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f.rtta:rrr ..ilGCl~"1 irnt. ~ f.rtt~ ~) itm ~ 4Cflii~<:'1- ~ er

~ ~ ~q<:'1{~ ~ ~ "i"lCflc-Cl% ~ ~ fcl'{!d"i"lch1l1
(fRFr:m~. ~ q\1:0111i 311%0. % -qcrnc)~

• lJoi~ 'l;IllUT llTIf ~~coT"CflH GT&er~. ftf~o~~"CflC'crT~~m~<n

(elliptical) .~. c=<n~~ ~141f1ICflBm~ fllC6lelC"lIl Bcf

~ - ~l.,itarlirrcn ~



RGCfltlf0 fq!i1Ch(UI ~ ~ ~

11i~m. ~~ '>fCf1m' m ~Cfi"0HT

3TItrcfi Vffi~. ~ fu;rcnft (wire-

less) ~~~lqt:HI:q1 ~'q~.

~) 1fcR:r ~ - 1R!>Jfcl~HI(1 ~

~'q C"iIlIU<1I{1ln~ ~ cnTtt ~

-;mft, .:mIT 11(1$I q I0 >IGfCO3"l{1(1H 1-.-<11

~ ~ ~ ~ (energy

quantum) ~Chcrq'1I~. ~ ~

~~~1mcfihn ~~1i ~n~n, 31TfUf

~~fcl~HI0 ~ -;fcr:q ~~.

\5 ) 31~Gfi 31T~~~GT~~

3"l1$'1RI$'10 Cf1Tl1~~fcl~HI'i":ll1 m
WrR-r ~~. ~ ~a:RfT ~

~ 'CfiWf', '~', '~~' 31TfUr
'--.----.-t:' .
-jo)"11 m {1Chcrq'1l:q ~ C:IChC"<1I.

<Hhr ~~~1mcft't:~T ~~qT"d1't:~T

l1i:suO(1cn ~ ~ qffi '3:qC"iC"i1.

'~' CRCfRT, .;fc{ Cf1TtTtt ~~

m~ 3"lIQf'4IC"i1~ m ~

~i~TCfi-g ~~ ~ ';r Cfi\(fT, ~"lT

Qld3(1~1 Ch(I<1C"i1~.

3"l1$'1RI$'1'i":llI'~a:RfT fBOG:i(1ll1l~tn

31iRr~ '~' m ita.
CfiTUf"C'~Tm CfiUfT~T 31fi:'(f~T(f

~U<1I{1Ia"1 ~ ~. ~ ~Uf

~c;r;m

~~~~.~+~

~.~,~~~~
31il~ (f\ Cfi~ ~T~~.? 31~T CfiUf

fcl~qldlC"i ~~~m'alnwt~~
Tfm1iH 31il~. fcr~qm~ )f"C'ilCfi

Rtt~CfiT~T Tfm1iH ~~UfF~T ~T

CfiUfJ'Gll itTf Cfi~ 31il~ ? m Cfi~T

1iT~T? CfiT~~ m~ ?

~~fcl~HI0 -Rw1Rft~~ ~

:q1C"iUII(~. ~ Chlul~ltn (~~

fcficn ~ iMR m Ch(UII::<jI)

f.rft~ffiril ~ m Cf1Ufffi itTf 'C!.Cf1"l

~ ~. lOoUI;Jj:q 31m ~ .

,Qn:u1141 itTf = Cf11JT['qTitTf + Rft~

itTf' % ~ ffilL lfSUlT( -;mft.

31TdT 31Jl1UT $I Ch1~1I:q1 fcr;:m ~.

$I ChI~11:qI itTf 1Wi 1iTmtcn: ~

~. 1iTt<:fl1~, ~ 1iT~

Tfm >ITH mm ~ >fCf1mffi efT[

Gf~~(fT. qUf >fCf1T~ 1iTt<.f1i\-m(f

'Y1Cficit<lm (vacuum) m. Cfi~
~.~%'1iTum'~oo

311% 31TfUreft ~ ~ ~ irn
;miT. ~c3 ~~q Id~C"i CfiTul('<1I~

Rfta;1Chlfil2>1 SlChI~II:q1itTf~~.

SlChI~II:q1 q"IChci)cllC'1itTf ~ ~ ~

~ (universal constant) 311%. qur

itTf ~ fcrfW! .Cf1TffiCf~ ChIC:c?lc?l

~. itTf = ~fCJ)lOO. $IChI~1I:qI itTf



-
)

o
~ ~ ~ ~, <R<:rF=fT31~ >rcflm

~ 31TfUTCfilO3<lHT ~ ~~,

31B ~ illrfct. ~ ~-

. CfilO3(space-time) <n ~ ~Cf1(Yq~'i:!1

31TfUT~~ IlmCf1I'i:!1(mechanics)

~~-. ~iRn 3"l1~.,RI~.,'i:!1 ~

~a:rnT ~. 3"l1~.,RI~.,:Cl ~ q

'lGl~ ~ ~ >ffi:r.& (OiLOflCf1{UI,

E = mc2, <ifq m;g:icll([."J ~~.
:men 31f11UT<m1 ~(l ,C!1Cf1tiu II 'i:!161

fcrcm:~. ~(lC'C!ICf1tiulI!!J>m 'lGl~

w.roo ~~. ~ SlCf1I~IIC!{61

~ muw:r mUfT{i:T. Cfi"turr<ntt

11Glmcn: ~ ~, eft. ~ ~1T

~, C{U[SlCf1I~II'i:!1irT6T<R~

ff~ 311%. ~ ~ ~ ~

~Cf<:l ~rtt. 3"lT(fl >rCfimlq\

~(lC'C!lCf1tiu1I'i:!I lfftun11 <R ~ ~ ,

C{U[~ irT ~ Cfilm ..,.it, 6T ~

l'lClI@l'1 ~ l::fFlTm

J:flTf l'lClIt5IW1Iul ~

~ wm~l1TITJ:flTf

:J'{i,ClICflt{OII~ ~.

CfiBl B"t~ql<:l:ql? >rCfil~. ~<:ll

3"lC!Cf1I~IICfl m W r- if 3"lC!Cf1I~I'i:!

(f{ lJ~"tiUJll3,03 CfSfi ~ (f{ ?

SlCf1I~II'i:!1SlC!I(OiI'i:!Il1f1f~. qIU"'lICfl

~ 'i:!I~JtJt l:fR 'J'llISllOJlUI SIC!Itl'all

lOJlllfSllOJlVl~ lWf~, ~

Cfil'tt~ -g 311-g. lJ~(qlCfi-riUfl:qT

3"1C!Cf11~IIC!{ crfturrq moT <R Cf11031C!{61

.~ ~ ..CfiT{Uf31CfCfim 31TfUTCfilO3

.% QOCf1iOlCf1i~A~~ ~. ~tUI;jj'i:!

lJ~~"ti~ 31CfCfim - CfiT03lill

'C@i'ill >rrn itif. 6T 311%3"11~.,R I~., 'i:!I

BCfuT'tffiUT ~a:rnT ~.

~ Bcf m~ ~ ~'tf

~HI-,;"'ll 311fUT crcf;~~ ~
~~IRCf1~CfiWm~~, ~

~~~.~iRn.~
~ 'cgu)' ~CfiT<:l, ~~

~ ~ 3ffi'ft ~.



fIRlT >1I0A'{jOe1li~ ~ -g ~ >lIOiqj"UjI ~ 19~% 'l:Rm. qur

QafWRlaf1JTTCYlT~ mutT qgliqC'i1 \JlIOiqlf1Id1. \Jf~n ~ 3WITm
~ 'Cf~net))e:45Pl'(1a1011~ild1 CBT6R \ifRf ~?

311-qC;'lfT ~qCO-qH1 , t:P:Tli ~ ,

3"iJI°II ('k<OlI ~sqjcn:, \jj fll.i14 ca
31TfUT 31TCf1T~T(ltt ~~Cf'lfT 31~'&l

~~~~~!
fcficrTCfim Cfim ~ iRmf, 11UTW~
~, '('R ~ LJS(f -.:mfrn.

~-~ ~i:sJ1cr<Ol1CfiuliqlliA

WJ.:f iturR:n ~, Cfiq1<':I""<OlI3:i~

Chlq'""llict ~ fci:icn fji:sqlu<OlI",,<Ol1

~TCttCl";f '4UTTtt ~TC:1- '41'61 ~\Q5,

ql~ctcr<Ol1$ii:siqlliA 3~~'('R~

~fcficrT~~, ~ 4'\1@{UII~~

% ~~~~TIT 31TfUT

31(,~~ 31TCfi~Cfi ~ITT~~, fcrfu'Q
31ICfiI{i:Cl, ~-ma ~ ~

.w. 51 51 <'<011 3lC1ql@{iq~C1 ~

qdJliq~C1"Cl ~ 311%.~Ch1uRft

~ '(1-qT~~ 31Tfv'. CfiTUTi! -qci11 %

3D 03@Ui~},g" ~ CfiituT 'irn! 11UT

.:3=ffilT~ ~ ~ 31lqcr<Ol1C11~~

311%. '~f.m~~'

-gUr N~:lIcnalct ~ ~ >IlfUllill~

~ICfiNuIR 31TfUT~q:r 'lfT Ntj<Ollcl{

fcrgC1 ~ 'Cfi\U'lit if. g~~"j:ct4 ~

<lHt%~~.311%. '~~':an
. - '\ A' ~~....d---.ClI"ClCfiHI sr. -:I1lli 1"Cl1""m'Cl"'t ~1(,\'Cl.

~~ ~ 3"iCfilqlt(;r sf. ~
~~.

'lfT ~'f('fCfiT-an~ {ClI ('I1C11"Clc=<ri;ft
~ f.m~ullcil~C1 c@UIIC11 3ff!jCfict I

CfiW 'CITC('f-.mft~ ~ 0<lUi ~

311%. ~'l;l4ulI",,<Ol1 Rfll'dl~ RWITliA

\jjCl~ICfi ~ ~ ~ Cfiit ?
.::. "~ .d l'Ogulctict - 'lfT ~f~ 1(,\ I ~ClCf1I",,<OlI

qT~ '(1T ~ '(1-qn9~, 111m'(1 'l1H'lfT ,

11~, 'iICfidl,g ~.<':I03ctlct cfit

I ·~ f.rt\~ ~ - Q. ~,I- • qilq;,,,1~,, "'"" - Q. ,°1- I
~ : 'if. 3~I5tI'dq ~. ~: CfiTR~'"'2C1mR

l;,o



~? ~ % ~ {I;jl~""ll ~ 3"l1~ctiOII~31TfUr~~Cf) 4lmcr""llfl

fcl~~ ~m ~cHiI~""l1 ~~ICflOIHI chIC:Cfli'il311lJ'UT~

ClIG'i'lli:1I'i:11~ ~ mm ~ ~, <iT~ <iT3)«lCflI'"f1m~
~"BCfTIf, ()o"51 f"lfi~1 sTCf"lfTcn: 3n%. Cf)1mtt Cf)1! ~ Cf){C'1l~crco
3'JlctiJlcr""lI , ~ fct1{oli'i:1lqqf-q Cfllcti'JfI\{cfCfl-Hfr~ % m~<:f ~

, , ~" • .::+--..--A fcl "Cfl{OIl:::;qI ~ Icnql ~ ~lq(11 31B1~CllflQI ClI'i:1CflI=at1m~
~ -Qurit crc=irr,'i ICfld"lg,~ ~ . men. ~ chIC:CflI:C1mTit 31TfUT~

~~ ?1J,@ID~o;ql@l~"I~ -;rTq, ~ -;rTq, 11UT,~ ~lI\lf\Cfl

~ ~ mCflfuf 3ffi(fHf,"41"<mft fcm-q(ff, ~-a 3"11~ctid Id, ~ ~

flld€lC"'Q1'1:flUllTl1~ ~ ~ ~ 31TfUT~ 3ffit "BCf~ Wf<ft

f.rcrctt ~ ~ crr:rf.:n~ Cflfuf msCf"lfTIf mfUr ~rful ~1mfu;mn)

~ ? ~-it lf~, lf1UOlICl{=at1 ~ 311%.

dcti4r""ll ~~it '1lcti{HIC'l'i ~ 3HCfl~~, 'iICfldlg, ~,

G1Cf)CfH1 1i'1::"lf1~"lf1 ~FT~"lfT~ crc=irr,,'fC14 I@~, CfTC?iCft,'liti'l C1'II ~A ,
'CfloTCflch~I'~ cnRT ~ ~ ? ~-~, ~ 31m"BCf ~ (.0

tgC141@{j-ql, 4dll j;:ft , 'iICfldISili'i:ll: ttan~'chlGCfl<iT 3)«lCflI'al1 fltlUOjI~

"@ST~ m~, lfwrwri:;:ft, 3"l1cti@dl itc=fu;r. ""l1~IClI""lchiC:Cfli'al I

llititC1"1i1~i:;:ft, ~-l)~~ {~~ . ~ ~ ~, 310ft, 31TfUT~

3"lflOII-""lI ~ ~m~~ tt TTl1! "lfi~"tt 'OTeT itcrit f"lfi~1 fcritl5f
-a~~." l:lIf%d"lflt~~. 3~lt{OIl~I@C1it~

<iT~~ chIC:Cfl'Jl1Idld"lC1~ CfiWtm~ 31Tirn.

~-Fl'T"R ~<:CflliT:l1~

~TWft<:T;:ncr ::~.:m~ cgR'llcl
11UT:UfT'tf - qcM (3fI'51011cI)
wc;r: ~ (fc'1~~J))

~-RR~:: ~ -1=fUll1, #gm~-~,
~w~-qmoo.'~,~.~~
q~ 3lUlf 'lWllCR31TfUr~ ~WlOO

WlOO fICf 'l1f1TTCR ~ ~C:Cf4 i-41 3lTfUT c;rrc;r
~qmur. ~'l1rT-~, ~~tf.
~ : q-rufi 312fClT ~ 3frc;T 3J'{icYIcY£ll 6lT'TT

3l2lCIT~. ~: ~mfcR5ft $11~1=lllqi(

fcmR CRUTR ~ ~~.

fct~~:~m~~~ ..



'liICiICl;f}<"l'1ICfld/\S1

~~ ;ncr : ffi~l fi(1lh'<i GTf.'fm
TfUT: ~ qm (;iR~)
~ : ~ (31Fsnf%,g))

;ffi;S)iS1lilI GI'HljGm

lN11cf1il ~~ ;ncr : ffixlq(YJ1

TfUT: .'l:f1T(f (~)

~ : 'l:f1T(f (~)

~RR~: ~-lf~, \Jl1C, ~-~

1%«n , q III ii£ I fffi:RTr \l1l ;4) iZll C100c<:Jjill

~ 11" ~ooffx - c;rrc;r . cr afTT;<:fT qf%'c;<:fT ~\S

~ 31ICl'iOIICl'i cWr 311\SCm ffi.
~ : 'l1TC1'~iil'ilil 6licq, ~ ci

~ \m1, l1CPT, \i'Cfffi, 3flcft fq CfliCl,<g, .
m : ~( Cf)'IClC&11CflOI'<iIcf1<"lc;ruf.
fcr~~: ~.

~RR~ :~ -~, l1Tcft. ~ - fCicrooT.

~-lJ1c;r ~,. craniZlT ~ ~

3TTCRUT ~ ~ ~arr 31fucp

c;riGr 31TfUT~ ~ ~ \STCZIT -\3\JfCm .

~ ftcBToft, m ~ m, q~iiZll

~ ~ ~ ~CflR1C1. qmfflt qf%c;ft ~

'lia-~ qCf)\SOlll'<i 31TfUT~ ~ dClOlll'<i

31j~fc1C1.

~:~~,~.

m : ~ ~ ,cl5tc:Cfl
fcr~~ : ill'<11JT~, 'lia-~ QCfl\Solll'<i ~

c.mco ';:f m ~ 'i1601l141, ~ .~

5l'{iUlll41 W{Cfi. ~ cfu: ~.

~ ~P1 - tKfrT ~~ ;ncr : 3f.1~ '1 III fc1cl

TfUT: ~ qm (c'lf4;slQe'il) ~: pft-~ (4c'if.1~)

~RR~ : ~ -l1tcft, ~ ~ ~Cl(Yll i;ft ~ 31lvt9IC~c'l(Ylll, em- fcrm
co-90o ~.~. c:T.m q~liZll \l1l\Si1 liZl I ~'tWm 3Mm ~ ~~ff 1Jt;r
(~) ~ ~ ~ ~, ~ ~ ~ ~ fCicrooT.1:l1c-~.

q.



~: CR'atr.
~:~,~~qniCR

\3q\Jf1~Cf51 ~. ~ ~ m
~.

fct~"M- : Cfllti [q I'<i" ~ ~ trroocf.
~.

I
I

l

~~G~iill~

~TT?ft<:l;::ncr : ~ '(~Cf{i'lclcl

1j"Uf : ~ cmlt (~~)
~:~-~(~)

~~~w : 6cruT - -.ffift, CRiO~fur,

"{=q~Tf-C'1i'51C'1ilCf5,~(Sjlqllq-~, ~,

'4"g:rT'(;'ll'T \ifT~T - 'C'1"T6f~'5'cp, '4"05u'll'T~

31jgi fC;ro, ~rr - cpTOOT, q anurr '4"f6(Y<:IT

~'lWJTCR c;:R, 'C'fX ~ ~ ~

'q'"R ~ lnC'1ICf5I'i ~.

31'TCb05 : CR'af::r, 'larrurr ~'t-<:J'TC1'XcrT

\Jl f?l;::f)q 'i 312lc:rT c; lI'5 i(SjIc4) .
~: m 31TfUr~'ii'{ilgl~.m

~afi, ~-"i[Cf5C1U; Mwl, ~, "WI,

'll'T 'lamflc;r q1m ~. fct~"M- : q'jcl~1

rwftc;r ~ ~'tf ti2fT; 'f<TI~ wcrR
Cf5ICi;4hft ~ ~.

qfur~)ur~
~~~:~31ff~

1j"Uf: ~ cmlt.(~~)
~: ~1ufi (~)
~RR~ : ~-~, lllC'1ICf5I'i,

0T-~ ~. ~ '51Cflllq'i

full, ~ '51Cflllq'i full~. ~
cmr~.qm~.

~ : 31W:rc fmcrr ~ ql05cYlC'lll

~1urrmcrft, ~ \Jlf?l;::f)CicrTCR'~dr
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!f~wq '{il'5dld 31TfUTfcrnT Pct{NI'1~ 31fCB"R ~~'QI'{il'iI!SlI3mill. ~~

~. "I!Sl"m-qca~ ~TItTRr ~ ~~~~3Rf1~~~

Rh'id H I~ \i11<1l\J1I'n (ft fcrm fcRwR ~ ~ 3ffiClT. ~ '1TC!T 1:ftcn

~. <:IT fcl:6c;rr ~, ~~ cm=r ~Tc=rr=r~ B'lf 31'{id J'1I'q 5fSm ~~ GO
3mill. q '5c'1 (Y'QI \JfrfT fcrnT crrooc;fT cf5t, cl ~ ~ 3iit.mel. '5105 {j IdCl on =ci)3ffic;r

\J111TcR ~ ~. cl ~ ffit \JITd1 CR, {j IdCl on '££I I '51 ~ Cl'i~ 3iit ~

\JffiT '1lttcf. {j i'5q 10'Q1'££1I ~ ~ ~. ~rcfPlmx ~ ~ ~llf

Cfi1<t>011;{1 ~ {j i'5 q IO'Q1'££1I '1001'112: <TIm c;rom >fcr~T ~ 31TfUT~

tRm <lei 31 '{i C"'QI'j)cl c=m:un qmf;:n . ~~T <TIm ~ 11Tcft mer. 3iit ~-

<.>11'1c'1c4) {j i'5q IO'QId1 <.>1~ tRffi ~ ~ ~ \35IC1Td' CR ~ crr<t>'t[Uf

q WId1Cfi;g ~. ~ -g 3f~TT ~ ~ ~ ~ <.>1l'ldld. ~

~ 31TfUT\jqC;:C'Qlq,~, '{=qv'C9dl, ~ cl c f0Rrfm~. m~mm
c~ m;:n 6fTm murr~~. 31{jC"'QI'j)cl qll!Sl'ic'1C"'Q1 ~IO'Qlcti m
,'Qi'££ll'j)cl 31 Iq(Y'Q1<.>1I ~ 31f\JlR CTT ~;:rem ~IO'QI'££II ~TIm~ \JWIT.

xTrr CR IDurR '1'ffiT ;:rr tt 'lfufT ~ ~ Cf)'jdhN lli~ (Y[TTJUfqm $1q ICill~

lfill1~ ~ \JfrfT ~. mer 31TfUT jCfi'{il;:f)=ci) cfurcn ~.

til d Fct 0(41'&11 ~ l;::q Icf1C1 cfncq;
~-~ Ri~1J{Hi

6'm :!'1~1'££I1 m, ~,~,'
~, 'lTClCT, 'li'W, ~ ~ '51 dl'££l I

~10'Q1=ci) <TIm ~ ~. ~
:!.m G ~<?ft4)c'i ~ ~ ~

, cfil' '-..-A12:etll'i:l I 31'R:fTff 0T ~~ I ~

~~tl':!11'1 ~ (1ft ~ 3"l1~tS'Q I(j

3"llqc;:<:lIi11 BM '4C:OII~1 chlC:CfliCij@,

1V[ it ~ 3ffirn cfil ~, ftm
mfuft ~untt mft "tt iT~ ~m
~citCflI'iO'Q1 ~ ~ ~.



m. q.~. fu1:iil % gUl1lcn0 ~
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