-- Ql~6Q Q1g1--~ ~Q6Y1Q Q0 '6141 '<IQ0 WCJIQ~ '<IQ Ql'EiQ Q0 '6141 Ql6Q 

OOIQE>Q ~16Yl 6~ rnoo1 6!C:J, ~Q6Y1Q QIGI-- rnQ' ( l) 6Q goo ~QY, ~~·n (3 m ~Q6Y1Q Q@ 

626Q Yi~ «Jg4 626Q I 
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< £ I 

QQ~l0 ~16~ 6Q~81QQI : a" == (a P);j = '{c;P '<IQ0 

0Q Ql91~ n Ql@Q '<] 0~41 696Q YI~ £1191~ ~QYl (I ) '<JG4 I mg '<121~ Q~Q Ql6Q 
' ~ 

~16@1001 QQQI '<l2 q_@QQ 8Q'<JQQ Q2~~ I 69~ Ql@Q Ql(;'I~ 81Q ( I ) 6Q <gQQ §QYl IQ]_~~ 
«.]1Q1~4 ~68 '2)2Gl 001£JIQ§ I 

QQl2Q~ - 11 : ~8Q~9 £11(;'1~ Ql~Q Yllg ~~8Gl QQ I 

(i) 4-! (ii) 343+ (iii) (s=i ) ~ (iv) (0.125)! (v) (1024) 12 

(i) 4 -t = (./4)-5 
= r 5 = __!__ = __!__ 

25 32 

(ii) 343! = V343=3J?3=1 

(iii) { 8=} ) $ = 8 .:} x~ = 8-t =~=ff=~ 

(iv) (0.125) t = V 125 = ~( 5 )3, = 2. = o.s 
1000 10 10 

~ 12 

(v) (1024)1.2 = (1024)tfr = ( 1~l024 )12 
= ('~) = i12 = 4096 

~~9~ : a* = (air =(Var 622 '<101~6r 6Q~£11QQI . : a ~ = v;;p = (~rar 

2.Jj +3 · ~ . ~ 
QQl2Q~ - 12 : 

5
.Jj + I = x + y J3, (3 x (3 y £1Q6Y1Q 626@ x (3 y Q ~Q4 g~£1Gl Qi'Q I 

. . 2./3+3 (2./3+3)(5./3-1) 
~Yll~lg : x + J3 .y = 5.Jj +I = (5./3+1)(5./3 -1) 

( QQ (3 QQ~· (5.Jj - I) ~IQI IQJ.Glg Q6Q 2Q6Q fJ_QI ~8Q6Y1Q '<1°~41 ~£l'<JIQ9 ~'<I I '<l2 
g~rn~ 2QQ £JQ6Y1Q QQGl (rationalization) ~210M I) 

=> x + Jj. y = 30-2./3+15./3-3 =-27_+_13_./3_3 
75-1 74 

27 13 
-+-x./3 
74 74 

< 27 13 
QQQ 81.q]~ 2Qgl Q6Q x = 

74 
(3 y = 

74 
I (QOO) 

QQl2Q~ -13: '<]QQ QQ;-

(1·1·) ( 4 )-}- ~ ( I )-1 
9 -x64 3 x 1

3 

I ( I )
3 

- I 3 ~8 __ 2
8
7 --( 2'3 )

3 

~Yll~lg : (i) '<J016Q 
27 

== J , 0.3 = J '<JQ0 
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{( t) 3}+ {(3) 3
} - } t (3) -2 

:. Q@ QI~ = ) x 2 = )x 2 I 4 4 
= - x - = - ( QQQ) 

3 9 2 7 

(ii) QQ ~Q~QI~ = ( : ) T x 6 4 T x ( I ~) - I = ff- x ( 4 3) + x ( ~ )-I ' ,,, 

2 ( 1 1.1) 2 3 2 3 = - x \/4 3 X-=-x4 2 x-=8 
. 3 4 3 4 

5 

QQl2QQ - 14: { V24_x.J24x.JIT}x = 
2 6 

626Q x Q q_Q4 ~QQQ I 
V12x.J18 J3 

I 5 

2 6 x2 6 2 I =>x= =-=-
16 16 8 

I 
J3I - JIT .J3I + Jiii 

QQl~QQ - 15 : <(IQ<;;;' QQ : (i) J3I + JIT- J3I -JIT 

~lYll~l~ : (i) x = 
J3I - JIT J3I + JIT 
J3I + JIT J3I - JIT 

( J3I -JIT)2 -( J3I + JIT)2 
=> x = (J31)2 -( J11)2 

l
.J6-J7\ 

(ii) .J6 +J7 

(Q@Q) 

31+11- 2J3iXi]' - 31-11- 2J3iXi'I -4.J341 .J34T 
x= = =-~-

:. I x I = .J34) I 
5 

.. 1./6 -J71 - \.J6-J7\ 
(11) .J6 +J7 - J6 +J7 

J7-J6 
J7+.J6 

31-11 20 5 

.. . ~\ -

'·' 
(·: J6 +J7 > o) 

( ',' .J6 - .J7 < 0) 

(J7 -J6)( J7 -J6) - 7 +6-2142 - r.;; 
- - -13-2-v42 
- ( J7 + .J6)( J7 - J6) 7 - 6 
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2'.Ji~1~~1 - 2(b) 
I · g8Q~9 ~~rng~6Q X181Q4 QQQ YtctJ~ 6~ QQQ~ QI~ I 

/ 

(i) g8Q~9 YlctJ~ 6QQ£i 6~? 
. -

(b) J2 (3 J3 YtctJ6Q ('J8Q6YIQ '<1°~41 s:?12 I (a) .J4 ~Q ('J(]Q6YIQ ((] 0~411 

(c) J8 ~Q ~(]QE:Yl~ ((] 0~411 (d) 7tEQ 

(ii ) g8Q~Q YlctJ~ 6QQ£i 6~ ~62? 
(a) p (3 q X1°~41~Q £leJl~6Yl (]Q6YIQ (3 ('J(]Q6YIQ 626Q p+q ('J(]Q6YIQ I 

(b) p (3 q X1°~41~Q C'.J(]Q6YIQ 626Q p+q.C'.J(]Q6YIQ 

(c) p (3 q Xl 0~41~Q (]Q6YIQ 6~6Q p+q (]Q6YIQ 

(d) p (3 q ((] 0~41~Q (]QGYIQ 626Q p-q (]QfYIQ 

(iii) g8Q~9 YlctJ~ 6QQ~ 6~? 

(a) p (3 q (]Q6YIQ 626Q pq 8Q6YIQ 

(b) p (3 q ('J(]Q6YIQ 626Q pq C'.18Q6YIQ 

( c) p 8Q6YIQ (3 q ('J8Q6YIQ 626Q pq (]Q6YIQ I 

I 

(i v) Ql~QIQ ( QQ611) ~~ Q4Q21Q Q6Q 2 2 QI~ ~ Ql21 Q2 QYI 1g ? 

(a) J2 (b) ifi (c) .J8 (d) ~~~ 6QQ~ ~62 

.l 
x's < I 

( d) ~~~ 6QQ~ ~62 . (a)~ (b) 2x-1s (c)-
2 2 

(vi) 9 - 1 ~ QI~~ 6QQ QI~ Q2 QY!Jg? 

I I I I 
(a) - (b) 33 (c) - (d) 27 3 9 

(vii) ( J212 t I Q q_Q4 Ql21 '<12 '<JYll~ ? 

I I 
(a) J2 (b) 2 (c)- (d) 2 J2 

(viii) 6QQ~ 6~? 
(a) if4 > ifj (b) V4 >VJ (c) V4 =VJ (d) if.i =ifi 

(ix) Q '<JYIYJ (]Q60~ ((] 0~41 Q' QYIYJ ('J8Q6YIQ '<1°~41 626Q Q u Q' = ? 

(a) N (b) l · (c) R (d)-Q~~ 6QQ~ ~62'1 
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( x) ~Y)Q~Q 'YI~~ x Q q_G4 6QQ£1 626\nl (.JS+ J2) x '-QQ 8Q6'Y10. {(] 0~41 62Q ? 

(a) .J5+J2 (b) .JS - .fi. (c) .JS (d) Ji 
(xi) x+(I - .fi.) '-QQ 8Q6'YIQ {(] 0~41 62g<'.!.6Q ~Y)Q~9 q_Q4~ xQ q_Q4£i QI~ I 

(a)l -- .fi. (b).fi.-1 (c)-1- .fi. (d)2J2 

(xii) ~ «1°~41£1 ~Y)Q~g 'YI~~ 6QQ£1 {(]2 t;(]'Yll'W ]162'? 

4 
(a) J6· (b) J6 

3 

(xi ii) 3.fi. (3 7.J8 Q 6£11g8'Q 6Q69? 

2 
(c) J6 (d) Jl2 

Jl8 

(a) 12.fi. (b)' 10.J2 (c) 10.Js (d) '-Q<'.!.~ 6QQ£i ]16QI 

2. ~Y;lQ~g g§ 'YI~~ 6flQ'Ol~Q t;(]QY 6t;(]<i~~ ~~'01 QQ I 

(i) 0 E R (ii) J16 E Q (iii) JS E R (iv) - 0 = 0 

(v) - 7t E Q (vi) 27t E Q' (vii) 2 + .J2 E Q (viii) Q c R 
(ix) 7t E Q' (x) Q u Q' = R (xi) Q c Q' (xii) R- Q = Q' 

(xiii) .J2 (3 .J3 'Y1~6Q ~{(]1'Yl {(]0~4Q ~8Q6'Y10. «1°~41 QQ4'Yll'W I 

(xiv) 0.01001000100001.. .. '<IQ 9Q6'Y1Q «]0~41 I 

I 
(xv) x E R 626\nl, x. - = l 

x 

(xvi) 2Q6£11£i 8Q6'Y1Q {(]0~41Q 6£11£18'Q 8Q6'Y1Q I 

(xvii) 2Q£i 8Q6'Y1Q «l0~41Q 6fll£18''iiil .~8Q6'Y1Q I 

(xviii) 2Q£i ~8Q6'Y1Q «l0~41Q 6fll£18'Q 8Q6'Y1Q I 

(xix) 2Q£i ~8Q6'Y1Q {(]0~41Q <i618'Q ~8Q6'Y1Q I 

(xx) 7t «12 6fl 6Ql61~ Ql@Q «1°~41 6fll£1 Q6Q 6fll£18'Q ~8Q6'YIQ I 

3. ~YJQ~Xi Ql~'Yll'W'2 'Yl~~ 6QQ «l0~41<i~Q 8Q6'Y1Q (3 6QQ<i~Q ~8Q6'Y1Q 6Q~ I 

(i) 3 (") I II -
2 

(iii) -10 (iv) v'8f (v) 22 
7 

( ") .J3 I 
(vi) 7t Vil - (viii) .J2 (ix) 0.7 (x) o.7 

2 

(xi) J{0 (xii) 0.07007000700007 .. .... 

4. '5)_'W4l21g q_QSI QQ : 

(i) 2 Q <i6l'Wl0Q Q6Ql'Y11 .... I (ii) .J2 Q<i6lglqQ Q6Ql'Y11 .... I 

(iii) .J2 Q 6fll£110Q Q6Ql'Y11 .... I (. ) 22 
IV 7t Q 7-.QQ .... cri1g ~6'01 I 

(v) 4 - .J3 Q 6fll£110Q Q6Glrn ... . 

1 s1 I 



(vi) ...... Q qGi~lqQ QGQIY11 (3 G~m;11qQ QGQlmQ ((JY,ij. ~~ ~6£' I 

(vii) px = py 626Q x = y 62Q GQQQ fJQ 

(viii) Q u Q' = ... .... . 

(ix) -n Q tJQYI mg ......... 1 

(x) x = 0 626Q I x I Q Yll~ .... 

5. 'Q' @g()Q f.!_QI ((] 0'tl141Y11g~ 'ttl1' @g()Q f.!_QI t)Q ((]2 (~el ~QQ) flQIQ Q'tl1 I 

(Q) ('tl1) 

(i) 0 (i) q61~1qQ QGQIY11 

(ii) 1 (ii) GYil~Q ((]0 'tl141 

(iii) J2 (iii) ~tJQGY!Q ((] 0 'tl141 

(iv) 5 (iv) q~ ((] 0 'tl141 

(v) 6 ( ") 22 ' ,J.f "<J I " •. " VI ~l((]<ri)Y!lg ' J ·,. 

(vi) o.7 (vi) 6£11Ql0_Q .QGQIY11 

(vii) x (3 - x (vii) 6£11Ql0_Q ~GSIQ 

(viii) 2 (3 ~ (viii) Slb)'<1°'tl141 E. 
q 

(ix) 7t (ix) £161~10.lii' ~GSIQ 

6. §~Q~~ gG~4Q G~gGQ GQI~'(] GQ~l-Q' QQl2Q61 QC'.J I 

(i) x (3 y C'.JtJQGYlQ Yll~ x+ y tJQGYlQ I (ii) x (3 y C'.JtJQGYlQ (3 x + y ~tJQGYIQ 

(iii) x (3 y C'.JtJQGYlQ Yll~ x-y tJQE>YlQ (iv) x (3 y C'.JtJQE>YlQ Yll~ xy tJQE>YlQ 

(v) x (3 y C'.JtJQE>YlQ (3 xy ~tJQE>YlQ (vi) x (3 y C'.JtJQE>YlQ Yll~ ~ tJQE>YlQ 
~ x ~ 

(vii) x (3 y C'.JtJQE>YlQ (3 Y C'.JtJQE>YlQ 

7. §~Q~~ g<qlYll~bii" QQQ 0~ I 

(i) E)QYS)' Ql@Q ((] 0~41 ~I' §~Q 6£11Ql0_Q QE>QIY11 C'.16£' ? 

(ii) E)QYS)' Ql@Q((] 0 'tl141 ~I' ??~Q £j_61~10_Q QE)QIY11 ~(:)£' ? 

(iii) a X 0 = b X 0 626Q «JQQI a= b 62Q ~ ? QIQ61 «12 QQQ QC'.J I 

(iv) 2QE>Ql~ C'.JtJQE>YlQ <CJ
0 'tl141 E>Q'tl1 E>£ltJQ E>~lYll~bii" £J.61tl'Q tJQE>YIQ rn~ E>£11Qtl'Q 

C'.JtJQE>YlQ 62Q I 

(v) 5{Q6QI~ C'.ltJQE)YJQ «J 0 'tl141 6Q'tl1 ElfJtJQ El((]Y!lgbii" 6£11Qt)'Q tJQE)YJQ Yllg £j_61WQ 

C'.JtJQGYlQ 62Q I 

(vi) '(]Q tJQE)YJQ Q~ «J 0 'tl141 Q.a1~Q (3 '(]Q C'.JtJQGY!Q «J 0 'tl141Q Q.a1~Q ~t)E)Q tJlciQ4 

Q'61 ell'(] ? 
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8. ~~Q~x;-i c:a 0 'ci141rn<r\'1;; 6£JIQG'<;;i' ~Q QQ : 

(i) Jl8 (3 m (ii) 3J2 (3 7J2 (iii) JS (3 - JS (iv) ffs , Ji08 (3 Jltf7 
9. ~~Q~x;-i c:a0 'ci141Yll<r\ll;i <OJ.GIG'<;;;' ~Q QQ : 

(i) .JS (3 J2 (ii) J20 (3 .JS (iii) 3 +J2 (3 3 - J2 (iv) Jl2, J45 (3 J15 
10. ~~Q~9 Ql~Yll<n'~ x c;a2 <Oj_t!il<n' Q6Q £JQ <0]_61\J'<;;i' I ('<IQ) 696Q x Q q_Q4 ~~fo. QQ 

6£1\JQQ x Q 2Q '<JQ q_4 c:a 0 <ci141 62Q I 

(i) J3 (i i) 3J2 (iii ) 2+ J3 (iv) JS - 1 (v) J3 + J2 

11. 0.303003000300003 ... . Qct;i~Q QI~~ 8Q6Y1Q Q C'.KJQ6Y1Q QIQ61 c;a2 6Q<cil I 

12. p (3 Q 0£~0. c:a 0 <ci1416Q<ci116Q ~Y)Q~\)I c:a0 <ci141 6£11~ ~IQI q_§g 626Q ~694Q 6~~ 81Q PQ 

~Q91~0.QQ I 

(i) 8 (3 15 (i i) --4 (3 3.2 (iii) -3.7 (3 - 6.1 (iv) 7t (3 -37t 

13 . gY)Q~\;I Ql~Yll<n'~ 8Q6Y1Q 2Q 0~~ Ql~6Q ~Qlct;i QQ I 

2 2 2 I 5 
(i) 3( .J3 + Z) (ii) 1 +Ji (iii) Ji+ 3 (iv) 1 +Ji (v) 3 _Ji 

l . Ji+.J3 
l+Ji+.J3 (1x) Ji+.J3+JS ( .) l +Ji ( .. ) Ji - I ( ... ) 

VI r;;; r::; Vil Ir r::; Vlll 
v3+v2 v5-v2 

14. QQQ QQ: 

0 JS+ .J3 JS - .J3 C) J7 - JS J7 +JS 
I JS-.J3+ JS+.J3 11 J7+JS+ J7-JS 

15. a (3 b 8Q6Y1Q Q0 <ci141 626Q g~Q~9 6~~6Q 6QY11'i1'~ Yll<n' g4Q QQ I 

./3-1 .fie··)· 4+JS ., is c·· :)· .J3+Ji b.J6 
(i) .J3+I =a+b 3 11 4 _JS=a+b 5 m .J3-.J8=a+ 

16. Q0 <ci1416Q'ci11 ~~<;1' QQ Q~IQ_ (3 6Q.~Q Q4Q21Q ~IQI g~Q~9 Q0<ci141Yll'i1'~ «J0 <ci141 6Q'ci116Q 

~001 

(i) ~ (ii) 1.!.. (iii) Ji - I (iv) Ji+ I (v) 2 + .J3 (vi) JS (vii) J3 - I 
5 3 

17. «l0 '61416Q<ci116Q gY) «l 0<ci141Yll'i1'~ ~18'i1' QQ 6Q~~ ~26lQ 'rJQ QQ I 

(i) - .J3 (3 -Ji (ii) % (3 ~ (iii) Ji (3 1 ± (iv) 1.7 (3 J3 

1

./3 - Ji J3+J2 I I I 
18. «lQQ QQ : J3 +Ji - J3 _Ji+ J2 +I - Ji - I 

19. gQl2Q61 6'i1'Q «19491 8Q1~ I _QQ ( 6£l~Ol6Q x (3 y Ql@Q «l0 <ci141) I 

(i) I x + y I ~I x I + I y I (ii) I x - y I ~ I lxl - lyl I 
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20.~QQ QQ 

(i) (('~rar'")Jil ; a > 0 (3 n EN 

21 . ~61\J'Q ~ttiQ QQ 

,.!. ti _.!_ 
(iii) 27 3 x - + 81 

4 

9 . 

(i) (a ~ + b~ )(a ~ -bi J (a > O, b > O) (q_901 : (a+b}(a-:-b) = a2
- b2 Q «iE !J6QIQ QQ I) 

(ii) (1-a±)(1+a±J(1+aiJ (a > O) 

(iii) (1 +.! )(1 +•'xi +.l x I +o ~ )(1 +o,\] (1-0,\ J (a > 0) 

(iv) (VX +VY)(if;.2 -VXY +W) (x > 0, y > 0) 

(q_901 : (a+b)(a2-ab+b2) = a3+ b3 Q ~ !]6QIQ QQ I) 

(q_901 : (a2+ab+b2) (a2-ab+b2) = a4+ a2b2 + b4 Q ~ g6QIQ QQ I) 
22.~QQQQI 

I 2 I I .. I 2 I 

(i) J x2y3z3 +(xyz)3 .Cn) Vx2y4z- ' +vx-3y2z-3 

(x > 0, y > 0, z > 0) 

23. {x, y, z, a, b, c} c R (3 x > 0, y > 0, z > 0 626Q !JY1161 QQ 6£1, 

(i) Jx -'yxJy-1zx.Jz-1x =I 

(x")a\; (xb)~ (Xe)-!; (ii) ~ x 7° x -;a = I (a ;t: 0, b ;t: 0, c ;t: 0) 

I I I / 

(iii) ( x• ~ b r-c { xb~c y-· { x <~• J-b ~I (a, b (3 c Q Yl_G4 ~~Yilg 1) 

I I 

24. (i) a= 23 -2 -3 626Q !JY1161 QQ 6£1, 2a3 + 6a = 3 

.!. _.!_ I 
(ii) a = x3 - x 3, x > 0 626G', !JY1161 QQ 6£1, a3 + 3a = x - -

x 
25. x Q YJ_Q4 ~~861 QQ I 

(i) 3 x+ I = 9 (ii) 22x+ I = 8 (iii) ( .Ji.)2'-' = I 
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(i) a (a- b) = a2 - ab 

(ii) (a± b)2 = a2 ± 2ab + b2 

(iii) (a + b) (a - b) ~ a2 - b2 

(i )(a± b)3 = a3 ± 3a2b + 3ab2 ± b3 

(v) (a+ b) (a2
- ab + b2) = a3 + b3 

(vi) (a - b) (a2 + ab + b2) = a3 - b3 

27 . x e R, x ;e 0, a,b, c e R 626@, g~IGl QQ 6£l, 

I I 
----+ + =I 
l+ xb-• +xc-a l+xc-b+x•-b l+x•-c +xb-c 

28. ~Y.lQ~\t 6~~6Q x Q mg ~~8Gi QQ: 

(i) I x-3 I = 7 (ii) I x + 1 I = 11 

(iii) I 2x - I I = 3 (iv) I 3x + 4 I = 5 

29. ~Y,l6Q g<tt~ Ql~~l£1~ 8Q6~Q (3 ~8Q6~Q «1°~41 Q Q~ij ~68 gQI~ QQ I 

.) 3 
(1 3+J5 

(i) Ix I < .!.. 
2 

(iii) I 3xl ::;; 5 
(v) I 3x-l I ::;; 7 

(") J2 
11 t+.J8 

(ii) I x I > I 

(iv) I 2x I~ 3 
(vi) I 7x + 3 I ~ 5 
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( ... ) J3 -1 
Ill --

J3+1 
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