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~ljfj)q~ qlR:8~1 ~ ~

itft~ ~~ ~i~I~.,i~cl:q

f4~ iTT ~ q iJTtR CITl1t<)

~ ito men. -qurfCrcJooTq~
~ ~a:n -RcoTq ~ ~

~~~mq~,~-
~ ~fst>4'al1 ~CflifllJl ~-

itftCfl ~ i~1~~'tl CfT%ft ~. itft3ll1

me: q ~~ ~ q{fq{fllq~

SllOllUIIjfll { f.rcoT 3lTfUr ~~ fcfiqr
men 3lTfUr ~ ~ 3liGT~

i*'lIlI~1 Moodld.

~ftCfi ~~ mfu3ll1

Cillllflc41C:qlq{llI~1 ~~. ~

~ fcfiqr 5\lqUli'all ~ ~

~ CfiRllffiurrq ira), ~
3l\.Gfffi Cfitor <li~. lfmm
~1k11Q:q'5ft fllll!{Cfl, ~, ~,

c;i) 4)4'111R Cfl fcfiqr 'S III \illlOil4'~I R Cfl
~ ~ cRt :ql~dld. -qur 31m

-m~~~~WC'~
¥ 0 f1:rHc:i~m CfiffiTCfm "ffiTl



fffi1fiefi-~ ~
'd 0 f?R;fT ~ 0 ~ 6111~l \11'"1el\(I'CRi I~'S ~ 0 f?R;fT ~ qrum f?Jxi OOc1cfIT
~.~ ~ ~ 6111~1\Jl1 qxI'CRil~'Sii ~ d<lR 51#. -g ~ ~
eplil41':l1C'1 'EllT. (6111~'1\Jl1 qxl'CRi I~'S 61C'1IOOC'111I ~ 'EllT.)

~ eplil41':l1C'1 0.:(09 ~ ~ qRfu3fl1 31Illl'SI~'Sii ~ q

o. 9 ~ ~ ~ ~ 4xCfC11Rep 3Tfl=C'f"lli=ci"~~ m. 'd. ~ P=rqRfu3fl1
31 Ill'I'S I~'S 900 f?R;fT ~ d<lR ~ ~ qrum f?Jxi 00",1 ~
fclXElOOClc1 cfIT,0.:( 0 9 ~ ~ ~ m.x ~. epG IfilC'1qRfu3fl1
31Illl'SI~'S ~ fclXElOOClOlllxild1 ~ "dT4CflCf~. :(. ~ f?R;fT tgo ~

4 XCfC'11Rep 3J11=C'f9 0 0 f?R;fT s; ICl°IIxi Ien ~~n qrum f?Jxi OOc1, cfITo. 9 ~ ~
~~~d<lR~.

fffi:Rrr eplil41':l1C'1 o. 9~0 ~~ >1C'11Plep 3J11=C'f, 0.0:(0 9 ~
~ ~ 3ITfUr o.o~ ~"fCfEf ~~. 900 f?R;fT S;IClOIIC'11

~~n qrum 9. ~ P=r >1C'11Plep 3Tfl=C'f fclxEMClc1, cfITo. 9 ~~ ~ ~

~ m. o.~ P=r ~ ~ 900 f?R;fT S;IClOIIC'11~m QlUm

fclxE1OOClc1, cfIT0.0:(09 ~ ~ m. l:fq) ~ qrum o.~ P=r
"fCfEf fclXElOOClcYlllClx o. 0 ~ ~ ~ ~ d<lR 5tf.

3imT ~ eplil41':licftC'1 ~ xilx(..c.<:Il J:PiIOIIC'1 ~ qm. <IT~m
~ <f ~ <f frroor <f ~ ... 31~ftciR ~ ~ ~ mfu;r.
~ RcYlcYlll ~ ~1f?J141 tt6~141 ~ 3lffi, ffi: <IT ~

'~ A ~~ '31llli 1 tt6~lil ~,"1'1 61\JlIClC'11.

~.
~ ~ Sl41llld %Ut-r q

~ ~~ iirWJT~Cfi ~

~, Cfff-:q mfu31l1 ~t-qG~~

~31l:f~~.~~

~ t!):qq~<11~ ~ ~

~~.~~iir~~
q Iq ~gj:q~. cil ~ A a"1 <1 3lf~c:mr

~ trSCL.";{ 3'1101011(1 ~t~ m
3'1Iq ~ll Cfl 3lf~"lllCfiRCfi ~. -qur



.,.,~ .,~ ;,...........R f .~~11Oi11Oll:.11 cS01{1'tJ~~G~ Cfll:q 'tJ1~ctl

~~m~-m~
m~mm.~~~<:IT
cilG~I:q1 'f)~ ~~, fl:rm
~q illOll ~s=<:i>llffUT"Cfllft$1 cr41~
31f~<)(fu;:r ;ffi"Gl~ q I{q l(eI I

~.
~-~~cil~ndl~~~

CflIC6lcilUcil(:qcilG~eIlei, ~ ~, (f(

~C6lcilUcil(QI cilG~eIlei. -m.wr ~"B(f(f

~ ~, (f( ~ ~ fcIftr2
fuCflTofi~ II~ IICi5il1(fll '!H i-.:iCfiTlf"5n11UT

311%, f4ljfll{"f41 ~CflIOI:q1~ ~.

~ 3'l1'1cil1'5("T;'4I~-m~
~ ~ f.looT ~ f2rqfuT ~
~ R;'fCflT ~~ l:l16T 061 '4~ I
~, 1:[1JJ Cflm Cfl"TCi5"Rcn:'f(:fT

~4q;q1'ClQ1 ~s::fcii<£ln 31f~ ~

3i1fUr 3'l1'1cill~-t:41 ~-m~
<:IT~ ~ ~ ~ fmcnT lil6T

mer ~ :q1~Jl~1 fui~. 31m

mR fq~ ~ ~ f.rooT trr
f.rqfur ~ ~ ~ ~ mer
~ 'RT1l'01, 'tfUT cnnft Cfli OOI;oja< ~
fdqct<OlI.••••1 ihs::fcii't~f\ ~ ~
3ffiUrf.lannfq~<n~~mR
~ faqcnf1:l1oTlIToT ito €lIHHH I ~

'RT1l'01.

mtR -m~ (lfll'4 RCfl ~ -R>rfur

mcmr. <:IT<!Pn 31~ (Ifll'4RCfl ~
~, CflT\UTfl:r~ "tuf"CfOl R:2R

3'l fl d H l:q ("!ll f.mfur ~. ~

4 ImJlcr4 I~ ~6tf-qlQl Cfinft ~1'41R1~

t!@~Blq(~.

"cil'T-m~ 3'lf~<:IT m ~:~
~fsh'4ICflI{Cfl B'«f:'G -R>rfur ~

(autocatalysis) 31f~<:IT ~.
~ ~T~ m 31f~<nCflR"Cfl

~fsh~'ClQ13(qIG"ii~ef}):q ~ 311%.~

~ ~ ~ >lRtflIGI-.:i(posi-
tive feedback) ~ 3G16(01 311%.

~~dt~murm~
<:ITm~ CflI(Cfliq( ~ Cfl{(f

~, (f(<nffi~~~

(feedback) 1=6°1<11<1.~ ~

mf~ 0'4Cl61del >lruflIGi:q') ~

~~. ~Cflff~~
"Cfllft~ cfit, Cfliw:ql ma: IIIHI~I

~. ~~Cflff~~

J



SlRttllG ~<f:forr (feedback control mechanism)

Slfc))lli<llil f.1Cf)IC'1I~I~~ ~ Cf)'!Olllfllcfi SlRlxilC;lill cnIR C{)\((fT

mfr. -g mq ~ ~c'l~Yf.1Cf) \34Cf),!0Iil"JuT~ \ifffi. \3GT. ~f?h\l1~c'!.

~f?h\l1~c'!il 6JCUT\JRT"ffffif ~~ ~, ~ ~f?h\l1k'! ~
"ffffif cnIR qmf ;:mft. ~ fctqC'1SlCll6 ~ ~ mm, "l"JlT~

~ 6iG mm, %f ~ ~ ~ mm, 3ffiq"ffffif ~ 3Rffi. 3ffi

EJ;SOlllil Cl?RUT~ ~f?h\l1~c'!l"JuT 3ffiUTRT ~ SlRlx"llC~~~.

l:fCbT ~~ \34 Cf),!ol1~ I~ 3ffiftC'1"~ "ffffif ~ \iffif ~.

~f?h\l1~C'! ~ 45crllloiC'1'!"C"J"41"lF'f~ 4 1C'1cxS)i<l1~ ~, cl?r fctqC'1SlCl16
~ \l1"l"C1T.~f?h\l1~c'!i<l1 ~ \3tsOIC'1I,<l~ 3lfCRUT3lx"lC''4I~, 3lffiC'1T

~ ~ ~~. qur ~"C"J"41"lF'f CR ~ 3RRfq. <l ~ ~
41C'1061i<l1CR~, cl?r fctqC'1SlCl16:f6T~mm, 3lTfUr~%f \3C'1'!Clc'l
~. lIT li?lulj~ ~"Cblft cnIR ~~f?h\l1~c'!l"J~ "C"J"41"lF'fff2R

~ ~TCfflm<l.

~~~,~~m<f,
31TfUT~lcpil'8C6d Id, ~T>mfi~(f ~
'mCrtJ~cr~~tJCflRCfj

311%,3ffi~~. ~tJ q;{

(positive) fcficrr?EUT(negative) ~
~m. ~ >rTImRTd" f.lCflI(1Ilj,~
CflI(Cfli-.:.t1~~, Cf{~ S1R1'8I~id

eft Cfilfimit. 'mCrCli(5C"<l1t!d> ~ ~
~~~,tJq;{~

311%.qur l(ldCfl"ll i;ft ~ '815Cfl11114~
f.l4) ;J1'"1 ~, ~ ~ mer CflTlJll

dClOlll'8IJl~~~~

Cfilfi~, Cf{~ ~ S1R1'8I~I=t:i~

~ ~i~.~~ ~~ClId1(11

d@@8C"<l1~ 31TfUTffi15i~1 ~
S1011~ld~S1R1'8I~I:cfl~15~I:cfl ~

311%,~ ~ ~~!'dTd" ~

~. "@i "\Jf\ ~ S1ollffi~~

~ tJ ~ ~ 8@'CI1'CI ~

311%..
-;rrf~ ~"@"(11 ~~<)(f

(nuclear chain reaction)(I'8I11HCfl
qld<il"ICl(q;{~~irnT. c:rRf~

~;wr ~ fcf'lOll \J1., I<l<l f.rJ:ITur
mum ~ 31TUmft"#r;wr ~

fci~ ~ 311URff(f.~ ~



cft.m. 3Tf1.111b~ill ~

\iflTRll~ ~m~ 6fT.~ ~<:IT Gll!SlqUII~1 Jlc;f1'{ilxlL-cl/131q-

t:r-l qY~'1xill ~nq~ 31ffi. I!SlIUlIl-rlqmoo <lGT~~ 61'iqulIIXilcft

~ ~ ~ ~ 31ffi, 3l11l'{i1}llql~C'13Yrw61'1I~'S.m X1~3l11

~ ~ ~ ~ f?!'{i05(Yj,$I~ ~ f?r-wrrcmR mer. qur ~

X1~~ 3fffcRm~ mBJ ~, 31TfUrf?rJ>lUTT"qf~1f f%xcrrmen.
1I1il6l><16lxqY~'1x'Ull ~ '{ill!SlC&li'1~ fclqdlll ~ ~ m <lGT~

~ }l'{i'{UIt1 tWRTI. ~ ~051*1'{ 3lYfcRi~~ $1l&lcrll I X1~~

%11 ~, $I ~'iYfcRi;41~ W'l W. ~ ~ f?r~ ~ ;:nf#t

mm, 3lTfUr<lGT~ 31ICfilx'1l'i ~ m mf. 31~TTfu:fT;:f~ G f?!Plci41

<:IT<lGT~ ~ q 3lICfilx'1I'i ~ mm.
~~ lffi, <:IT<lGT~ 3RcP \NlI1lf ~ ~. W1\ifT, ~

- 3Wr~ ~ '{:fI'SllIij 3ffic;r, CR ~ 311CRff~ \NlI1lf

~ mrr $. m <lGT~lHi~Cfix lO60L'it1CWf CRi)~. lIT'UIT}RRUf q

~ QI::julIl'OOlPlllf?!C'13lIqC1
r
'ii'UlllfGCfR ~ eM> ~ ~

~ 31ffi.

~~l:RT~~~B&rr ~~ 3lnrfu;~(f lfl;f 3lf~<:rT

~~, (fcm~3lf~ m~UIICijI~~ ~;mfr. ~ CflT\UT

Rcim Cfl@ ~"ff. 3l~~f~~~ ~,<:rT f4~ ~Cflim ~qf

3iR4Gtd~3lf~~~ Cfl(OIl'""<:lI~ 3lf~ ~ m:rcmr,
~R: W:rfur ~. '3"q ~ OJl-e~I fcf;CfT 3iTfUr r<IT l!>Cfli1chl'OJI "f.r<:ifu ~.
f"hld~1 ~ (1~I~RCfl ~<:rT - ~ ~~~~~~.

3lm S1CflI(~1~:~ ~fsh~ICflI(Cfl Cij<:;~OIR{1]"~~-~ 3lf~~

~::q f.mfuT Cfl(OIl'""<:l1q 'q;f S1R1~I<:;I~~~~, 3iTfUT(~I~Oj~II{'l1

m ~UII CijI~~ ~"f1JTF<:rT3lf'lffsf; <:rT !OJ;f) ('ii1Cfl CijOJqu~I~ I01 m8:fCfi"RT~

~. 1lUf<:fT'qlJGffi 1{l:SUIl'""<:lI~- ~ m ~, ~(f(~, l:fUT



~Tm<l" Bm '!:H"R<l"l ~1~m<l"1

mmsn<ITan 31'l-llIBI~ I ~ ~.

<l"1~ Gtil{1Jf ~~, <l"1 31f~ <l"1

CflICi5I~UCiH fcf>cn "f21Ci51~\1~{ ~~~Oll{

3ITcptt-~~ (patterns) RmUf

Gti\(ffif. 31m >lCf1~ ~ctt -fcrn~
~911I'Oll1~lllcH'Oll1 qgiliql~ ir~
~:qG3dl\iq4doo~mmr,

311fUr<l"1~uf~ ~~~ SlOIlctld

RmUf mUfPn ~ctt -~ir~1fflT
~~ QlddlcH SlR1BI~I-q1\Jcf,'q~

(feedback mechanism) Gti1<fu:r

311%,31BBm~ fup ~ 311%.

~ Hmur Cfl{III~ I 31TfUTFma:lUf

Gti~ ~~-;:f mun 31m ~ -~6

mmsn~~ -msit~ 31'l:llIBICL" ~
m RBolI'"lll ~-fcl~lt'jii() CfiTtt
3~II:Sdl ~, 3ffiT :m~~i"ll "fum
CfTZd1. .: •• :.

3fT~

• 3fT~~ 3n'fUr~~,

Blotiflfq;Cfl 3'I~ftCfl"l, ~ ~~I.9'g',

~ ~~1.9('

• fthR-tq~, (n)~-~~
: ~ ~ ,B~, 3'lTiffiChi

~Ptqfijil *r, ~ (~~~~)

~ -~ Cfi'1ilJil, ~ fcl~lq)a

~~ "fu\WTRf fcim~.

:mi1JT GR'tl~cn~, ~~ fcrnrnC5
'f~l?ffqm;r fcp:rl'TTIf 0Gfm<J1cl1.

Po ~.~.-:rrr=;:ft fcl "\ .{IBlllRCfl SlOII~ld l~ '"'111""- ~lt'jIq{

Bm~.
m<4&l)f;ft cncl, olll@llldl, ~

Gtif~~ 31f~ ~f~f.f31ffrr, ~11ftur

'1.'lIlIIBld1~ ci::l~l"llq{ Bm~.
~~@"lld~.

3'lTilfG ~~ -a ~ ~ooo

3'lT.lfG ~ooo -a~ ~OO~

~~ ClbfY~~-~ ~m~ 3qM~q 3$.

~II as" ~ ICh0 II ::<:IIfij;qr~IChCl0 II ::<:II
3'llq~1 ~-PjldClI$ChiPjI %~ ~m.



~~~IOII Nlcr6illd mum: 'ileO-.::lll
@SilI'51ClC6~"@"Flf[ ~"CfCi 311%.

'51111(1'1 ~ BCIfumi "@"Flf[~ "CfCi
~~ Rn~" ~"' "~IQ, 3"11 c11~tfRl C<~II(l(;1~1f'41("Cl1

"CfCi(0lffi1 ~o fcn.m.). ~ ~

3i1%, cfi.l's 1(f1~ ~ ~ d<:bill~ I

(a<:rm ~~ 0 0 1ft.), 3ITfUT R1~-lll

Sfil1i~ 3i1% ~ m~ ~
(0<ffi1 ~~oo 1ft.). 1fUT<n dC6'ilI=t:i

~~ ~6~1=t:i ~ 311%,~

Rmd'I"Cl1 ~. ~~~,

wm: (,,0000 ~ ~o m. ~
311fUT~ 0 ~ c;r Cl'51'i1"ClI ~ ~61Cfllll

3C"Cfllqltllol <n k5CflIOA~~ ~

~. m~~'51<ij(~'RliRft,

c& ~ ~ ~ 3"I'1<iji<ij~dch)~

~ 1Wft. ~ ~~ ~~oo m.
~311fUT ~~om. ~31B~

mifcrcn:~. <nfclCl(I'alI~~

~ qldCilI'al1 ~o m. iq ~

~. <:["l'q~ ~ "@"Flf[ q IOlll'all

~"Bfflcn dC6'il1d ~1:ficn: ~. <:ITtJ

~ ~ gllllR1;J CflO6(~ en: tf6T. ,
~~.~~~ m.~.~.3"lJiCf$li:s(<n

ftrR~ ~~ <n dC6'ilICfl~

-am~i:ci ~a:r ~~. ~~~~ l{'I:.~

-m.in. ~<n ~ ~~~II~~I~

:g "CfCi3C"CflIqItll °II'all cCfltl~c2lf.1J:riuT
~ 3i~crlll"Cl fu~ ~~.
~3"lT~T~Cfl~BiY~~, ~'illlU

~ ~3"lT~TNlCfl~ BiY, 3iTfUr~

Cfiltt -a~m.tt ~ inffi;m ~
3i"R'I1~I~d(, <n fclCl(I"ClI ~ ~ 0000

~3C"CfllqltlIOIl'al1 cCfl~I~c2l~,

:g ~ c:f~Ir<:{ ~ 311%.

3C"CfllqltlIOli'all cCflfl~JJ ~

fclcri Cf<n\ muT it ll11! ~4~ IJi d1~

mr <ij1'1.-i3ll1(~.Qt'51ClC6'alI)~ Cf

3q%i~IJl ;rcfR~. ~~, Wrco~
=t:i~I-.::lll~~ ~ ~ fclcit

R~d Id. ~l?:<:fl~1151~ SI~IOIlCl(

'J"fCfilqltlIOli'q'T lfm m~IClI ~

311%,~ @:SCfli~.fr~ft~ Cf ~ Ic11'al1-;rcfR

~ Hffl<fi, \J"ClI~I~@1~ ~ Cf

~~ ~lnR1Cfl 0=R1~, ~.

~lnR1Cfl Q:SllOill, ~~ ~ ~

~ . <:fTlJ,~ 'J"fCfiIq Itll oli ~

cCfltf'all ~ ~ CflIC6I'al1~

~ ~ ~. ql1:iJll~d:m
3ilqC"'llI~I~~~'fim ~~o

3ffit fcrcR~ Iq:sct131Mf. m fcrcR~

cn~'U'<:fTIf'I~~ cn"RTCfi11:RD'q'f



~iircorqun::<{nll~ Slql~cft{jCil()Cil{~

<f-Bn:r 3q!l6 iiiI~ CfllGJl ~'QI ~~cft:an

~-g~PII",,'Q1 ~1'QIRl;ji;ft ~~

Cflll1fTlt1Cil'iitlq01~.

~ fcrcn:3C"ChIqI~I0 IIt!ciJ~ f.mfur

~~, %Cflfi 3il05@'Q~ ? fclq{I~1
~ (Jf)c.1ICflR~ ~ qm
~iild1~R@q{~llB~)
6T "Q,Cfi116fC.l1~ I Rcnl:f ~-.q, "Cf1Tf

~~«f)CflI{I~~~~

fclcrua 3C"Chlql~loll:i:l~ mqsuj.

~~cr cCfim RmUf m~ ~-;s

3'lciflJ)ciJ3C"Chlql~lol ~: fcld05",'"l{1

~ ~. "Cf1Tf 31m ~o:ft r'Q Icfl ~
{1~I'QRCfl~2f 3i1'1CilI'5l-tXl1~i:l'sCflid

~~~.,.~, 311fUT <n ~~
{1~I'QRCfl Wa;fUflcr f~~ ~m.
~lql~IOII"''Q1 cCfitTlJ)~ ~~~

~ cWR f.mfur iIcmf, chq'"li'l'XOll

~ ~~~ q~{dld. 31TfUT

ffi1f05'm m ~ ~UfT liiiT
"\ n' "'81'5dld. 3GI6{OIl~, 2OCfl(I'l'XOl1mT'l'2l1

3i I'1Cil1'5lC1I3i~JlC"ll1 ~ Wl!lCfljd

fcrtW! {~'"llc;l~ f.mfur ~ ~.

3rnT ~o Ij'l'XOll11G(II~~ 20Cfl(1=t;f) \ifl1TT
W«n~.

~~ ilOII~1 3rnT 3C"Chlqldj.i1
"" . " "fT A~lq~l:!I'l'XOl13&lldldI16fC.l1~1 Cflll1i(

Cil'iitlq~I~, m:i~l1(f~.

G G 0 C1T@ ~1.-etf ~~~";J
'51'Q..j)'8I{~R@1161CflI'Q>rTUft~

~~ ..~~~m:il1(f

~, cfiT~~~~~
3C"Chlql~loIICilUCil{~ ~ ~,

31TfOr~ ~ q'QTq{Olid~~

~, ir~";J~%>rTuft~~

3ffilC1cr. <n 31TfUT~ <:R:;ri<l~
'Jflq~l:!"I"''Q13&licft'ell >rIWn ~ ~

mCfiCf~ ~, 3ffiTtt v,Cfifir.&io

~~.
iro6T3C"Chlq~Tql'ell~~~

. A "3i~d H I~ ~Iq Idl..,'QI Sld/q I'i:fQI

3TI6CrUf~.



~ ~-;{m41q OJ 1(1 31N1lT

FHFl(I colli ~ 51Chi {i:q I crm Cfifu:r
m:ra1. Chq$il iOJ I ~ Cfl@HT "3Wfffi

~ (f{ m 3r61collid q@j't'ft 1Wft
flf){i"Clnm"lIC31 ~ ~ ~

31N1lT Cfi\it. 31mCf <:IT<rt~
("IIJIOII{) ~Cf dl~ en: ~

'Jl1q OJ l:q I 31fcfm-~ 'lWT ~ 31T%.

~~~~~0t-muT
~ ~ ~qi(1{OIm<:r. "lfi&Cfi ~
~ ~ (f{ ~ ~ >rCfim q
"3Wfdl ~ ~qi(1f{(1 ~ ~ ~

311quf ~. ~ ~ HfmfT
31~ "'"i"m Cfi«fT irn W. ~~q1<11 ("I

\

\,
\~

I~
I
I

/
I

~



~Uf ~ ~ 31m f?m m:ru1, ~ Cflol1..-'IOlIR;~~'IOlI(11~ fci;cn
~~ ~. qlifh'lOll ~mcr ~ ~ ~ ~:ll~;~ fll~I'{., ~

fcrcrn~. ~ ~:~ ~ 3lf'Cl"Cfl1dI1d'I''''" ~ 3WT ~

QCfl~O'lOllfll61~ ~~. trm "3l~ ~1fi"d\Ufmo~. (lfll'lOlRCfl

~ ~ ~ (itldiql~., ~. ~mo 3lf~ irnHrm (R -qc;n ~

~ ~ qlq(O'lOllli)l'lOlf('.l'(C\qld=quncfi 31m.

~. ;mqur ~ d'Jif&lI&ldfcrcrn imo~~
~.~lllT~~~~ ~~~~~~311%.

"CflDRfn::rT"01-qm eft "3l~f "Cflm ~ 31Ul~ (115°'lOllflla"1~W~
filoofcldld, q ~ (lqidfld "Cfl(ill(f W ~ ~~. (lfll'lOlRCfl~ ~ ~ ~mo
~ ~IcL fllafcl~l \ifffi. "lIT ~~ ~~

~ ~ m Cfl(O'lOlI~lm. c='!li~3ffiffi ~~ ~~"(1 ~ ~

w~ ~ ~~ ~ (f( ~ . ~~ ~ 31m ~ TflTcf qlffCfi(OI

~ ~ ~ f?m ~ (R ~ c1l~ ~-rn. B~ ~Bum:T ~~
~~ --.----..> ~.......::::.. 'TI' ~ '",,' =r 1'\ --rr:f\. 0+1-,-,.1't~I(l'"1~'"11 ~tl(l V1 'llel "1 ,II fl15'51lfl15'ii1i"'(:>I~. trJT flll=<;;ql~tll,,",

llRffi (R '~' 1J1it ~ mum: "CflT(Ul ~ ~ l1T5fCfillt ~. "CflT(Ul~

'~' ~ ~ ~ '~' m filoolcll. 311%,cfiT BWm ~~ (flffi t$ldHI=q ~

~~'~'~'~'1J1itmBt ~~\ifffi. ~~~~~

(R '~' 1J1itllt~ ~ f?~ ~ ~ w:cIT, 3lf'Cl"Cfld'J'iiifql'i ~.

fllaJlci1UOUffi CflRUTeft ~~"(1 ~ ~mo ~ 31Ul ~ ~

-aom '~' ~ m~"Cfl~ m"(1. ~~.

~1501~=q'~' :arT f?~ ~ ~ mW'lf.tCfi i~ ~ murm ~
~~~, TRfmt~~. ~ (lfll'lOlRCfl3lf~ m-quffiw~

~l >fCflrran "3l~~ ~1fi(R ~~ ~ 3&lfsl1'1OlICflI(Ch~ (flffi ~

>rCflTU(fi$1. -q~T~ . ~~ "3"fW~ . ~mT

~ ~UL mfUT f<;r~o~Tmr~ 31f~fSfi~eft"(1 "3"f"Y"Tf~-qm

~~ ~.f7H <Hom 31'-nT>fCflT0'1 ~~~l("Cflill~"3l~ ~'Cl"Cfl

d'J'51f'(C\qid(OI~~.~~ ~ (R ~~;:r m.~
f<;r~ mom ~~ ~ ~ "Cflm"3l~, ~ mcrur ~m "3l~



"'60l~ld, tt 3q41llld ~~. tt
~~~~3fft~d~,

(R ~ ~ eft 2i_QjI2CL4I~ 3("fl~d

~.
(;[f ~ 3("fl~d QIOII=ll1 ~

~~~ 3G16(OI 3'llq('"<OIIC"l1~~~

~ q61Cl<Olifi~. 3'lTfcffi;;jjOj'al1
"\ ~ '"\ A3q 6I<01~I;;jjOj-.:;<OI1m c;cti Cfll~l;;jjl~

~fu~3q~~~~
;raft ~ CflI~Jlcl1 m:ffi. ~('"S(-.:;<OII

•.. ~ ~fcffi "\6ldlctlC"l ~t~ 3'l1 ;;jjOjCf 6I<01~1;;jjOj

~~fiJWJTitz~. ~ f.rcit ~
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I

1•.
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, AB
••~!

~~. ~CfiTCl~~

"3WT(fT mffl (;[f~. ~ ~ ~

~T ! 3lmcr f1:r '3fUf .qcfCfUfT-=ijT

Cflliltl (R~~.

~m 3q 3'lTfcfB;;jjOJc;cti~ Cflld

3lfm'<Ol1 ~~ Cfi«mf -a06l "flfi~

lo(11~ 31U(cfffi -ij ~ crT'S°<011fll dt
~~~ ~ 3H,-a. l;!~CfTcfffiT "tt
3'lICl~<OICfl~\iff ~ g;d"~~1.-;f(R 0-

61<01:{1;;jjOjCf 3'lTfcffl;;jjOj ~ ~ 'llUfi

cr<:m: ~ ~ ~ SlXOlIOlld~

~~. ~';;jjOj-.:;<OI1 Dil1~ Cf

A+B ..•. ,,",,
l..•._ ••

\•_ ......••.,,
'-~I

I
,_ •••• "11

AB \

~~cit~iturro~~ 311%. ('<Ol1:qSl'iIU" (1~liOlRiti ThhiOll~(!fi(')

~ca:<mf~m~~~~~.

it&lfitrcn ~ 3icn - ~ ~



3iTfcN::FiH'al1~~ ~~ (11-s01118Icil

~3i801l-=lj1~~~~

~~m.
m tlCfi('"q'll ~ ~ 3i1fUr~

~ 8115IUlI~ 8~~I'{Oj ~. <mTIit

~\%1~crr:n:~. %ffi
~ lJ;Cfl>ICfil(~I ;rcnrm ;mg. ~
Htta:fUTCfiDen ~ .

sTcfi"Cfli 31f\lfto<:fT"CflH~ 3i~

3*nCfig 3C'YlfuC'l~. ll't-<:fwft lJ;Cfl

~~. A 3i1fUrB~ 31f~

151011Il(cffA3i1fUrB%~:f~~.

('lli'alld ~ ~:~ ~ ~

3iT%:q. -a ~ lJ;Cfl-q"CflT:cm~

~cfffi "dmfi C'lli-ellIcfl~ IIRl ~ 3'l~
"Cfllft"Cfllft~ 3VI,RIdel))~ ff~ ~
~-a. msCFmf CfiT<:rA en ~"Olcffi1

~ll~ 31TCfilfur~ fcnqr B <:rT

~"Olcfffi ~ll~ 31TCfllfur~ Cfim

mo ~, fcflcrr ~ ~ ~ fcflcrr A

fcnqr B ll~ ~ ~'t-it Bef

~ 8~lfcl2~.

~~~ 31fmsn~~ ZCfi~

~1@(lql;'d ~ mTfG ;mg. ,1l18101
~<:f"Cf) 3iT%, ~~ 'qT lJ,"(CfOT.<:fT

3i ICl~llCfi~ J0150Idl d 'CflT\Cfi~.

eft 31f~ ~ ~ ~ 'CflT\Cfi

~~. ~ A ~ 312:fCl1B ~ eft

~1@(ICl(4115I~Cllll~1CfiT\Uft~o@CR!

~ 8~ ~n 31fmsn<:rTmer ~, ~

ftl@(ICl~'l ~ ~8~81 :;rqrnitffi.

~ ff~ ~"Cfllft mo ~ 3VI,

<:rTqi)ll>ClC6I~~ ~ ~ ~.

i\crit 3('qlfud AB ll~ ff~ ~
m 31f~<:rT - CfiHCfiT.q?dTCfi1lT3iT%

~ ClldlCl(Olld ~ 3,8Ni'ct ~

if"ffi ~ 311trR:q 31T~. <:rT~~m
31fmsn<:rT~ 312:fCl131fm~'qT

"3'61lT.3ffi J0150Idl d .

~ lITTTf;:ft mum '3i\iri 3,fl-i"i

~ a:fUTTma~ 31f~ m-a
~-;mft.~~~~31~
m~ 31W ~ ~. 31fm~'qT

~ur ~ 3ilq('"lll~1 ~Tcmmcm.
cmrill~ 31f~ ~ ~ 31WfRT

f1j('ijOII-lil ~:cm QOCfi;flCfi(OIl«-'l~

fit05fcldl itcft. ~1@(ICl~'l ~~
~ ~ ,,"\ "\ l .0lllq'cill 'JICilI!Ollo'ilICfiI-sICl~'l CIT

~~~~~cfit!~
~1@(lq4er ~IOll181tt ~m ~
'CflT\Cfi~ ;mg eft 31f~ '3Wf(fTen

'fcr~ llTer 31T-q~T(1T -q~<:fT c:tter

3d(dHI ~~ ~ ~ 3VI, eft

~ "~~I@(ICl( ~IOll181ol 'l1c:Cf

~ ~. ~ ;n qH;q(ICl~fcil,Cl!

~i@~ I~ ~ ~ CfiW. cful '3(ffi 3VI,

C:QlIC:Qlld~itUt~~@I~(il ~

f~~cm~i<fuf~~
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~SlRti~~m

~~~\iC((1"iI:t:f1 (~)

mtt~~~~~
oT<:f. 31o~TO<:fT ~CfCfiTcft~ 3fz"'i'T

8'oi5Ifu101~ 4f%0'li~I~. ~\9'ls'~
~ ~\9'W <:fTCfll(1@'Slen (1 %R1l1~

QT (fll;q"i~II<iiI~. ~ 31{ m <:fT

~ S1Rti;qld ~~ 31{ S1IGIc(I~41

Tf~~ 31ff~. ~T;:m >rfsn <:fTCfl1Tuft,

Cflliif"i'SI;q;-~iTCffll{'S #L~ f.ll:rfur om .
3'lTfcffi'Ji"i'aJ I ~~ efT~ 31~

. ~ ~q;ri~ ~uL-q~~q crt~~
31Tq~<:fCfi 31ffUfT::<:fT ~~.q8;11
Cflliif"i'Sl;q3'lTCffll{:s q crruft <:fT~~

~q m Qtrr;n31f% ~ CllW ~.

~ ~q;rR31~ 3'lTfcffi'Ji"i~ ~~tit

~~~~~J1T%~!

~Wt~~~~
2:CQjI2:CQjId ~ ~ Cfi\dl(f ~~

CfiT<:rfmit ~1ft ~~ mft "~Ui

~" ~:~ "~~" ~.
~ Nl'""'4I'aJ I ~ q 1;q\~C({C\"i~

1Ff1TI ~ CflC6I-c;qI ~ ill. ~
J1T%. CflC6')-c;qI ~ ~ ~ ~

~ J1T%. cnm~! 31~ ~ en:
~$. ~~Cfilft~31{

eft, ~~ ~ ~-m ~~.
<:fT.qTB~q ri~~ ~mhn:'
~1cl<:fT(f. ri~~ ~.ffil;r HmUf

~T~c1t ~~f ~GT~ 31f~fsn <l~T

~I@(IC(( -Jllo;qlflldl ~ m. <:rrq
mcnm~~~q~~
Wt ~ 31TfUT~ :m) ~ ~q

m Cfl(o;qlfllcil~.

31m S1CflI('aJj ~~IR~~f ~~

~ ~ ~ ~~ m1UfRT 312fCn

~~~~q.~m~
31ffctff~ q q)f~n1~T 31u(-qt<1

31ffUfHT ~ q. ~T fcffm ~"UlCf oT

3i'Jif~~Cfd ~ ~q ~ en ~
~ 3f,g.ihfl"i ?1;qCflT~2:tia)qH

ATP. ~, ~q ?1;qCflT~2:

TR:% l!!'h~Cfli"il ~ 'S~ISllOJlul

l' ~T~~~ 31ffCfTCf. 3fi-;fR ~
Ii "i1;q?l'Ji"i~~J1T%Cfn~

i l m ~ J1T%. ~ ~ TR:

~ ~ QT Wlq1~ ri~~T'Cfim ~~f
[~ CflTfCh2:~qR 'J1I'SJl(11 ~. q

~ Enm:1.%1fsf*r~ f.rmuT ~ '3i'iff

~~wcno~~



ADENINE

RIBOSE
\ I
' ...-------- ATP-------- .../

ADENINE

RIBOSE

{;;\ ADENINE
\!:J+ RIBOSE

ADENINE

RIBOSE

-P + ADP ATP

-R-fihft tt ~ 'i1 101l-=<OlI >lfsf;~~A

"'i11~"ffil)~"ffi 311~ ~RSI(lcH

'i110~1'81a"I-ql ~ ~.
31TOT l:ff;f ~ Ichlal I \J"q~ '"1$I fsf;~ ill

~ ~q'8'"1>lfsh~ill ~ dq~A~ld
~~Cfi(I1r~~.~

f.rqfur ilO1l-=<Ol1ATP<n~ 3'l'i1T~~Cfu

{OLcSlliild151~~lIRCfli.n lOl.il('i1Cfl~

~~.~~~~crft.

Clifilfil 3ffq; ~ 1:{dro; mTT

W9Cfl : ~ gTCflq"1

~~lIRCfl, ~ W9Cfl ~-m~
~: -;rrTm~, em
~: ~ffre:



~3TI~ ~~~~~>rH fClillxdld. ~3W1~
ffifT ~~m~ 31ffi cpr? fcBcrr<:&x~~CjloA (Television) ~
3RRIFIT ~ fClillxdld : \JjllC1l,nC1 fu5 <:&x~~CjloA ~ ~
3ITC1T? ~ <:IT >r~~ ~. ~ ~ <:IT ~ ~ <:IT.

~ Tf]l1r fcficrr cil 0 Id~ ~'lWfUT QT

~ S1ChI('t'.lI~ 31B<l1. ~. ~
l{Ch~Chi~A (IBlllRCh ~~crrt -m

lfI'Offi l{Ch~Chi~A~ <:IT~~lillq:Clit
~ mtRmf. 31fl1UT it~ \Sq;ftcijq:G(1

~ <:IT. -31'Nffi ~% iturm <e;q-;ft <:IT
~~ ~ (waves) ~
~-~ 1lTOT.

'C' % 31~ ~ cnc: t.RCIT(f( "R'%
31~ ~ fcRo5 t.RCITGI@fcid. 'C' q-

'R' m ~ ~ >ICffif Cfi«fHT ~

~ mm. 31m <:IT~ >r~ ~
~~~~~.<:IT~
"fCRf :~ GH ~~ IZ'il '{?f tR:Cfl m:f(ffif.

~~fCR:<m: (Amplitude) q~
~ ClI{cmdl (Frequency)

C R C R . C R

1III1111111111111111 I 1111111111111111111111111111 ilil/III/II"" IIII I



y

~oT-~ W. ~nfuCflloA fcI%dC"l6{1

GHSlfoC"ll1~. y-31~ fcI%dGliil

fef;crT ~m 3llfur x -318;1TCf"\CfiToo

GI@fo,C"l1311%.

311'fldl Cl(<'OJ 31TtfUT31m ~ ~

~cfiT, fcr*n~/~'mU~
~~311%.~+V~-V

m (ff C"l6(f~1 fcmm: (amplitude)

~. ~'O'mft~~311%.

\jHFil:tA etz ~ ~, ~ fcffim:

~~, %f CfiJft~ ~ moT
(~B) Cf~M~ (~y-
318;1)~ CfTG(f~, ~ CfiJftmoT
cr~~mm (~B)."6lSflll A-B-

C-D~ GI@ClC"lI311%Cf6fqSflll~~

~. ~m\~ QIO""lltildl (O-A-B-

C-D war) ffi1JUfP:fTcl~ffi ~
f?ltt~ (Period) ~60Idld. o~ B m

31q ~ (half cycle) ~ mit ~

CiiTOO (Time) 3{&f

(~t<)

q&::15lqrCl~~o mr~otmr. B ~

Dm~ C"lllloll(l CfiTCi5~ ~~o

mr~. 31:tIISlCflI~0 ~ D (ff ~

~ShltildT ~~o mr C"lilldid . .g ~
'(fm fcI'ijdC"l6{1~.

~ 311qUf3~1{~~ tCl;ffq1tL'i

fil05Cl~~ ~~ (ff ~m
~. C"lli'cllIJOlt-lt~, f?ltt~ cr
ql{ql(dl (ff ctR rfttt cl~ BM
~ 3ffidT("j". ~. ~ - ~ l:fm.

ClI{ql{dl ~~~fcnd)-~

~ itcmf (Complete Cycles; 0-
A-B-C-D~). mffcft ClI{ql(dl tt
$ (Hz) (ff ~ 4l\jjdld. ~

~~:tIi41 ql{Cll(dl ~o Hz ~ ~
~o,ooo Hz ~ ~. ~ 31~

31m cfiT,31TtfUT<rrq Cli(ClI{d I qgill dl C"l

tq-;ft~ 31~~~. ~

q20qIEOlQ3 lllif ~0,000 Hz ~a:rT "\jfffif



x

ql(cmdl ~ tq;ft ~ q ~

~"dTIf. ;mn tcr;it ~ CffClCf\
~ ~ lJTtffit <b;;r q2q IqiiSi-dll
"CflHT(fftmft q C'lll q ~'"l q 2q Iq 06 (wtt

~ pJtuy ~) ~ ~lllfcflc1
~~ 3fliiS@dld.

~~Tw -g 11T~hf 31T-g Cfft ~\
3'id4Jq~'"l~;fR ~ChI<l~1~-;m!t.
(lT~ CfiHUf ~Uf~ ~ll"'c(lT f1l;fT~
"3'<qT~~T tcHt'q"t ~uft (31~Cl"T

fcmm / Amp lit ude) ~ll"'C(lT'l~a
'll~~~a Cfim - Cfim ma ~nf. -g

VII

~-'lI' 11tit <;1@qJj 31T%.

~ ~~PdRfuncfit, ~-'lI'

11tit tq;ft ~ <;I@qcr<lI ~ ~

~d~15\lcfl~ ~-qiCf\ <;1@qJj ~.
't:q;fl ~ 15{l 31f<!im - ~ 11t<) <;I@qcr<lI

31T%a.
~\ 31Tfm ~qoo"'C(lT ~auq\~

fcf~~~tt (31Tfm 'lI' 11t<)
<;1@q("'llISl~101) pJtuymer ~ ~
a\ 11Tf-fu-gt 31TCf1T~Cl"Tuftif; s\T"'C(ll
m3ilq("'llI~I~CfiW~~
~ ? "fucrr;q- mwrcr 3i IChi~Iq IOO:cn



l

Bet mar~cnm ClI{ClRdil~

J:$Oldld.~~crn>r~~~
~. 3~1$(OIl~, ~ tqR~&d ~

llTUf >rPdm Cfl~ 3IT%. ~~
B~lIll(11~ OOT (Modulating
Signal) J:$Oldld.~>raJqur~
~ ~ ~ crricrmrr (High
Frequency)tt~~~. tt

~ ClH:ClI(dl ~llld$l

(MHz) ~ ~CflTIf
~. it crriem<1TtT
em:uft ~~'T<:r
mm;n me;~ ~B~
~ q ~ >rPd'fUT
ifi~~"'i'.f~
(unique) ClI{Cl/(dl~

~~. J:$OI~:q

'AAoqm@' m<ft ~
101 MHz ~
ClI{ClI(dl ~ ~Trffi
31B '(1" en: , \i'lll Icf\ (1
Ch'IO(flIl tl >raJqur~
101 MHz crricrmrr

r _ _ ;;;;;;:;:~~~~!;i;:i;:; .

!11!!!!!!!!I!!I!I!!I!!!II!I!I!I!III!1111 ~~

q~

mtT~ !
Pc:lq(1qRq~ !
fufuql:Wn j

:. __ 1

.~ ~-at~~~m:rnur
Cfi«f~, CRWT ~lq~I(11 %cnU
~ ~, % 1J1Ul ~oq~~

3n%, tt \i'll QRId "fuW Ch~JCfl~'"l >rmfuf
~ ~ 3n%? ~ ~ "W:lO""llflI61

ml:fUT ~~ ""II~ 1l1:Cl ~~ ff.1<R:r
(Electronics AAoq~-qftq~
~~)l:lTt<n.

~o



q]'q'"{ffi ~ ;rrtt. 31m ~ ~
ClI(cmd~1 ~~ (clift*~-

carrier signal) 1=501dld.>r~ ~

err ~ ~~ ~fCh{OI ~~~II~I

'm' Cfira. err m~m~~~
(Modulation) 1=501dld. ~~~

Cfi{Olll..:t~ m~, mfUr -g
Cfi{OllIB IdT fcrfcr'l:l ~(f "Cff'\q~'tff

(Electronic Circuits) CfTCf{~m

~. -g~>r~~~~.
31m Of ~Wlf{d ~~>r~ ~

(Transmitting Antenna) ~~

ClldICl{0114't-~>r~ ~ ~. m
~ ~-~ ll~ ~1@Cl<,t\1311%.

~~~ ~ emcfi ~~~
Chloldltil ~ tR:Cfi (fclm, ClI(Cll{dl,

fcf;CfT ~~) Of ~~~ ~~~-an:
~~. ~ 3ffiUT m;3TI ~

~mfUrAA'I:l~~,~

.Cfil<.l~ ? 3ffiUT~ ~ ~, d"ffi

m;~~~~OfClI(Cll{dl

~ (Frequency Scale) ~--miT
~, mfUr ~ -g ~ (Tuner)

~ ~ ~. W 31l'fUT -g ~
~ ~ ~ ClI(Cll{d~1 m31'
fil0'5Clctl ~ m~ mm ~
~~ ClI(Cll{dl ~~

"!f5Ur~, 31W~cron. ~
~ ~ fcrfcr'l:l'1ffift QCfiIll-qI
mrn -ij~, 31NUl ~ ~~3TI

~mm 101 MHz (~~;

1 MHz = 106 Hz)~ClI(Cll{d~1
fil0'5Clctl. mfUr ~ ~ mm 101
MHz~~ClI(Cll{d:q1 ~Wlf{d

~~~. ~Of ~Wlf{d

~ (Modulated Signal) ~~,

~~ClW-fi~~~

~ q ~Wl{OI ~ (~~;

~d~5{f~lll fCl{lqld1~) f1l0'5Cl~1

~. %Cfilll m;3TI ~ fcl~Wl{Cfi

lft<Pi 3fTfUr C'1\jC'1t:~

~3l1'{iilICl,< 31m 3l14J~ii\) ~ 3IToo~, ~ G~fcp (Indicator)

~ ~ ~-lfrT ~ \ifTClT."ift3IToo~ fc@r'tf ClI'l!ClI,<dill-&q.

MW~ 1=f~ (Medium wave) ~ q SW ~ C'1~C'16~(Short

wave) 1=f~ q ~"ift ~ <:ITC'16{1"Ul1d~llC1i4"l"UlI1=fl11T~tT~~.

~ ~31T ~"ift fctm '{i+4J,<ollil I crrqx~, q ~ ~ ~ \3U

ClI~ClI'<dl31'{i~C"£I1~fcl>crr;:fTq ClI~ClI'<dl31'{i~C"£I1~crrqx~,

• ~ ~ C1~C16~(SW) q 1=f~ ~ (!'AW) 10601dld.



(Demodulator) m t:[C;q) Cfl\(fmmT. CR(ff~. <IT~ ~ ~ 0 31TfUr

. ;f(n: JmT <ITfi fCfi{OJ fi~~II:q') ~ 1.0 V%O<IT~,W5V~fcl«m:
cn~crffi ~rif q ~:qf;rq~CfiT ~ <IT~ ~~. '0' <IT~

(Loudspeaker) ~m qlaq~I~. -;ft:q fclW1~1ii1(Low voltage) W 'f
q lilT ;mqur ~ ~ .. m ~ ~ ~T ~CfiT~n 6Uf fcf~CfC:T~ (H igh

~. voltage) ~(ffif. ~ - q lIt~ 31m

% trcf BiJldHI, ~ fi~~lIill ~ 00r <;1{9q~1~.
(Analog Signal) CIT4\~~, ~ ~cfiT~ ~urcrc.ourrc) 3f1TBTll

~-~ efT ~-~ lIt~ <;1{9q~1 <;O:SOlqO:SOllq~'~Cfi 'fl~~ ~Cf.

~ .. ~~~~ ~~CWf~~~

~T -B~~ ~~tRT fCff('fT\ ¥ ~ ott filO:S011\100r ~~
(Amplitude) CfiT~,fcnl1Cf -q~ ~ -;rrtt. ~. ~ \91lTm.

~; ~~fcl«m:m 0 om'~ ~m \9 (b) lit.) <;1{9q~lll$P1IUj

-ij to, ~ ~ W, cfi)Olrllll$J~ fclf(11{I~t.) ~ ~ ~ ~ W,

a:JUTTffifcl«m: 0.2 V, 3.7V, 3.78V, ~ filO:SOIl{100r~.
4.93V, 5V JmT ~ ~~. ~~ -B~ma -;ftq ~ (low
<R~ Bt(JT 3i~ ci~ (Digital voltage) fcfm OV -q~ m~T'flR

Technology) ~~. <IT~ ~ (~ o-~ ~ <ITzmmr)
d5lljBI{ Chloldl~ ~ (~00r ottmfcl«m: 0 ~ <;1{9q~I~.

~fcf;cn, ~~~)'flm~ ~ ~ ~ fcl«m: 't ~ -ij to,

fcnli"ffi (~d~5\hlll fufdl{l-.:lll) ~ ~ zmmr~, ott ~ GIT

~miffiefT?-n~IR;dl"'JCWf ~<;I{9q~I~.~>r~



'5l~ 41aRlHMI ~

(a)

~ ~ mn m:«fRT
~ fu«1l(1~~1'¥
(b)

QloClJl("41~~ 2:Il'Sil1lf,I{WflT
-A- ' ,

~(ll~~~.

~ ~ <:;Ci501 CI &501 ~ ~

fucfiTuft mo=m wnumf ~ ~.
3ffiiT QJ51I'W(11~ ~~,

CfT~Cfi crn cH\d'T (Car rie r
frequencies) CfiW ~~.

~ ClI{ClI{dl 3iflJlJl:q emcnm

(Carrier Signals) CfiT~ ? ~
ell {Cll{d 1~ k("41CI{ fll i-amfl (11:f)\cfi
fcflm 3R1dT? ~~~ClIOA"t:CjI ~lI<ijd)d

CfiT<i~ ? <n ~ ~rt ~mrrGT

~ -31l'lUT 3ffifT ~ <n.
"3ttf qT~cm:crr qT~Cfi ~UL;r

CliQ {OCjIA I~ Cfim Cfi"R1Jl ~d. ~

~;ftq cll{ClI{d~~~ flli'alIAUf

'5l~
(a) 41afuHMI

~
0 0 0 1 0 0 0

~~mn m:«fRT '¥
(b) ~mttm

f4asuIHI ~0 0 0 1 0 0 1 0

3=ieI; - ~ ~ itarlUrcn~ H



~ ~ ~

>r~~~~
qg~fdl(

fc

!l f = 2fm
c:1I(cmHI...•.>r~~~~

qg~fdj(

~ 3H"I~cnql <=i~~1i'"l161~ ~

~, \i'Cfi-;n cnm ~(f 1111"fR:

(Noise) ~60Idld. ~ ~ !l1g)"Oll1

~z~ i~ tt cmcn ~~m-=c<:rT

crilffiimen: ~rq~i~~31B-d. ;ft~
cm~-=c<:rT ~~WRft di~ ~

~,q~~~~~
i;1llldld. fum ~, ~ cu{cmd:Cl

~~~~ fi~~Ii"OllI;ffioqq;

ql{cU(clI~~.

31ffiT 3ffi ~ ~ cfiT,>r~ ~

~~fc~~ql{ql{dl~qfmen

~ ~ Cfi""@.cn:qr 3l"~ 3l"m

cfiT,% >r~ ~ (fc-fm) -a (fc+fm)
en 21X41dli;1tfCf q I{q I{d i~ ~ >rR

~~. ~ 3l"~ 3l"m cfiT,~

~~ ql{ql{d"Olll ~1\Jl~I\Jl~1

feficft ql{ql{d:Cl >r~ m ~ ~

~"fCfiDJTcm~en: ~tt~ ~.
(fc-fm) -a (fc+fm) en ql{ql{dl ~

(Frequency Spectrum) ~~
~ fclm (bandwidth) ~60Idld.

~ ,*;)01('4161>r~~ \jjqCi54)

~ ql{ql{dl weft fm q~~
$H~ll1it ~~. ~~
~ql{ql{dl~>r~~ ~ ~~

fc!fdl{ld ~, (f{ ~ m~
~~~~~~~.
m~>r~~ ~~ ~fclfdl{icfu;r

Cf[{crmn ~ ~ ~ ~ ~"G8:TIfT
qOlll~la'l ~ :?l\jj1{"OllIGH~'t.~

~ mzr Q5'l{Cfl(l ~ ~ ~.

~ ~ ~ ~ fiCfl('"(l'"l1~~.

~{r"l;jqlo(T >r~Qolld~ en:

3@R9~cnqI lllif:qr CfTCRm. ~
~R:1;jqloft ~~~ (Audio-Visual)
l1f't.<:fl1 3l"T%;~~ mo-m Sll"ll011d



AM ~ Amplitude Modulation; ~ fcrm '{if4J,<OI, ~~

CIT6CP~~m fcrfGR 6T '{if4J'{ol ~~TT61"OO ~ \iffi'll. FM ~
Frequency Modulation 312lfu ClI;;(ClI'<CiI'{if4J,<ol. m~ CIT6CP~~Tftft

ClI;;(CllxCiI(Frequency)~ '{i f4J'{O I ~~II6I,<\jislx ~~. 31[qUf AM
q FM 31~ft 3l~ ~3TI ~ 41f%cYlc413Hict1C'liL

~ ~~T ~ wm=r cnxcn ~ ~ ~~ (~ fcrm)
~ q)lft w \iffi'll, -g 3114crlllC'l1~ ~. AM ~m, ~OO
45xOlllilI '{if4JxOI ~~T 6T CIT6CP~~TT'Un fclfCiIxl"alI ~ '{iIdClcYlC'lI

31'{icrlll~, ~af<:rurCb~141'{i'i ~ ~ 3iCix144Ci 6T ~~ ~m ~~
~;:mft. 4Rown ~3TI ~ ~ ~ 311ClI\Jllill G\Jlf '!Sl1C'lICld1.

mc;rc FM ~~Wf, '{if4JxOI ~~T 6TCIT6CP~~TT'Un ClI;;(CllxdCi'{i IdClcYlC'l1

3RKIT, 3lTfUr~~-rm~ ~ 3iCix144Ci ~af<:rur ~ ~ ClI;;(CllxdCi

"Cf)'{Cfi ~~. ~ 3114crll 1C'lI ~ <lurRn FM~ffiiIT G\Jlf ~

'Cli<rC'1T3RKIT.

WfiZlT lIIClI\JlClCX5"al1~af<:rur Cb~I"al1 4514S1Jlii"alI ~ C'li6l"al1 ~

451~:fSIJli;:ftc qJ[ ~ m,- -;:mfu:r, 3lTfUr AM 4<cIClx"al1 ~~arr

F M 4<c IClx"all fcrfcrcq'l1lxd)"all 4514SIJli i"all 311Cli\Jl1ill G\Jlf \l1Tf(f 'Cli<rC'1T

qJ[ 3RKIT, <:IT~~~ ~ 3lTC11W6fC'11 f?roorc;fT ~.

q Ift;d'hfl ~c:1I0 Iqq 101ma. <.TTBTiTma=m
qglfCl'RlI{I'i:ft (Bandwidth)~mWt.

m >f~ *~m ~ -a31Rr ~
ql{ql{dl ~"Cff6Cfl~ qlq(dld.

f41 fll d) ~R:1;jq Ioft ~:qlcp:ITrlf -a iK1cn
(tuner) ~ ~'JIlldld. ftrc:l"m ~

~ m (~ll~llctiill ql{ql(chll)

qcfi'sOlllflldl-j:q 3i~'iI:<fl61 ~~,

~ 31T1:fUT~~_. ~

~~)l""qdc:ti (Band Amplifier) %
~ ~>f~ Chs:>ICfl'{'i~

3fq; - ~~ itariUrcn ~

~ qf~ ~ fCl'{!dqltCfl"dit ~

tWtro qloqdld. >f~ ~ m \lflT'R

qfl(~<:11 ~, ~. «1l0l!>'i, ~,

m, 'ffi;ft, ~ ~3i !£l1f4>Cfl<:IT>f~

Chs:>iCfl'{'iqlofCl~ ~ ~ % ~
~~ ~~ ~\ffif 'ITOcffi
~. <:ITBQitqldlq(OII<tl~, ~

"ffiOO ~ ~ Cfi\Cffif. ~ fcrfcrcq
~%~3q%ic;:,cll):~~.
<:JT "dl:flJ"6TO >fpJ"YCfi lJm

(Transponder) ~~ ~.



~: WfunCfiW, w1~,.Pl~I~~lct<01
-gut, it?t~~fcf~ ~flCf<{ff.leru
~1Cf1qctlct.

~: fClC.flt1>rB:~, ~.~.
~cnm.

ljIJIICf1{"i~~~ ,,*ilolflll~

~ 11TOCllllCf1dld. ~cft-~o

~.
B~~cr6-n~31T~~T C5Glcti

~~ ~ ~ l1T~:~1l ~

~teRt. ~ CfiT<f ~ ~, %tt ~
ctimcrtt~

~~>r~Cf1\UTTU ?1'"fl4k{
~ lJ~ cti"{UJffi i1:ruot){ 31B m
31WlTcf. m) ~ ~~ ~ .>r~
Ch~ICf1{"ifilCi5011~~mCfi«fRf. ~

~~Cfi«fRfq ~~~
>rW ~. ~ BfCfl{OI B~lIll-.;~1
~ ~~~ i?1t)~:T-.;~1

ClI(cmclJ01~.:~~~. (frequency
modulation) %3ClJlJl ~ qm
cf;~~ B~~ ~Tllm~ ~;(tcti\Uf
C:TCi5mnmC5't,B~~ cmCfT{-aer

~ .~ '3fffi. \iR m) -aR ~
~~~~'ICldl813'lICf1ll1lldcfR
~JI~JICX:ffi1~ ~ f??R ~ Cf{-a
Bl:luf lll1.~ ctiTUf('<iTtt ~ctiT

m -R& Cfm\ CRCfRT ~~ ~t1&ioff, ~ ~ 3'lf1:f;~31WT,

~ <:rFft %T mffi.



'men~1fun' f¥mT R:og)c:H'c:rT~ "1:pJfm:fCflTm 7" ~~~
~.~~, "~cITeft~ ~(ff, ~1ft~,"~ wn
m\&rT CflW ~ 7" 31TCqcf <fiT1ft m~ mel -a7 G\

~ sooolictl ";wr, ~ ~. 4f1;~1I1(11 ~~ 1l1C:1cf~m ~'Cf

~~." ~~m:rcf,3R"II"II"iXlI~

"~14~1(111:pJf~~;n~ ~ :USfiTUl~. ~OOT ~~

~. CfiT<:r'l:lllR1 ~ mrcft ! ~ csfl'il i:Sl:ci ~ ma ~ ~
31T-q~<lTffi <fiT ~m(f ~co=m TT,f(flIR ihft. (ff ~ ~ fcf~

~ 7" ~ ~~m, <:<"HI"iXlI'CfR,:q1{1"iXl1

"lfffi;rrtt~. ~ ~~ 3n6 m:f Cfi«f ~1i'l(1ICflI{ ~
~."~. TT,f~.;fa{~~TT,f(fllR

, '~, ~03'm ~ <fiW m(fT(f mit 31TfUT"IIg{-clll ~ em: (f<ffi
TT7."~~~."~~~ ~ "Tr.::ft +-.-..~~"I ~1~q"II"jlq~I\~ ~1~=11 'lICICl QICl. ~,ll ~a.1G-j')"j ~"I1\1 Qlf<il.

~""lTcX5 m:rcf 1:pJf<fim <fim V>CflI~q ~n ' '''110'51(11cnmt 00 i@T <tr ~ ~
GR ~ ~." 1ft *1ifTl(I~. "1:pJf <fiTtt ~T(fT ~(f ~Ttt. -qUI tifTCtiTffi

31W~~~~ 7" ~ (1111011'"41"BCf111m ~~ ~
"..,.'+ . -4 .r- ~

QI, ;wr m~ (,0 "110'5(14°11(1 "'1103414">(1"I10'51"iXl1,{I\I\I\I 'ifTdl(f. ~

V>@~I'CI~~~mmr." ~ (1111°11'"41Tf1tt, ~ ~\ffiT(f



~ 3isTul /.h(i?'iNd< W Rr~ ~ ~ 3iW

~~.~~~31$:i ~. ~ ~ll~llco"l RflOII(I,

\m ~ ~ ;rrtt Wt 31W ~ WfH fWft m-r imf fWft ~ ~
~ ~ ;:m:ffi." (fGffi iRmr. ~ Dizygotic twins

"-a ~ Tf, 1fUT~ ~ 41'ii1i;sl=t:i s:~oldld.~~~-~~

~~"itf.i ~ (R ~Ciiilld~ -a ~ CflT~!"
~~Wt~?"~. "1fUT11TCW, ~~lOlldcll ~ ~

"TIm >I.s:1 ~~. 1fUT-RwTfu (R;wrcft ~ furcmr. ~ '~'
3fm TillCft enm enm 6T(ffif. wr 11~;rrtt CflT~ ~ en:~ ~ ~

~I ~o:5ll;<tilQCl\J11crr.:r ~hft~ wm Cflcil. ~pn~ (R ~fl'"'4l ~ I ~.

m<mr. ~~ ~ crr.:rTf~(fGffi ~ 31B -31ffif CflT?"
itcrm. ("'4lql~., iR ~ll~llo:5l ~ 3l'ii1'il'al I SICiiilI81a~ ~~1Ol1:q

GRCfRf. ~ ttfl'ii1i;si'T:ft~ ~ll~llo:5l mm.



''mOO fuflollfl mci~ tt ~

1:fifu"a 4'i'iil is IqI*i,;r ~. ~

fcr~I'iil"1I~d( (tH~C'41~ ~ ~
• ~", OJ~ 'n1~Hl itfl'iillslSl41 Clilldid -

~CfiT? crr<i~ ~~~

w. 31T(fl~F~l"tt '8'lc1;J qOJ~cro
~~(DNA)WlR~~
tt~WlR~, WlR~~
m:rnTIl". eft fll(€fl~ fufld Id. ~

Monozygotic twins H30ldId.
'7"~.

~>r~~~~.~
JOt\ollct),"en ~ ~ 3i1~Cfl'{.,~

3Bf ~?"
"m, Gl~i"1I~.n. itll05lvlll mcrcft

itll05Ii:1I-q)f(~~~~ Qlolll:cfl

mrcft :m:ffi ~tt ~ ~ itl'"lll ~ ~1

~l105ilI ~l105ilI qlolllvlli 3iICl(olid

~ -qurcnm cnm ~ 3iICl(olld

~."
"cti'I olli:11~ ~ mum % 311m

~CfiT?" - ~

"~ CfiTctt"'iii"('TOO ~ ~

-q)f(mi Cl1GCl"~, dqlfldHI ~

~~~~CR'~~
fcf1cnfuci ~' ~ lfR(l" 31BO.-qur

31ffiT ~1.ll!lIcf))'al1 dqlflon~~ ~

TT,f~mOj~d(& m 4f%<4ld~ m
~~~CfiT%~~. ~

dqlfldHIGl;r~, Gl;r~~

aicf; - ~~ ~~~

fl4'iild Id. ~CR:~ 4[%<4ld ~ ~

Cfi~m em~. ~1 itll05l~l

T(~Y~ Illldli:1 W-Rfi ~ - '<tJT05~

311%,CfiT~ 311%,~ ~ 311%%

~."
"~ ~ m m ~ 'l1c:rn

CllddHI3l$l;rn:rma ~w,"
~ CflI05;J\~'difCR~l1ffi ~

CfiTtt fI illici ti ~, ";wi;rm CR

mm't:f. Cfim ~ ~'f 405405d,

~~. cnrcff;rr~itlfloll'"lll

dloll~~Vclm~;rn:rmoT. ~

~~~,~~~.
ll>CflI~o5)Gl;r '<tfT05ClldCllll41 ~

~ \'di Cfilft ~ 3if-i flllli ~ .

-mm."
"11WlT 4ICl~n'all 4;() oni:11~

~~. eft~mttmat. ~
. ~ ~~~".rlll1T Cfll 'all '-1<:'1(1 6QC'l CiI(1. ~

JOt\ °IIcll.
"Cfim Cfim TT~f~lllli:11 ~ m

itlfI C'41~~~ Cfilftcmft:;;ft3i fI dH I~

'iilr4dld ~05 m Cfim Cl'iil"1I~l

~. cnm cnm CR~ '<tJT05~

~-qrcffifcf1cn~~'~ ~~

~~."
"~~i:1i'alI~~~

CfiUCi~ CfiT7j ?" ~

"~C&li'all 'iil;:ql'all~~~

~;rn:rmoT, ~ 3i1lUr~.



11UT ~ ~ fcf;crr~ ~ ~
fB~{lll'"lCfiDCi~. Ci'llo:S("jqo"~('F(tl

mfur ~ "&i~ 51 0lll-q'l ~

~."
" ~, 11UT <ttl ifTl("j fi:q ;ntm <tr

~ ~ cfiT 5tl'"llIC"l1 CflT ~

ir!"~~.
, , -+-..- -2t ++.-4.:wI CIlG I, Q -q;m Itt"1l1T(1"'q ~

~.~~~~~~

~ '::rn:mf. tfUT~~ ~w:rR
~<n:~~~~Pllci.sIC"l1 .

fcH Itl <Oll~GH~ in;mTcf. cffi:q
~~~Wl1~'~.
~q~ -011 G1"li-;n BliR 3Rl

~.~!"~wrcttTj~
crtri $i1C'illcHlf~~, ,.~

~m~CfT?:'~rn~
~.

tf'!/IJ.{J.{F/ ~ ...we#; 3Th ;mfUr WTJ (f~f .? - ~ ~ :J>r)

i)'SHf'!Il :m?diX/I 'fjCO"-IIOtI 2//=r:oqIClf"7W71ft ~ ~~.



"f.rwf ~:q <tim <tim ~W\
~~ mrr. Tf~ CfIGmer 3RfCfR1
CfiTIft .q~';:f Tf~ ~ Cl1:<tim

q~nql~ em. Tf~wm:Ch{OII'"'QI~

~~~~~im.~
~CflGm~im ~ Qffi~Chi'"il

~Chc:;);) ~ ~ wm: ~. ~
'~=-:;}' " " -,rl. I"
~<-iI'11 ~~ q:oldld. .:w:<n QI.

" ,~-., R ~ crTj-~.jl SICflllql~ Cfl40lq d m ~c..'

~ ~ trr:ll:ff;f ~ ~ Cl1:

~~~~ 3=1~'Q6iR~
- 'qR Wd" 'qR trr:l 3ffi. ~ ~ tf)R

~~~. l:fUTCfiTtt~~

m~, m ~ ~~ 11TZfW

~Chc:;)"n ~ 'J1rJ1I(11iGl ~.

~ ~ ~ ~~ ~(1 Cl1:

~<:fT~~m~~
GRCrcfTW ~~ ~ ~d{iSl4Ol101

*l~. CliChTCh40lQ'J1rJ{I(11~
~ wwft ~ ~-3WT ~ -:qiTf

~ m'ft {91d)~n '105;)cl1 mm.
~~~~mcr~~
W Cfi«fT~~. -a ~ ~1'5i?li?l

~m3m,~~~q
flll d ("41 "QffiT(1l~ ~~ ~~ '"'QI(11 ~ 0

~ ~. 31r% ;n R~ll h:rl Cfilffi1 !
~wwft~~~~
~ GO,ooo 'l:[~ l!!91~1 <fcit

~ 31W~CfiT!"

"3TIfUT~ CfiT~, ~ ~-mi
Cfi«n Cfi«n Q{I('l("41~ ~ ~

~Cl1:~~mm~

~em:Rft ~ ~~-:m
~~ lru{cf\c::q ! ~rq't ~ ~ Cf{

~~"llI(11 ~ ~. ~~'"'QI(11 m
~ Cl1:~ ~ {'51~(11 ~.

~~tf)R~im. fcfmfftCfllft

fir05it. m m CllI05i'"il~~ ql'J1I~;;j

~ ~ l:fUT~ iturR, CllI05i'"ilt)
~~ <ti#T -q;gum, 'l:[Tf ~~ ~

q'50~1;;j )IlITUf~ mum. 4OI~d)(11,

~ ~, "Cfl1uft~ (f{ tf)R'q

;m:rw.
<tim <tim Cl1:~an 'J11fal t) ~

~.l:fUT B&:rr "41~("414 ~ 311Umfi

~ ~~~. ~1l5RiCh:q
-;fR CfIG c>10~1-q1~ICfll('lIg) Cfllftim. "

"--.-.-.-.4... =-:::iT"ll'-t(. "<ll1: ~, 3=1Iq("4 1(11 ~YJI

~~-a."
". .~431lT~QICll{O~I~R@ "1t>1 o.l:fUT

R~llfd 31m 11lit 0fi1 ~ % ~
citiq 31r%."

~ ";sf. "lIfOl cfd~'€lcM,

{I'J1~(c\'"ilR, ~C'S~II~d~,
fcrfu~ ~ 14011RiCh cwmJ ~mrft.



WT~~? ~~, "U5fm-a
~-;r@~Wri?~~~?
~~~~~~?~~
-a ~ 1:fl1J@ Cfim ~ mf ~
~ ~ ~ ~~I(ctlct. en 3lffUr

~ ~~ m-:ctt ~ ~ui
3ilqC"'!'lI("lJ "Cf)l\ ~~. tT "3W

f1ifTIctiA'l flft ~-1T f1~'iil("n("l ~ ~?
~;rr M~ 31m mcrrr ~d'

3ilqC"'!'lI("l1 ~ ~ ~. 31m itctt
~ (R 3i1t{Uf <:IT'i'fi ~ ~ ~ fcflcn
Cflllflcttl '@i-'@i ~ ~t!CflC"'!'li'all

~f.mHCfi«fT - ~%~WT

~ d'<n(~. ~IUlfli.,IQl ~



iil'"lCh.14qift qift.
~ fcl~HI~ ~ ~041(OlIJl ~

~ ~ eft ~ (Ol5\114011

m~~fof;'q"Ctic ~, ~ Bm,
04 1@4 I, ~(f <ri~ i"\11Tciffil"

~cncrra 31Tfur lf1T ~ ~~~

~Clcn:aH ~~.
~<3~ltfl Tim 31lq1Jf 8)bCfl05~1~

B)(1j'i341 ~ ilm. en: ~~HI(OlI\@1
m, (OllOl\1l14(11~ ~ .-f11!

~~ (Oljll14'Cll~~en:cft
~~~oo.~~
(f{ ~~ 3i(Ol14(11 ~ ~-:q

Cfl(lOl'1efi'l'i34Il1T~ (Oljl114(1100.
~ICilj'i34l ~ ~ ~ ~. ~

mmw 31fquf ~ cn\ffi, cn«f

.mrcn. cnq't cnq't "I:fT5f3i 14cnq1(11 -a

~ ~. "CflTIft~en: 3i 14cnq101 I"~~

~ "CfIZaTO~ CfiT?

~~~~~'~~
~~'~~~.'flISUI~lOll(

<.Ji;:fi~ 311%. ~~ IRCfl ~Cfl('q'"ll, ~,
~ 3i'W ~ TJUrTl:ffilO4l, .-f11!
~ 31m ~ -a (OljllClICl. ~

B)(1j-.:;41 ~ ~ ~~ >rv-1

~~~~~~
~ 3Hi ~ ~1l ~. OO~
SlCfllllH(OlIJ)~~<.Ji;:fim ~

~ 311%.
3~15(01l~1@(1 ~ 8)«1CflI<fl(1 ~

~~~.

~.~
~ 3i1'1-cSll'1--0<41~ 3i14C"41(11 >ICflm ~ ~ % (OlClY'"lI'i:!~
CflllllB)dJ ~? 3i'W m-q 311%. ~. ~ 3i 14cnq1(11 >rCflm 31TfUr

~ ~ ~ ~ 3i l'1-cSl1'1--0<41 "3WffiT ~. 3ffifT m ~ >rcflm
~ R(Olcn(1. mT, "(l":i~ en: 12.cftq<:f(f cnfIT "41"'ClCf1? 31fquf

~~~ R(Olcll(1~?~. ~44ICflEl(IClm~-aom~

<rr'i:ll 31~ 31m ~, CR=<l 4 1514'i34 I "3"WIcfT 3iTfUT >rcnm ~~~
~en:~~~"8)«f~. -qmffi % 3i14C"4 1(11 ~ 311%. ~

3i"f1Jmfi CflI{;;lCltl~. ~ 3imT 'Bmf \lfQffi 3ffiffi, ~ 3ffiffi. ~
~. ~~~. ~ qG041(fl>lCflm~m<n.m>lCflm

CfiT% ~ ? w.rm 3i 14C"41(11~ 1J~ >l"Cl"ffiCfi«ft ~ C'll1t;dJ'i:!

>ICflm ~ ~ CfiT? ~ m 3i 14C"41(11>ICflm ~.



~ mClctfc:'1'6QI ~ ~ "CfI1Rn(f

~~tft~31mmf. ~i'64lct@l

~ 'Q"'ICflIGlllCfl~. ~ ~

m'l&r~, m: 3'llq~Ic:'11 ~1\Jll(qul

~ci. ~, :tli~Ulll, 3lfCl", ~@lhlll,

~ ~ ~ ~~ q mCflIGlllCfl

"llICl'Ji~lfki murnm 311%0.~~a:ll

~l:JRL;r U'T 61cmf ~";fT '~cL
J:6UlctIct.

3ffi Cfim ~~ 3lNUT m1 c=<n

Qlulll1."i, m ~~ ~
m'l&r~.
fij;ri;rT! ~ ~'q ~ Cfim

m Cfl!GIIICfl -Fcncn ~ m:f(fTct" m:f

~ ~ ~ CfiT. ("lli..-lllqchl ~

iljll@lfll<>&131mmf. ~ ~ ~

~. 3'11Q~ Ic:'11~mti ~ Cfi"\UTit

~a:ll ~ lffiftct" ~. ~ Iii Sl~ 101
CfiM ~a:ll ~fICli"-lll CflI~I~c3i1 ~

ftlCflctIct. cn-rtt ~a:ll ~ 1ffift wftcn

Cfl(Ulll=<:iCfiT1lCfi{cfJ"ct".Cfiltt ~ ~

mmri"'<i llTct'tcr ~tri"ct"\ Cfi\(fnJ.

~lul~i~~ ~ lfTURi 31m

~ ~ lfTURi 31B"ct"T(f,~ CfiT?
~~~~.~~~
~~



~ ~ ~ wm ~Cfl#l~1 31T%.

~ ~ Q:Cfl#l~I 31T%.wr:arr ~

~~l'"llct8 ~'q ~ 31m.

cil0lcil0ld? w~~, H:lI11OJ:tII{'il,

~1C1:t11{'il,TffUTcf.w~~ Cfl:tIICi'l~~
'7 ~-3n1ct" . >rCfin<T, "3Wfct1, q I~ ~

~ Ci'l14TCi'I~~.31TfUr '('8 IllOJ:t1l{'il ?

'('8 III OJ:t II {'ill ct ~l"fC)~ 1fGTm:arr

rn~, ~:arr lJUfqJff~,

1fGTm:arr ~~~ ~~
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~~~.~-a ElI~\llI~. ~ 1f~etter\ ~ci q \""lIll:'1l"'l~ 1IT3i"B
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. ~ ~Cfl ll(1l1criCRi;n 31TfUr

qlGfclcllGi"i1 ~ ~~.

~~~~ll~~ fcl~l41a~~
~ 31TfUr~G"i(11 m~~ fctl(Chloo

<illI&llfli I'cfl ~ fil 00I(.'11. "qUfen
Siq Ib:ll~~~~Trffi 311fUr

(1qCfl('q~~ ~>rT. ~<:rRT.wr

c:JcR. ;r cr<ITan if;qoo ~~0111 Cff:ff

llfOlctl'ql '>rT~:~nCfCfl'm~ m
~OOq(11.(ql:<'qIC'll~ '>rT~'m

~q~ljqt131~,~q~

ChC'"4lq('qmom.)
~ ~ SlCflI~II~~qy ~~

Cfi\(fmw. m Cfl(dRl en ~ 3ffi,

CflRUT('lIT Cflloo'all m 51"40051 ~ Itil

C'lll'all~ 5f#00ctl fu~O)I~1 SlR1~i't>!ll

~~~fur(l3ffi, ~

>Tffim ~ ita 3ffi. 3ffi CIil mit -a
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TTCft:anRllqij~l(irn ~%<n~~

fir.& Cf)(01l1d 31TB ~.
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~ ~ moo~. <n ~ 311fUT"('lI1cill'iill(lct ~"@iMIlI<"'llI.

~, .:3Wm31m ~ {!(ClldIM I ~ ~"llf.t ~(,('\9lidr ~

~ 31TfUT('lITq l'JUft llHCft ~ ~ "ct<ffiifK;ft. 'iilfct ('all ctcilCfl,g)Cl(

~3V\~~CllfctCllct~! ~ m@-:q[ m ~ ctcilCfl,s"lvlll
t"\ " " .~ f.' ~ ~-4-4"4lT"('lI1a:toI141'Ef1'iilllldlM ~R141di1l 4 (E:\141~;:r~~ QIV"l" li~'4lctl-5 ClG

~~~~~~Cflolliftial t:r~ 'iii101I-ll I 111'Tf~ 't.~~

~"3cM ~ ~~. <n Cfl(ol1'"4I ~ilCfi~ 3W. ~

~ l!>R;~H~ 'q:,j •.jl!lICfl' 3W;rrq ('lIlClflM ~ 2R ~ ~ ~
m. 3'l1'iilCflIM31NUT~ tenTt -~ ~ 'iilfct ('all ~OO "ct<ffi

~*3Wmm. <:rrq~ ~~HMI ma. tt~ N>(ClolllftIJl ~~

311:fi1G~ fl:roocl;:r ~ 31TfUT ~ ~ ~ q ~ ~ ~
~ mtf ~ ~ ~ m~ mm.lri-~ 1l1~Cl41 E:\oolvlll

~. <n <.i~ i~'l1~~ ~ ~ ~ Cfl(olll=414F~ch91G'1

Ni~ ~ ~. i~'l1~n: ~ ~~. ~ flcf S1CflI('al1



1dI1d)-ql m ~floll~1 tq;ft<16£ril

~~~m. I1lllShllhl"iCl(

~ tqR<16fl ~lqG0Q1 cfil ~
~:sfl c-lll ~g~G-qq ~(f ~

~ m(ffif. ~Q(f ~(f ~tt
~"hTiCl{ t:rcit ~ Cfi«mf. ~ m
~i"1 C11'J1Cl<19~ <1~ ~fffi

\Jll:sfl0Q1 ~ m~ ~ ~
~~~ 3B.~ \Jl1:sfl0Q1

<1kl?:sftft"h( -q~ ~ ~~.

tq;f)<16Hil ~ ~~ q ~

~ ~ ~ mffq~ ~qid(ol

~ ~"iICl~ll"h ~ "@t tj1Jf it 1f)R

116fC11il 3D%. 't.~ ~~~

3'I"{ChqU) ~ ~ CfRJ lOj6~I:q1

.~. ~~ <:rimcruT "'I 1<10 II-lli

lhl.fJ!lllfllOj~ ~ bCjR<16\l~1 ~

~~~~~~tj1Jf<:ff

~~crnm(f~.~
~CfiOIl-ll (<11 llm Tf~T'i:ll J1~T

CIIW:q 1 1(05"'1 1"'1 ~ 'Blla,1 ~

~~cmit.
~ ~ "h(Olllfllol J1Ttj1Jf G8

q,Hi:q, ~ Cfifur ~, ~
~ tq;fl3C(JllOjiql~'"l R~OIl(1 ~

tqft Q"hd H 1 ~ 3C( IlOji:cftm t1Na,1
mq~~~iRr3ffiit.
~ ~ 8l"i{lrqIRd 'l::C1;f)ql*('"lcn .



~ mTiT ~3fl\filRCfl mi;~
fuiRq fclCflmct~. <:f[ ~ ir.1
1l1'!lSfll\fil'*i ~Cfl~Cfllql~.J ~ ~

31'fRffif q f'!llq Iftl"'l 1~ ~ ftf'!l1

~irn~.~~~~
QCflctI'i 1~ $1Jl ('f1 <:rOO 3'11q Iq i11

i113'lSf4ICfl( 3q~llllct ~ q ~

CfiRT;ftQCfl~ I~ ~ ~ itit. ~
~,~q~~~~

~~~.
tlllllrll ct: l1RCft ~a:fll(l1 ~0 Hz

it ~0,000 Hz "'Clll C:(~'!llo:t~m

ClI(clRdtllal ~ 3'11%.11UT ~ ,

"l~"Cf)fi'( (,0 Hz (fT ~ 000 Hz "'Clll
I

ClI(ClRd"'ll ~ go:t~(qIRctCRct1~

~ ~ ~ (overtones)
~ ~~. (ft:q -rfffi ~R1q)lo:t-ql
3lT%. 'llTct"~ 0 0 it ~c..00 Hz llt/t1

ClI(ClI(d'all '€qRi15\1~"'l ~ ilit.
~ ~ ~ ~ 31f4"UT

3"f1Ci5@ciY%M~ 3'11%.

"l~"Cf)fi'( ~ ~ ~i"'Clll

~ '!lj'allcttn ~ ~ fclc1~

~ itit. ~~ ~ ~ Cl11n:

~~. tclR~~olltllJ) ~ iter
~ '4cilcf))'!l~~ ~ cJif2Cfl'al I

~~~.<:rT~~
~m ~Clo:t~i15() ~Cf -B~m
~qictrtct ~ i113'lSf4~ICfl(~ ~

~~~~.
f1t~'I:.<) "Cf)~~ ~ 'I:.~

(Sound track) ~. m lllllfCl.J

~ >TCflm, SlCflI~Ifcl~ct <:RJCR ~
q~~~ ~qict(ol itit. <:f[

~ ~ ~ it i113'lM4ICfl(Cfl?;
~~q~~irct1.

311m( - ~ fcl:<Clc€l~1

Sound waves: m~
Storing up sound :~~

~ : -;rrim l:IH,

~ t'!1'!lfCf(1~~~fu~,
~ ClI"'l"lld4 "'l1(1fc!clld.



~T\iFf - ~~ ~ WfTUfoom 31ffi 3R1T CfT<l! Cl'i fq dl'i I
~ ClIGlxilcft (]X >lIOlli'il ~'iixild1 'illl~l\.i1'i:cn 3ITCT~<lCmIT3R1cT.
qur 3lm "fIT 31TfcRi\.i1'i>Jl""ITuT~Clxi'i ICi~thfi~ CfTLffi ~TClJ~ ;:mft.
1"J1T en cpffi f?l Cl5 Cl ('11 \JlTill ~ lfr5.

'"

trchftCll"ll;ji'"lI '"llll?1'51'"l~m'RT~,

~: m~ ~ 3ffiit. '51fq •.l'kl

31TfOT 4 10III d {r ~hR<J,m am:
2l1'Sillcil~d S1l"llolld ~1(t)0'5dld. it <n
l1T't.~~ 3"1I(t)0'501l==<!lI C1'"lf4d1SlI(1

~ \i1TdT(1" 31rlUT C1'"lf4 di''Oll1 imfq~
~~~~~~~.

SIlOll i'"lI ~ 't:lll'"l1'8 1a"1 3"lICI~llCfl

~ '"llll?1'51'"l~fh 'RT~ C1'"lf4dTSlI(I't:l

fq0'5dld. ~ 1l1~ICllll ~ tl~~

C11dl CI(011 d ~lll ~T~ Cfl<l.'ffil";f

m:~ ~ 31TfOT 't:lll'"l 1(1 I

~ICI~llCfl ~ '"llll?1'51'"l~m ~ ~

~(ffif. <n &<t~ ~T~



~ (nitrogen fixation) 31it;rrq
311%.

"!~ 3'1'8°(1=1:11 clldICl{OII~c€l

wm \9~ ciI);[1111Jf % '"i 11I<0'JH ~

~. B"'"i" ~ III -qUt GR"'Jflf;r ~,
~~£l~('l(Hellriegel) 31TfUT ~~

(Wilfarth) <:rRT CfiS'1:lPJ ~~

Cl'"ifYcff'i'illl emtfq( ~ q C"lIi'i'illlql~

fqCl'50I1-lIl 3rq';l\d ~CI'5°I1-lIl

~l~m ~~TTi~ >rmUf "lIiTtt
~"WRl~ 31it~~

cfiT~~ '"i11l?i'JI'"imT
mr m~. 3lfdl 3'llqC'"lI 1(.'11

~ ~ 311% cfiT~('"lI~CI'5ldC"'ll1
Cl+fq <11"'1I1 ~ooicn: 3'1 '8 011-1I1

~aO'5ililOl~ -tl"{$iIRllllOl In::lIdC"'llI

'Jj"ICllojS:RI ~ '"i11l{l'JI'"i Cl(~I~

~ 1:!GT~ f.lfi:Rfi ~ "'Jfffi.
"6!if1f~;rTcf ~lrft 6~c;m

Cl'"ifq<11lOl'~<l CfiG~ (~ llTf,

~, ~, "CIWf, mmr, C13~)
31TfUr CfiGm;cri~ ~~ ~

Cl'"ifYcf\ (~~, fill1(~"H,~,

(.'1~(ql'8~.) CllICl'5C"'llI'8~BCifrcnT;n

'"i11l<0'J1'"i~'ffi ~ m (.'111Idld. ~

>llfIUT 3'1~ ~G(n 'i'ilI1 ~ fci;crr ~
\3"ClI£'I(.'11-ma:rT (.'1111011=1:11~ ~oo

~ '"i11l?1'JI'"iq1fl-i 3'8I'8R@J1 M
~G(n'i'illl ~mT (.'1111°11=1:11Wtt
~~o ~"!JTl1 ~m ~ ~
~. '"i11l?1'JI'"i~'ffi @d~;'<;J ~
'"iIII <0'J1'"i Cl1~ I~:q Frfit;fi "'JlT(f[(f. -qur
~ Cllq{C"lII 'JI 1011=1:1I ~-~

(Haber-Bosch) q~cf)d 'to 0 0

-B f?~1I'8 ellq 10l H 3'llfUr ~0 0

Clld(Cl{oli:q1 ~ ~ ~ ~

~ "I:fiT{ ~ SllOllOlld qm CfiDCfT

~. ~ <.ff ~ WTTCf wm
cfi;r 0fi1it c;{ '"i (lI<0'JH~ 3'I~lRlIl d ~

~ "'Jfffi, en: ~ W-l tlCfl{O II~ "5Tfucrtff



" " ~~ "~~ ~flqc.I{"61 -:)11'QC11"i1"-'l?I'5H

R:~\UT ~~ ~ 31Bl~. 31Bl
31~lflChi:q1 ~ 311%.

"i1"-'l?1'Ji"i'T5lO'l1~ ~£'ICh(OIl:q I B'afT

Wmf 00 ~ Sl~lolld Cf ~

31~~ Ch(O"-'lld ito 3=fT%.~ &ito
Cliq(M1 ~fTUrrtt "31~ >rr4 8l -Fc!;CfT

~~ ("(.£lTCh~.,:q~ fcH11£.~

~ 31~-R ~Cf R:~WDJT-R
f1l 03011{ ~~m crc;r~.~;r

~hft~ ~Ploll-"-'lT ~T~m
@diCl£'I~ ~ cnm CR1Jr or "-'l1~1l1:q1

~&i ~~ ~. "lfT(f ~hr-r'C)
~ Ch(OII-=<:l1~a:~'J{)Cli:q1iKftcf

~81 ~ CR1Jr 31TfUT"i l"-'l{I'Ji"i~
R:~ ~ 3{JOIOIl-=<:lI'JidlChi~

~ ~ 31m Cl"ifqdT~dt UcruT

Cfl~;r ~";ff ~T~~ CilICild9d

fClICl<:'i41~, 31m ~ q"-'lf~i:ql

~~~311%.~~

31r1UT2ll'SCf'-"lld~ ~.

~~R:~~~
tRCfl ~ w.n~ ~(f. ~cft
>rcnm ~ crr:n: Ch(OIl-=<:lI~dt

•.11~ 15hd~ 31TfUT>rcflm ~:<8 t:jCh

~~ ~ 31T%cr.~ ~~.

~ldl'T5lO'll~ ;ft~15{jd :t1ClI8:q~

~. ~ ClllfdC"'ll1Q2Chi"i1OllCl15l(ld

~'~'31ft~~~cm

~"'ift 1l1JRT ~ ~m
fll"-'llrfl4Cfijhlll (Cyanobacteria)~
~ ~nClIOL-tXl1crrrfcrq ~ ~.

.fl~15f{d :t1ClI~i'T5lO'll~dt >rcnm

tim1f1JT (photosynthesis)
Cfl(Olll'8l3t ~-nfq)~ ~~
LflI'!{Chlflllll;ft"i Cf LflI'!{Chlq:f{~ tt ~

~\Cfl ~~m Cfl~ 31f'QCl1$I~ I°II d
~C3Cmf. ~ ~\Cfl ~II ~alii B)c3 <n
~lClI~i"i1 $IChI~lIdC"'ll1~Cf NClC6il1

fcfi\UTill~ "31~~ w.nm
~ :<8 t:j °IIfll 0'1 erN{ Cfl«fT itd1. "lfTqf

l:fl~~ 31BT, <tt m\<Xn tfR111't.<l

3i fl 0ll-=lj I <t(.1hl fq;~ ~ f.r05T Cf ~

>rcflm ~ qdC"'lll~d( ~ ~

\lffUTTD men Cf mOOT w.nm ~
Cl"ifq(n@ctl~ ~ l1TCftqrClIdOll-=<:lI

;ft~15f{d :tIClI~i"i IcntmnimT. ;:f)~15Rd

frcrrB 15~dC"'lll "i Ill?1'Ji"i~ ~~

~~ ~~ 31'Rffi1~

("lll d ('"lll fcrolf Cflnf 8lll ~T
." ",. "A ~~IClI~'JiI(1I:q1'4ld~id d .j'i~I'1CRICfT

~ ~ B'afT 'lffi(ffif ~ ~

~~ ~ 311%.~ ~dt 31ft

~~ ~ <tt '4TIf&FRRf <n
~Cffi.1i~ tiCf~;r QId ('"lll fl '4 Id I"<;lll

~ ~ 0 it~0 2CfCflli•.n Cfl(t;mit. -qur

or ~ ~lClI~i;ft @.R ~ '4ldNChI~1

R8C"'ll1 "illl?I'Ji"i:qj ~ 311%31ft





lffif @;() ~ IIICfl ~ ~um: -;mft.
;f)~$[):d ~~ 31l'1m 3hll-cllI

cillcildld ~G(t ~R C'lli~
"\ ~" " A"'IIll<;:.i\jj"'l'al I 1~21~ICfl{OIlO8lal~IJIOIR

~~:~~~. ~liIISlCflR

fClICl~4) ~ \jjJ I0ll'"'lll ~ 31"Nffi

~:~~~fh9~Wn:~ "'Illl?1\jj"'l

~Nenf;n~%~~~.
;f)~$Rd ~~~ GflCl<ftd ~d

JI@ChI~ ~ m ~ .31WfT C'll"ffi

3ffiT ~ fii 001~ I cRt ;ft <Co $\{d ~

~ cHf4cfi"'ll ~R;:\jj~Cfl ~ ~

~ crrq; 31fucn $14 120"'~I~ tfSCl~
31fUT(fT(f. ~-mr ~~ ~c:
\jj fii;ft:arr 1JBmrcn: q 'lOllct@'q{ 1<11 ~

~~. 31m 411TCI{01Id~

~: $\{difIClI~icil{)cil{ ~m Cfi\TCft

~,~ cHf4dT=4l crRq $\{d~'>iClIJl

<n <n"$1l1't-it >refire ~~~ lSI011081cit
Ck1lilf4;~~ q Ck1lilfq;~Cf tt ~
~. ~ ~ l:fUffi~~
~SlCflllilldmtr~~m

~, 11UT'~ CfiI'l{chlO8lllHI"'I q

CfiI'l{ChlQ;\{~ <:IT(JI~CXOli'all O81$IUlI~

.:fIC"1$f{d ~ m 31m SlChllillC1cn
>JCfim ti:{JI lSIlJlCRC\mRf, ~ CR

O8ICl~I=Cl~ muTRn ~ C1"'1f4dT4)

~~~,~~~
~ GTe: ~, en: $f{C1~lC1l~i"'ll

3iICl:{llCfl 31m ~ q \ffi SlCflllillT:l1

CflJOld{dl HJO!fur ~ $f{d:nClI~i:q')

mm m-ij q ;f1~$f{d ~~~

~a.lW: \H l11Cfic3 ~-ij. ~
CflROII08Ic31;f)~$\{d~~~

"qG(f' Cfl\Cmf.

1l1~ICllll fYl'I{'I.C\~"HI (spirulina) <:IT

Jll;jld~1 "'I~~$f{C1 :nClIC"1i'ql lfR"Cft

(gffi ~~ ~'T Cfi{Olll~lSIll9$')

'm\(ffif ~tR ~~. ~
. " ~fcffi"\ ~ 2"\ "\@:gldi~Chililld~ ICR{ChiChi

~ O8UCI{I'al1 q ~ ci:gld~1

~ ~li 1IC1~ I ~ C100il i'all "G1UllT(f

@Olll'qi ~ (sodium bicarbon-

ate) fcW"looJ1~1 ~. ~ C'lI1

410111'q13i1k1~k1R~liliCh (pH) ~ 0

'ij ~~ ~~ mRlT. 3'11k1Ifl=Cl~

~ m 3'10801l'"'ll I "G1UllT(f"Cf)1\'q~

41C1JOlI;J~ lilCflC1ld q ("lll~Chl "Q;Cfl

~ fY/'I{'I.C\c.1)"'I1.<:IT~ liTit~

~ m "'I08~I~ <:IT:t1C1I~I~1 ~

~3ffiT~q~~31m

~~~~~.CR~

<fRft ~~ 41011ICl{ C1(JIOIl'"'llI <:IT

~IClIC"1I=Cl2R 41011ICkl ~ 'ij ~

"1100"1did ~ <:ITlQ6Cfi:fl"II C"11'qIlfRCft

m ~ Cfl\Cmf. "'Illl{1\jj"'l. ~

~.Cfl{Olll'all ~~

f41'1{'I.C\<:.'1I"'1l-cll I C1IOOC1J1C"lll~'t-it



~ ~~ \30 cCfCflliq4ct

m2R ~m. ~ClI<:1I-e'41

~~ 3ffiUTTft -B~m~
-qfuf~1 -;fI <:115fl:ct ~~ll't.<)

~Ci5(f "1 ~ cr'4 1~ llT-fCft ~
fql'1{~cl)"lIT.l ~ ~ Cj.;'jOlcf):q

~mrw.
~-qm ~"'C'4l ~'fqr ~lT

<ilSCt~0'4 ~ Cli-all Cli<tl"O!l1~ 3TI'$l1
(f\ ~"'q -quy

fucwJtt~Wfq
~ ~ Cllq(cl)

~ ~C"4TCf

~ 31m mIT
CfilUf(f1'q ;rncit .
'4 13 <:1c it"ClTCf
fLlCflO11'"'41fLlCfli~ chl 'Pm ~, ~ fcf1cn
~ 3Wf~~~llRCfi ~

~-;r ~1ft "4S"Cf 3i~cr'4l~ ~UT

3c:q';i1~ch) ~ Cfi1tt ~ ~

\il1CIl. en f%:ll<ill~ <illJII'4en iRfur ~
~ m~"Cliltt filOO0IR~~

~~~~iRr.~~
f41'1{~~,.rH 1T.l~ >rfucrff ~ ~ 0

'G"l"~m !~~~~fc&f~
fciCflIOO fql'1{~~l"llT.l ~~ -cxwffiT
ClfClICl( Cfl(O'4IT.l >I'm ~ ~"Cf.

m«mr ~ ~~ lJ)~Jlcql ~

~~~~~~

'l5TIfi tlU'4l(f 3Wll ~. ~1"Cf

~<:1G1°II f'1lC'$ll d1<:1'<:11um:en JIICliClC"'41

I:%T~ f41'1{~~I"lI41 ~~
3i 1Good', .:m%q qm ~2fu;rifz( ;:ffiq)
~ -q;T{Fo%Jl>Jl~en~ en~

~ ~~ Cfl(Olllficsitit >r<i1TT~

~.
'"llClI-e'41 @ l:q (I Cl 13,~ -q-ruft

~~ 3i ~ <;-'4I~ "C"4l(f "l~<:115f{ ct
~ClI<:1iT.lBq~~
~ :m:rn, -qur ~
i1:rct:iill't.<) ~qm
~~~ -q-ruft

-3Cf"Cf1~"Cf "1 ~ cr'4l ~

~T"ll ~hR
~~ Cfi~-;r

~O'4I~ lal 3f~lil<ifCfG( (Azotabacter)
31TfUT3f~lWlf{<:1lOi (Azospirillum)en
m Ji1;j i-e'41 ~:qr ~ ifiill

\il1CIl. % ~ ~ -:ilfil.,ilct ~~
3i~OIl'"'41 @ 3i';i\£lcCfliCl( 34'Jj1fclCflI

Cfi«rTCf , -quy ~ :ill <:1(J1°II~
~l~m t.R'co ~ ~~

"l1'4?l-:il"l"O!l1~~ICfl(OIl~ filOOCiClICl.en
'Jj"IC4loL-'O!l1~~Cl( ~ q~ICflilOi~

>IT2f.t~ ~ "l1'4?l-:il"l~m ~~
~ irn 31TfUT% am Strl CI"lf4d"i"ll

~ lJ)cwilOilchCl~ itcrrcr.

~ "l1'4?l-:il"lT.lam ~ -qur ~



-mfm l:JCJ~~ ~ ;mn ~q;fffi
~$i I21ClfCfc:.:cflen?; ~ -m. ~
m-RT ~ -B~ \9(f ~ ~

>ll1TUfl(f~, cRt ~ \jj f?j.f1ClCfllC1iCl(/~

~31m ~$ililClfCfcxql ~~.

~ ~ ~ -mfm l:JCJ~ 31f'qCfi

m«mf, 31ffi \jj ~ 0i9Clcr?OllfTrcni1f

~'tl m:rurn ~~ Sl~IOIg)

~ mm. ~1ffift-qft~CRCJi;n

~ ~ OiI?Ol~l\jjOi-.:;?Ol1Sl~lo"il

~a:f lWR~Of)\(fT~ -mfm ~
>fl1TUT~ flll-.:;?Ollq'(e\OiOiI?Ol~I\jjOi'Oll1

Sl~IO,,:q1 ~ ~ ~. \jjf?jrftClJl

~ l:JCJ~CfTCRC\.16~ ClCO?OlIOi1?Ol<il\jjOiil

~ Cfl{O?Ol1'OlII~~ ~

~ CR J ~~ Jl CO?OlI-w: 31fq) m<:Rl

CfiR rogfl~B ~ m:~~ m (f(ffi

Cfl{O?OlI=4)'~' ~ fclCflmCl ~

311%. ~ ~ liIClIClC11~ ~
~ ~ liIClICl(C1",:q1ffift ~ ~

~ 2R~.lJ,{Cft~l:JCJ~m

CiHfclClHI if ~ ~~~ICl ~ ~
31ffcffl \jj Oi:qI >rci~ m~~ ~U<.fTq't

~CiHGRI~~. '1UT'~'~
m ~ ~f?jof)'ajl ~~ ~
murffi ~ ;mfUr ~ ~ ~
~tW:r~~~. '~'
~ l1TC1'1cf -Rwfcr;'tl ~'tl

3'lBOII'"?Ol1~$iIc.IClfCf2:{ ~lqIOL"i1 ~

l:JCJ~~'tl ~ cfi1 ~ Oi1?Ol<il\jjOi-

fi:'~~ c)T[ CfTGd1 31TfUr <rr

k&lllClfl ~ m Cfilft mer ~
OiI?Ol?l\jjOi~m~~. ~~c:f)

fchOqOiI~ (f(ffi t\1011'"?OlI "@(Il(f ~

q\jjOi 1'OlII wrR ~o cil ~ ~
lffift 31fl--n:t ~ >rC1" ~ 1!

lilol~ClI~Clc€l:q ~ mm.
~mihfCRqc3 fTrcnffi1 ~qCO

OiI?Ol<il\jjOi~'dl~ ~ CR ~~OiCfl

tf~~ ~~ ~~. ~c3
~?OlIOIIC11 ~~etf 3f'mit-csfCR~

tfq~~-g~~mt~
~ ~ 3ffi q:tnfcl{c;"jClmup:f~

~ cRt ~ B~{Cflit!dJ ~ ~ 0 ~

~ 0 2:CfCf?Oliof) en?; -m .
~ ~'tlTC1" qlitl0l1'"?OlI llqClI-.:;?OlI

~ \jj Id'1 'OlI1 t!0'5i-.:;?Ollmt1ffif q

~coi~ :m-am ~mf?qf{C1~ ~
OiI?Ol?l\jjOiil~~ CflDJTT{T~

B Iq$(li. <.rrqJ W'tl qft;CO?OlI~~

~:t IIClct1 ~ -BWf'tlCfiT .mmtt il ~ {I?OlOi{

<:rf;ft ~. ~ 'lffi(ffif Cfl{O?Ol1Cl

~~3ffi~~cfi1
~,~q~ticf~
C!ur~~ ~coi~ tftfCfifcr

~mt?qf{C1~ ~com. ~~ICl9C1

~ ~ ~'tlR m:~ ~
~$i1ffqf(C1~il ~'*r~ fll1ql*l"i



~1I1011i:11i:1IClOlll~llli 31itfir~ (j(ffi

ctl(OliiTfl ~ fclctlmd ctl(Olild ~
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