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AAékog lwavvou, INavvng Ntavog
Ayyelog INMATTOC, ZTOUPOC PATITNG

KpITEG:
Avtwviou Nik6Aaog, kabnynTtng MNMa-
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vynTAG MavemioTnuiov KpNtng
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(7.1.) Elcaywyn

O Maxwell, p& TnVv gvotroinuéEvn Oe-
WEIa TOU YIA TOV NAEKTPOMOAYVNTI-
oMO (1864), cixe TTPOLBAEWYEI TNV UTTOP-
¢N TWV NAEKTPOMAYVNTIKWYV KUMA-
TWV WS MNXAaVIouoU d1adoong TnG
EVEPYEIOG TOU NAEKTPOMAYVNTIKOU
TTEdIOU OTO XWpPO. APKETA Xpovia
apyortepa, To 1886, kal evw o Maxwell
gixe rebavel, o Neppavocg Heinrich
Hertz Trapnyaye NAEKTPONAYVNTIKA
KUMOTO ME TOAOVTOUMEVA NAEKTPIKA
OiTroAd Kal atredeIe OTI auTa O10di-
OOVTal OTO XWPO ME TNV TAXUTNTA TOU
PWTOG. Eixe avoigel o OpOHOG YIa Th
OlEPEUVNON TNG AAANAETTIOPOONG O-
KTIVOBOAiag kal UANG. 'Eva nAeKTpoO-
MOYVNTIKO KUMO MTTOPOUCE VO META-
PEPEI EVEPYEIQ O’ EVA ATOMO BETOVTAG
TO O€ ECAVAYKAOMEV TOAAVTWON KA,
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AVTIOTPO@A, £VA TAAAVTOUMEVO ATO-
MO, TTOPNYAYE EVA NAEKTPpOMAYVNTI-
KO KUuOQ.

H KAaoikn Oswpia TTpoBAETTEI OTI N
NAEKTPOMOAYVNTIKN OKTIVOBOAia pTTO-
PEI VO HETOWEPEI OTTOIOONTTOTE TTO-
00 EVEPYEIAG, AVAAOYA UE TN OUXVO-
TNTA TNG. EVvTOUTOIG MIa OEIpd aTTO
@AIVOUEVA, OTTWGS N AKTIVOBOAiIa Tou
HEAGQVOC OWHATOC, TO PWTONAE-
KTPIKO (PAIVOHEVO, TA YPAMHMIKA
(PACHATA EKMOMNNG KAl TO (PpAIVO-
HEVO TNC OKEDAONC TWV AKTIVWV X
(paivopevo Compton), dev p1ro-
poUoaV VA EPUNVEUTOUV HE TNV KAQ-
OIKN Bswpia.

71226



Max Planck (1858-1947). [ eppavog,
OeHEAWTNAC TNC KBAVTIKNG Bewpiac.
NopneA duokng 1918. H {wn tou on-
HAOEUTNKE Ao TO 6AvATO TWV TEO-

cApwV NAdWwyV Tou oTh OLAPKELD TWV
OUO NaYKOOLIwV NOAELWY. AV Kal avol-
XTA avTiOeTOC 0TO VACIOTIKO KOOE-

OTWG napepewve otn I epuavia yeyo-
VOG MOV TOU OTOIXIOE OE OIWEELC LEXPL

TO TENOC TOU B’ NayKOOUIOU NOAELIOU.

Eikova 7-1.
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»

®



To 1900 o Max Planck kavel Tnv 1ro-
AU p1OCTTOOTIKN UTTO0EON OTI N EVEP-
YEIO EKTTEMTTETAI | ATTOPPOPATAI ATTO
EVA AVTIKEIMEVO KATA OIOKPITES TTO-
ooTNTEG (KATA KBAVTA) N, TTIO ATTAAQ,
KOTA MIKPA TTOKETA. H OUVOAIKN EVEP-
YEIO AOITTOV OEV UTTOPEI TTAPA VA Ei-
Val aKEPAIO TTOAAATTAACIO TOU KBA-
VTOU evépyelag. H utroBeon auTtn arro-
OEiXONKE ETTITUXNS OTNV AVTINETW-
IO TWV 00IEEOOWYV OTA OTToId EiXE
odnynoei n KAaoikn Bswpida.

H kBavtwon evog peyEBoug dev pag
gival ayvwoTn utrédeon. lNa moapa-
OEIYMO TO NAEKTPIKO (POPTIO €ival KBa-
VTIOMEVO MEYEDOG pE KBAVTO TO POpP-
Tio TOU nAgkTpoviou. OTroladnTTOoTE
TTOCOTNTA POPTIOU Eival TTAVTA OKE-
pai0 TTOAAATTAGCIO TOU (POPTIOU TOU
NAEKTPOVIOU.

9/226



H utr60eon Tou Planck Atav 1o B¢-
MEAIO pIOG VEOC Bewpiag, TS KBa-
VTIKNC Oswpiac. H kBavTikA Bswpia
TTPORAETTEI KBAVTWON KI AAAWV ME-
YEOWYV OTTWG N OPHN KAl N OTPOPOP-
un.

H kBavTtiki Bswpia epunvevel @ai-
VOUEVA O€ OTOMIKO ETTITTEOO TA OTTOId
aduvaTEi VO EPUNVEUCEI N KAOOIKN
Bewpia. OTav egeTalOUpE PAIVOUEVA
TOU HOKPOKOOHMOU N KRAavTwon Twyv
MEYEBWYV yiveTal OUOOIAKPITN KAl TA
OUMTTEPACHATA TNG KRAVTIKAG Bew-
piag TauTiovTal JE AUTA TNG KAQOI-
KRG.
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(7.2.) H AkTivoBoAia Tou MéAavog
2 WHATOG

‘Eva otroi0dntToTe WA OE Paive-
TOI OTO OKOTAOI EVW AV TO PWTIOOU-
ME TO BAETTOUNE. AUTO CUNBaivVEl yia-
Ti OAO | £Eva HEPOG ATTO TO PWGS TTOU
TTEQPTEI OTO CWHA ETTAVEKTTEMTTETA
(draxéeTal) oto TrEPIBAAAOV HE ATTO-
TEAECHO KATTOIES OTTO TIG ETTOAVEKTTE-
MTTOMEVEG PWTEIVEG OKTIVEG VO PTA-
VOUV OTA JaTia pag. Me Baon auTn
Tn O1ad0IKaoia KaBopileTal KAl TO XpWw-
MO TTOU a1TodidoUNE oTO oWwa. Mo
OUVYKEKPIMEVA, AV (PWTICOUNE £EVO OW-
MO ME AEUKO WG €V YEVEI ATTOPPO-
@A KATTOIO MNKN KUMOTOG VW AAAQ
TO ETTOVEKTTEMTTEL. ATTO TO ETTAVEK-
TTEUTTOMEVA NNKN KUMATOG KOBOPI-
CETAI TO XPWHA TOU CWHATOS TTOU
BAETTOUE. 2TNV €1I0IKN TTEPITITWON

11/ 226 -227
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TTOU ETTAVEKTTEUTTOVTAI OAX TO MK
KUMOTOGC TOU AEUKOU WTOG TO WA
PAiVETAI AEUKO. 2TNV aVTIOETN TTEPI-
TTWOoN, ONAadn O6Tav To CWHA ATTOP-
PO@A OAQ T MKN KUMATOG, PAIVETAI
MOUPO.
MeAav cwpa oTn PUOoIKN Oewpei-
TAI TO CWHA NOU anoppoPpa TNV
NAEKTPOHAYVNTIKNA AKTIVOBOAIQ
NouU NPOCNINTEl 0’ AUTO, OE OAO
TO (pacpua TnNG (OAEC TIC CUXVO-
TNTEG).
2TNV TTPAN, MEAAV CWHOA MTTOPEI
va BewpnOei Eva oTToI00NTTOTE AVTI-
KEIMEVO ME AIOOAWMEVN TNV ETTIPA-
VEIA TOU.

AKTIVOBOAIa HEAAVOC CWHATOC
Kafes cwpa og ottoladntToTe Ogp-
MOKPOOIa KI OV BPICKETAI EKTTEUTTEI
EVEPYEIN JE HOPPN) NAEKTPOMAYVNTIKAG
12 | 227
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akTIVOBoOAiag. H akTivofBoAia auTh
ovopadleTal OepuIK AKTIVOBOAIQ.

To HEYEBOG TTOU EKPPACLEI TNV EVEP-
YEIO TTOU EKTTEMTTETOAI OTTO TN MOVA-
Od TNG ETTIPAVEING EVOC CWHATOG
oTn Hovada ToOUu XPOVOU OVOHACETAl
£VTAon TnG akTivoBoAiac, cupBoAi-
Cetal pe 1o | KOl oTO S.I. YeTPIETON OE
A J/m2s A W/m? .

H évraon Tng akTivoBoAiag TToU €K-
TTEUTTEI EVO CWHA ECAPTATAI ATTO T
Beppokpacia Tou.

IS1aiTEPO EVOINEPEPOV, AOYW TOU PO-
Aou TToU ETTAIEE OTNV €EEAIEN TNG QU-
OIKNG, £XEI N MEAETN TNG OEPMIKNG OKTI-
VvOBOAiag Tou HEAOVOG CWHATOG.

To yEAQV CWHA, G’ OTTOIOONTTOTE
BeppoKkpacia Ki av BPIOKETAI EKTTE-
MTTEI EVEPYEIO JE TN HOPEPN NAEKTPO-
MAYVNTIKNG aKTIVOBOAiag o’ 6Ao TO
@ACHA TNG. TO MEYAAUTEPO ONWG
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TMAMO TNG EVEPYEING TTOU EKTTEMTTE-
TAl 4’ AUTO TOV TPOTTO TTEPIOPICETAI
O€& MIO OTEVIH TTEPIOXN, ME «AIXMA» KA-
TTO10 MNKOG KUHATOG (A,2x), OlOO-
PETIKO VIO KOOE Oepuokpacia. 2& Ogp-
MOoKpaoieg yUpw otoug 1000K To pME-
AOQV CWHA EKTTEUTTEI KUPIWG OTNV
UtTEPUOPN TTEPIOXN, EVW OE WNAOTE-
PEG BEPUOKPACIEG TO Afy 55 METATO-
TI(ETAI OE MIKPOTEPA MAKN KUMOTOG
(MEYOAUTEPEC OUXVOTNTEG), OTNV TTE-
ploxn Tou opaTtou (oy. 7.1).

H oxéon 1Tou cuvOEéel TNV atTOAU-
TN Oeppokpacia (T) Tou pEAavog ocw-
MOTOG ME TO MAKOG KUMATOG QIXMAS
(Amax) Eivai

Amax 1 = OTOOEPO
(vopog petarotmriong Wien)

14 | 227
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Evraon \ T = 6000K

ava
povada \
pKOUG \
KOIJGTOQ T =4500K

0 1000 2000
Mnkog Kuparog (nm)

AlGypapua TG Evtaong ava povada
UNKOUG KUMOTOG OE OUVAPTNON UE TO
UNKOG KUMATOG Yl TO HEAQV CWHQ,

O€ TPELC OAPOPETIKEC OEPLOKPAOT-
€GC. TO HEYIOTO TNG KAUNUANG HETO-
TonidetTal o€ UIKPOTEPA UNKN KUUO-

TOG OTAV autaveTal N Oepuokpaacia.
zynua 7-1
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Na TNV EpUNVEIa TWV TTEIPAMOATI-
KWV OEOONEVWYV Ol EPEUVNTEG OEXTN-
KOV OTI TO ATOMO TWV CWHATWYV TO-
AavtwvovTtal. To TTAATOG TG TOAAVTW-
ONG TOUG gival ocuvapTnon Tng Ogp-
MOKpOOiag oTnV otroia BpiocKovTal
T CWHATA. ATTOTEAEOUA AUTHS TNGS
TOAAVTWONGS TWV ATONWYV, TTOU UTTO-
POUME VO TO OOUME WS OTOIXEIWON TA-
AOVTOUNEVA NAEKTPIKA OITTOAQ, €ival
N EKTTOUTTA NAEKTPOMAYVNTIKNS OKTI-
vof3oAiag. H utr68son opwg autn dev
MTTOPECE VO EPUNVEUCEI IKAVOTTOIN-
TIKA TO TTEIPAMATIKA ATTOTEAEOUATA.

To @aIVONEVO EPUNVEUTNKE TTAN-
pw¢ 10 1900, pE TIG OUO UTTOOEDEIG
Tou d1atuTTwoe o Planck.

1. H evépyela TOV TAAQVTOUHEV®V
aTopwV OE PNOpPEi va NApE! onoida-
onnorte Tiyn. Mnopei va napei
HOVO J31akpPITEC (KBAVTIOHEVEG)
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TIMNEG. OI TIHEC TNC EVEPYEIAC NMOU
HIMOPEI VA £XEI TO TAAAVTOUHEVO
aTopo €ivai

E,, = nhf

OTTOU N €vag BeTIKOC akKEPIOG apib-
MOG TTOU ovoudadeTal KBAVTIKOG
apiOuog, f n ouxvoernTa TOAGvVTW-
ong Tou atouou Kai h pia otode-
PA TTOU OPYOTEPA ETTAICE MEYAAO
POAO OTN QPUOIKI KOI OVOUNAOTNKE
oTtafepa dpaong Tou Planck. H

TIUA TNG Bp€Bnke

h=6,626x10"%J.s

2. To N0OO TNG EVEPYEIAC, MOU HUMNO-
PEl va anoppoPnoeEl N va EKNEN-
WEl Eva ATOHO, uno HopPn NAE-
KTPOHAYVNTIKNG AKTIVOBOAIAC,

17 | 228
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HIMOPEI Va NAPEI HOVO SIAKPITEG

TIHEC.

2TO OYAMO 7.2 OiVOUME Mia EIKOVA
TWV EVEPYEIOKWY OTOONWYV OTIC OTTOIES
pTTOpPEIl VO BpeBei TO dTtouo. Av TO ATO-
MO OTTOPPOPNOEI EVA KBAVTO EVEPYEI-
a¢ OnAadn evépyela E = hf, augavel
TNV EVEPYEIA TOU KATA £V OKOAOTTA-
TI OTNV KAIJOKO TWV EVEPYEIAKWYV
oTaOUWYV. AV TTAAI TO ATOMO EKTTEU-
WEel Eva KBAVTO EVEPYEING UTTO MOP-
PN NAEKTPOMAYVNTIKAG OKTIVOO-
Aiag TOTE KATERAIVEI EVO OKOAAOTTATI
otnv idia KAipaka. Oco éva atopo
TTOPOMEVEI OTNV iOI0 EVEPYEIAKN KO-
TacTaon (oTabun), oUTE EKTTEUTTEI
OUTE ATTOPPOPA EVEPYEIA. T ATOHA,
AOITTOV, ATTOPPOPYOUV I EKTTEUTTOUV
EVEPYEIA OXI CUVEXWGS AAAA KAVO-
VTOGC EVEPYEIOKA AApATA.
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Kpa- | 3 3hf | Evép-
VTIKOG YEIQ
apil- | 5 2hf
MOG
1 hf
0 0
Zxnua 7-2

Napadeiyua 7.1

‘Eva cwpa pafac m=50g gival d¢-
MEVO o€ eAaTNPIO OTaBEPAC K=5N/m
KOl EKTEAEI ATTAN YPOMUMIKE TAOAAVTW-
on TTAaToug A=5cm. Av BewpnOei oTI
TO CUOTNMA ATTOTEAEI KBAVTIKO TAAO-
VTWTA (TOAQVTWTK TTOU N EVEPYEIQ
TOU UTTOPEI VO TTAPEI MOVO OIOKPITES
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TIMEG) VO UTTOAOYIOTOUV: ) TO EVEP-
YEIOKO OIACTNUA METAEU OUO EVEP-
YEIOKWYV OTAOuWYV, OnAadn 1o KRA-
VTO EVEPYEIOG AUTOU TOU TOAOVTWTN
Kal 3) o KBavTIKOG aplOuog n TNG
EVEPYEIONKNG OTAOUNG OTNV OoTToid
BpioKeTAI O TAAAVTWTAG.

Andavtnon:
a) H cuxvérnta tng TaAdvtwong Ba

gival
n -\/ 5 N/m — _1
'\/ 21T 0,05 kg o

Edv 0 TAOAAVTWTNG XAVEI EVEPYEIQ AO-
YW TPIBWYV, CUUNPWVA HE TNV UTTO-
Beon Tou Planck Oa trpéTtrel va XAavel
TNV EVEPYEIA TOU KATA AGAMATO TTOU
TO HEYEBOG TOUG Ba givai
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AE = hf =

g
= (6,626 x 10734 J.s) . (; s‘1)=
=10,551 x 1034 J

MpokKeITAl VIO EVA TTOOO EVEPYEING
TTOU TTOAU OUOKOAO va aviIXVEUETAI.

B) H OAIKN evEpyEla TOU TAAQAVTWTN
givai

2 _ 1 2
KA? = —-(5N/m)-(0,05m)? =
=6,25x10 3 J

Opwcg etriong E = nhf.

Ao = E = 6,25x107>J
P hf 10,551 x 10734 J

=6 x 1030

MpokeiTal yia Eva TEPACTIO APIOUO.
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2€ avaAoya aTroTEAECUATA KOTO-
ANYOUME OV ETTIXEIPNOCOUME VA aVI-
XVEUOOUME TNV KBAVTWON TNG EVEP-
YEIOG O€ OTTOIOONTTOTE CUCTNMO OTO
MOKPOKOOMO.

(7.3.) To dDwronAekTpik6é Davépevo

TO (PWTONAEKTPIKO (PAIVOUEVO Ei-
val TO (pAIlVOUEVO KATA TO OMnoio Hia
HETAAAIKN ENIPAVEIA ANEAEVOEPW-
VEI NAEKTPOVIA OTO NEPIBAAAOV OTaV
nave TnG NPOoninTEl PuG.

Ta NAEKTPOVIA TTOU UTTAPYXOUV OTO
ECWTEPIKO EVOG ayWYOU TTEPIOPICO-
VTOI OTO XWPO TTOU KATOAOUBAVEI O
aywyog, atré OUVAUEIG TTOU EUTTODI-
Couv Tn d1GXUOT) TOUG OTO TTEPIBAAAOV.
OTav pia 0EouN PWTOG TTPOCTTITITEI
TTAVW OTNV ETTIPAVEIO TOU AYWYOU
KATTOIO NAEKTPOVIO ATTOPPOPOUV
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EVEPYEIO OPKETH YIO VA UTTEPVIKAOOUV
QUTEG TIG OUVAMEIS Kal Byaivouv aTro
TO METAAAO (PWTONAEKTPOVIA).

Na TN HEAETN TOU PWTONAEKTPIKOU
@OAIVOMEVOU Ba XpNOINOTTOINOOUNME
Tn dI1ATO¢N TOU OYAMOTOG 7.3.

MOVOXPWHOATIKO | [«0 =

Y
&__/

Pwg

Avodoc

[\

—,
>

2. XNUATIKI NApACTAON EVOG KUKAW-
HLATOC PWTOKUTTAPOU.

Zxnua 7-3.
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Méoa o€ Eva cwAnva uynAou Ke-
vou (=10'7 atm) Tomro@sToupe dUoO n-
AeKTPOOIA. TO TTPWTO, TTOU XPNOIMEU-
€1 WS KaB0dOGC, £xel HEYAAN ETTIPA-
VEIQ, PEPEI ETTIOTPWON ATTO EVA OA-
KOAIMETOAAO (K R Cs) kai éTav owri-
CETAI EKTTEUTTEI NAEKTPOVIA. Ta nAe-
KTPOVIO AUTA CUAAEYOVTaI OTTO TO OEU-
TEPO NAEKTPOSIO TNV Avodo. Mg 1n
BonOsia HIOG TTOTEVOIOMETPIKAG OI-
ATOENG MTTOPOUHE VA METARBAAAOUE
TNV TAON TTOU EQAPMOCETAI OTA NAE-
KTPOOIa. TEAOG, NE EVA MIKPOOMTTE-
POMUETPO TTOU TTAPEMPBAAAETAI OTO
KUKAWMO MTTOPOUNE VO NETPNOOUME
TNV EVTOON TOU PEUMATOG TTOU OPEi-
AETOI OTA NAEKTPOVIO TTOU EKTTEMUTTEI
n ewTIONEVN KAB0OO0G. OTaVv n KA-
0000¢ PWTICETAI EKTTEUTTEI NAEKTPO-
Vid (@WTONAEKTPOVIA) T OTTOIO ETTI-
TaXUVOVTOIl OTTO TO NAEKTPIKO TTEdIO
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METAEU TWV NAEKTPODIWYV (OY. 7.3)
KOl KATAOARyouv oTnVv Avoodo.
MeIpapaTIKG OIOTTIOTWVETOI OTI

1.

EKTTOUTTR) @WTONAEKTPOVIWYV £XOU-
ME MOVO OTAV N CUXVOTNTA TNG TTPO-
OTTITTITOUCOG AKTIVOBOAIQG gival
MEYOAUTEPN R ION MIOG OPICHEVNG
OUXVOTNTAG, N OTToia €ival Xapo-
KTNPIOTIKA VIO TO METOAAO. AUTH

N OpPIOKN CUXVOTNTA OVOMACETAI
ouxvoTnTa katw@Aiou (fy).

. O apIOuOG TWV NAEKTPOVIWYV TTOU

QTTOCTTWVTAI OTTO TO METAAAO ava
MOVAda XPOVOU gival avaAoyog
TNG EVTAONG TNG PWTEIVAG OKTIVO-
BoAiag TTOU TTPOCTTITITEI OTO ME-
TaAAO.

. H Tax0TnTa JE TNV OoTTOia £¢EPXO-

VTOI TO NAEKTPOVIA OEV e€apTATAI
QTTO TNV EVTAON TNG PWTEIVAG
OKTIVOBOAiag aAAd poévo atrod Tn
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OUXVOTNTA TNG KOI QUEAVETAI OTAV

N ouXvoTnNTa TNG AKTIVORBOAIOC ME-

YOAWVEI.

To diaypaupa 7.4 TTOPICTAVEI TNV
EVTOOT TOU PEUNATOG OE OUVAPTNON
ME TNV TAON METAEU avodou KaBodou
OTO KUKAWMa TOU oynuarog 7.3. MNa-
PATNPNOTE OTI VIO TACT MNOEV £XOU-
ME PEUMA, TTOU ONUAIVEI OTI TA PW-
TONAEKTPOVIO £CEPYXOVTAI ATTO TNV KA-
0000 HpE KIVNTIKA EVEPYEIA TTOU TOUG
ETTITPETTEI VA KIVNOOUV PEXPI TNV AVO-
00. PeUpa €xoupe Kal yia TAoEIS Aiyo
MIKPOTEPEG ATTO TO UNOEV. Taon ap-
VNTIKR, €W, ONUAivel 0TI N Avodog
EXEI MIKPOTEPO OUVAMIKO aTTd TNV K-
00060. ZTNV TEPITTTWON AUTH TO NAE-
KTPIKO TTEQiI0 HETAEU avodouU - KaBOo-
Oou TTaPEUTTODICEI TO NAEKTPOVIA TTOU
gCEpYovTal A1Td TNV KGB0odOo va @Ta-
OouV OoTnNV avodo. E@OCcOoV yIa KATTOIEG
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APVNTIKEG TIMEG TNG TAONG EXOUME
PEUMA, N KIVNTIKN EVEPYEIN OPICHUE-
VWYV NAEKTPOVIWYV, OTAV £CEPXOVTAI
aTro TNV KAB0dO, gival APKETA PNEYA-
AN WOTE VA UTTEPVIKNOOUV TO AVTITI-
BEpeEVO NAEKTPIKO TTEDIO KAl VO PTA-
gouv oTnv avodo. H taon (Vp) otnv
OTToia OIOKOTITETAI TO PEUMO OVOMQA-
{eTal TAOT) ANOKOMNG.

-V, Y

AlQypappa TNG EVTAONG ToU peUa-
TOG O€ OUVAPTNON UE TNV TAON OTO
PWTOKUTTAPO.
2xNua 7-4.
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To @aIVONEVO OE UTTOPEI VO EEN-
ynoei yovo a1rod 1o YEyovog OTI TO
PWG €IVAl NAEKTPOMNAYVNTIKO KUMA.

Na va uTTEPVIKNOEI TIG OUVAMEIG
TTOU TO OUYKPOTOUV OTO METAAAO
EVA NAEKTPOVIO TTPETTEI VA TTPOCAA-
Bel éva eAayxioTo TTo006 evépyelag. H
eEVEPYEIA AUTH ovOUAleTal EPYO E-
Eaywync kail oupBoAileTal pe @. To
EPYO £EAYWYNG TTOIKIAEI ATTO METAA-
Ao o€ HETAAAO.

To WG, WG NAEKTPOHAYVNTIKO KU-
MO, METOQEPEI EVEPYEIN, ETTOMNEVWIG,
EiVal OVOUEVOUEVO OTI TO NAEKTPO-
VIO KATTOI0U NETAAAOU pTTOpPOUYV VA
ATTOPPOPNOOUV EVEPYEIA ATTO TO PWG
Kal va €¢EABouv aT1rd 10 JETAAAO. H
KAOOIKN Bewpia OJWC OE UTTOpEDE
VO EPMNVEUOCEI TO YEYOVOG, OTI N £€a-
YWY NAEKTPOVIWYV ATTO TO METAAAO
KOl N KIVNTIKN EVEPYEIA ME TNV OTTOoId
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gCEPYOVTAI ECAPTATAI ATTO TH CUXVO-
TNTA TNG TTPOCTTITITOUCOC OKTIVOO-
Alag Kal OY1 aT1T0 TNV EVEPYEIQ TTOU
METOAPEPEI N PWTEIVI) OECHUN TTOU
TTPOCTTITITEI OTO METAAAO, ONAAON
aT1ro TNV EVTOON TNG OKTIVOBOAIQG.

To @aivouevo epunveuTnKe 10 1905
a1ro Tov Einstein o o1roiog, eTreKTEI-
vVOoVvTaG TIG atroyeilg Tou Planck, utré-
Beoe OTI

«TO (PWC ANOTEAEITAI ANO HIKPA
NAKETA EVEPYEIAC, NoU ovopalo-
vTal KBAavTa (pmTOoC N pWTOVIA>»

H evépyeia kGBe wToviou gival

E = hf (7.1)

otrou f n ouxvoTnTd Tou Kai h n oTa-
Oepd Tou Planck.
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i f otaOepn
2|

-V, Y

AlGQypapLa TNG EVTAONG TOU PEULO-
TOG O€ OUVAPTNON ME TNV TAoN YIa
OLOPOPETIKEC TIMEC TNG EVTAONG TNG
QKTIVOBOAIQG.

2xXnua 7-5.
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Kata tov Einstein, kd0e @wTtovio
TNG OECOUNG TTOU PWTICEI TNV KABODOO
METOOIOEI OAN TOU TNV gvépyela hf o
EvVa MOVO ATTO T NAEKTPOVIA TOU UE-
TaAAou. Av n evépyela hf Tou ewTovi-
OU €ival MIKPOTEPN ATTO TO £PYO €O~
YWYNG, TO NAEKTPOVIO OE UTTOPEI VA
EYKOaTaAgiwel To JETOAAO. Eav givai
MEYOAUTEPN 1) iION ME TO £PYO ECAYW-
YAS @ TO NAEKTPOVIO EYKOATAAEITTEI
TO METOAAO ME KIVNTIKN EVEPYEIQ TTOU
utroAoyileTal aT1rd TN OXEON.

K =hf- ¢ |®wTonAekTpIki e§icwon
TOoU Einstein (7.2)
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H @wTONAEKTPIKN ECICWOT TOU
Einstein epunvevel OAAQ Ta TTEIPAMO-
TIKO OEOOMEVA.

Na va e€EABeI Eva NAeKTPOVIO ATTO
TO METOAAO TTPETTEI

hf-¢=20

ONAadn n EvEPYEIO TOU TTPOCTTITITO-
VTOG (PWTOVIOU VA €ival HEYOAUTEPN

| OPIOKA iON ME TO EPYO E£CAYWYNG
hf2 ¢

l 4 I
>—
N f_h

H ocuyxvértnta fy = % gival N oUXvo-

TNTA KATWPAIOU.

Av n ouxvoTnTa TNG TTPOCTTITITOU-
oaG aKTIVOBOAIOG gival HEYOAUTEPN
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OTTO TN CUXVOTNTA KATW@AIioU n auU-
¢non TnG Evraong TnG TTPOCTTITITOU-
O0G AKTIVOBOAIOG CUVETTAYETOI OU-
¢non Tou apiOpouU Twv pWTOoVIiwV
TTOU TTEQPTOUV OTNV KABodo ava po-
vada XpOVOoU Kal ETTONEVWG au¢non
TOU OPIOuOU TWV QWTONAEKTPOVI-
WV TTOU EEEPYXOVTAI ATTO TO METAAAO
oTOV i010 XpOVO. TEAOG OTTWC PaiVE-
TAIl ATTO T QWTONAEKTPIKN £EicwWON,
N KIVNTIKN EVEPYEIQ ME TNV OTTOIN EEEP-
XOVTal TO NAEKTPOVIA ATTO KATTOIO
METAAAO £€apTATAI MOVO ATTO TH OU-
XVOTNTA TNG TTPOCTTITITOUCAG OKTI-
vof3oAiag.
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H opun TOV pWTOVIWV

2TNV TTapaypa@o 6-11 eidapue OTI
EVO CWMATIO ME MNOEVIKA pala npe-
MiOG —TETOIO €ival TO PWTOVIO — EXEI
gevépyela E = pc. Opwcg €idape e1i-
onNg OTI N EVEPYEIQ EVOG (PWTOVIOU
gival E = hf. EUkoAa BpioKel KAVEIG OTI

p=—" Av AaBoupe utToWn OTI Cc=Af

KOTOANYOUUE OTO CUMTTEPACHA OTI N
OpPMN TOU pWTOVIou dIVETAI ATTO TN
oxéon

h
P=— (7.3)

To WG OTO PWTONAEKTPIKO Pal-
VOMEVO CUUTTEPIPEPETAI CAV EVO PEU-
MO CWHATIOIWYV (PWTOVIWYV). Z€ AA-
AEG TTEPITTTWOEIC ONWEG TO PWGS CU-
MTTEPIPEPETAI oAV KUMA (TT.X. OiVEl
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@aivopeva cuuBoAng). H oxéon (7.3)
gival 101aiTEPA ONMAVTIKNA YIOTI QW-
TiCel TN OUOOIKN PUOT TOU PWTOG.
2UVvOEEl Mia KaBapd cwWHATIOIOKN
1010TNTA, OTTWG N OPMN, ME MIO KOO -
pPA KUMOTIKA 1010TNTA, OTTWG TO MA-
KOC KUpOTOG. O oUVOEOHOG HETAEU
TOUG gival n otaBepd Tou Planck.

(7.4.) ®aivépuevo Compton

O1 akTivecg X

To 1895 o Wilchelm Rontgen (Pé-
VTYKEV) QOVOKAAUWE OTI OTAV £va ME-
TaAAO «BOouBapOICTEI» HE NAEKTPO-
VIO TTOU KIVOUVTOI ME MEYAAN TOXU-
TNTO EKTTEUTTEI NAEKTPOMAYVNTIKNA O-
KTIVOBoAia. H akTivooAia auty ovo-
MAoTNKE AkTIVEC X 1} akTiveg Rontgen.
AKTiveg X XpnoigotrolouvTal Kaon-
MEPIVA CAMEPOA VIO TNV AQWN KOIVWV
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akKTIVoypa@iwyv. O1 akTiveg X E€xouv
MAKN KUpatog atro 0,001 nm, €wg
1nm.

Wilchelm Rontgen (1845-1923).
OMAAavodia, EABeTia, [eppavia. H ava-
KAAuUWN TWV OHWVUHWY OKTIVWV EQE-
PE eNAvVAOTOON OTNV LATPIKN. NO-
uneA Guoikng to 1902.

Eikova 7-2.
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O uNXaviIouOGg TTaPAYWYNS TWV a-
KTivwv X gival akpIBwg o0 avTioTpo-
(POG TOU (PWTONAEKTPIKOU (PAIVOUEVOU.
2TO PWTONAEKTPIKO PAIVOMEVO MIO
METOAAIKA eTI@QAvEIa «BouBapdile-
TAI» ME NAEKTPOMAYVNTIKO KUMA KAl
EKTTEMTTEI NAEKTPOVIA. 2TIG OKTIVEG
X n METOAAIKN emi@avela «BouBap-
QICETAI» ME NAEKTPOVIO KOI EKTTEMUTTEI
NAEKTPOMAYVNTIKO KUMA.

OT1av Ta nAeKTPOVIA TNG OECUNG
@PTAVOUV OTNV ETTIPAVEIN TOU METAA-
Aou emmipaduvovTal amroTopa. H
emiBpaduvon auTrl CuvoOEUETAI ATTO
EKTTOMTT AKTIVOBOAING, TO PWTO-
VIO TNG oTroiag Oa £xel EVEPYEIA MI-
KPOTEPN I ION ME TNV EVEPYEIA TOU
NAEKTPOVIOU OTO OTTOIO O@EIAETAI I
EKTTOMUTTH TOU.

YTIrapxel Kai GAANn aitia yia Tnv
OTTOIO EKTTEMUTTETAI AKTIVOBOAIQ ATTO
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TN METAAAIKA emTi@avela. KaBwg Ta
NAEKTPOVIO CUYKPOUOVTAI JE TA ATO-
MO TNG ETTIQPAVEIONG TOU NETAAAOU
TOUG METAPEPOUV eVEPYEIQ. TA ATO-
MO OIEYEIPOVTAIL, T NAEKTPOVIA TOUG
OnAadn HETAPEPOVTAI OE OTIBAOEC
MEYOAUTEPNG evEPYEIaG. OTav artro-
olgyeipovTal, oTav ONAadnN Ta nNAe-
KTPOVIO ETTAVEABOUV OTNV APXIKN
TOUG OTIBAdA, EKTTEMTTOUV OTO TTEPI-
BAaAAovV evEpyela UTTO HOPPN NAEKTPO-
MOYVNTIKAG aKTIVOBOAIGG.
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Arthur Holly
Compton
(1892-1962)
ALEPIKN.
Eikova 7.3

H okedaon Compton (KopnTtov)

H UtTapén ewrtoviwyv emieBaiw-
Onke TreipapaTika to 1924 amwo Tov
Apepikavo Arthur Holly Compton.
O Compton TTapatiApnoce 0TI OTAV
OKTIVES X TTPOCTTITITOUV TTAVW OE
MIO UAIKN ETTIPAVEIN EVA NEPOC TOUG
EKTPETTETAI ATTO TA CWHATIOIA TNG
UANG (okedadetal). O Compton Oi-
ATTIOTWOE OTI TO OKEOALOMEVO TUN-
MO TNG AKTIVOBOAIOG EXEI MAKOG
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KUMOTOG MEYOAUTEPO ATTO TO NNKOG
KUMOTOC TNG TTPOCTTITITOUCOG OKTI-
vofoAiag (MIKPOTEPN CUXVOTNTA).
O1 yerpnoeigc Tou Compton £dsi1cav
OTI N METABOAN TOU MNKOUG KUMO-
TOG AVAUECO OTNV TTPOCTTITITOUCO
KOl Tn OKEOACOMEVN OEOMN £Cap-
TATAI NOVO ATTO TN YWVIA aVANECO
OoTIG OUO OECUEG KAl MAAIOTO UTTA-
KOUEI OTN OXEON

, _h
AN-A= o (1 = ouvo)

6trou A’ TO0 HAKOC KUUATOC TG OKE-
0aloueEvNGS OECHNG, A TO MRKOG KU-
MOTOG TNG TTPOCTTITITOUCAG OEOHNG,
m n MAZa TOU NAEKTPOVIOU Kal @ N
YWVia METAEU TTPOCTTITITOUCAG KAl
AVOKAWMEVNG OETUNG.

2UH@WVA JE TNV KAAOIKK Bewpia
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EVA NAEKTPOMAYVNTIKO KUJO GUYXVO-
TNTOG f TTOVU TTPOCTTITITEI O’ EVA UAI-
KO avayKAadel To NAEKTPOVIO TOU UAI-
KOU Vd TOAQVTWVOVTAI ME TNV 1010 CU-
XVOTNTA Kal, ETTAKOAoOUBa, va Trapda-
YOUV HE TN CEIPA TOUG OOV MIKPEG KE-
PAIEG, NAEKTPOHAYVNTIKO KUMO TNG
i01ag cuxvoTnTtag f. H KAaoikn Bsw-
pia, AoITrov, 0a TTePIMEVE N OKEDN(O-
MEVN OEOHN VA £XEI TNV i0IO CUXVO-
TNTA Kal, avTioTolXd, id10 MNKOG KU-
MOTOG ME TNV TTPOCTTITITOUCA OECHN.

Ta Tpayuarta ewTtiovtal av OouU-
ME TNV NAEKTPOMAYVNTIKN OKTIVOO-
Al WG peUMA PpWTOViWY, ONACdN CW-
MOATIWV ME MNOEVIKN Mala NPEMIOG
TTOU HETAPEPOUV EVEPYEIO KOI OPMN.
ToTe 1O TTPORANMA TG OKEDAONG TNG
OKTIVOBOAIOG METATPETTETAI OE TTPO-
BAnpa KpoUOoNg avapeoca o’ Eva Qw-
TOVIO KAl £Va NAEKTPOVIO.
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Ac utroB£o0oUuE OTI EVA PWTOVIO
MAKOUG KUMATOG A CUYKPOUETAI W’
EVA TTPAKTIKWG OKIVNTO NAEKTPOVIO
(ox. 7.7). MeTd T OKEOAON TO PWTO-
VIO KIVEiITOI oOXNMATI(OVTAG YWVid @
ME TNV apXIKA 01EUBuUvOoN Kivhong
KOl EXOVTOG XAOElI TUAMA TNG APXIKNG
TOU EVEPYEING APOU £V MEPOG TNGS
OPXIKNG TOU EVEPYEIONG Ba peTa@EP-
Oei ot0 NAeKTPOVIO. TO OKEOALOMEVO
@WTOVIO OO EXEI METATPATTEI OE PW-
TOVIO HAKOUC KUJATOC A’ pe A" > A,
Katd Tn O1apKelIa TG OKEOAONG TTPE-
eI va O1aTNPOUVTAI N EVEPYEIA KAl
n opMN TOU CUCTAMOTOG.
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To @WTOVIO EXEI TTPIV TN OKEOAON
hc

evépyela E = hf = > KOI META TN OKE-
daon E' = % Oa 1TpETTel AoITrov va
IOXUEI
hc hc
— —
A A Ke

OTToU K, N KIVNTIKN EVEPYEIO TOU OVO-
KPOUOMEVOU NAeKTpoOViou. ETreion
TO NAEKTPOVIO HETA TNV KPOUOT MTTO-
PEI VA KIVEITAI JE TAXUTNTA TTOU TTAN-
O14Cel TNV TAXUTNTA TOU PWTOG KAAO
gival va XpNOIUOTTOINOOUME TN O)XéE-
on 6.17 yia TNV KIVNTIKN TOU EVEP-
YEIO OTTOTE

hc hc m ¢
Fu T + - mc? (7.4)
UZ
1= —
Vo c?
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H opun Tou @wToviou TTplv gival

E h
p =—=—— Kdl N OpMN TOU pWTO-
c A
,_h .
ViOU HETA gival p = e H opun Tou

NAEKTpOViou Oa gival CUPPWVA ME TN

mu

oxéon (6.15) pe =

Vo c?

H diatRpnon Tng opung o€ diavu-
OMOTIKN pop®n Oivel

p=ﬂ+pg

OTTOTE Pe=p - p
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XpnNOoINOTTOIWVTOG TOV VOUO TOU OUVN-
MITOVOU OTO OIOVUCGUATIKO OIAYPOMMO
TOU OXNMOTOC 7.8 TTPOKUTTTEI

p2=p?+p'%-2pp’ ouve

AnAadni
. v2 A2 N2 )\
C2

(7.5)

Ao 116 (7.4) ka1 (7.5), av atraAgiyou-
ME TO U, TTPOKUTTTEI N OXEON

, h
AN=-A=——(1-cuve)
mc

48 | 234

»



Zxnua 7-8.

Napadeiypa 7.2
Aéopun aktivwyv X pe

A=0,1nm (10'10 m) okedaleTal atrod

emi@aveia avlpaka. H okedaobeioca

déoun oxnuatilel ywvia 90° pe Tnv

mpooTtritTrroucd. Na Bpedouv:

a)H evépyeia Kal N 0PI TWV QWTOVI-
WV TNG TTPOCTTITITOUC S OECHUNG.

B)To MAKOG KUNATOG, N EVEPYEIA KOl
N OPMN TOU PWTOVIOU TG OKEDO-
¢opevng deoung.

Y) H KIvnTIKR evépyela TTou TTPOCdi-
OETAI O€ EVA OVOKPOUOMEVO NAE-
KTPOVIO.
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Andavtnon:

hc
G)E—hf—T—

~ (6,626x107°%J.5)-(3x10°m/s)
10710 m

=19,878 x 10°16 J = 12424 eV

h 6,626x107%4J.s

PN T T 10 %m

= 6,626 x 10"%* kg - m/s
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p)A’—A=mlc(1—ouv<p)

I 4 4 h
apa A =A - (1 = ouve)

=10"10m +

6,626 x10™34J.s
(9,11x10"31kg)-(3x108m/s)

+
=1,024x10"10 m

“hc
-
(6,626 x10734J.5)-(3x10%m/s)

i 1,024 x 10710 m i

=19,412 x 10716y = 12133 eV

E =
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6,626x1073%J.s

1,024 x 1010 m
= 6,471 x10"%* kg - m/s
y) Ke=E-E'=291eV

4

_h
=

o

(7.5.) H Kupariki ®6on Tng "YAng

Eikoo1 TTEpITTOU XPOVIA HETA TNV
utTo0e0n TOoU Einstein o1 Eva nAeKkTpO-
MOYVNTIKO KUMO, OTTWG TO PWG, EXEI
CWMATIOIOKA UTTOOTAON, OTa 1924,
o NaAAog Louis de Broglie (Aoui vTe
M1TpOAI) TTICTEUOVTAG OTN CUMMETPIA
TNGS PUONG £€0£0€ TO AgiWMA OTI OTTOIO-
OATTOTE CWHATIO OPHNG P €ival OUV-
OeOEPEVO ME EVO KUMO MRKOUG KUMO--
TOG A TTOU QIVETAI ATTO TN OXEON




[1piykinacg Louis
de Broglie
(1892-1987).
[T[GAAOC aplOTO-
KPATIKNG KATO-
YWYNG. Bpapeio
NouneA 1929.
Eikova 7-4

H utr68son de Broglie dev apynoe
va eTTaAnOeuBei. To 1927, otnv Ape-
pIKN, ol Davisson ka1 Germer O10TTi-
oTWOoAV OTI Hia OEOUN NAEKTPOVIWYV
TTOU KIVOUVTAI JHE NEYAAN TaOXUTNTA
TTEPIOAATOI ME TPOTTO AVAAOYO ME QU-
TOV TTOU TTEPIOAGTOI MIa OEOHUN NAE-
KTPOMOYVNTIKNS OKTIVOBOAIQG, pia
Oéoun akTivwyv X yia TTapadEIyua.
2UVTOMO, VEO TTEIpAMOTO £OEIEaV OTI
KUMOTIK) CUMTTEPIPOPA TTOPOUCIA-
(ouv Kal OEOUEG CWHATIOIWY O Kal
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O£OMEC VETPOVIWYV. Ta ATTOTEAECHATO
NTAV TETOIO TTOU OEV APNVOV KAVEVO
TEPIOWPIO VO ap@ioBnTnOEi OTI TO
CWHATIO EXOUV KOI KUMATIKA pUON.

(B)

(a) Elkéva nepiBAaong akTivwy X.
(B) ElxkOva nepiBAaonc 0£0UNG NAEe-
KTPOVIWV.

Eikova 7-5.
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MNapadeiypa 7.3

Moo NAKOG KUMATOG TTPORBAETTEI N
utro0eon de Broglie a) yia pia pra-
Ada TOU pNTTAOKET, uacag 1kg, TTOU KI-
VEITAI ME TOXUTNTAO 3mM/s, B) yia Tn
o@aipa evog TTupofBoAou 61TAOU pa-
Cag 20 g TTOU KIVEITAI ME TAXUTNTO
300m/s, y) yia é&va nAEKTPOVIO pA-

Cac 9,11 x 10731 kg TTOU £X€I TOXUTN-
ra 7 x 108 mis.

Anavtnon:

Kal Ta Tpia cwuaTa, aKOMN Kal TO
NAEKTPOVIO, KIVOUVTOI ME TAXUTNTEG
ONMAVTIKA MIKPOTEPES TNG TAXUTN-
TOG TOU PWTOG, O& XpeladeTal Aol-
OV Vd XPNOIUOTTOINOOUME TN OXE-
TIKIOTIKN) OXEON YIO TNV OPMA.

55/235-236

»



h 6,626 x10734J.s

q) )\1 - —_— = —
P4 (1kg)-(3m/s)
=221x10"3%m
h
B) Ap=—=
P2

6,626 x10734J.s
~ (20x1073kg)-(3x102m/s)

=1,1x1073% m
h
V) )\3=—=
P3

6,626 x10734J.s
7 (9,11x10731kg)-(7x108m/s)

=1,04x10"10 m
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ATTO TO OUO TTPWTA ATTOTEAEC AT
BAETTOUME OTI EVvO CWHA TOU HOKPO-
KOOMOU CUVOEETAI NE MNKOG KUMOTOG
TOOO MIKPO TTOU JAAAOV Ogv Ba pTTO-
PECOUME VA TO AVIXVEUCOUME TTOTE.
‘ETO1 pTTOPOUE VA TTOUME OTI N UTTO-
Bson Tou de Broglie yia Tnv KugaTi-
KA @UON TNG UANG €XEI OUCIACTIKA
EQPAPHOYN MOVO VIO CWHATIO ATOMI-
KNS KOl UTTOOTOMIKNAG KAIMOKOG.

(7.6.) Apxni Tng ABeBaudTRTOCG

Eidaue 611 Ta NAEKTPOMAYVNTIKA KU-
MOTO CUMTTEPIPEPOVTAI AAAOTE OOV
KUMOTO KOl GAAOTE OOV OEOUEG OCW-
MaTiwv. ETriong 0E0MEC KAOCIKWY OW-
MOTIOIWV, OTTWG T NAEKTPOVIA, EXOUV
KOI KUMOTIKR ouuTtTEpipopd. MTro-
POUME VA TTOUME OTI N UAN, ME TNV
gupuTEPN EVVOla (CUMTTEPIAAUBAVO-
VTOG KOI TNV EVEPYEIA), EXEI OITTAN
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OVTOTNTO —OCWHMATIOIOKK KOI KUMOTIKN.
MPOKEeITAI VIO EVO CUMUTTEQOC MO TTO-
AU KOAQ OgpEAIWUEVO TTEIPAMATIKA.

Kdatw atrod pia TETola Oswpnon Trpo-
KUTTTEI £va oNUOVTIKO TTpOBANnMa. Eva
owpaTidlo, OTTWCE TO avTIAauavovTal
Ol KAOOIKOi (PUOIKOI, Eival KATI TOU
OTToioU N B€on OTO XWPO NTAV AUOTH-
pa TTPOoodIopICHEVN. AVvTiOETa, Eva
KUMO EKTEIVETAI OTO XWpPoO. Eva ocw-
MOTIOIO ME KUMATIKA CUMTTEPIPOPA
ToU BpiokeTal; H atravrnon tng KRa-
VTIKNG Bewpiag, 600 KI av oG OOKA-
pEl, Eival:

«O&vV HNOPOUUE Va YVwpPIi{OUUE
nou akpiBwc BpiokeTal.»

Ac Bewpnooupue Eva cwuaTidlo
TTOU £XEI KATTOIO OUYKEKPIMEVN XPO-
VIKN| OTIYMN OPMA P TTOPAAANAN
OTOV G¢ova TWV X. ZUNPWVA ME TV
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utro0eon de Broglie kal Tn oxéon

h
A= ?, AV YVWPICOUME eTTAKPIBWG

TNV OPHI TOU CWHATIOIOU auTO Ba
OUVOEETAI KOl ME EVA KUMO ME E£TTO-
KPIBWGS OPICHEVO MKOG KUMATOG A.
H eSicwon TTou TTEPIYPAPEI TO OTIY-
MIOTUTTO EVOG TETOIOU KUMOTOG OTO XW-
PO TN Xpovikn oTiyun t = 0 givai

= A (2TI'X )
P =ANUI—F
KOl N YPOWPIKA TNG TTapAocTOOoN €ival
QUTA TOU oyYNpaTog 7.9.

Y

H aBeBaidtnta TNG 6€0ng, Ax, €ival
anewn.
Zxnua 7-9.
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To OTIYMIOTUTTO EKTEIVETAI OTTO TO
=00 o710 +00. [loU BpioKeTAI TO OCW-
MOTIOIO TTOU €ival OUVOEOENEVO ME
auTO TO KUMO; MTropei va BpioKeTal
OTTOUONTTOTE.

Mo va un KOTOOTPEWYOUME EVTEAWG
TN CWHATIOIOKN €IKOVA XpEIalOua-
OTE KUNOTO TTEPIOPICUEVA OTO XWPO.
Oa ovOHAJOUME AUTA TO KUMOTO KU-
paTtonakeTa. Mmropoupe va @Tidou-
ME KAl VO TTEPIYPAWYOUME HaBnuaTI-
KA OTTOI0ONTTOTE KUMOATOMOP®PN ME
TN M€EBOOO TNG uTTEPBEO NG cUVOUA-
CovTag KATAAANAa diapopa KUHAT
ME ETTIAEYMEVA HAKN KUMATOGS TTAGTN
Kol pAoEIS. YITAPXEI OMWG KATTOI10G
TEPIOPIOHNOG. OCO TTIO EVTOTTICE-
VO OTO XWPO (TTI0 CWHATIOINKO) BE-
AOUUE Va €ival TO KUMOATOTTOKETO
TOOO TTEPICCOTEPA KAl TTIO OIOCKOP-
TMICMEVA MK KUMOATOG TTPETTEI VO

60 / 237

»



xpnoipotroinocoupe (ox. 7.10). NMAn-
PWVOUHE ONAOON TOV EVTOTTIOHMO TNG
BEong Tou CWHATIOIOU —KUMOTOG UE
ATTPOCOIOPICTIO OTO NNKOG KUMATOG
TTOU TOU AVTIOTOIXiCOUME KOI = KAT’

h
ETTEKTAON—OTNV OPMI TOU (p=T).

Werner Heisemberg
(1901-1976) epua-
via. 2€ nAKia nepi-
NouU €IKOOL XpOVWV
oAoKANpwaoe TN Ba-
OlKN TOU g€pyaoia yla
TNV KBAVTIKN Bew-
pla. BpaBeio NouneA
yla v apxn g afie-
BatdtnTac to 1932.
Eixova 7-6.
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H aduvapia pag va mrpoodiopicou-
ME ETTAKPIBWG TAUTOXPOVA TN B€0n
KOl TNV OPHN EVOG CWHATIOIOU OEV
OPEIAETAI OE TTEIPAMATIKEG ATEAEIEG.
Eival cUp@uTtn ME TNV 010 TV KBa-
VTIKl OOMN TNS UANG.

O Heisemberg 10 1927 KWOIKOTTOI-
NOE TA TTAPATTAVW OIATUTTWVOVTOG
TNV apxn TneG apepaioTnrac (i arrpo-
odIopPIOTIOG) ME TN OXEON:
h

Ap, - AX 2 —
21T

Agv gival duvaTov va HETPHOOU-
HE TauTOXpOva Kai Tn O€on kai
TNV OPHN EVOC CWHATIOIOU HE
anePIoOPIoTN akpiBeiq.

EOwW TTpETTEI VO ONUEIWOOUUE OTI
Ta oUpRoAa Ax kai Ap, &€ onuai-
VOUV TN METOBOAN TWV HEYEBWYV aAAd
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TO €UPOC TNG afBeBaIOTNTAC ME TNV
oTroia yVvwpi{ouuE Ta NEYEDON. Ava-
AOYEC OXECEIC ICYXUOUV KAl VIO TIG
AAAeg O1eUBUVOEIg
h h

Ap, - Ay 2—, Ap, - AzZ2 —|.

Py - Ay - Pz -

Mia GAAN d1aTuTTWON TNG APXNS
TNG apepaiorntTag Tou Heisemberg
givai n

AE . At

21T

H aBeBaioTnTa oTn HETPNON TNG
EVEPYEIAC HIAC KATAOTAONG EVOG
CUOTNHATOC €ival avrioTpoPpa
avaAoyn HE TOV XpPOVO MNou TO GU-
oTNHA NApPAapEVEI ¢' AUTH TNV Ka-
TaoTaon.
AnAadn OAEG Ol HETPNOEIG EVEP-
YEIOGC TTEPIEXOUV MIa afefaioTnTA,
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EKTOG AV OIaBETOUME VIO TN HETPNON
ATTEIPO XPOVO.

2& Eva OIEYEPMEVO ATOMO EVA 1) TTE-
PICOOTEPO NAEKTPOVIO OE BpicKOoVTAl
oTn BgpeAILON TOUG KATAOTAON, OA-
Ad O€ KATAOTAON MEYOAUTEPNG EVEP-
veI0G. OTav Eva TETOIO NAEKTPOVIO ME-
TaTTNONOCEl TN OEpEAIWON TOU KATA-
OTOON, EKTTEUTTEI EVA QWTOVIO EVEP-
velag hf, iong pe tn dia@opda evépyel-
0¢ TWV OUO KATOAOTACEWYV OTIG OTTOI-
£C BPEONKE.

‘Eva O1eyepHEVO ATOUO EKTTEUTTEI
OKTIVOBOAia OTaV £va N TTEPICOOTE-
pa NAEKTPOVIO TTOU OEV BpioKovTal
oTn OEpEAIWON KATAOTAON ETTIOTPE-
WYouV O’ auTh. 2& KABg TETO10 «KBO-
VTIKO GAMO» EKTTEUTTETAI EVA QWTO-
VI0. H HEAETN TWV PACHATWYV EKTTO-
MTTAG OEIXVEI OTI Ol PACMUATIKEG YPO M-
MEC OeV gival auoTNPA KOBOPIOUEVES
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OAAQ N KAOe pia ep@avidel Eva QUOl-
KO €UpOG. TO EUPOC TWV PACHATIKWYV
YPOMHUWYV UTTOPEI VA £ENYNOEi ME TNV
apxn TnG apefaioTnTag.

‘Eva O1eyepHEVO ATOMO UTTOPEI VA
EKTTEMWEI EVA PWTOVIO OTTOINONTTOTE
OTIYMN OTO XPOVIKO OIACTNHA OTTO UN-
O&v pEXPI aTtTelpo. O HECOG XPOVOGS
OTOV OTTOi0 £VOG MEYAAOS apIBuoG
OIEYEPMHEVWYV OATOMWYV EKTTEMUTTEI OKTI-

voBoAia gival TG Ta¢nNg Tou 107 8s.

ATro Tn oxéon AE - At 2 ZL Kal
m

emmeidn AE = h Af TTpoKUTTTEI

hAf 2 h Kol Af 2 L
21T At 21T At

BéTovTag 61ToU At = 1078s EXOUME
Af>1,6 x 10" Hz
otrou 1,6 x 10" Hz givon To EAAXIOTO
€UPOG TNG POACHATIKNG YPOHHNG.
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Napadeiypa 7.4

‘Eva nAeKTPOVIO KIVEITAI JE TAOXU-
™NTA 3 X 10°m/s METPNMEVN ME OKpPI-
Beia 0,1 %. Me Tro10 aKpifeia p1TO-
POUME VO TTPOOCOIOPICOUNE TN BEoN
ToU; Eav oTn B€0Nn TOU nAgKTpPOVIOU
EXOUME MIO UTTAAQ TOU YKOA@P TTOU
Exel pada 45 g kai Kiveital NE TaxU-
TNTa 20mM/s, NETPNMEVN ME TNV i01a
okpifeia, ye TTOI0 AKPIBEIO HTTOPOU-
ME VO UTTOAOYIOOUME TN BEoNn TNG;

Andavtnon:

O) Py = MgUy =
= (9,11 x 10731 kg) - (3 x 10° m/s)
=27,33x107%6 kg - m/s

H apeBaiotnta Ap, Oa givar 1o 0,1%
TNG TTAPATTAVW TINAG ONAadH
27,33 x 10722 kg-m/s.
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H aBefaidotnta Ax otn 0€on Ba &i-
VaI TO AIYOTEPO
~ h
21-Ap,

6,626 x 10~34J/s

6,28 - 27,33 x 10™%° kg-m/s

=0,38 x 10”4 m.

Na 116 0100 TACEIG TOU NAEKTPOVi-
ou n afefaioTnTa BEong eival TEPA-
oTia. Mpokeital yia éva nAekTpoévio
TTOoU 0¢v Ba 1o Bpoupe TroTE. Eival
oo Va WAXVEIC WUAAOUG OT’ Axupd.

B) Mg Tnv id1a d1adiIKacia, yid TO
MTTOAQKI TOU YKOAP Bpiokoupe afe-
BaioTnTa WG TTPOG TN BEOoN

Ax=1,16x 10"2¢"m.
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Na Eva cwpa Twv dI00TACEWY TNG
MTTAAQG TOU YKOAQ n afeBaioTnTa
auTn gival pndauivn. NMPAKTIKA yvw-
piCoupe pe akpifela Tn BEon Tou.

(7.7.) Kupatoouvdprnon kai E§icw-
on Schrodinger (Zp&VTIVYKEP)

Eidape OTI Eva UTTOATONIKO CWH -
TidI10, YIO TTOPAOEIYHA EVA NAEKTPO-
VIO, OE UTTOPEI VA TTEPIYPAPEI AV UAI-
KO ONMEIO, ME TPEIG CUVTETAYMEVEG
OTO XWPO. YTTO OPICHEVEG OUVOARKEG
OUUTTEPIPEPETAI oAV KUua. Na Tnv
TTEPIYPAPN TOU XPEIOA(OMAOTE Hid
KUHAaTOOUVAPTNON o¢ avoAoyia pE
TNV €§icwWON KUMATOG TTOU XPNOIMO-
TTOIOUME YIO TNV TTEPIYPAPN EVOS UN-
XOVIKOU | EVOG NAEKTPOHAYVNTIKOU
KUMATOG. TNV KUJOTOOUVAPTNON
autn 0a Tn oupyBoAifoupe pe V.
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H KupatoouvApTnon gival yia cu-
vapTnon tnG B€ong Kai Tou Xpovou
Y=Y (x,vy, z, t).

2TO MNXOVIKA KUMOTA N €§icwon
KUMOTOG MAG OivEl yia KABE Xpovi-
KN OTIYMN TN 00N KABE onuEiov ToU
UAIKOU JECOU OTO OTTOIO O100idETAI
TO KUMO. 2T NAEKTPOMAYVNTIKA KU-
MOTO Ol £EI0WOEIC KUMATOG TTOU T
TEPIYPAPOUV pag divouv yia Kade
XPOVIKA OTIYMA TNV TIMA TNG EVTA-
ONG TOU NAEKTPIKOU Kl TOU NayvNTI-
KoU 1Tediou o€ KAOE onNMEIO TOU XW-
pou oToV o1roio O1adidETAI TO KUMA.
H kupatoouvaptnon ¥ Opwg 1Tou
TTEPIYPAPEI EVO CWHATIOIO -KUMO OEV
oXETi(eTOl PE KATTOI0 HEOOV O1000-
OonNG oUTE JE KATTOIEG 1I01OTNTEG TOU
Xwpou. Eival SUoKOAO va TnG atro-
OWOOUME KATTOIO (PUOIKK onUacia.
MTiropouUuE PHOVO VA TTEPIYPAWOUNE
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TTWG OXETICETAI ME TA PUOIKA TTOPO-
TNPOUMEVA PAIVOUEVA.

10 KATTOI0 CUYKEKPIPEVO ONUEIO,
OPICHEVN XPOVIKN OTIYMN N KUMOTO-
ouvapTnon Oa EXEl NI CUYKEKPIUE-
vn TiyR. O Max Born 1mrpoteive va gp-
MNVEUOOUMNE TO TETPAYWVO TOU ME-
TPOU TNG KUMATOOUVAPTNONG oAV TV
mlavoTnTa B£ong ava povada Oykou.
AnAadn, av opicoOUNE Evav OTOIXEI-
won oyko dV yupw a1ro £va CUYKE-
KpIMEVO onuEio (X, V, Z) TO YIVOHEVO
|w|? dv Sivel Tnv m@avoTnTa va Bpi-
OKETAI TO CWHATIO HECU OTOV OYKO
dV oTn 0€d0OUEVN XPOVIKN OTIYHN.

AV XWPICOUNE TO CUVOAO TOU XW-
POU O€& OTOIXEIWOEIG OYKOUG dV Kal
o€ KAOE onueio Tou Ywpou Bpoupe
TNV TINA TNG W yIa KATTOI0 XPOVIKI
OTIYMN TO AOPOICHA TWV YIVONEVWYV
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|W|2 dV mrpémrer va gival ico pe T po-
vaoa.

ZIWI2 dV = 1

AnAadn n mlavornTa va Bpioke-
TOI TO CWMATIOIO KATTOU OTO XWPO
gival ion ge Tn povada. Mg atrAd Ao-
Yia KABE XpOVIKA OTIVUN TO CWHOATI-
010 ciyoupa BpiokeTal katrou. H TTa-
PATTAVW OXEON TTPOKUTTTEI ATTO TNV
o1doTaon 1TTou £dWoe o Born oTo
|w|2 ken ovoudAdleTal oUVONKN Kavo-

VIKONMOINOEWC. Edv n kKupaTtoouvdap-
TNON €ival CWOTA TTPETTEI VA IKOVO-
TTOIEI TN OUVONKN KAVOVIKOTTOINCEWG.
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Max Born (1882-1970). "'eppavia.
Meyalog BewpnTIKOG PUOLKOG. XpN-
glonoinoe TIc NIBavoTnTEG yla va
EPUNVEUOCEL PALVOUEVA TNG KBAVTL-
KNG UNXAaVIKNG. To 1933 eykaTEAEL-
we tn eppavia apxka yia 1o Edu-
BoUpyO KAl OTN OUVEXELA YA TIC
Hvwpeveg MNoAtteieg. NopneA 1954.
Eikova 7-7.
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Erwin Schrodinger (1877-1961). ['ev-
vNOnke otn Bievvn and Auotplako nao-
TEPA Kalt AyyAida pntepa. KaAAepyn-
LLEVN KAl KOAALTEXVIKI UON €iXE TO TO-
AEVTO VA Napouctalel TIC anoyYelc Tou
LIE YONTEUTIKO TPOno. Aidage otn Zu-
piXN, ONou OLTUNWOE KAl TNV NEPIPN-
LN €¢iowar) Tou, 0to BepoAivo, oTnv
Ot popdn kat oto AoUBALVO. 2TO TEAOC
™NG WNG TOU eNEOTPEYE OTn Bievvn.
Molpaotnke pe tov P.A.M. Dirac To

NopneA duokng to 1933.
Eikova 7-8.
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Nw¢ BPIOKOUHE OUMWG HIO KUHATO-
ouvapTnon;

Tnv amravrnon €édwoe o Erwin
Schrodinger d10TUTTWVOVTAG TNV TTE-
pPIPNHN £CICWON TOU TNG OTToiag AU-
on givai n V.

Na éva cwuaTtidlo TTou KIVEITAl TTA-
VW OTOV AZOoVA TWV X O€ Mia TTEPIOXN
OTTOU UTTAPXEI EVA OUVTNPNTIKO TTE-
0i0, VIO KATTOIO OCUYKEKPIMEVN XPO-
VIKI) OTIYMA N €gicwon Schrodinger
EXEI TN HopPPN:

2 42
- T )W) = E-w ()
2m  dx?

(7.6)
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+- (d1aacleran h-bar) n ou-

VTOUOYPOQia TOU L ,
21T
m n Mada nPEMIag Tou ow-
paTIOiOU,
d?W(x) , ,
5 n OEUTEPN TTAPAYWYOGS
dx TNC KUJOTOGUVAPTNONC
WG TTPOG X,
U (x) n OUVAMIKN EVEPYEIO TOU
OWHATIOIOU AOYW TNG
B<ong Tou
E N OAIKK EVEPYEIO TOU
owpaTtidiou.

H AUon TnG €icwong auTtnG givai
N KUMOTOOUVAPTNOTN TOU CWHATIOI-
ou.
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Epooov To cwuaTidlo gival Tre-
PIOPICHUEVO VA KIVEITAI TTAVW OTOV
agova TWV X N KUNOTOOUVAPTNON
TOU TTPETTEI VA IKAVOTTOIEI T ouven-

KN Z|\I-'|2 dV =1 dnAadn 1o cwudaTIO

oiyoupa BPICKETAI KATTOU OTOV AEO-
VO TWV X.

(7.8.) Zwparidio Mayidsupévo ot MNn-
yaod1 Auvauikou

2WHATIOIO TTOYIOEUMEVO OE TTNYAOI
OUVOMIKOU gival Eva CWMATIOIO TTOU
AOYW €EWTEPIKWYV OUVAUEWYV Eival Tra-
YIOEUHUEVO O€ Mia TTEPIOXN TOU XW-
pou. Av OewprOoUNE YIa TTOPADEIY-
MO OOV CWHATIO £VA NAEKTPOVIO, TE-
TOIoU €idOUG TTaYidEG gival Ta ATOMO.
H di1atagn Tou oxnuartog 7.11 yag Oi-
VEI JIA TTIO XEIPOTTIOOTH EIKOVA TOU
TI €ival Eva TTNYAdI OUVOMIKOU.
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(a)

(B)
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(a) H diatagn autr neplopidel Ta EAeU-
Ogpa NAEKTPOVIA TOU aywyou o’ Eva
UKoG L navw oTov agova Twv X.

(B) To nNnyadt duvapukou Nou dnoup-
Vel N Oldtacn pac. Ta eAeUOepPa NAe-
KTPOVLIa NMou BpiokovTal oTa Opla ToU
L €xouv Ouvapkn evepyela, U = 0 evw
€CW anNoO Ta Opla Tou L OUVALIKN EVEP-
vew U # 0. ['a va Byel Eva NAEKTPO-
VIO ano TO NNyadl NPENEL va €XEL K-
VNTIKN EVEPYELQ HEYOAUTEPN aNd TO
BaBog Tou nnyadiou Uy. 2TnV npagn
TO NNYAdL OUVAULKOU NMou dnUIoUpPYEL
N OLATAEN HUOC EXEL OTPOYYUAEUEVQ
XEIN KAl TOXWHATA NMOU YEPVOUV EAC-
@PA NPOC TA £EW.

Zxnua 7-11.
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a) NMnyad! AuvapikouU Angipou Ba-
Ooug

‘EoTWw OTI EXOUME EVa NAEKTPOVIO
TTOU KIVEITOI JOVO KaTd Tn d1evubuvon
TWYV X KOl €ival TTayIOEUNEVO O’ Eva
TNYadl OuvauIKoU atreipou Badoug
OTTW¢G o100 oYNMa 7.12. AuTé onpuai-
VEI OTI EAV TO NAEKTPOVIO BpPioKETAI
oT1o d1doTnua 0 x <L &£x&l SuvauIKi
evépyela U=0 evw av x<0nx>Ln
OUVOMIKA evépyela atreipideTal. Me
TOUG TTAPATTAVW TTEPIOPICHOUG N
AUon TnG gicwong (7.6) givai

Yx)=0avx<0nx>L kal

NTTX
L

Y(x) = Anpu via 0sxsL

OotTmou n=1,2,3, .ccennrnnee.
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U(x) U(x)

Sxfpa 7-12.

H ¥(x) gival n KupatoouvapTnon 1rou
TTEPIYPAPEI TO NAEKTPOVIO MOG YIA
KATTOI0 OEOOMEVN XPOVIKN OTIYHNA.
To MNAKOG KUMATOG TNG NMUITOVOEIOOUG
OUTAG MOPPNG MTTOPEI VA TTAPEI TIC
TIMEG

2L
)\=T(n=1,2,3, ...... )
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Av OéoouUpE TIC TIMES TOU A TTOU BpPN-

h
KOME OTN OXEON p=T TTPOKUTITEI
nh
= — 7.7
P="r (7.7)

BAETTOUME OTI N OPUN TOU NAEKTPOVI-
ou O&gv UTTOPEI VA TTAPEI OTTOIAONTTO-
TE TINNA AAAQ TIMEG TTOU €ival aKEPAIX

h
TTOAAQTTAGCIO TNG TTOCOTNTAG TR

AnAadn n opun gival KBAVTIOUEVN.
KaTti avTioToixo cupBaivel Kail ME TV

EVEPYEIO TOU NAEKTPOVIOU TTOU UTTO-
pPEl va gival JOVO KIVNTIKN.

2

E=K= P
2mg
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AVTIKOBIOTWVTAG OTN OXEON QUTN
TNV opunN a1rd TNV (7.7) BPioKOUME

hZ2
8meL2

E = n? (7.8)

H evépyela TOU NAEKTPOVIOU HOG Ei-
VOl UTTOXPEWTIKA KBAVTIOHEVN.
Acg doupE TWPO OV UTTOPOUME VA EVTO-
TTiIOOUNE TN BE0N TOU NAEKTPOVIOU.
Eidaue o611, cUNPWVA PE TNV TTOPA-
doxn Tou Born, TO TETPAYWVO TOU [E-
TPOU TNG KUMATOOUVAPTNONG Eival N
mlavornTa B£ong ava povada Oykou.
2TO TTPORBANMA TTOU HEAETAME TO NAE-
KTPOVIO KIVEiITOI HOVO OTN O1EVBUvVoN
Tou GEova Twv x. Apa 10 |¥(x)|2 Ba
gival n mlavornta BEong ava pova-
Oa MAKOUG YIa T OEOOMEVN OTIVMN
TTOU £EETACOUE.
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(a)
(B)

| M” |
o
3 o « 14- W M N «|O©
T Il I | | |

- i = c c o

9E,

(Y)

4E,
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(a) [ pagikec napaotaoelg tTng W(x)
YO TOUG TPELC NPWTOUC KBAVTIKOUG
aplOpouc. (B) Ol avTtioTolXEC NApPa-
OTAoEIG yia TO |W(x)|%. H Ty Tou
lw(x)|? yia kGBe anpeio deixvel Tnv
nBavoTnTa va BpeBel To NAEKTPOVLIO
0’ €VA OTOIXEWWOEC dx YUpW ano TO
onpeio auTo. (Y) OLavTioToLXEC EVEp-
YEIOKEC OTAOLEC TOU NAEKTPOVIOU.
H anootaon avapeoa o€ OUO OLad0-
XIKEC OTAOUEC OeV elval oTaBePN, E-
YOAWVEL 000 AUEAVEL TO N.

Zynua 7-13.
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B) NMnyadi Nengepaocpevou Baboug

‘EoTw OTI TO NAEKTPOVIO TNG TTPO-
NYOUMEVNG TTOPAYPAPOU Eival EYKAW-
BiopEVO O’ Eva TTNYADI TTETTEPOCME-
vou aBouc (oy. 7.14). Twpea, av To
NAEKTPOVIO BPioKETAI OTO dIACTNHA
[0-L1] €xer duvapuikn evépyeila U = 0,
av BpioKeTAl £EW ATTO TO dIACTNHA
[0-L] &xe1 duvapikn evepyeia Uy.
To NAEKTPOVIO TTOU ECETACOUME EXEI
EVEPYEIA MIKPOTEPN atro Uy. Me au-
TEG TIG OPIAKESG OUVONKEG, N 7.6, yia
0=x=L, €&l J1a nuITOVOEION AUON
avaAoyn ME AUt TTOU BPNKAME OTO
TNYadl amreipou Baboug. lNa x<0
Kol X>L, OMWG, OeV TTPOKUTTTEI
Y(x) = 0, oTTWG TTPIV, AAAG Mia EKOE-
TIKA @Bivouoa ouvAapTnon Tou X. Te-
AIKA N KUJOTOOUVAPTNON £XEI MiO HOP-
(PN oav aUTAV Tou oynuaTtog 7.15.
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Txfipa 7-14.

P(x)

Txfjpa 7-15.
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Kal oTnVv TEPITTTWON TOU TThYadI-
oU TTETTEPACHEVOU BABoug ol KaTa-
OTACEIG OTIC OTTOIEC NTTOPEI VA BpE-
Ogi TO NAekTPOVIO Eival OIOKPITES (KPBa-
VTIOMEVEG). EKEI TTOU HOG TTEPIMEVEI
Mia KBavVTIKA EKTTANEN €ival OTN ypa-
@IKA TTapdoTaon Tou |¥(x)|2 ouvap-
TAoEI Tou X. BA&éroupe 611 TO |W(x)|2

O0¢ undevileTal auéocwg yia x <0 kai
x>L. AnAadr akOun Ki av TO NAEKTPO-
VIO OEV £XEI TNV ATTAITOUMEVN KIVNTI-
KN EVEPYEIA YIa va ByEl a1TO TO TTHYA-
Ol, CUMPWVA HE TIC TTPORBAEWEIC TNG
KAQOIKNG BEwpiag, UTTAPXEI KATTOIO
moOavoTnTa va Bpedei EEw atr’ auTo.

A¢ CuvoWYiooOUlE 600A £XOUME MA-
O&1 pEYPI TWPA:
1. To nAekTpOVIO —aVTIOETO YE O,TI
TTPORAETTEI N KAAOIKNA Bewpia— OE
MTTOPEI VO EXEI OTTOINONTTOTE TIMN
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EVEPYEIOG | OPUNG OTAV BPiCKE-
TOl MECO OTO TTNYAOL.

. To NAEKTPOVIO OEV NPEHEI HECTA
oTnv nayida Tou. H xaunAortepn
OTAOMN KIVNTIKAG EVEPYEIOG OTNV
otroia uTropei va Bpedei avtioTOol-
X&i o€ n =1 Kal givail d1d@opn Tou
MNO&evog. Eival KATI TTOU €pXETAI
o€ avTiBeon Ye TNV KAAOIKN Oew-
pia.

. To nAekTpovio gival mOavoTePo
va BpeOei o€ opIoPEVA TUAHATA
NG nayidac an’ 0,71 o€ aAAa. Av
BpiokeTal oTn BepeAIWON KATA-
otaon (n = 1) (ava@EpeTal Kal ocav
€00 @IKN KATACTAON) €ival TTOAU
mIBavoTepo va Bpedei yupw atro
TO HEOOV TNG TTAYIOAG TTAPA KO-
VTAd OTO AKpa TNG. Movo via yn-
AEG EVEPYEIOKEG OTAOUES N TTIOA-
vVOTNTA VA BPICKETAI OE KATTOIO
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BEon KATAVEMETAI TTIO OMOIOHOP-
(@A KAl CUYKAIVEI oTNV ATTOWYN TNG
KAOOIKNG Bewpiag TTou Bewpei
OAEG TIG B0 EIg £CioOU TTIBAVEG.

. To NAeKTPOVIO HNOPEI Va diapu-
YEI ano Tnv nayida Tou. Eav 1o
TTNYAadI TOU OUVAMIKOU OEV EXEI
ATTEIPO BABOC TO NAEKTPOVIO EXEI
Katrola milavornTa (MIKpR aAAd
ox1 undevikn) va Bpebei EEw atro
TO TTNYAdI KI ag PNV £XEl TNV Oew-
PNTIKA ATTAITOUMEV EVEPYEIA VIO
va ouuBei auto. H miBavéTnTa
QUTI MEYOAWVEI OCO TO NAEKTPO-
VIO BPIiOKETOI OE WNAOTEPN EVEP-
YEIOKN OTAOMN.
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n=3

(Y)

n=2

n:
0 L X
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(a) I pagpikec napaotaoelg tTng W(x)
YO TOUG TPELC NPWTOUC KBAVTIKOUG
aplOpouc. (B) OLavTioToLXEC EVEp-
YEIOKEC OTAOUEC TOU NAEKTPOVIOU.
(Y) O avTioTolxec napaocTACELC YA
To |W(x)|2 . H Ty Tou [W(x)[2 ya
KAOe onpeio Ogixvel TNV NBavoTn-
Ta va BpeBel TO NAEKTPOVIO O’ Eva
OTOLXEWOEC dx YUpW and TO ONUELO
auTO. BAENoupEe OTL Ol KAUMNUAECG
EKTEIVOVTAL KOl £EW ANO TA OPLA TOU
nnyaolou.

Zxnua 7-16.
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(7.9.) To daivépevo ZRpayyag

2TNV TTPONYOUHEVN TTOPAYPAPO Ei-
OaME TO TTAPAOOEO OTI AV EYKAWI-
OOUME £va NAEKTPOVIO HECO O’ EVa
TTNYAdI OUVANIKOU UTTApPXEl N TTI0a-
voTnTa va Bpedei £EEw aTtrd TO TTNYA-
O1. Eival oav va KAgivoupe Eva uTra-
AAQKI O’ EVvO KOUTI KI QUTO, MEPIKEG
POPEG, VA BPIOKETAI AT’ £CW.

‘Eva avTioToIXO (PAIVOUEVO Eival TO
PAIVOUEVO onpayyas. EOw 1o nAe-
KTPOVIO BPICKETOI AVTIMETWITO ME £Va
@PAYHO OUVAUIKOU WNAOTEPO ATTO
TNV EVEPYEIA TOU. ZUNPWVA ME TNV
KAOOIKN Bewpia To nAekTpovio Ba
aVOKAQOTEI KOl 00 ETTICTPEYEI TTICW.
H kBavTiki Oswpia, OHwWG, HOg odnyeEi
OTO CUUTTEPAOMO OTI, MEPIKEG POPEG,
TO NAEKTPOVIO DIATTEPVAEI TO PPAY-
pa. H BewpnTikn autn TTPOLBAEWN
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emiBeBalwveTal TTEIPpAPATIKA. Eival
oaV VA TTETAUE VA UTTAAAKI O Eva
T{AMI KOI KATTOIEC POPEG TO MTTAAQ-
Kl va BpioKETAI OTTO TNV AAAN HEPIA
XWPIig va otrdoel To T(aul. TETOIA
@aivopeva BERala 0 cupfaivouv
TTOTE UE CWHATA OTTWG EVA MTTAAQG-
KIl, CUMBaiVvOUV OJWG HE CWHATIOIA
OTTWG EVA NAEKTPOVIO.

MeEyioTo UYog A
Kol MNOEVIKA TaXUTNTA

Otav E<U, 1O Tpatvaki Ogv HNOpEL va
unePNNONOEL TO PPAYLA QUVALIKOU.
Zxnua 7-17.

94 | 244

»



Ac doUpe TTpWTA TI EIVal Eva Pppay-
pHa duvapikou. ‘Eva Tpevdki Tou Aou-
va TTapPK (o). 7.17) €X€1 OTO XOAMNAO-
TEPO onuEio A TG S100pOUNRG TOU TA-
XUTNTA Up. AV BEWpNOOUPE OTI OTO A
N OUVOUIKNA EVEPYEIO TOU TPEVOU Eival
MNOEVIKI TOTE N OAIKN TOU EVEPYEIQ

1
E Ba gival E=Kp = 5 M U Az. MtrpooTa

OTO TPEVAKI BPIioKETAI EVO UPWHA
uyoucg h og oxéon Je To onueio A.
Edv TO TPEVAKI KATAPEPEI VO BPE-
Bei oTNV KOPUPAR A TOU UPWHATOG
Ba £xel duvapikn evépyela U =mgh.
‘Eva T€To10 UYwa ocav auto Trou Bpi-
OKETAI MTTPOCTA OTO TPEVAKI UTTO-
pEi va XapakTnpioBei ocav Eva epay-
Ma duvapikou uyoug mgh. Eav dgv
uttapxouV TpIREG kal E = Uy TOTE TO
TPEVAKI O UTTEPTTNONOEI TO UYW-
MO KAl 6a ouveXioEl TNV TTOPEIA TOU.
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Eav E < Up TO TpEVaki Ba @Taocel JE-
XP! Eva UYo¢ MIKPOTEPO TOU h, n Ta-
XUTNTA TOU B0 UNOEVIOTEI KOl Ba KUAN-
o€l TTPOG TA TTiICW. AvTioTOIXO (PPAY-
MOaTO OUVAMIKOU MTTOPOUME VA UAO-

TTOINOOUNE KOI OTO NAEKTPIKO TTEDIO,
OTTOU TO POAO TOU TpEVOU Ba TTaidEl

EVA NAEKTPOVIO KaI TO (PpAYyHa duva-
MIKOU Oa avTIioTOIXEI 0 OUVAMIKN €-
VEPYEIO NAEKTPIKOU TTEDIOU. (O). 7.18).
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0 L

Opayua duvapikou uyoug Ug. 'Eva
NAEKTPOVIO eVEPYELNG E<Uy oUpPpW-
Va JE TNV KAQOLIKK) Bewpia dev pnopei
va nePAoEL ano Tn Hia NAeupa Tou
@PPAYHATOG OTNV AAAN.

Zynua 7-18.
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H Auon tng (7.6) av AdBoupue uTro-
Wn TOUG TTEPIOPICHUOUG TTOU ETTIBAA-
A€l TO PpAYyua OUVAUIKOU dnAadn
U=0 yia x<0 ka1 x>L ka1 U=Uj yia
0 = x =L, eival TnG MOPPNS TOU OXN-
paTog 7.19.

U(x)
Y(x) Uo

AploTtePa Kat OEELA TOU PPAYUATOGC
N KUMATOOUVAPTNON ELVAL NUTOVOEL-
ONG EVW OTO ECWTEPLKO TOU EKOETI-
KN @BOivouoa.

Zynua 7-19.
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BAETTOUUE OTI N KUJOTOOUVAPTNON
UTTAPXEI Kal OECIA TOU (PPAYMOATOS AV
KOl JE aIoONTA MIKPOTEPO TTAATOG. Au-
TO onuaAivel HIKPOTEPN TTIBAVOTNTA
UTTapPENS ToU NAEKTPOVIOU O&CIA TOU
PPAYMATOG ATT’ O,TI APICTEPA.

H miBavoTnTa eJ@AvIoNnNS TOU nNAe-
KTPOViou O&e&Id TOU PPAYMATOS EEap-
TATAI ATTO TNV EVEPYEIA TOU E kal 1O
g0Upo¢g Tou ppaypatog L. Mo ocuyke-
KPIMEVA, N TTIBAVOTNTA YIVETOI MEYOA-
AUTEPN av augnOci n evépyela TOU nAe-
KTPOVIOU (TTAPOAMEVOVTAC HIKPOTEPN
a1TO TO UYOG Tou ppayparog Ug) Kai
av eAATTWOEI TO EUPOS TOU PPAYHATOC.

To @AIVOUEVO ONPAYYOG £XEI TTOA-
AEC EQPAPMOYEG.

O xaAkOg o&eldwveral. 'Eva yuuvo
oUpMO aTTO XOAKO KOAUTITETAI ATTO
EVO AETTTO OTPWHO OEEIDIOU TOU XOA-
KOU TTou gival HovwTtnS. Opwg, 6Aol
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YVWPICOUME OTI N £TTO@R OUO XAAKI-
VWV CUPHATWYV gival aywyiun. NMwg
MTTOPOUV TA NAEKTPOVIA KOl TTEPVOUV
aT1T0 TO £va oUpHa oTO GAAO; Me 1O
PAIVOHUEVO CHPAYYOC.

KaTtd Tn padievepyo diaotraon
AAQA, O TTUPNVOG EKTTEUTTEI EVO OW-
MATIO AA@a (TTUPAVOG TOU OTOIXEIOU
NAIov). INa va d1a@puUyel TO CWHATIO
GAQPA aTTdé TOV TTUPAVA TTPETTEI VO
O1aTTEPAOTEI EVA PPAYHA OUVAMIKOU
TTOU OQEIAETAI OTIG EAKTIKEG TTUPNVI-
KEG OUVAMEIC KOl OTNV ATTWOTIKN OU-
vaun Coulomb avapsoa o€ auTo Kal
OTOV UTTOAOITTO TTUPNVA. ZTTOP0OI-
KA, KATTOI0 CWHATIO AAQPA KAaTopOw-
VEI VA OIOTTEPAOCEI AUTO TO PPAYHMA.

Mia TTupnVviki avTtidpaon ocuvtn-
¢NG TTPAYMATOTTOIEITAI OTOV OUO TTU-
PAVEG EPOOUV TTOAU KOVTA WOTE Ol
IOXUPEG TTUPNVIKES TOUG OUVAMEIC
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MTTOPECOUV VA TOUG KAVOUV VO CUC -
CWHATWOOUV KOl VO TTPOKOAECOUV
Tn ouvTnEn. To TTANCIaCHA OMWG TWV
TTUPAVWYV TTOPEUTTODICETAI ATTO TIG O~
TTWOTIKES Ouvapelic Coulomb TTou Tei-
VOUV Vd TOUG atTojakpuvouy. Na va
EITEVUXOEI N ouvTNEn 01 OUO TTUPNVEG
TTPETTEI VA OIATTEPACOUV TO PPAYMO
TTOU ONMIoUPYEITAIl ATTO TIC ATTWOTI-
KEG Ouvapuelg. Auto ouufaivel oTov
"HAI0 KOl o€ OAa Ta AAAQ aOTEPIAL.

To @aIvOueEVO onpayyas BPioKel
£Tiong epappoyn oTig 816000UG ON-
POYYOG, OTO NAEKTPOVIKO HIKPOOKO-
TTI0 CAPAYYAG KAl aAAOU.
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Zuvoyn

To pEAav owpa gival To 1I9EATO EKEi-
VO OWHA TO ONoio anoppoPa OAn
TNV akTivoBoAia n onoia npooni-
NTEI NAV® TOU.

O1 unoBeoeic nou ekave o Planck
oTNV TTPOOCTTABEIA TOU VO EPUNVEU-
o€l TNV aKTIVOBOoAia Tou HEAAVOG
OWMATOG Eival:

H evépyelad TV TAAGVTOUHEVWV
aToOHMV OEV UNOPEI va nApel onoia-
onnote Tiyn. Mnope&i va napel Hovo
O1akpPITEC (KBAVTIOUEVEC) TIHEG. OI
TIHEG TNG EVEPYEIAC NMOU HMNOPEI va
EXEI TO TAAAVTOUHEVO ATOHO Eival

E,, = nhf

OTTOU N £VOG DETIKOC OKEPOIOG apPIO-
MOG TTOU oVOUA{eTal KBAVTIKOC api-
OuoC f N ouxvoTNTa TAAGVTWONG
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TOU aTOMOU Kol h n oTaBgpd Tou
Planck (h = 6,626 x 10734J.s).

To NOOO TNC EVEPYEIAC, UNO HOP-
PN NAEKTPOHAYVNTIKAC AKTIVOBO-
Alag, Nou PNOopPEi va anoppoPpnoEl
N Vva EKNEPYEI EVAa ATOHO HNOPEI
va napel Hovo OIAKPITEC TIHEC.

O1 uTT00£0€IC AUTEC ATTOTEAOUV TO
BepEAIO TNG KBAVTIKAS Bewpiag.

To PWTONAEKTPIKO (PAIVOHUEVO Ei-
val TO (PAIVOHUEVO KATA TO Onoio
Hia HETAAAIKN ENIPAVEIA ANEAEU-
Ospwvel NAEKTPOVIA OTO NEPIBAA-
Aov OoTav navw TnC NPOoNINTEl
PO)C.

To EAAXIOTO TTOCO EVEPYEING TTOU
QTTAITEITAI VO TTPOCPEPOE] 0’ Eva
NAEKTPOVIO EVOG UAIKOU yia va dpa-
TTETEVOEI ATTO TO UAIKO AEyETAl EPYO
eEaywyng Kai cupBoAileTal HE TO .
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O Einstein epunVveEUCE TO PWTONAE-
KTPIKO (POIVOMEVO HE TNV TTOpadOXN
OTI TO (PWG HETAPEPEI TNV EVEPYEIA
TOU OE HIKPA NAKETA, MOU OVOHA-
(ovTal KBavra p®WTOC N PWTOVIA.

H evepyeia kabe pwToviou gival
E = hf
H KIVNTIKNA eVEPYEIQ EVOG (PUWTONAE-

KTPOVIOU KATA TNV €000 TOU ATTO
TNV Ka@odo givai

K = hf = ¢ (p@TONAEKTPIKN EEICMW-
on Einstein)

otrou h n otaBepd Tou Planck kai A
TOU MKOUG KUMOTOG TOU (pWTOG.

v - y ; h
H oppn kG0e pwToviou &ival p=—r-

daivopevo Compton civai To @ai-
VOMEVO KATA TO OTTOIO N OKEOA(OME-
v aKTIVOBOAia X a1ro Eva UAIKO £XEI
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MEYOAUTEPO MNKOC KUMOTOG ATTO TNV
mTpooTtritTrrovucd. H diapopa ¢apTa-
TAl ATTO TN YWVia OKEOAONG.

h

N = A=——(1-cuve)
mc

Onoi1odnNnoTE CWHATIO OPHNG P Ei-
val CUVOEDEPEVO HE EvA KUHA, HE
MAKOC KUMOTOG A TTOU diveTal ATTO
Tn oxéon

H apxn TnG apBeBaioTnTac Aéegi 6Ti
Oev €ival duvaTov va HETPHOOUHE
Kal Tn 6€on ka1 TNV opHN EVOC OW-
HaTIdiou, TAUTOXPOVA, HE AMEPIO-
pIoOTN akpiBeiq.

Na éva cwpaTtidlo TTou KIVEITal
TTAVW OTOV AZOVA TWV X

h
Ap, - Ax 22—
Px -
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H aBeBaioTnTa oTn HETPNON TNG
EVEPYEIAG HIAG KATAOTAONC EVOC
CUOCTHHATOCG €ival avrTioTpogpa ava-
Aoyn HE TOV XPOVO NOuU TO oUCTNHA
NAapapeEvEl ' AUTH TV KATACTAOT).

AE - At > ——
21T

Kupartoouvaptnon W €ivail n ou-
vapTnon TnG O€onc kai Tou XpOovou
Nou NEPIYPAPEI Eva COMHATIOIO —
kUpa. H kupatoouvdptnon ivai AU-
on TnNG £¢icwong Schrodinger.

To TETPAYWVO TOU HETPOU TNGS KUMA-
ToouvdpTNOoNG (|2 yia ouykekpipé-
VO ONMEIO KATTOIO CUYKEKPIMEVN XPO-
VIKA} OTIYURA €ival n mlavoTnTa €uU-
PECNC TOU owHaTIoiou ava povada
OYKOU (TTukvoTnTa mlavoéorntac). H
mlavoTnNTa VA BPICKETAI TO CWHATI-
010 KATTOU OTO XWPO Eival ion ME TN
povada
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z |w[2dv =1
(ouvOnkn kavovikonoinong)

Mnyadi Suvapikou gival Jia TreEPI-
oXI) TOU Xwpou Oo1Tou av Bpedei Eva
OWHMATIO Ba £XEI MIKPOTEPN OUVOUI-

KN EVEPYEIO AT’ OTI O OTTOIOONTTO-

TE GAAO onueio Tou TTEPIBAAAOVTOG

Xwpou. Eav n diagopd Tng duvaui-

KNG EVEPYEIOG METAEU ONUEIWYV EKTOG

TOU TTNYadIoU Kal EvTOG TOU TThya-

d10U gival Uy Kal TO CWHATIO EXEI KI-

VNTIKN EVEPYEIO HIKPOTEPN TOU Ug TO-

TE TO CWHATIO TTAYIOEUETAI OTO TTN-

Yyaol.

— To cwpuaTio Oev PTTOPEI VA EXEI
OTTOIONTTOTE TIMN EVEPYEIOG | OP-
MRS OTav BpicKeETAI HECA OTO TTN-
yaoil.

— To cwuaATIO OEV PTTOPET VA NPEMEI
MECO OTNV TTAYIOA TOU.
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— To cwpaTtio gival TIBavoTepo va
BpeOei o opICHEVA TUAMATA TNG
TTayidag atmr’ ot o€ AAAa.

- To ocwpuarto givai TBavov va Bpe-
Bei Kal EKTOG TTNYQOIOU.

daivopevo onpayyac sivai To @ai-

VOMEVO KOTA TO OTTOIO EVO CWHATIO

OIaTTEPVA EVA PPAYHO OUVAUIKOU

XWPIG va EXEI TNV KAACIKA ATTAITOU-

MEVN EVEPYEIA YI' AUTO.

EpWTNOEIC

MéAav copa

7.1 TaparnpwvTag Hia VUXTO TOV OU-
PAVO HE EVA TNAEOKOTTIO TTWG
MTTOPOUME VO EEXWPICOUME T
ACTPA TTOU £XOUV ETTIPAVEINKNA
Beppokpacia HIKPOTEPN ATTO
auThv Tou HAlou;
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7.2 YTtrapxouv KBAVTIOMEVEG TTOCO-
TNTEG OTNV KAAOIKAN QUOIKNA; AV
val, OWOTE EVa TTOPADEIYMA.

7.3 Ta nAekTpOVIO KOI TO QWTOVIO
gival CwWHATIA. ZE TI O10@PEPOUV
METAEU TOUG;

7.4 MiAdue yia @wTtovia epubpou
PWTOG N PWTOVIA IWOOUG PW-
T0G. MTTOpOUNE VO MIANOOUUE
VIO @WTOVIA AEUKOU pWTOG;

DWTONAEKTPIKO PUAIVOHEVO

7.5 Tlwg eppPNVEUETAI TO YEYOVOGS
OTI Ol PWTONAEKTPIKES METPN-
OEIC ECAPTWVTAI ATTO TN PUOCH
TNG @WTONAEKTPIKAG ETTIPAVEI-
ag;

7.6 Tlolec a1To TIGC ETTOUEVES TTPOTA-
O€IG Eival 0pOEG;

a) Av QUENOOUUE TNV EVTAOT) MIOG
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MOVOXPWHATIKAG OE0UNG TTOU
TTPOCTTITITEI OTNV KABODO TOU
PWTOKUTTOPOU AUEAVETAI O
APIONOC TWV NAEKTPOVIWYV TTOU
EKTTEUTTOVTOI OE OPICHEVO XPO-
VO.

B) O aplOPOC TWV EKTTEUTTOME-
VWYV PWTONAEKTPOVIWYV VIO OPI-
OMEVNG EVTOONG PWTEIVH MO-
VOXPWHOATIKI) OEOMUN, ECOPTATAI
a1T0 TO MAKOG KUMATOG TNG O€-
oune.

Y) Ta @wTonAekTpoOVvIa Bydai-
VOUV JE MEYOAUTEPN TAXUTNTA
OTAV N OUXVOTNTA TNG TTPOCTTI-
TTTOUOOC OKTIVOBOAIOG peya-
AWVEL.

0) Na va TTaparnpnOei To ew-
TONAEKTPIKO QPAIVOUEVO OTTOI-
TEITAI MOVOXPWHMATIKA OKTIVO-
BoAia.
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7.7 Ol €TTOPEVES TTPOTATEISC APOPOUV
OTO PWTONAEKTPIKO QPAIVOUEVO.
[Moleg a1TO AUTEC gival OPOEG;

o) H Tdon aroKoTrRg £€apTaTal
a1Td TN CUXVOTNTA TNG PWTEI-
VI OE0UNG KAl Eival HEYOAUTE-
pN YIO TNV KiTPIVN OKTIVOBOAIia
Tapd yia tnv mwpaocivn (f, <f;).
B)H augnon Tng évraong Tng
O£OMNG CUVETTAYETAI AUENON
TNG CUXVOTNTAG KATW@AIOU.

Y) H ouxvoTnTa Katw@Aiou e¢ap-
TATOI ATTO TO £PYO £CAYWYNG TOU
METAAAOU KaI €ival HEYOAUTEPN
yia 1o KaAio (P, =2,2eV) ammo
0,Tl Yia TO Kaiol0 (Pcs=1,4eV).
O0)H Tdon amrokoTTn¢ ¢apTa-
TOI ATTO TO £PYO £EAYWYNG TOU
METAAAOU KaI gival HEYAAUTEPN
yia 1o KaAlo (O, =2,2eV) amod
0,TI yia TO Kaiolo (Pcs=1,4eV).
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£) Ta WTONAEKTPOVIO EXOUV UE-
YOAUTEPN KIVNTIKA EVEPYEIQ
OTaV N KAB0OOC PWTICETAI ME
KITPIVO WG ATTO O,TI OTAV
QWTICETAI ME TTPACIVO QPWG

(fk <fr)-

oT) H TGon amrokotrng ¢apTa-
TOIl OTTO TNV EVEPYEIN TWV PW-
TOVIWYV TNG PWTEIVAG OECUNG
KOl EAATTWVETAI OTAV QPWTI(OU-
ME TNV KABOOO PE PWTOVIA ME-
YOAUTEPNG EVEPYEIQG.

daivopevo Compton

7.8 ZUNTTANPWOTE TA KEVA:
To MNKOG KUMATOG TNG OKEDA-
CoueVNG akTIivooAiag X Katd
TO @aivopevo Compton givai

aTTO AUTO TNG TTPOCTTITITOUCOG.
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7.9

AuTO onuaivel OTI Ta OKEON(O-

YEIOG ATTO TA TTPOCTTITITOVTA.
H d1a@opd TnNG evEPYEIQG TWV
........................... IcOUTAI ME TNV

AUo OEOoNEC OKTIVWYV X ME MAKN
KUMATOG Aq KOl Ay (ME A1>Ap)
okedadovTal o€ nAekTpovia. lNa
TNV id10 ywvia oKEdAONG O€
TTOIA ATTO TIG OUO TTEPITITWOEIG
OVTIOTOIXEI

0) MEYOAUTEPO KUMATOG TNG OKE-
0alOMEVNG aKTIVOBOAIOG

B) MEYOAUTEPN TIMR TNG EVEP-
YEIOG TOU OVOKPOUOMEVOU NAE-
KTPOViOuU.

7.10 H dia@popd HETAEU TWV HNKWV

KUMOTOG TNG TTPOCTTITITOUC G
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akTIVOBoAiag X kal Tng okeda-
COMEVNG YIVETAI HEYIOTN OTOV
n ywvia JETOEU TS oKedAlOo-
MEVNG KAl TNG TTPOCTTITITOUCOG

O£oMNG givai
a) 0°
B) 45°
Y) 90°

ETIAESTE TN CWOTH ATTAVTNON.

H kupaTikn @uUon TG UANG

7.11 'Eva nAeKTpOVIO, £VA CWHATIO
AAQPa Kal Eva VETPOVIO KIVOU-
VTOI ME TOXUTNTEG OPKETA MIKPO-
TEPEG ATTO TNV TAXUTNTA TOU
PWTOG KAl £XOUV TnV idla Kivn-
TIKN EVEPYEIA. 2€ TTOIO ATTO TA
CWHMATIOIN AVTICTOIXEI TO MEYO-
AUTEPO KOI OE TTOIO TO MIKPOTE-
PO MNKOG KUMaTOG de Broglie;
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7.12 10 OXNMO QAIVOVTAI TEOOEPIG
TTEPITITWOEIC NAEKTPOVIWYV TTOU
KIVOUVTOI HEOO OE NAEKTPIKO I
MECO O€ HAYVNTIKO TTEDIO. 2€
TTOI0 | O€ TTOIEC TTEPITITWOEIG
TO MAKOG KUpaTog de Broglie
o) yeyaAwvel; B) MIKpAiVvEl;

Y) HEVEI i010;
u u U $u
L= 0 B -
E E B B
(), (B) (Y) ()
Zxnua 7-20.

7.13 H utr60eon de Broglie 611 o€ Ka-
0€ KIVOUNEVO CWHA AVTIOTOIXEI
Eva KUMO OgV EXEI EQapMOoYN
OTA PAIVOUEVA TNG KOAONUEPI-
vi¢ (wNnc¢. Autd cupuBaivel yiari
TO OVTIOTOIXO MNKOG KUMATOG
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a) €ival TTOAU HIKPO N
B) gival TTOAU peyAalo;

Apxn TnG aBepaioTnTac

7.14 H apxn TnG afefaioTntag oev
a@oOpPA OTNV KABNMUEPIVOTNTA
Mag. [MoU o@eiAeTal auTo;

AOCKNOEIC

OWTONAEKTPIKO PAIVOHEVO - OpHn
PWTOVIOV

7.15 Ta nAekTpovia TTou Byaivouv

QTTO TNV ETTIQAVEIN EVOG METAA-
Aou TTOU QWTICETOI NE MOVO-
XPWHMATIKN OKTIVOBOAIa uR
KOug KUMaTog 400 nm £xouv
KIVNTIKN evépyela 0,8 eV. Mg
TTOI0 EVEPVYEIN EKTTEUTTOVTAI
QWTONAEKTPOVIO ATTO TNV 0l
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ETTIQAVEIN HE OKTIVOBOAiIa pA-
Koug KUpaTtog 500 nm;

Aivovtal h = 6,626 x 10734 J.s,
c=3x10%m/s, 1eV=1,6x10"124.

[An: 0,18 eV]

7.16 QwrTteivy akTivoBoAia uAKoug
KUMaTog 400 nm TTPOCTTITITEI
o€ METOAAIKNA gTTiIQavela. AuTh
EKTTEMTTEI PWTONAEKTPOVIO TTOU

EXouv Taxutnta 8 x1 0°m/s.
[Molo gival To €Epyo £Caywyng
yida TO NETAAAO TNG KOBOOOU;

AivovTal h = 6,626 x 10'34J-s,
c=3x108m/s, me=9,1x10'31 kg,
1eV=1,6x10"194.

[An: 1,3 eV]
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7.17 To £pyo €€aywyng yia Eva upE-
TaAAo gival 1,8 eV. lNolo Oa €i-
Vail TO OUVOUIKO OTTOKOTTAG Yid
PWG TTOU E£XEI MNKOG KUMATOG
400 nm;
Aivovtal h = 6,626 x 10734 J.s,
c=3x108m/s, e=1,6x10"19C,
1eV=1,6x10"194.

[An: 1,3 V]

7.18 Moia a1rd Ta TTAPAKATW UAIKA
OivOUV PWTONAEKTPOVIO OTAV
PWTICOVTOI JE OPATO PWG
(400-700 nm); TavTtdaAio (4,2eV),
BoAoppapio (4,5 eV), Bapio (2,5
eV), Aifio (2,3 eV). ZTnv TTapév-
Beon ava@EpETAl TO £PYO £Ca-
YWYNG TOU AVTIOTOIXOU METAA-
Aou.

AivovTal h = 6,626 x 10'34J-s,
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c=3x108m/s, 1eV=1,6x10"194.
[An: Baplo kat AiBio ]

7.19 To duvauIKO ATTOKOTTHG YIa HId
METOAAIKA ETTIPAVEIO TTOU PW-
TICETAI ME PWGS MAKOUG KUMO-
106 491 nm €givai 0,71 V. Otav
n idla ETIPAVEIN QWTIOTEI ME
PWS AAAOU NRKOUG KUMOTOG,
TO OUVAMIKO OTTOKOTTAG YiVETAI
1,43 V. Na uTTOAOYIOETE: O) TO
EPYO £CAYWYNG VIO TO METOAAO
auTo Kal ) To VEO MNKOG KUMA-
TOG.

AivovTai h = 6,626 x 10734 J.s,
c=3x10%m/s, e=1,6x10"19C,

1eV=1,6x10"124.
[An: 1,82¢eV, 382nm]
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7.20 H ocuyxvoTtnTa Katw@Aiou yia

Eva JETAAAO gival 5,6x1014Hz.
Na BpeBei N KIVNTIKA EVEPYEIX
ME TNV OTTOIO EYKOATOAEITTEI TO
METAAAO EVA PWTONAEKTPOVIO
OTAV TO METOAAO QWTICETAI UE
QWG ouxvoTnTag 8,6 x 1 014Hz.
Aivovtai h = 6,626 x 10734 J.s,
1eV=1,6x10"19.

[An: 1,2 eV]

7.21 Mia AapuTra 1Tou €Xel 1IoXU 200 W,
EKTTEMTTEI OMOIOMOPPA CE OAEG
TIG O1EVOUVOEIC HOVOXPWHATIKO
PWS NAKOUG KUMaTog 600 nm.
2& atmrootaon 10 m amrd tn Ad-
MTTO KOl aKPIBWGS TTICW ATro KU-
KAIKO avolyda akTivag 20 mm
BpiokeTal aicOnTRpag. NMooca
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PWTOVIA GTAVOUV CTOV a10ON-
TApa o€ xpovo 0,1 s;

Oa utroB£ceTe OTI OAN N evEP-
YEIO TNG AQUTTOG YIVETOI QUWTEI-
VI EVEPYEIQ.

AivovTtal c=3x108mls,

kat h = 6,63 x 10734 J.s.

[An: 6,03 x 103 ewtovia]

7.22 Ti1 JAKOG KUMATOG TTPETTEI VA EXEI
MIO NAEKTPOMAYVNTIKH OKTIVO-
BoAia woTe Eva pWTOVIO TNG VA
EXEI TNV IOI10 OPMI ME EVA NAE-
KTPOVIO TTOU KIVEITAI ME TAXUTN-
Ta 2 x 10° m/s;

AivovTtal c=3x108mls,
h=6,63x10734J.s,
me =9,1 x 10737 kg

[An: 3,64 nm ]
121 / 250-251

»



7.23 INo6ca @WTOVIA PE MANKOS KUMO-
TOG A=663 nm TTp£ETTEI VA TTPO-
OKPOUOUV VA OEUTEPOAETTTO
KAOETO O€ MIO ATTOAUTO OV -
KAOQOTIKI ETTIQPAVEIN, WOTE VA
aoknoouv o’ aut 6uvaun 1N.

Aiveton h = 6,63 x 10734 J.s
[An: 5 X 1026 PwTOVIa/S]

7.24 Emi@paveia Ni, yia To o1T0i0 TO
EPYO £CAYWYNG gival 5 eV, dExe-
TOl UTTEPIWON OKTIVORBOAIa MR-
Koug KUpaTog 200 nm. MNMoio 10
OUVOMIKO OTTOKOTTHG;

Aivovrai: c=3x108mls,
h=6,63x10"%%J.s
1eV=1,6x10"19y.

[An: 1,2V ]
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7.25 To £pyo eCaywyng yia 1o vaTpio
gival 2,7 eV. lolo gival To peya-
AUTEPO MAKOG KUMOTOG TTOU MUTTO-
PEI VA TTPOKAAETEI PUWTONAEKTPI-
KN\ EKTTOMTTH) A1TO TO VATPIO;
Aivovrai: c=3x108mls,
h=6,63x1073%J.s
1eV=1,6x10"19y.

[An: 460 nm ]

7.26 Mia peTaAAIKN ETTIPAVEIA QWTI-
CETAI ME PWCS MAKOUG KUMATOG
Aq = 550 nm Kal EKTTEPTTEI PW-
TONAEKTPOVIA YIO TO OTTOIA TO
OUVOMUIKO ATTOKOTTNG Eival
V41 =0,19 V. Na uttoAOYIOETE:
0) TO EPYO £EAYWYNS TOU METAA-
Aou.
B) To SUVANIKO ATTOKOTTAG OTNV
TTEPITITWON TTOU N ETTIPAVEIN
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QWTICETAI NE OKTIVORBOAIO pN-
KOUG KUHATOG Ay = 190 nm.

Y) T OUXVOTNTA KATW@AIOU yia
TO METOAAO QUTO.

Aivovrtai: c=3x108mls,
h=6,63x10"3%Js, e=1,6x10"19C,
1eV=1,6x10"19.

[An: 2,07eV, 4,47V, 500x 1012 Hz]

daivopevo Compton

7.27 @WTOVIA NAKOUS KUMATOC 2,4 pm
TTPOOCTTITITOUV O€ EAEVOEPA NAe-
KTpovia. Na BpeiTe TO MRKOG KU-
MOTOG EVOG (PWTOVIOU TTOU OKE-
ddoTnke a) katd 30° kai B) Ka-
Té 60 °.
AivovTal h = 6,626 x 10'34J-s,
c=3x10%m/s, my=9,1x10"3"1kg

[An: 2,7 pm, 3,6 pm]
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7.28 ®wTOVIO AKTIVWYV X NAKOUG KU-
MOTOG 10”1 m TTPOOKPOUEI O€
NAEKTPOVIO METWTTIKA KOl OKE-
daletou kKard 180°. YmroAoyioTe
moo0 METABANONKE N evépyela
TOU (pWTOVioOuU.

AivovTal h = 6,626 x 10734 J.s,
c=3x108m/s, my=9,1x10"31kg,
1eV=1,6x10"19.

[An: MewOBnke kata 41,4 keV]

7.29 Mia OEOuN WTOVIWYV TTOU £XOUV
evépyela 0,2 MeV okedadeTal
a1ro Ta NAEKTPOVIA EVOC OTO-
XOU a1T0 AVOpaKa.
a)Moio gival To NAKOS KUMa-
TOG TWV PWTOVIWYV TNG OECUNG
TTPIV TN OKEDOON;

B) Moio gival To MAKOG KUMATOG
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TWV Q@WTOVIWYV TTOU OKEDA(O-
vTal kaTd ywvia 90° o€ oxéon
ME TNV ApXIKA TOUug di1gUBuvon;
y) Mola gival n evépyeia evog
(PWTOVIOU TO OTTOiO £XEl OKEDO-
oTei KaTd ywvia 60° og oxéon
ME TNV ApXIKA Tou d1evbuvon;
AivovTtal c=3x108mls,
h=6,63x10734J.s,
1eV=1,6x10"19,
me=9,1x10"3"kg.

[An: 6,2 X 10712 m, 8,6 x 10712 m,

0,168 MeV]
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KupaTtikn uon TG UANG
7.30 Na Bpeite TO uMAKOG KUMOTOG de
Broglie TTou avTioTOIXEI

a) o€ NAEKTPOVIO

(Mg=9,1x1 0~31 kg) TTOU KIVEI-
Tal ME TAXUTNTA 2x10%m/s.

B) o€ TPpWTOVIO
(mp=1,67x1072" kg) Tng iBiag
TAXUTNTAG.

y) o€ pmraAdki (m=0,2kg) Tng
010G TaOXUTNTAG.

Aiveton h = 6,63 x 10734 J.s .

[An: 3,6 x 10710m, 2 x 10713 m,
1,65 x 10739 m]
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7.31 'Eva nAEKTPOVIO ETTITAXUVETAI
aTro TNV NPEMiIa pe Tdon 150 V.
Na UTTOAOYIOETE TO NNKOG KU-
MaTog de Broglie Tou nAeKTpO-
viou.

AivovTal h = 6,626 x 10'34J-s,
e=1,6x10"19C, my=9,1x10"3"kg.

[An: 10710 m]

7.32 a) lMNoia gival n evépyeia evog pw-
TOVIOU PJE MAKOG KUMOTOG 1 nm;
B) Mola €ival n KIVNTIKN EVEP-
YEIO EVOG NAEKTPOVIOU VIO TO
OTT0iO TO NNKOG KUMATOG de
Broglie gival 1 nm;

AivovTar: h = 6,626 x 1024 J.s,
me=9,1x10"31kg, c=3x108m/s,
1eV=1,6x10"19y.

[An:1242 eV, 1,5 eV]
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Apxn TnG aBepaioTnTaC

7.33 Av utto0éooupe OTI N oTOBEPQ
Tou Planck gixe Tnv 1iyn 0,6 Js,
TTol0 B ATav n aefaioTnTa B€-
ong yia pia prraAa padag 0,5 kg
TTOU KIVEiTaI ME TaXUTNTA 20mM /s
av n afefaidTnNTa TNS OPMNG
™NG givail 1%;
Oa NTTOPOUCANE VA TTIACOUUE
€UKOAO aUTA TN MTTAAQ;

[An: Ax = 0,96 m]

7.34 To nAekTPOVIO EVOG ATOMOU TOU
udpPOYOVOU TTOPAHEVEI OTNV
KOTAOTOON N = 2 - TTPIV HETOTTE-
o€l TNV Kataotaon n = 1 - €Tri
10738s.

Mola gival n afefaidTnTa OTNV
EVEPYEION TOU EKTTEMTTOMEVOU
PWTOVIOU;
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AivovTail: h = 6,626 x 10724 J.s,
1eV=1,6x10"194.

[An: 0,66 x 107 eV]

7.35 'Eva cwpaTidlo KIVEITOI O€ EU-
Ocia, pe TAOXUTNTA TTOAU MIKPO-
TEPN OTTO TNV TAXUTNTA TOU (PW-
T0G. Av n aBeBaioTnTa Ax TnG
BEéong Tou gival ion ME TO MA-
KOG KUMOTOG TTOU £XEI KATA de
Broglie, 0¢i¢te 0TI N afefaIOTN-
T TNG TAXUTNTOG TOU Eival

1
AUy 27— Uy
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ENOETO

To Mikpookonio Zapwonc Znpay-
vac (Scanning Tunneling
Microscope STM)

H utr60eon TG UTTAPENG TWV ATO-
MWV u@ioTaTal XIAIGOEGC XPOVIA. =€KI-
VAEl TOUAQXIOTOV A1TO TO ANMOKPITO.
MExpI TTPOC@ATA TO ATOMO TTOPEME-
VOV UTTOOETIKA Kal OXI TTapaTnPNOI-
Ma.

To 1982 o1 EABeTOi QuOoikoi Gerd
Binnig kai Heinrich Rohrer avérmrtu-
oV TO MIKPOOKOTTIO 0Apwong on-
payyacg (STM) tTou pag €dwoe Tn
OuvVaTOTNTA VA «doUNE» AToMA. lNa
TNV aVAaKAAUWYN TOUG TIMABNKavV ME
TO Bpafeio NOuTTEA HOAIC TEOCOEPQ
XPOVIO HETA.
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H Asitoupyia Tou STM otnpide-
TAI OTO KBAVTOUNXOAVIKO (PAIVOMEVO
NG onpayyac. EOw Ba ¢ekiviioouue
XPNOIMOTTOIWVTAS EVO KOVTIVO avA-
AOYO, TO PAIVOMEVO TNG OAIKNG ECW-
TEPIKNG avAKAaonG (Trapaypa@pog
2-10) yia va kataAdoupe TNV apxn
AgiToupyiag Tou STM.

Mia povoXpWHATIK OECHN PWTOG
TTOoU O100i0eTOI HECO OE EVA YUAAIVO
TTAOKiIOIO KOl TTPOCTTITITEI O A £0pa
TOU UE YWVia NEYOAUTEPN ATTO TNV
KPIioIpn (Orit) AOVOKAATOI KATA EKO-
TO TOIG EKATO. TO QAIVOUEVO AEYETAI
OAIKN] EOCWTEPIKN avakKAaon. ZTnV
TTPAYMATIKOTNTA TO KUMA TOU (PWTOG
O£ CTANATAEI AKAPIAIO TTAVW OTNV
avoakKAaoTIKA tTipavela. Na TToAuU
MIKPO d1ACTNHA, £va TUAMO TNG O&-
OMNG, CUVEYXICElI TNV TTOPEIA TOU KAl
£€W a1ro TO YUAAIVO TTAaKiOI0. AUuTO
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MTTOPOUME VO TO OgiEOUME TTANCIA-
CovTac Eva OEUTEPO YUAAIVO TTAOKI-
010 KOVTA OTO TTPWTO. TO PWTEIVO
KUMQO TTOU TTEPOAOE £CW ATTO TO TTPW-
TO YUAAIVO TTAOKIOIO Kal EC00OeVEI
TAXUTOTO TTOPOAAMBAVETAI ATTO TO
OeUTEPO TTAOKIOIO KOl O100idETAI
MEoa o’ auTo. H EvTaon Tou PeETaOI-
OOMEVOU KUMOTOG OTO OEUTEPO TTAQ-
Kidl10 EEAPTATAI ATTO TO TTOCO KO-
VTA QEPAME TO OUO TTAOKIOIO METACU
TOoUG (o). 7.21).

FTudaAivo FudaAivo
TAaKiOI0 1 TTAAKiOIO 2
Zxnua 7-21.
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Mia a1To TIG CNUAVTIKOTEPEG AV -
KOAUWEIC TOU EIKOOTOU aiwWva gival
OTI TO CWHATIOIO CUUTTEPIPEPOVTAI
w¢ KUpaTta. O1Twg 10 PWg PtTopEi
va OIOTTEPACEI TNV «OTTOYOPEUME-
v TTEPIOXA» AVANECO OTA TTAOKIOIA
£TO1 KOI TO CWHATIOIO HTTOPOUYV Va
OIATTEPAOCOUV UE TO PAIVOMEVO ON-
PAYYOG TTEPIOXEC TTOU CUNPWVA ME
TNV KAOOIKKR Bswpia gival atrayo-
PEVMEVEG. Eva aTtrAd TTapadEIypa
TOU (PAIVOHUEVOU ORPAYYOG EXOU-
ME OTNV TTEPITTTWON OUO HETAAAWYV
TTOU BpPioKOVTAl TTOAU KOVTA TO £V
OTO GAAO XWPIC ONWGS VA EPYXOVTAI
og eTrapn. Mia diagopa duvapi-
KOU epapuOleTal avapeoca ota OUO
METAAAQ (o). 7.22[). Ta eAelBepa
NAEKTPOVIO TOU KOMMOTIOU OTO Opl-
OTEPA OEV £XOUV APKETN EVEPYEI
Yia vd TTEPACOUV OTO KOMMATI OTO
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0eg1a. EvTouTolg, OTTWG Ta QWTEIVA
KUMOTO, TO KUMOTO TTOU Eival OUV-
0edepéva PJE TA NAEKTPOVIA OE OTO-
MOTOUV aKaplaia oTa OpIa TNG ETTI-
PAVEIONG TOU NETAAAOU OAAQ EKTEI-
VOVTAI KOl £EW ATTO AUTO £€000EVW-
VTAaG TTOAU ypnyopa. EAv To KEvO
avAapeod ot OUO KOMMATIO METAA-
Aou gival TTOAU HIKPO, TO NAEKTPO-
VIO - KUMO UTTAIVEI OTO OEUTEPO KO-
MATI TTPIV £Ea00EVNOEI OAOKANPWTI-
KA Kal 0100ideTal péca o’ auto. Eva
PEUMO PEEI AVAMECO OTA OUO METAA-
AIKA NAekTPOOIa. TO pEUMA AUTO QU-
caveTal eKOeTIKA KaBwg Ta dUo TUN-
MOTO METAAAOU TTANCIAJOUV METACU
TOUG.

135/ 255

»



Auvauikn
EvEpyela =
OTO ECWTEPIKO
TOU METAAAOU

] Evépyeleg
AUYGNIKH *r]AaKTpoviwv
EVEPYEIN i X
OTO ECWTEPIKO (a)

TOU METAAAOU

Ppayua

JrosmmNma—y,

Tev

(B) I

(a) Ta NAEKTPOVIO OTO ECWTEPLIKO
EVOC LETAAAOU €ival «QUACKIOHEVA»
HEOCQ O’ AUTO YLlaTi BplokovTal pEoa
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O’ €va NNyaodl OUVAUIKOU NAapAaYOLE-
VO ano TNV €AEN TWV BETIKWV NUPN-
vwV. Ol EVEPYEIEC TWV NAEKTPOVIWV
QVTLOTOLYOUV OTHN OKIOOUEVN NEPLO-
xN. Eival @avepod OTL Ta NAEKTPOVIA
OEV €XOUV OPKETN EVEPYELA VIO VO
«dPANETEUOOUV ANO TO HETAAAOY.
(B) Epappolovtac pa dlapopa Ou-
VAULKOU avAapeoa o€ OUO YELITOVIKA
HETAAAIKA THAMOTO WNAWVOULE Ta
TOLXWHATA OUVAUILKNG EVEPYELOC TOU
€VOC Nnyaodlou o€ oXEoN UE TO AAANO
Kata eV. 2Uupwva He TNV KAAOIKN
Oewpla Eva @paypa OUVALIKOU £Ea-
KOAOUOBEL va epnodidel Ta NAEKTPO-
VIO Va NEPACOUV anod ToO £va TURHA
oTo GAANO. H KBavtopnxavikn npo-
BAENEL OTL KANOLO NAEKTPOVIA HMNO-
poUV va dlanepAcouV TO PPAyHa.
Zxnua 7-22.
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O1 Binnig kail Rohrer mTéTu)av va
KOTOOKEUAOOUV EVO NIKPOOKOTTIO
EKMETOAAEUOMEVOI TO PAIVOUEVO ON)-
payyac. To eyxeipnua TTapouoiaoce
MEYAAEC OUOKOAIEC. H TEAIKN £TTITU-
Xia atroTeAEi ATTOOEIEN TNS 1010QUI-
0G TWV EPEUVNTWV.

H kKevTpIKN 10€a TOUG ATAV VA M-
MNOoUV KATTOIOV TTOU TTPOCTTa0Ei VO
TTPOCOIoPICEl TNV VPN HIOG AVWHAO-
ANG ETIPAVEIOG HECA OE EVA OKOTEI-
VO OWMATIO CAPWVOVTAG OXOANOTI-
KA TNV ETTIPAVEIA PE TO OAKTUAA TOU
TTOAAEG POpPEG.

YT1roB£oTe OTI avTi VI Eva OAKTU-
AO XPNOIMOTTOIOUNE MIO TTOAU QY-
Mnen akida Tnv otmroia TTANCIA(OUME
O’ £vd OyWYIMO OgiyHa XwpEic va TNV
PEPVOUME TTOTE OE ETTAPN ME QUTO.
Epapupolovrag pia diagopda duva-
MIKOU, atro Aiya millivolts £éwg Aiya
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volts, avaupeoa otnv akida Kal To
Ociyua TTPOKOAOUUE Eva pEUMA ON-
PAYYOGS TNG TASEWCS TWV 107° A(nA).
Edv n akida KiveiTal TrTapaAAnAa
oTNV EMTIPAVEIN TOU OEIYMATOG, TO
peEUMO NHEYOAWVEI | MIKPAIVEI OVA-
Aoya JE TO av 1O dEiypa TTOPOUCIA-
el «KAOPOUG» Kal «KOIANGADES» OTNV
gmI@Avelda Tou. Na va diarnpnOei 1o
pEUHO OTOOEPO TTPETTEI N ATTOOTA-
on akKidag -0eiyNaTOC VA dlaTnPEiTAl
otafepn. Mpétrer OnAadn n akida
VA KIVEITAI CUVEXWGS TTANCI1AJOVTAG
| ATTOMOKPUVOMEVN 1T TO OEiyMa.
NMNapakoAouBwvTag TNV Kivnon Tng
OKiOOG E£XOUHE MIO EIKOVA TWV aVW-
MOAIWYV TTOU TTOPOUCIACEI N ETTIPA-
VEIO TOU OEIYMATOG O€ KAOE BEo.
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|Zx|'1|.|a 7-23.
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Me TTOAAATTAEG CAPWOEIG TG ETTI-
PAVEIOG TOU OEIYMOATOG Kal JE €EO-
MOIWOEIC TTOU TTETUXOIVOUME ME TN
Bon0e1a NAEKTPOVIKWY UTTOAOYIOCTWYV
KOTOANYOUME OE ATTEIKOVIOEIC AyW-
YIHWYV ETTIPAVEIWV CE ATOMIKN KAipa-
KO, OTTWG OTIC €IKOveg 7.9 kain 7.10.

[TpoouicELC
ATOLWYV
XPUOOU O€
ENPAavela

YPOPITN.
Eikova 7-9.

ATopa Av-
Opaka otnv
ENPAavela

ypa@iTn.
Eixova 7-10.

141 | 256 -257

»



["evVvIETOI TO EPWTNMA TTWG Eival OU-
VOTOV N OKidd va KIVEITAI UTTPOG -
TTioOW ME TNV ATTAITOUMEVN aKpifela
KOTA T 0APpWOon TG ETTIPAVEING;
2iyoupa auto Oev Oa ptITOPOUCE VA
YIVEI HE NNXOVIKO TPOTTO, ME BiIOEC
Kal ypavadia. O1 Binnig kai Rohrer
Xpnoipgotroinocav mTECONAEKTPIKOUG
KPUOTAAAOUG VIO VO OTEPEWOOUV
TNV aKida TOUG Kal VO EAEYEOUV TNV
Kivnor TnG oT1o £TTiTredo xy (capw-
on) Kal oTov agova z (TTAnciacua -
QTTOMNAKPUVON).

O1 mie(onAekTpIKOi KPUOTAAAOI
QVOTTTUOOOUV OTAO AKPA TOUG MI
o1apopd dSUVANIKOU OTAV CUMTTIECO-
VTOI KOI, AVTICTPOPA, CUMTTIECOVTAI
| EKTEIVOVTAl OTOV MO d1a@opd du-
VOMIKOU £QAapPHUOCETAlI G’ AUTOUG.

Edv epappooTei N KATAAANAN Ol-
a@opda OUVANIKOU OTOUG X Kal Y
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KPUOTAAAOUG HTTOPOUME VA £COCPA-
AICOUME TNV Kivnon cdpwong TnNG
0Ki®OOG ME TAXUTNTEG TNG TASNS TWV
10 nm/s.

KaBwc¢ n odpwon TTpoxwpdAasl, Eva
KUKAWHO «VIWOEI» KAOe aAAayn oTO
PEUHO CAPAYYOG KOl TTOPAYEI TNV KO-
TAAANAN TAOT, TTOU £QAPUOLETAI OTOV
KPUOTOAAO Z METOKIVWVTOG TNV OKi-
Od MEXPI VO ATTOKATOOTOOEI N oTOOE-
POTNTA TOU PEUMATOS OPAYYOG.

ATTo TNV apxn AsiToupyiag Tou To
STM, O€ PTTOPEI VO ATTEIKOVIOEI ETTI-
PAVEIEC HN AYWYIHWYV UAIKWV. [Na
TETOIOU £i00UG ATTEIKOVIOEIC XpNOI-
potroigital To SFM (Scanning Force
Microscope), To OTT0i0 OTNPICETAI
OTNV AVIXVEUON TWV ATTWOTIKWV
OUVAMEWYV TTOU AVOTTTUCOOVTOI OVA-
MECO OTO ATOMO OTAV AUTA TTANCIA-
OOUV TTOAU HETOEU TOUG.
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Ag€IAoyio 'Opwv

A

adpaveiako ouoTnHa: cuoTnua ava-
POPAS OTO OTroio IOXUEI N apxXn TNS
adpaveiag Tou Newton.

agspoduvapn: n dUvaun TTou dEXETAI
OTTO TOV OEPA N TTITEPUYA TOU OEPO-
TTAAVOU KATd T OIAPKEIN TNG TITN-
ong Tou.

a10£pac: utroBeTIKG afapéc eAOTI-
KO MECO, N TTAPOUCIO TOU OTTOIoU O€-
wpenNOnke atrapaiTnTn yia Tn 61ad0-
o TOU pWTOG.

akTivec Rontgen: nAekTpopayvnTiKi
OKTIVOBOAIO JE MAKN KUMOTOG METO-
€0 108 kot 1013 m. Eivon atrotéAeopa
TNG ETIRPAOUVONG TWV NAEKTPOVIWYV
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TTOU TTPOCTTITITOUV O€& METAAAIKEG
ETTIQPAVEIEG ME MEYAAN TAXUTNTA R
TNG ATTOOIEYEPO NG TWV ATOMWYV TOU
METAAAOU.

GKTIVEG Y: NAEKTPOMOYVNTIKA OKTI-
VORBOAia pE KN KUPMOTOG METAEU

10710 kau 10714 m. Extréutrovral atrd
TTUPAVESC PODIEVEQPYWYV OTOIXEIWV.

akTivecg X: ol akTiveg Roentgen.

akTIvoBoAia: evéEPyEla TTOU EKTTE-

MTTETOI JE MOPEPI NAEKTPOHAYVNTI-
KWV KUMATWV.

CQUOPTICEP: MNXAVIOUOC TTOU XpPN-
CIMOTTOIEITAI VIO TNV ATTOORECN TWV
TAOAAVTWOEWYV TWV AUTOKIVATWV.

avakAaon KUHATOC: TO (PAIVOMEVO KO-
TA TO OTTOI0 OTAV TO KUMO CUVOVTN-
o€l TN S1aXWPICTIKA ETTIPAVEIN OUO
MECWV ETTIOTPEPEI OTO TTPWTO MECO
aKoAouBwvTag opiopEVo dpOUO.
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aovac nepioTpoPne (OTEPEOU OW-
HATOC): N €udgia TTOU EVWVEI TA ON-
MEIO TA OTTOIA TTOPOAMEVOUV OKIVNTO
KOTA TNV TTEPICTPOPI) TOU CWHATOG.

anepiodikn TAAAVT®WON: N Kivnon
EVOG TOAAVTWTI) O OTroiog OEV UTTEP-
Baivel Tn B€on 1I00ppoTTiaG, AOyw
ICXUPWV ATTOORBECEWV.

anopaxKkpuveon: n aréocTaon cwya-
TOG TTOU TOAQVTWVETAI, ATTO TN B€on
ICOPPOTTIOG.

APHOVIKN TAAAQVT®ON: N TAAGVTW-
on oTNV OTToid N ATTONAKPUVOT TOU
TAAQVTWTN Eival APUOVIKH CUvapTn-
on TOU XpOVou.

apxiKn pAaon: n TIPA TTou €XE&l TN XPO-
VIKI) OTIYMR MNOEV N pAOT £VOG ME-
YEOOUG TTOU PETARBAAAETAI APUOVIKA
ME TO XpOVO.
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r
YEVIKN OEWPIa TNC OXETIKOTNTACG: N
Bewpia TNG OXETIKOTNTOG TTOU CUMTTE-
pIAauBAvVE! KAl N adPAVEIOKA OCUCTN-
MOTO - Bewpia yia Tn BapuTnTa.

YWVia EKTPONNG: N Ywvia TTou oXn-
MOTI(El ME TNV APXIKA TNG O1EUBUvVON
N MOVOXPWHMATIKA OEouN TTOU Byai-
VEI ATTO MIA OTTTIKA Ol1aTOgN.

YWVIAKN OUXVOTNTA: HEYEOOC TTOU
XOPAKTNPICEI TO TTEPIOOIKA PAIVO-
MEVA, AVAAOYO TTPOG T CUXVOTNTA.
2TNV OMAAN KUKAIKA KivnOoT CUMTTI-
TITElI ME TO METPO TNG YWVIAKNAG TAXU-
TNTOG.

A

OcikTnC d1a60Aaonc (UAIKOU): o Ao-
YOG TNG TAXUTNTOG TOU PWTOS OTO
KEVO TTPOG TNV TAXUTNTA TOU OTO
UAIKO QUTO.
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OE0UOC OTACGIHOU KUHATOC: £va on-
MEIO TTOU TTOPOMEVEI OKIVNTO OTAV
OTO EAAOCTIKO NECO OTO OTTOIO AVN-
KEI ONUIOUPYEITAI OTACINO KUMA.

OEUTEPIO: 100TOTTO TOU USPOYOVOU
ME MalIKO aplOuo dUo.

O1a6Aaon KUHaAaToc: n aAAayn 1ro-
PEIOG EVOG KUMOTOG KATA TN METARO-
ON TOU OTT0 £va NECO O€ Eva AAAO
oTO OTroio O100IOETAI PE OINPOPETI-
KN TaxuTnTa.

O1aKPOTNHA: N auouEiwaon ToU
TTAATOUG TNG TAAAVTWONG TTOU EKTE-
AEl Eva CWHPO OTAV METEXEI O€ OUO
TAAAVTWOEIG TNG i01a¢ d1EUBuUvVOoNCG,
TTOU £XOUV TO i010 TTAATOG KaI OU-
XVOTNTEG TTOU TTAPOUCIA(OUV MIKPN
olagopda.
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OIGUNKEC KUHA: TO KUPO OTO OTToio
TO MOPIA TOU EACCTIKOU HEOOU TOAO-
vTwvovTal oTn oi1evubuvon Tng O1d-
O0CNG TOU.

diapopPpwon nAarouc (AM): n Tpo-
TTOTTOINOoT TOU TTAATOUG TOU nAE€-
KTPOMAYVNTIKOU KUMOTOG TTOU EKTTE-
MTTElI O OTAOMOG, ATTO TO MIKPOPWVI-
KO peUMa.

oiapopPpwon cuxvornrtacg (FM): n
TPOTTOTTOINOCT TG OCUXVOTNTAG TOU
NAEKTPOMAYVNTIKOU KUMOTOG TTOU
EKTTEMTTEI O OTAOUOG, ATTO TO HIKPO-
PWVIKO peUMQ.

O100ked0AOHOC (TOU (PWTOCG): N
g€apTnon Tou O&ikTn d1a6AaonNnGg
E£VOC UAIKOU OTTO TO MNKOG KUMOTOG.

Oo1aoToAn TOU Xpovou: H paivope-
VIKN €TIRpaduvon Tou XpOvou
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(ald&non Tou XPOVIKOU dI0CTAHMATOG)
O€ CWHA TTOU KIVEITAI NE OXETIKIOTI-
KA TaxuTnTa.

OIOUHN YEVEON: N HETATPOTTH EVOC
PWTOVIOU O€ (eUYOC NAEKTPOVIOU-
TToITPOVIOU.

O1eyepon (aTOpOU): N YeTAROON EVOG
NAEKTPOVIOU TOU OTOMOU O€ OTIRAdX
ME EVEPYEIO HEYOAAUTEPN ATTO TNV OpP-
XIKA.

OIEYEPTNG: TO CWHA TTOU TTPOKAAE(
ECOVAYKAOMEVN TAAAVTWON EVOG TO-
AOVTWTA- TTOU TTPOCPEPEI TTEPIODI-
KA EVEPYEIO O€ EVO CWHA TTOU TAAQ-
VTWVETAI.

duvapun enavapopdc: n duvaun TTou
AVvaYKAZEl EVO CWHA VO TOAAVTWVETOI-
TTOU TEIVEI VA ETTAVOPEPEI TO CWHA
oTn 0€on 1IcoppoTTiag.
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OUVAHIKN AVWON: N CUVICTWOO TNG
agpodUVAUNG N KABETN oTNV TOXUTN-
TOL.

E£YKAPOI0 KUHA: TO KUMO OTO OTTOi0
TA HOPIA TOU EAQCTIKOU HECOU TO-
AavTwvovTal Kafeta otn di1evbuvon
TNG 010000NG TOU.

£101kn Oewpia TNG OXETIKOTNTAG: O¢-
wpia TTou d1aTuTTWOoE O Einstein yia
aOPAVEIOKA CUCTAMATA AVO@POPAG.
Baoikég TNG TTAPAdOXES Eival: a) N TA-
XUTNTA TOU QWTOG Eival avecapTnTn
a1ré TN TAXUTNTA TOU TTOPATNPNTN,
B) o1 vOHOI TNG QUOIKNAG gival idiol
o€ OAO Ta AdPAVEIOKA CUCTAMATO.

EKKEVTPN KPOUON: N KpouoTn ow-
MATWYV TTOU OI TAXUTNTES TOUG Bpi-
OKOVTal 0 TTAPAAANAEG guBtiec.
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€AAOTIKN KPOUOT): 1 KpoUuon KATA TNV
oT1roia dIATNPEITAI N MNXOVIKI EVEPYEIQ
TOU CUCTAMATOG TWV CWHATWV.

eAeUOEPN TAAQVTWOON: N TAAGVTW-
O £EVOG CWHATOG TO OTTOI0 EKTPE-
TTETAI ATTO TN BE0N 1I00PPOTTIOG KA
a@nVveTal EAEUOEpPO.

eAAeippa palac: n diagopd TG Ma-
¢ag EvOG TTUPAVA ATTO TN HAda TWV
OUOCTOTIKWYV TOU.

gevepyela ouvdeonc (nupnva): To Tro-
00 TNG EVEPYEIOG TTOU TTPETTEI VA TTPO-
o@ePOEi oTOV TTUPN VA YIA Va dlaoTTa-
OTEI OTA CUOTOTIKA TOU.

EVEPYEIA NPEMIAG: TO TTOOO TNG EVEP-
YEIOG (mcz) TTOU £XEI £Va CWHA OTAV
NPEMEI.

EVTaon akTivoBoAiag: n evépyeia
TTOU TTEPVAEI ATTO TN MOVADO ETTIPA-
VEIOG OTN MOVADA TOU XPOVOU.
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efavaykaougevn TaAAvTwOon: n Ta-
AAVTWON TTOU YIVETAI ME TNV TTEPIO-
OIKN TTPOCPOPA EVEPYEIONG OTO TA-
AOVTOUMEVO CUCTNMA.

e€iowon KUPATOG: n oxéon 1ou di-
VEI TNV ATTOMAKPUVON TWV CNMUEIWYV
TOU MEOOU OTO OT1Troio d1adideTal TO
KUMO KAOe XpOVIKN OTIYUA.

e€I0WON OUVEXEIAG: N oXéon METO-
¢U TNG TaXUTNTOG £VOGC ACUMTTIECTOU
PEUCTOU KalI TNG OIATOMNG TOU CW-
AQva GTOV OTTOIO KIVEITAl.

E0WTEPIKN TPIPN PEUCTOU: N TPIRA
TTOU OVOTTTUOOETAI METASU TWV MO-
PiWV TOU PEUCTOU AOYW TNG KivnONg
TOU.

EpYo £EaywynCc: n eAAXIOTN EVEP-
YEIO TTOU TTPETTEI VA TTAPEI EVA NAE-
KTPOVIO YIO VO EYKATOAEIWYEI TNV ETTI-

PAVEIO EVOC METAAAOU.
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H

NAEKTPIKN TAAQVTWON: EVAAAQO-
OOMEVO PEUNA MEYAANG OUXVOTNTAG
TTOU TTAiPVOUME a1Té KUKAwHa LC
OTOV (POPTICOUME TOV TTUKVWTN.

NAEKTPOHAYVNTIKO KUMA: N TAUTO-
Xpovn 01ad0o0n £vOg NAEKTPIKOU Kal
EVOC HAYVNTIKOU TTEOIOU OTO XWPO.

I

1I010puNKOG (avTIKEIMEVOU): BA. «HN)-
KOG NPEHIAGY.

1010Xpovoc¢ (adpaveiakou oUuoTN-
HATOG): 0 XPOVOC TTOU METPAEI Eva
POAOI OKiVNTO O€ Eva adpaveIOKO
ouoThMa.

IEWOEC: N ECWTEPIKN TPIRA HETALU
TWV MOPIWV EVOC PEUCTOU- OUVTEAE-
OTNG TTOU OEiXVEI TTOCO TTAXUPPEU-
OTO €ival Eva UypoO.
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K

KBavTIOHNEVO HEYEDOC: KGOE péye-
Bo¢ 1TToU TraipvEl SIAKPITEG TIMES TTOU
gival TToOAATTAGOIO PMIOG EAAXIOTNG.

kEvTpo palac (ocwparTog): 1o on-
MEIO OTO OTroio UTTOpPEi va BewpnOei
OUYKEVTPWHEVN OAN N Hala EVOG
OWHATOG.

KOIAIG OTACIMOU KUHATOC: £€va On-
MEIO TTOU TOAOVTWVETAI JE TO MEYI-
OTO TTAATOG, OTAV OTO EAAOCTIKO HECO
OTO OTTroi0 AVNKEI oXNMATI(eETAI OTA-
OIJO KUMA.

KPIOIUN Ywvia: n MEYIOTN TIMA TNG
YWVIiag TTPOCTTTWONG OTN dlaXwpel-
OTIKI ETTIPAVEIA OUO OI10@AVWYV UAI-
KWV YIO TNV OTToia TO (WG TTEPVAEI
OTTO TO TTPWTO UAIKO OTO OEUTEPO
OTO OTT0io TO PWG O1adIdETAI MIE ME-
YOAUTEPN TAXUTNTA.
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KPOUON KEVTPIKN: N KpoUon cwua-
TWYV TTOU Ol TAXUTNTES TOUG BpioKo-
vTal oTnV id1a gVdEia.

KUHOa HNXaviKO: pia SiaTapaxn TTou
METOOIOETAI O Eva EAACTIKO MECO.
KUHATONAKETO: KUUO TTEPIOPICHEVO
OTO XWPO.

M

pala npepiag: n yada Tou £xel £va
CWHA OTAV NPEMEI.

HEAQV OOMA: CWHA TTOU ATTopPoPd
OAEG TIC OKTIVOBOAIEG TTOU TTEQPTOUV
TTAVW TOU.

HETaoxnuaTiopoi Lorentz: ol oxéosig
TTOU OUVOE0UV TIC CUVTETAYMEVEG TNG
B£ong Kal XpOvou EVOC CWHATOG OE

OUO aOPAVEIOKA CUCTAMATO OVO(PO-
PAC TTOU BPICKOVTOI OE OXETIKN Ki-

vhon.
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HeETaoxnuartiopoi Tou FaAlAaiou:
Ol OXEOCEIG TTOU OUVOEOUYV TIG OUVTE-
TAYMEVEG TNG BEONG EVOG CWHATOG
o€ OUO OOPAVEIOKA CUCTHMATO ava-
(POPAG TTOU KIVOUVTAI JE TAXUTNTO
TTOAU MIKPOTEPN ATTO TNV TAXUTNTA
TOU PWTOG.

HETAPOPIKN Kivion (OTEPEOU OW-
HATOG): N Kivnon TNV O1roia OAd T
OTNMEIA TOU CWHATOS £XOUV TNV idIa
TAXUTNTOA.

HN KOG NPEMIac (avTIKEIHEVOU): TO
MAKOG EVOG AVTIKEINEVOU, OTTWG ME-
TPIETAI OTO CUCTHHO AVOPOPAS WG
TTPOC TO OTTOI0 NPEMEI.

pnko¢G kupgarog De Broglie: To pn-
KOG TOU KUMOTOG TTOU OVTIOTOIXEI O€
Eva owHaTiolo.

HNKOC KUHATOG: N aTTO0TOON OTNV
OTTOIa PTAVEI TO KUUA O& XPOVO HIOG
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TTEPIOOOU- N MIKPOTEPN ATTOOTAON
OUO onuEiwyv, otn d1eUBuvon d14do-
onNg TOU KUMATOG, TTOU BpicKovTal
o€ QPAoN.

HIKPOKUHATA: NAEKTPOUAYVNTIKA KU-
MOTO ME MAKN KUMATOG METAEU 1mm
Kal 30cm. XpnoIJOTrolouvTal OTA
pPAVTAP.

HIKPOOKOMIO 0ApwWOoNG onpayyac:
OPYOVO TTOU ETTITPETTEI VA OTTEIKOVI-
OOUNE OYWYIMEG ETTIPAVEIEG OE ATO-
MIKR KAipoka. H Asitoupyia Tou Ba-

oi{eTOI OTO (PAIVOMEVO ONPAYYOG.

VEUTMVEIA PEUCTA: TO PEUCTA OTO
OTTOIO N EOCWTEPIKN TPIRN €ival YPOU-
MIK| ouvapTNOoNn TG TaXUTNTOG PONG.
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O

OAIKN E0WTEPIKN avakAaon: n ava-
KAaon MIOG QWTEIVHG OECUNG TTOU
O0g ocuvooeueTal atrd d1aBAaon. lNive-
TOI OTNV ETTIQAVEIN TTOU OIAXWPEICEI
Eva O10@AVEG MEOOV ATTO Eva AAAO
ME MIKPOTEPO OEIKTN O1a0A0ONG,
OTAV I YWVid TTPOCTTITWONG €ival JE-
YOAUTEPN ATTO TNV KPIGIMN YWVid.

opun (UAIkoU onpeiou): 1o didvu-
OMa TTOU £XEI TNV KATEUBUVON TNG
TAXUTNTOG KOl METPO i0O ME TO YIVO-
MEVO TNG MAJOC TOU UAIKOU OnMEIOU
ETTi TO METPO TNG TAXUTNTAG TOU.

ouUpavio TOEOD: TO PWTEIVO TOEO TTOU
EM@AVI(ETAI OTOV OUPAVO, WG ATTO-

TEAEOHA TNG aVvAKAAoNg Kal Tou dia-
OKEOAOHMOU TOU NAIOKOU (PWTOG OTA

oTayovidia TnG BPoxng.
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n

poise (nouad): povada PETPNONG TOU
IEWOOUG EVOG PEUCTOU, ICOOUVAUN

ME 10T Nsm™.

napoxn (CwARva n PEVHATIKNAG
PAERAC): To TTNAiko Tou oykou dV Tou
PEVUOTOU TTOU TTEPVAEI ATTO MIa Ola-
TOMN TOU ocwAnva ( N TNS PAERAC) o€
Xpovo dt TTpog To XpOVO aUTO.

nePiodoc (PaIvopEVOU): To TTNAIKO
TOU XPOVOU HECO OTOV OTTOi0 OAO-
KAnpwvovTal N evaAAayEC TOU @al-
VOMEVOU ME TOV aplBuo N- o xpovog
AVANETO O& OUO DIOOOXIKEG OMOIEG
PAOCEIC TOU PAIVOUEVOU.

nAayia kpouon: n kpouorn cwHd-
TWV TTOU Ol TAXUTNTES TOUG BpioKo-
VTOl O€ TUXaia di1guBuvon.

NAAOTIKN KPOUOT): n KpoUon TTou odn-
YEI OTN OUYKOAANON TWV CWHATWV.
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no{ITPOVIO: TO AVTICWHATIOIO TOU
NAEKTPOVIOU - CWHATIOIO NE pala
ion ME TN MACa TOU NAEKTPOVIOU KAl
QopTIiO +e.

nuUPNVIiknN ouvrnén: TupnVvikn avTi-
opaocn oTn OIAPKEIA TS OTTOING TTU-
PRVEG MIKPOU OTOMIKOU apiBuou ou-
VTHKovVTal Kal divouv BapuTeEpPOUS TTU-
PAVEG, ME TOAUTOX POV EKAUOCT EVEP-

YEIOG.

NUPNVIKN 0XAon: TTupnvikn avtidpa-
on oT1n OIAPKEIA TNG OTTOIaG EVAG
TTUPAVOAG MEYAAOU OTOMIKOU aplOuou
XwpileTal o€ OUO TTUPNVEG HIKPOTE-
POU OTOMIKOU OPIOUOU PJE TAUTOXPO-
v €KAUON EVEPYEING.

NUPNVIKOC avTidpaoTnpac: n did-
Ta¢N OTNV OTroid TTPAYHMATOTTOIOU-
VTOIl EAEYXOMEVEG TTUPNVIKEG AVTI-
OpaceElq.
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P

padIoKUHATA: NAEKTPOUAYVNTIKA KU-
MOTO TTOU TTPOKUTTTOUV ATTO TaAQ-

VTOUHEVA NAEKTPIKA OITTOAO KO XPN-
OIMOTTOIOUVTAI OTIG TNAETTIKOIVWVIEG.

PEUHATIKN YPAHHN: N YPOUUN TTOU
ouUVvOEEl TIG OIaOOYXIKES BECEIC EVOG
MOPIOU TOU PEUCTOU.

PEUCTA: CWHATA TTOU dEV £XOUV BIKO
TOUG OXAMO- TO UYPA KOl TO AEPIQ.

ponn adpaveiag (w¢ npoc agova):
TO METPO TNG adPAVEIOG TWV CWHA-
TWV TN CTPOYPIKN Kivnon- opieTal

wg T0 GBpoiopa Zm:; - riz ,

MIO OTOIXEIWONG NACO TOU CWHATOG
Kal r; N a1T00TAON TNG ATTO TOV (AgO-
Va.

OTTOU m;
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ponn duvaunc (wg npoc atova):
Ol1dvuoMa TTOU £XEI TN O1EUBuvon
TOU Agova Kal METPO TO YIVOMEVO TOU
METPOU TNG OUVIOTWOAGS TG dUva-
MNG TToU BpioKeTal o€ £TTITTEOO KA-
BeTo oTOV ACOVA £TTi TNV ATTOCTACN
TNG ATTO TOV AoVva.

ponn duvapng (WC NPOC ONMEIO):
OIAVUO MO KABETO OTO ETTITTEDO TTOU
opifel TO ONMEIO KOl O POPENS TNG
OUVANNG KAl METPO TO YIVOMEVO TOU
METPOU TNG OUVAMNG £TTi TNV ATTO-
OTOON TOU ONMEIOU ATTO TOV (POpPEX
TNG dUVAMNG.

2

oTafepa anooBeonG: n oTabepd ava-
Aoyiag oTn oXEon TTou ouvOEEl TN
OUvVOuN N OTToia TTPOKOAEI TNV ATTO-
ofleon pIOS TAAAVTWONG ME TV TA-
XUTNTO TOU TAOAAVTWTA.
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OTACIMO KUHA: N Kivnon TTou KAVEI
EVa HECO OTO OTTOIO O100idOVTAI TOU-
TOXpOVa, UE avTiOeTn @opd, duo KU-
MOTA TNG i010G OUXVOTNTOG KOI TOU
idlou TTAATOUG.

OTIYHIOTUNO KUHATOG: N €IKOVA TTOU
TTAPOUCIACEl MIO XPOVIKN COTIYMA TO
EAAOTIKOU HECO OTO OTTOIO O100id0E-
TOI EVO KUMA - N YPOQPIKN TTAPACTO-
on TnG ocuvaptnong y=f(x, t) yia opi-
OMEVN TIMA TOU {.

oTpPOPIAOI: TTEPIOXEC OTIC OTTOIEC TO
PEUCTO KAVEI TTEPICTPOYPIKNA Kivnon.
OTPOMPIKN KIVNON: N Kivnorn evog oTe-
pPEOU YUPpW a1rd A¢ova- n Kivnon otnv
OTToia OAQ TO ONMUEIN TOU OTEPEOU
EXOUV TNV idIa ywvIiakn TaxuTnTa.
OTPOPOPHN OTEPEOU CWHATOC: TO
AOpPOICHA TWV OTPOPOPHWYV TWV
OTOIXEIWOWYV TUNMATWYV TTOU ATTOP-
TiOUV TO OTEPEO.
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OTPOPOPHN CUCTHHATOC CWHATWV:
TO AOPOICHA TWV CTPOPOPHWYV TWV
OCWHATWYV TTOU aTrapTiouv TO OU-
oTNMA.

oTPOPOoPHN UAIKOU onueiou (nou
KAVvEl KUKAIKN Kivon): didvuoua
KAOETO OTO £TTITTEDO TNG TPOXIAG ME
METPO TO YIVOMEVO TOU HETPOU TNG
OPMNG TOU UAIKOU ONMEIOV £TTi TNV
OKTIiVO TNG TPOXIAG TOU.

OTPWTIN PON: N Kivnon £vO¢ pEUCTOU,
otav d& oxnuartifovral oTpORIAOL.

CUHBOAN KUHAT®WV: N TAUTOXPOVI
010000 OUO N TTEPICCOTEPWYV KU-
MATWYV OTNV i010 TTEPIOXK) TOU XW-

POUV.

OUHPBOAOHETPO: OPYAVO TTOU MOG ETTI-
TPETTEI VA TTPOOCOI0OPICOUME ME MEYA-
An akpifela Tn B€on Twv KPOoOoWV
OUMBOANG TOU pWTOG.
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OUVOECN TAAGVTMWOEWV: N HEAETN

TNG Kivnong EVOS CWHATOG TTOU JE-
TEXEI O€ TTEPICOCOTEPES ATTO MIA TA-

AAVTWOEIG.

OUVTOVIOMOC: TO POIVOMEVO KATA
TO OTTOIO £€VO CWHO KAVEI EEAVAYKOA-
OMEVN TOAAVTWON UE TO MEYIOTO
TTAATOG.

OUOTOAR TOU pnkouc: H gpaivope-
VIKI) OMIKPUVOT €VOG CWHATOG TTOU
KIVEITOI ME OXETIKIOTIK TOXUTNTA.

CUXVOTNTA KaTW@AIOU: n eAGXI0TN
OUXVOTNTA TTOU TTPETTEI VA £XEI MIA
QWTEIVH OEOHN YIA VO TTPOKOAECEI
EKTTOMTT) PWTONAEKTPOVIWYV ATTO
Eva METAAAO.

ouyxvornTa ((paivoUEVOU): o api0-
MOG TWV ETTAVAANYEWYV TOU PAIVO-
MEVOU OTN HOVADO TOU XPOVOU.
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T

TaAavrwon (unxavikn): NaAivdpo-
MIKN Kivnon yupw atro pia 0€on
ICOPPOTTIOG.

NAATOC TAAQVT®WONG: N YHEYAAUTEPN TI-
MA TNS ATTOMAKPUVONG TOU TOAQVTWTIH.
TAON AMOKOMNG: N TIMA TNG TAONG
METAEU TWV NAEKTPODIWV EVOG PW-
TOKUTTOPOU VIO TNV OTroia OIOKOTTTE-
TOI TO PEUMQ.

TUPB®WONC pon: n pon £vo¢ peu-
oTOU OTaVv oxXnuartiovral oTpOBIAOL.
Y

udpPOoOTATIKN MIECT): N TTECT TWV U-
YPWYV TTOU OPEIAETAI OTO BAPOG TOUG.

unePIONC akTivoBoAia: adpaTn nAe-
KTPOMOYVNTIKA OKTIVOBOAIa NE MAKN
KUMaToG a1rd 60 nm péxp1 380 nm.
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o

paivopevo Compton: o okedaouog
TNG NAEKTPOMAYVNTIKAG OKTIVOBOAI-
0¢ aTré Ta CWHATIOIN TNG UANG. ZU-

VOOEUETAI ATTO AUENON TOU NKOUG

KUMATOG TNG aKTIVOBOAIQG.

paivopevo Doppler: n eppdvion dia-
POPAC AVAMECO OTN CUXVOTNTA TOU EK-
TTEPTTOMEVOU KUMOTOG KOl TG OUXVO-
TNTOG TTOU AVTIAAUBAVETAI EVOG TTAPO-
TNENTAG OTaV METARBAAAETAI N ATTOOTA-
ON TOU ATTO TNV TrNyN TOU KUMATOG.

(PAIVOHEVO onpayyaq: n diéAsuon
CWMATIOIWV HECA ATTO EVa PPAY-
MO OUVOMIKOU XWEIC va £XOUV TNV
ATTAPAITNTN EVEPYEIA, OTTWCS ATTAITEI
n KAaoikn Oswpia.

QPWTONAEKTPIKO PAIVOHEVO: N ATTO-
OTTOOT NAEKTPOVIWV ATTO £VO ME-
TaAAo éTav oTNV ETTIPAVEIA TOU
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TTPOCTTITITEI NAEKTPOMAYVNTIKNA OKTI-
vooAia KATAAANANG CUXVOTNTOG.

QPAERA: To oXAMA TTOU OpileTal ATTO
TIG PEVMATIKEG YPOAMMES TTOU AVTI-
OTOIXOUV OTO ONMEIN TOU TTEPIYPAM-
MOTOG MIOG ETTIPAVEING TTOU BPIiOKE-
TOlI OTN POK TOU PEUCTOU.

pwpaon: n d1adiKaoia JE TNV OTToid
Ol1aXWPICETAI TO MIKPOPWVIKO pEUMA
OTTO TO PEPOV KUMA.

(PWTOKUTTAPO: SIATaln JE TNV OTTOoIx
Ol OUCOMEIWOEIC OTNV EVTACN MIOG
PWTEIVAG OEOUNG, KATAAANANG OU-
XVOTNTAG, METATPETTOVTOI OE AUEO-
MEIWOEIC NAEKTPIKOU PEUHATOG.

(PWTOVIO: TO KBAVTO TNG NAEKTPO-
MOYVNTIKAG OKTIVOBOAIAG. ZWMNATIO
MNGEVIKNG padag npeyiag.
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