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2-1 ‘Evag ¢ Aaxag tov atouixo 0oloyio xai-
ogiov oro Toageio Métowy xar Zrabuwv g
Ovdoiyxtov.

41

2-2 Aroua oty emipdveia piag 1 e
Pelovag omwes paivovrar pe nlextoovi-
%O [%QOOHOTTIO TEDIOV.

2.1 ENEPI'EIA TOY HAEKTPONIOY XTO ATOMO TOY YAPOTONOY

owrtol oL apyaiol EAAnves gprhdoopol aoyohBnxray ue to

TEOPANHO TV cvoTaTrmy TS Anc. O Ag nmmtmog »ow 0

AnuoxpLrtog vrooTnoLtay 0Tl M An amotehelTon oo TOA
WXEA COUOTIOLKL, TC. 0O, OEV UTTOQO V VOL DLOLEO  VTOU CLTTEQLOQL-
OTO. %O YU 0UTO OVOUAoTROV d-Topa (dnhadi dtunta). Awat mto-
o0V AOLTTOV ULoL (LAOCO@LHY] BEmQLaL, YLOL VOL EQUNVE COLV TIG LOLOTY-
TES TV VKDV OOUATOV. YTTOOTNOLEQY OTL 1] A1) AUTOTEAELTOL OITO
GTOUN, TTOV OLOLPEQOVY UETAE  TOUC HATAL TO OYMUCL HOL XOTAL TO UE-
veBog. Ta dropo O dMUOVEYO VIOL O TE HATOOTOEPOVTAL KL ETTO-
uévmg givon dpbapto xow oudviar. To dtopa elvon A TTOAAN ®o
Potorovton og duapxrn xivnon uéoa oto revo. Ta dudpopa puotrd
POLVOUEVXL OELAOVTOL TNV ®iVNON TV ATOU®V. O OYNUOTLONOS TOV
VAMHOV OOUATOV OPEIAETAL OTIC EVAOOELS TMV OTOUMV UE GAALL G TO-
UL, EVO OVTLOETOL 1) ROTAGTOOWPY] TWV CMUATWOV OPEINETONL GTO dLa-
YOOLOUO TMV ATOUWV.

O Eminovgog ennpedotnre oo ) Bemgia Touv Anuoxortov. ‘Eva
uépog g Bemplog avtig Poloretan oe €va moinuo Tov Pouaiov
oLt AovxrENTOU, GITOU TTEQLYQAPETOL, UE PAOT| TLS ATOMXES OVTL-
MYPeLg Tou ANUdrELTOU, 1) TLECT TTOV OLOXO V TOL AEQLAL, 1) OLd(VoN
TOV OOUMY RO TO OYNUOL TMV RQUOTAAAWV.

H atouxn Bempio Tov AnuoxrgLtov frav pia amd g eLhocogL-
%ég Bemoleg Twv apyainv EAMvaov. Agv vrngye ropio etQauortt-
%1 TOQOTHENON Yo TV VTooTNOLEN Ts. H Bemplo Tov Anudxot-
Tov ®aTostoreunonxre amd tov ITAdtwva, Tov AQLOTOTEAN %o TOUG
noONTéC TOUG o EMECE O ApAveLX UEYOL TO 190 cumva.

2-3 Anuoxoiros o ABdnoitns (470-360 x. ).
Aoyaios "EMnvas @ildoopog, 1dovtijs tys ato-
Hinijs Oewoiag.
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2-4 Aogiotepd o Ayyrog guoixds J. J. Thomson
(1856-1940) xar O6e&id o Ernest Rutherford
(1871-1937).

Hlextoovio

2-5 To drouo o upwva ue 10 TQEOTVIO TOV
Thomson.

2-6 Ileipaua tov Rutherford. Zxédaon owua-
Tiwv a and éva Aextd ¢ Ado yovoo . Hepimov
éva ota 8000 owudtia amoxAiver xatd ywvia
ueyak teon twv 90°. Ta owudtia a eivar wv-
o1jves nliov.

Zug apyés tov 19ov awddva o Dalton (NTdATOV) emavépepe TV
oot Beweia, Yo voL EENYNOEL TOUg VOUOUS THS  MUELOLS TTOU OLval-
NANVYPE TTELQOULTIXCL.

Znuovro otaBuo oty eEEMEN TV EMOTNUOVIXADV LOEMV YL TO
ATOUO ATOTEAEDE 1) ovOrdAVYm Tov nhextoviov oo Tov Thomson
(Téuoov) ratd 1o Téhog Tou 190v cudrva.

H avoxdivym Tov nAeXTOoViov Mg CUGTOTLRO TOU OLTOUOU €0EL-
Ee OTL TO ATopo €)EL E0MTEQLXT OOUY RO ETTOUEVIG OEV ElVOL GLTUN-
t0. Emaidn n  An elvon nhextournd ovdétepn, vaténse 0to ouume-
QOO OTL ROL TOL ATOUOL TG ANG €lval NAEXTOLRA OVOETEQA KO
EMOUEVMC TO ATopro Ba €xeL LOEC TOOOTNTES BETLRO  HOUWL CLOVITLHO
OoQTILOV.

Emiong ta mewpdpata €dagav ét m ndlo tou tunuatog mov &l-
vou BT POQTLOUEVO elvou LEYOh TeQN 0Ttd T WALA TV NAEXTQO-
VimV TOv oTORov.

To gpdtnua mou Té€0nxre 0T OUVEYELD NTOV: «TTdS N RALa ®ar
TO (POQTIO RUTUVELLOVTUL GTO ETOTEQLXO TOV A TOLLOV;»

IIgétvmo tov Thomson

O Thomson (Téuoov) mEdTELVE €va TEOTUTO O UPWVOL UE TO
OTOLO TO GLTOUO ATTOTEAELTOL OITTO oL OPOUaL BETLHO  POQTIOV, OUOLO-
LOQPOL HOTAVEUNUEVOV, LECO OTO OTTOLO EIVOL EVOMUATWUEVOL T
NAEXTOOVLAL, OTIMS OL OTAPIOES UECO, OE EVOL OPALOLLO OTAPLOOYPW-
uo.

IIgétvmo tov Rutherford

O Rutherford (Pddeppogvt) zow oL pafntég Tov moorynotomoin-
OaV TOL TTQWTOL TELQAUALTAL, YLOL VOL OLEQEVVIOOVV TNV E0MTEQLXY OOUN
TOV OTOUOU, TOL ATOTEAEORALTA TV OOtV NABav og avtiBeon ue
10 pdTuIo Tov Thomson. Zta welpdworta autd P déoun Betrd
POQTIOUEVIV COUATIOV O XOTEVD VETOL OE AETTTO HETOAMMKO @ AAO
XOUOO (0TOX0Q). = upmva pe to mpdtumo Tov Thomson, 1 d¢oun
TOV COUOTLOV o O€ B0 TTEETEL VOL ATOXRALVEL ONUAVTLXE YLOL TOUS EENG
AOyoug:

a. To olxo NAerTOHO POOTIO TOV ATOUOU ELVOL UNOEV KO ETTOUE -

Vg 08V OLOUELTOL NAERTOLXRY O Vo OTA COUATLO O, OO0 CUTA

Poioxrovtar 0To EEMTEQLRO TOV ALTOUOV.

B. Emeldn 1o Betnd nhextoind gooTio €ivol OUOLOUOQEa ROTAVE-
UNUEVO, OEV WITOQEL VO CLOKEL ONUOVTLXY OTTOOTIXN O Voun otol
COUATLO O, 000 OVTA PEIOROVTOL OTO ECWTEQLLO TOU ATOUOV.

v. H o yrpovon twv copotiov o ue to nhextodvia dev ennpedlel
ONUOVTLRA TNV RLVNOT) TOUG, YLOLTE TOL NAEXTQOVLL £XOUVV TTOA (UL~
700TeEN Uda. Me tov idlo Tpdmo Ogv emneedieTon ONUOVTLRA M)
#rivnon wog Poglds métpag péoa ot Pooy.

O Rutherford mopationoe 0w to TEQLOCOTEQO AT TO. CWOUA-
TLoL o OLEQYOVTOL UEOKL OTTO TO OTOYO OYEOOV UVETTNEEAOTAL, TGOV VOL
ALVO VTOL LECO OF OYEDOV REVO Y (MOO. AQRETA ATORAIVOLY OE dLd-
poQes Ywvies. Alya opwg amoxiivovy xatd 180°. Avto wropsi vo
oupupPel udvo, av To BeTHO POPTIO ELVOL OUYREVIQMUEVO OF WUXQO



YOO, DOTE VO AOREL OTOL COUATLOL O UEYCAES TMOTIRES NAERTOL-
%nég duvaelc.

INo va gpunve oe o Rutherford g melpopamnég moQaTnonoeLg
TOV, TEATELVE €VOL TEOTUTTO O UPOVA UE TO OTOLO:

To dropo amoTeleiTar 0o Pio, TOAL  PLXQOT] TTEQLOYT] GTIV OXOLW
elvar ouyreEVTQOUEVO 6L0 TO OETIXO (POQTIO L OYEOOV OAN 1) LA
Tov aropov. H egroyn avr ovopdietar mugrjvas. O muprjvag me-
odrietan amo nhextoovia. Ta NAEXTEOVLL TEETEL VA, KIVO VIOL
Y 00 0.6 TOV TUENHVO O€ RUXAKES TEOYLES, OGS OL TAUVITES ¥ QW
a6 tov "Hho, yrati, av fjtav axivira, 0o Exegrav tdvo otov mo-
onva eEartiag Tng nAextoLxils €AENS Tov dEYovTaL A6 AUTOV.

To mpdtumo Tov Rutherford ovoudleton xou ThaviTire povre-
A0 TOV 0TOUOV, YLATl OTTOTEAEL UXQOYQOPLCL TOU NMAKO  TTACLVITL-
%0 OVOTHUOTOS. ATtotehel €va peyaho frua, Tov TAnoldler oty
emdva Tov ATopov Ommg T Yvweitovue onuepa. ‘Oums to povtélo
oTO, Ortmg Ba S0 PE TORAKATM, TAQOVOLALEL OQLOUEVES ONUALVTL-
%n€g aduvoylies.

Atopzd @aopota

Otav epoUOCOUUE OQLOLEVT TAOT € YUAMVO COATVOL TTOV TTE-
OLEYEL OLEQLO O€ Younin mieon (Ommg ong dagnuoTinég Auyvieg
VEOov), TOTE Ba TOQATNENOOVUE OTL TO OEQLO EXTTEUTTEL PS. AV TO
QOGS AUTO OVOAVBEL, OTAY, YL TTOQADELYUDL, TTEQAOEL LETOL ATTO EVOL
moloua, TOTE Ba TOQOTNOTCOUUE L OELQCL OLTTO PTELVES YOOUUES.
Ka0e yoouun avtiotoryel og €vor SLopoQeTHO UNHOS ® LOLTOS 1) KO-
uot. ‘Omwg yvweitovue, 1 GELRA TOV YOUUUMDY TOV TOQOTHOO VTOL
OVOUACETAL YOUUULXO (PATILO. EXTOUTTIG TOV CLEQIOV.

To upn® HOTog IOV TEQLEYEL TO YOOUULHO PACUC. EXTTOUTTING ELVOL
YOQOATNOLOTLXGL TOU OTOLYELOV TTOV EXTEUTEL TO POGS. AEV VITAQYOUV
0 0 dLapoEETIHA OTOLYELDL TTOU VoL £XOUV TO (L0 pAoua exstoumis. To
0edOUEVO OUTO PTTOQEL VOL YONOWOTTOLNBOEL YLOL TOV TTROGOLOQLOUO TWV
OTOLYELWV TTOV TTEQLEYOVTOL OE PLat OVOLaL. Anhadn To yoouuuxro @d-
ouo outer 10 QMO TV SR TUMAOV ATOTUTTOUATMV. ‘Omog ortd To

-

OO TUMRA OTTOTUTTMUOTA UTTOQO UE VAL RO e TOV AvBQmITO 0TOV
OTOLO CLVNXOVV, ETOL ROUL AITO TO YOOUULKO (PAOUOL UTTOQO UE VAL oo -
UE TO OTOLYELO OTO OTOLO OVUEL.
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2-7 (a) Ta owudtio a amoxiivovy xatd ut-
®Q1 ywvio O Upwve UE TO TQOTVITO TOV
Thomson. (B) Ta owudtia a axoxAivovy xatd
ueydln yovia 0 upova pue 10 TOOTVITO TOV
Rutherford.

2-8 Movtélo tov Rutherford yia to drouo
(mhavytind wovrélo).

2-9 Toauuuxd pdoua exToUTTIG TOU VOQOYOVOU.
To Qws mov eXTEUTEL TO AEQLO TEQVAEL o
amo Eva TEoUa xal TO PACUA ATOTVTDVETAL
o€ evaiobyro @ilu.



‘Evo 0€01o nmoel L HOvo voL EXTTEUTEL G, AAAA UTOQEL KoL
VO 0TTOQEOPE PMGS. AV PWTICOVUE UE TEIYY) TTOU EXTTEUTTEL AEURO (PG
€va, mploua, Tow oo To omolo €&l TorofeTnOel méTaoua, Tote Ha
TOQATNOVOOUUE TTAV® OTO TTETOOUOL ULOL CUVEY] XOWUOTLOTY] TOLVIOL.
H towvia avm) tov yowudtwy, 6mws yvopilovue, ovoudteton ov-
VEYXES (PATLA TOV AEUXO  (POTOG.

v/

- ~

2-10 Zvvexég (pa,a‘ua v Agvxo q)a)ro,g. _ -

AV TMHOO AVAUESH OTNV TTNYY TOU AEUXO  (MTOS KOL OTO TTQL-
oua ToroBeTnOel yuahvo doyelo TOU TEQLEYEL RATOLO AEQLO, TOTE
B0 TUEUTNENOOVUE OTL 1 YQWUCLTLOTY) TOUVICL OLAROTTTETOL OITO ORO-
TEWES yoouuéc. H touvio avty) Tmv xomudtov ovoudleton yoampe-
%0 AT ATOQQOPNONG TOU deQiov. OL OROTELWVES YOOUUES EUQA-
viCovtou o€ exelves axELPMS TIG CUYVOTNTES OTIS OTOIES EUPAVICO-
VTOUL OL POITELVES YOUUUES TOV (PAOUATOS EXTTOUTTNG TOV (OLOV 0EQLOV.

! ~ -
§

2-11 Toauuund pdoua amogoenons Tov vogo-
yovou.

Emopévag to meipopa deiyver Ot

o. To pdoua exmoumIs 1 AT0QEOPNONS EVOS AEQIOV ATOTEAETAL
QIO OQIOUEVEG PAOUATIHES YOOUUES TTOV EVAL Y AQOAXTNOIOTINES
T0V agpiov. Kdbe yoauurn avtiotowyel o€ 0QLOUEVY OUYVOTHTA
(1 wjrog % uarog).

B. KdbBe yoouuij tov pdopuatos amooognons Tov aggiov CUUTTITTEL e
i yoauu] Tov QacuaTtos exTtouTts Tov. Anladj xabe aéoto amog-
QOQAL LULOVO EXEWVES TIS AXTIVOPOMES TIG OTTOIES UTTOQEL VO, EXTIEUTTEL.



To yoopuuxrd (AcUoTo TV CEQLMV TOTEAETOV TO RAELDL YLOL
™V €pguva thg doung Tov atouov. Kabe Bempla yia ) doun tov
aTOUOV TTOETEL VoL EENYEL YLOUTE TOL ATOUA EXTTEUTOUV 1] ALTOQQOPO v
UWOVO OQLOUEVES ARTLVOPOAES RO YLOLTL ATTOQQOPO  V UOVO EXELVES TG
OXTLVOPOMEG TTOU UTTOQO  V VOL EXTTEUTTOV.

To wovtélo tov Rutherford aduvato oe va eEnynoel T yoou-
WxA PAOUOTO. TMV OEQLMV YLOL TOUS TTUQARATM AdYOUG:

Z WOV IE AUTO TO LOVTELO, TO NAEXTQOVLO TTEQLPEQETAL Y QW
oo TOV TUENVOL 08 ®UurMxt| ToYLd. To uétpo g tay THTds Tov
elvow otaBepd, ahhd m nate Buvor) Tng ovvexmg LETOPAMAETOL RO
ETTOUEVIS TO NAEXTOOVLO EXEL ETMTAYUVOT). X UPWVOL UE TIV NAEXTQO-
uoryvnurn Bempla, To MAEXRTEOVLO, OTTMS KoL RABE EMTAUYUVOUEVO
PoQTiO, ExTTEUTTEL ovTLVOPolicl, dnAadn axtivoPolel evépyeia. H evép-
YELOoL TOV nhexTooviov Ba pémel va pewdvetal ouveyms. Emouévamg
B0 TOETEL VOL HLVELTOL OF OTIELQOELDN TOOYLAL UE AOEHMGS LELO  LEVT) OLKTL-
VOL %OU UE OLAORMG UETAPOANOUEVY] CUYVOTITO, UEYOLS OTOV TECEL OTOV
TTUOTVOL.

H ovyvomrta g exmeumduevns antvoforiog o moémel vo &l-
vou (01 UE T OUYVOTNTA TEQLPOQAS TOV NAEXTQOVIOU, 1) OTTOLCL UE-
tafdhleTon ocuveyme.

Apa, 0 pgpova ue to povrého tov Rutherford, ta dtopa Ba Emoe-
TIE VO, EXTTEUITTOUV OUVEYES (PACUA ROL OYL YOOUULHO, OTTMS TTOLOOLTY-
QelTon OTNV TOAEN.

TN vagpumve  ogL TaL yoouurd qpaopato Tov vdpoydvou, o Bohr
TEOTELVE €VOL VEO TTEOTUTTO LA TO ATOUO TOU VOQOYOVOU.

To medétTvmo tov Bohr yia to vdgoysvo

Zug apyés Tov 200  audVo Ol EMOTHUOVES AATlOTOOoaY OTL M
2rhaowr) Puowr) adUVOTO OF VOL EQUIVE OEL TOL YOOUULKOL PAOUCLTOL
TOV 0EQIWV. AEV UTTOQO OF VoL EENYNOEL:

* Tt 10 VOEOYOVO EXTTEUTTEL UOVO OQLOUEVOL KN % WOLTOS OLATL-

vopohiog;

* Tt aTtoEEOMA LOVO T UK % UOTOG TTOU EXTEUTIEL;

INo va amovtnoer oto Toamdvem e0mTHUATA, 0 A0VOg (UOLKOS
Bohr (MmoQ) mtpdteLve €va ToOTUmO YL TO ATOUO TOU VOROYHVOV,
70V OTNEICETOL OTLS TTALROXATM TTAOOOYEC:

a. To NAexTEdVIO TOU ATOUOV TOV VOROYOVOU TTEQUPEQETOL Y QM OITO
TO BETINA POQTLOUEVO TUONVOL UE TNV EMOQAON TS O Voung
Coulomb mov d¢xeton amd avtov (oynua 2-14).

B. To NAEXTEOVIO WITOQEL VO RIVELTOL UOVO OE OQLOUEVES TQOYLES, OL
0TtOlES OVOUALOVTOL EMLTEETONEVES TQOYLES. Ol EMTOETOUEVES
TOOYLES ELVOL EXELVES YLOL TIC OTTOLES LOY, €L OTL 1] OTQOPOQUY TOV
NAEXTOOVIOU elvow ®PAVTOUEVT KoL (01 UE AREQOLO TTOANTTAGL-
o0 TG TocoTNtag 7 = h/2p, dmov h elvar  ot00epd Tov Plank.
To uéTEO TS OTEOPOEUTNS TOU NAEXTEOVIOU diveTow 0ITO TNV €E(-
owon:

L=mur
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2-12 Hlextoouayvntixo uoviéAo tov atouov.
3 upava ue v xiaowxj Quoxij, To emrayv-
VOULEVO NAEXRTOOVIO ETTQETE VAL EXTIEUTIEL TUVEYES
@doua xat axolovlavrag omelpoeldNf ToyId va
TéQTeL oTOV TVIVA.

2-13 O Aavos @uoixds Niels Bohr (1885-
1962). Tunjbnxe ue to Poafeio Nobel Dvoixijc
70 1922 yia v €gevvd Tov oty dourj Twv ato-
Haw.



2-14 Arouo tov végoyovov. To mpwtdvio Oew-
oeitar axivyro. H & vaun Coulomb F mooxa-
Ael TRV amaito UEV) *EVTQOUOLO ETITAYVVOD.
To nlextEovio Aoimoy meQipégeTal ue tay -
TQ U, 08 ETMUTQETOUEVY) TQOYLA AXTIVAG T, DOTE

va Loy &L mor=nh
L
~ ~-_/ . e
v

2-14a To Sidvvoua s otoogpoouijc L tov
nlextooviov oto mEdTvIo TOV Bohr.

OITOV M €ival 1 LALo TOV NAEXTEOVIOU, V ELVAL TO LETQO TS TOL-
% TNTAS TOV ROW T 1) AKTLVAL TG XURAMKNG TEOYLAS Tov. Eqpoouo-
Covtag T ouvONKn O WpVOL UE TNV OO0 1) OTQOPOQUT] TOU
NAEXTOOVIOU ELVAL RBOVTOUEVT], EXOVUE :

h
mur:nz_:nh,n=1,2,3,...,— (21)

p

y. Otav To NAeXTEOVLO KLVEITOL OE OQLOWE VY ETULTOETOUEVT) TOOXLA,
Oev enréumer axmvoporia. H mapadoyn avty éoyeton og avti-
Beom ue TV nhextoouayvNn Ty Bemplol O Upvo. Ue THV 0ol
TO NAEXTEOVIO Ot €TTOETE VO AR TIVOPOAEL CUVEY MG EVEQYELXL, VL
OLaryodpeL OTTELQOELOY) TOOYLAL UE OLOQHMG UELO UEVT) OXTLVOL ROL
TEMUA VA TTEPTEL OTOV TTUQNVOL.

0. ‘Otav 10 NAEXTEOVIO NETOTTNONOEL OTTO ULCL ETTLTOETTOUEVT) TQOXLA
0€ AAAY URQOTEQNG EVEQYELOS, TOTE EXTTEUTIETOL EVOL (POTOVLO UE
evépyela (om pe ™) SlapoQd UETOE  TNG CLOYLXNG ROL TNG TEMHNG
Tov evéQyelag. Av E; eivon 1) evépyela TOU OTOUOU TTOLY OTTO TN
uetdpaon, E;nevégyeaia petd m petdfaomn xow hf n evépyeia tov
EXTTEWTOUEVOU (PMOTOVIOV, TOTE LOY, EL:

E,-E;=hf (2.2)

OMuxen) evéQyera nhertooviov

O UTOAOYICOUUE TNV RVNTLKY, T1 OUVOULKY] KOL TV OMXT| EVEQ-
YELOL TOU NAEXTQOVIOU 0TO ATOUO TOV VOROYOVOU. BemEO Ue OTL TO
NAEXTQOVLO TTEQLPEQETOL Y QM OTTO TOV AHIVITO TTUONVO, O OTTOLOG
QITOTELETAL OUTO €VOL TOWTOVLO. X LPMVOL UE TO OE TEQO VOUO TOU
Ne twva, nnhextouxn ehvuxh & vaun F= kez/ I, IOV LoXel O TTU-

ONVagS 0TO MAEXTEOVLO, TTRETEL Vo elvaw tom ue F=ma, , omov
— 2 ’ . ; ,
a =u / I' elvow 1 ®EVIQOUOLOG ETULTAYVVOT) TOU NAEXTOOVIOV:

2 2
, , ’k
F=ma, 1 k%:mu_ M u=e[— (1)
r mr

, : : ; — 1.2
’Awmaﬁtom)wocg TV TAQUITAVR O}E0N 0TV e&lomon K =5md
Potoxrovue:

-

2
€

K =k— 2
y )

H duvapuxn evépyela Tov nhextpoviov divetow astd v eElow-

on:
2
U=- k% 3)

H ol evépyelao Tov NAeXTQOVIOU Elvol TO ABQOLOUAL THG HLVY-
TLRNG ROl TNG OUVOLULRNG TOV EVEQYELG:

eZ

eZ
E=K+U=k—+(-k—=—) 1
2r ( r) 1



2

E=- k;- Olrn) evEéQyelor NAEXTEOVIOU (2.3)
r

Otov avogeQOuooTe 0TV OAXT EVEQYELD TOU NAEXTOOVIOV OTO
GTOUO TOV VOQOYOVOU, EVVOO UE TNV EVEQYELX TOU CUOTIHUOLTOS TTOU
QITOTELE(TAL ATTO TO NAEXTOOVLO KOL TOV CXIVNTO TTURTVCL TOU OTO-
uwov. H evépyeio vt ogeidetow oty aliniemidpaon uetag tov
NAEXTQOVIOU ROW TOU TTUQYVCL.

Emtoentopeves 100y Ll€g ®aL TINES EVEQYELAG

H uunp0ten antivo eTTQeEmOUEVNS TOOXLAS TOU NAEXTOOVIOU OVO-
uéCeton axtiva Tov Bohr xou givon ion pe r;=0,53x107m. Ou oxti-
VEG TV GAAMV ETUTOETOUEVMV TOOYLMV TOV NAEXTQOVIOU divovTon
oo ™y eElowon;

r= n’ r Emtoemoueves tooyLég (2.4)

Omov n elvouw oxéEanog BeTvdg 0ELBUOS, 0 0TOl0g OVOUAlETOL % -
010g #Pavrirdg aLOudg, 1o LITOPEL VO TAQEL TWES Ao Eval UEYQL
AITELQO:

n=1,2,3,.., —

Otav 10 NAEXTEOVLO KLVELTOL OTNV TOOYLA UE TN WMHQOTEQN
oxtiva (n=1), 1ote €XEL TNV EAAYLOTN EVEQYELQ, TTOV Elvan (oM
ue E;=-13,6eV. Otav nveiton 0tg AAES EMTOETOUEVES TOOYLES,
TOTE €XEL OMnY EVEQYELDL TTOV OlveTow atd TV eEICMON):

h ——>  EmTemoueves TES EVEQYELOG (2.5)

I'vopiCovtag g ueég Tmv 1 ®au E; xow avurabiotdviag n=1,
2,3, ... oug eElomoelg 2.4 nou 2.5, vtohoYICOUUE TLG ETUTQETOUEVES
TWES TNG OUTIVOS o TG EVEQYELOS. OL TYES QUTES aivovTal OTOV
TOQARATW TLVOKAL:

K ouog
nPaviindg n=1 n=2 n=3 ng —
apLluodg
Axntivo I, 4r, 9r, =
Ol

el E, E/4 | E,/9 0
EVEQYELQ

O Tiués s evépyeiag eivar apvnuixés. H ueyal teon tiuij e
evépyelas eivar E=0. Avtiotowyei oe ng — xat r¢ — xat weQLyod-
QEL TV XQATAOTAON XATA TV OTTOLO, TO NAEXTOOVIO EXEL ATOUAXQUVOEL
amo to drouo (toviouds). H guoixij onuaocia tov agvytixo moo-
OOV TG OMxI|G EVEQYELOS EfvaL OTL ATOUTELTAL TTQOOPOQU EVEQ-
YELQG, VIO VA OTTOUOXQUVOE] TO NAEXTOOVIO O€ TEQLOYI] EXTOS TOV
nlextoixo eSOV TOV TVOKVA.
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To nAextovioport (eV)

To nhentoovioBort eivow m evép-
vewow mov petoffdletan o éva
NAEXTOEOVLO, OTOV OUTO ETLTOY, Ve-
T péow Aapopds duvouro 1
Volt.

1eV=1,6x10"Joule



2-15 Emroendueves Tooyiés Tov nhextooviov
0to mEATVITO TOov Bohr yia to drouo tov vdgo-
Yyovou.

ITAPAAEITMA 2-1

‘Eva dtopo vdpoyovou mov Poioxetar otn Bepehddn
rnoatdotoon €xer oMnn evépyewa E; =-13,6eV. H axtiva g
TEOYIGS TOV MhexTEoviov sivar 1,=0,53x10""m. Na vmo-
AOYLOTO V OL OXTIVEG TNG TOOXLAS HOL OL EVEQYELES TOU
NAexTEOViOU OTLS O O TEMTES AEYEQUEVES HUTAOTAOELS,
OV GVTLOTOLYO V O ®Povtro ¢ aobuo ¢ n=2 nouw n=3.

AYXZH H oaxtiva tg tooydg divetan amd v eEicwon:
r, =n’xn
Avtrafotdvrog n=2 row n=3, polorovue:

r, =2%r, = 4r, =212 x10"°m

r, =3%r, =91, =4,77X10""m

H ol gvépyela Tou atopov 1ou vdpoydvov diveton amd
™mv eElomon:

E =—t=I1=. 2209 — _34ev
2792 Ty 4
E,_E 13,6 eV
E =—t=Cb1-. 220%W - 9151y
3T 9 9 ,

Am6delEN Tov T mov 2.4 vat 2.5

ONOWOTTOLO (L€ TNV EELOMON TTOV TEQLYQAPEL THV XPAVTWON

™S oTeoopung: Mur =nz (1) zo to 6 TeEO vouo tov Ne -
TOVO YLO TO NAEXTOOVLO TOU OLTOUOV TOV VOQOYOVOU:
2 ~2
-m< | mé’r=ke? (2)
T

F=ma, 1 ke_z
T

A vouue Ty (1) wg TEOg v ®ow avTrAOLOTO UE TO OTTOTEAECUOL
om (2):

2312
) 2
1 r=k62f] r=n? h

m
m?r? mk &




AvTnabLlotwvtag To T UE I, EXOVUE:

h? ANTIVEC ETUTOETOUEVDYV
=n? =1,2,3, ..., — S ETUTQETOU
rr‘l n mke2 > n b b ) ) TQOXL(bV (26)

Avurablotavrag n=1, folorouue TNV TOOYLE UE TN UHQOTEQY
QXTLVOL Iy
hZ
n= >
mke

AvuxaBotdvtog ™y televtaia eElcmon ot 2.6, ToQVOUuE:

— 2
rhL=nrn

Av avuratoothoouvue otny eEiomon 2.3 1o E ue E, wow 1o 1 pe
T, TTOLOVOUUE TNV OOAOVOY £XPOOLON YLOL TNV EVEQYEL TOV OLTO-
wov:

€ €
E=-k— 7 =-k— 1 Myw g 2.6
o E, 21 N AOY®W ™G
_ .1 _mk%**
E, =- (F)W Emtpemopeves tég
™mg evépyawas  (2.7)
n=1,2,3, ..., —

H wrpdteon mun tng evégyelag avtiotolyel oe n=1. AviinoOi-
otovrag n=1 oty eEiowon 2.7, folorovue:
mk?e*

E
E, =- — %o E, =—
2h n

Avuraflotovrog g TuEg Twv otofepwyv m, k, e wow 2 = h/2p,
VITOAOYICOUUE TN HQOTEQY) ETULTOETOUEVT) OLXTIVAL T'; ROW T (URQO-
teEn emtEemouevn evépyela E,. Elvou:

r, =0,53x0 °m xna E, =-13,6eV

H évvoia g #favtoong g evép-
YELOG Elvou onuovTr), yuott eEnyel
OTL TO NAEXTOOVLO KLVELTOU UOVO OF
OQLOUEVES TOOYLES RAOOQLOUEVNS
EVEQYELOLS KO OEV HLVE(TOU OTTELQOEL-
0mg TANOLALovTog ovveymdS TEOG
tov mupnva. Emiong n #faviwon
™g evépyeag €dwoe dhbnon oty
OVATTTUEN TG XPOVTOUNYOVIRNG.
‘Ouwg N #pAvTmon g oToPo-
UG, O UMV LE TO TTOTUTO TOU
Bohr, €ygL 1otogurn povo onuaoio.

2.2 ATAKPITEX ENEPI'EIAKEYX YXTAOMEZX

Evepyeranés otadueg

O emTEETOUEVES TWES TNG EVEQYELOS TOU VOQOYOVOU RO RAOE
aTOUOV OVOUATOVTOL EVEQYELOXES 0TdONES. OL OVTIOTOLYES HOTA-
OTAOELS TOU ATOUOV OVOUALOVTOL EVEQYELUXRES RuTOOTAOELS. H
ROTAOTOOT UE TN ounhoteon evépyela E; ovoudleton Oepelmrong
ratdotoon. Oles ou dAheg evepyelanég nataotdoes E,, Es, ... ovo-

UWACOVTOL OLEYEQUEVES RUTATTAOELS.



Yreotd- Ynéovboo
E—o | %% 9w pog .
E,=-0,85¢V] ] B =y
E;=-151eV n=3
E,=-34eV | — n=2
Opato
209
E1=-]3,6€V n=1

2-16 Awdyoauua evegysiaxndv otabudv tov
arouov tov vépoyovov. Ot uetafdoeis twv nle-
XTQOVIQWY amo i tooyid o€ dAly ovupolito-
vraL ie xataxdouea P,

Avdygappa evegyelan®v otadpov

IMaipvouue ®otaxroQuEpo agova Pabuoroynuévo oe Tég eveQ-
yerog o oxedtatovpue opltovTies evbeieg yoauués otig B€oelg o
OVTLOTOLYO V OTLS EMITOETOUEVES TWES evéQyelas B, By, B, ... Tov
nhextooviov. To oAU TTOV TTEOX TTTEL E(VOL TO OLAYQULIL TOV EVEQ-
YELOROV OTAORGV.

H amdotoon uetaE & o evepyelommy OToOUdY OVTILOTOLYEL 0T
OLAPOQA TMWV AVTLOTOLY MY OMAMV EVEQYELDV TOV NhexTOOVIOUL. H pe-
TAPaoN TOV NAERTEOVIOU atd piat TEOYLA 08 AAAY oupPolileTon ue
ROTAROQUPO PENOG, TTOU €EL 0LOYT TNV CLOYLRY OTAOUN ®ow TELOGS TNV
TEMKN 0TAOUN.

AL€yeQom TOV A.TORLOV

Av 10 dTtopo Tov vdEOYAVOU oV PELoreTOL 0T BenelmOn xa-
TAOTOOT CTOQQOPYOEL EVEQYELDL, TOTE TO NAEXTQOVLO UTTOQEL VO UE-
TOTNONOEL O AAAY ETLTOETOUEVY) TQOYLEL VYNAOTEQNS EVEQYELULG.

H petdfoon evog NAEXTQOVIOU TOV ATOROV O.TT0 Pic TQOYLA Yo
unAns evégyerag o€ GAA VYNAOTERNS EVEQYELNS OVOLLATETOL OLE-
veeon Tov atopov. H evépyela mov amarteiton yio T OLEYEQOoT TOU
oTOUOV OVOUALETOU EVEQYELD. OLEYEQOMG.

To deyeouévo ATOUO TTOQAUEVEL TNV RATAOTAOY ALEYEQONS YLOL
eEACyLoTO 0oVING SrdoTnua (Tng TEENE Tov 107%s) nou emavépyeTan
ot Bepemdn ratdotaon. H endvodog tov nhextpoviov otn Oe-
UEMMDON RATAOTOON WTOQEEL VoL Yivel elte amevBeiog e €vo Glua,
OTOTE EXTEUTETOL EVA PWTOVLO, ELTE UE TEQLOOOTEQD ALAdOYLRA
GMLOTOL, OTTOTE EXTTEUTTOVTOL TOOO. POTOVLOL OCOL ROL TO. GAUOLTCL TTOV
TOAYUOLTOTTOLEL.

TIoviopog tov atopov

MeQurég OQES TO ATOUO WTOQEL VOL OTTOQQOPYOEL TOOO UEYAAY
EVEQYELD, DOTE elvan dUVATO TO NMAEXTOOVIO TOU VO OTTOUARQUVOEL
I TOV TUENVA, OE TTEQLOYT TTOV O TUONVOS OEV OLOUEL NAERTOLXY|
0 voun oto NAexTEOVL0. TO NAEXTOOVIO CTTOUOKQ VETOL OQLOTIXG. OTTO
TOV TTUOVOL KO TO ATOUO UETOTOETETOL OE BeTind 1O0v. H amopd-
RQUVOT) EVOG TAEXTQOVIOU TOV ALTOIOV GE TTEQLOYT EXTOS TOV MAE-
®To®o mEdiOV TOV TLVENVE OvORdLETOL LOVIONGS TOV atopov. H
EMAYLOTY) EVEQYELDL TTOV OUTOLTELTOLL, YLOL VO, OTTOUOXQUVOEL TO NAERTQO-
VIO TOU OLTOUOV OTTO T1) BePeMmON TOOYLA OE TEQLOY Y EXTOS TOU NAE-
UTOMO  TTEQLOV TOV TTUEVO, OVOUALETOL EVEQYELL LOVIONO .

H evépyeio toviopo  elvon tom pe:

ElOV. =E_- El
omov E_=0 elvow n eVEQYELDL TOU ATOUOV TTOV ALVTLOTOLYEL O RATA-

otoon ue ng — xau E; ) evépyeald tov ot BepeMmdn ®atdotoo.
Enouévog:

ELOV. =- El

INa to dtouo tov vdgoydvou eivar E;=-13,6eV, omtdte  evép-
vewa toviopo  elvau E o, =13,6eV.



