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Ly". 2.25 (a) To rcur?"ropc ezrloyrlq (B) XX4ponni napo,otcroq tr1g 6io,Erro.oiog ),r1ryr1g

\*^s T/AL- 2o Vqu"v Lu /1
2-8 TO OAIMA THI HAEKTPOMA|NHTIKHE YO'Afu\,, fu'NI','K fuqPb.AKTINOBOAiAT l-vr - 

r \. r

HT"erctpopcryvrltrrcd *ipotc, 6ev na,pd,yovto,. p6vo o,n6 ro)ro,vro6p€vo,
rlsKrprKd Siroi'q. rrlpspa lvorpi(oupe orr ouv66ovroip, 6va zr),rt0oq <puo.ird;v
rpo.wopr6vcov 6nroq eivar 11 0,no5r6yepon rov crr6prov, oi nuprlur*ug 8ro,onuoerq
rc.o,. To. q2"ercrpopuyvrlu.rcd, rcuputa rco)"unrouv 6va euprito.ro rpd.opru plr6v
rcrlparog rcoi ouxvorltov. H sKro,orr tou gdopuroq o,uro6 no"pouorc(ero.r oro
o'xnpo 2.26, oro ozroio orlperrbvovto,r fipo.sryrorlo& o, nrproliq prlrcouq xripo-
roq K0,1 0-uxv6qraq tcrrv 6rog6pc'rv rtrrqpdtrr;v roD. rlopd tr6'tepootrcq Srurpo-
p6g o'q erpoppoyeq Ko,t orIV no.payayrl rouq, 62,u tu'ri),errpopayvrlnrcd rcr5_
pata 61ouv ra yevrrcd Xopo,Krllprottrcd nou neprypdyupe orqv no,pd,rypuqo 2_6.

Eg6oov 62,u dro8i6ovrrr,r oro rcer,6 Fe qv toXut4to c, ?l ou7y6qru
rouq Ko,r ro pqrcoq rcfporoq ouvS6ovta,t pe q o16o.11

Oo rdvou;re pro o.uvtoprrl neprypaqq rrov 6rag6pcov nspiolrbv rou gu_
op'roq niq r1)"erctpoproyvrlarclg ar<trvoBo2"iaq rcard oetpu e)"ctrroripevou prrl-
rcouq rc6poro9. llpdner 6po:g va elolpLe un6ryri po,g 6ti 6ev undpler ouqrlq 6ra-

ff-tt9q."u 
rcu.0e rp,lparog tou qd,opLaro_q r1g qie,.rpu1ro1.u.,1ri.1g uoriuoBo-^r0.9 uno ro. uno/.orncr.

. . -.Po6ro*{paru- Eivur ra r1},er<rpopoyrqnrcd. rcriparu pe prrjrcoq nrporoqun6 10'm ricoq pieprrd excrtootd.. Arlproupl,orivro,t o,n6 rllerctpovrrco xur?,cit_putu, 6ncog ro riur?rcbpota LC, Kcr xpnolFonoror5vrc' oa1 
'poSroqir:viu 

rcc,r trlvtqle6pooq.

,,_._ _^lllTpoxrrpuru. 
To prlrog rcupLut6q touq erteiverq,r o.7ro 30crn dog'Irrrrl [rpr]Tou. il0.p0,TO\/T0,r aru6 ril,srcrpovrr.d, rcur],cbprutcr. or go{p'or p,,opo_

P,ti:i *r 
roug.oroiour, ;rayerpsr5oupe rj (eotoivoupe yprlyopo ro erlT?lro,tettoupTo,v pe rcuputa uurr1,, qc zepropig. Mrrcpo*ipLu.;;p.,];,po"orouv rccrrto. puvrd.p.
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fifffi:?ntT ;;;;;;;;" "5'i.i "cp"ep'r 
anrvopo)'io roD oTtop-

n:T:ffi il:"#L:l:?lx*:]1*ti1ifi *TJ:#v'c'pu"6iov
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'K&0, 

,nonrprorn r9u "p*l'illfi;;:;;""-u tu pqr,:r1 rripatoq trrrv

o0r1o1 runorou 6uTKeKptl:",1p,Jllll3.,**,o0tiotl Ko'TLUtuv :"''*; opator5 <poopcrtoq etvut :

8rotpoPcov Xpoporov 
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prcit6oug crrctrvoBo2"icrq B?"drrcouv tov crvoprbzrwo opT0vtopo. To peyoiurepo

udpog rqq uzeprrb6ouq urctrvoBo?'icrq,, flou gtd,vei otrl fr1 o'n6 tov 'Hho onop-

porpdtcn o,n6 tc, dtopa Kor ro p6pru trlg uvriltepqg utp6otpotpag (otpctt6-

orpcrpa).
To 6(ov trlg otput6o9o.1po,g, o,noppotpc rcrtd riipro l"6yo tqv emrciv-

Suvq uneprcb8ri arcwopo),iu. Irlpepu avrlouloripe ylc rrlv nrouvr"l rco.tootpoqrl

auqg qg fipoororeDrtKrlg uoni8uc €vdvrlo otrq uneprrbSerq o,xtiveq rou
,Hl"rou. To 6(ov tng otpat6oQnlpoq per6verur e(urtiag ertercrp6vrlq xplo'nq

rrr-rv 1?'.olpotp0opav0purulv, cvci-tocurv nou XplorFonotouvtu't otu ryulcitl' ta

r)"rputrotmd touq ryerctorlpeg rct a7"l"ou.
or axttveq X (r1 axriveq Riintgen) eivc,r r1)"ertpopc1rn1trrcr1 orrloBo?'io.

fre fLqKn r6patoq an6l0{m 6r,19 10-rrm nepinou. H zro rcorvq ortiu riapayol,lq

s,Kr[vov X eivar q enrBpdSuvorl r1]"erctpoviov nou 
'ripoorcpououv pe pryO/q

taxurqru oe sv0 peto.l.trirco o161o. Or arciveg X lprlorponotouwai onlv Latprnl'

*iitq po atolvcoomofg oronofq (arctrvo"ypu<pieg), xut orq pei'erq trrlv

brutp6ic,rv rcpuota.l.l.rrccbv boprirv or urcriveq X propotiv va nporoi.foouv Bi'dBeg

orouq'(rowavofg oplor,noporjg rar 1r' cut6 npenet vc unorpzuloufts rlv 6x0eot]

pog j or.t-c ltrlp( ooBapo }"oYo.
or axriveq y. Eivc,r q),ertpopuyvqtrrcrl urrtvoBol,iu nou ercn6pnetcfl

un6 oproprwouq pa8revepyoriq ruprlveg ra0cilq K01 o€ avn8paoctg nupqvt-rv rut

otorXetot8ritv orrlpcn8irov 11 ur6pu rsr rutd q. Drdonuorl otorleiroScilv orrll-to-

o6iolv. To p.rtrcn rritrror6g toi-rg 'pf(ouv on610:10m rc,r qtd,voDv c)q ro 10-r4

m. Eivo.r no],6 6rero.5uflrc6g rcar B),dmouv rouq opycvtopou-c TIou rtq 0Troppo-

rporiv.

2.9 A]'JAKTA:FI }'Ai &iASAAIF{

A. Avdxl"ooq rot) qor6q

,, 'orov ro poq nou 6ra6i6er01 o€ 6vc p6oo ouvcrvrqoer rr1 Srulcrlpronrcrl

.' enrrpdveru avdpeoo oto uppro p6oo 6ra6oolq Kot oe 6vg oll"o, evs pdpoq tou

rnrorp€qsl oto ap1tr6 peoo.
Ito oplpu 2.27u BXfnoupe nrbq svarcl.rbvtcrt or orctiveq prcq qorelvlq

,,nupo,?,\).1q sdopqq nou npooninter nd,vo oe l.eio rcor otr2unvq em96vera. (rd-
,'lonrpo).'Oiavor),rbpeveq artiveg e(orco?,ou0ofv va eivo,r ruupdl"),r11"eq peto.f,u

rouq Kor q uvdrl"corl ounl ovopd(etot xcrontptxrl uvrixl'uoq'

Eav 11 enrquveiu rcdvro oalv onoiu zrpooninter 11 56oprq 6xer uvcopru?"ieq, ot
' 

utcriveq Trou r1l\, onorefuouy syu.rc?"d:vtor oe $1ggopeg 8reuorivoeig (ay.. 2.278) rut
' o'rcopn(ouv oro 7r-lprrr 1ripo. H crvdrd"uorl uun1, onlv onoio ot uvurd"cbpn''eq srci-
,.'veq 6w eivur nro, naprxlJq\"4, ovopo(etot 6r67poq.

\"y". 2.27 (o) Kuton'rPLn1 ova-

r?"sol (0) 6ro7pot1
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T1 vu1to, av o bpopog ei:ol ot:Y]:q' ro qoq on::o:q npopo?'"eiq tou

crutotcwr1tot a'o1"'"o'-"-J'i"oio 6popog dilt;;;tie' Ery 9ryroc 
61er ppefei'

to vep6 lepi(ei trg ?lctl(KouBeg ror '" 
"*tt 

tJv ' 
npoBo?'6tov worch&tor

rcnontpxd rrou' *''1t' o"rtpovero-tou ]tll- 
uJ "T*6!:: li'l: 

pr1 <proti(ovtut

6?"o, ta ot1ptto tou tipopou' o ofiotoq' otrlv' nepintcoorl autr] 6e 6rarpivetor

rco},d.. 'p€ xov opo avdr<?"ool eo er'vootipe
Et1 ouv61et0' 6tuv Xplotftorcorou

'Eottrl 6tt pru tptotervrl ooliug npooruirctsr un6 "yttlvio ndvco oe pru ?'eio'

enrgavera *o, ouo*?'ot*oi (ox' z'zg)'TTl ̂ rovio w&peoo ot-l] 
i:it'.n 

Sreuouvoq

trc, ortivo,g Kot orllv ro'0etr1 
?"11^ 

enrqovero t1v ovopd{otpe Tc}vto

rp-6orr"ro4 9(O"),*o'''q lcrlviu :uof"o1.:tr'1v 
roOetrl otl1v enrqrlveto' Kol orlrl

6teu0uvoq ,n, *o*n';;l';t; o*'iuoi' 1<ov[c nvdx]"o'oqq (d')'

lletpoPottrca nPotcfnter ott :

l. H npoantnrotoc cxtiva' q uvcxl"toFilq Kflt tl':tiO:]l oclv ezntpf'

vtlo 610 orlptto np6ozrtooqq' pptoxovtot 610 i6to enins6o'

2, H ytrrvic avrirr)"uoqg 0" tivatiorl pe rr1 y<ovia npbantaaqq 0o'

f'

o
(r

oI

o
p"r

6t

n

1 .

F;lr..2.1 Ai&to(r1 '/td rnv TrtrPo'Po-

nrcrl pel.6tq trlg ovurc?'ooqg tou

qtor6q.

Ilooonintouoa' Avor)'rbpnrn
oirivo ,ortwu'

ffi
Ly. 2.28 Av$<)'"ooq q(l)rctvtlq

u*.luoq. 0o sivo't Tl ^Ytovta

nooonto.rorlg Kui e, l Tt'lvtcr

avor?"uoqq' loY;tet 0 o=0''

o)
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6r
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B. A160)"oo11tou rPcrrt66

.otuv to qoq oDvovrro' rrv enrqdveio nou Eroropi(er ro peoov

onoio 6r'5iao"o' o"o" iul' ?Ii" o'.'411L' f::;:J:" *"ji":"':T?il?onoio 8robibetut q'no 
:l: ::: "",''^""ir"*o,t 

Kcr'r to un6)"ouzo p6pog
iro,popttt*4 tup5trltu' evo p6p-og.tou ovor

6ts0lorur, 51)'obr1 n'pua" o'ro belitepo p6o'o' o'l'l'd'(ovroq ropeto'

H ^yolviu ruou oplputi(ei n |raeltbpevq 
urctivu ps rllv rcaOettl

enroo,veru Lfyetor f tuio'6ru0[uor1q @y' 2'29)'

KcroTrr PIKTI cvurtraol'

li$;ffi,,trfi;l
on6 ortiveg nou tPtovouv <

+l+
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fvopi(outr^ie 6n to tptrlg Sru6i6etur pc tq peya)'urtpl rttxurlro oro Ksvo

O 1.6yoq tr1q tulftqroq rou tpcrlt6q oro xev6 (c) , npoq trlv tolritqtd tou

(a) oto ol"rx6

flpoozulzmouoo Avork'opevrl
orrlvo OKTIVCI

ovop.dqtror 8etxtrlg 6r,d0),ac4q (n) rou ontrxori o?'rxo6'

O 6eionq 5rd,01,oor1q eiuo,r ra0tp6q opr0p6g Ko'l Ylo' onoroSqnote ul"rrc6 eivur

pelul.ftepog rqq povdbcrq. Enerb1 q tupitqtu tou qrL:t6g otov o6pcr eivor

neprnou iorl p" rqv ta16t1ro pe tqv onoiu 6ra6i6etur oto rev6 o 6eircqg

ttAel,""nq tou o6po ouvrl0og 0eropeitur iooq p€ rI pov&6cr'

llerpapurtrd nPoninter 6tl

1. lIInpoonintot<rc cxtivtr, q 6ra0)'drpsvq Kor 1 x60etq otr1 6rulopr-

onxrl enrqdveru tcov 6rio pfotov, oto oqpeio np6oztrrroqq rqg

axtivcq ppioxovrar oto t6ro entne6o'

2. 
'Otov to <prrrq elvtrr povo1p@potrx6, o ?"6yoq too rlpttovorl rqq Yal-

viaq ap6ozrtrrroq g (0"\ npoq to qpitovo qq ytov-icl9^6t601'uoqg (d6)

etvar [ooq ]rs rov Ln"i""po,po ].6yo trrlv 6erxrd)v 6160]"oo119 tov 611o

p6otov.

nu9-  nh
r l

n t , A  m  
\ '

' l t  
" b  " a

H o1eor1 uutl ovopd(etor rar v6poq tori Snell (Ive)")'

, H oX6oI Q.16) 8eiper otr 6tsv pro o'rdvc 6i6p1etar un6 6va u?"rrc6 o

oe evo r-r)"rrc6 b oto onoio q tupqta tou tpot6q etvut prrcp6tepr] (n6> no)'

,*, n'yr"t" 5rd01"oor1q etvor pircp6tepq on6 tq ycovicr np6ontcoorlg, 511'45t1 q

6ru0libpwq srtivo nl'qlro(er otrlv xoOetr1, oto oqpeio np6ontoorlg' Avti0sto

ou r.1 
"oXrr1ro. 

rou <piot6q oto 8eritepo" u)'rrc6 (b) eivoi peyu)"utepq qq

tuXutqtdi rou oro ,rp.iro (i6< n'\,r1 6ra0)'rilpevq ortivo uropurcpuverur uno

tqv rcdOeq.t l 
O 

';eirctqq 
6rir0i,oor1g tou tevot5 eivor e( opropori iooq pe tq pLovo'6u'

enopevoq otuv lira urtivo 
-5r6pXe,ur 

un6 to rcev6 oe wu u7"tr6' nl'loru(er

nd,wu tnv raOeq.
.brou p,o ardvu npooninter rd0ets otrl 6rulcopro.r*4 erurEd,vero,

Ii,=A, rlpbnO rar an6 (2.16) nponintei 6tr rs,r 0r:0. Al)'cr6r1 11 urctiva 6ev al"-

l.d(er rcneuOuvoq.
r,'.:" l\z16 touq v6pouq tqq brdo)"ool]q nporcunter 6n q nopeio nou orolou-
:0ei uru o*riuo rt ,r, i6ro eire-outl petuBoiver un6 to u}"rrco o o'uo b site cvti-
..otporpu.
i'..r 'Otuv to frovo,poFotrr6 qroq 6r6pXetor on6 6vo uI*6 oe rdnoro o')'1"o,

, rlo-u1v6rqtd rou (/),'bev cr),1,d(er. Arpou q tulurrlta p€ rrlv onois 6ra6iSetoi

to g.q eivut Sroqopitrrctl o"o-6ro p6oa rar q olp6qto' rlq oKrlvoBol"io"q

lrwet ttuOepr1, ro prnroq n-rputoq rlq crrctrvoBo?uio'c, xptnet vo eivor

6togopenrc6 otcr 6uo p6oc. ( o = Lf ).

E1. 2.29 Avdrl"oorl rcsr 6rd0l"ootl

rpcotervrlg povolproporLr{6 66opqg

rotd rq perdpoorl oz16 rivo 5ro9ov6q

p6oo oe a)J'o.

no rllte, = n6 \F0 r (2.16)

iTo:

pq
:ou,

.

L r l v
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Etrv to 6vu pL6oo sivur to Kevo I - orlv npu[n - o cr6'pug tote

c = )rnf

6nou )"o ro !-lliKoq KUporoq t1g urctrvoBo)"icrg oto rcevo'

Ie rccr0e u)"rrc6 roluer
1 I

u = /r.l

Ararprivtug trg 6uo o7'eoerg nporunter
L l ro  

. ,1
' l

D ) ,

oTrore 1-- 4t
t1

enopfvcoq to prlxog K{4'roroq f*q,Tl':llarpottxqq 
urtrvoBoi'i{rq ?roo }tt-

raBoivet o,n6 to xev6 q 
"o" 

ofpo cs rdmom df i'o p6oo pel<ovettlr'

Eto qorvopevo fljq 6ra0)"uo1q oqeO"ovtor no)"}'eg ogr0o)"po:ro'teg' 6nolg

ro eo.lvoptvr*o o"oo'lpo lnoq pd'psou no16vu tprlpra qq elvar puOropdvo oto

vep6. Mrcr ai'i"'l otPuoi*ono"'1 tpaiveto'r "t" 
tft'";:i: I 

p&ti uvtr)"upBd-

vrror ro qog oov vu-5ta6i6ero,r eu0u^ypoppo. 
'Eror p).enei 

"o_ y:pt orllv Trpot-

Kroorl rqq ar<dvcrq t'"""*g"n fpspt'rl)' nro rovtd' citrlv enrtp&vero' ofi6 ofl ei-

vcn Trp0YpottKct'

Me)"etr]oape ro qowopsvo" niq ovar<?"oolq Ktn qq 6ru0?"aonq Tltr ro Qoq'

Kt uut6 loti o poloq tclv tporvoptvov o'ou td'66o'"'1q Quollcljq nou pel'etd ro Qoq'

rur o'opuf,at*r ontrx( eivat orlpovt*1?:'*t rccn ltuti' p€ ro qog tu gurv6peva

arvui *rco?"o "*p.";h;;; d;T:Tr*l*ru::,m:# ;: rffil:lil;
outu 6sv nepropi(ovtcn p6vo ota qorelvoK

rcuptitcriv, q?ertpopulrulnrd rcat pn1o'vtKu"

,{?- 2

i--#' 
Q'1v.r:ccof,cc.ccx/rcc."r,o,.co.oror*)'o

.-}.)3]€GmCIoatdf,'f,xr3)ro3n'xilr{}rcc-o:fl 
ifrJi:}:f J'J)

lbruitepo sr'bro'qepov nupouoru(er to ye^yorr6q ort ro' pu8rorcr5poto

ovcrl.rr'tur o, *rror"^llli on,fau"eq @a ey"t"i nopo'4ll-"-t] 
l' 

rcepo'ieq er'

nopnrlqpepeta?"?"i '<6"*o'o" 'po"n"q* 'pot"qSopoqoprr{qJ" l lvqq7lou€1t1'
oqg gdpouv rcotontpo' Ot petulJ"ucdg u""pou"'q nai(ouv Tto ro' pa6rorfpo't0

to polo nou nai(otv or rcaOpdgrteq Tro r: *ti tt t"r"1t11t11teg ercnoprfl9'

.nd.p1et ptu ruapupo)"; ;;t;t*'.I *ttpeu";o i*a"ontpo) xoqiq to r&tontPo'

to rcripo no, nopoy'"o' o"o 
"o 

'o?"ou'oJpiuo q)"intprro 6inol'o 0u' oto;

oropzr(6tuv oe oluo '" r,tp" 
"rpo 

rou Me to rdtontpo' petu tqv avd'rc 'soll

rourorupu6ia6i6ero' l f ipogptopovorcu"euo"uon'Torctrpoorl t6etvutrrol0
vo qtooei norrr parcpr& 1tr:pis ",,tt'.1':':i 

'iotee"tn l-:.'.:l.ot 
rrl\nq' r0

rdtontpo svoKJ'o tu ql'erctpopoTvTlrtKCI'-:p*o "ou 
niqtouv'n&vo tou r1tr0

eott&(er otqv rcepcriu, pe onot6?'eopu to orlpo onlv repuio vo' etvat nto roxDPo'

1

Lr. 2.31 E(artiug triq 6ro07"ctot1g

eut ou.t*tiPuvo uoou oro vtpo

roo.ivetor vo PPioretor 7[1o Kovrc

Lnu t"t,Peuuio' on6 6oo eivui

npoytrro,tr &.

Lv.2'32'Otot o ruPottr6q naiPoq

nou 6rsbi6ctor oto Pfoo 1 ouva-

u.tt.tr to peoo 2 ev gi;per nvor<)"&-

,o, *o, av PfPer ouveli(et oto

pfoo 2. Pe u?Jq tulutqto

o

I
li

T
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Er.x. 2.9 IIapoBoirrc6g xepaiag poDron'1i'eor,:6nrou.

ftov Eivo,Ko, fiou oKoioD0si ovoqdpovrot 01 8tiKr€g 6rd0?'oor1q
oplo-pevo)v u?urK(bV, ylo, ro rtrpwo goq iie pnKoq rcripatoq l"s : 589 nm.

Aeirtrlq
\'l"116 Ard0)'cionc

Aeirrrlg 6rd-
Y)"rr6 0X"qonc

Xtepeti
IIdloq
Iluprarrl oregavf u?"og
Mo?'u866 uloq (xpri orai?,o )
@0opitqq
XloproriXo vit,pto
AEduoc

?n0

l f f \

474

\ 4 4

4 1 9

!'ypri
Ne po  1 ,333
Ar0u7,.uc1 o.)xo6)q 1,361
Bev(6?*o i.501
A€pra
A6paq 1.000293
AroEei8ro tou uv0psrcs I,00045

NAPAAEI|MA 2.3

Arrivs gorr6q pqroug rf poroq l": 590x 10-' m ;retaBaiver a,n6 tov o6pu os yDa)'i, rou 6N€r 8eirctq
6ru02"o.or1q 1 ,52. H yovio Trpoo'rrrrlcqg rqg arcrivuq ewat 0o:30o. Na uro2"oyioete:
cr) rq oulv6r4ro rllg o.KrwoBoT'iuq orov ai,po. Kol oro yuo?'i.
p) rriv taTritrlta 6ra6oor1g oro yuaH.

T) To prircoq rciparog r1g axtrvopo?uiu,q oro yuuLi.
6) q yo:via Erd0l,aolg tilq arrivog.

H rulutrltu tou tprrlr6q oto rcsi,(i eivar c :3 x i0s lll /s .

Anrlvr4oq :

o) 'Orav to rpoq 6rubi6rrol orov udpa q ruyj:nyu tsu eivur o1e5w oorj Kor I tunnrid rou oro revo 64?"abr1 c.
An6 q Oepeircb5rl elioocq rqg Kup.o"rlr(qq 67pupe

. ?

, = 1 " " f  \  f = f = 5 x 1 0 t o i f z
" o

H oulv6qro pro.q arctwoBoi"iug 6ev o,l"),&(er 6rcv ro qcrg pLezupo.iver rxn6 ra dvo p6oo oto d,l"?"o.

EnopLevog, l(o1 oro yuoii r1 oulvorrlrc r,'1g cxrrvoBo2'iag eivut J : 5 x70t4 I-{z .

al+


