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(Mathematical Reasoning)

*»*There are few things which we know which are not capable of
mathematical reasoning and when these can not, it is a sign that our
knowledge of them is very small and confused and where a mathematical
reasoning can be had, it is as great a folly to make use of another,
as to grope for a thing in the dark when you have a candle stick

standing by you. — ARTHENBOT ¢
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2 e o qUiieh y o1 UET 3ifked € foh geieh o g x o forg y < x.

Tt U@ Wi gl @ o <Al A o ek €t o ® feng e e © 1 arferhan
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3% “ 3R q A’ WA hednd © qel U UHT o Sifkied 8" @I yedeh o fe”
%! URHATOTaTere: aTeRIeT Fed 2|

T YR B <@ TR et T el | e fafre vissi/ameanet w1 i g
& TSreh o1l o1 wwerl wecul ®, fa9ie &9 9 <o &d fafe=t el s dua 1 S
HTT 2

| woamaett 14.3]

1. Tr=fafed fag woai o Jga GaSe ) 1 G8ET IR R Seh! U2 Heml
T faufeq wifow:
(i) |ft i gend aradfas gerd gt # iR gt aredfas gend gty
et & B 7
(i) Teret quifer =1 et o= =1 KO g 2
(i) W@ () o9 H wiw T 7 A 7 SR fF A wiw S A e 2
(iv) x= 23R x= 3, g0 32— x-10=0 & TaA &l
2. Trefafed sweml o qRHmTETes S qgeny iR weHl & e fafe:
(i) T UE HEn @ i €, S 9 o o SRR 2l
(i) T Tt @A X o o, X, (X + 1) § HH Bl 2
(i) 9RA o B Th TH/IRY o g Tk qier w1 sif 2
3. e o o e ford el o Wi (F7) Th-ER % FTHeE €1 1T SR ok
fore o ot Faemse:
(i) Wk ardfoash Gemsl x 3R y o U x+ y=y+ x T 2l
(i) T arEdfosh HEmst x SR y 1 eifie € feh faw x+ y=y+ x T Rl
4. waersy T Frefatea wer § we o’ feratsia’ © e efafase’ @1 3T
IW o faw &R0 «ff FaaE:
() gd 333 &1 € A1 <san Tk = 2l
(i) SEfET TEHE o SAEEA 3q MUk U T9H HIE A1 THURe Hl Aeul
(i) @f guish ¥ =1 0 e 2
145 3iauia/Aufaser %o (Implications/Conditional Satements)
79 ITIe% 7Y Sauig “afg-al”, “ ohaet Afk” iR “afk X e afk” W famr-fawst
Eaull
“aAfe-dl” | T HA HT TN Sgd GHET 21 S ok fow 9 o shed
foem wifsg
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r: 9 SMqeRt S feRe <91 H g3 B, a1 Y S 2 o AN ©| €W <@ ¢ TR

g frfefad & weri p ik q & W99 €,
p : ST ST [HH 391 H g3 Bl
q: 39 3G I & AIRF &
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#1 q o "fed eF W HE qud TEl g 2

Fed ‘AT p, A q”" F IR B TH A qeF ot A HIfGC fF 39w H Tw
fafifed =t & fop p =ifea e 21

FoA “afg p, @ " B GHSH % STHE Aok &1 B I Ikl b1 FrefafEd wem
o HIEH W W S|

Ifz g & 9 T N T, af 98 3 &1 ot Ut )
w S R p SR q Fefata seE e

p: BT eI 9 & YU gl
q: 98 gew 3 #t 9 [ 2

T YR weH ‘AR p, a1 q Frefafad wedl o w@ e 2
1 ‘p efadia g’ H p = q ¥ THe R W@ B Wl = ' sfawla (Tufasy

Fo) o fau wEm foman S 21 sueRt 31ed @ % For ChIE e 9wl U

?' ¥ e weF Satifed € T ‘o gem 3 &1 st oS 7
2 'p A giae @ o o fora’| st ot gan fom @re 9 g foR wen 9 w5 TS

2, W@ © g7 frepd freen & fog fF o8 S 3 &1 o e 2
3 ‘p waa IR g

THHT o1l gaT foh g W& 9 FF PN 7, T AfE 98 & 3 HI St O 2
4 ‘q sfmrd wfE § p % fal’

T 37 g3 o S i G 9 i U B, A o Hem wferd w9 9 3 Wi

off 7o 7
5 ‘~q a9 ~p’
T 1o gan T afk FE T 3 &1 e &l 7, o 97 Gen 9 w1 ot o = R
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14,51 GfererAreaas 31T faei (Contrapositive and Converse) WiauHreres 3 faed
fafea 9 ¥ 9 o &em €, 5= g ‘afk-d’ @ v wem ¥ (3N ea A
ST Gl 2l

IR = R Ry afk-ar’ A wed W faeR i,

e wifcren aareRor & Uiied Bl € qe Sifereh aTareol qfafdd el S 2

TG HYF H GAuHS HeH

“fe Siferer ardreRor § 9RedT e giar € q wifdes arareRe gftetdd Tt gar g1’
e HIfSY o o <A1 e Th € (FEE) 31 oFe i R

TH 1A I U ok foIU 38T $9 3R 3Rl W faar |

saretor 9 frAfafed sl o Yfauaras s fafau:

(i) o Tw Gem 9§ W ¢, o 3 9 ot 9 B

(i) afE =9 9Ra § S ¥, 91 9 9Rd oF Tk AN

(i) = T Frys Herg ®, ot wafgae o 2
T STUE A HeAl % WiAHAHS He 39 R B,

(i) o wh "wem 39 9sa TE €, @ 9% 9 W ot 9sa Tl 2

(i) = =9 9Ra o A T #, @ g 9ra H A 9= )

(iiiy =fk T s wmfgeg 7 €, @ 9% THeg off T T
ST I S B o e AR p, @ g w1 AfauEs weA (A oo,
p-TEl" et ‘afg ~q, @ ~p’ T 3Tk 1% 7H ‘faelim’ wEAH O TH R U W
foam &
XU g wer ‘9 p, @ g’ * fodm %o, A g9 p R
I o T e p'afe wh Fem 10 § WA @ d o (Hen) 5 9 ot 9a 71
o1 foreim oM ' 9fE Th Sen 5 9 96T ©, 9 9 (§eN) 10 9 o 99 21

et 10 fefafed wei & faam fafau:
() =€ T g n @9 2, @ n? o |59 2
(i) afg a9 Fft yeai w1 gRaew § T HL, q@ AR wE H A-UE fHerm
(i) = < qofr a3k b 39 WhR € &F a>b, @ (a—b) TT TH A
Ul 2
T 3 FeA & faam 9 o §
() afx @ nz 99 2, @ n F @m R
(i) afx smueml wen W A-Ue faem ®, @ e @l wwAl w gfae A e
fora 21
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(i) = < qofer a3ik b 39 YR € fF (a—b) Td TH o[ YU 7,
a>b. ITEC FB 3N [EWN W =R H|

sarsor 11 fefafed fag weAl § 9 s & fau ved 9 52 HeAl i ggeHT
3R iRt it fF =1 wuF 90 © stean @l

(i) afx fqet ABC uwag 2, df og (frysl) wufgerg 2
(i) =€ asiR b quis 7, 4 ab T iy "ew

T () wew wed A9 ford €
p: YsT ABC GwaTg 81
q: fys gafzerg 2

Hifr Tk Tuag s wAfgarg f B B, od: foo gen weH we R

(i) ==l =eF HUA 39 YFN T,

p: a3k b gufs &
q: ab TFH TRAT GEA Bl

ifeh <1 qUTleh] T U Tk YUlish Bil € IR gHfe Ueh IReT wEe ot e ®,
aa: i wem 9 2
IRE ‘A SR A AR, Uk BRI Wehe feRaT ST ® IR fRU BT HeH p @R
q o fou gmen fefefaa guged &9 €

(i) ‘p =T 3R e =% g’

(i) ‘q =€ IR ko 4 p’

(i) ‘p @AfTErE 3R wiw gfdsy € q oF faw’ S sHe faedi| (Seen)

(iv) p q
T8l frefafad sem © foem o 21
SaETET0T 12 9 < wed g R ) g wed g 9 afg @il et A’ o
TN g wiHfea wife)

(i) p:afE K Ed T o 2, Al SHeR! =R Yo SRIe e i g
Ifg fepdl emad &1 9R T SR A4S *1 2, a1 Fd T o 2

(i) q 9f frd g@m o Rl w1 AEA 3 W 9T ®, 9 98 gen 9 3 9
I 2|
O 3¢ TH GEn 3 9 9N €, 9 SH WEAl o bl &1 Akl ot 3 ¥ 9T B

g (i) IS A Th a1 € A SR ohael AfE I TR NS H1 e I 2|
(i) T Ten 3 W 9F € A% 3R Shaet A SH W& o bl 1 AThA 3
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| woreret 14.4]

1. fr=Afafaa swem i g ‘afg-ar’ &1 ¥En i gy ue fafe= ®9 § 30 yER
fafen fo& sTor s1ef @M =i
IfE T Wiohd WA favd € i SEeht o ot foow 2
2. Trafafea weml o gfqurras iR foam seq fafau:
() o x T F9Rg "en €, @ x fawm 2
(i) 3% < @t TAiae &, 9 9 TH R K TH guad | T e €
(i) et o%g o 3 B 1 qread (SHavfa) ® fR SHEH dOwH wH 2
(iv) 3 sntafa forg 6 eeraE &l o Wehd Afg el T8 9 T @ f
frrreeTeHer forered ford weh foram Sram 21
(V) X T &6 §eq 2 ¥ arqd (Sfadfa) § fF x gem 4 @ 959 2
3. frfafed wemi 9 9 v & ‘afk-ar’ w9 ¥ fafau:
(i) o9l R (wW) T w1 argd (sfawta) € f enuet favemfEan
=t B
(i) °hel T U FHelm AR 9% TH A6 d TR I R
(i) F =S TR wgeS ® AfE Sueh fashul Tw-gm i gt Y
(V) Fad A e T % fo T s & B o qeE % W e B w
T O B
4. 9 (@) 3R (b) H 959 FHUA W G&E b () § KU U H1 gfquTeds SN
faeliy oA qganu|
(a) % 1 feoeht o d © d 319 99 W % HUS
(i) % ek UG e & Hu Tl €, @ o fReedt # T wd €
(i) 9 MUk UG W % HUS €, @ MY fXeedl H wd
(b) w&?a@ﬁawﬂﬁa%,aﬁmﬁw@-@iﬁmw
FW 2
(i) =fE et =qefs o el uw-gm 1 wnfgaifie 72w €, 9 wqys T
Ta wgs T €
(i) =% =g o foerol T TR i TEiiG & 8 al 98 FHia wges 2l
146 A HI FLAT HI WA (Hefaa )T (Validating Statements)
TH o398 W g9 39 o1 R faER S o wh e o Rl o oo g 81 Swie
Y 1 ST S o e g9 FrefafEa gei s ST ST ST 2l
Yo e 1 1 o €2 TE e &1 7 Y B fh e weA WA ® AR Ha
A B?
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TR for@ gl o I 39 o1d W F9R w2 B fop wew e § “@iR” qen ‘o’
o ¥ HASeh % T el ‘9 IR shael Afg” qen “afe-di” § o ferw uidee o
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w4

Ifg p qe1 T we B, 9 78 fag wE o Ty T e “p ek g
T ®, g9 Frefeiad =Rol w1 STTEl S 2

=0T 1 SRIEY foh ®ed p 9 ©

=0T 2 TIIEY foh e q A ©

HErSTn A W U weT
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e[ “p, 9% 3R e A% q” i T fog w6 % fau g9 7% g
T H1 AT € Toh,

() o€ p 9@ gl q 9 € W (ii) 9% q A B, @ p GA B

BT B B el W faEm i

SETET0T 13 Sitae fop e o @ wen g ® eren e
e x,ye Z 39 YR ¢ T x qun y fawm ©, @ xy ot foom 2
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T WEI pix,ye Z, 39 YhR € T x g y fawm B
q:xy famq &
TS HOF 1 Sl i Sie o foe gw fam 3 w1 fearfa 1w wEm R ® srefq
Tg Ud gU R p O @ wW g &I e g g e €
p T B g x qun y faom quies 21 era:
x =2m+ 1 f&& quiier m o faw)
y=2m+ 1 f&st quie n & fau
HAd:
Xy =(2m+ 1) (2n + 1)
=2(2mn+m+n)+1
T8 T § TR xy off favm 21 sofee yed oM O R
T ity foh g0 fem 3 &t feafa 2 & wam gr S S =Ed €, o 8,
fr=fafea fafa =1 g & =feu)
T A © o q 9 71 21 3Rt drewd © T B e g o FoeR W faer e
=By
T YR FrAfafad HeF 9 g g,
~q: UAEA Xy GH Bl
Ig oheet Al Tod ® W x el y 99 e e g yeifte e @ R pue T R
31d: 94 g <9 fEam fw
~gq=-p
SRl SN TE T HIdT B o HeH p=> q I g HH o foaw
FU ~q= ~p g o 3 @@ 2, SR 9" HUA A1 AfquETE e 2

FETEv0T 14 frefafEad wem o gfaurcaes oM o1 S o I8 1d HiTST 6 ged
FHUT T T U A ¢
‘afg x,ye Z 7@ YR T xy fomm €, df x qen y o fawm 2’

T 3BT B9 HUA & A9 T AW 9 Faraa &,

p:xy favm &

q:x aery g & faem g
T WIAUATeHs e ~ = ~p I A= HL A BT € o weH p= q TA

& e =&l
e, ~q= J8 3G ® fom x den y I fawm B
TgaT 1ef T g3 TR x (e y) 9 R
dal, x=2n S&f n T% Ui 2l
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3d: xy=2ny, T <1 & T xy T {1 A€l ~p TA 2
T YR T ~ = ~p &I g L G 2, ofd: ued weH e 2
19 TH faam & @ fof 5o U quliday &oe 3 39k Tl seM &l e
g @ = e 2
ffafed weAl W foer FifSy
D T T e @it 2
q: T e 3 7 gl
& W & fF Ak ween wem wfed wAm @ q@w St wfeq e TH qe
frefafad 9ehR 9 7o # Gehd B
Ife Tk el e @t ©, i 9 31 90 2, 97 T (e e 99 €, af o
I @t 81 89 3 S el i fHerd © SR fEfaied wue e e 2l
T e o @rett @ afg 3R had afs 98 el 91 2
3k 9% B9 T o fafy | fa=am =

14.6.1 fagienfaa grT (By Contradiction) 39 fafy ¥ =% fag & & fau f& =&
(YS) o p T € B9 I8 UM ofd € T p G 7?1 ref ~ p 9 B 39 TR
&1 U U8 Frepd @ wged € S eHR) rar (qEumon) 1 Eed S €1 RomEd: p
1 A A1 =Ifeul

ﬁ%wmmaﬁw
sarEtor 15 foiuifea g fr=fafea weam & genfua Sifs,

‘7 T eafeE wemn 21

7ol 39 fafur & &0 e AH ofd © 5 90 e e 71 eteiq ¢ 7 U S e
T {1 Ao 9% gem % 7 wfew @

aT: ¥ Y qUiE a e b *1 tfede § xf:%,aﬁaambﬁaﬁs‘wmaﬁzﬁ

(3wEfTs rEs) T B
I GHIEHIOT T I HH W

2

7:%:512:7132 — TN 7, W@ a I A w1 gt T Uy qoiE ¢

1 oifaE & & a=7c
9 YR a? = 49¢? 3R a2 = 7h?
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3Td: Th? = 49c2 = b? = 7c? — G&A1 7, G&AT b ! fauifed wdt 21 fohg =d =
2 T wem 7, Gem a &1 off fawifea sedl 21 gue aead gan fo wen 7, gemet
a a1 b 1 GHYEdE 8, S AN " 6 fa den b H g qHddaes T8l § ' 1 wed
21 SO0 T Tl @ T I8 e TR ¢ 7 a7 Teed B o Wed e TR ¢ 7
T ST @ €' we R

THeh SUNd BH Tk AR fafy W famm i, fomer g &n fag o wehd ® T
T YA A 318 21 79 fafu § g9 ww uE <on (feorfd) @ SR wed i #
e wed e oY el Bl €1 39 WehR oSSl Wi YRR’ %hed ¢ I8 M
@ € Gohd il € TF I8 ISR S HUA H1 TWeAR 2

SEETOT 16 U YRR gN Ty wifse fR frefafad wem e €,
‘afs n T fqum quis ®, df n ©% 9T gEm 2

T UG e ‘AR p, @ q' % &Y w1 g1 W 30 I fag wen ® forwen fow g
7% <ui & T ‘9K p, 9 ~q’ ?1 3E fou B TRt w W fawm quies 6t @
2, S A9 el 1 W 9 36 YR 1 Ueh T qurfer B &7 : HEA 9 Ueh FIRIE
2 3 &n frepd feprerd € T we9 e 31| 2

TH YR T oo Tafd W faer fan feeh 94 g 89 T A i ©
Teh USW Y T € el Tl

T o YeISTERon w1 AN foREt e il SRR i o fory feha
ST ®1 qenfa fREt fem o SR § SIEIN hl WA R ¥ HUF i el
v & B 2

|wreett 14.5]
1. fag #ifST for sem A x T U arafas §en 2 6 @ +4x=0, @ x=0
() v fafa g (i) foifea g/ (iii) faeFTcH® ®UA R

2. IR g fag wifSw fe wem “fedl «ft ¢t arxfas wemed
a 3 b o fau, &l 2=, % < ¢ fF a=b" ¥a & 2
3. wiaureqes fafa grr fag wifse for Frefafad wem e 2,
p: afc x T quid & iR x2 g9 8, a x «t gg 21’
4. YRR gN fag wifse fk frefafea sum g T2 2,
() p:af frdt e & w0 guE ®, 9 e s stfus w2
(i) o TR x2—1=0 % HoI 0 3R 2 o <t feorg =¥ 21
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5. TrAfefEd wuml o 9 o 9 ¥ € 3R F ¥ 36 €2 T S § 3 I
o foIu 99 HRoT ddqensu;
() p: Tt g *1 e =0 99 1 Sien g 2
(i) g Trd o9 1 % 99 HI TS Sl hl GARGAIG Hl 2
(i) r: e T, e defgm at uw o ffa 2
(iv) s % x 3y T8 quiss & faF x>y, @ x<-y 2
(v) t /11 % Ui gen R

fafaer 3ergvor

SETET0T 17 witay fop frafafaa fag wem o ygea ‘o’ srvafsia € steen sidfee 21
3T IW HI ek T (3faa) fag wifaw:

t: S ool Bt B, 9 v S| €, A S A9 A H 2 ®, 39 i S 2l
Jard g Fe & ueeh e fafay 3R 391 w98 Siten & fau sifse fF fag
HU T © T el

&1 Ued heF W ggE (A1’ sfdfeee B, Fiifen 98 Hua ® fop ol e W@ € efR ey
T =i
Yed FUF o HeH HUF A9 U T,
p: Sa Ful gldt & g i S 8
q: & 9 751 7 Bl & ey Wi i &
T <A Sk HUT WA ¢ 3R gEferT Hy oA off 9 2

sl 18 frefafad weAl & fowa fafeu:

(i) p: I% Irdfas W x & fau, x2 > x

(i) o T UH uREE e x @ Atk © A @ = 2

(i) r: v well &% 7@ B 2

(iv) s 9RMe &R W g foenefl i 1 ereree s
T UM ofifSe foh fau T s i p fefua foran s 21 99 p w1 FoeE Y ae s
2 5 p g @7 =, srufq fdsie %2> x YT ardfas e o fau on e e
21 39 914 I 3@ YR o HT Fhd €,

~p: T UH oTdfesh W@ X 1 Al € dlieh )2 < X B

(i) =M <y fom

q= T UH ufEy e x w1 e © fh =2
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@ _q= UE (fre) 9fa wem x o eifae T2 © fm =2
59 =9 yFR ot foran -1 9o 2,
~p: g (weft) iR wem X o o 52 2
(i) 9E9 Hed 1 e A= foran €,
~r: TF W9 st @ sifidc ©, fowes 9@ e 2 gl
(iv) S HeF 1 A 3H WK R,
~s, T UH fomneff @1 e € S uRfve R W i o1 steEee el
T 21

SaTET0T 19 Ty et SR At s wEm wen frefafad e # g
fafEu) qen gt derar w1 Site ot Hif)
“quies n faum 7 A% 3R Shaat Afs n2 faom 21

&l quith n ok T e o forg erferd ok wafe wfasier @ foF n? erferda: fomm i
o A for p den q Frefafed wuAl w1 fefa @ 2,
p: Ui n fawg &
q: n2 famg g
@ ‘p AR AR kel AR ' UET HUA I FREfUG Tl © S FrHeRt Sudr s o
fore &8 71e Siern ggm & 9o wem afg p, A ' qen Ak g @ p!’ T R

feafir 1 “af p, A g
g p, @ q weA ‘A quiies n fawm €, @ n2 fawm 21’ 1 Frefaa s 21 ed T
FE ® foF R g8 FHUH qA B
A ofifse &6 n faom @1 99 n=2k + 1 S@f k T quis 2l
TWUPR M= (2K + 1)?

=4k +4k+1=2(2k*+ 2k) + 1
ad: m fowm Rl

frafa 2 afg g, @ p

Fo ‘Al n % ot € iR nzfawm €, @t n fawm R1' Ak g, @ pEw frefud g
21 TH I H € T #0178 FoH 9 B T F6 W o fow 79 yfaemras fafy
T JIRT HAN (A ~p = ~q)

ST HU H YfauTeds HeA A= foran B,

‘Afg n Tk "W lE T, n2 ot T 99 guie 21

n T TH YU € SHferT n =2k, STel kT qouiier @1 31: n?=4k2 = 2(2k?) fresha:
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saretur 20 frafafea e o fau eAfqerd qen vaiw gfqei &1 Jd sife)
t: 9% 9 80 km Wi wieT 1 firsk Tia § TMET =l § o S9eh] AT e

T M ity Tk p iR q Frefafad sl o g6 % 2l
p: s 37 80 km i =er &1 aferem fa | meT werd g
O 3T AT 7

Hfdee AfE pdt g =9 € & p, o fow gaf gfaser 21 srafq Safn e o fo,
80 fer. 1. ufa siar =t etferes fa @ MY =t wa weH B

7l “80 km wfdsier w1 eiferss 7ifg @ TMET ST wAtE wids 2

Tl YR, A p q9 =9 € Tk g, pok g arfer a2 steiq “Ste e
80 km gfaeier &1 stferer Tfq @ e Ja & df Afad T § Ut A g Fwt
“SET A St wfas ?

gy 14 W fafae gonaet

1. fafafaa woAl o foae fafe:
(i) W% [ SRl WeA x o fau, Wem x— 19 oF wen @l
(i) Tt fafeeal wei=at €
(i) TIF arEdfas @&A x o faw A d x > 1 ;W x<1
(v) T T wEm x @ effe € o 0<x<1
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Tforas George Boole (1815-1864 $0) @ Augustus De Morgan (1806-1871 3-)
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