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fcrqfur murm furffi % fu~G~.
211'44f1't:l I ~ / ~~(f{

S1mCflI{!iIW ~ % ~ ~.
211'44f1cH'Cll I S1'41,1i41 ~~.

<iT >r<itlffil-;rq ~~ ~ 31TfUr
$Im Cfll{!i IW iii t:C"I fcf; en d fl llTfucft ~
~. <rrq ~ S1mCflI{!iIW!iII~

(~i1.,TC"Ihfl) ~ ~ ~H!ill@l ~

~ ~. CfiTIff;ft m<:llffi CflliE~~ I

~~~~~.%im
('c{i:m)qol ~ 31ffiT ~ ChlOI("'4IQI

~(~ft:m:<iICflRd iRt.~~
d<m: Cfl{Olll41 m~eN (')1mm 311fUr

~(f{fcmm~~~orn. %
BRim 3Wm~iRt. 11I;f 31W~

m<:llffi!i~ / ~~~%im
~~~.~~"4T5f

~~~1Wfi~~.

$Im CflR!i Iffi) (lim: irn mRT m<:llffi

31fcf 4 t:'CClI.,fJ !i~mm w !
<:;T'qwnmr"3"ffi Bq~tft m

~~.~~q~~

qliEfC4~~1 C"ImCfllq!iA «.jd~qO) ~

f.r4fur CRC\ m -;rrtrn% JmIT ~

~. :mrm f.r4fur Cfl{1'4 41 (f{ ("41

~"ffi;n 211'44 fl4 tftc;? ~T ~~

'm~' ~. Rm<rC"IT fll{{glll

R; fI °II'"'41 <iT .q-m-q~~eft;{ "Cflf ~.

~ f.mfur Cfl{OII'"'4 I ("41 '~~'

311fUr ("'41f1161 ~ Cfl{OII'"'4 I 'it~'.
<rrtff~ ~Cflfqffi m-a=m,





11m 31TfUT%R mft 311Cfil{l"jH Ijti 1\

ma31B.~Qc;?~~cfit~
~~<IT ~a.1 Cfi1"4 Cfi{OIl~I_
W rncm ~ fum-ffi -EturRrr _.
"f7.Tf *W ftrn~ ~<n (f(t
JI{J1Sl4Itil Cf1101f4IQ"1a:rrft 'CfiI4fHd'

m~.
3ffiff m 311Cfil\4 H Ijti IfqlfcrrtT miT

~ it q~ i:tW mft Cf1fcrrtt ~. it

~'t.~ m 1R ~. \!;Cfl 'it
lffiCfi' ~ 31TfUT~ 'it~' i:tW.
it 1ffiCfi i:tW \'Cl 't:lIilq 0 II'Cl re ject ion,

~ fcmz;{ 31TfUT~ CfichilJIiq 1*£..,

m~mcnrfcwmfwit ~ i:tW
~ 31TfUTit lffiCfi m-r ~ cwmf.

fcr.it~~ ~144 ti.,,4 I d IC'5'11 d
Cf<lT{ ilOII~1 "lIT it ~ ~ m
\m"RfTc;5 3p:r .q ~ {'j514 1til 'i:f ~"RfTC;5

q1Cfio3tf men. ~~ ~ "3E~

31Tm~if~ $l1(T(jICl{c=mit

-q-wmmo. ~~~ ~
~i~ "41Cficit11't.~ men. "<li~

'BFhl{ltil<:ft' ~ CfilOO~2fcit
31TfUT~~Wft, ~qifur~
~. ~ .:m:n ~ cfit<IT ~
-Bm, -Bm ~ m Cfi"rl ~

'7\jffif .

~~\.9O~~<IT~~

~~.~~~
J1T11'R'q(cf 2lER CRUTRT iRn. Cf11Old Il'fl

trm~2fCfT~~fimrfq~
i:tWm ~4Cnqoll~ ~ ~. m
~~ ~mctt. ~~,
Jf1:siiJIIC'5'<:lif. '~31ffifch~
~ m~31fficfitit'JUT ~ '3<ft;
1tm ~ ~ ~ ;:ilC6@dld d'tt

CfiW ? <IT~ ~ .wRt m-cq mi't.
-a 3iit -fcrnuL ~ m~ cp1GT
">rfu~" B~~U<:fT(f ~~. <1"1

51R1 'Jj"i ifcl (t\ 't.G wr -q-w ~ Cf<lT{

Cfi{(ffif. LJUT 4'tij 4 ICl(j ~ ~

c=m~~ cr:m: Cfi{04l;:jmvf
<IT~ "Cfi""B >mr mi't? ~ 31TLJUT



fcr:nut~ HLA ~

lilfj(l(lj(.1~: ~ t:\~~~~~m8t
l1ftil>ft.'~%r.r.r - HLA "'t1l1f~""""""'"'

ilil>ft, @ -"l~
Wt-rr~~i -- \ / ~~~. 1 itWt-rr ~~.~~~ 1~~ 1~Slfc1"1OjI."ti~.

3illfi11UT "OJ"l1ft •

it~ 3illfi11UT

1
~"OJm

~:~~:~ "Wfffi-.f8" ~~~ ~~~ mwroPdT-qa.
~~ ~q@: ~ ~ WI ~ ~("jl:4lII\(1 ~ 3lffiffif.

SlRtftisi-ql ~ ~ fll1\i1lctOJ ~.

mClfui~ ~~"GT Cfim m'T Bet
SlRtftiSld m 31B<ft. fc&:r~ ~

dISOIRI, 3f\Ci3@OIl{1 m"I1];l" ~J I~JICi31

31B<ft. or ~ dlsOII{1 'lWT "t%T

\i1jChIQIJti ~ GR(fT ~ \i1jChiCh~OJ

~ fefIChI(c\'i ~ 31B<ft. 31m

31-;fCfi "B~~i~ mf"liffOO m"3l~

R{f.HIClAI 'f~ q,{'1Ci30n ~ ~

m fc&:r~ m fllChI@1 ~. ~

~ trw~ S1Rtfti'Si-il m.
~ 3iC:I\i1ljfllq:p:m: ~~ ~ cryaJ !.
31m~~~(~

'to

~ crlt) 1l11l'T:l1'T:l ~, ~

3f\Ci3@OIl'"ll1 ~ ~ ~ cilfl@>("'Q1

31mmf. <n Wt l11T ~ fu:!fOl d,
~fUrn .... ~fUrn mcmf 31TfUr
~ SlRt\i1'iifcl(C\~ l:lTam SlI1IOIlCH

~ C'fllT{~ "\i1l(ffif.

iT~~~~~,
~~~3ilCi3@OII~~

T Cell receptor (TCR) 31ffimf. ~

fc&:rmmft ~ ~ ~ ~ Cfi{uffit
m:ffi.

'fUTm t1Rffif 1% <W1311%. ~

3il Ci3@OIID <i;rarr~ m ~11Iell '<tI



----->~it cell f"lICflI(Cfl

HLA~~•••
(Random~) o<m~.:mffi.
;r ~ ~"&mT .qWll~<l~:~
:m'h I(1"1C"i >r~ifcRe; ~.:~ (~T.
~) ~o<mCf1\UTlft~
f.rmur~(R ? ~~ ~401l~'Cl im
@I0OQI'Cllm. ~:rin:r~~~~
~~~.~iTqm~
a;p:rcn :ml(ldC'41 wf Slru'J1'iiliR ~
~~.~~m':'.qm
~ ~ ~ (R -a C;?&TRf ~

~ iMt ~ ~ ~. 31m ~ 1:f)ffi

~iTqm~~~
.:mffi.

iT q m ~ ~ it<mf -a %.
~ m ~ ~ C"OQII1HI~ mq
31m. it .q~ftcH11T5f'B~T\'

-Cfl-(O-OQ-Itl-ld~l1;CflT~ 31qOQcll."f1~

~."dl~~-~"rim.
iTitmt<f{f:m~~~~

CWUT "'J1'U ddl d&i:l 3lT%. ("Q i'€41 q()C"i

TCR ~ lil{~(Ic()C"i ~

-3f'1i.XS@OOQltlldl~'@"ffi~ qI4(dICl.

.~ ~lfl(1 cllC"i -qm "ffifCf ~

'I13mtcn: f.Hf.H105 ~~~
~ ~lfl(lcftC"i HLA (Human Lym-

phocytic Antigen) 1120lcflC"i ~ "tul

t~~ :~~cm:(~~~l',)llcit
~cn: ii:S@ld'iXll ~~~~.

~ ~1~(ldlC'\ ~ wn ~ itcn .
~c3 ~:g-&TU"l1 ~ -mm. 'IT ~'C1.TT

A<;(j.lIl;1i"i1 ii:s@(i"ll ~ ~ (Fifth
column) 31B~~. ~~

~3lf(ff~~~~m

(Fifth columnist)~-;;ffit.



ittr.t~~. it trot 31W HLA

3ffiUr ~ 31W ~ Wffi ~

~~. ~<:IT~it~

~ ~ llPl ~ (R ~ <:IT

q~fffcl{C\~~ QI(YS'qI(YScnfur ~;
-qur~ 8:lUftHLA~~~1WfiT

~ ~ $. ~8:lUft it trot

<IT ~ ~ ~fc«mf. ~ ~cit

~ ~lfj(kil(YS ~ ~ mit
~~%~~~~
~~ ~ 3ffiUr 31~ ~

trot it q~AChi'"l~~~.

~~&lUT ~>rrn t;lo;qlflldl

it ~ ~ 3'lrn~(X:II<l.:j ~~.

Gf.WT it q~A~chlti<'Cllcii(YSI"fq~f:~ HLA

"tul 3'tl co@d"l (YSl(Cl<till:q ~ fuwn
~ ~ 3ffiUr ~ ~ "fq(f:~

HLA ~ 3ffiUr "fq(f:~ ~ % ittr.t

3flco@OII'"41~ ~ ~ ~

1:fiTfi nflTll't.<l m~c«n ~. <H

1l1••Plslct TJ1cTc:i~IBQI{ ~. ~.

~ ~dt ~ emft ~&1 ~

~ l1dt ~ m~ 3ffiUr

~ tiB%IRct ~ ~ClflIJlfOICh1:Jmi

-m~~~. (m<P1~
~ ~1(){lcft(YS~ ~ ~

~~ " )3'lChsJOlI'q.

~ I;q~ fl ,,;qI 31ftr:m a.fCl";f ~";f

ti(ysl~ ~ %0cnql <:ITtrot ~

~ ~ CfiUlT~. ~ <:IT~

CfiTu<rr~ S1kt'5'Hi~A1TT3~ ~

51fd 'Jl.,ien: ~ .~ '@ ~ Wfj(fTIl.

Memory Cells -;rrcri~ '@ffi qm
<rmT"tt (f<ffi ~. ~ ~ mrrq

S1kt'Jl.,i'qI6W~(RMemory Cells

~T mocrutRm TfT'-<ml";f <IT

51kt'Jl., ifcl{C\~ ~ d IfCfllco3ffiUr

WT<ft ~ Sl~IOIICl{flQ'Jlq~ (f<ffi

~ 3ffiUr ~ 51kt'Jl., i'q I R:emf

~~(31ma~)~
moT .

it~~lj&lCJ1f, it~trot,

it ~ trot ~. Cf{ 3'l10(ys1'q

3'11%.% GRft crt ~ <:IT~

~llIJIIClfl(ys f~ >rf~ ~

~.~~Cf{8(R~~

CD 4 mfi<:IT >rf~ ~ ~. ffi
CD 4 trot <:ITl(st{"6'Q1fcltllOL~ c;5~

~. ~'l.T\ fWrron t:lI(YS0II'"4I <:IT

3'l1'Jl1{ICl{~'l.T\ m~ ~'"3'11%.

(';ql~@'q ~ ~ ~ 31TfUr

~<:IT fCl~IClClrICl{'q~ ~1I~:t1iil

c;5&1~ ~ ~. ~ Cftlfct:q

~~~~CWTC'5T(R ~

~ :m;rn CllMCtf(1(

31F: sT. ~~, mUTT
~,";flOJ ~J~~fCh,~m



mqmmo~~
3icn ~, ~ ~~~~, \i11~ql{) ~ooo



<IT ~ -m ~ CfiTTTG~ 31f1:l1JI31I\1f ~ .mm
m~o<m:acrr. ~~~~<6t,
mono *lloi:l<flli'41 ~ TRfi ~ ~lqli'4I<:'l1 cfr-;r f.rf'if(ft
~ IQli'4I<:'l1 ~h:rTcfT ~. ~ Pl fMC1~i<:'llllUft 31f1:l1JI~

~{l('ClI<ti~OII'T'.41 ~ ~ ~ \ifTfu 31TfUr ~~

• )f2fij <IT <til' Ii; 1d1<:'lGR 31tl ~ ~ CfiT1B ~"CfiU

• <ITGR 31~ ~ i;1@i:lli'4ISP"lIUI GR ~1~f@i4:Clx

• <IT<m~ 3ffifT 31f1:l1JIo<m:~ GR ~ l'Jlm
~. ~~CiR ~~ l'Jlm~CR\ifTfu.
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.~ ~.~.
~ mq <i:f~. mmcft ~ ~ q;T;fi 3lTfUT -rITG~.
~~-rIT2~~<€t~m8~~.

~. m 3"RG tnUft \iR '"Im-1Ig l*i.:t i<ncn: ~ ~ (R

. ~ ~. 3TI'ir m;r 31J11UT3ffi <i:f.r-rcp:rr, ~ ~ CKCft

3ff";{ ~. lPT 31T6TO o<m: ?

.'VJ
: 1\



3m(i5l mo \1flTID~

~ ~, ~ ~~~~, \i11~ql{) ~ooo



~~~~ql.,ICl{m:~~31W

~ 31T1tt~. ("ll i"all miT cnrm ~~1IPICf) 31~ II fUIdkn<:'5
~ ~. -m ~ ~ $I~ IClPJ~ 11R irTci CfiU. "("lll(f

~~3TIfUr>PWTwm~~~ -

g~m;mg?
3f.lcn~ ~~ 31l1:JUTmTt~m~ ~ 3f.lcn~

3'llqC"llIC'5lil 61'POllfYe;Cff"G{f[(f. 3e;16{UII2l, 3f.tCfi :{I(jCfliq I~ fuill{ci(j j •.fI 3'llfUr

~:~t1RCfli;ft ~ ciI'1qU41-,:n~~m~ CflliEl4:f:l~~. :31mo~m~

m~ eft -smr~ 3'llfUr ~ ~ % ~ ~. ~ CflB ciI'1q14:f:l <IT:q[ m~
C'5lqUlllflla"1 3f.rCflT;fi ~ 41C'5q(')"I.~ ~ ~~ ~ ~

~. ~ ~~ ciI'1QU41'al1S1fsF.~illm~~. :31mo, m3'llqC"llIC'51

~ ~ ~ ~ m:m cf?t 31it "flR ~ ~ ~JI'510'5lqlo"l

'QICl041fl1{@'q ~.

%~ 31T%cf?t "Cfllun\%T ~ ttM~OllICl{ l:fiUi {lfll4 RCfl ~ ~ ~
~ ~ --rrd+ "\ ,,~ it" '"
tjl'1 ~ QIV'lm '1IQI. t"11'"41'iOl I 1'111-1<11 ~~IC1IC'5 42CflI-q1 3'le;C'5lci1e;C'5

~~~. 3'l"m~ W;f %{lfll4 RCfl SIfsh~Ckl~ en: ~ SIfsh~Cl<iil

~ ~. ~ t"11~lill ~ ~ 310l ~ ~ 31it fc.ncft ~ 31l1:JUT"(fin{ Cfl{Uffi

&."1fUT m en: ~ -~ ~ ~ ! ~ ttM~Olliql*{<i "flR ciI'1fuolllill ~

{flI4'1:{II~~i'1l ircrtt :31mo~~~.

m31l1:JUT31W~cpftCfl{Uffi.~~~Cf\Cf\-qmn ~~.

~ ~ fu Cflrn(j ~ "Cffi 4 H QIC'51"'1Cft;f3'llfUr 3D'QCfi Cfi17:f&1l1<f;t ciI'1Q041:f:l

~~. ~<n S14f'1iCklil3'llqC"llIi7l1 m 3f.tCfi ti@t"1I~1 ~~~.

~ m <f;t illC'5Q04141~ ~"41iT ~ mw. eft ~ C'4lflkfl C'5IJIOII{l Oi\ilf.

3<:;16{01l2l,~"{B CflliE04lflla"1 {flqlC"llIC'51 'Cfi17:f'~~ 3'llfUr~~

kC"lllq{il 3fllql*{<i"{B Rt:rffi.m % 'Cf.T1i' ~ ~ illC'5UII~1~ CRit.

trJT~ ~ ~ 31l1:JUTm~ cf;t ~ ~;r ttrrCflTIl~ !~"('lIT mf.rqfoT



~~~<:i;r ill<:'5fclolll~IJl <:'5IJlolI-=<Ol1~an~ 31itC'5! (RWT 3iIq~I<:'51

~~~ Bl'""lllil"l wrrq~.
31m ~ ~ ~ \jjcil{~«1 m~ ~ m3 ~~lIPtCfi 31TfUrmm)

'~<:i;r' (Perpetual machine) cil"iClOlll'alI mit~. ~ ~ m'Cfi

mm. 31B<:i;r~~~~"CfiTIft~~~~. Wtttit<:i;rwR

Cf1Tll"Cfit;5. m) <:i;r~&mf cil"iClIII C"ll

l1f";f ~ ~ C"lIJlcnC"l-31m ~

m-m. wm trf'CriT ~ 31m ~

"J\31f<:BlT~nf~~ ~. %<:i;r~I\jj IDC"l

mrn cmgCl~ISllOllJ)~m. 31m

fcrqn: m-m ~ <ITil 1CfilC"ll~I:sJiJi ~

~~~~~~

<ITil ICfiIC"ll'Till ~. WT 311Umft~

cn:~~ 31TfUrslcflCfislC"l ~

~~~~.WTit~

~ ~ ~ ~ ~ ~. 31mcr 31T11UT~ CfiT<:f";{ Cfi\dT ~

~"ffiffi~~. ~~CfiT~?

GUTm) "CfiTIft~ ~. wm ~ <IT ~ fiG q IR;~ Ict (R ~ 31B

~$~ illCfiI'al1 3\jjcfICfi~ ~~ ~(R illCfiI'al1 slcfICfi~m~

~. ~QOI;Jjil~~~m~cn: 3ilC"lOlll~I{@~. %~~~
31TfUr~m '~<:i;r' cil"ifcl0lllilI

~~~.
~ 31B<:i;r cilOjClOlll~~~

~. ~ ~ 3i~f\Cn(nC"l (Y5fu

({;:;Jjw;~ ~ ~ "iIClI-.-lll \%T

lllo-m oll Iq I-ll I~ 1tCfi 31fcrra <l=t

cill\jj I{I ct, WTCft H=('41'all 11~"l/TCR"3~

~. <IT~ ~ ~ 'illm{lct ~

31TfUrcill'ill{ Ict <:i;r cilElill <:'51~ TfCff
~~. 11ig ~ ~IQ{Id)C'5~



~ ~ 'Cf6ffi 31TfUT~ ~ ~

4'Cflq'i)~ % 31fcro; ~ ~ ~. ~

~ ~a:rRf ~ c€t % f{(f(f ~

~~~~IC"lq&~m.

~~IC"lIQl~~~.3ffifT

~~cil'1q04I:cn~~~.

~ Ch1uft 31it ~~ ~ ~ 111o'T
q If{(il ftI Ch \ifrtR ~ ~ .

~ 1% 31fcro; ~ (fcFcrr -a cil'1q o41~ I >I"lfM)

crfu;5~~I@qC"lI~. ~1%l1'TCO~~olCflCiAlmcrm~

~. %llUft Gtchloll'Cl4l ~ 3d I{lq~'1 ~ EHHd Id 31TfUT~ l1'TCO~~

~ qloll1lJ I~ llUft GtCflI°1I'Cl4I-Slq....ICfl'{.:ten: t:HCfldId. ~ l1'TCO~mcrm

f{(f(f mef1{f uW ~ md. ~ ~ ~ GtCfl'loll'Cl4l ~ 31TfUT'3\ifcXIT

cill'5LcHIC"lllUft~ qen.

31fcro; ~51lcilt:<:.1~1~ ~G:itz<:IT {~141(l'i<:.1{1'J11'Cl4I q51Ollq~l{ldtft ~\9~ ~

:o<:nwnmr~. 'J1q.ndl<:.11%~ CflT4<:.1(3"lTd%H'I~ cil'1qJlJl31fcro;~

~ W111<f1<:.11~ ~ ~ fcr:cn\ men. "4UT>r2.T11<:IT~ "&T1t 'Wff
q041t'1161~ ~ mm "ti~ql<:.1I<:.11'J1Q.rl<:.11%5~Jl. 3"lTd%(t'I~ <:IT31fcro;

~51lt'lI6f\l Cfll~lqm~ 111~ldJl ~~

% ~ "t<f(l:'CJ q~lo41~ ~. ~ (fcFcrr

CflTi;<:.1(3"lT(f(n(t'I'Cl4l ~~) lftz(G:
"!I Z ~ >rcm=r q)~cftq If(UT 1ffCffiT.

3"lT(fq;(t'I~m"'1TCf~,~. i1t'1<:.1(~I~

~~ (. 0 ~~"Wffi 31TfUT~ 31'affi'l1,

~~c€l4:t11{iil~ fcrfu~ ~q4i~ mPJUT

~~. ~ C'41<:.1IQI31fcrof~ ~

"ffilTffi. ~~ ~fct~It'lld ~~

cil'1qJlcl1 31fcro; <:am ~ <:.1llldl<:.1.

m <Xf[tffi Cfl(04Id ~ ~ men c€t, 3Wt

<:a~~cft~m~oo~,
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~~ ~ 3rrfUr ~Ta:fCPt;:rr
~1arlUJcp~ ~ ~ !

~~ ~~ ~ M-~8loA";ft,fu~ 3lTfUr-fun~

q l:q Iq 13lTfUr"f~mrf~BB>r<WT ~ 3ffi -3i 1'1~ 1$I'II 01 tP-t\ I1:'11C;I

cnG(f 3liK1. ~ q f{:q;q Idll:'1 'qTT;f f?Br - ~ 8l0 no:?! ~ Cf ~

cUfijCfi crrfuft ~ qldqct)ct en: ~~ ~~ t)/-t\11:'11~

-3iICfl~Cfl flRsl€jM ~ ~

-3i ICflI ~ lid)1:'1ctl:::;qjaj ~1:'1~ (NR l:q ~ ~. 'o/ffiRl

3lTfUr lfR~ ~ ~ R1 fhh ~ -mt 3lTfUr ~~ ~ 3ll 03@ct1

~P-t\11:'11? 'R1U!ll;q 1:'1~ 1fI t\ 1UlI~ 'J1lIl~ I "4TttcR ~ 3lTfUrcnmtt
~-mtCf~~W~~. ~Cf)l ~p-t\II:'1I~~f1lq:S~1

eft WT ~ oft W'Q"Ur ~p-t\I1:'11~ ~ i$.1. 31ft % 3"l1CfltfCfl
m~~~~~ t))I"t\ll:'1lc;"l~~~.



mcfFn ~ Cfi1urcrr31B ~ lfi ~
-~(Rwm~ "~" 31B

~ m. Cfiltn':llOI CfiTci3T,~, ~

31W!T ~~. ~ M mlfiur
~ ~ fqCJCl'A1 {JII'ClI<51~

~. -in1ftuT 'Wffif ~ ~ ~
'~1ffifi' CJlq{(lId'Cl cfiT !%mt ~
lffifR ~ m, C{Uf~ lfi ~
"mcfFn~~~jGlOlSl~IO't~" 31B

~(R •..

(R Cfi~IR:lct ~ ~ j'ClICJcll<i'5

~ lfi CfiTIftW't ~ Cfi\ctT 31T%~

mcf.t;i ~ ~ I~ ICfi~ ~. C{Uf lfi
.............;+" " ~......::.,
l-QUI(lI~ ~~ "1IQ.

f.roor ~ m%T f"<i'5c:>rn q'R
3i IQ(Y<lI<i'516T3iCfi ~. ~ f.rooT

fucmnrr~rnm-m% ~illctHI ~m

" 31f.rctT" 31m <i'5~{lQ1'ClI ~ erN{

~ 3q 3i Ik'S1{Ict ~ fuv:rn
HooT mciT III ~ Ia~:tQ ~"{l"q Cfi~

'\ :tQ .3iIWbQICJ{'Cl'81QCJlll. ~m:,x:rBJcrJfTct'

~~~-qr;f~~~.

;mmmit~~.
mtt,~l1Rftun-'1tt~

CfT-mcw~. ~ ~cnuft'Ql(i5T.

-m~~ 3q-q-r:q~ MR~i.rl1JlCi5UT

meR Tfl"OiHun. M0'3I<:t\(Y<l1~e-.
cti~$'ill ~ pH ~~. pH

~ ~ ~~<i'5I-.41~ un. men
Cfi1urcrr3q Cfi1urcrr~ ! pH ~

<:t\ . ,,'\ ....:::.Ql':.hkICJ{ ~I@CJ (Y<ll {J IQ~I~{i~( (11

~;r W. mTIl ~~ ~'<i'5T

5fl~ iCfitft ~ .

R(R{ICl'A1 RiCfiIOI"OlOlIl1""RflcRm
m 'CfiU.3q {J1%1~il~CctT~ 'Y5T •

"Q,Cfim, it ~1(11:tQ'ClCfi:tIlCJ{<\'"l?
~ Id~"lll ~:;ft 31fT:"<i'5"ct1

~~ ~l':1l'"l"lll 3illl'"li"lll

~~~.3WR~

~ >lm\ ~ ~ CJl«lfuCfi 31Ul



m~~~~~
~ ~ ~~ f(jdCflI'q ~

>T~ ~~. qur m ~ >T~

~ 312lCn q d ("<1I~ ~ >T'liP:irnT
~ 31lJl"il ~ ~m O'T<f.

t51<141;JH'tXl1~~ msm ~
~~~~, ~l1Rft,
31T~~. C'(f~ ~T~

~~ Rst5I<1MI 31-I, ClI'qI<1MI
~ fct;'qCfl2 ~ ~ c=m ~
~~~. ~~~B&IT

~ 0 'qf fcmrcIT tffif ;m% ~ BirToT.

pH = -log H+ - (t5I<141'ii1'i'tXl1~

3"11<1'ii'tXl I ~WrT)

3"lIl:"<:'5d'tXlI fu'q 1{liiHlcil{'q S:;IClolj'tXl I

~ ~qf'ql~n fcRm: ~\:IlfuCfl'q
~ itill. S:;ICl°II01M H<31T(j'-;ri;n~
CfiDRfffi a;fmH 31ti l=0UT(ff <i{M

3"11q ("<1IM I ~ Icill cild9 d . 31fCf~

{llq{2.lo{ 0 -a ~'ls'~ G{RlHil 3iCfl

~. ~'0 ql0<1I'q1 pH m m:ruT.
q-m H+q OH-"il31PR 'ii1Cl0'5~Cl0'5

B~~ mW'q ~Cf~;r \1't:~
qIO<1I~dCflI pH ~ ~ ~

~~. pH ~mita:rTCfilft~

m S:;IClOII-q~131f~ ~ Olffii'

Cfi~ m mCf .q an ~ fcfil1(f

3"ITl=M~ Chl-rlqoll 31~ ~

~~>TCfi2~.31~pH

l=O~ -;j~'qf 'MfTT cil~ d M I ~

~ ~ 3iCfl ~ 0 ~ Qldl'tXll

11iffi~~~qIO<1I'qlpH BOT

3"IT%r<n QIO<1I',fl ~, pH m

~+:iOII::;q1QI0<1I'tXl1~ 0 qzfcficrrpH qr;:r

3"I+:i0IHI QI0<1I'tXl1~/~oqz;m%.

pH~ 31a.mtn 31~~;m%

CfiT~? P ~ Potential <n

:t16GldJj ~ 31aJ{ Potential ~

mvf. 00 fiR'i+:i'i ~ m flCfle-q'i1

w ~~. 31fCfUT\i'(ff pH .q~
+:i1t5IUlI~m ~ ~ ~ eft
:wRT ~Cfil:fUl l1hr~ ~ ~.

~ 31RfT~II~IIC61 ~JjCfS:TRCflm~

~Rmur~~.



~~pH6TflIl11r:ll(j:: \3.'ls'

~ ~~\m%fcilRrnq)Tmt:rr
31Tl:~rth:n:ff! '5R <:j"fqf pH '5110IC40III -

~ cnm~ en:~ 3'l1(Plll~1

it 3'lq III ChI{Ch:q 3=R1it. \jj 10IC40III ~(j q(j

31B l=~011C4111~CfiRUT~ ~

~1f\{I(jQ"1 pH WR (3C4011lflla''131IUR5ft

~~. \jja{ldl~ ~ pH&
it ~ ~ G{R:fR 3""lBORT~ %
{I fl III R Ch ~ 31ffl cwfarq uWl.
fClO£ll-elll q I0lll ~ \!,'t:cf1cfi{UT,m
~, flisqlolllC4{'al1 ~, ~

~"lR , 311~tri-:q'1 fu; III ~nC'5(j I ,

tff~4sml~ 31m ~ pH it ~
~ 311%. l1Rft "Y'ttm en: pH ~
~ m~. 31mo 1""110lfl l-ell I

iilliil(jl(j \ifBT pH l""I~fql;:f1 ~mT

iil\jj IC4en m=t~~ ~ ~~(f\

mu<ritT'f.,~ 31T%. 1""1::!/S4 (j { Sli 0II i-ell I
\mT=t:lT pH ~m cnm~~cn:
>rTUftWrcmf 312TCfTlffimf ~~ .

3'l1\jjChI~ 1""I~'6=lI'al1~~

qllfC4{OI Sl'tCl011'al1~mmft"YTUft 31-I,

~ J:JC4oli'alIpH'qTfcfqy{~

iRrr~.

31~ J:JC4oli'all pH Cf{ (jlqI""lHI:q1

q 1):0111""1m(fq 31~. ~Tff1JTi~T

31"rRt~ ~ 3'l11l" R fifctl"'ll
>rBmT (jIQI""lHIC4{~ ~pH

'O'.ff fchl1cfld "Cf)% ~. 31~ ~

(jq~AC'5I(j ~ ~ fcr;:m CfiU !

f02I""1flQQ{, pH ~ iil"C4(jI(j ~ q

"Chit 31BT ~ 'ffit~~~
31BUm: ! fllliilt:C'5 ~ ~ .:.

~:: ~-qT,), cm~~~
C41:q,,1~1l :ql~fcl(jl(j. ~ ~lllfCk~

~~31UWR~.



'~' mll'UlSl~:t1l\"ft0 ~fumdt
~'tffiUTT ~ 3iIOIO'4I~lo'tm ~

3ffi1JTffi ~ ~. f'!J i'all dit 'q 10 fcl0i

~ ':ohf~BG:~':g ~ ~~- furR
~fucft'~'~. ~~
~dt fufcr'ET fcl4'4iq£10 ~Hi{\jjCh"ffig
ql'qI'401 ~. ffi<ft ~ f!l~i~l6)
~31B~~!

~~mmcpfuft~t..o ~.
Cflfuft l1R 3ITi~ 3i2lCfTm.n ~ I••••2;:I{ I

( \:tcfw\ &:l..,tll ~) ¥ffi ~ q IdClI cfl. \:tenH &:l, t-~/".{t.., 3ffir 'ChfM;ft ,
~, ll~~ftr.r - ~G".{o~G

'q IM4i~ldl'
q I Httiffi 1M I eoffiJlJl JO'lIrntti

.~qrfufi~. ~oo/- • 31f\iftqqrfufi~.~ooo/-
~ / ~ 'ql<1en.:fkn11ftm'~ ChIGI~d.

q I M tti;:ft (1",qReO {'€I '3 qSfl14

• ql<1Ch.jldl~ • 'I I[tentH • ~ • BW ~
• ~~~~ ~'IIfuCh. f11'1I~ChQI<1Chrq~



?EUT ~ -gr {iCf)cy{FlI Wi\Jjoj -g 3iCl~'5il ~

\Jffif. -gr {iCj)(YlFll ~ 00 cp~1T3lTfUr cpccfT-g <IT

~ \JlTUff tB:> <IT.

~:11Tff.:f~.~:~~~

~. ~~ q1~ ftTcn(f ~cm
~ W;iCllcn'64l ~~it ~
% 3H"lct Ict'cl. ~ ~ 31TfUr lO1.nlO11&
-:r::r::f'r=' , ,~, ~ '", . "
~~I'-flI'-1 1)',Cf1 «1-1 QI ~ 3floo@oIQI

3'lICl~W.fi"'f ~. ~ q;~

~ '{cf'51i'"lIQIm ~'qCf ~

31BUffi. ~ Cfl{0<JlfII61 ~ ~

~~~~~~~

% ~ tJ){lCllcl'iC'SI'Cl3'l('llICl~<JCfl c@

31BUffi.

<n 'm\ilUft'1ffil";{ 1:On: ~{Cl {v<J I
..::+-.-.--.,."' ~ . .,.,...d n ". "
GlctllC"l1 41'Cl C""'ll~, V1~1 Jlt!HIQI
_-----4 lU ,. , .~1'J1-q II Ict"il Bm ~ '""60Ictlct.

,. ,. ~ n~ fu "Bm tlCfl04 'Cl131l!l'R11{0<J1-q1

~ tn<Rt ~ 3'l'{?lfCfli'"ll ~

~~. f.mllrlO1dr ~~I'Cl~II1fuft

~ fCl~qlct'Cl ~~ itaTo. ~,
l"fP:f, ~, "ctR ~. 1:fUT3J~ B;r fcficn"~t..
~ 1)',Cf1Qfd<Ji~1 %m tl101'51I<JC'S1mer

311%.

~ "CfT<lft ~ ~ ~{9<J i'Cli

~n:. m m ~lct~C;I<JCfl cm:m.

'51Cl00'51Cl00 ~ \.9 om ~mCf

lllUlct"ili.n ~ ~ ~ ~

~.~~m~Cfl04'"lI;rn:r

~. m Cflfuctl'Cl ~ -;n -

Minus times minus equals plus.
The reason for this
We need not discuss.

Cl'51I~Ich1 Cfl{I<J(11 ~ .:mfUT ~

B@4i-ql BCh04'"i1 ~ ~ ~

~~6CIT. ~~fcficn"
(i%R~~~trQTlWft~

~~. 1:fUT'~l"fP:f' m~

~PJT ~ 311%. '1f["lf~' %
~ itcn, 1:fUT'~l"fP:f' ~ ~

~! ~ ~ 1)',Cf1l"fP:fCfilft ~

wCfiTIft"3"{(f;nm. 1:fUT~~ '~

l"fP:f' ~~-;mftm~6T~

>TCl'i"f{311% ?



-. -{. -ll -f, -Ij -w -~ -~ -, 0 , :? ~ v ., \ It

,!,olfcPltTl'(k.<4lq~
, ,

m:r-:q CfiTtR:f :;rr:q'R Cfi I 031 C'l <;,,'41

~ ~ (OJ@ i~f\& CfR:Cl 31ft. C"4T.n

~-mm~ ~(f 31ft. "ll"fUrffi
(OjCfl0HI ~ ~~ C;1@fclC'l1

italRIT (OjCfl0H 1 31ft ~ ~ iRt.
-B&n ~ l:ii;;jjOAflla"1 ~ ~

~ ~ 11Tttcn: raqCf4 i..fl c; I@ fcl C'll

~ 31ft ~iRt. !flCfli'0'4l ~

cij"l;;jjilfUlC'lllOl't:-lt ~ fcficn ~ tim

~. '~' tt ~ -B&n llRUi "@i
(f\ ~ ~ ~. CfiT\UT ~

4l;;jjO'4lflldhi % ~ mcf.
~~ % -;ftc "C'5a;mf ~ ~ ~ <n

'I~ ~&«r: 'lWfT ell q {O '41 d &1

~II@qOIl "iRrr.
(~o - '6') ( ~ - ~) = (~o X ~)

-('6'X~)-(~oX~) +('6'X~)%
!ftCfi 11fUIC'l"it i'"11 ~ m-a. % filfl Cfl{O I

/



~ ~t:0l;jj:q 1% ~ 'tR q Rl~t:i'O"Ollfi@i:ql ~OIlCflI{ ~ 3ffidT.

"3EUT~&ri~ (fcnCfT ~~) ~ "Cf)Cffi' -aJ' <m1T -ij ~ ~ ~.
~ ircT. m ftl{&ll:q fT.J~t:iv'4l ~ ~ \jj101l-='41~ eft com
fi@i:ql ~ 'tR 3ffidTq~~ ~ (Symbol) mm.

wm~GH~~~. '1UT

~ ~ ~ -EtuT ~ 1.@qoll:q ~

Cf)T? )s'aJ + ~0 = )s'<:f111~aJ 'Tft fc8:rcr
-)s'~%~~m-a. ~ 3Wt
ftlflCfl{O ifufuuT ~"l1"Pl ~. Cf)T{UT

~ ~ 'm '11'e-~ ~(f -;ffi. 7:fT'q

CflI\OIlS@ (;:r)'<:f[~' --;:r'%~
~~~-;ffi.

~"Cfl1ur~, dilfG1c,iIR'4lil ~

~aJT ftt:\jjq01 "3EUT~ m.
~ "Cflfiit ~ ~ ~ "CflT@TI

~ ~ TffUm Cfl«f. 'tR fi@i'1l

~ ~ q"3EUT ft&lI'11 ~

~rrr=arr CfiTO'm. -g'q ~TT ~~ ~"@ff

f0f%ctHI<.;I m. f{t1fctl{cf ~oo it
fulfctl~(H ~oo <:f[ CflIC6lctcr'4l ~

fu-;fi 1j~'e-~ "3EUT~&ri'qT qfum
fufuRr~~. lffi"~~~

Wrqfcf;crr~~~~-;:ro@ .
~ ~"3EUT ~ ~ q4ct~A{

"l"'I\jjllfUlct mo'4T ~lctCfllq4ct fuCflrnct

~~.
mo'41 ~ ~ llfUlct\J"~i;:fl

>T~ \jjq I@:J fcficn Cfl\jjT'O"Ol1{Cfl4'6'41

II fU Ictiqcit "3EUT~ em {~1. f'4i;fi



~;;r~~~~
Cfm: ~ ~m. ~ ~1J11i&n
RimdHI flq ~ fi&l'OiOl1 -s1Cf'QICI(

~~~3fflT~~
C1lq(6"ll1. ~ f.r<m ~ ~
~. ~ ~ 'i:R fi~(.11 GR
~ 3ffi(ffif - ~ 'i:R 31TfUr ~~-

mft~~.
~ 'iR Cfi I0'51d9 (.1 ~nl:fJl~

llfUld\J"~ i;n ~@ffi
lJTcnT>fl1T1lT'i:J ~Uf.. .
B&OIlilts'1 BI!tICfldl

6Tm. 31mcr it. .
"BmCfi"d1 BCfi~

BlO1;;jjUll~ ~;r
~CfiT~~

211Q(I alii III il ~(.1

6Tm. <:rT cf~
4'1;;jjllfUldl101t<t ~

~ CflI~Ulllil~(.1 ~~mm.
tmf~ '~~' ~~.

wtTCfiDlTTllt<t ~Uf ti~:qr CfT11\

3"I'1.CfiQU)m11Uf~~ ~ ~

~ (R fuffi '~' ~ ~-;fir.
~\.9 cxn !tldCflIQ4a Cfim m~

msm llfOld~io:fl ~ ~ Bm
S:6Ullll(.1IWCffif~.11Uf~~

~. J1-lCfi~ ~'-R<:rT

llfUld\J"~iCfl"i"l. ~ ~ 21IT!;!0'5i"iI

mttwi~. ~~ Cfilft ~

G.0

~(R~~~m~
irll" m:f~ ~ ml.

q IfCf,(.1oqI f?Br ~ ~ <:rH
~ fi&lldctJ ~filld'i 31W ~1@C1<1"1

311%:
-~ ~~ -~-=T

mGRft~W1R~(R

111~ ti~:qr ~ ~ ~
(.16Hfi&l'OiOlI ~

WTT~ 311%.m
fcR:ilfCft ~ q;r

" fO . "CflI0'5ldl(.1 Illd\J"~HI

~~311%.':'

it fcffilfCft mscruT
Cfiitur 311%,d{j ~{~f1(.1
~ ~ C1IQ(IOllld

CfiRUT~ ~

3"11Cfl~ 4) 'S Cfi\dT ~

ml (.11~ilR$l ~~ 311%.

~\.9-~~ 0lJT ~ldCflld"I(.1 3"lIEl1-s1'OiOlI

llfOld\J"~i.f1 (~. \jjf.f Clifffir, ~)
~Uf ti&n ~T~<:rT, m;r ~
~~~~ml~.

a
CfiRUT -0- = ex:::>

~ ChIUIC'lllcn~~~

~~,~. -~OO, \J111crll1B

* Morris Kline in Mathematical
Thoughts from Ancient to modern
Times



~m l:ITa't-B&n ~ Cf)T itum: ?
~ 31TfUTcN\I~ Icfihft fu;:%~

Cf)lC3l(l ~~. ~ ~

~fu";%~~~
Jn~ll1ld o{8rll X:t);;jjl1lqlqm~"I1R1

311i eft cnm -g ~1@q0411JItt >TWT

cw:Rffi Trffi mm. ti)00I041 ~I(fCflI'all
~{ql(rk11 ~fu;:%~q~ 4'1;;jjJIfUld

~ ~ q q;;jjI~Ic€llJlal ~.

~\'Cf ~l1't;<1 m ~ -31T"ffi.

~Jt1-s"'lIm~ ~ q uufi irtt
<ITerr ifcf2\ ~ ~ <rR ~ t., 't~11~
~ICfliSl4 JlfUldl~~t1 ~, ~ ~

~ cw:Rffi, lfl;f ~ q;;jjI~ 1c:fil1Jlal

~, '+"%,~3nf~GI@cdl.'

-31Bf4~ICfl{OI~fu;f~. ~
~~ ., ,

~ 9)«1Cflld= Q 1-q~Q ~ m
~1@q041IJlal ~. 'CflT{Olfu;f ~

'<Wtm ~ m Chlol('41ir.f rffift

~?'

31O"{"TO<fT~1(f ~Uf "B"&n""ll

CllI;;jjJlfJldld"ClT41:'~~' ~it3J
~. ~ ~'q JlfOld\T~ ~-;r

lll~ m~.~ ~"f(fCflil1't;<1

~~t\i'all R411i~~t1I.1~t1i~ f4~~ICfl{oi

m. ir.f ~ e@i"'ll ~ CfiW.fT

~ ;r;!t, ~ 1J~f1Cfl{oli:cng)'"ll1h;oO

Cfl{O41ctil it it"Cflrffi ";;jj1(f.

~ -B&n-;r'Cfl"4'\illCllI;;jjJIfUId Cfi\UTR
cro~?~d1:~~~
-B&n~itum:~ 31W~urrcfi

~. ~l11tTo'"l1J8rll~

fcfilRf ~Uf <1"31-;r<lm ~
IJlfICfl{OI~~.

"Kf. -g lliUrn ~ 't 0 qqf;ft ~
-rn:arr ~~ ~ f!~I'al1 ~~

cnm~?
31f11Uf31W ~ ~ ~.

'to +X= ~ (~~ +x)

~X=-'t

~'t~~f!~~I'alI~

~O~)mm
'4'Uf~ ~ldCflldrll JIfUld;;q11t1I

~ "ff&n~CflG(f ~d1:~

~ lJ~rICfl{OI'to - X = ~ (~~ - X )

3=ffi~ ~ ~ 31fffi.

311;;jj-c4 I IJI{@) "'l 'lcffm
4'I;;jjJlfOld1-c4I ~{qld~t1I"'l

31:g@00041"t(~I~mm. m~~
"fi&rT""ll 'JUfTCfiR q-;r qi"BTmm -g
1J11;;jjl'tl -Qui.

~ e@i'all ~1~d~ldmq- 31Wi.

21 q(1"1d "d"R ~03l fi?4 i..,41mm
C;TCfl~ en: fu~ "Bm "fi;ft mcfffi.
Cfllcn~ool~~ '-B&n'~"4)T{
~ ";;jj1(f~. ~~"ff&nlfP:r

6hrllq{ d)'"l~ool ~ e?4i'all ~

, I



~ ZTCflT.;maT ~ ~ tBfi fu~
~. l:f1JT~ ti5'!1 i'tX:ll ~ dUf
cft;R~~r.w:r~ ? 311m
glOJ'i3llICfl4~cm GR C8fTBft ~.

" ,,' /~,.p,....."...~ ~ CflICilcHI ~ -jul 15l1<.i1

~31TfUr~~~(~)
"ti;fi~~?~?

ti@IQ{lcH % ~lOJ'51l<:0mrrui ~
~ ICflo11-=<:1 iOJ I ~ "J"CPitrfi 11S(f ~.

:tl'"4I'i3ll13'51c:flCfl4~~ ~'Q"'1"

~ 31TfUr'51~'1Cfl4~~~

-@i31T%.

~ ~ 3\jj~1 Cflg \1fTOi ;mfUr
Cl'51Ii11I;:fi)~ '51c:flCfl4~.

<iT;mr cff;:R 1J°I °~ I ~ Itt 31fCPJT

l!>CflI~oolGR tR 3\jj~"ICfl4 ~ 31TfUr

-mf <:ftOj~Ci51Cn('llI~cH~~.

dUf ~ cft;R~ ('R l!>CflI~oo"l

GR tR '5lcftCflg -mf <fR ~ ~.
3ffiIT ~ "3Ul ~ ~. l:f1JT"3Ul

GR ~"3Ul <fR cntf~?

>rrcfR c.n~ ~m~ tt
~~ ~Ci5:"kQoll'i:ll ~ ('R -a
~ ~ "ffil1~. @\1@(1'i:l it
mm ~ ~tl&n tl'G 3ITfUr
~&br (rings & fields) <:JT;:fi0<fl&lT
~~irci.~~~
ftl{jCfl(OI ~ ~~. ~ ~

:- -(-- qf%~I~~--") +

+



<fit ~ ~ 3lTfUr:;gur ~&l i'"ll ~

~ f41CfiI{~ ~ ~ ~ ~

~~ ~&rimnsi'q CfTlTTCi ~

llfUld\3i1i-q1~~ mm.
~~ II fU Id I~ 't.<l fcrd\ur R7:P1

(distributive law) % ~t~l-.:i~iRf.
a (b+c) = ab + ac

3C;lt{OIl2l :

~O+'ls') = (~ X ~) + (~ X'ls')

~itGR 3TItunfR~~GH 3TIfUr

"JUTcfR ~ (R?

-~(-~+'ls') = (-~ X -~) + (-~ X'ls')

3TI(ff 'GH~ ~&li:ql ~ ~

itffi%~ mz;:f (R'q ~ f.rl-q ~

~.crn"'"l~
- ~ = - ~ 'ls' 31B fcmlTIf fll:fl Cfi{OI

$.
~jlfUldljBR~%~,

CI'i\ICSl.c:h\q ~OIlCfiI{\Blal ~ M (p:ffi

Cfi@"O. ~ 312l 3ffiT <fit Cf>IOI(''1:m~1
l{?lfCfii'CIl (~fcficn ~ l{?lfCfii'CI1)

~ - <Nil<if Ic:h\fcf;-cn~o IICfiR ~

~"3ffi: (~fcf;-cn:;gur) ~ ~.

~ cr?ITCfiloilBCff.r<rq:;gurcr?ITCfiIBlaltft

~ Cffill(l. (liP IICfiI{\BI6"1m "3ffi:

3lcr?ITCfild~~. ~<n~

~.) ~ 'm"'"l"3gUf~&ri"'qf

~~~31it~~~'31it
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