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2.3 MH ANIXMOZX ITAPATQI'HX KAI AIIOPPO®PHEHYX PQTONIQN

ALEYEQOM e ®po 0N

Otav évo omuatido (). NAeEXTEOVLO, LOV 1] ATOUO) CUYRQOV-
oTel pe €va atopo vdpoyovov, o Poloxetar, Adyov xaemn, ot Oe-
UEMMON RATAOTAOM, TOTE TO NAEXTOOVIO TOU OLTOUOV UTTOQEL VO
OTTOQQOPNOEL LXOLVT) TTOCOTNTCL EVEQYELOLS KOL VOL UETATTNON|OEL OE TQO-
LG UEYON TEQNS EVEQYELAS, UE ATTOTEAEOUOL TO ATOUO VO OLEYEQDEL.
To dleyeQUEVO GTOUO ETOVEQYETOL UETA OTTO ELAYLOTO XQOVO OTH)
Bepelnom rataotaon. H endvodog uwoel va yivel elte pe €va dpa
®natevdeioy ot OeueMmON RATAOTAON, UE TOUTOYQOV EXTTOUITY) EVOS
POTOVIOV, EITE UE TEQLOOOTEQN EVOLAUETO GAUATO OTTO TQOYLG OF
TOOYLA, UE TOUTOYQOVY) EXTTOUTTY| TTEQLOCOTEQMYV PUOTOVIMV.

2-17 (a) To drouo tov vépoyovov atn Oeue-
B MO xardoTaon e amo TRy x0 0N UE TO
nlextoovio.
(B) To drouo oe dieyeouévy xatdaraon.
(a) ®B) () (v) To drouo emavéoyetar oty Osueiidddn xa-
TAOTA0N EXTEUTOVTAS EVA QWTOVLO.

TN Topdderypa, To NAEXTEHO TEDIO 0€ COAVOL TTOU TIEQLEYEL CLé-
0LO YOUNANG TLECTC ETUTOLY, VEL TOL NAEXTOOVLOL KOL TOL LOVTOL TTOU 1O
Bolorovtar péca oto cwinva. Otav 1 eVEQYELX TOUS YIVEL OHETA
UEYAAY, TOTE €lvOL SUVOTO VO TTEORAAEGOUV OLEYEQDT TOV CLTOUWV
1] TWV LOVTWV TOV 0EQLOV UE TOL OTTOLOL CUYXOO OVTOL.

A€yepon pe amoEo@nomn axtivoporiag

Acg Bempnoovue ot Eva dTopo vdoYdvou Poloxeton oty Beue-
Mmdn rotdotaon (n=1) xow arwoEEOMd VoL PUTOVLO, TV €XEL TOON
EVEQYELD 00N OXOPDS CTTOUTELTOL, YLOL VO UETOTTNONOEL TO NAEXTQO-
VIO OO T BEPEMDON RATAOTAOT 0TV ROTACTOON IOV AVTLOTOLYEL
oe ®Pfavund oiuo n=2.

Metd and ehdyloto xoovird ddotnua to dieyeouévo dTouo

.

2-18 Eopunveio tov @Aouatos amoQeognons.
To dtouo amoeo@d §va putovio xat uetafai-
veL amo ) Osueiddn rardotaon oTtyy TEATN
Oieyeouévn xatdotaon. H oxotemj yoauuj tov
@ACUATOS ATTOQQOPIIONG AVTIOTOLYEL OTO UIjX0G
X UATOS TOV PWTOVIOV IOV AT0QQOPONxE.

EMAVEQYETOL OTNY LATAOTAON N =1 EXTEWTOVTOS € VO POTOVLO, TTOV
€YEL UNHOC % LOTOG (00 [IE TO UMXOS % UOTOS TOU (PMTOVIOU TTOU
omopdgnoe (oynua 2-19). Emouévmg #ow oL evépyeleg Tmv & o gpw-



2-19 Eopunveia tov pdouaros exmoumis. To
ATOUO EXTIEUTTEL EVaL PUTOVIO ®au ueTafaivel oTn
Ocuelidddn xardoraon. H pwtemijyoauuj avri-
oToyel OTO WIfxoG % LATOG TOV YWTOVIOV IOV
EXTEUTTETOU.

3 dwc mov Oev
Aevxd pwg

Aéoio amoEoPinxe

" Y i Ca e
]

' ,_.Iﬁl‘_.'r'l_ll-h'l.-' ""',_."'-_.'-"._.Iﬂlh.

2-20 To pws mov amoppo@ijbnxre and to ag-
01O ETAVEXTIEUTTETAL TTQOS OAES TIG #aTEVO VOELG.

TOVimV givan togg. AUTOg gival 0 AGYOg TTOU TO (PACUOL EXTTOUTTNG TTCL-
QOVOLACEL WO PUITELVY] YOOUUY OTY BEOT TNG OXOTELVHS YOOUUNS TOV
PACULOLTOS CITOQQOPNONG.

Otav Aevrod Qmg, T0 070l0, OTMS YVWEILOVUE, TEQLEYEL OMOL TOL
U % UaTog, SLEQYETAL LEGX OITO OLEQLO VOROYOVO, TOTE TO LEQLO
QITOQQOPA LOVO EXELVOL TAL PMTOVLAL TOL OTTOLOL £YOVV UMK % UATOG
TTOV OVTILOTOLYO V O€ UETOTTNONOELS UETAE  TWV ETUTOETOUEVOV TL-
WOV EVEQYELOS TOU ATOUOU ToU vdoydvou. Ta dieyeouéva dtouo
TOV VOQOYOVOU ETTAVEQYOVTOL 0T BENEMMDON RATAOTOON EXTTEUTO-
VTOG POTOVLOL TTQOG OAES TG HOTEVD VOELS.

SUUTéQaoUoL:

To aépLo amoEEOYA. 1Al EXTTEUTEL PWTOVLA TTOV EYOVY OQLOUEVA,
wijxn x puoros. Ta wijxn » natos twv oToviewv Tov Amoeopd To
aéoto eivai {oa UE TO UIxN % UATOS TWV QOTOVIQWY TTOV EXTTEUTIEL.
To pdoua amoeEOENoNs TOV AEQLOV TAPOVOLACEL OXOTEIVES YOO -
UES 0T BE0N TWV POTEWVDY YOOUUDY TOV PACUATOS EXTTOUTIG.

H emrvyio ®or n amotvyia Tov ®ot mov Tov Bohr

3 upwvo ue to TdTuto tov Bohr, dtav to nhextoovio Tou ato-
LoV TOV VOQOYOVOU UETOTTNONOEL OO CLOYIXT| TOOYLAL, TTOU CLVTLOTOL-
¥l o€ ®PavTrd aELBUO n;, 08 TEMKY TQOYLA WRQOTEQNS EVEQYELOGS,
OV AVTLOTOLYEL OE RPAVTLRO 0QLOUO Ny, TOTE EXTEUTETOL VAL POTO-
vio ovyvotntag f, yro tv omola Loy, eL:

E-E =hf ¢ f=—— (2.8)

To UMrOC ® UOLTOS TOV EXTTEUTTOUEVOU PTOVIOU VITOAOYICETOL 0Tt
v eElowon: ¢ = Af.

OL TWWES TOU UNXOUS % UATOS TTOV VITOAOYICOVTOL amd TNV TTaQoL-
OV €ELOMON OCUUPMVO V UE TS TELQOUATIRES TWES. AnAadi) TO
mpdTuIo Tov Bohr mepuyodipel To yooupuurd gpaouota Tov vdpoyo-
VO

To meodTuo Tov Bohr pmmopel va ementabel xow o GAlo dtoua M
LOVTOL TTOV €£X0VV UOVO €va MAEXTEOVIO 0TV EEWTEQLXT) TOUS OTRACL.
Ta dropa avtd Aéyovion vdgoyovoerdr). Oumg dev umopel var egun-
VE OEL TO. YOOUURG PAOUOLTOL TV OLTOUMYV TTOV €XOUV O 0 1) TEQLOOO-
TEQO NAEXTOOVLOL OTNY EEMTEQIXY TOVS OTAOCL.

Katd 1o 1920 avomt xOnxe o véa Bemola, N »fovtounyov-
%1, 1] OTTOLOL TTEQLYQCAIPEL UE ETTLTUYIOL TOL POLVOUEVCL TTOU OLVOLPEQOVTOL
OT0 COUOTIOLOL TOU PUHQOROOUOU AL OTO POG.
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No vtohoYLOTEL TO UNXOS % WOTOS THS AXTLVOPOACS
IOV EXTTEUTTEL TO GITOUO TOV VOQOYOVOU, GTOV UETUTNOG QTO
TV ®OTAOTOON UE n=6 otV ®otdotoon pue n=2. H evép-
YELOL TOU ATOUOV TOU VOQOYOVOU 01N Beuehdon ®ratdoTo-

on elvan E;=-13,6eV (h = 6,63X10*J>s, c=3xX10m/s)

AYZH To ui®og % (otog TOU (mTOVIOU TTOV EXTTEUTEL TO
drtopo mpoodopitetan amd v eElowon:

Eg - E, =hf. Avurobotoviag f = < , Potoxouue:

O evépyeieg E, nau By vmohoyiovion amod tig eElohoels:

E, :E_21 :E_21 =-34eV=- 3,4>i,6><10'19J
n 2

B =2r=Bi= 138yo 0378464013
n’ 6 36

Avunobiotivrog oty (1) g mogamdvm tuég, folonov-
Ue:

X {0 340"
(-0,378 +3,4)4,640"?

m=41x0""m

ITAPAAEITMA 2 -3

‘Eva dtopo vdpoydvov, mov Poioxeton otn Bepeldon
1ATAOTAOT €XEL olMnn evépyein E=-13,6eV:
(o) No vmohoyLoTel To UHROC % HOTOC EVOS PMTOVIOU TOU
Bo TEONAAETEL LOVLOUO TOV OTOUOV.
(B) Na vmohoyiotel M ehérylotn Tay TNTO EVOS NAEXTQO-
viov ov Ba Tporaléoel, Adym Qo oMg, LOVIOUS Tov ATo-
nov.

AYXH (a) H evépysio mov amowteiton, Yl Vo OTOuoL-
%OVUVOEL TO NAEXTEOVIO TOU aTOUOV atd T Bepueldddn ro-
TAOTOON OTHV XATAOTAON NS —, €hvol:

E=Ey - E;
Avurabotovrog E_=0 naw E =-13,6eV, Poiorovue:
E=13,6eV

H evépyeia E mou asmowteiton, yioo voL LOVIOTEL TO GTOUO,

ITAPAAEITMA 2 -4

elvon (om pe v evépyea hf Tov potoviov, Tov TEOXAAEL
Tov toviopo. Apa: E=hf.

Cc
Avuxabotovtog f=c/A, foloxovue: E = hl_ , OTOTE

_hc _(663X0 1%)(340%m/s)
" E 13,6 4,640 1%

(B) H evépyeia mov omoutelton, YLoL Vo LOVIOTEL TO GLTOpO,

glvan (om pe TV mvnuey evéoyera P my? tov nhextooviou:

m62D6=1,2—E o
m

23,644,640 1°J
9140 kg

=0,9140 "m

E =

=~

o= =219x0%m /s

"Eva vmoBennd dtopo €xeL TOELS evEQYELamES oTAbuEC,
™ Bepehddn now O o dhleg dieyepuéves oTdBuES ne evép-
vewoo 1eV nan 3eV, aviiotowya, teQuocoteen oo T Oepue-
Mddn: (o) No umoloyloto v oL OUYVOTNTES XROWL TCL UN®Y
% UOTOS TNG OXTLVOPOAOS TTOV UITOQEL VAL EXTTEUTIEL TO (ITO-
no. (B) IMowo uimn ® potog g OXTVOPOALOS UTOQEL Vo
OTTOQEOYPYOEL TO (ITOUO, OV POLOKETONL OEYLHA OTY Beueld-

on ratdotaon; (h=4,136 0B eV, c=3x0%m /s )

AYZH (a) Zt0 oYU QoiveTor TO OLOYQOUUOL TWV EVEQ-
YELARMV OTOOUOY TOU ATOUOV.

eV

leV 4

OL dUVOTES EVEQYELES TWV EXTEUTOUEVWV POTOVIDV OVTL-
OTOL(O V OTLS UETOPAOELS O, B ®OL Y. ONOLWWOTOLO UE THV
eElowon E=hf ya naBgud omd g petofdoes.

MetaBaon a: f; :é :% =2,42x0"Hz
h  4,13640eVs
, E (3- DeV .
Metépaon p:f, =— =— = 22" —48AXI0"*Hz
T h 4,136X05eV s
MetéBaon ¥: f A 3eV-0 =7.2640"“Hz
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To avtiotoya uixn ® Latog g axtivofoiiag eivo:

B) Amo 1o dudryooupa pox mreL du, dtov To dtopo Poi-
oreToL 0T BeueMddn RATAOTOO, WTOQEL VO OTTOOQOWH-
ogL povo pmtovia e evégyewa 1eV 1 3eV (uetdfoon O now
€ avtloTouya).

Agv UToQEl Vo 0IT0QQOPNOEL PMOTOVLOL EVEQYELOS 2eV, oo

Oev vmaQyel evegyelomy otalun ue evépyelo 2eV vymio-
TeON aIto T BgueMmON. Ad TOUS VTOMOYLOUO € TTOU €XOUV
ylver ToQOTNEO HE OTL TO OVTLOTOLOL UNXN % potog Ba
elvow 1240nm »ow 414nm.

2.4 AKTINEX

e TOMES TEQLITTMOELS EVOS YLOTOOG, TTQOKEWEVOU VOL HAVEL OG-
YVOOT) IS TAONONG, TTOQOITEUTTEL TOV AOOEVY TOU OTOV AXTLVOAO-
Y0, Yio. vo. Bydher puar axtivoypacgpio. ‘Oool €xouvue Bydher axtivo-
yoapio. Bmpoxra yvmeifovue 0T ®aTd T AYm TS ARTLVOYQAPLOG
OTEXOUAOTE OXIVITOL, YMEIC VO AVATTVEOUUE, EVM O OXTIVOAOYOS
Byaiver €Em amd To YMEO MYNS TS ORTLVOYQUPIOS. AV OTY) OUVE-
YELCL TTOLOOLTNOYOOVUE TTOOOEXTIHA TNV ArTLVOYQOpiaL, Oa do pe Ot
TOL 00TA TOV Bhara EUPOVICOVIOL MG POTELVES TEQLOYES, EVM OL
LOTOL (G OROTELVEG TTEQLOYEC.

Kotd t Mym g axtivoyoogpiog o adootn axtvoPoiio duo-
EQVA TO ompa pag. Oumg T elvow auty) M antivofolion row ng
TOQAYETOL,;

ITpog 10 Téhog Tov 190 cumva o T'eppavdg puotndc Roentgen
(Pévtynev) ueheto o€ TG LOLOTNTES TV NAEXTOOVIWYV TTOV ETUTALY, -
VOVTOWV, LEOT O COAVA YOUNANG TTlEONS, OTtd NAEXRTOLRO TTEDIO ROoL
€meTav oe petadlxro otoyxo. O Roentgen mapationoe 0w, dtav
minoiale oto ocwMva pia pbopitovooa ovoia, TOTE 1) OVoia, OXTL-
voPoho O€ g, EVH, 0TV TANOLALE £VOL PMOTOYOUPLHO PLAL, TOTE
owto o pule. YrootolEe Aoov OTL ToL QOUVOUEVOL OUTO OEIAO-
VIOV O€ €VaL VEO AYVMOTO RO LUOTNOLOON T TTO OXTIVOV, TLS OTTOLES
ovouooe oxtiveg . To o ppforo  yxonowomoudnxe amd To
Roentgen yio va ONAMOEL TNV AyvwoTn LEYOL TOTE ¢ ON TOV OXTi-
vov, dnog oty Alyefoa to 0 uforko  xENOWOTOLETAL YL VO
ouvuPolioel pia dyvootn toocotnta. O axtives  ovoudtovTol ®ow
oxtiveg Roentgen.

IHogayoyn axtivov

H ovoxeun mov yonopomouBnxe amd to Roentgen amoteheiton
OTTO €VOL YUOMVO CWATVOL TTOU E(VOL EQPOOLOIOUEVOS UE & O NAERTOO-
oo, TV Gvodo rat Ty ®60000. H ndBodog Bepuaiveton now exe-
urer nhexteovia. ‘Ooo peyah teom givon M Bepuorpaoio g ®abo-

2-21 Wilhelm Roentgen (1845-1923). Avaxd-

Avpe to 1895 tig axtives
ue 1o Poafeio Nobel.

. To 1901 Tiu1jBnxe




00V TO0O0 UeYOh TEQOG Elval 0 aELBUOS TV NAEXTQOVIMY TTOV EXTTE-
WITOVTOL OTH LOVAOOL TOU YQOVOU.

MetoE g avodovu row tng ®oBddov eaouoletan Vymin Taom,
1 oroloL eTLTary Vel ToL NAEXTEOVLOL. O CWANVOC TTEQLEYEL AEQLO OE
moA  yapmhi mieon (e TdEng tov 107atm), dote vo megLopito-
VTOL OL CUYXQO OELS TWV NAEXTQOVIMV UE TA LOQLOL TOV aepiov. Ta
NAEXTOOVLOL TTOOOTUITTOVV OTNV VOO0 UE UEYAAN TOL THTOL

H dvodog exméumer o woh  Sletodutxy] axntvofolia, Tov ovo-
ualeton axtives . Emeudi avamt oogton ok vymAr Bepuoxoa-
ota otV Advodo, To VMO THS avodou glvol & OTNRTO UETAMAO, YLOL
va un Mwver. Emopévmg:

Ou axtiveg  magdyovrol, 0Tav NAEXTEOVLO MEYAANS TaY TN-
T0G, OV £YOVV EMTAYVVOEL 0T0 VYMAT] TAON, TEOCTLTTOVY OE
RETALALRO GTOYO.

® omn Tov axtivoyv

Ta mewpduata €xouvv delel O oL axtivegs  elvon NAEXTQOUOYVITL-
%1 oxrvoPoAiol (poTdviar), Tov €xeL TOA  rEO wirog % notog. To
unrog ® potog givon 10000 poég npoTeQo omtd TO UNHOS ¥ UOTOG
TOV 0QUTO  PWTOS AL ElVoL OUYXQLOWO Ue TO PéYeBog Tov aTduov.

Emopévmng:

Ovaxtives  €ivar 0600t NAEXTEORLAYVITLXY OXTLVOPOALd, TTOV
€YEL M1UT) ¥ LOTOS TTOA ULXRQEOTEQO. GO TO. WX %X LATOS TOV
000TAV AXTLVOBOALGIV.

ddaopa Tov anTtivov

To pdoua g axtivoforiag  eivon o vBeTO. AoTEAEITAL OTTO
EvaL oUVeEYES (PAOUO TTAVM OTO OTTOL0 EUPOVICOVTOL LEQLRES YOO~
uégs (yoouunod gdoua). Ta & o €ldn pdonarog ogpelhovion og & o
OLOPOPETIHES OLEQYOLOLES TTORALY(YNG KO EXTTOWITNG TV 0TIV

o. Foappizo gpdopa

Ta mvo peva NAEXTEOVIOL CUYXQO OVTOL UE TOL GITOUC TOU VAL-
%0 tNg avodov. Ta dropa ™g avodov dieyelpovtor. 'Eva nhextoo-
VIO TV E0WTEQRMV OTPAdWV TOV aTOUoU uetamndd oe Ay em-
TOETIOUEVT] TQOYLA UEYA TEQNS EVEQYELas. H nevi) B€om Ttov nhentoo-
VIOV PIToQEL Vo CUUTANOMOEL 0T EVa NAERTOOVLO TOU QLTOUOV TTOU
Poioretou oTIg EEMTEQIRES OTIPAOES, UE TAUTOYQOVY] EXTTOUITY] EVOS
QWTOVIOU.

Emeldn) oL emtoemoueves TeES TS EVEQYELOS TOU OLTOUOU ELVOL
NAOOQLOUEVES, OL CUYVOTNTES TMV PMTOVIWV TTOV EXTEUTOVTOL Ot
elvon raBopropéves. To paopo Tov PMOTOS TOV EXTEUTTEL TO ALTOUO
B0 aTOTEAELTOL OUTO YOOUUES TTOU ELVOL YAQAKXTHOLOTIXES TOV VAL-
X0 THS avidov.

Emeldn n evépyeia mov omowteiton, Yo va exduaryOel €vo nhentoo-
VIO OUTTO 0L ECMTEQLRT] TOOYLAL, elvow UeYAAT, BoL TTOETEL HOW 1) EVEQ-
YELOL TOU NAEXTQOVIOU TTOV TTQORAAEL TN DLEYEQON VOl E(VOL UEYAAY).
Emtouévmg amonteiton 10 NAEXTEOVLO VO EXEL ETLTAYVVOEL 0TTO UEYCL-
A dLapod duvouxo .
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2-22 Svoxevij mapaywyis axtivav . Hle-
XTOOVIO UEYAANG TaY THTAS TQOOTIITOVY T€ UE-
1adMix6 0T0)0. ATO TO HETAAMNKO OTOYO EXTTE-
LTTOVTAL AXTIVES



2-23 dwroygagia ue axtives , emeEeQyacué-
VN UE XOUTLO TEQ, TOV TVIva evis yala&ia
otov aotepioud tov Kevria oov, omov mi-
oTE ovuE OTL VITAQYEL 1ia ua. N T 7Ta. Axti-
veg  exméumovral, xalds n ua on to ma -
XEL UEYAAES TOTOTNTEG HALas amd Ty ow me-
0LOXI] %Al QUTEG ATOXTO v UEYAAES emiTay V-
OELG.

B. Tvveyés pdopa

"Eva nhexntoovio pmopel vo empoaduviel eEantiog tng ahAnAemi-
0QOLONG TOU UE TOL ATOUA TOV OTOYO0V. ‘Ommg €XOUUE AVOPEQEL, EVOL
EmMTOYVVOUEVO (1) EMPEAdUVOUEVO) POQTIO EXTTEUTTEL AR TLVOPOALQL.
H andiera g mvnuxng evépyeaag (K;—Ky) touv nhexntooviov Ba
elvon (oM pe v evépyela Tov pmtoviov hf ov exméumeton. Anho-
om:

To MAexTEOVIO WITOEEL VaL YAoeL OAN 1 OTTOLOONTOTE UEQOS TG
EVEQYELAS TOV OE UioL 00 01, SNAad) UIToel voL oxtvitomoln el petd
oo pioL 1) TEQLOOOTERES PO OELS. Emeldn natd g ®p0 Oelg Tmv
NAEXTOOVIMV LE TOL ATOUA TOV OTOYOU TOL NAEXTQOVLAL UWITTOQEL VL Y-
OOUV OTTOLOONTTOTE EQOS TNG EVEQYELAS TOUS, CUUTTEQOIVOUUE OTL TOL
POTOVLOL TTOV EXTEUTOVTOL B0l £YOUV OTOLAONTOTE THUT| EVEQYELALG,
7OV Ot Elvan ILRQOTEEN 1) LOT) TNG CLOYLXNG EVEQYELOS TOU NAERTQO-
viov. Eopuéving to paopa g axuvofohag authg Ba eivon cuveyéc.

v. To pireotego nirog ¥ potog
To WrEAOTEQO UNKOG K UATOS Ay TG CRTLVOPOALOS EXTTEUTTETOL,
OTaV 1) EVEQYELDL EVOS NAEXTQOVIOU LETOTQETETOL O EVEQYELDL EVOG

QwTtoviov o€ puia uovo xpo on. Avurabiotoviag Ki=0 oty no-
oamavm aoyéon 2.9, Polorovue:

hf=K, (2.10)

H »vnuinn evépyera K tov nhentpoviov eivan ion ue tnv evép-
vera, eV tov armoxTd LEom NG TAoNS V OV TO EMLTAY VEL. AVTLXO-
Ootwvrog Ki=eV oty mogomdvem oy éom, TolQVouueE:

hf=eV nou emeldy) f = IL’ Potoxrovue:

min

c . ch
h—=eV,omote | , =—
I eV

min

(2.11)

[MopotEo Ue 0T TO EAGY(LOTO WHKOS % UATOS EEQQTATOL UOVO OTTO
™V 160M V 710V £oioUOCETaL UETOE TG avodou ®ow s »afddov.

AT0QQOPN0T TOV URTIVOV

‘Otav oL axtiveg  OLOTEQVO vV OTTOLOONITOTE UMKO, TOTE EVAL UE-
00¢ NG axtvoporlog amopogdtal amd To vAro. H amoppognon
™G axTvoPfohiog EEXQTATOL OTTO TN @ G1) TOU VAXO , TO WI®OG
% LOTOG TNG AXTLVOBOALOS ROL TO LAY OGS TOU VALXO .

a. ‘Oco peyad TEQOC €lvon O ATOWROS AOLBUOS Z TV OTOUMY TOV
VMO  TTOU 00O TNV axtvoPfoiia TOOO ueyoh ten elvou 1
00EOENoN TS axtvoforias. To yeyovog owto eEnyel Yot oTig
OXTLVOYQOUPIES TOV AVOQMILYOU CMUATOS T 00T, TOL OTTOL0L ALTTOTE-
Ao VTOL OTTO GLTOUOL EYCA TEQOU AITOUXO  CLOLBUO , ATTOQOOWO V TTE-
QLOCOTEQN AR TIVOPOALCL, EVE OL LOTOL OTTOQEOYO V TTOA  ALydTeQn.



B. Otav oL ontiveg  dameQVO vV L TTAARCL, TTOU €)EL OQLOUEVO
TIAY0C, TOTE 1) ATOQEOPNCT TWV ATV CVEAVETAL OO0 OEAVETOL
TO UNROS % UOTog TS axtivoPforiog. Ou antives  mov €xouv -
OO N % LOLTOGC ELVOL TTEQLOCOTEQO ALELOOVTLHES %O OVOUALOVTOL
O%ANQEES ORTIVES, EVH OL AKTIVES TTOV EXOUV UEYAAC U K POTOG
elvou Myotepo dletodutréc xaw ovoudtoviow oAaxrES OXTIVES.

v. ‘Oc0 TO TAYOG TOV VMKO  €lvon UeYOh TEQO TOOO UEYOA TEQM
elvou %o 1) atoEEOENoT TG axTIVOPOAMOS HEGO 0TO VMXO auTO.

0N0ELS TOV aXRTIVOYV

Xy latounn

a. Azxtvoygagia - Axtivooromnon. ‘Omwmg €Xovue avagpEQEL, 1
OTTOQEOPNON TV AXTIVOV  EE0LQTATOL CITO TOV OLTOULKO ALLBUO TV
KNUWADV OTOLYELWY TOV VMXO  TTOV TS artoogdt. To foold ymut-
%4 OTOLYELDL €XOVV UEYAAO OTOWHRO CLOUO AL ATTOQQOPO 'V TTEQLO-
00TEQO TNV aXTLVOPOALCL OTTO O,TL TOL EMOLPQEL OTOLYELXL, TCL OTTOlOL
€XOUV IrEO aTtoxro aobud. v ot ta outi otnoileton 1 xoM-
oN TOV axTivov ot ddryvmon mtohdv tabnoemv. Ta 0otd me-
oLEYouV oToryelo peyahov atouxro aolfuo  (aoPEomo, piopoQog)
O OTTOQQOWO V TEQLOOATEQO TLS AXTIVES ATt O,TL OL LOTOL, OL OTTOLOL
omoTeELO VTow artd eAapoTeQX oToLyEla (GvBaxag, 0Euydvo, vdo-
YOVO, ACwTo %o GAAQ).

Av AOWTTOV HETOE  TNG TINYNS TOV OXTIVOV  %ou iats pBoilov-
o0g 080vng TomoBeTnBel 0 TEOS EETOION 0loBEVNS, TOTE TAVMD OTNY
000vN Bt pavo v oL orLES TMV ALAPORMY 0QYAVMV (ORTIVOOHROTY-
on). Av ot B¢on g gpBoitovoag 00dvNg ToroBeTnBel wo poto-
YOOpLrY) TAGRAL, TOTE B0 TAQOUUE TTAVM OTNV TAARA TV OVAAOYN
POTOYQOPLOL (ORTLVOYOOUPLQL).

B. Avropatomoinuévn aEovirt) topoyeagia. Tehevtaia yonot-
UOTTOLELTOL 1) CUTOUALTOTTOLUE VY aEovirt Topoyoawpio. H mnyn twv
OXTIVOV  TTOLQALYEL (UCL OTTOXALVOUOQL OEOUN, TTOU €XEL LOOET) PEVTA-
Mag. Ov ontiveg ™S d€ouns ALUTEQVO v TO avBOMITVO OMOU RO,
otav eEEQyovVToL amtd THV GAAY TAEVQE TOU OMUATOS, CVLYVE OVTOL
ue duatan aviyvevtdv. Kade aviyveutig HETOAEL THV otoQEOgnom
wog Aemtig O¢oung, wov dlomtepvd to owua. H ovorevn meplotoé-
PETOLY QM OTTO TO OVOOMIUVO OMUAL KO EVOLS VTTOMOYLOTNG ETTEEEQ-
YaCeTa TG TANQOQOQIES.

Me aut0 TOV TQOTTO UIT0QO 'V VOL CLVLYVEUTO 'V OYXROL 1] AAAES OLV(D-
UOALES TTOU lvow TTOA  IrQOL %o OEV UTTOQO Vv va, opotnenbo v
UE TNV OXTLVOYQOpLCL.

X1n propnyovia

Ou ontiveg  XONOWOTOLO VTOL 0T PLOUTYOVICL, VLo VOL OLowTL-
otmBel | TAEEN ROLOTNTWV, QAYLOUATMV 1 AAA®V EAATTOUATMVY
OTO E0MTEQLRO TV UeTAAMrOV avirepévov. H duadraoio mov
axolovBeiton elvan 1 i e T Sadnaoion TG ORTLVOIOY VIO TLRTG.
To eEMTTOUOTIHG ONUELD EVTOTUTEOVTOL OTTO TO YEYOVOS OTL TTOOKC!-

MOV lUrQOTEQY ALTTOQQOPNON.

2-24 Axtwoygagia. Ta ootd amogeogpo v
EVTOVOTEQQ TIG AXTIVEG — OE O YAQLON UE TOV
vrtdAoumo 1070. "Etot oto gpidu supaviCovrar wg
POTEVOTEQEG TTEQLOYES.

Avdtaén

"'\-\.\,\_'\.MVLXVSUTG)V

myyij " ~;;\th

axtivov U

2-25 Aoyij Aertovoyiag abovixo  touoyodgov.
Ovaxtives , mov wepvo v uéoa amo To odua,
UETQO vTaL OVYyyeovws o€ xdbe die Ouvon. H
TNV ®AL O AVIYVEVTIIG TEQLOTQEPOVTAL, DOTE
va EQOVUE UETONOTELS TE OLAPOQETINES YWVIES.



Brohoywég prapes mov moxraio v oL antiveg

Ovaxtivegs  mpoxaho v PAaPes oToug opyaviopo . Otav amop-
00¢NB0 V OO TOUS LOTO G, OLOLOTTO V TOUG LOQLAKO G OEOUO G HOL
onuovpyo v evepyéc ehe Bepeg pileg, Tov U T 0ELRA TOUS WITOQEL
vo. SlTaRAEOUV T HOELOXT| OOUT) TV TTOMTEIVMV %L ELOLXE TOU Ye-
vetro vaxno (DNA).

AV TO % TTOQO TTOV £YEL VITOOTEL PAGPN 0TTd TV oxtvoPolict erti-
Pudoet, ToTe uwoel vo dMoeL TOMES YeEVEES UETOMMAYUEVOV KUT-
Tdowv. Av oL allayéc o0to DNA oo v yovidio wov eAEyyouv
70 EUOUO TOMOTACCLOOUO  TMV KUTTAQMYV, OL OXTIVES  WTOQEL VOl
mpoxrahéoovy rapxrivo. H vrepfoiny EénbBeon evog opyaviopo o€
oxTvoohio WTOQEL VoL TTQOXRAAEOEL UETAPOLES OTA YEVETLRAL X TTOL-
o0t X’ AT THV TEQITTMON), EVA 0 (OL0g 0YOVIOWOS de BoL eugporvi-
oeL xamolo. PAAPN, Ba emNEe0oTo Vv OL ATOYOVOL TOV.

H yonon twv axtivav  yio Sloryvwotxo ¢ xow Bepamevtino ¢
O%OTO G TTOETEL VAL YIVETOL UE TEOTOYN], EXTIUMVTOS TOOO TOL OPE-
AN 000 %Ol TOUG ®UVO VOUS TTOU TTROEQYOVTOL ATtO TNV EXOECT TOV

0QYOVIOUO OF OXTLVOBOALCL YLOL LEYAAO XOOVIRO ALALOTNUCL.

ITAPAAEITMA 2-5

Ta nhextpdvia o€ €vo coAfva axtiviov — gmtay vVo-
viar pe dwopopd duvapro  S0KV. Av éva mhextoovio
TTOQAYEL VAL POTOVLO ROTA THV TEOOXQOVOT TOV 0TO OTO-
%O, VO UTOLOYLOTEL TO EACL(LOTO UNXOS %X POITOS TWV OXTi-
VOV OV TAQAYOVTOL.

AYZH To €hdyloto urog % UOTOS OVTLOTOLYEL 0T Ué-
YLOTY EVEQYELOL TOV EXTEUTOUEVOV pwtoviov hf ... Avtd
ovupaiver, OTav OA) 1 KVNTLXT EVEQYELDL TOU NAEXTQOVIOU
eV yOoNoWOTOLELTOL YL TNV TOQAYWYT EVOS POTOVIOU.

ITAPAAEITMA 2-6

‘Exouvue loumov:

c

wow emady c=1 o f o f :I—

eV =hf__

min
Cc
Botoxovue €V = h | 7

min

_ hc _ (66340 *Jx5)(3x0m/s)
™ T eV T (1640°C)(50X10°V)

=25x10 'm

Z€ o OUTIVOYQOPLOL OLTTALTO VTOL OXTIVES  E WHOG
% patog | =15x0 *m. H éviaon tov ge potog g
déoung twv miextooviov elvow I=40mA xow o xEdVOg
MYMe g axtvoypopiog givon t=0,1s.

Noa vrohoyloto v:
(o) H tdon mov meémer vo. epooUOOTEL HETAE  TNG VOOV
®ow TS ®aBddov.
(B) H woy g nou m evéQyelo mov UETOPEQEL | dEoun TmV
NAEXTOOVIWV.
(v) O 0QBuog TV NAEXTQOVIOV TOV TQOOTUITTOUV OTNY
avodo. (Oempo ue dt OAN M evEQyeLa RAOE NAEXTQOVIOU pe-
TOTOEMETOL OE EVEQYELDL EVOS (PMTOVIOU.)

AYZH (o) Kdbe gotéovio g axmvofoliag €xel evép-

vewo hf 1 he/h. H evégyela touv gpmtoviov elvon (o ue v

KLVITLRY EVEQYELDL TTOU OUTEXTNOE TO MNAEXTOOVIO EEQUTIOG
™G EMTAYVVONS TOV UECW TNS TAoNS V. Ao

eV =hl V= he

| l e

_ (6,6X10* J>5)(3X10° m /)
(L6 X10"°C)(1,5x10 " m)

(B) H woy, ¢ mov uetopéet 1 déoun tav nAeRToovimy elvar:

N V=82500V

P=V xl =8500 x40 x10 *W = 3300 W
H evépyeio mov petapéger 1 déoun sivou:
W =Pxt =3300 x0,1J =330 J

(v) To gogtio q mov mpoomistteL aTnY Avodo ot Y Edvo t elva:

q=1x=40x10"°x1C = 4x10°C

%ol O OQLOUOS TOV MAEXTOOVIWV TTOV TEOOTUTTOUV OTHV
avodo eivou:



2YNOWH 20v KEGPAAAIOY

U = pgova pe 1o mpdtumo tov Thomson, to dtopo amoteheitan amd Uiot 0poiQo OUOLOUOQPO. KOTO-
VEUNUEVOU BETLRO  POQTIOV, LECTAL OTNV OTTOLNL ELVOL EVOMUOTWUEVA TA NAEXTOOVLOL.

U 2 wpova ue 1o mpotumo tov Rutherford, to dtopo amoteleiton:
1. ol o uxrE TEQLOYN (TVENVAG), OTNV OTTOLOL EVOL CUYAEVTQMUEVO OO TO BETIRO POQTIO HOoL
O oxedov N udta Tov atduov,
ii. amd o NAERTEOVLAL, TAL OTTOLOL KIVO VIO OF KUXAKES TQOYLES Y QM ATTO TOV TURTVOL.

U To vdpoydvo, 0mmg row OACL TOL OLEQLAL, UTOQEL VO EXTTEUTTEL LOVO OQLOUEVES OXTIVOPOALES %O VoL
QITOQQOPA LOVO EXEIVES TLG AXTLVOPOMES TLG OTTOLES UITOQEL VOL EXTTEUTIEL.

U T vo gounve ogl o Bohr to gdoua Tov vdgoydvou, dat moe TS ToQordTm WEES:
i. To MAEXTEOVIO OTO GATOUO TOV VOPOYOVOU UTTOQEL VO KUVEITOL LOVO O€ OQLOUEVES ETULTOETOUEVES
TOOYLEG, YLOL TLG OTTOLES 1) OTEOOEWUN TOV elvar mdr =nxh/280)=nh (n=1,2,3, ..., —).
ii. AV TO NAEXTOOVIO TOV OTOUOU UETATTNONOEL QIO UIOL ETULTQETTOUEVT] TQOYLA eVEQYelng E; oe dlln
TOOYLG IUXQOTEQNS EVEQYELOS Ey, TOTE TO dtopo exTEUTEL £VOL POTOVIO oUYvOTNnTag f %o 1oy €L
E,-E;=hf.
e2
U H olxn evéQyelo TOU NAEXTQOVIOU TOV AITOUOU TOV VOEOYOVOU diveTon amtd ) oxéon: E = - kz

U Ouontiveg Tmv EMTOETOUEVWV TOOYLDV ROL OL LVTLOTOLYES TYLES TNG OMKNG EVEQYELOLS TOV NAEXTQO-
viou divovron amd TG oyEoelg:

r.=n’r xa E, = % (n=1,2,3, .., -).

U Ouemtoemdueves TES TNG EVEQYELOS OVOUATOVTOL EVEQYELOMES OTAOUES. OL AVTIOTOLYES HOTAOTA-
OELS TOV aTOUOV ovoudovion evepyelaxrés xataotdoeas. H xatdotaon ue ™ younhoteon evéoyeia E,
ovoualeton BepeMmdng roatdotaor. Oheg oL AMAeS eveQyeLaxrES ROTOOTAOES E,, Es, ... ovoudlovton
OLEYEQUE VES HATUOTAOELS.
U H petdPoon evog NAEXTOOVIOU TOU ATOUOV OITO Piat TQOYLAL XOUNANG EVEQYELOS OF AAAN VYNAOTEONS
evéQyelag ovoualeton déyepom tov atopov. H ammoudnouvon evog nAexTQoviou Tou aTOUoU O€ TTEQLOYT
EXTOS TOV NAEXRTOWO  TTeIOV TOV TTUOVAL OVOUALETOU LOVIOUOS TOU CLTOUOV.
U Ovoxtives  moodyovtow, GTov NAeEXTOOVIOL LEYAANG TOL, THTOGC, TTOV £XOVV EMLTOYVVOEL 0TTd VYmAN
TAOM, TOOOTUTTTOVV OE UETOAMKO 0TOYO0. Elval 0000t NAEXTQOUOYVITLXT| X TLVOPOMAL, TTOU €YEL UMK
% UOTOC TOA  UXQOTEQO AT TOL UK % LOLTOG TWV OQATMV OXTLVOBOALMY.
U To gdoua twv oxtivov  givar 0 vOeTo. ATOTEAEITOL ATt €VaL OUVEYES PAOUO. TTAV®W OTO OTTOLO
eUaviCovVTon HEQUHES YOOUUES (YOOUUUHO PAOUCL).
U To wreoTtepo Uirog % WOTOG Ay, TWV OXTIVOV  EXTTEUTETOL, OTOV TO NAEXTEOVLO diveL OAN TNV
ULVITLXT) TOU EVEQYELDL O EVOL PWTOVIO O€ POl HOVO ®QO O1). TO IrQOTEQO UNHOG % POTOG DLVETAL QT
™ oxéon:

, _ch

eV

U Ouvantiveg  mooxraho v Proloyurés PAapes.



EPQTHXEIX

1. TTouwo eivon To mpdTumo Tov Thomson yia To GTopo;

2. Tlouwo eivou To pdTumo Tov Rutherford yio to dto-
uo;

3. Orov pia déoun couotiov o #orevd Veton oe Ae-
7TO UETOAMNKO @ MO OTOYOV, TOTE TTOQOTNQEO UE OTL:
1. TA TEQLOOOTEQU CWUATLAL OL TTEQVAVE OLVETNQEATTOL
UECOL OTTO TO OTOYO, 1i. UEHETA COUATIOL 0L ATTORAVOUV
o€ OLAPOQES YWVIES, EVH Aya amorhivouy rotd 180°.
IMowa amd TG TOEOTAVM TOQOTNENOELS OElyVEL OTL:
a. O y®EOog Héao 0To ATOUO glvow oYedOV REVOC.

B. To Betnd PoOETIO TOV ATOUOU ELVAL CUYREVTOWUE-
VO OTO ®€VTQO TOU ATOUOV.

v. To ®évtpo tov atouov elvon BeTnd PoQTOREVO.

4. Na Enynoete Yot To mEoTUTO Tov Rutherford
oduvaTel Vo EQUNVE OEL TOL YOOUUXA (PAOUATO TV
OEQLV.

5. Nodorvrmoete to mpdtumo Tov Bohr 1o To dro-
1O TOU VOPOYOVOU.

6. No vmohoyioete TV xvnmxs, T duvagu xow ™y

OMXY] EVEQYELDL TOU NAEXTQOVIOU TOU ALTOUOV TOV VOQO-
YOVOU 0€ OUVAQTNON UE TNV OKRTIVAL TG TOOXLAS TOV.

7. Na oyeddoETe TO SIEYOUUIIOL TWV EVEQYELHMY
oTaBUMV YLoL TO ATOUO TOU VOPOYOVOU.

8. Tiovopdteron:

a. dLEyepon,

B. roviouog,

Y. EVEQYELDL DLEYEQONG KO
0. EVEQYELOL LOVLOUO ;

9. Na meoypdpete 1o unyaviond diéyepong Tov
aTOUOU:

o. MOym ®QO 0N ®OL

B. Moyw artoeodgpnong axtvopolog.

10. Towe yoouuxd QAaouaTo. WIToQEL VoL eguNVe OeL
10 EAdTVITO TOV Bohr xau oo dev wiroost;

11. TIo¢ mopdyovrar oL axtiveg  ;

12. TIoc eounve 0L TO YOOMHAO PAOICL TV CXTI-
VOV ROL TTOS TO OUVEYES PAOUOL

13. Na vmohoyoTel 10 EAGYLOTO PIHOS X LOTOC TWV
onTivey

14. Ané molovg madyovtee eENQTATOL 1) ATTOQQO-
ENON TOV OXTIVOOV  HOL ULE TTOLO TOOTO;

15. Tow eivar @ on twv axtivay
16. TIo yonowomolo vrow oL oxTiveS

17. Touec eivan o1 froroyixéc BréPeg mov mooxaro v
oL axTiveg

18. TIdc emnoedCovran oL axtiveg

. oo T Beguonrgacio Tng ®aBodov,

f. ad TV TGoM oL EaoudteTon UETAE TG CLvOOOU
7o TS ®0Bodov,

Y. a7t To VMKO TG avodov;

(Zug epmTNOELS TOMOTANG EMAOYIG TTOV 0ohovBo v
VO RURADOETE TO YQUUUOL TTOV OLVTILOTOLYEL OTY) OWOTH
omAvTNON.)

19. To nientodvio o010 dTOpO TOV VOPOYSEVOU, TO
omoto Poloxeton ot BepeMmdn roTdoTaUoN:

o. €xeL amouaxouviel amd To dtopo,

B. moepei,

V. €lvou o€ TEOYLA UE TN YOUNAOTEQN EVEQYELD,

0. €lvow Og TEOYLA UE TNV VYMAOTEQN EVEQYELQ.

20). "Evo. Topo eXmETeL EVOL puTEVIo, OTOY EVOL 0o
T NAEXRTOOVLAL TOVL:



0. OTTOUOKQ VETOL OTTO TO ATOUO,
B. uetommda o€ TOOYLE WKEATEQNS EVEQYELUG,
Y. UETOTTNOG OE TQOYLAL UEYOA TEQNG EVEQYELS.

21. To yooupuxd QAU EXTOUTTHS AEQLOV TTEQLEYEL
WA % UATOC TTOV ELVOL:

a. Oy OhoL TOL OTOLYELCL,

B. x0QORTNOLOTIXA TOV OTOLYELOV TTOV TO EXTEUTEL,
V. OLOPOQETIXA OTO T XN % LOLTOS TOU PAOUALTOS
OIT0REOPNONS TOV (DLOV OTOLYELOV.

22. TIolo amd TOL TAQOHATM TELQOUOTLRY edOpEVDL
OelyveL TNV  TOQEN OLOHQLTMV EVEQYELOXMY OTAOUMV
Ot (TOUOL;

a. To pdopo exToprg evog OToLyelOV TEQLEYEL (P~
TELVOTEQES YOOUUES OE UEYOL TEQN BEQUORQOTIOL.

B. To paouo amoEEdENoNg EVOS OTOLYELOV EXEL ORO-
TEWVES YOOUUES OTLS BEOELS TTOV AVTLOTOLYO V OTLG
(PWTELVES YOOUUES TOVU PAOUOTOS EXTTOUTTNG.

y. To gdouo Twv oxTivwv — ToQovoLdlel €va NG
KLOTO UNUOS X UOLTOG.

23. Towo o T TOQOHAETM TEOTAUTELS EVOL CWOTY;
a. Hevépyeioioviopo  elvon un@otepn amo tny evép-
yelo OLEyeQomg.

B. H evépyeia evog pmrtoviov elvar hd, Omov A givon
TO UNROS % POLTOG TNG OHTLVOPOAMOLS.

v. "Eva nlentpdvio mov Poioxeton oe deyeQUeEV evep-
yeworn oTdOun axtvoPorel ouve mS EVEQYELAL.

0. H BguehMmong ®atdotoom ToU ATopuov Tov vdQo-
YOVOU Elval 1) XATAOTOON OTNV OO0 TO NAEXTOOVLO
Poloxeton 0T YOUNAOTEQT EMLTQETT EVEQYELOUM
otdBun.

24. To oyiua deiyvel 10 E, n=3
SLdrypapupuo TV EVeQYEL- As

nHV oTABUDY TOU ATOUOV E; 2
oV vVOPOYOVOL. Ta unuy 1, Ay
%N UATOS Ay, Ay, A3 ElvOL TOL

XN % UOTOG TG OXTLVO- E,
Boliog mov exméumeTon

RATA TLG UETOPAOELS TOV NAEXTQOVIOU UETAE  TOV
EVEQYELOXMV OTaBUDV, OTImg Oy vouv ta féAY. TTowa
aItd TS TALARATM TOOTACELS ELVAL COOTY);

. Ary=MA+MA3

B. hM<hs

v. £,=1,+1;

n=1

61

25. To pdona amoeEdpNoNg evog aeiov eugpavitel
ULOL GUVEYT] Y QWUOLTLOTY] TOLVICL TTOU OLOOTTTETOL OITO
OXOTELVEC YOOUUES:

a. OuB€oeg TV OROTEWVMV YOOUUMDVY ELVOL Y OLOOKTY)-
QLOTLRES TOU OTOLYELOV.

. Mmogei & o dopoeTind oToLyELDL VoL EXOVV TO (OO
QPACUOL ITTOQQOPNOTS.

v. Ou orotewvég yoouués dnuovpyo vrat, yiott To
AEUXO PG OTOQEOPA TV OXTLVOPOALCL TTOU EXTTEUITEL
TO O0LEQLO.

26. To yoouuxd QAU TV OATIVOV — OTTOTEASL -
Tow 0TO O 0 YOOUUES TTOU OVTLOTOLXO V O€ WK % -
uotog Ay ®ow A, aviiotoryo. Ou yoouuég avtég Oa ue-
TATOTOTO V, OV OAMAVAEOUUE:

o. TO VMO TG avodov,

B. v tdon petag g avodou row TS ®aBddoU,
v. T Beppoxpaoio g ®abddov.

27. To ehyloTO WROC A iy TOU GUVEXO € (PAOUOLTOC
TV oxTivov  Oo uetofAn0sl, av petaGAovuE:

o. TO VMO TG avodov,

B. ™ Bepuonpaocia g rabodov,

Y. ™ OlopoQd Suvouro  UETOE  TNG avOdOU Row TNG
%r006d0v.

OemEO0 UE OTL TAL NAEXTOOVIOL EEXLVO V aTtd TNV KA~
0000 pe pndevirn Toy TTOL.



AXKHXEIX KAI IPOBAHMATA

O mogamdTm uotrés 0Tofepéc Bewpo VIoL YVmOTES:

StaBed Tov vopov Coulomb . . . k= 9x10° Nm? / C?

DoQTi0 NAEXTEOVIOU . . . . ... .. e=16x0"C
Mo nhextooviov . . . ... .. .. m, =9,1x0 * kg
Stabgpd tov Plank ... ....... h=6,63X10 3 Jxs

Toy, TTo. TOV PWTOS 07O #eVS. .C = 3X0° m/s

1. To dropo Tov vVOPOYSGVOU PoloreTon TN Bepericd-
on raraotoon. H antiva tg 1ooydg tov nhexto-
viov eivar r=5,3x10""'m. Na vmoroytoto v:

O. M TOY THTO TOV NAEXTOOVIOV,

B. m mepiodog g #ivnong Tov nhextooviov,

Y. M RVNTERT, 1) Suvourn) ®ow 1 oMrY) EVEQYELDL TOV
NAEXTQOVIOV.

2. H ev£QYELt TOV BTOUOV TOV VOROYOVOU, STV cuTd
Boloneton otn Bepehmon rotdotoom, elvon —13,6eV:
a. ITowa Ba elvar M evéQyel TOU ATOUOV OTNV TTEMITY
OleyeQUEVN ®aTAoTaoN (n=2) ®ow oL 0T O TEQN
dieyeouévn rataotoon (n=3);

B. To dropo deyeipeTon »ow atoxrtd evépyela —0,85e V.
Zemolo % QLo ®PavTind apLBUo avTioToryEl 1) OleyeQ-
UEVT] OUTY KATAOTOON;

3. H evépyeLa Tov atdpou Tov vdpoydvoy, dtav Poi-
oxetal 0T OegueMddn ratdotaon, sivan —13,6eV.
Hlextoovio ovyro ovtow ue Atopua Tov vdpoyYOvou
Ta. omota. Polonovron oty Beuemon ratdotaor. Ta
AToUO OLEYEIQOVTOL ROW EXTTEUTOVY YOOUULKRO PACUOL
IOV OTTOTEAELTOL UOVO ATt U0l YUY OQLOUEVNS OU-
yvotnrag. ol elvar 1 eAdyLoTn Row TOLOL M UEYL-
OT1) EVEQYELDL TV MAEXTQOVIMV TTOV DLEYELQOVV T
atopo Tov vdooyovov; (H opun tov atdpov O peta-
BalreTon ®aTd TV %QO OM).)

4. Aeyeouévo dropa vOPOYOVOU PRLOHOVTOL O KO-
TAOTOON TTOV AVTLOTOLYEL 08 ®PavTLRO 0oLBuo n=4:
a. No vroloylotel To TANO0S TOV YOOUUMY TOU
PACUATOS EXTOUTNS TOV OEQLOV.

B. No oyedooTtel To OLEYQOUUO TOV EVEQYELOKMV
0TaBUdV, 0TO OTTOLO VO PAVOVTOL OL UETAPATELS TTOV
TTOOLYUOLTOTIOLO  'VTOL.

5. To dropo tov véoYOVOU PoioreTon TN Bepehm-
ON ®ATAOTOON 0TV OTOLCL 1) OMXY| EVEQYELDL ELVOL
-13,6eV:

o. ITowo eACL(LOTY EVEQYELOL CLTTOLTELTOL, YLOL VOL LOVL-
otel To dTouo;

B. Mowo evépyera amanteiTon, yio vo dieyeBel To dto-
wo otnv memty deyeouéVN rataotaon (n=2);

v. To dTopo Tov vOEOYOVOU CTOEEOW, AOYW %O -
ong, evéoyea 15eV rou 1oviCetou. ITovo vevimn evép-
YELOL ALTTOUTAL TEMKAL TO NAEXTOOVLO, OLV 1) KLVITTLRY) EVEQ-
YELOL TOU ATOUOU OE UETAPAALETOL ROTA TV RQO ON);

6. Hhextoowvia emroy voviow péom téong 12,3V xan
TEQVAVE LEOQL OITO ALEQLO TTOV CLTTOTEAELTOL OUTO ALTO-
1oL vOEOYOVOU TOL OTTOLNL BOLoXOVTOL OTY Beuehmon xo-
T16.0T001. No UTOAOYLOTO V TOL UK ¥ UATOS TNG
onuvoPoliag mov exméurel 1o aépo. H evépyeia tov
OTOUOU TOV VOQOYOVOU OTY BeueMddn ratdotao
givon —13,6eV.

7. =& oMV TOQOYWYNS AXTIVOV T NAEXTQO-
vio gmitary vovraw amd téon 10kV. Na vmohoyotei
1 LEYLOTY CUYVOTNTO KOL TO EMAYLOTO KOG % UOTOG
TOV OXTIVOV  TTOU TTOLOAYOVTOL.

8. e coMiva mapoywyne oxTivy  eoouOtETOL
tdon (o) Vi=10kV, (B) V,=40kV. Ta aviiotouya
EACLYLOTOL MUY %X LOLTOG TOV OXTLVOV  Elvol Ay ®ow
A,. No vrtohoyiotetl o Aoyog Ay /\,.

9. e o onTVOYQOpLOL OTTOUTO VTOL OATIVES U
noug ® porog A=10"1"m. H évroon tov pe potog e
d¢oung twv nhextooviov elvon 40mA xnow o xedvog
My e axtvoypagiag givan 0,1s. Oewpo pe ot
OAT 1 VN TLRY] EVEQYELDL RABE MAEXTQOVIOU UETATQE -
TETOL OE EVEQYELQ EVOS (POTOVIOU:

a. Mol Taom epaouOleTan 0TO CMAMVAL TTOQOYMYNS
oanTivoy

B. TIdom oy xow TOOM EVEQYELD UETOPEQEL M NAe-
®rTEOVLRY) OE0M;

y. Tlowo eivow 1 Toy TNTO TV NAEXTQOVIWV TN OTLY-
U1} IOV TEOCTUITTOUV 0TIV (VOOO0;

0. TTooa nhexteovia oe ®GBe devTEQOLETTO TEOOTTL -
TTOUV 0TV Avodo;



Avtiorgatio zor ®favropnyavizn

H esmtvyio tov emomuovirdv Bemoudv, Wiaitepa s Bemplog tov Ne twva yuo t fag -
™o, 0dnynoe ot ay£s Tov 190u avdva to I'dhho guowrd Pierre Simon Laplace (AomAdic) va
VTOOTNEIEEL OTL TO 2 UItawy elval ATOA TG VIETEQUVIOTLXO (CULTLOXQOTLXO). YTTEOe0E OTL TOETEL
VOL VTTAQYEL EVOL O VOAO QUOLRMV VOUMV, TTOV Oat LaLg ETETOETE VO TTQOPAEPYOUUE OTLONTOTE UL~
Baiver 0to Z pmav, oV YvoEICOUE OTTOAMTA TNV ROTAOTOOY TOU O RAITTOLOL {QOVIXT| OTLYUN).

To pwg vymAdtepns auyvdtytag
diatapdooel Ty Tay THTA TOV
OWUATIOOV TEQLIOGTEQO AT O, Tt
T0 QWG YAUNACTEQNS OUYVOTNTAS. ™

‘Ooo 11x0TeQO lval To uijrog x 1aTog Tov
PWTOG TTOV Y ONOLUOTOLETAL, VIO, VO, TAQATN-
onbei To owuatioto, 1600 ueyalk teen evai
evar ) ampoodiopiotia s Oéons tov, 1 PeParornra g Oéons Ttov, alld emiong
aldd emions té00 ueyalk teon eivar n Pe- 1000 ueyald teon eivar n ampoodlooLatia
Bawstyra doov agood ™y Tay wyrd Tov.  Hagatnontis  doov agood v Tay TTd TOL.

‘Ooo ueyal tepo eivar o Wijxos x UaTog
TOV QWTOG TTOV YONOUUOTOLEITAL, VIO VO, TTQ.-
oatnonbei o owuatidio, Téoo ueyal teon

O Laplace dumwg dgv meguogiotnre 0” avtd. YTOOTHOLEE OTL VITAQYOVV TOQEOUOLOL VOUOL TTOU
71ROO0OL0QICOVY TaL TTAVTOL, OXOUY ROL TV OLVOQMITLVY CUUTTEQLPOQCL.

To ddyuo TOV EMOTNUOVIZO  VIETEQULVIOUO  ATOITOAEUNON®E omd TOAMO ¢ Tov cwoBdvo-
VIOV OTL TTEQLOQLLE TNV EAEVBEQIO TOV B0 VoL TOREUaiVEL OTOV ROOUO, TTOREUELVE OUMS TO POLOLRO
oElouo TS EMOTNUNG €S ROL TAL TOMTA XOOVIOL TOV cLdVaL pag. Mia amd g mpmteg evoeiEelg
OTL 1) TETOLONOT CUTY) TTQETEL VAL EYRATAAELPOEL TOQOVOLAOTNRE ROTA T UEAETY TN axTIVOPO-
Mag Tov BeoudY COUATOV, OTTMS TO GOTOO. X UPOVO UE O,TL TUOTEVOV EXEIVY TNV ETOYT|, EVOL
Beoud avuxelipuevo €mpemne va axtivopforel 0to meQBAALOV TOv TNV (0Ll TOOOTNTA NAERTQOU-
YVITLRTG EVEQYELOS O OAES TIS TTEQLOYES OUYVOTNTMV. Emeidn oume oL eQLoy€g ouyvoTTV &l-
VO GITELQES, ETTOETTE VOL ELVOL LTTELOY] AL 1) CUVOMAXY] TOOOTNTO OXTIVOPOAO UEVNG EVEQYELOC.
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TN vo 0o yer autd To TEOPOVHS U1 TOOERTO OUUTTEQAOUN, O T'eguavog uotrog Max
Planck véBeoe to 1900 OTL ) NAEXTQOUCYVNTLRY] EVEQYELOL EXTTEUTIETOL ROTA OLOVVEY Y] TOOL, TOV
ovopdotnrav xpavra. Emmahéov vabe #AvTo HETAPEQEL TOCOTNTO EVEQYELOS TTOV Elval TOCO
UEYOL TEQN OO0 UEYOA TEQT ELVOL 1] CUYVOTNTO TMV XKUUATOV TTOU EXTEUTOVTOL. AQCL 1) EXTTOUITY
oxTvoPollag 0T HEYAAES ouyvOTNTES BaL TTEQLOQICETOL, OO EXEL 1) EXTTOUTTN EVOS HPAVTOU OTTOLTEL
UeyaA TteEN EVEQYELD atO OO elvan daBEoun. "Etol 10 OuvoMxo o0 EVEQYELOS TTOV EXTTEUTTE-
Tow B TaV TEQLOQLOUEVO ROl OYL GITELQO.

O emuttddoels g Bempiag Tov ®kBAVTOV YioL TO OOYUO TOU VIETEQIVIOUO  OEV ®OTavonOn-
%oy oA wovo to 1926, dtav évag drlog Ieppavig puownde, o Werner Heisenberg (- cuoev-
WITEQYX), OLAT TTMOE TNV TEQIPNUN COYT| TOV, TNV 0QYN TNS OTTOOOAOQLOTIOC.

TN vo pmoécouvpe va tpofAépouue T pehhovenn B€om xaw Toy, THTO EVOS OMUOTIOOV, TTOETTEL
VOL UTTOQO € VO, UETONOOUUE ETORQPDS TNV TmELVH Tov BEom »ow tary, Thta. O Togavng T00-
TTOG, YO VOL TTET YOUUE RATL TETOLO, E(VOL VO (PTIOOVUE TO omuatido. Kdmolo oo ta ® pato
TOV PMTOS BaL AvarhaoTo v TTAVM TOU %ol Bo vrodeiEouvv To onueio dmmov PoioxreTon. Ag Ba pto-
00 ue dumwg vo Teoodloploouue T €0 Tov e peyol TEQN OrQIPELOL A0 TNV A0 TOOT UETOE
TOV ROQUPDV TOV KUUATOV TOU POTOS TTOV XONOWOTOLO UE. ZUUTEQALVOUUE AOLTOV OTL, YLOL VOL
UETONOOVUE UE TTOA  PeYAAN axpifela T B€om evog copatidiov, YeeLatouaoTe Pme Ue TOL W~
%00 UNROGS ® POtog. AMG oo v umdBeon Tmv ®Pavtmv Tov Planck mpox mteL ot dev pro-
00 LE VO XONOUWLOTTOLCOUUE OCOINTOTE PROY TTOCOTITA PwTOS. TTOETEL VO Y ONOWOTOLHCOUUE
TOVAGYLOTOV €Va %BAVTO. AUTO TO %BAVTO Bl TEOXRAAEOEL L TTEOBAeTtTn dLatapoym 0Ty BEo
2O 0TV T, TNTO TOV oouatdiov. Emmhéov 000 peyoh ten eivow 1 amouto uevn oxpifela ue-
TONONS TS B€0MS TOV COUATIOIOV TOOO UAQOTEQO EIVOL TO KOS % LOITOS TOU PMTOS TTOV Y QEL!-
Cetou VoL Y ONOWOTTOLHOOVUE, ®OL TOOO UEYAA TEON M EVEQYELD TOV ®PctvTov. 'Etol ) tary thTo Tov
oouoTdlov Ba VITOOoTEL anoUN UEYaA TEON OLaTOQaYT).

Me dlha Aoy, 000 To PeYaAn eivon 1 axQiPeLol e TNV orolat TOOTA0 UE VoL UETON-
oovue T B€om Tov COUATOIOV TOCO TO PLKQET| ElVOL 1) OXQIPELCL PE TNV OTTOLCL UTTOQO  UE VOL [UE-
TONOOUUE THV TO TNTA TOL ®ou ovtiotpopa. O Heisenberg €0e1&e OtL, oV TOAMATAAOLAOOUUE
TV OITEOCAL0QLOTIOL 0T BE0T TOU COUATIOIOV ETTL TNV ATTEOOOLOQLOTICL TNV T TNTA TOV, £t
™ nalo Tov, Ba €xouvue €vav aplBrd Tov OEV PTOQEL TOTE VO YIVEL TTLO UKHQOS OTO OQLOUEVY
00OTHTO, TN Aeyouevn otoBepd tov Planck.

H apyn g atpoodiopiotiog Tov Heisenberg eivar Bepeddng xaooxmoLomxy loloThto Tov
roouov. H apyi) g arrpoodioolotiog eiye Pobid emimtmon oty exdva Tov avBQmmo Lo Tov
%OOUO. AV HOL TTEQOOOLV TTEQLOCOTEQC. OUITO TTEVIVTOL {QOVLOL, CLUTY) 1] ETUTTTWON OEV EYEL HATAVON-
Bei eviehmg ortd TOALO S PLAOCOPOUS 1o EEOROMOVOEL VL TOTENEL OVTLREINEVO OLOULYMG.

H agym g ampoodioplotiog onuave 1o 1€hog Tov oveipov Tou Laplace yuo pio Bempior tg
Duowrng »ow €vo LOVTEAO TOU 2 UItavTog tov Bo oy artolvta vietepuvionxd. H véa Bemola,
70V POOOTNRE OTNV YT TG OTEOCOLOQLOTIOS, OVOUAOTNXE RPOVTLRT UNYOVIXT. = UQPVOL UE
™ véa Bewpia, Eva ompotiolo Oev Exel uion O€om xow wior Ty, TToL Lo WELOUEVES UETAE  TOUG,
OAG OQLOUEVES AL TTOQATNONOWES. AVTL YU OUTES TEQLYQUPETOL UE it OUVAQTNON TS B€oNg
20U TG TAY, TNTAS TOV, TTOV AEYETOL XUUOTOOUVAQTNOY. H ®upatoouvagtnon pog whd povo yo
TS TMOAVOTNTES VO €XEL TO OCMUATIOO dLdpoES TWES BEoNg ®row Toy TNTAG.

H »Bovuun unyoavirr dev moopAiémer yio éva melpapar €va novodird xaBooLopnévo amotée-
oua, 0AAG €va TANB0G SLOPORETLRMY TLOOVMV ATTOTEAECUATWY HOL LOLS TTAMQOPOQEL YLOL TO TTOCO
mBovo givon to raBéva tovg. H vfavmnn unyovinn elodyel AOLov oty EmOTHY Vo vosto-
(PEVATO OTOLYELO adUVOOG TEOPAEYNS %o TUY OV,

Amoomaouo oo 1o Piio
To yoovino Tov ypovov tov Stephen Hawking (Ztégpav — onwvyn).



