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Elcaywylko €vOeto

OMoL elyape TNV epnelpia VoG NAEKTPLKOU «TVAYULATOG» OTAV OKOU-
UTIAOOUE TO OHAEWUA EVOG QUTOKLVATOU, 1) OTAV ONKWONKAUE OO Lo
TAQOTLKN KapEKAQ, i OTav ayyifaue tnv 066vn evog umoAoyLoTh.

Ta mapandavw dawvopeva kat ToAAA dAAa odelAovTtal O OTATIKA
(akivnta) nAeKTpLKA POPTLA, TTOU CUYKEVTPWONKAV O€ KATIOLO TIEPLOXH
TWV CWHATWVY IOV NAEKTpLloONnKav.

E€aAAOUL yLa TTOAAOUG QLLWVEG ATAV YVWOTA N LOLOTNTA TOU AAEKTPOU
va €AKeL EAadpa avTikeipeva, adou To TpiPoue o€ Eva Koppatt Vda-
oua.

AlamotwOnke pe meElpApATA OTL TNV OLOTNTA AUTH ATIOKTOUV Kal
aAAa cwpota, Onwe o gfovitng, To YuaAl, To PETOLVL, TO VAUAoV, TO
AdoTLXo, N mopoeAavn, n pika K.a. (mivakag 1).

Ta nAektplopéva ocwpata xwpilovtal oe Svo ouades. Ekelva mou
eudavilovv cuumepldpopd Opola HE TNV NAEKTPLOHEVN paBdo yua-

OMAAA A OMAAA B

fvaAi (tpBn oe Kexpipmapt
petagLn vaopa) (tpBn oe
vdaopa)

Mika (tpfn oe
vdaopa)

Apiavtog (tppn
oe Upaopa
xopti)

Koppdrti Osiou
(tpBr) o€ paAAi
n youva)

EAaotiko (tpiBn
oe Upaoua)

Mika (tptBh o€
§npo padii)

AloU ovopdotnkav BeTIKA NAEKTPLOMEVA, Kal EKElva TTou gudavilouv
ocuunepldopd opola Pe TNV NAeKTPLopEVN paBdo eBovitn ovopdotn-
KOV 0LPVNTLKA NAEKTPLOUEVAL.

Mivaxag I: O B. Franklin ovouaoce
0. VK TG ouadag (A) Oetika nle-
KIPIOUEVA. KOI TO, DAIKG, THG OUAO0G

H Betikn kal apvntiki NAEKTpLon amodoOnke ota BETLKA KAl apvn-
TIKA PpopTia avTioToLya.

AVo BeTika 1 dUo apvnTika poptia ovopalovtal opwvupa dopTia.

‘Eva BeTIkO Kot €va apvnTikd NAEKTPLKO dopTio ovopdlovtol ETEpW-
vupa doprtia.

Ol SuVAUELG TTOU avaTUOoOVTAL HETAEY POPTIOUEVWY CWHATWV
UTtOpEL va elval EAKTIKEC [ amwoTIKES (Elk. 1).

Ewova 1. (@) To oudvopa poptio arnwBodvrai. () Ta etepavouo poptio éEAkovial.

Aopn TG UANG - To nAeKTPAVLO

OAa ta cwpata anoteAovvtat and atopa. To povtéAo nou Ba xpn-
OLLLOTIOLOULE YLOL TOL ATOHOL OLKOSOUELTAL OO €VaV TTUPAVA, O OTIOLOG
TIEPLEXEL TAL TIPWTOVLA TIOU £XOUV OAQ TO (1610 BeTIKO NAeKTPLKO dopTio
KOl TQL VETPOVLA TTOU €lval NAEKTPLKA oudETEPAQL.

(B) apvntika nlextpiouévo.
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MNpw amod tov mupnva meplotpédovtal ta NAekTpovia. Kabe nAe-
KTPOVLO €XEL APVNTLKO NAEKTPLKO POPTLO OV €lval KATA AMOAUTH TLUN
(oo pe to BeTIkO popTio Tou MpwToviou. To poptio Tou nAektpoviou
glval N HIKPOTEPN TOGOTNTA APVNTIKOU NAEKTPLKOU ¢dopTiou mou |-
daviletal eAeVBepn otn duon (Eik. 2).

Kd&Be dtopo mepléxel oo aplOud mpwrtoviwv kot nAektpoviwy, yU
QUTO Kall eival NAekTpKA oudétepo. Av Slatapaybel n Looppormia auth,
TOTE AépE OTL «NAeKTPIETOU.

Ta MpwTOVLA KOL TA VETPOVLA TOU Tuprva 8€v gival Suvato va pe-
TaKvnOoUV pe anAég puotkeg pebodoug, avtiBeta ta nAektpovia &i-
vat Suvato va petakivnBouv pe anAég dpuaotkég pebodoug, .. pe TV
PPN €VOG CWHATOG E KATIOLO AAAO CWHAL.

To NAEKTPOOKOTILO

To NAEKTPOCKOTILO ElvVaL OPYAVO TIOU XPNOLUOTIOLEITAL OTA EPYACTH-
pLAL YLOL TNV aViXVELON TOU NAEKTPLKOU dopTiou.

H popdn mou ouvnBwg XpnOLUOMOLETAL Elval TO NAEKTPOOKOTILO
ue Seiktn (Ewk. 3). AmoteAeltal and pia petaAAwkn paBdo, mou oto
TIAVW AKPO TNG Omolag lvol OTEPEWUEVO Eva LETAAALKO odatpidio.
310 HECO TNG METAAALKNG paBSou umdpxel Evag LETAAALKOG SelkTNng
(ouvnBw¢g dUANO aloupLviou).

To cuotnua Bploketal péoa o€ LETAAALKO KOUTL.

Otav n petaAAkn paBdocg pe to deiktn poptioBouly, anwbouvtatl
AOyw Tou opoonuou doptiou touc. Oco peyaAlTePO €ival To NAEKTPL-
KO doptio T600 peyaAltepn eival n ywvia mou oxnuatiletol HeTaly
paBdou kat deiktn.

Tpomot nAéktpLong

1. Me BN

Av tpipoupe pa paBdo yvaAol pe éva petatwto Ldaoua, Tote
nNAekTpovia tn¢ pafdou petadépovtal oto Ldaopa. H paBdog €xet
OTIOKTNOEL BETIKO NAEKTPLKO PopTio (EAAELUp €7), EVW TO Udaopa ap-
vNTIKO NAEKTPLKO dopTtio (mMAedvaoua €).

Avtiotolxa, TpLBn paBdou amod eBovitn pe Tpixwpa yatag npokaAel
HETOKIVNON NAeKTpOViwv amo to Tpixwpa otov eBovitn. Exoupe Aot-
Tov poption tou gBovitn e apvntiko poptio (mMAedvaoua nAekTpo-
viwv) kat ¢popTIoN TOU TPLXWHATOG UE BeTIKO dopTio (EAAelupa nAe-
KTpoviwv) (ELk. 4).

2. Ms snaywyn

a. MAnotalouvpe pla apvntika ¢optiopévn paBdo oto odatpidlo
nAektpookoriou. O elkTtng AmokALVEL Ao TNV APXLK KATOKOPU-
én B€on tou.

AuTO oupBaivel yati ta nAektpovia (opatpidiou - paBdou - Sei-
KTn) anwbouvtal mpog tn LeTaAALkr paBdo kat to deiktn, onote

1o aropo.
Ewova 2.

Hlextpookorio.
Eikéva 3.

HAéxpion ue tpif.
Ewovo 4.
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n paBdog kat o deiktng doptilovral apvnTikd evw to opalpidlo
Betika (Eik. 5a).

B. 2TN OUVEXELX AKOUUTIAUE HE TO SAKTUAG pag to odatpidlo tou
nAektpookormiou. O Selktng eEMAVEPXETAL OTNV APXLKA Tou BEon.
AUTO oupBaivel ylati Ta NAEKTPOVIA LECW TOU OCWUATOG LG UE-
tadépovtal otn yn. To odalpidio mapapével poptiopEvo BeTIKA
(Ewk. 5B).

Y. Metd anopoakpUVouue To SAKTUAO poag ano to odatpidio. Napa-
TNPOUUE OTL TO cUOTNUA TTapapeVeL apeTtafAnto (Eik. 5y).

6. TéENog, amopakpuvoupe Kat tn paBdo amod to opaipidio. O dei-
KTNG ATIOKALVEL ATIO TNV APXLKN KATakopudn B€an tou. AuTto cUl-
Baivel yati nAektpdvia g papdou kal tou Seiktn petadépo-
vtal oto odatpidio, onote n papdog kat o deiktng doptilovral
Betika. To odalpidlo mapapével BeTkA PopTIoUEVO, ylaTl Ta
NAEKTPOVLIO TIOU pETAPEPONKaV 0’ auTto eEoUdETEPWOOV UEPOG
Tou BeTikoU Tou doptiou (ELk.56).

Ewova 5. HAékwpion ue emoywyy.

3. Mg enadn

Apvntika doptiopévn paBdoc ePovitn épxetal oe emadn HE TO
odatpidlo apykd adOpTIOTOU NAEKTPOCKOTIOU KaL OTN CUVEXELQ QTIO-
HOKPUVETOL.

MapatnpoUpe OTL 0 SEIKTNG AMOKALVEL ATTO TNV QPXLKN KOTAKOPUDN
B€on tou. Auto cupPaivel yati nAektpovia amno t papdo tou efovitn
HeTOPEPOVTAL OTO NAEKTPOOKOTILO PopTilovtag To apvntika (Eik. 6).
BAEmoupe Aowmov OTL €va LEPoG Tou dpopTiou NG paBdou petadepbn-
KE 0TO NAEKTPOOKOTILO KATA TN SLAPKELA TG EMadNC.

Aywyoi - MovwTtég - HAEKTPLKO KUKAWHOL

a) Ztnv kaBnuepwn {wn cupPaivouv pawvopeva mou PoKaAoU-
VTOL OO KWWOUUEVO NAEKTPLKA dopTia. ITnV Kivnon Twv NAEKTPLKWV
dopTiwv odelletal 0 NAEKTPLKOG PWTLOUOC, N NAEKTPLKN B€épuavon,
N Kivnon twv NAEKTPKWY KvnTrpwy, N Aettoupyia tou padlodwvou,
n Aeltoupyila tng TNAedpacng, n Asttoupyia Twv NAEKTPOVLKWVY UTIO-
Aoylotwy K.d. Me to oUVOAO TwV PALVOUEVWYV TIOU TIPOKAAOUVTAL OO
Kwvoupeva poptia aoyxoAeital o Auvapikdg HAEKTPLOMOG.

Hléktpion couatog ue emopn.
Ewkéva 6.
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Ta CWUATA TIOU EMUTPEMOUV TN HETAKivNon doptiov péoa amo tn
nala toug Aéyovtal aywyoi. Aywyol eivat ta péTaAAa, ol NAEKTPOAU-
TIKOL aywyol, oL nuLaywyol, oL UTIEPAYWYOL, T LOVICUEVA aEPLa, OTIWG
Kal OAa To EpPLa ovta.

Ta cwpata ou Sev EMITPEMOUV TN PETAKivnon doptiou péoa anod
N nada toug Aéyovtal HovwTEG. MovwTeg eival to VA0, To YUaAl, To
TIAQLOTLKO, TO XAPTL, TO KOOUTOOUK, TA KEPOLLLKA, TO AQCTLYO K.Q.

Ag doUpe T yivetal otoug HETAAALKOUG aywyoUs, TIou €ival oL ou-
vnBéotepol Kal £xouv HeyaAUTepn oxéon Ke TNV KaBnuepwvn {wn. Eva
TUTILKO Ttapadelypa LETAAALKOU aywyou eival To XaAkwvo cuppa (ELk.
7), TO omoilo UTIAPXEL LECA OTA KAAWSLA TTOU XPNOLUOTIOLOUE OTLG OL-
KLOKEC OUOKEUEG. 2TO ECWTEPLKO VOGS 0USETEPOU HETAAALKOU aywyou
UTTAPXEL LEYAAOC aplBuOC (repimou 107%/cm®) eAeuBépwv nAekTpoviwy
Kal BeTikwy LOvTwv. Ta eEAeVBepa NAEKTPOVLA €ival NAEKTPOVLA TIOU
EEpuyav amod tnv EAEN Tou TUPAVA KAl KLVOUVTOL ATAKTO TTPOG OAEG TLG
KATEVOUVOELG e TaXUTNTEG TNC TAENG Twv km/s (Eik. 8). Ta eAelBepa
nAektpdvia amoteAolV £va 180¢ «NAEKTPOVLKOU aepiou», yLarti n Ki-
vNon TOUG HOLATEL PE TNV Kivnon Twv popiwv evog agpiou. Ta BeTika
ovta €ival to LovTa Tou TPOoEKUPOV OO Ta ATOUO TOU HETAAAOU,
eMeLdn toug E€duyav ta nAektpovia. Ta BeTKA LOVTA TaAavTwvovTal
YUpw amod kaBoplopéveg BETELG PO OAEG TIG KATEUBUVOELG, UE TIAG-
TOC ToU auvfavetal pe tn Bepuokpacia. Ta BeTKA OVTO cuvdEéovTal
HETAEV TOUG UE LOXUPEG SUVAELG, OMOLEG LLE EKEIVEG EVOC eAaTnplou.
To oUvoAo Twv BETIKWY LOVTWV ToU €ival TomoBetnuéva oe Kabopt-
ouévec B€oelc kaAeital MAEypa (Eik. 9).

H aywywpotnta twv PeTAAAwv odeiletat ota eAsUOepa NAEKTPO-
via.

JTOUG MOVWTEG N peyaAn mAswoPndia twv nAekTpoviwv eival &g-
OMLO TOU TUpNVa TouG. YIApXEL Ttepimou éva eAeUBepo NAEKTPOVLIO
ava 5 cm®,

Ewova 10. Hiextpixo koxiwua. (o) Epyoctnpioxn oigtaln. () Louforioudg.

B) HAEKTPLKO KUKAWHMA AEpE pla KAELOTH aywylun dtadpopn, ano
TNV ornola SLEpXeTal To NAEKTPLKO pevpa. H Stataén tng stkovac 10, n
orola amoteAsital and pla NAEKTPLKN TNy, €va dLakomtn A, éva a-
UTIEPOUETPO Kal Eva Aaumthpa A, eival éva anmAd NAEKTPLKO KUKAWUAL.

Xalxvo abpua.
Ewova 7.

Eowtepixo petallikod aywyod.
Ewoéva 8.

1D éyua.
Ewova 9.
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Ewéva 11. Zvupoliouos avoixrod dwoxorrn.  Eikéve 12. Avoikto kdxlwua.

Otav o dtakomtng A eivat avolktog (Etk. 11), to KUKAwpa Aéyetal
QVOLKTO KUKAwHa kot 6 Slappéetal anod pevpa (Etk. 12).

Ewova 13. Zvupoliouos kieiorod diaxonry. Ewéva 14. Kieioto koxlwua.

Otav o dtakomtng A eival kAelotog (Eik. 13), to KUKAwpa AéyeTal
KAELOTO KUKAWpa Kot Stappéstat and pevpa (Ewk. 14).
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ZUupBOALOHOL O NAEKTPLKO KUKAWLQL

Mo va mMopaoTACOUE EVa NAEKTPLKO KUKAWMO OTO XOpTi poc, Xpn-
OLUOTIOLOUE CUMPBOAQ yLa T OTOLXELA TTOU TO amtoTteAOUV. AUTO KAva-
HE KOl 0TO KUKAWMA TNG £lkOvac 10. ITOV MaPaKATW TIVAKO UTTAPXOUV
To CUMUPBOAC TWV KUPLOTEPWVY OTOLXELWV EVOG NAEKTPLKOU KUKAWUATOG.
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MayvAteg

OLEAANnveg kat ot Kwelol néepav amo tnv apyalotnta (mepimouv ano
Tov 6° T.X. aLwva) Eva opuKTo Ttou eixe TNV LOLOTNTA va EAKEL SLadopa
oldepévia avTIKElpeva, Omwe KapdLd, BeAOvVeC Kal pviocpata oldbn-
pou. To 0puKTO aUTO Tov eixe Bpebel otn Mayvnoia tng Mikpag Aciag
OVOUAOTNKE payvnTitng. H 1dlotntd Tou va €AkeL Ta oldepévia avtl-
KELLEVA OVOUAOTNKE LOYVNTIOUOC. ZAUEPA YVWPLIOUUE OTL TO OPUKTO
auto eival To eruteTaptoéeibio tou owdrpou F.O,.

Epeuveg €xouv beifel OTL 0 payvATNG aokel SuvAuEll o cwuata
oo oiénpo, VIKEALD, KOBAATLO | KPAUATA TWV TTAPOATIAVW LETAAAWV.

O Mayvntitng eivat puoLkog payviatne. Zuvnwe OUWG XPNOLLLOTIOL-
OUUE TEXVNTOUG LAYVATEG TTOU €XOUV KATAAANAO oxAua avaAoya Ue
TN Xprion ywa tnv omoia npoopilovtal, m.x. papdou (paBdoeldng), me-
TaAou (metaAoeldng), Siokou, Saktuliou f BeAovag.

Av dEpoupE KOVTA O€ €va LayvATN OVTLKELPEVA oMo payvntiollo
UALKO TOTE HUETATPETOVTAL KOL AUTA O POYVATEC.

AuTO pmopel va cUpPel akOpa Kol av avAPESA Toug TapeUBAaAAe-
TOL €vVa N LAyVNTIOLUO UALKO, OTw( TL.X. EVAO.

Oplopéva UALKQ, OTtwG TL.X. 0 XAAUBaG, OTav payvnTotouV yivovtal
HOVLUOL HayVvATEG, Statnpouv dnAadr To LoyvNTLOMO TOUG yLa TTOAU
XPOVO, VW AAAQ UALKA, OTIWG TL.X. 0 LaAaKkog oibnpog, dtatnpolv To
HOYVNTLOUO TOUG TIPOOWPLVA.

2ovnbiouéveg poppés poyvntav
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Kade avIpwrnoc Exel mapatnprnost Katd tn SLApKeLa pLoG KaTayi-
dac to patvouevo tng dnuioupyiag evog KepauvoU nmou SLapKei pe-
PLKA EKATOUUUPLOOTA TOU SeUTEPOAENTOU. OtV mepnataus o’ éva
XaAi uropei va atodavouue éva eAapuU tivayuo mou mpoKaAei
évac nAektpikog ormvdnpag. Ta dUo avtda patvousva, napda tn dla-
POopPa w¢ Po¢ TV KAipaka mou ekdnAwvovtal, mpokaAouvrtal ano
v bt autia. H outio autn givat ot SUVALELS TOU avVatTUCOOVTAl
UETAEU TWV NAEKTPLKWV POPTIWV.

Znuepa n nAektpouayvntikn Suvaun anoteAei pia ano ti¢ Feueli-
wéelc duvaueig, n omoia pali ue tic Baputikég (mou éxete SLdaydei)
Kal T ao9eVeic Kat LOXUPES MUPNVIKEG (mou da dtbaydouv otnv eno-
uevn taén) anoteAouv ti¢ TEooepLs FeusAlwdeLs Suvaueis otn puon.

2’ autnjv tnv evotnta Sa uadouue yia ti¢ SUVAUELS TTOU aoKoUvTal
UETAEU aKivNTWV NAEKTPLKWV QPOPTIWV Kal MWE AUTES urtoAoyifovtal
UEow Tou vouou tou Coulomb.

Oa uadouue T gival To NAEKTPLKO medio, MW MEPLypapOVTAL OL
nAektpootatikég Suvauels ue tn Bondeia tou, kadwe emiong Kat ta
XOPOAKTNPLOTIKK TOU.

Tédog, da peAetioouue TIC AMMOTNKES NAEKTPLKOU (POPTIOU Kal
EVEpYELAG TTOU ovouadovTal MUKVWTEG, TN Hopn Tou mebdiou oto
ECWTEPLKO TOUG KOl T XPNOLUOTNTA TOUG.
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(1.1 ) O vopoc tou Coulomb

H peAétn twv aAAnAemdpaoewv PETOED POPTIOUEVWV CWHUATWV
gekwva amo tov EAAnva OaArn to Miknoto (600 m.X.), o onoiog tpifo-
VTOG TO NAEKTPO (KEXPLUTIAPL) HE ENPO Udaoua TapATHPNOE OTL AUTO
UTIOPEL val EAKEL ULKPA QVTIKELPEVA OTIWG UIKPA KOPUATLO XapTiov. Y
QUTO TO PALVOUEVO OVOUACTNKE NAEKTPLONAG.

MNapdAAnAa moapatnpenBnKe N LELOTNTA TOU EXOUV KATIOLO TIETPW -
ta (Mayvnatia yn) va €éAkouv ta oldepévia avtikeipeva. To dalvopevo
QUTO avTioTolXa, OVOUACSTNKE MayvnTIOMOG.

Ta 6uo autd pawvopeva Bewpouvtav avesdptTnta Kat LeAETHBNKAV
XWPLoTA we To 1820. Tote o Aavog Hans Christian Oersted (1777-1851)
SLOMIOTWOE TIELPAUATIKA OTL UTIAPXEL OXEON UETAED TwV SU0 dalvouE-
vwv. AkoAoUBnoe MARB0G epeuvnTWV OV HEAETNOAV TN OXECH QUTH.

Kuplotepol ano toug epeuvntég Atav o Michael Faraday (1791-1867),
o Marie Ampére (1775-1836) kat o James Clerk Maxwell (1831-1879). O
J.C. Maxwell petd amod peléteg €PTACE OTO CUUTIEPACHO OTL KOl TO
dwg elvat Eva nAektpopayvntiko kopa. O Maxwell pe téooepig e€low-
o€lg Tou (1864), ohokAnpwoe tn Bewpia Tou nAektpopayvntiopou. H
gvomoinon nAeKTpLOpOU-payvNTIopol (Bewpla NAekTpopayvNTIOUOU)
TIOU QITOTUTIWVETOL OTO TIOPAKATW SLAYPAUA, ATIOTEAECE €va ATIO TA
HEYaAUTEPQ ETUTEVYHOTA TNG avOpwTtvng Stavonong.

[HAEKTPIEMOZ | |MATNHTIZMOE| | HAEKTPOMAINHTIKO

KYMA

FARADAY
AMPERE

MAXWELL

OEQPIA
HAEKTPOMAINHTIZMOY

James Clerck Maxell, 1831-1879.
2xwtoéfoc Dvoikog. Ymiple Ko-
Onyntng oo King's College xor op-
yotepa. oo Cambridge. Miotdrwoe
&va. wANpec ovvolo vouwv yio ta
NAEKTPOUOYVITIKG,  QOIVOUEVA KOl
TETOYE TNV EVOTOINGH NAEKTPLOUOD-
nayvytiouov. Tn Oewpio tov onuo-
olevoe 10 1873 010 ovouaoto fifiio
o0 ue titho «Treatise on Electricity
and Magnetismy.

O I'eppavog pvoixog I. Boltzmann
ovapepouevog otig eC10WTELS TOD
Maxwell, wopébece pia ypouun amo
70 épyo tov GOBtte «tig ypouués ov-
TG TIG Eypae Evog Oe0g... ».
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O Charles Augustin Coulomb to 1784, HeTd amo pia oslpd MELPOUA-
TwV, Katadepe va PLETPHOEL TIG SUVAHELS TIOU QVATITUCCOVTOL LETALY
NAEKTPLKWV popTtiwy. Ta cUUTEPACUATA SLATUTIWOE |LE TOV MOPAKATW
VOO TIOU $EPEL TO OVOUA TOU.

«Kade onueiako nAektpiko @optio aokei Suvaun oe kade aAAo
ONUELAKO NAEKTPLKO optio. To uétpo tng duvaung eivatl avaioyo
TOU YIVOUEVOU TwV popTiwv mou aAAnAsmibpoulv Kat avtiotpopa
AVAAOYO UE TO TETPAYWVO THE UETAEU TOUG AITOOTAONCY.

To HETPO QUTAC TNC NAEKTPLKNG Suvaung* divetal amno tn oxéon:

(1)

d |-
|

Ewéva 1.1-1. (o) dvvaueis anwOntirég. (B) Avvdueig eAxtikég.

H uvapun Coulomb €xeL:
Métpo: Yriohoyiletal and tn oxéon (1).

AwevBuvon: Tn StevBuvon Tng eubeiag Mou evwvel Ta
SU0 onuelakd poptia**, mou elval kat popEag tng.

®Dopa: Ot Suvapelg Coulomb eival eAKTLKEG yLa
ETEPWVULO KOL ATIWOTLKEC YLOL OLWVU AL
NAEKTPLKA dopTia.

Znueio epappoyne: Ta onuetakd doptia g, kat g,.

H povada pétpnong tou nAektpikol ¢optiou oto S.l. eival to 1C
(1 Coulomb).

H otaBepa Kk ovopaletat nAektpikn otabepd kat e€aptatal and to
ovuoTnUO pHovadwy Kal To HECO OTO Omolo Bplokovtal Ta NAEKTPLKA
doprtia.

Otav ta nAektpika poptia mou aAAnAenidpouv BplokovTal 0To KEVO
KOl KATA pooéyylon otov agpa, n otadepd K divetat amno tn oxéon:

1

4me,

k=

omnou ¢, uia puotkr otabepd mou ovopdletal aroAutn SiNAeKTPLKA
oTaBEPA TOU KEVOU KOl EXEL TLUN OTO S.1.:

CZ
e, =885 1012 ——
m

* H dovoun avtyy ovouddetor kai 6v-
vaun Coulomb.

** 2T ovvéyela, 0tow ypnouonolon-
ue tov opo poptio, Qo evvoodue on-
UELOKO NAEKTPIKO popTio, OnAadn To
POPTIO TOV PEPEL VO, GO TOD Dew-
PEITOL THUELOKO AVTIKELUEVO.

Charles Augustin de Coulomb, 1736-
1806. I'alloc Dvowkos. Ymiple un-
XOVIKOG TOV YoAliKoD otpatod. Me to
{uyo opéyne mov epebpe, améoeile
ot n nlextpikn dovoun wetald 0vo
UKDV POPTIOUEVV TPOLPAV EIVAL
OVTIOTPOPA OVALOYI] TOV TETPOYWDOVOD
TG OTOTTOCHS TOVS (VOUOS OVTIOTPO-
POV TETPAYDVOD).
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Ermopévwe n otabepa K £xeL tiur oto S.1. katd mpoogyyon:

2
Nm~

2

k=~9-10’

O vopog tou Coulomb akoAouBel To vOpo Tou avtlotpddou TeETpa-
YWVOU, OTIWC KAl 0 VOUOG TNG Iaykoopog EAEng, dnAadn:

1
F = o100. — (Ewk. 2)
-

O Coulomb 10 1785 XpNOLUOTOLWVTOG TOV OUWVUHO «UYO OTPEYNC
tou Coulomb» emiBefaiwoe TO VOUO TOU QVTLOTPOPOU TETPAYWVOU
(Ewk. 3).

Mapadeyua 1

Avo pikpd cwpata £xouvv dpoptia g, = +2uC ko g, = -2pC. Ta ow-
pota anéxouv 2m. Na urmtoAoyloOel to HETPO TNG EAKTLKAG SUVANG
TIoU aLoKEL To éva poptio oto AAlo.

Aven
To pétpo tnG Suvapng sivat:
. 2 5 10°5C.7.10-°
F A 2q2| _g.qor N 2:107C-2107°C g 4ay
r C (2m)
Mapadeyua 2

Na urtoAoyloOei n Suvaun Coulomb nou aokeiton petagy npwto-
viou-nA€KTpOViOU OTO ATOUO TOU USPOYOVOU KL VL CUYKPLOEL pe
™ Suvapn maykoopag €AEng mou aokeitan petafy toug. MNoon Ba
Enpene va eival n pala Tou nupnva, Wote oL 5U0 SUVAHELG va Elvat
ioou pétpou;

Aidovtal: ¢optio npwrtoviou q,= +1,6 - 10°C
pHala tpwtoviov m =17 1077kg
doptio nAektpoviouv g, =-1,6 - 10-°C
naga nAektpoviov m = 9,1 - 10°'kg
nAektpikr otabespd k =9 - 10°Nm?/C?
otafepad naykoopiag EA§ng G = 6,7 - 10"Nm?/kg? kau
aKTtiva TpoXLadg tou nAektpoviov r =5,3 - 10 ''m.

Avon

H duvapun Coulomb petalu nmpwtoviou-nAektpoviou eivat:

@l g (16:10°C)(1,6:10"C)

=8,2-10*N
r? (5,3-10"'m)>

E =k

To didypoiie Tov LETPOL THE OVLVOUIS
Coulomb wg¢ ovvaptnon ¢ anooro-
NG TV POPTIOV.

Ewova 1.1-2.

O (oyog ampéyne tov Coulomb (opyn
Aerrovpyiag).
Ewoéva 1.1-3.

To dropo tov Yopoyovoo.
Ewova 1.1-4.
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H &uvaun maykooutag €AEnNg petafl twv palwv mpwtoviou-nAe-
KTpoviou eivat:

m’ 1,7-10"kg-9,1-10

m_-m 31
F=G M _g7.q0n N ke _37.10vN

r’ kg’ (5,3-10""m)’
Apa:
Y _ 2,2-10"°
FN

H 8Uvaun Coulomb sival nepimou 10*° popéc peyadltepn amo
Suvaun maykooplag €AENG, yU QUTO ETUKPATEL KAl OLKOSOUEL TOV HL-
KPOKOGHO.

Ma tov uToAOYLOUO TNG UTOBETIKAG HATaG M) Tou Tuprva epyao-
HOOTE WG €ENC:

m' .m .
B =Fo i Gt =k
r T

k|, -q. 9-10°Nm?/C2-(1,6-10"°C)?

m =
" G-m, N 6,7-10"'Nm*/kg*-9,1-10”'kg

r_

m/ =3,8-10"’kg

AnAadn n pala tou nupnva Ba énpemne va eivat déka XLALAdEG do-
PEC peyaAutepn amo tn pala evog tavkep 380.000 tovwv!!!



1 7 Avvaueis petaél NAEKTPIKWVY POPTIwV

(1.2) HAektplko nedio

Onwc pabape, kabe poptio aokel Suvaun oe kabBe aAo poprtio. H
Suvapn HeTall Twv dpopTiwv TelveLl 0TO PNSEV GTAV N AMOOTACH TOUG
Telvel oTo amnelpo. Emopévwe, Eva NAEKTPLKO dopTio aokel dSuvaun os
KaBe aAAo nAekTpLkd Ppoptio mou Ba Bpebel 0TO XWPO YUPW Ao AUTO.

HAekTpLKO Medio ovopAloUpE TO XWwPOo LECA OTOV OToio otav Bpe-
Ol nAektpkd Ppoptio dExeTAL NAEKTPOCSTATLKY SUVAMN.

Ma va anodeifoupe melpapatikd TNV Umapén Tou NAeKTPLKOU Ttedi-
OU O€ KATIOLO ONUELD, XPNOLUOTIOLOUUE VA ONUELOKO NAEKTPLKO dop-
Tlo TToU ovopAloUUE SOKLUAOTLKO dpoptio. Av To SOKIHACTIKO popTio
Sextel nAektpikny duvaun, urtdpxel NAEKTPLKO Tedio oTo onueio ekeil-
vo.

‘Evtaon nAektplkoL nediov

Y€ KATIOLO ONUELO TOU Xwpou BewpoUE aKIVNTO GNUELAKO NAEKTPL-
KO ¢optio +Q. To poptio +Q Snuiouvpyel oe kKABe onueio Tou xwpou
YUpw amod autd nAektpiko nedio. To poptio +Q to ovopdloupe mnyn
tou nediou. H SUvaun mou aokeital anod to poptio mnyn Q oe éva do-
KLLOOTIKO dopTio  mou Bpioketal otn B€on (A) (Euk. 5) eivat avaloyn
Twv doptiwv Q kat g. Ano to vopo tou Coulomb €xoupe:

Av otnv (6la B€on A mou Atav To ( TonoBeTAcoupe Eva AAAo Sokli-
HaoTko doptio q° = 2q, n Suvaun mou dexetal eivat:

9

—
I

=k

E, :kg-q' 2‘q‘
2
To ocuunépaopa givat otL n duvaun mou S€xeTal TO SOKLUAOTIKO

doptio Suthaotaletal 0tav auto SumAacLlaoBel.

F
Emopévwg to mnAiko ﬂ ™G SUvaUNG POG TO SOKLUAOTIKO dop-
q

Tio otn B€on A sival otaBepd. To 1610 cupPaivel oe kABe AAAn B€on
TOU XWpPou yUpw armnd to ¢optio Q.

Emopévwg yla va ekbpdooupe TNV nAeKTpLkn enidpacn evog dpop-
tiou Q ota dadopa SoklpaoTikd dpoptia mou TomoBeTouVTAL O€ OU-
YKEKPLUEVN BEon yUpw amo to Q, eival meplocdTEPO XPrOLUO VA TNV

* XovnOiletar vo ypnoomoiovue
0V 0po «NAEKTPIKO TEION aVTi TOD
opbov «nlextpootatind medior.

Ewova 1.2-5.
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ekppAooUpE HECW EVOC VEOU duaLkoU peYEBOUC TTou elval (00 pE TO

TiNALko —, ovopaletal evtaon Kol opiletal wg €ENG:
q

‘Evtaon E o onueio nAektpikol nediov ovopdlouvpe to GUOLKO
SLAVUOHOTIKO HEYEDOG TTOU EXEL LETPO (0O HE TO TINALKO TOU HETPOU
™G Suvaung mou aockeital oe ¢poptio J mou Bpicketal ¢’ AUTO TO
onpeio mtpog to Ppoptio autd Ko KatevOUVGN TNV KATEVBUVON TNG 1 éviaoy wov mediov mov Snuovpysi

duvaung, av avty ackeital os Oetiko ¢poptio. éva Oetid anueioxs poptio Q «amo-
. HaKPOVETOLY OO TO POPTIO.
- F Ewéva 1.2-6.
E=— (2
q

Movada pétpnong tng évtaong oto S.1. eivatto 1 N/C.

Av T0 SOKLHOOTIKO dopTio Atav apvntikd, n évtaocn tou nediou E
otn B€on A dev Ba aAAale katevBuvon kat pétpo (Ek. 6, 7).

Onwg yivetal avtiAnmto, n évtacn €xel dopd mpog o poptio Q av
aUTO elval apvntikd katl avtiBetn av to doptio ival Betikd, aveEdp-
nta anod to €idog tou Sokipaotikol poptiou ( (Eik. 6, 7).

TiLonuaivel n ékppacn «H évtaon tou nAeKTpLKOU Ttediou otn B£on
A éxeLtiun 10 N/Cy;

Inuaivel otL, av tonobetnBel otn B€on A tou mediou SOKLUAOTLKO H éviaon wov zedion mo diovpyed
doptio 1C, n Suvapun nou Ba dextel Ba eivar 10 N kaw n ¢bopd ™G 8 svy apvyrixs onueiané poptio O xa-
elval ekeivn mou npoodilopiletal anod to poptio nnyn (Eik. 6, 7). wevfivetar mpog to poptio.

AnAaSH To PETPO TNC EVTAONC OE KATOW0 onpeio tou mediov pog Feove1.2-7.

Selyvel mooo LoYLPO ival To redio oto onueio auTo.

HAektpootatiko nedio Coulomb

HAektpootatikd medio Coulomb ovoudloupe to medio mou dnuli-
oupyeltal amno €va akivnto onuelako ¢optio Q.

‘Evtaon nAektpootatikol nediov Coulomb

Me Baon tn oxéon opLopoU TG EVTAoNnG, To LETPO TNG Elval:

E=— (3)

HropoU e va 08nynBolpe og pLa «LSIKN oxeon» n omola LoUEL yLo
To nAekTpooTaTIKO Ttedio Coulomb.
To Sokipaotiko poptio g déxetat Suvapn Coulomb Adyw tou dop-
tiou Q, n omola cuudpwva pe tn oxéon (1) eivat:
okl
r

Emopévwg Adyw tne (3):
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K. ‘QOI\
E =

(0]

r —
al
E, =k ‘Cf (4)

r

6mou |Q|n amdAuTN TR Tou poptiou Mo Snuoupyel To medio kaw T n Ewéva 1.2-8.
anootacn HETAEL Tou onUelov «Z» Kal tou ¢optiou Q (Eik. 8).

Ytov nivaka (l) kataypadetal n évraon nAektpikwy nediwv oe evdL-
0PEPOUOEG TIEPLITTWOELG:

Mivakag (1)

3TNV empaveLla evog acteplov Pulsar 10“N/C
3TNV TPOXLA TIOU OTPEPETAL TO € 6TO ATopo H 10“N/C To péwpo g éviaong niektpoorai-
kov meoiov Coulomb w¢ ovviptnon
Kotd tn Stdpkela kepauvou 10*N/C ¢ amdoTacns r ard to poptio Q.
Ewéva 1.2-9.
Kovtd og moumnd RADAR 103N/C
2e padlopwvikod KopaL 10*N/C
HAEKTPLKA EYKATACTOON OTILTLOU 10-2N/C
MNapadeyua 3
Mowa €ival n dUvapn mMou aokeital o€ €va NAEKTPOVLO TO OTolo
Bpioketal og onueio «I» nAektplkoL mediov, oto omoio n éviacn
éxeL pétpo E =4 - 10°N/C; (Ewk. 11).
Radar

Aivetow: poptio nAektpoviov g =-1,6 - 10°C. Eucbva 1.2-10.

Aben
E= ﬁ:FZ q.|- E=F=1,6-10"C-4-10°N/C=F =6,4-10"°N.
q

H katevBuvon duvaung daivetat otnv ikova 11.
Ewéva. 1.2-11.

Mapadeyua 4

‘Eva BgTikd doprtio g, =+4 - 10°C Bpioketar otn B£on x = 0 npiago-
va OX. Ztn Bon X, = 4m Bpicketan nAektpikd dpoprtio g, = +16 - 10°C
(Ewk. 12).

1. Na BpeBei n évtaon tou nediou mou dnuloupyeital anod ta dvo
doprtia:

(o) Zxo onpueio (Z) mov Bpioketal otn Oéon x = 6m. Ewcéva 1.2-12.
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(B) Zto onpeio (P) mou Bploketal otn B€on x = 2m.

2. Zgmowa B€on n évraon tou nediov EXeL TLUN UNbév;
N -m*

Aivetat k =9-10°

Avan

1. (a) Ztn Béon (2) oL evtaoelg El Kol E2 mou odeilovtal ota dpoptia
g, ko g,, avtiotoxa, eivat opoppOTEG Ko £xouv BeTikA dpopd (ELk.
13).

, , , , Ewoéva 1.2-13.

Emopévwg To PETPO TNG Evtaong elvat:

E,=E+E, (1)

2 -9
E, = |q1‘ —g.p0r N A10C e
I C* (6m)
2
E, =k|q2| 9100 N1 16-10°C _ 3000
I C (2m)

AT tn oxéon (1) €xoupe:

E, = IN/C + 36N/C = 37N/C kat tn Ogtikn katevBuvon.

(B) 2tn Béon (P) 1, =1, =2m

E, =E-E] (2) emeldn ot evtaoelg eivat avtiBetng popag (Eik. 14).

/ ? °’C Ewcéva 1.2-14,
E =1<|q,‘ 9.1 N 410 gyc e
I C (2m)
2 -9
E, = k|q2| g.100 N 16-10°C _36nic
1) C (2m)

Ermopévwe n oAtkn évtaon otn 6€on (P) sivat:
E, = ON/C - 36N/C = -27N/C

To npodonpo (-) €xel duowkr onpaocia kot onpaivet 6TL N E EXEL
apvntikn katevBuvon, dnAadn Tng Evtaong E

2. H évtaon tou nediou eival undev oe onpeio (K) mou Bpioketal pe-
TagL Twv doptiwv g, Kat 0, ylaTi IPEMEL OL SUO EVTAOELS E!" kau
E’ va eivat avtiBeteg (Eik. 15). Eotw d n andotaon tou (K) and to
doptio g, emopévwg X-d n andotacn tou (K) and to poptio q,.

, , ; , . , Ewéva 1.2-15.
Emeldn ot evtaoelg Oa €xouv loa HETPA EXOUUE:
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"_ o - ‘q1| |q2| -
E/'=E] =k———
e T
Xl' ? ‘q2‘ , X1 ‘q2‘ ,
(5 -Blezoofl
|q1 |q1‘
X /q_
d
1+ qz
(h
4m ,
d=—nd=—m1<oud -4m
. 16-10°C 3
4.10°C

Apa o {ntoUuevo onueio Ba améxel d, = 4/3m amno to poptio q,.
HAbon d, = -4m anoppintetay, yiati to onueio K 8& Ba Bpioketat
HeTagL Twv doptiwv g, kat g,.

AUVOLLLKEG YPOLRLULEG

Onwg avadépape, éva akivnto onuelako doptio Q dnuioupyel
YUpW TOU NAeKTPLKO Ttedio. H évtaon Tou nAektplkoL mediou dtadépel
oo To €va onuelo oTto aAlo.

Ma va aloBnTonoL)couE To a0paTo ESIo HEOW TNG EVIAONG, TIPE-
TeL va oxedlaooupe éva dlavuopa €vtaong yla Kabe onpeio tou xw-
pou yUpw amo to ¢optio Q (Eik. 16).

Ewoéva 1.2-16. diavoouazo tng EViaons 1ov nAEKTPIKOD TEVLOD TOV ONUIOVPYELTAL YOPW OO (0)
Oetiico onuelaxo poptio, (P) apvytiko onuelaxd poptio.

Emeldn eivat advvato va oxedlaooupe anelpa dtaviuopata via-
oNG, UMOPOULE VA XOPAEOUE OVTLTPOOWITEUTIKA UEPLKEC YPOAULES
(Ewk. 17).

Ol ypaupég autég oxedblalovtal e TETOLO TPOTO, WOTE N €VTOON
Tou nediou va sival epantopevn os KABe onueio Toug Kal ovoualo-
VTOL SUVOULKEG YPOLULUEG.

(@) Or ovvopurés ypoupés amoxhi-
vovv kai kotevBovoviar and to Ge-
T1K6 poptio mpog 1o ameipo. (f) Or
OVVOUIKES YPOQUES TUYKAIVOVY Kal
KoTeELBOVOVTAL TPOS TO OPVHTIKO NAE-
KTp1Ko popTtio.

Ewéva 1.2-17.
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OL SUVOLKEG VPO UES EVOG NAEKTPLKOU TteSlou pmopoulv va yivouv
OPOLTEC, OV TIPAYLOTOTIOL)COUE TO £EAC MElpa QL.

Y€ pila Aekdvn HE HOVWTLKO LYPO (TT.x. KaoTopEAaio) pixvouue omo-
POUC YAONG 1 COUCALLL OL OTtoLOL ETUTTAEOUV. TN CUVEXELA TOTIOBETOU-
HE HE KATAAANAO TPOTO £€va HKPO GOPTIOUEVO OCWUA OE Eva onUEio
TOU UYPOU KOl SLATILOTWVOUE OTL OL oTtOpOoL SlatdooovTal Onwg dai-
VETAL OTNV £LkOva 18.

H popdn autn givatl idta pe tn popdr Twv SUVAULKWY YPAUUWY TNG
glkovag 17.

I8L0TNTEC TWV SUVAMLKWY YPOAHHWV
OL SUVOULKEG YPOAUEG £XOUV TIG TTAPAKATW LOLOTNTEC:

1. AnopakpuvovTal ano ta BeTIKA popTia Kol KateuBuvovTtal mpog Ta
OPVNTLKA, ETIOUEVWG EIVOL AVOLKTEG.

2. H évtoon tou mediou £xel LEYAAUTEPO LETPO OTLC TIEPLOXEC TOU XW-
pou, Omou eival Lo TUKVES (ELk. 22).

3. Aev TéuvovTal.

Awadopeg popdég nediwv

HAektpika media dSnuioupyolvTal Kal anod cuothpata dUo n ePLo-
OOTEPWV NAEKTPLKWV dopTiwv. MePLKES aTto TIG ATTAOUOTEPEG LOPPES
ToUuC paivovtal oxedLaOUEVEG OTLIC eLkOveg 19, 21, 22.

Ta media Tou avTLoToLXoUV OTLIG lkOveC 18 £wg 22 elval medla mou
n évtaon Toug HetaBAaAAetal anod onueio oe onpeio. Ta nmedia avta
ovouAovTal AVOHOLOYEVH.

Ewkéva 1.2-21. dovauikég ypoupés Ewova 1.2-22. Mopgi avouoioye-
wediov 0vo poptiwv +2q Kol -q. voog mediov.

OuoyeVECG NAEKTPOOTATLKO eSO

‘Eva nAekTtpLko medio ovopaleTal OHOYEVEG OTOV N £VTAON TOU €ival
n (&la og kAOe onueio tou.

To nedio autd anelkoviletal pe TN BondeLla SUVAULKWY YPAUUWY, OL
ormoleg eivat mapdaAAnAeg, idlag popag kat toameéyouy (Eik. 23).

T V0L EPYAOTHPLO N «KATUOKEUN» EVOC OLOYEVOUC NAEKTPLKOU TLE-

Ewova 1.2-18.

Avvagukés ypouués mediov dvo avri-
Oetwv popticv +Q kot -Q.
Ewéva 1.2-19.

Avvopurés ypopués mediov 0o iowv
OPVHTIKDOV QOPTIV.
Ewova 1.2-20.

Ameikovion  €vOog  opoyevois  nle-
KTpixod mediov. H évtaon tov eivou
otabepn oe kobe onueio petald twv
TAOKV.

Ewoéva 1.2-23.
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6lou eival duvartnr, av popticoupe Eva cuoTnua SVO OUOLWV TTAPAA-
ANAwv peTaAALlKwY TTAQKWV HE avtiBeta nAektpkd ¢optia (Eik. 23).
To cuoTnUO OUTO ovVopAleTaL EMIMESOG MUKVWTNG Kol Oa Tov HeAETH-
OOUUE oTnv mapaypado 1.5.

Ta nAektpika nedia mou epdavidovral otn uon elvat avopoloyevi
KoL £XOUV €VTaON TIOU 0€ KABE onuelo Tou mediou lval v yével dla-
dopeTIKOU LETPOU Kal katevBuvong (ELk. 24).

‘Eva tétolo medio elvat Suvatov Katd mpoaogyylon va BewpnBel «to-
TUKA opoyeveg» (Ek. 24, eployr ).

(1.3) HA€eKTPLKA SUVaLKN EVEPYELDL

Baputiko nedio kat Baputik) SuvapLkiy EVEPYELQ

Onwc yvwpiloups, n Baputikn duvaplkr evépyela Mg-ocwpaTog €i-
VAL L8LOTNTA TOU CUCTAOTOC TWV U0 CWHATWV.

H 18otnta autn odeidetal otnv UTapén duvapewv aAAnAenidpa-
oNG HETOAEL TWV CWUATWV.

Av ta §Uo cwpata BpeBolv og ATELpn ATOOTACN TO £Va WE TIPOG TO
aAAo, Tote MpaKTIkA v aokouvTal Suvapelg aAAnAemidpaong Kat n
SuvaLKN EVEpYELA TOU cuoTAOTOC Bewpolpe OtL undeviletal.

H oxéon mou ouvdéel TN peTtafoAn TNG SUVOLLKAG EVEPYELOG CUOTN-
HOTOG CWHATWY HE TO €PY0 TWV CUVTNPNTIKWVY SUVAREWV aAANAET-
Sdpaong, omwg m.x. to Bapog, sivat:

AU = -W n UTL‘A_UAPX =-W rl W= _(UTL‘A—UAPX) (5)

Kata tn petakivnon palag m ano tn 6€on (A) og amnelpn andéotacn
(mpakTika og amootacn mou n Suvapn aAAnAenidpacng va pUmopet va
BewpnBei apeAntea), to €pyo tng Suvaung tou nediov W, | (Ewk. 26)
ocUudwva pe Tn oxéon (5) ival:

WA >00 - _(UI_UA) r!] WA >00 - UA_UT

Emeldn opwg og amnelpn anootaon® n Suvaplkn eVEpPyEla TOU ow-

Hatog eivat U = 0 €xoupe:

U(/\) - W/\*»:r_ ( 6 ]

ATo TN ox€on (6) MPOKUMTEL OTL N SUVAULKY) EVEPYELO TOU CUCTAUA-
TOC oTNV apXLkr B€on gival ton pe To £pyo tn¢ SUvapng Tou BapuTikou
nieblou Katd TN HeTakivnon tng palag amno tn Bon (A) oto amelpo.

HAektpko medio kat SuvapLkn evépyela

‘EOTW aKAOGVNTO apvNTLKO NAEKTPLKO dopTio Q mou Snuioupyel nAe-
KTPLKO Ttedio. Xtn B€on () tou mediou Ppioketal OeTIKO SOKLUACTIKO
doptio g (Etk. 27). Emeldn oL nAekTpooTaTikéG SUVAUELG gival ouvtn-
PNTIKEG, KAt avaloyia pe to Baputikd medlo, n Suvaplkr evépyela

v meproyi 11, umopel to niextpixod
neoio vo, Oecwpnbel kord mpooéyyion
OUOYEVES.

Ewoéva 1.2-24.

O1 dvvipers otig Oéoeic A, B, M ouo-
yevovg mediov oe Oetikd poptio q ei-
vai loeg, omws kol o€ kale alio on-
HUELO TOD.

Ewéva 1.2-25.

Ewéva 1.3-26.

*Otov avopépooue Amepn anooTo-
o1, aUTH UTOPEL Vo OVTIOTOLYEL o€
omoaTacy wov Yo ooviin poptia
UTOPEL Vo E1voL Alya EKATOOTA ON-
Aaon w¢ anepn ardotoon Oewpodue
NV awooTasH 0TV OTOLe, i OVVOUN
OV OEYETOL TO OOKIUOOTIKO POPTIO
0V EVAL TPAKTIKG, AVIXVEDTIU.

Ewoéva 1.3-27.
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TOU cuoTtAuatog twv dUo poptiwv divetal amo tn oxéon (6).
O urohoylouog tou épyou W 8¢ yivetal pe amhd Labnpatika,
S10TL umtapyouv o SuckoAieg. H mpwtn lvat 6tL n Suvapun HetaBai-

Qq|

AETaL YE TNV andoTaon {F =k— |katn deltePN OTL N HETATOTILON
r

elval ameipou pAkoug. Me tn XpPHon OUWG AVWTEPWY HOONUATIKWY
amodelkvVUETAL OTL TO €pYO Elval:

-

Kal AOyw tnNe (6) n duvopLkn eVEPyELD TOU CUOTHUATOG TwV dopTiwy
otnV apxikn Bon eivat:

U, =4 (7)

-

omou k n nAektpikr) otabepd kat I n andotacn HETOEY TwV NAEKTPL-
Kwv GopTiwv otV apxLkni Bon.

Eneldn 1o doptio nnyn Q eivat akAdvnto, BewpoU e KATAXPNOTIKA
OTL N SUVAULKA EVEPYELA TOU CUCTHATOG AVAKEL 0TO PopTio g.

AnAadn Ba Aépe OtL «n nAekTpLkA SuvapLkr evEpyeLa Tou popTiou q
otn B€on () Tou nedilou eival n U(r)».

Onw¢ mpokUMTeL amnod tn ox€on (7), To mpoonuo TNG SUVOLLKAG EVEP-
YELQG TOU NAEKTPLKOU doptiou g otn B€on () propel va eivatl BeTiko N
apvntLko, av ta poptia Q, q elvatl opwvupa 1) ETEPWVULA QVTIOTOLXA.
Molo eival OpwG To PUOLKO TIEPLEXOUEVO TNG BETIKAG I} apvnTIKAG Su-
VOLKNG EVEPYELAC;

Otav £xoupe opwvupo NAEKTPLKA poptia, ol SUVAUELS TTOU 0loKOU-
vtal elvat anmwonTikég (Ewk. 28).

Enmopévwg, to €pyo tng duvaung tou mediou eival mapayopevo (Oe-
TLKO) KATA tn petakivnon tou doptiou q amno tn B€on () oto anelpo
Ko N Suvapkn evépyeta tou poptiou  otn B€on () eival Bstikn. Autd
onuaivel 0tL To poptio g Unopst va PeTakveital auBopunta mpog To
QTELPO Kol N SUVALKNA TOU EVEPYELA VO EAOTTWVETOL.

Otav €Xoupe eTeEpWVULA NAEKTPLKA PopTia, oL SUVALLELG TTOU O.OKOU-
vtat elvat eAKTIKEG (ELi. 29).

Emopévwg, To £€pyo tn¢ Suvapng tou mediou eival KATAVAALOKOLE-
VO (apvNTLKO) KaTA TN peTakivnon tou ¢optiou g amno tn B¢on () oto
amnelpo kat n duvaplkn evépyeta tou poptiou g otn B€on (M) eival ap-
VNTLKA. AUTO onpaivel OtL mpémel va tpoodepOel evépyela ato dpopTio
g yla va LETAKLVNBOEL TTPOG TO ATIELPO e amoTEAEoUa N SUVALKA TOU
EVEPYELQ VA AUEAVETAL.

Ouadvouo nlexpixd poptio. H dvva-
ki evépyeia U, etvor Ostirc.
Ewova 1.3-28.

Erepovoua niexmpixe poptio. H ov-
voyuxij evépyeto. U, eivar apvntii].
Ewoéva 1.3-29.
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MNapadbeyua 5

Na urtoAoyLo0oUv n SUVARLKN, N KLVNTLKN KL N NXOVIKA EVEPYELOL
TOU nAeKtpoviou mou meplotpEdetal otn otolfada K tou atopouv
ToUu USpoyadvou.

Aivovtai: To doprtio tou nAektpoviouv g, =-1,6 - 10°C,
10 dpoptio Tov mMpwrtoviouv o =116 - 10-°C,
n nAektpikn otaBepa k =9 - 10°N - m?/C?
KOlL N aKTiva TtnG TPoXLAg Tou nAektpoviov r = 5,3 - 10'm.

Aven
H Suvapuikn evépyela Tou nAekTpoviou Sivetal amo tn oxéon: Ewoéva 1.3-30.
U, =k (1)

I

B o N-m”1,6-10"°C(-1,6-10"°C) ,
=910 > = n
C 53-10"'m
U, =-4,350-10™"J (2)

U,

H Kwvntikn evépyela tou nAektpoviou Sivetal amo tn oxeon:

1 2
K =—mv°
Sm, (3)

ATO TNV KUKALKN Kivnon yvwpil{oupe OTL To pOAO TNG avayKaiag Ke-
VTPOMOAoU Tov mpaypatonolei n Suvaun Coulomb. Apa:

2 .q. k -q.
F o m e a4 Ikq, -q. (4)
Tr T mc-l‘

Ao T ox€on (3) Aoyw g (4) €XoupE:

klg. - 2 10192
‘- 9, -q. 1K, 0100 N’ (1:6:107C)
or ¢’ 2:53-10"m

n K =2,175- 105 (5)

H unxavikni evépyela E | eivar £ =K + U (6), emopévwc:
E,=K +U =+2,175-10"] - 4,350 - 10"*J = - 2,175 - 10"%J
OL OXEOELG LLE TLG OTIOLEG CUVOEOVTOL OL TTAPATIAVW EVEPYELEG ElvalL:
K= %|U‘ Kk By, =-K

Emeldn n evépyela o€ eminmedo atopou eivat TOAU UIKPNG TIMAG, XPN-
OLUOTIOLOUE WG Hovada HETPNONG (0Tn PUOLKY OTOLXELWSWV CWHOTL-
Siwv) kat to eV (electron volt) nAektpovioBoAt: 1eV = 1,6 - 102° Joule.
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(1.4) AUVOULKO -
Awadopa Suvapikou

Auvapiko

Onwc etdape otnv mponyoLupevn mapaypado, n SUVALKH EVEPYELA
Sdokipaotikol doptiou g otn Béon () mou améxel amootaocn I amno
doptio «mtnyn» tou mediov Q (Ewk. 31) eiva:

UIZqu
-

Av otn B¢on () tomoBetnooupe éva AAAo Soklpaotikd doptio
q = 2q, n SuvauLlkn Tou gvépyela yivetal:

U, =k Q -2q
r

Awamotwvoupe ot U, = 2U,, nhadn n duvauikn evépyela eival
avaAoyn tou ¢optiou g. To mnAiko TG SuVAULKNG EVEPYELAG TOU dop-
Tlou g pog to doptio autod eival pia duoLkr TocdTNTA IOV EXEL OTA-
Bepn TN avegdaptntn Tou poptiou q otn cuykekpLpévn Bon (M) tou
niedilou. Tn ¢uaoikn auth MOoOTNTA OVOUALOUUE SUVOLKO Tou Ttediou
otn 6¢on () ko cupPoAitetaL V.

Avvapiko og pia O€on (M) nAektpikoL mediov ovopaletal To po-
vouetpo puoiko péyebog nmovu eival oo pe To mNAiko TG SUVAHLKAG
evépyelag ¢poptiov q otn B£on I mpog to poptio auto.

To Suvapiko divetal ano tn oxéon:

U
V.= —L 8
- (8)
. . . , 1J
Movada petpnong tou duvauwkov oto S.. elval 1o 1V = E
(IVolt _ lJoule].
1C
Enedn U =W__ noxéon (8) ypddetal:
W
V([-} _ > (9]
q
Ti onuaivel Aomov otL to Suvapiko o pa B€on () Tou mediou eivat

V =+ 10V;
Inuaivel otL, av Bpebel otn B€on () dokipaotiko doptio +1C, Ba
€xel nAektpikn duvaukn evépyeta +10J, 1 looduvapa, av Bpebel otn

Ewova 1.4-31.

Ewova 1.4-32.
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B¢on () dokipaotiko doptio -1C, Ba €xel NAekTPLKA SUVAULK EVEP-
yela -10J (Eik. 32).

Auvopiko nAektpootatikoU nediov Coulomb

Me Bdon tn oxéon opLopol Tou Guactkol PeyEBoUC Tou SUVALKOU:

v U
q
Kal avtikaOlotwvtag tn Suvaptkn evépyela doptiou ( otn Béon () pe
N oxéon:
U, = k%
-

EXOUUE:

V. = KL (10)

1

omou Q 1o ¢optio mou dnuioupyet To medio Kal I n anodotacn UeTafl
Tou onuetou (r) kat tou dpoptiou Q.

Napadeyua 6

1. Na Bpe0ei to duvapikoé oe anootaocn
(o) 30cm
(B) 60cm

ano éva ¢optio nnyn Q =-4pC.
2. Noon duvapkn evépyela €xeL poptio q° =2pC av Bpebei o anod-

otaon 30cm; To Svvouiké V w¢ ovvéptnon g
, i 9 N- m2 0mOoTOONS 1 OTO BeTIKG Ko amo op-
Aivetau ot 1pC = 10°C kau k =9-10 7 - vitiko poptio Ty O.
C Ekova 1.4-33.
Avony
1. To Suvapiko divetal ano tn oxéon:
V=il

T

(a) Ztnv andéotaon twv 30cm to Suvauko eivat:
~9.10° N.rrzl2 .—4.1(16C
C° 3.10m

(B) Ztnv amootaon twv 60cm to dSuvauLko eivat:
o N-m’ .-4-10"’C
C’ 6:10'm

V, qV, =-12-10'V

V, =910 7V, =-6-10'V

2. H duvapuikn evépyela tou poptiou q° umoAoyiletal and tn oxéon

ToUu SuVaLKOU:
U

V==
q
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ATO TN oX€0N QUTH £XOULLE:
U=V-gnaU= -12-10*V -2 -10°C =-0,24)

Auto onpaivel 0tL katd t petakivnon ¢optiov 2uC oto Amelpo n
Sduvapn tou mediov katavaAwvel €pyo oo pe 0,24J.

Awadopa duvapikou

‘Eotw doptio mnyn Q kat dokipaotiko Gpoptio g, To onolo PETAKL-
veltat ano pla Béon (Z) oe pa aAAn B€on (P) tou mebiou (Eik. 34). To
doptio Q otig Beoelq (2) kaw (P) Exel duvapikn evépyeta U kal U avti-
otolya. Ta duvapikd otig B£oelg (2) kau (P) eiva V ko V, avtiotoxa.

H dwadopd V -V ovoudietal Stadpopd duvapkod petaty twv on-
uelwv (2) kat (P) kat cupBoAiZetar V, kot eival:

Vi =V Vo Vg = ek - % NV = Sl

Onwg €xoupe avadEpeL yla To NAEKTPOOTATLKO Tedio LoXUEL:

(11)

W, =-AU,, =U,-U,

TP

Emopévwg, n oxéon (11) yivetat tooSuvapa:

W,
_ TP
VZ[’ -

Q

H dtadopd Suvapikou petay duo onpeiwv (Z) ko (P) nAektpt-
KoU mediou LoouTal ME TO MNALKO TOU £pyou TG SUVAUNG TOU Tedi-
ou Katd tn petadopd dokipactikol poptiov g and tn B£on () otn
0éon (P), mpog 1o dpoptio auto.

W,
VEP = __IoP (12)
q

H Stadopa duvapikou emopévwe pag divel: to €pyo t¢ Suvaung
ToU NAekTpkoU mediov ava povada GopTiou yLa TN HETOKIVNGCT TOU
arno tn B€on (Z) otn B€on (P).

‘Eotw otL dVo onueia (2) kat (P) (Etk. 35) Tou nAekTpooTaATLKOU TIEdI-
ou €xouv duvapikd V, = +14Volt ko V, = +10Volt. H stadopd Suvapl-
KoU peTal twv dVo onuelwyv sival:

V,, =V, -V, =14V - 10V = 4V

AUTO onpaivel OTL KOTA TN UeTOKivnon BeTikol SokluaoTikol dop-
Tiou evog Coulomb amé tn B€on (2) otn B€on (P) to €pyo tng Suvaung
Tou Tediou eival +4J kat n nAektpLkn SuvapLkn evépysla Tou SokLua-
oTIKOU poptiou eAattwOnKe Katd 4J.

Napatnpnoelg

1. Ztnv nepintwon tou nediov Coulomb n dtadopa Suvapikou peta-
€U 6V0 onpuelwv (Z) kat (P) umoAoyiletal amo tn oxéon:
I 1

L L

1 2

Ewova 1.4-34.

H diopopd. dvvopurod (tdon) perold
ovo onueiov X kar P,

Vi-V,ii Vg, = +4V

Ewova 1.4-35.
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Omou I, T, OL ATOCTACELG TWV oNueiwv (2) kat (P) avtioTtolxa ano
10 dpoptio Q.
2. Amo tn oxéon (12) éxoupe OTL:
me’ -q- Vzl) (14)

H oxéon autn pag divel tn duvatdtnta va UTtoAoyiocoupe To €pyo
¢ Suvaung Tou mediou KATA TN LETAKIVNON NAEKTPLKOU PopTiou
g anod to onpelo (2) og onueio (P), Twv omoiwv n dtadopd duvapL-
kou glvatl V.

Mapadeyua 7

Aiveton onpelako nAektpko poptio Q =+10-3C kaw 0o onpeia (P)
ko (2) ta onoia anéyouv anootdcelg I, = 0,4m ko r, = 0,8m avti-
ototxa ano to ¢poptio Q (Ewk. 36). Na Bpebouv:

(o) H sradpopd Suvapikov V. petafd twv onueiwv (P) ko (Z).

(B) To €pyo tng SUvapng Tou nediouv, 6tav poptio q = +4pC peta-
kwnOei and t B£on (P) otn B£on (Z). Ewcéva 1.4-36.

(v) Mowa givan n puoikn onpacia tov W, ;
Aivetau: k =9 - 10°Nm?/C2.
Avon
(a) H 6ladopd duvapikol V,  uroloyiletal and tn oxéon:

V.=V, (1)

Ané tn oxéon (10) éxoupe: V, = k9 (2)
rl
Kat V, = KQ (3)
I,
H (1) Adyw twv (2) kat (3) yivetat:
1 1),
Vo = Vp-Vy = kg' g =kQ(_'—]n
L 5 L L
2
v, =910 XM o) L) 2 11a 5 volts
C 0,4m 0,8m

(B) To €pyo tng dUvaung umoAoyiletal ano tn oxéon (14):
W,y =q- Vo W, =4:10°:112,5V =450 Joule

P>

(v) To amotéAeopa tng epwtnong (B) onUaivel OTL KATA TN LETOKI-
vnon tou dpoptiou q amno to (Z) oto (P) n Suvaun tou nediou na-
payeL €pyo (oo pe 450J ) 6tL n SuvapLkn evépyela tou poptiou
otn Béon (2) pewwOnke kata 450 Joule.
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(1.5 ) MUKVWTEC

Y€ MOAAEC MO TIG CUOKEUEC TTIOU XPNOLUOTIOLOUUE OTNV KaBnUepPLN
{wn, OMW¢ Ta oTEPEPWVLKA CUYKPOTAHATA, Ol TNAEOPACELG, OL TNAE-
bOWVIKEG CUOKEUEG, OL NAEKTPOVLKOL UTIOAOYLOTEG, UTTAPXEL N AVAYKN
va amoBOnkeVETOL KATIOLA TTOOOTNTO NAEKTPLKOU POPTIOU YLO OPLOUE-
VO XPOVLKO SLACTNMA KOl VO XPNOLUOTIOLELTAL TNV KATAAANAN XPOVLKN
OTLyUN.

H &iataén pe tnv omola EMITUYXAVETOL N AoBr|KeUoN Tou NAEKTPL-
KoU $opTiou Elval 0 TUKVWTAG.

O MUKVWTAC Elval piot CUOKEUN TTOU XPNOLUEVEL WG amoBnkn nAe-
KTpLkoU ¢doptiou Kol EMOUEVWG NAEKTPLKAG EVEPYELAG. AToteAeital
aro §Uo aywyoug mou Staxwpilovtat amnod Eva PLOVWTLKO UALKO.

O MPWTOG MUKVWTHG KATAOKEUAOGTNKE 0TO MavemniotrLo Tou Leyden
¢ OAAavbiog to 1745 (Eik. 37).

AmoteAeital anod éva yuaAwo doxeio to omoio €xel kaAudBel eow-
TEPLKA Kal eEWTEPLKA HE AemTd UAAA peTAAAou. Eva Katoakopudo
HETAAALKO OTEAEXOG TIOU TEPVA ATIO TO OTOULO Tou Soxelou €XeEL OTO
EMAVW UEPOG TOU Eva LETAAALKO odatpidlo Kal Elval LOVWHEVO LE KO-
TAAANAO Ttwpo. To KATW AKPO TOU OTEAEXOUC HEOW HLOG LETOAALKAG
aAuvoidag épxetal oe emadn UE TO ECWTEPIKO GUANO TOU HETAAAOU-
aywyou.

OL 8Uo aywyol (pUAAa uetaAAov), ECWTEPLKOG KAl EEWTEPLKOG, ATIO-
TeEAOUV TOV TUKVWTH. Av pe pLa poptiopévn paBdo dopticoupe tov
EOWTEPLKO OyWYO APVNTLKA, TOTE TO NAEKTPOVLA TOU EEWTEPLKOU ayw-
you anwBoupeva Stadelyouv PECW TNC YELWONG KAl 0 aywyog ¢op-
Tiletal BeTika. Alakontovtag tnv enadn pe ) paBdo kal tn yeiwon
€XOULE VA POPTLOUEVO TIUKVWTH.

Eninedog mukvwtng - option

Turukn popdn MUKVWTNA €ival o eNMinedo¢ MUKVWTAG. AmoteAeital
anod Svo opota Aemtd Kot emimeda peTtaAAkd ¢UAAa (TAAKEG), Tou
Bplokovtol o€ TOAU ULKPH OTIOCTOON OE OXECN LE TIG SLOOTACELC TOUG.

Ta 6U0 petaAAika pUAAA ovopalovtal OALOHOL TOU MUKVWTA (ELK.
38).

O eninedog MUKVWTAC elval N povn dtataén pe tnv omola Hmopou-
LE VOl TIOLPAYOULE OMOYEVEG NAEKTPLKO Ttedio dpoptilovtdg tov, pe Tnv
napakdatw dtadikaaoia.

O mparrog mokvortig (Leyden).
Ewoéva 1.5-37.

Erinedoc mokvatig.
Ewova 1.5-38.

Tvkvatns gumopiov.
Ewova 1.5-39.

2oufoliouog tov exinedov TVKVOTH.
Ewoéva 1.5-40.
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Eotw pa emimedn petaAAkr) mAdka (A) n omoia €xeL cuvdebel pe
€va nAektpookormio (Eik. 41), tnv onoia ¢opTiloupe Ue apvnTLKO nAe-
KTPIKO doptio. Mia Seutepn Opola petaAAikr) Adaka (B), mou elvat
YELWMEVN, ToToBEeTETAL KOVTA oTNnV (A).

H mAdka (B) amoktd BeTikd nAeKTPLIKO dpopTio KaBw¢ mAnoLaleL Tnv
(A), ylati eAevBepa nAekTPOVLA TNG, anMwBoUpEVA ATIO TA NAEKTPOVLA
™¢ poptiopévng mAdakag (A), pevyouv mpog tn M.

Ewova 1.5-41.

Tavtoxpovwe, kabwc n mAaka (B) mAnolalel tnv mAdaka (A), diart-
OTWVOULE OTL N MAAKA (A) amoKTa 0o Kot LeyaAUTEPO apvnTIKO dop-
tio. H abv€non tou nAektplkol poptiou Tng mAAkag (A) amodelkvieTtatl
oo 1o mAnociacpa Twv GUAAwWV Tou nAektpookoriou (Eik. 41B). Auto
odelAetal otn peTakivnon eAelBepwv nAektpoviwv amod ta duAda
TOU NAEKTPOOKOTILOU KOl TOU OTEAEXOUC TIPOG TNV MAGKA (A), Adyw Twv
eAkTIKwV Suvapewv Coulomb, oL omoieg peyaAwvouy, kabwg MAnoLa-
ZeLn mAaka (B).

TeAlkad, ot 5U0 onmAtopol aAAANAETILEPWVTAC ATIOKTOUV avTiBeTa NAe-
KTpKA doptia +Q kat -Q. Tote AEUE OTL O TIUKVWTNG Elval GOPTIOLLE-
voG. H amdAvutn twun |Q| Tou doptiou evog amod toug SUo omAlopolg
Tou Aéyetal poptio Tou MUKVWTA. AOyw TNG avATUENG NAEKTPLKOU
doptiov otoug aywyous (A) kat (B), epdaviletal oe kabe Evav anod
autoug duvauikd V, kal V, avtictoa. H dadopd V-V, AV, . AV
ovopaletal dtadpopd Suvaplkol r TACH TOU TUKVWTH.

XwpnTkOTNTA TMUKVWTN

Av dopticoupe Stadoyikd evav mukvwtn pe doptia Q, 2Q, 3Q k.AT.
anodelkvUeTaL OTL N TAoN Tou yivetal avtiotowxa V, 2V, 3V k.An. Eno-
HEVWG, To PopTio Kal N Tdon evog MUKVWTA €ival peyédn avaloya. To

Daopo nAEKTPIKdY SOVOLIKDY YpoLL-
LDV OLOYEVODS NAEKTPIKOD TEALOD.
Ewcva. 1.5-42.
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ninAlKo Toug elval XapaKkTNPELOTIKO LEYEBOC TOU MUKVWTH, ovopaleTal

, ) , , Mivaxkag 1
XWPNTIKOTNTA TOU TIUKVWTH Kot cUPBoAieTal pe to ypaupa C.
Yiiké AMmAgKTpLK
Xwpntikotnta C evog MUKVWTH OVOUATETOL TO LOVOUETPO PUOLKO ctafepa
néye0og movu eival ico pe to mnAiko tou nAektpikou ¢poptiou Q tou KEVO 1
TIUKVWTA PO TNV TAOoN V TOU MUKVWTH). aépog 1,0005
vepod 80
_Q , 3 s
c== (15) 1opti :
\4 piko 5,4
1Coulomb XY DLUTADL 2.7
Movada xwpntikotntac oto S.l. eivaw to 1F| 1Farad = —— b :
1Volt yvari 4,5
H XxwpnTkotnTa €vOG MUKVWTH €lval éva TOAU xpriolpo pHeyebog, Topoelivn 6,5
yati pag mAnpodopet yia to dpoptio mou Unopel va amobnkeutel ava ToA0atfv- -
povada taong HETAEY TWV OMALOUWY TOU. Aévio ’

H xwpntikétnta C evog mukvwtn dev e€aptatal anod to ¢poptio Kat
TNV Taon tou, aAAd €€aPTATAL OO TO OXAUA, TG SLOOTACELG KAL TNV
QMO0 TAON TWV OTALOUWY TOU, KOBwWGE Kal armo To povwtr (StNAekTpLKO)
TIou apeUPBAAAETAL LETAEY TWV OTIALOUWV TOU.
Q OPLOHOG TNG XWPNTIKOTNTAG, OTWg 506nke amnd tn oxéon (15), epoatée &poe me elipmone
LOXUEL yLa KaBE Hopdng IUKVWTH. TG YWPNTIKOTHTOS TVKVOTH OO THY
ELdkd Opwg yla Evav eminedo mukvwTh, 0Tav LETOEU TWV OTALOUWY  amdotacy twy omiioudy Tov.
TOU UTLAPYEL KEVO 1 aépaC, amoSelkvUETaL OTL N XWPNTLKOTNTA Tou §i- Ewdve 1.5-43.
VETOL ATO TN OXEoN:

C=¢

S
- (16)

omou €, n arnoAutn dinAekTpikr oTabepd Tou KEVOU:

€, = 8,85102C?/N-m?, S to epBadov onAiopou Kat £ n andotacn Twv ) ) )
Evog mokvatig umopet va poprioTel

OT[)\lO'LlU.)V tov (ELK' 43)' uéow wog wnyng. Hiexrtpovia ueta-
Av peTOEY TWV OTMALOUWY TOU TIUKVWTH UTIAPXEL KATIOLO HOVWTLKO  gépoviar amd tov omhioud A otov

UALKO (StNAEKTPLKO) N XWwPNTIKOTNTA Tou SiveTal amo T oxeon: omhioué B. Otav 1 thon yiver ion e
T TAoN TS TNYHS, 0 TVKVOTHS QOp-
S TIOTHKE.
C=¢g.g¢ = Ewova 1.5-44.
(0] )
4

OTIOU € N OXETLKI SNAEKTPLKA O0TOOEPA TOU LOVWTIKOU UALKOU TtoU €i-
val KaBapog aplOpog Kal e€EapTATOL OO TO LOVWTLKO UALKO (mivakag |)
€16LKA yLa TO KEVO 1 Tov aépa elvat: € = 1.

Evépyela GOPTLOMEVOU TIUKVWTH)

210 gpyaoTtrplo ekteAol e TV mapakatw Stadikaocia. Doptilovpue
evav rukvwt C = 25.000uF pe ovvexn taon V =12V (Eik. 44). O - g0 picrpovion xazi o gopa-
KVWTNG ouvOEeTal péow Slakomtn e avtiotatn avtiotaocnc R = 100Q oy rokver, péow niextpucic Tyyic.
KoL LE AQUTTTAPO (LE XOPAKTNPLOTIKA 6V Kot 60mA). Ewéva 1.5-45.
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KAglvoupe To SLOKOTTN KoL TTAPATNPOUKE OTL O AQUITTPOG APXLKA
dwtoPolel kal ypriyopa ofrivet. Tn Stadikaoia autry ovopualoupe K-
¢option Tou nukvwtn (ELk. 46).

ATO MOV mpoEpxeTal n evépyela pwtoPfoAiag Tou Aauntipa; Enel-
61 6ev umdpyel AANO OTOLXELO 0TO KUKAWUA EKTOG ATIO TOV TIUKVWT,
TOV QVTLOTATN KAL TOV AQUITTHPA, N EVEPYELA AUTH TIPOEPXETAL ATIO TO
dOPTIOPEVO TIUKVWTH.

MwG 0 TTUKVWTAC AMEKTNOE QUTH TNV EVEPYELQ;

O MUKVWTNG ATEKTNOE AUTA TNV eVEPyeLa kata Tn Sladikaoia ¢op-
TLOAG Tou. AuTo cupPaivel ylati anatteital mpoodopd evEpPyeLOg yLa
N petadopd NAeKTPLkoU poptiou 0TouG OMALOUOUC Tou. Ta avtiBeta
doptia Twv dUo omMAlopwy mapouctalouv avaloyia Pe Eva TEVIWUE-
vo gAatnplo.

Ma tnv mapapopdpwon slatnpiov amalteital evépyela, n omola
anoBnkeveTAl 6’ AUTO Pe Hopdr EAACTLKAG SUVOULKNG EVEPYELAG. TO
e\aTrplo KATA TNV enavadopd TOU TNV APXLK TOU KATACTOON TIPO-
odEPEL TNV AMOONKEVEVN EVEPYELQ.

AvtioTola, yla T ¢$OpPTION TOU TIUKVWTH OTOLTETOL EVEPYELQ, N
orola amoBnkeVeTOL 0’ AUTOV e Hopdr NAEKTPLKAG SUVAULKNG EVEP-
yelag. O TMUKVWTAC KATA TNV eKPOPTLON TOU TIPOodEPEL TNV amobn-
KEUUEVN G’ QUTOV EVEPYELQ.

H nAektplkn SuvapLkn evépyela Tou ukvwtr divetal anod tn oxéon:

-V
u=2V (17)
2
Eav xpnolpomotiooupe tn oxéon oplopou C = % €XOUUE KO TLG
L00SUVAUEG:
C.vz 2
U=——nU= Q©
2 2C

Ixéon HETPOU Eviaong Kat dtadopag Suvapikol
O€ OOYEVEG NAEKTPOOTATLKO Edio

AwoBétoupe £va GOPTIOUEVO TTUKVWTI TOU OTtolou N taon sivat V
KalL N amootoon TwV onALopwy tou / (Elk. 47).

‘Eotw OTL SoKLpaotko doptio +q adrivetatl apxLtkd oAU KOVIA oTov
OmMALoUO (A). Adyw Tou opoyevoug nAektpikoL mediou, To poptio Séxe-
tat dSuvaun F =E - g, kot petakiveital pexpt tov onAtopod (B). Katd tn
HETOKivnon, n dUvapun tou ediov MapayeL €pyo:

W =FlAW,=E-q-/( (1)
To £pyo auTO pmopel va UTtoAoyLoBel amo Tn yvwoth Hag oxéon

(14):
W =q-V (11)

Ewova 1.5-46.

Ewova 1.5-47.
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Emopévwg, amo tig (1) kat (I1) €xoupe:
E-q-/=q-VAQ

V
E= " (18)
ATO TN oX£0N AUTA TIPOKUTITEL Ulat AAAN povada LETpNoNG TG Evia-
on¢ E tou nediou: 1V/m.
H povada 1V/m sivat ion pe tn yvwotn povada 1N/C.

TUTOL MUKVWTWYV

OLouvnBéotepeg LOPDEG TTUKVWTWV TTOU XPNOLUOTIOLOUVTOL OF TTPO-
KTLKEG EDAPUOYEG Elval:

(o) MukvwTég aépa

OL TUKVWTEC auTol aroteAouvtal anod U0 CUCTANATA LETAAALKWY
TIAQKWYV, TIOU QVTLOTOLYOUV 0Tou¢ SU0 OMALOMOUC Tou TukvwTtr. Ot
TIAGKEC KABe cuoTAMATOG elval o aywylpn ocuvdeon kal Bpiokovrtal
N Uio péoa otnv AAAN xwpig va akouumouv Petatl Toug. Av To éva
OUOTNUO TWV UETAAALKWY TIAAKWV €lval aKivnto, EVw To AAAO UIo-
pel va otpédetal, TOTE £XOUHE Eva METAPANTO mukvwtn (Eik. 48). H
HETOBOAR TNG XWPNTIKOTNTAG TOU YiveTal Ue TN oTpodr Tou Kvntou
OTIALOLIOU, OMOTE TO EAACUATA TOU pmaivouv 1 Byaivouv péoa ota
€AAOUATA TOU AKIVNTOU OMALGHOU.

OL xwpnTKOTNTEG TETOLWV TIUKVWTWV PpOdavouv amd 10-400pF kat
xpnotuomnotovvtal o padlodwvikolg Sékteg. (IpF = 10712F)

(B) MUKVWTEG e oTEPEA SLNAEKTPLKA

Ot onAlopol toug anoteAouvTal amo moAU Aemtd PeTaAALKA pUAAQ,
Kal HeTaL Toug mapepBailovtal Aemta pUAAA StnAekTplkol (Ommwe
xapti, uika).

Ta Aentd GUAAQ TOU HETAAAOU UE TO SINAEKTPLKO TUALyovVTOaL UE TE-
TOLO TPOTIO WOTE O OYKOG TOU TIUKVWTN va lvat pLkpog (Euk. 49).

Ol XWPNTLKOTNTEG TWV MUKVWTWV autwv ¢Bdavouv anod 100pF Ewg
1uF. (IuF = 10-°F)

XpnotpomnololvToL o€ NAEKTPOVIKEC Kl NAEKTPLKEG CUOKEUEG.

(v) HAekTpOAUTIKOL TUKVWTEG

Amntotelouvtal ano SUo peTaAAka ¢UAAA Ttou xwpilovtal pe xapti
TIOU €XEL EUMAOUTLOTEL Pe SLaAupa nAeKTpOAUTH. OL TUKVWTEG auTol
€XOUV TTOAU HEYAAUTEPEG XWPNTLKOTNTEG ATO TOUG TTPONYOULEVOUC.
OL XwPNTLKOTNTEG TWV TIUKVWTWV autwv ¢Bdavouv and 10-2000uF
(Ewk. 50).

XpnotLpomolouvTal 0To KUKAWMO EKKIVNONG NAEKTPLKWY KVNTHPWV.

Meroflntog morKvaTig.
Ewova 1.5-48.

Tolipuo mokvot) pe oteped omle-
KTPIKO.
Ewéva 1.5-49.

Hlexrpolvtinog mokvatig.
Ewoéva 1.5-50.
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HAektpootatiki pnxoav Wimshurst

Otav xpelalopaote LEYAAEG TOCOTNTEG NAEKTPLKOU dopTiou Xpnot-
HLOTIOLOULE TLG NAEKTPOOTATLKEC LLNXOVEG.

Mta yvwoTr) NAEKTPOOTATIKA pnXavn ival kat n unxavn Wimshurst.
Kataokeudotnke anod tov AyyAo pnxaviko James Wimshurst to 1883.

H pnxavn autr) XpnOoLUOTIOLEITOL OTO TIEPLOCOTEPA OXOALKA £pya-
otnpLa GUGCLKNAG.

H pnxavn pe tnv neplotpodn twv SUo dlokwv avantuooel avtiBeta
NAEKTPLKA dopTia, Ta omola amodnkevovtal og SU0 PLAAEG-TIUKVWTEG
(tumou Leyden).

Ot 800 MukvwTEG eival ouvdedepévol pe U0 PETAAALKA OTEAEXN,
TIou KataAnyouv os dUo aywylpa opatpidia. Ta odpatpidia kabwg Ast-
Toupyel n unxavn ¢optilovtal pe avtideta @optia, Onwc Kat ot mu-
KVWTEG.

Av mAnoldooupe ta dUo odalpidia, yia KATAAANAN TLUA TNG €via-
ong Tou nAektpikov mediov petau toug (armd 15000-30000V/cm), -
OTtA NAEKTPLKOC oTivOnpac. Auto cuppaivel ylati nAekTpovia Tou ap-
vNTKA popTlopévou odatpldiou odnyouvtal LECW TOU aEPa TPOG TO
BeTIKA GOPTLOUEVO, UE ATIOTEAECUA TNV EKPOPTLON TOU CUCTHUATOG.

H epdavion tou omvOnpa onuaivel OTL Katd tn Stapkela Tou dpat-
VOUEVOU KATAOTPADNKE N «UOVWTLKH CUUIEPLPOPA» TOU atpoodal-
PLKOU aépa LeTaly Twv Suo odalpldiwv.

Muyovyy Wimshurst.
Ewoéva 1.5-51.
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2’ autA TtV evotnta pabape

O vopog tou Coulomb ekdpalel tn duvaun petagd twv dpoptiwv Q
kat Q, mou Bpiokovtal o€ anoéotacn I. H 6tebBuvon tng SUvaung eival
CUYYPOUULKA LE TNV eVBeia OV eVWVEL T onpeLlaka doptia kal eival
€AKTIKA av Ta poptia eival avtiBeta.

Movada pétpnong tou ¢poptiou (S.1.): 1C.

H évtaon nAektpikou mediou eival to Slavuopatiko péyebog mou
Selyvel tn SUvaun mou aokeital otn povada tou NAeKTPLKOU dopTtiou,
oe k@Oe onpeio tou mediou.

Movada petpnong tng evtaong (S.1.): IN/C.

Opoyevég ovopaletal to medio mou oe kKABe onuelo Tou n évtaon
Tou elval otabepn).

AUVOLLKEG YPOAUMEG €lval OL VONTEG YPAUMEG LE TIG omoieg oxebla-
loupe éva nAekTplko medio. e kABe onueio Toug n évtaon sival edpa-
TITOMEVN.

‘000 1o TIUKVEG elval oL SUVAULKEG YPAULEG TOOO LEYOAUTEPO Elval
TO HETPO TNC évtaong E otn ouykekplpévn meploxn.

AvvopLko sival to péyebog ou ekdpalel evépyela ava povada nAe-
KTPLKoU dopTiou o€ cuykekpluEvn B€on tou mediou.
Movada pétpnong Suvautkoo (S.1.): 1V.

H dtadpopd Suvapikot petafd dVo onueiwv A kot B glvat ton pe to
€pyo tng duvaung tou nAektplkol mediou ava povada nAekTplkoU
doptiou, Katd tn peETOPOPA TOU ATO TO onUELlo A oto onueio B nAe-
KTplkoU medilou mou Snuloupyeital amd oKivnTo Kol CNUELOKO NAE-
KTPLKO dopTio.

H xwpnTikotnTta €vOC MUKVWTH €KPpAlel TO PEYLOTO GOPTiO TOU
UTIOPEL VO OTTOKTIOEL O TIUKVWTAG YLOL CUYKEKPLUEVN TAON HETAEY TWV
OMALOUWV ToU (Ywpic va éeoma omvdnpac). ITo E0WTEPLKO TOU TIUKVW-
T dnuLoupyeital opoyevEG NAEKTPLKO Ttedio.

No6pog tou Coulomb

Q.Q,

r

F=k

‘Evtaon nAeKtplkoL

nediov
E =F/q

OuoyeVEG NAEKTPLKO
nedio

AUVOLHLKEG YPOLLULES

AuVaLKO NAEKTPLKOU
nediov

V,\ - U/\/q

Awadopd Suvapkov
VM% - UAB /q

XwpnTKOTNTA MUKVWTA

C=Q/V
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2Tpatnylkn eniAvong npofAnpatwv

Mo ToV UTTOAOYLOUO TWV SLOVUCUATIKWY HEYEBwY Suvapng, Eévtaong
bev mpéneLva Eexvape otL mpEneL va urtoAoyilovtal: MEtpo - AleUBuv-
on - ®opd.

(I) Advapn Coulomb

(o) Av Inteitat og €va MPOPANUA 0 UTTOAOYLOUOC TNG SUVANG TTOU
ookeltal anod éva poptio og Eva N0 PpopTio, epyalOHOOTE OTIWG ETIL-
BaAAeL o vopog tou Coulomb, mpoaoblopilovtag Ta SlavuouaTika xa-
PAKTNPLOTLKA TNG.

(B) Av {nteitat o umtoAoyLopog TNG dUvaUNG TTou SEXETOL NAEKTPLKO
doptio and cvotnua dvo 1 meplocotepwv dpoptiwy, Ba utoAoyicou-
ue tn duvapun mou odeiletal og KABe Eva amo Ta popTia AUTA KaL 0T
ouveéxela Ba mpooBEéoou e TIg SUVAUELS StavuouaTIKa yla VoL TIPoodL-
oplooupe TeEALKA TO LETPO, TN SlevBuvon Kal tn Gopa TNG CUVIOTAUE-
vne.

F=F+E+E+...

(II) ‘Evraon oe onpeio nAektpikol nediou

(o) Av Inteital o éva mpOBANUa 0 UTTOAOYLOUOG TNG EVTAONG OE ON-
peio nAektpkoL mediov, n Bpiokoupe anAd ehapuolovtag tn oxeEon
optopol tng E =F/q i av mpokettat yia nedio mou odeiletal o on-
HeLlako doptio, medio Coulomb, and tn oxéon:

E= kg

2

r
H 6levBuvon kal n popad tng mpoodlopiletal amnd to eidog Tou dop-
Tiou Q.

(B) Av Tnteitat o UTIOAOYLOUOC TNC EVTAoNnG o€ onueilo (A) nAekTplkoL
nieblou mou odeidetal og U0 ) MEPLOCOTEPA ONUELOKA HOPTLA, TTPOO-
Slopiloupe tnv évtaon tou mediou mou mpokaAel kaBs €va poptio
TtNyn oto onueio (A) kaL otn cuvéxela Ba MPooBECOUUE TIC EVTACELG
SLOVUOUOTLKA Yla va TipooSLlopioou e TEALKA To LETPO, TN SlevBuvon
Kal TN $opa TNG CUVIOTAUEVNG.

E=E +E +E +..

1 2 3

(I11) Avvopiko

To Suvauiko eival LovOUETPO PEyeBOC. EmMouévwe yLa Tov UTIoAoyL-
OMO Tou apKel 0 MPoadloplopdg TNG aAyEBPLKAG TOU TLUNAG.

(o) Eav Inteital o éva MpOPANUA va yivel 0 UTIOAOYLOUOG Tou Su-
VapLKOU o€ onueio (A) nAektplkou mediou, urmoAoyileTal amo tn oxéon
opopov V, = U, /0 i av mpokertal yla nedio onuelakol NAEKTPLKOU
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doptiou unoloyiletal kat anod tn oxéon:

V, = k9
r
Kal N aAyeBpikr TN Tou ATOTEAECUATOC €lval n {NToUUEVN.
(To poprtio Q T0 avTikaOTOUUE LUE TO TPOONUO TOU.)

(B) Eav {nteitat to duvaulkd os onueio mediov mou odeiletal os
800 1 meplLocoTeEpA onUELOKA poptia-inyeg, mpoodlopiloupe to Su-
VOULKO TIOU TIPOKAAEL 0TO onpeio kABe popTio mNyn KoL 0T CUVEXELA
MPOOoOETOUUE aAyEBPLKA T SUVAULKA QUTA.

v

(8

=V, +V,+V,+...
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Aupéva npoBAnuata

MpoBAnua 1

Eninedo¢ TMUKVWTAG £XEL TETPOYWVLKOUG OTMALOHOUG, TAEUPAC
10cm. H andotacn petafy Twv onAlopwv tou eival £ = Imm. Na
UNoAoyLoTEL:

(o) H xwpntikoTNTA TOU.

(B) H evépyela mou eivar anoBnkevpévn o’ autov av €xeL poptl-
o0¢i pe poptio Q = 1nC.

Aivetou g = 8,85 - 10°C*/N - m*

Aven
(a) ATté T ox€on (16) yla Tn XWPNTIKOTNTA EXOUE:

2 2
C-¢, S —|885.101 S |OIM" g o5 9uE
‘ Nm? ) 0,001m

(B) H evépyela Tou UKVWTN amo tn oxéon (17) sivat:

_QVv_Q _ (oey

MpoBAnua 2

‘Evag nukvwtng 90puF cuvdéetar pe pnatapia 12V ko popriletan
HEXPLS OTOU N TAon Tou va yivel 12V. Noca nAektpovia petadEpdn-
KOV Ao tn pia mAdka otnv aAAn;

Aivetou g, = -1,6 - 10°C.

Aven
ATO tn oX€0N 0pLOMOU TNG XWPNTLKOTNTAC, oXéon (15), EXOUUE:
Q=CV=(90"-10°F)- (12V) =108 - 10°C

AuTO elval to doptio oe kKABe Evav OMALOMO KATA aroAutn Tun. O
aplOuUOG Twv NAgkTpoviwy mou cuvarmnoteAouv to poptio Q sivat:

5
p= & - 108:10°C 67,5-10" nAektpovia
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MpoBAnua 3

Tpia dpoptia g, =-15pC, q, = +15pC kon q, = +20uC Bpickovran
oTLS Kopudég A, B, I avtiotola evog LoomAsupou opBoywviou
TPLYWVOU.

Noa urtoAoyicOolv:

(o) H ouvicTapévn Svvapn nou dexetal To dpoptio d..

(B) H évtaon tou nediov oto péco tng M unoteivoucag (Br).

Aivovtat kK =9 - 10°NmM?/C? kaw (AB) = (Ar) = 2m.

Avan

Mo tov uTtodoyLopo g Suvaung F, mou 6€xetal to doprio d,, Ba
uTtoAoyicoupe tn Suvapn F1,3 TIOU QLoKEL To poptio g, oTo poptio d,
kat tn uvaun F, , mou aokei to ¢poptio g, oto poptio q,.

Eneldn ta dpoptia g, Kat g, eivol ETEPWVULA EVW TA [, 0, OMWVU-
ua, ot duvapelg F , kal F, , €xouv TG kateuBuvoelg ou daivovral
OTO OXNHUA.

Ta LETpa TV SUVAUEWV Elval:

2 6 6
E3:k\ql.qj\ _g.qg0 N 15:10°C:20.10°C |
ST OTAT C 2m)
F, = 675-10°N

Ao to opBoywvio tpiywvo mpokumtel: BI? = AB*+AT? = 8m?

9Nm2 15-10°C-20-10°C
0 C? ) 2 n

_ |q2-q3|= )
E, k—BF2 9-1 o

F,,=337,5-10"N

AvaAUoupe tnv F,,0¢ 8Uo ouviotwoeg Fy kat F; oL onoieg éxouv
{oa petpa, emedn n Svaun F, ; oxnpatifet ywvia 45° pe ty (Ar).

F; 2

v =F =F, o045 =337,5-10‘3N7 = 475-10°N

3TN OUVEXELD UTIOAOYL{OUME TN OUVIOTAMEVN TWV SUVAHEWV
otoug agoveg x kavy, Fkat Fy avtioTtolya.
F =F =475-10"N xat
E, =F,-F =675-10°N-475-10°N 1
E, =200-10"N
H ouviotapévn twv duvapewyv F €xetl pétpo:
F=JE2 +E? = \(475-10°N)*+(200-10°N)?
F=5154-10°N
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Mpo6Anua 4

Tpia nAextpkd dpoptiaq, =q,; = V2 -10%C kau q, =-107C Bpioko-
VIOl OTLG TPELG KOPUPEG EVOG TeTpaywvou TAeupag d = 3m. Na Bpe-
Oouv:

(o) H évtaon tou nAekTpkol eSiov OV SnHLoUpYEiTOL OTNV TE-

Tapthn Kopudn.

(B) To Suvapiko Tou nediov otnv TETaptn Kopudr).

Aven

(a) H évtaon tou nAektpikoL mediov otnv kKopudn A Ba ival ion
LLE TN OUVLOTOWEVN Twy sv;dong nou odpeihovtal ota g, d,, d,. ZXe-
8dloupe tig evtdoeg E L E,, E; mou &nuoupyoulv ta doptia g, d,, d,
avtiotolya. H katevBuvaon Toug eival n katevBuvon mou poadlopile-
TaL amnod tn popad TNG avIioToLXNG SUVOLKAG YPOLUAG.

(A—A, A—B, I—A avtiotoa).

Onwg yvwpilouvpe: E, = k‘g—ﬂ, E, = km

d2
kot emeldn) (BA)? = 2d?

q

MpwTta BPlOKOURE TN CUVLOTOUEVN TWV El Kl E3.
q .
E,= \/E12 +E; = \/2E12 =E1\/§ :k|d_;‘\/§ A

2 -8
0° Né? .[?31(;;\/5 _ 0N
m

E =91

H 6tevBuvon eivat idla pe tn StevBuvon tng dtaywviou BA, SnAadn
oxnuatitet ywvia 45° pe g E; kat E..

HE, slva:

Jo Nm® 107C N
C* 2(3m) C

E, =9-10
H 8tebBuvon g E, eivaw idla pe tnv E | kaw n dpopd avtibetn. Eno-
HéVWG, N ouvioTapévn toug Ba eivat E , = E1’3+E2

H aAyeBpikn TLUA TNG on elvat:
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N _.N N

E :E173'E2 :206-506 :-306

ok

AnAadn n on Ba €xeL tn dLtevBuvon kal Tn popa TNG Ez.

(B)To duvauiké wg povopetpo péyebog otn B€on (A) unoAoyiletal
aueca amo to aBpolopa Twv SUVAULKWY TIou SnuloupyolVv ta Tpila
doptia otn Beon A: V, = V+V +V,.

Nm? +2-10%C
9-10° —-

Ta Suvauika eivat: V, =V, = kd = =423V
d 3m
kot emeLdn (BA) = dv/2 1o V, eivaw:
SV EE: SO AL W LU NS

V, =k = = ,
TOoBydV2 ' 32m
Enouévwg, to duvauiko V, =42 3V+(-213,8)V+42,3V A V, =-129,2V

MpoBAnua 5
Aidovtal SUo poptia otig KopudEG A Kat B evog tetpaywvou ABrA,
g, =2-107C kou g, = -107C, nAevpag d = 3m. Na BpeBei:
(o) H sradpopd Suvapikou V  petadl twv onpeiwv I kat A.
(B) Av doprtio q = -10-°C petakivnBei ano tn Béon () otn B€on (4),
TOco £ival To €pyo TG SUVANG TOU TTESIOU KATA TN HETAKIVNON
auTh;

Aven
(a) H 6adopa duvauikov V  eivat: V=V -V,

YriohoyiCoupe ta duvapika V o kalV,.

V.=V, +V,, enopévwe:

.4 q .
V, = k(A—b+k(B—B kat (AT)=d+/2, (BI')=d. Emopévwg:

7 2 7
V. =9.10° Nnj 210°C 5100 N“; L0 osy
C* 3V2m C 3m
Opota V, =V, +V,=k -+ I N
d BA
-7 -7
v, =0.10° N 2107C) gy N (10°C) _ 37y
3m C \/—I’l’l
Emopevwe: Vi, = V-V, iV, = 125V+(-387)V = -262V
. , Wi,
(B) Onwg pabape V., = ;A N W, =V -q

= (-262V)-(-10°C) = -262-10"Joule

I‘»A
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EpwtNOELC - ApAOTNPLOTNTEC

4,

. Tpidte éva douvokwpévo pumaAovl oe Eva UdaoUa. ITn CUVEXELD

dépte oe emadr To UMAAOVL PE TOV Toixo. To UIAAOVL «KOAAG»
oTov Toiyo. Narti;

. TplPte To MAAOTIKO HEPOC EVOC OTUAO OTO TTOUKALLOO GG, VLo Vol

10 $opTioETE. ITN OUVEXELX avolfte Tn BpUoN Tou vEPOU Kol TTIAN-
olaoTte TN «PA£Bax». TLmapatnpeite; EEnynote to dpawopevo.

‘Eva NAEKTPOOKOTILO UTIOPEL va XpnolpomolnBel, yla va aviyveueL
NAEKTPLKO doptio. MAnaoLlaloupe pia apvntika popTiopévn paBdo
oto odalpidlo Tou NAeKTPOOKOTIiOU.

A. TLtapatnpeits;
B. Tt eldouc dpoptio epdaviletal oto odpalpidio;
I. Mowo elval To cUVOALKO PopTio Tou NAeKTpooKoTtiou; (e€nynaote)

A. Na StatuntwaoeTte To vopo tou Coulomb kat va ypaete tnv avti-
oTolxn oxéon.

B. MoLeg oL povadeg twv peyebwv mou eudavilovral otn oxéon;

MOLEC OL OLOLOTNTEG KoL TTOLEC oL SLadopEC AVALETA OTO VOO TOU
Coulomb kal To Voo tng maykoouLag EAENG;

AVO opola nAekTpLlka dopTia améxouv otabepn amootaocn. Moo
Ba eival to anotéAeopa otn duvaun Coulomb eav:

A.Eva amno ta Suo ¢poptia SumAaclaoTel.

B. Eva poptio SumAactaotel kal to AAAo umoSUMAACLOoTEL.

I. AutAactlactouv kal ta Suo dpoptia.

Avo etepwvupa nAekTpikd dpoptia g kat 0, EAkovtal pe Suvaun F,

otav n anoctaoh Toug eival r. Na Bpebel n andotaon otnv onola
TPETEL va TOTOBeTNOOUY, WOTE N EAKTIKN SUvapn va yivel:

A. 4F
B. F/4

Aivovtal tpia 6pola nAektpLka poptia mou Bplokovtal oTIg Kopu-
d€g A, B, T LoomAelpou Tplywvou. Mola givat n katevBuvon tng
Suvapng mou d€xetal to poptio TNS Kopudnc (A);

AVo opola nAektplka doptia ival akivnta otig dvo Staywvia
anévavtl KopudEg TeTpaywvou. Mou S€xetal peyaAltepn Suvaun
€va Tpito doptio, oTig SUo eAelBEPEC KOPUPEC I OTO KEVTPO TOU
TETPAYWVOU;
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10. TL ovopaloupue €vtaon nAektplkoL mediou;
Na ypayete TNV avtiotolyn oxéon.

11. H povada péTpnong TnG Evtacng Tou NAekTpLkou mediou elvat:
A.C B.N/m ILN/C A.JC

12. JUPTTANPWOTE TA KEVA TOU KELWEVOU:
H évtaon E oe onueio «I» nAektpikoL mediou mou odelletal os

NAEKTPLKO poptio Q €XEL LETPO TTOU EWVAL ..veeveeveerneeee Tou dop-
TLOU Q KO v QVAAOYO TNG QMOCTACNG TOU «Z» Ao TO
....................... ninyn. H kateuBuvon tng évtaong oto «X» e¢aptatal
OTTO TO v Tou doprtiou Q.

13. Xapaktnplote KAOe pia oMo TIG MAPAKATW TTPOTACELC UE (2) av i~
vat owotn, pe (A) av eivat AavBaouevn.
H katevBuvon g évtaonc E og éva onpueio «Z» nAektpikoL mediou:

A. Eival aveéaptntn tng B€ong Tou oNUELOU «Z». ]

B. Eivaw ave§aptntn tng B€ong tou onueiou «2» avtonedio  []
elval opoyeveg.

I. Elva ave€aptntn and SoKpaoTiko poptio mou Tomobe- ]
TeltaL oTo onpelo «2».

14. Xapaktnpiote kaBe pia amo T mMoPaAKATW TTPOTACELC e (X) av &i-
val owaoTtn, Ke (A) av eivat AavBacpuévn.
Aokipaotikd poptio ( tonobeteital o medio mou dnuLovpyet on-
HELaKO NAekTpLkd doptio Q.
H dUvaun mou 6€xetal to doptio q:

A.'ExeL L€Tpo Tou e€aptatal anod tn B€on Ttou dpopTtiou ( ]
Héoa oto medio.

B. Exet tn &tevBuvon tng avtiotolxng SUVAULKNAG YPAUUNG. ]

I 'EXEL LETPO TIOU TlapapeveL oTabePO, yia kabe onpetomov [
Bploketal mavw o€ (vontn) odatplkn eMLPAVELD, LE KEVTPO
TO onueLako doptio Q.

A.’Exel popa mou dev e€aptatal anod tn opd g Evtaong ]
tou mediou.
15. Aivovtat 600 opwvupa nAektpikd poptia Q, = 2Q,, otig BEoelg (A)
Kal (B) 6mwg oto oxnua.
(1) To nAektpLkd medio undeviletal oe onueio ou Bpioketat:
A. Aplotepd tou A.
B. Agfia tou B.

I Meta€y A kot B.



16.

17.

18.

19.

20.
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(I) Av r, kow r, gival oL QMOOTACELG TOU ONUELOU UNSEVIOUOU TNG

gvtaong ano ta poptia Q, kaL Q, avtiotoya, o Aoyog I eivac
r2
A.12 B.21 T1/J2 02

JUUTTANPWOTE TOL KEVA TOU KELUEVOU:

KaBe nAektpootatikd mebio pmopel va amelkoviletal HEow TwWV
.................... VPO LWV.

Ol SUVOULKEG YPOULUEG Elval oL VONTEG YPAUUEG TTOU O KABE on-
HELO TOUG N e Tou mediou gival epantopevn.

OL SUVAULKEG YPOULUEG BEV ....veeeeeeneee OTO XWPO yUpw armod ta ¢op-
Tlo. Omou ol SUVAULKEG YPOUUEG ELVAL TILO TIUKVEG N €VTAON TOU
niedlou VOl .veveeeveenneee, .

Xopaktnpiote KABE i amod TIG MOPAKATW MPOTACELS PE (Z) av
elvat owotn, pe (A) av eivat AavBaopévn.

KaBe nAektpootatiko medio maplotavetal and éva nmAndog
(vontwv) ypaupwy oL omoleg:

A. Aev Téuvovtal £€w amo ta poprtia. ]
B. Elval mavtote eUBUYPOULLEG. ]
. 'Exouv ndvtote dpopd amno ta BeTikd mpog ta apvntikd dop- []

TLa.

Noa oxebldoete TG SUVOULKEG YPAUUES NAEKTpooTATIKOU Ttediou
mou odeiletal:

A. Zg éva apvnTko ¢optio.
B. 2 8U0 (oa KaTA AMOAUTN TLUN KOl ETEPWVULO NAEKTPLKA
doprtia.

Xopaktnplote KABE pia amo T MAPAKATW TPOTACELG HE (Z)
av eivat owotn, pe (A) av eivat Aavbacpévn.

HAektpLko poptio g Tomobeteital HECA O OLOYEVEG NAEKTPL-
KO meblo, mou Snuioupyeital petaly SUo OpoLwv TapAaAAn-
AWV KAl ETEPWVUHA GOPTIOUEVWY TIAQKWV.

H 60vaun mou d€xetal to doptio q:

A. E¢aptdtal and tn B€on tou poptiou péoa oto nedio.

B. Exel kateUBuvon mou e€aptdatal amo To €i60g tou doptiou (.
I. ‘Exel pETpo otabepo.

A.’Exel dtevBuvon mapaAAnAn mpog TLg MAAKEG.

OO0 o

E. ExeL mavrtote popad amnd tn BTk TAAKA GTNV APVNTIKN).

Na oXeSLACETE TIG SUVOULKEG YPAUHEC TOU NAEKTPLKOU TteESIOU TToU
dnuloupyeital avapeoa o dU0 OUOLEG TMAPAAANAEG UETAAALKEG
TIAQKEC, GOPTLOUEVEG e avTiBeTa dopTia.
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21. Av TO OMOYEVEG NAEKTPLKO Ttedio TNG Mponyouuevng SpaotnpLo-
NTag €ival KOTakopudo Kal apvnTKA GOPTLOUEVN oTAOYOvVA Aa-
810U Looppomel péoa o’ auto:

A. Na oxeblaoete TI¢ SUVAUELG TTOU SEXETOL N OTAYOVA.

B. Na mpooSiopioete to €idoc tou dpoptiou kaBe MAAKOC.

22. OeTikO onuelako doptio Q mpokaAetl tn dnuloupyia nAektpo-
otatikoL rediov.

A. No onUELWOETE TN $OoPA TWV SUVAULKWY YPOLLWV.

B. Na oxebldoete to dtdvuopa tng évtacnc E tou nedlou ota
onueia «K» kot «A».

I. Na BpeBel 0 Adyog Twv HETPWYV eVTACEWV Tou Ttediov —X , av:

r, =2r,. Ey

23. Alvetal to medlo Tou OXAUATOG OV OPEIAETAL OTA ONUELOKA
$optia Q, Q,.
A. Moo eivat to eidog Twv doptiwv Q,, Q,;

B. Zxebldote to Stdvuopa tng Evtaong tou mediou oto onueio L.

24. Aisovtal 6uo toa Betikd poptia (Q= Q,) kat onueio «2» TG Kd-
Betng oTo HECO «M» TNG ATOOTACNG TOUG.

A. Na urtodeifete pébodo yLa tn ypadikni amnelkovion tng Evra-
ong tou mediov otn B€on «I».

B. Mota eivat n katevBuvon tou Stavuopatog E;

I. Mola n katevBuvon tng Suvaung mou Ba aoknBel, av otn Béon
«Z» TOTOOETNOOUNE APVNTLKO SOKLUOOTLIKO dopTio g;

25. JUUTANPWOTE TA KEVA TOU KELLEVOU:

H Suvaulkn evépyela amoTeAEL KON LOLOTNTA EVOG ....cveeeenennene
NAEKTpIkWY doptiwv. NMa tnv mnepimtwon aAAnAemnidpaong
800 nAektpkwv doptiwv g, kat d,, urtohoyiletal and tn oxéon
U= e . H povada pétpnong tng SUVAULKAG EVEPYELAG
EWVAL TO .oovereeeneee . EQv to mpoonuo tou anoteAéouaTog eivat
.................. oUTO onpaivel otL ot Suvapelg Coulomb petafd twv
dopTiwy €lval .....ucueeee.

26. Mola amod TIC MOPAKATW OXECELC SlveL TN SUVOLLKA EVEPYELO CU-
otApatog Vo onuelakwy dpoptiwv Q,, Q,;
A.le—?z sk k2L 5

r r

2 2
r’ r
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27. Na ylvouv oL aVvTLOTOLLOELG:

AYNAMIKH ENEPTEIA

ZYZTHMATOZ AYO OOPTIQN XAPAKTHPIZTIKA

* Otk SuVOULKNA EVEPYEL * SUVAUELG EAKTLKEG

* ApvnTikr SUVAULKA EVEPYELA  ® ATIELPN AOCTOON

e AUVOULLKN) EVEPYEL LON e unéevikn amoaotaon
LE TO undév

e opoonua doptia

28. Xapaktnpiote kAOE pia amo TIg mMapaKATW MPOTACELG E X av givatl

29.

30.

31.

32.

owotn, He (A) av elvat AavOaopévn.
H nAektpikn Suvapikn evépyela Suo onuelakwy Gpoptiwv eivat:

A. Avtiotpoda avaloyn Tng LETAEL TOUC AMOOTAONG.
B. Elvat péyebog Slavuopatiko.

I. Elvaw mavtote Bgtikn).

Ooon

A. H povada pétpnong tng sivac: 1J/C.

Aokipaotikd doptio +q tonobeteital otn B€on «I» nediou, mou
dnuloupyeitatl anod akivnto nAektpiko poptio Q. To £pyo Tng Suva-
uNG Tou mediou katd tn peTakivnon tou doptiou g amnd to (2) oto
amnelpo eivat:

A. Avdloyo tou doptiou Q.
B.loo pe tn Suvapikn evépyeta tou poptiou g otn BEon «I».

I. AveEaptnrto tng dtadpoung mou Ba akoAouBroeL To
doptio q.

A. Eival amnelpo adou n Stadpopn £XEL ATIELPO UAKOC.

O OOfd

Akivnto Betikd nAektpiko doptio Q dnuioupyetl NAekTpLko medio.
TomoBetoupe SoklpaoTikd dpoptio ( o onpelo (Z) Tou mediou. Av

n SuvapLKkn evépyeLa Tou poptiou g elvat apvnTiki AUTO onpaivel
otL:

A. To ¢doprtio q givat opdonuo tou Q. ]
B. Ot duvapelg petatl Twv dpoptiwv eival EAKTLKEG. ]
. Mo va petadepbel to doptio q and peydAn anodotacn otn ]

B<on (2) amatteital va Tou mPoodEPOUE EVEPYELQAL.

Na SwOoeTe TOV OpLOUO KAl TNV AvVTioToLXN OX€oN yla To SUVAULKO
og onuelo nAektpootatikoL mediou.

JUUTTANPWOTE TA KEVA TOU KELUEVOU:
To SUVAULKO EIVAL EVA ....ucveevneeee. duoLkod péyebog mou pag dei-
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XVELTNV o, EVEPYELO TIOU EXELN cuvenrererrereenee. TOU NA&KTpL-
KoU ¢popTiou 0Tn oUYKeEKPLUEVN BEan Tou mediou.

33. JUUTTANPWOTE TA KEVA TOU KELUEVOU:
H povada pétpnong tou SuvapLkol oTo S.l. EVAL TO ....ceveeveennene.e.
Oa Aépe OtL To SuvauLko oe pLa B€on tou mediou elval loo pe
1o, , AV GopPTIO (00 PE ..ccveeereneneee otn Béon autn €xeL
SUVOULKN EVEPYELA LON UE L oeverenrenrnnee,

34. Xapaktnplote KAOe pia amod TIG MOPAKATW TPOTACELS LE 2 oV Elval
owoTtn, Le A av sivat AavBaopévn.
Qoptio mnyn Q mapadayel nAektpootatiko medio. Otav divetal n
nAnpodopia o0tL «To SuVapLKO o€ Pl B€on «Z» TOU NAEKTPLKOU
nedlov eival V = +10V», auto onpaivel otu:

A. H Suvapikn evépyela Sokipaotikol doptiou givar +10 Joule. []

B. AokipaoTiko doptio -1C otn B£on «I» meptéxetl Suvaukn [
evépyela -10J.

. AokipaoTiko doptio +1C otn B€on «Z» Ba petakwvnbel oto []
amnelpo amnod tn duvaun tou nediou.

A.To doptio mnyn eivat apvnTiko. ]

35. Aivetal opoyevég nAektplkd medio. TomoBeTOUUE SOKLUAOTIKO
doptio +q oe pia B€on tou mediou. Na amodelytel 6TL T0 dopTio
Ba kwvnbel and onueia uPnAdtepou Suvaplkol os onuela xopn-
Aotepou Suvautkou.

36. Ta oxuata | kat Il avtiotolyolV 0TI SUVAULKES YPOUUEG SUO nAe-
KTpKkwV Ttediwv. Na SikatoAoynoete tn cuudwvia n tn dStadwvia
00G UE KABE pio amod TI¢ mapakatw anoPels onuelwvovtag (X) av
oUppwVEiTe:

A.Se OAeC TLC BéoeLg kaBevac mediou, n évtaon eivat otabepry. [

B. KaBwg KwoUpaote anod aplotepd mpog ta de§Ld n évtaon []
Kall Twv SUo medlwv pHeELwVETAL.

I. H évtaon tou nediov (I) elval otabepn, evw n €évtacn Tou ]
niediou (1) av€avetat kaBwg KIVOUUAOTE TIPOG T APLOTEPAL.

A.Kat Ta 0o media mpokUTTToUY amd apvnTikd doptia ot []
opLOTEPA Kol BTk ota SeLa.

E. To Suvaptkd KaBwe KWOUHOOTE TIPOG TA APLOTEPA AATTW- []
VeTaL Kot ota Svo media.

37. Xapaktnplote kAOe pio amo TIE MAPOKATW TPOTACELG LE X v glval
owoTtn, Le A av elval AavBacopévn.
OeTko dpoptio +q petakweital ano t B€on «A» otn «Bx.

A.H kivnon yivetat kdtw and thy enidpaon tng duvapnctou [
niediov.
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B. To doptio otn Beon B £xel pikpotepn duvapikn evepyela oe [
OX€on UE TNV A.

I. H Suvapn mou tou aokeital otn B€on B elval LikpoTePn ]
amno tn Suvaun otn Béon A.

A.To duvauikd otn Bgon A eivat LkpoTEPO Ao To Suvapkd  []
otn Béon B.

Na SWOoETE TOV OPLOMO KL TNV avTLoToLXn ox€on yia tn dtadopd
SuvaptkoU petafL duo onpeiwv nAektplkoL mediov.

JUUTTANPWOTE TOL KEVA TOU KELUEVOU:
H Stadopd Suvapuikol HeTAU SUO .....ccveeeneee. NAEKTPLKOU TiE-
Slou pag SEXVEL TNV ecveeeeeeenrene, ™NC¢ SUVAULKNG EVEPYELAG ava

..................... nAekTpLkoL doptiou.

JUMTTANPWOTE TA KEVA TOU KELUEVOU:
H dtadopd Suvaulkou €ival ..........ue....... duoLKO péyeBog Kal ExeL
pHovada PETPNONCTO 1 ..o, . Atadopa duvaptkoo ion pe 1

..................... Hag Seixvel OTL N LeTaBOAN TNG SUVAULKNG EVEPYELAG
doptiou +1C petall twv dVo Béocwyv eivat ion pe 1 ...

Xapaktnplote kaBepio amo TIG MopAKATW MPOTACELG LE X av Elval

owotn A A av eival AavOaouévn.

H Stadopd duvapikol petafd duo onueiwv A kat B nAektpl-

koU mediou eivan V, ; = -10V. Auto onuaivel ot

A.Av adpnooupe poptio +q otn Bon «Ax», auTto Ba peTOKL-
vnBel ano tn B€on «A» otn «Bx.

B. H Stadopd twv duvaukwy V,- V  givat ion pe -10V.
I To Suvauko V, >V, .

A. Av petakwvnooupe ¢optio g = 1C amo to «A» oto «B» n du-
VOULKH Tou evépyela Ba eAattwBel kata 10 Joule.

O Oogod

Tt ovopAoupe XwpNTIKOTNTA EVOG TIUKVWTH;

Av SutAaotlacoupe to poptio Q evog dopTLoOUEVOU TTUKVWTH, TTOON
Ba yivel n Stadopd Suvapikol HeTall Twv SUO OTALOUWY TOU;

JUUTTANPWOTE TO KEVA TOU KELUEVOU:

H xwpntikdtnta €vOog MUKVWTN VOl €Va PUOLKO ..ccccceeverreneenens
HEYEDOC. AEHE OTL N XWPNTLIKOTNTO €VOC TIUKVWTN €ival ton pe 1
..................... OTAV 0 TUKVWTNG €XEL GopTio (00 HE 1 ..vceeeeerenneee,
kat n dtadpopd SuvapLkol PHeTafl TwV OMALOUWY TOU Elval ton He
1o, . Eav mukvwtn xwpntikotntoag C tov dopticoupe pe
doptio Q (xwplig va Eeomaoel omvOnpag) TOTE N EVEPYELA TIOU EXEL
QUTTOKTHOEL EVAL (0N KE woveeeeeervernene
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Mola oo TIG MAPOKATW TIPOTACELS ElvVOL CWOTH;
O mukvwTtNg eivat:

A.Mia ouokeun Tou anoBnkeVeL NAEKTPLKA PopTia.
B. Mia ouokeun mou mapayel NAEKTPLKA PpopTia.
I. 20otnua Suo aywywv os emadn.

Xapaktnpiote kaBe pio amod TG MAPAKATW TPOTACELG UE I av
elval owotn, He A av eivat AavBaopévn.
H xwpnTkoTNTa MUKVWTH:

A.Eival avaAoyn tou nAektplkol tou dopTtiou. ]
B. Elvat avaloyn tng Stadopag Suvaptkol PETAEY Twy ]
OTALOLLWV TOU.

I Eivaw ion pe to otaBepo nnAiko tou dpoptiou tou Q mpog 7]
™ dtadopd Suvapikou V Twv OMALOUWV TOU.

47. Xapoktnpiote kAOe pia anod TG mopaKATwW MPOTACELG UE I avV

48.

49.

elval owotn, He A av eivat AavBaopévn.

H xwpntkotnta eninedou MukVwTr LEYOAWVEL QV:

A.Augnooupe tnv andéotaon LETAEYU TWV OTTALOUWY TOU. ]
B. Auénooupe 1o epuBadov Twv OMALOUWY Tou. ]

I. AUEACOULE TO EUPASOV TwV OMALGUWY TOU Kot EAaTTW- [ ]
OOULE TNV amOCTaor) TOUC.

Atvetal o eminedog GoPTIOUEVOS TTUKVWTHG TOU OXNUATOG.
A.Na oxeblaoctouv ol SUVAULKEG YpaUEG Tou TteSiou Tou.

B. Av Suthactldooupe to dpoptio Tou, TL Ba cuUPel He TNV €vtacn
TOoU NnAekTpLkou mediou;

I. Av doptio +q petakvnBel and tn Btk MAAKA 0TNV APVNTLKN,
note Ba elval peyaAlTepo TO £pYy0 NAEKTPLKNG SUVAUNG, OTAV O
TIUKVWTNG €xeL poptio Q  2Q;

A.Note 10 doptio g €xel peyaAltepn duvauikn evepyela; Kovta
otn BTk TTAAKQ, OTNV APVNTLKA TTAAKA 1] OTO HUECO TNG OMO-
otaong /;

Na amodelytel ypadikad (katd eAevBepn ektipnon) n oxéon ta-
ong-dpoptiov oe aoveg V-Q yla évav mukvwtr. Tt CUPTEPACUQ
T(POKUTITEL ATIO TO SLAYPOAUMA, OXETIKA HE TN XWENTLKOTNTA TOU
TIUKVWTN;
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MpoBARuoata

(o) Ou napakdtw puoikéG moootnteg, Omou xpelalovral, Oa Osw-

POUVTOL YVWOTEG;
2
k=9-10° Ncnj ,q, = |a.| =1,6-10°C, m_ =9-10"'kg,
m =m, =1,6-10"kg
C2
e, =8,85-10™ N g=9.81m/s’
m

(B) Ta poptia Twv npoBAnpatTwyv Ba Bswpouvtal OnUELAKA KOt aKi-
vNnta (EKTOC av ava@Epetal SLOPOPETIKA).

1. Na umoAoyiloeTe Tov aplBUo TwV NAEKTPOVIWV TTOU CUVATIOTEAOUV
¢doptio loo pe:
A.-16C B.-16mC T -1,6uC A.-16nC E.-1,6pC

2. Aivovtat 8o onpetakd doptia -0,04uC.
Na umoAoyioete tn dUvapun mou aokeital ano To éva poptio oto
aAlo, av n andotach Toug elval:

A.3cm B.6cm

3. AUOo UIKpEC dopTiopévee odalpeg £xouv oo nAeKTplkA doptia
-0,02uC. Av n dUvapn mou ackeitatl and tn pla opaipa otnv dAAn
éxeLpuétpo 9 - 10°N, va urtoloylotel n andotaon HeTafl Twv odat-
PWV.

4. Ooprtio 3 - 10°C Bpioketal oe andéotacn 2cm amnod doptio . To
doptio g Séxetat eAktikr) Suvaun pétpou 27 - 10°N. Na Bpebel
10 €ld0¢ Kat n moodTnTa Tou doptiovu g. Ta doptia Bewpoluvtal
ONUELOKA

5. Aokipaotiko doptio +2uC tomobeteital 010 HECO TNG AMOOTAONG
netagy duo doptiwv Q, = +6uC ko Q,= +4uC, ta onola anéxouv
anootacn 10cm. Na Bpebet n Suvaun mou aockeital oto Sokipa-
OTLKO dopTio.

6. Tpia dpoptia +2uC, -3uC kat -5uC tonobetovvtal ndvw oe gubeia
Kal ot Ooelg A, B, I avtiotolya. Av ol QIMOCTACELG HETAED TWV
doptiwv eival (AB) = 0,4m kat (A) = 1,2m, va Bpebei n Suvaun
mou aokeitat oto dpoptio 3uC.

7. Na Bpebeito pétpo g évtaong nAektpootatikol nediouv, mou én-
uoupyel poptio Q = -2uC, oe andotaon 3cm anod auTo.

8. ®oprtio +4 - 10°C &nuioupyei nedio evraong pétpou 3,6 - 103N/C
o€ amnootaon I ano auto. Na BpeBei n anodotaon r.

9. H évtaon nAektpikov mediov oe amootacn 1cm amnd nAekTpLKO
doptio-rinyn €xel nétpo 36 - 10°N/C. Na Bpebel n moooTnTA TOU
nAekTpLKoL doptiov.



10.

11.

12.

13.

14.

15.

16.

17.

18.

52 Avvaueig uetaél NAEKTPLKWVY POPTIwV

®optio H9uC anéxel andotacn 30cm and aAlo poptio +4uC. Na
Bpebel n €vtaon tou NAekTpLlkoL mediou 0To HECO TNE LETAEL TOUG
amooTaoNG.

AoklpaoTiko nAektpikd doptio g, = 2uC Bploketaw otn Béon (2)
nAektptkoL mediou kat §€xetal 2 - 103N, katd tn BTk KateOLV-
on tou agova x. Na Bpebouv:

A. H évtaon tou nebiou otn B€on (2).
B. H &Uvapn mou Ba 6extel dpoptio g, = -4uC otn B€on (2).

Yta onuela A kat B euBelag (€), mou amnéxouv anoctacn d = 0,3m,
torntoBetovpe doptia F2uC kat +8uC avtiotolya.

A.Ze moLo onpeio tng euBeiag n €vtaon tou mediou eivat undév;

B. 2& molo onuelo tng euBeiag n évtaon undeviletal av to poptio
+8uC avtkataotabet and ¢optio -8uC;

AUo nAektpka doptia Bpiokovtal os andotacn d = 6m. Av ta
doptia eival loa pe:
A.+4uC, B.-4uC,
va uttoAoyLoTel n évtaon tou nediou og onuelo (X) TNG LecokaBbe-
¢ otnv anootoon d, mou amnéxet 3m arnod 1o péco tneg andotaong d.

Mukpdg petaAAikog diokog £xel Bapog 32 - 10°N kat toopporei
O£ ULKPO UYPog amo tnv emidavela tng Mc. Kovtd otnv enipavela
NG Mg epdaviletal nAektpootatiko nedio, évtaong E = 100N/C,
Katakopudo kat pe popd mpog ta katw. Na Bpebel To €idog kal n
TIOOOTNTA TOU NAEKTPLKOU doptiou Ttou €xeL 0 SloKOGC.

AVOo opola petaAAka odatpidia €xouv to kabéva Bapog 0,45N ka
elval otepewpéva oTLC AKpeg SV0, (OOU UNKOUC, LETOEWTWY VLA~
Twv. Ta vApata €xouv pnkog 0,20m. Av ta Suo odatpidia €xouv
loa dpoptia, va Bpebel to doptio kabevodg, wote va Looppomouy,
HE TO VAT KABETA LETALL TOUC.

It KopudEg ABIA tetpaywvou, mAsupag 0,1m, tormoBetolvtat
avtiotoya ta poptia: +100uC, -200uC, +97uC, -196uC. Na uno-
Aoyiogte TNV €vtaon tou eSOV 0TO KEVTPO TOU TETPAYWVOU.

Swuatidlo pe pada 1,0 - 10°kg kat dpoptio +1uC adrvetat va Kwvn-

Bel og €va opoyeveég NAekTpLko medio evtaong 12N/C. Na BpeBouv:

A.H petatomnion tou Peta anod xpovo 1s.

B. H KvnTLKr TOU eVEPyELA OTO TEAOC TOU TIPWTOU SEUTEPOAETITOU
NG Kivnong.

I. MOLEC LETATPOTEG EVEPYELOG CUVEPBNOAY;

Me Bdon to mponyouuevo TPOPANUA Kot PeTa amnod 1S kivnong,
edapudloupe oUYXPOVWGE KOl £VA OVTLPPOTIO OLLOYEVEG NAEKTPLKO
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niedio. Na Bpebel mola Ba Emperne va ival n €vtoor Tou, WoTE va
undeviotel n taxLTNTA TOU cWHATLSOU PeTA amo 1S.

Avo nAektpikd poptia +4uC kat -6pC Bpiokovtal oe anootacn
0,4m. Na umoAoyLlotel n SUVAULKY) EVEPYELO TOU CUCTAUOTOC TWV
dopTiwv.

To cvotnua dVo nAektpikwv doptiwv +3uC kat +H4uC mepLEXeL
evépyela 0,27 Joule. Na BpeBel n andotaon petafy twv Suo dop-
Tlwv.

®optio-rtnyn +6uC dnpoupyel nAektpLko medio. Ze B€on mou arme-
xet 0,3m amno 1o dpoptio tonobeteital Sokipaotikd dpoptio -6nC.
Moéon elval n SuVapLKR eVEPYELA TOU SOKLUOOTLKOU dopTiou;

(InC = 10°C)

Na BpeBel to Suvautko os andotaon 0,9m and eoptio +6uC.

e mola amndotaon and ¢optio H2uC to Suvaukd €XEL TLUA
4 - 10*Volt;

AokipaoTtikd ¢poptio H2uC tonoBeteital oe onpelo (2) NAEKTPLKOU
nieblou. Av to Suvautkd otn Béon (2) elvar -10V va Bpelte:

A.Tn Suvauikn evépyela tou SokLpaoTikou dpoptiou.

B. Nooco £pyo mpénel va mpoodepBel 0To SokipaoTtikd popTtio yLa

va $OAcEL 0TO ATELPO XWPLE TAXUTNTO;

Avo onpetaka doptia H2uC kat +18uC anéyouv andotaon 16cm.
Na BpeBet:

A. Ze olo onueio undeviletal n évtaon tou nediou.

B. To duvapuiké otn B€on undeviopou tng évtaong.

Akivnto onpetakd doptio H2uC Bploketal oe onueio «Z».

A.Na urtoloyloTel To duvapiko og anootaon r, = 2m Ko I, = 4m
aro to (2).

B. Av onpelako doptio q = 1uC tonobetnBel oe andotacn I, mola
N SUVOLLLKN TOU EVEPYELQ;

I Av 1o doptio q = 2uC petakwnOel and t Beon 1, otn Bgon 1,
TIOLO €lval To £pyo TG Suvapng tou mediou; To €pyo auto fap-
TATaL amno tn Stadpopr ou Ba akoAouBroel o poptio g;

Y10 povtélo tou Bohr yia to dtopo tou udpoyodvou, Ta NAEKTPO-
VLaL UItopouV va replotpEdovTal yupw amod Tov mupnva (mpwtovio)
o€ (eTITPETMOUEVEG) KUKALKEG TPOXLEG. AV pial TPOXLA €XEL OKTival
r=38-10"m, va urntohoytotolv:
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A.H Suvauikn
B. H kwvntikn

I. H punxavikr evépyela Tou NAEKTPOVIOU OTNV TPOXLA AKTIVAG I.

Teéooepa nAektpkd poptia +30uC, -60uC, +90uC kat -120uC Bpi-
OKOVTOL avTioTolya otig Kopudecg A, B, I, A TeETpaywvou, TTAEUPAC
5J2 m. Na uTtoAoyloeTe:

A.To SuvapLko oto péco «M» tng mAsupadg (AB).
B. To SuvaLKO 0TO KEVTPO TOU TETPOYWVOU «K»,

I. To €pyo ¢ duvaung tou mediou Katad tn petadopd doptiou
g = 10°C anod tn B€on «M» otn Béon «K». Moto eival to puctkod
TLEPLEXOLLEVO TOU £PYOU QUTOU;

210 POPAnua 28 va umoloyLotel To €pyo TG SUvAUNG Tou nAe-
kTpLkoL mediou katd tn petakivnon dpoptiov +1uC.

A. ATto ) B€on M oto anelpo.
B. An6 tn B€on K oto anelpo.
Moo cuunépacpa Byalete oe kAOe pia mepinmtwon;

To cwpatiblo «a» €xeL Tn doun tou THe", dnAadn amoteleital
armo dVo mpwTtovia Kat SUo vetpovia (mp =m, ). To cwpatido «o»
ETUTAYVUVETOL OE OUOYEVEG NAEKTPLKO Tedio. Eav to adricoupe
(v, = 0), va erutayuvbei petafu duo onueiwv AB mou €xouv bLa-
dopa duvapuikou ton pe 12.000V, va Bpebel mota sival n taxvtntad
TOUu oTo onueio B.

Kata tn dtdpkela pLag katotyidog, vEpog oTtnv EMLPAVELA TOU TTPOC
™ M epdavitel doptio -25C. Itnv emidpavela tng Mg, dnuovpyou-
vtal ano enaywyn Betika doptia. Otav n Stadopd Suvapikou
HeTaV védouc - g dOdaosL ta 5 - 10V, o atpoodalplkog aépag
maVEeL yla Alyo va AELTOUpYEL WG LOVWTAG KOl EE0TIA NAEKTPLKI K-
KEVWOT, KATA TNV omoia nAekTpovia Tou védoug kateuBuvovTal
npog tn M (kepauvog).

A.T6on nAeKTpLKN evEpyela ameAeuBepwONKEe;

B.Mbon eivatl n péon oxu¢ mou amodidetal, av n SLapKeLa Tou
dawopévou eivat 1073s;

Mukvwtng €xel xwpntikétnta C = SOuF. Néon dtadopd duvapikou
TPENEL va. eDAPHOOTEL PETAEY TwV SUO OMALCUWY TOU TIUKVWTH,
yla va artoktroet nhektpikd poptio 10°3C; Modon evépyela £xeL ToOTe
0 TIUKVWTAG;

AVo pUAAa apylAiou €xouv Slaotdaocelg 10cm x 20cm kat améxouv
amnootaon 0,5mm. MNdéon eivatl n xwpnTIKOTNTO TOU TIUKVWTN;
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Eninedog mukvwtAg €xel omALopoug pe eppadov 200cm? o kabé-
vag. Eav n xwpntkotnta tou mukvwth ivat 17,7 - 101F, mdon sivan
N anootacn HeETalL Twv SUO OMALOUWV TOU;

O kGO onmALopog evog eminedou ukvwth €xel epPadov 0,2m?,
€VW oL omALopol Tou améxouv 4mm. Na urtoAoyioeTe:

A. Tn xwpnTIKOTNTA TOU TIUKVWTA.

B. To doptio mou amokTd o mUKVWTAG, av poptioOei pe taon 200V.
‘Evag eminedog mukvwTng €XEL xwpnTtkotnta 2uF, andotacn omAL-
opwv 2cm Kot €XeL poptTioTel pe taon 150V. Itn cuvéxela anopa-
KPUVOUUE TNV mnyn ¢optiong kat SUTAACLA{OUNE TNV OmOcTaoN

TWV OMALOUWYV Tou. Not UTTOAOYLOTOUV OL TLUEG TIPLV KoL LETA TO 8L
TAQCLOOUO:

A.TnG XwPNTIKOTNTAG TOU TIUKVWTH).

B. Tn¢ t@ong HeTal TwV OMALOUWY TOU.

I. Tng évtaong Tou nAekTplkoL mediou.

A.Tng evépyelag Tou nAekTplkoL mediou.

Nwg e€nyeital n petoBoAn TNG EVEPYELOG TOU TIUKVWTN;

AVO TapAAANAeg HeTOAALKEG TTAGKECG améxouv amootaon 0,5cm

Kal eival ouvdedbepéveg pe Stadopa Suvapikol 80V. Na Bpebel n
€vtaon tou nAekTplkoL mediou pHeTall autwv.

Aladopa Suvapikou 120V epapudletal oe SU0 MAPAAANAEG e-
TOAALKEG TTAAKEG. EQv To medio ou mapayetal LeTAEY TWV MAAKWY
elvat 600V/m, moéco anéxouv ot SU0 MAAKEG;

AUO peTaAAkeg TAAKeG ouvdEBNKav pe unatapia 4,5V. Moco £pyo
arnatteitot yia va petadepbet poptio +4uC:

A. ATtO TNV apvnTLKA 0T O€TIKN MAGKQ;
B. Ao tn BeTIKN 0TNV 0pVNTLKY TTAAKQ;
OewpPnOTE TNV KWVNTLKA eVEpyELa Tou dpoptiou otabepn).

H nAektpovikn 8€oun 0To CWANVA LG TNAEOpAONG amoTeAELTOL
OO NAEKTPOVLA TIOU ETILTOXUVOVTOL IO TNV KATAOTACN NPEuiag,
néow Stadopag duvaptkou nepimou 20.000V.

A.MoLa glval n KWNTIKA EVEPYELA TIOU QTIOKTOUV T NAEKTPOVLQ,

B. Mota givat n tax0TNTA TWV NAEKTPOVIWY;

H Stadopd duvapikol PeTaly Twv OMALOUWY €VOG eTtinedou Tu-
Kvwtn sivat 5 - 10°V/M. 3to xwpo HeTafd TwV OMALOUWY TOU TtU-
KVWTH alwpeitat otayova Aadlov mou €xeL Bapog 3,2 - 103N. MNoto
glval To NAeKTPLKO PopTio TNS OTAYOVAC;
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Mkpr aywypn odaipa, mou €xel pada 2 - 10*kg kot poptio +6uC,
BplokeTal oTNV AKpn KATaKOpUPOoU PETAEWTOU VALATOC AVAETa
OTOUC KATAKOPUPOUC OTALOMOUC €VOC TIUKVWTH. Ot omAlopol tou
TIUKVWTN OEXouV amoaotacn 5cm. Me nola tdon mpémneL va ¢op-
TLOTEL 0 MUKVWTNG wWoTe N odaipa va Looppomnel oxnuatilovtog
HE TNV Katakopudn, ywvia 30° (xwplg va epAMTETAL OTOUG OTAL-

ououg);

Aivovtat 8Uo onueia K kat A evog opoyevoug NAekTpLlkou mediou.
H &tadopd duvauikov V, = 1000V. Eav n andotaon twv KA givat
50cm, va urtoAoyloBouv:

A.H évtaon tou nAektplkoL mediou.
B. To Suvaptkd onueio «A», edv to Suvapikd oto «K» eivat +200V.

Ot omAtlopol A Kat B Tou mukvwTtr Tou OXAUATOG AMEXOUV AMOoTa-
on 100cm kat n Stadopd duvapkol HeTAEL Twv SUO OMALCUWY
elvat 2.000V. Inuewako doptio +1puC tomoBeteital otn Bgon «K»
mou anéxetl anootacn 20cm amnd tov onAlopo (A). Na Bpeite to
£€pyo tnc duvapung tou mediou yla tn HeTAKivnon tou doptiou:

AW,  BW, LW

K—A—-M-K
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‘EvBeTa

Kepauwvocg

KaBe €vac poag €xet yivel paptupac Twv Blatwv pwtelvwv potvope-
VWV TTOU TTApAYOVTaL KATA T SLAPKELX ULOG KATaLyidag.

‘Exoupe mapatnpnoet tig Aaudelg mou sudavilovial oto cuvve-
dLaopévo oupavo 1 Aappelg mou «talldsvouv» mpog tn M.

Ta pawvopeva autd ival NAEKTPOOTATIKA daLVOUEVA.

H oveowpevon poptiov oty exipaveio Tov vépoug enadyel Oetiko poptio oty empavelo s I ng.
Ewoéva (A)

Katd tn Stdpkela piag katayidag ta vébn epdavitouv nAekTplkd
doptia e To KATW HEPOC TOUC GOPTLOUEVO GUVNBWC APVNTLKA KL TO
emavw Betika (Ek. A).

To apvntikd doptio mou Bpioketal otn Baon Tou védpoug dnuLoup-
Vel pe emaywyn Betika ¢poptia otnv emidpaveila tng Mg.

Enopévwg, epdaviletal éva nAekTplko medio petafl védpoug-g.

O atpoodalplko¢ agpag eival évag HovwTAG (StnAeKTplkd) Tou
geumnobilel Tnv kivnon tou nAekTpLlkou ¢doptiou. Eav Opwg n évtoon
tou mediov petafl védboug-TnNG amoKTACEL HEYAAN TIUN (KOvTd ot
5-10°V/m) o atpoodaLplkog a€pag YIVETOL AyWYLLOG (VLo LEPLKAL US), MLE
OMOTEAECUA TA NAEKTPOVLA TTOU PBplokovtal otn Baon tou vépoug va
Tov SLamepvouv Kal va SnuLoupyeital NAEKTPLKN EKKEVWON.

Ta nAektpovia oxnuatilovv pia odprva, ou ovoualetal «odnyoc»,
Kal n omola akoAouBwvtog oTpeBAN TPOXLA KOTELOUVETAL TTPOG TN VN,
Snuloupywvtag Loxupotata nedia.

Otav n putn tou 0dnyou dBAceL o€ UPOG PEPIKWVY SEKASWV HETPWV
oo to £6a¢dog, N EKKEVWAON TIOU KATEBAIVEL GUVAVTA TNV AVEPXOLEVN
Kal KAE(VeL TO KUKAwM O VEDOUG - edadouc.
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H avepxopevn mpog 1o VEPog ekkEVwaon dnuLoupyel pevpa Leya-
Ang évtaong, 10.000 €wg 20.000A, to omoio Stapkel €wg 0,01ms. To
OVEPXOMEVO pelpa elval ekeivo mou Sivel Tn GWTELWVN avaAaprnr) mou
BAEMOUUE OV KEPAUVO.

H Sdwadpour mou akoAoUBnoe n NAEKTPLKA €KKEVWON EXEL E€aLpE-
k& vPnAn Bepuokpacia mou ¢Oavel ta 30.000K. H mieon mou emt-
KPOATEL 0TNV TIEPLOXN TNG EKKEVWONG SNULOUPYEL apXLKA EVa KPOUOTLKO
KOO TO OTIOL0 OTOSLOKA LETATPEMETAL OTO NXNTLKO, TTIOU AKOUUE LETA
™ pwtewn Aauyn.

AAgéiképauvo

Elvar paBdol aywylueg amd XaAko, oL onoieg tomoBetouvtal o€
vPnAd ktipla kot o KatdAAnAeg BEoelg, e€€xouv o UYPOG TNG KATA-
OKEUNG, KoL LECW aywyol cuvdEovTal pe tn M.

Katd tn SLapKela evog KEpauvou oL akibeg Twv aAegIKEPAUVWVY «EN-
Kouv», AOyw Tou oXAUATOG Toug Kal tng BEong omou PBplokovtal, Tnv
NAEKTPLKI EKKEVWON Kol «0dnyouv» Ta apvntika ¢optia oto €dadog,
TIPOCTATEVOVTOC TN YUPW TIEPLOXN ATIO TOV KEPAUVO.

MukvwTtEg Kat avIpwrmivo cwua

To avBpWMIvo cwHA TIEPLEXEL EKATOUUUPLO ETUMESWVY TIUKVWTWV.
2T VEUPLKA KUTTOPA OL LEUPPAVEG AELTOUPYOUV WE LOVWTLKO UALKO,
Eexwpilovtag OeTIkA Kal apvnTIKA NAEKTPLKA dopTia.

OLveuplkég wBnoelg Taldevouv petaf Tou eykeDAAOU LG KOL TOU
UTTOAOLTIOU CWHATOC MO HECW POPTLONG Kol EKPOPTLONG AUTWV TWV
HULKPOOKOTILKWY TTUKVWTWV.

Ol TUTILKEG TLUEG TNG XwpPNTIKOTNTOG Kal TnG Stadopdg duvapikol
€VOG amd TOUG ULKPOTIUKVWTECG EVOG VEUPLKOU KUTTAPOU QVTLOTOLXEL
0T XWPNTLKOTNTA EVOC EMIMESOU MUKVWTH UE EUPadOV onAtopol 1m?
kal xwpntikotnta 0,01F mou elval tepdotia, evw N TLUA TNG €VTAoNG
Tou Tediou evog veuplkol KUTTAPOU elval tng taéng twv 10’N/C!!

Beviapuiv ®paykAivog

O Beviapiv @paykAivog (1706-1790) Atav o MPpWTog AUEPLKAVOG
ETMLOTAMOVAC TIOU avayvwpiotnke dteBvwe. To €pyo tou TeplAapuPBa-
VEL, METAEL TwV AAAWwY, Tn dlatunwon pog Bewplag yla TN NAeKTpL-
K 8pdcn otnv omola g€nyel TNV Mapaywyr Kot petakivnon ¢optiou
kaBwg katl tn doption pe emaywyn. AoxoAnbnke emiong pe tnv W6éa
NG UTIAPENG EVOC NAEKTPLKOU PEUCTOU KOl TNV apxh Slathpnong Ttou
NAekTpLlkoL doptiov. Htav o mpwtog mou MPOTELVE TOUG OpOUC BETIKO
KOl 0pVNTLIKO NAEKTPLKO dopTio.

To BaoLkO TOU OUWC eMmiTevypa ATav n epelpeon Tou aAefkEpau-
vou.

To 1749 o OpaykAivog €kave Tnv UTOBeon OTL Ta cuvveda eivatl
NAEKTPLOPEVA KOL OTL N AOTPATN €lval pia taxVTatn aneAevBépwaon

«lTokvwTtésy vevpikod KTTapov.
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NAEKTPLKOU peVCTOU arod Ta cuvveda. Kabwg paAlota Atav anmoluta
TIELOUEVOG OTL N QOTPAT NTAV £va NAEKTPLKO Patvopevo, mpoeldo-
TIOLOUOE OTA KELUEVA TOU TOUG OVAYVWOTEC TOu OTL oL PnAol Addot,
Ta 6évdpa Kal oL kapwvadeg Ntav Wdlaitepa emnikivbuva, dLotL dpou-
ooV oav TPoeEoxEG —oav akidec— Kal UmopoloaV va TIPOKOAECOUV €K-
dopTLon Twv vedwv. H Spaon autr Twv akidwv Atav pia ano T npw-
TeG avakaAuyelg tou OpaykAivou, o omoiog av kat aduvatoloe va Tthv
e€nynosL mioteve OtL Ba ATav WLaitepa xproun otnv avlpwnotnta.

ExteEAwvVTOG 0 (8L0¢ HLa CELPA TELPOUATWY TAPATANPNOE KAl ULa
AaAANn Aettoupyia NG akidag pe t xprion tou aAefiképauvvou. To aAe-
ELKEPOUVO, EKTOC TOU OTL TPOKAAOUOE €KPOPTLON £VOG VEDOUG, UTO-
pouaoe va 08nynoeL Tnv aotparnt HUe achalela oto £€6adog.

O OpaykAivog mpoomabnoe va e€nynoeL Kal tnv anwbnon avaueoa
o€ GopTIOUEVO CWHOTA. M0 TO OKOTIO QUTO MPOTELVE TNV O£ TNG «NAE-
KTPLKAG UANG» TNV omola Bewpoloe OTL amoteAeital and Uikpa cwia-
Tidla tkava va dteloduoouv otnv Kovr) VAN, akOun Kot ota HETAAAQ,
xwplc kapia atodntn avtictaon. H dtadopd avapeoa otnv Kowr Kot
oTNV NAEKTPLKN UAN odeiletal otnv apotfaia €AEN TwV cWHATIOIWV
NG MPWTNG KAl oTtnV apolBaia anwon Twv cwpatdiwy tng deUTePnC.
Ta cwpatidia TS NAEKTPLKAG UANG OpWE EAKOVTAL Ao TV Kowr UAn
Kal okopmilovtal péoca o’ avtr). M’ dAAa AdyLa n kowvr VAN €ival éva
odouyyapl yla To NAEKTPLKO peuoTd. Otav OpwG mpooTiBetal cuve-
XWC NAEKTPLKA VAN 0’ éva cwpa, TOTE auTr) S&V UMOPEL va UTIEL Héoal
OTO CWHLA KOlL CUYKEVTPWVETAL 0TNV ETILDGAVELA TOU, OTIOU KAl OXNUATI-
(el pa NAekTpIKn «atpoodatpa». To cwpa tote nAektpiletal. O Opa-
YKAlvog pe Tn Bewpla auth TG «NAEKTPLKAG ATUOCDALPACH KATADEPE
va €ENYNOEL TNV AMwon avapeoa ota Betikd poptiopéva cwpata. H
Bewpla Tou OUWC Sev umopoloE va EPUNVEVCEL TNV AMWON AVALESO
oTa APVNTIKA GOPTIOUEVA CWHATA.

levikwg, pe Ta elpapatd tou o OpaykAivog anédetée OtL Ta nAe-
KTPLKA pavopeva Sev eival amoTteAéopata avOpwWIVWY TEXVAOUA-
TWV OTO €PYAOTHPLO, AAAA ATIOTEAOUV UEPOC TWV SpaoTNPLOTATWY

™G puong.
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HAEKTPIZXMOX
2 UVEXEC
NAEKTPIKO pEUMA

HAEKTPLKEC TINYEC
HA&ekTpKO pelaL
Kavovec tou Kirchhoff

Avtiotaon (wuwkn) - Avtiotatng
2uvdeopoloyia aviiotatwy (avIlotacewv)

PuBuotiki (petaBAntn) avtiotoon

EvépyeLa Ko LOXUG TOU NAEKTPLKOU PEUHOTOG
HAektpeyeptiki duvaun (HEA) mnyng

Nopog tou Ohm yia KAELOTO KUKAWHLOL
ATtOOEKTEC

Aiodoc¢



3£ OAEG TIG OLKLOKEG OUOKEVUEG, OTOUG padLo@PwVIKOUG Kall
TNAEONTIKOUGC TOUMOUG Kol SEKTES, OTOUC NAEKTPOVIKOUG
untoAoytotég, ota Blounyavika ocvotiuata SLAVOUNG EVEP-
VELQGC UMAPYXOUV NAEKTPLKA KUKAWUATA. 2Ta KUKAwUOTO
aUTa T NAEKTPLKA popTia Klvouvtal mpooavatoAiouéva. H
npoocavatoAiouévn auth kivnon twv @optiwv Aéyetal nAe-
KTPLKO pevua.

2t0 KE@dAalo auto da UEAETHHOOUUE TO OUVEXEG nAe-
KTPLKO pevuua, TO aiTlo KAl Ta AMOTEAéouATA TOU, Kadw¢
KOl TOUG VOUOUG TTOU LOXUOUV OT NAEKTPIKA KUKAwuATA.
Tédog, da avapepdouue oe xprnolues cuuBouAég yia tnv
npootacia amno Tou¢ KIvOUVOUG TOU NAEKTPLKOU PEUUATOC.
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(2.1) HAEKTPLKEC INYEC

Itnv kaBnuepwvn Lwr XPnNOLUOTIOLOUUE NAEKTPLKEG OTAAEG (OTOL-
Xela) yiwa tn Aettoupyia dopntwv padlopwvwy, poAoyLwV Kal
daKWV, XPNOLLOTIOLOUUE NAEKTPLKOUC CUOCOWPEUTEG (Umatapieg)
yla tTn Aeltoupyla Twv NAEKTPLKWY 0pYAVWY TOU QUTOKLVATOU, XpN-
olgomoloUpe dwrooTolxela yLa Tn AELToupyila TWV PIKPpWY apLBpo-
HNXOVWV, XPNOLLOTIOLOUME NAEKTPLKEG YEVVATPLEC YLO TO PWTLOUO
TwV g€oxlkwv omitiwy. OAeG QUTEC OL CUOKEUEG glval NAEKTPLKEG
TtNYEG.

Molog eival 0 pOAOG TNG NAEKTPLKAG TINYNE OTLG TOPATIAVW AEL-
Toupyieg; H nAexktplkn mnyn dnuioupyel ota dkpa tng Stadopa
Suvaptkou (taon) kat mpoodEPEL 0TO KUKAWUO TNV EVEPYELA TNC.

Ta dkpa tng mnyng ovopalovtal méAot Tn¢ mnyng. O moAog mou
Bpiloketal oe uPnAoTepo SuvauLko Aéyetal BeTIKOG TOAOG (+) Kal o
TIOAOG Tou BploKkeTal o€ XOAUNAOTEPO SUVAULKO AEYETAL APVNTLKOG
noAog (-).

Exoupe U0 €8N NAEKTPLKWV TTNYWV:

a) MNY€G cuVEXOUG TAONG, OTLG OTIOLEG 0 BETLKOG KAl O OPVNTLKOG
ToAo¢ eival kaBoplopévol. Itnv elkova 1 ¢aivetal o cuUBOALOUOC
HLOG TINYNG OUVEXOUC TAONG.

B) mnyég evaAAaocOpEVNG TAONG, OTLG Omoieg 0 OeTLKOG KaL O
0PVNTLIKOG TOAOC evaAAdocovTal. ITnV elKOva 2 daivetal o cuppo-
ALOUOG pLag mNyng eVOANQGOOUEVNG TAONG.

(2.2) HA&eKTPLKO peLAL
To NAeKTPLKO PV OTOUG HETAAALKOUG aywyoug

Tt oupBaivel 6’ éva HETAAALKO aywyod, oV CUVOECOUUE Ta AKpa
TOU HE PO TNy ouveXoU¢ taong; Twpa, oTo AKpa TOU UTIAPXEL
Stadopd duvaplkol Kal 0TO E0WTEPLKO TOU NAEKTPLKO Tedio. To
NAekTpLlkO medio aokel SUvapn ota eAevBepa nAektpovia. Me tnv
enidpaon autng tng Suvaung ta eAevBepa nAekTpovia KlvouvTal
TPOCAVATOALOUEVA, UE dopd amd TOV aApvNTLKO TOAO TNG MNYNAG
(xapunAdtepo Suvapiko) mpog to BeTiko oo TN mnyng (VP nAote-
po duvapuiko), dnhadn pe dopa avtiBetn tng dopdg TN £vtaong
Tou nAektplkoL mediov (gLk. 3).

2Zoufloliouog Tnyng ovveyovs Taong.
Ewéva 2.1-1.

Zoufolioucs Tnyng evorracoouevng
T401G.
Ewéva 2.1-2.
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HAektpiko pevua. o€ UETOLAKO aywyo.
Ewkova 2.2-3.

H npocavatoAlopévn auth Kivnon tTwv NnAEKTPOViwV oTOo HETAA-
ALKO aywyoO ovopaletal NAEKTPLKO peU QL.

F'evikd, NAEKTPLKO peUA OVOHATETAL N MPOCAVATOALGHEVN Kivn-
on nAektplkwv poptiwv.

H dopd tou NAeKTPLKOU PEVUATOG

H ¢opa kivnong twv nAektpoviwv Aéyetal mpaypatikrn ¢opd tou
NAEKTPLKOU peUMATOG. QOTO0O0, €XEL ETMLKPATNOEL va BEWpPOUUE WG
dopd tou nAektplkol pelATOG TNV AVTIOETN amo Tt Popa Kivnong
Twv NAekTpoviwy, mou Aéyetal cupufatiki popa Tou NAEKTPLKOU PEU-
pnatog (gik. 4).

Dopd, Tov NAEKTPIKOD PEVLOTOG.
Ewova 2.2-4.

H oOuBaon autr uTtapxEL, yLoTl oL peyaAol melpapatikol puoikotl
TOU MPONYOUEVOU QLWVA, TTOU PEAETOUOAV TA NAEKTPLKA GALVOUEVQ,
6e yvwpllav tn onueptvr) doun TOU ATOHOU Kal Xpnolgomololoay
w¢ dopd ToUu NAEKTPLKOU pevupaTOog TN Popd Kivnong tou BeTikOU
doptiou, dnAadn autn mou eueic onuepa Bewpole WG cUUPATIKA.
ATAQ epeig Statnproape tnv mapadoon. BéRata, auto pag BoAelel
ylatl oL mepLoootepol avBpwrmol eukoAdtepa avtiAapfdavovtal OTL
gL pon cupPaivel «ar’ ta PnAd ota xapnAd», mapd aviibeta. Etoy,
TOL TIEPLOOOTEPA NAEKTPLKA KUKAWLOTA XPNOLUOTIOLOUV TOV OpVNTLKO
moAo w¢ yelwon (dnAadn wg onueio avadopdg, 6mou To SUVOULKO
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tooutal ue undév, V = 0). Etol, o BeTIkOg TOAOG €XeL BETIKO
Suvapiko, SnAadn «Bpiloketal o PnAa» amnd Tov apvnTLko.

AvaAuTtikn neplypodr Tou NAEKTPLKOU PEVUOTOC
OTOUG METAAALKOUG aywyou g

Ta eAeBepa nAektpovia S€xovtal cuvexwg tn duvaun amnod
TO NAEKTPLKO edio. Auto Ouwc 6 onuaivel OTL emttayvvovToL
OUVEXWC, ylati cuykpolovtal Ue Ta BETIKA LOVTA TOU PETAA-
ALKOU aywyoU, OTOTE XAVOUV UEPOG TNG KLVNTLIKAG EVEPYELAC
mou elxav tn otlyun tng olykpouong. Meta favaemitayxuvo-
vTal HEXPL VO E0VAOUYKPOUOTOUV HE Ta BeTIKA LovTa. H ouv-
Betn avutn kivnon unopel va BewpnBel mpaktikd euBUYypappn
opaAn, pe otabepn Taxvtnta TNG TAENS TWV Mm/s, n omola
Aéyetal taxvtnta StoAicOnong kat cupPoAiletal pe v,

H pelwon tng KWNTIKAC €VEPYELAC TwV eAeUBepwv nAe-
KTPpOViwV, AOYW TWV CUYKPOUCEWV HE T BETIKA LOVTA, EXEL WG
COUVETIELD TNV aU&non TNg evépyelag Talaviwong (apa Kot To
TAATOG TAAAVTWONG) TWV BETIKWV LOVIWY, LE ATTOTEAECUA TNV
av&non tng Beppokpaciog Tou HETOAALKOU aywyoUl. JUVETELQ
auToU eival va petadépetal BeppodTnTa AMO TOV OyWYO OTO
neptBariov. To pawvopevo auto Afyetal ¢pawvopevo Joule.
Quolkd, N NAEKTPLKA TINYN TIPETEL VO TIPOOPEPEL CUVEXWG
EVEPYELQA YL TN OUVTAPNON TOU GALVOUEVOU.

H kivnon opwg twv nAektpoviwv dev eivat téoo amAn. Mpwv
amnod tn ouvSeon Pe TNV TINYN, Ta eEAeVBOepa NAEKTPOVLA KLVOU-
VTaV ATaKTA XWPLg mpotipnon mpog Kamola katevbuvon pe
toxvTnTa g tadéng twv Km/s. Qotdco, autn n ataktn kivnon
Toug, 6€ Bewpeltal NAEKTPLKO peL AL

Metd tn ouvdeon Pe TNV mNyn, ta eAeVBepa nAekTpoOVLIA
b€ ydvouv tnv mponyoupevn Ataktn kivnorn toug, aAAd otnv
ToXUTNTA TOUuC TtpooTiBeTal Kat n pikpn taxutnta SLoAicdn-
on¢ toug. Etol, 6Ao TO NAEKTPOVIKO OEPLO HETAKLVELTOL ME
HLKPN Taxutnta mPog oplopévn KateuBuvon. AuTto eival To
NAEKTPLKO pelUA. ITNV ELK. 5, pailvetal n TpoxLld TG ATAKING
Kivnong evog eAeuBépou nAektpoviou o’ éva PETAAALKO aywyo
Xwpic tnv enidpaon nAektpLkol mediou Kal n TpoxLa tou idlou
e\euB€pou nAektpoviou pe tnv enidpaon nAektpikoL mediou.

Eva unxaviké avaloyo tng kivnong tou nAektpoviou eival
N Kivnon evog odoatptdiou, mou KUALETAL 0€ KEKALUEVO eTtimedo
HEOW plag mukvng dlataéng kapdlwv (k. 6). To odalpidlo
oVTLOTOLXEL 0 EAeUBEPO NAEKTPOVLO, T KapPLA avTLOTOLXOUV
oTa BeTIKA LOVTA KAl N cuvioTwoo Tou Bapoug tou odatpldiou
otn duvapun ano to NAeKTPLKO medio.

Tpoyiés elevbepov nlextpoviov.
Ewéva 2.2-5.

Muyoviké avilioyo kiviong elevfépov nie-
KTPOVIOD G€ PEVUATOPOPO OLYWYO.
Ewova 2.2-6.



Hexrpuxcn mnyn - aywyog.
Ewova 2.2-7.

Yopoviixo avéldoyo niextpirng anyng.

Ewova 2.2-8.

Muyaviké avaloyo niekpikng Tnyng.
Ewova 2.2-9.

66 SUVEXEGC NAEKTPLKO peUluQ

Mnxaviké avaAoyo Kot USPOUALKO avAaAoyo Tng
NAEKTPLKAG TTNYNG KOL TOU NAEKTPLKOU PEUHATOG

Onwg eldape, N NAeKTPLK TNy 8&v MOPAYEL NAEKTPLKA
doptia, aAAd Snuwoupyel Stadopd Suvaulkou, AOyw TNG
omolag yilvetal n pon Twv Nén UMAPXOVTIWV NAEKTPLKWV dop-
tlwv. Quoika, elval amapaitntn n ocuvexng mpoodopd evép-
YELOG Ao TNV NAEKTPLKA tnyn (gk. 7).

MNoapopolo eival to ¢alvopevo tng elkovag 8 (VdpauAiko
avaAoyo), ormou n avtAla dev mapdyel vepo, alAa dnuloup-
vel Stadopa mieong, Aoyw tng omoiag yivetal n por tou nén
umapyxovtog vepou. Quaolkd, elvat amapaitntn n CUVEXNG Po-
odopa evépyelag amod tnv avrtiia.

Avtiotolyxo eival to ¢alvopevo tng €k. 9 (UNXAVIKO ava-
Aoyo), omou o avBpwmog dev mapadyel opalpidia, aAld dnut-
oupyel dtadopa Suvaplkou, AOyw TnG omolag yivetal n pon
Twv Nén unapyoviwyv odpatptdiwv. Quoika, eivat amapaitntn
N CUVEXNG MPoodopa EVEPYELAG ATO ToV AvBpwro.

AnoteAéopata Tou NAEKTPLKOU PEUOTOG

Otav 10 NAEKTPLKO pelpa SLoppEEL TOUG aywyoUs, TPoKa-
A&l kamola pavopeva, ta onoia ovoudlou e anoteAécpata
TOU NAEKTPLKOU PEUUATOC KAl (VAL TA TAPOAKATW:

o) Oepuka

Mapatnpouvtal Katd tn Aeltoupyia tou Bepuocidwva,
NG NAEKTPLKNG Koulivag, TOU AQUMTAPA MUPAKTWOEWG K.4. X’
auta ta palvopeva cupPaivel avénon tng Bepuokpaciag os
HETAAALKOUG aywyoUuq.

B) Xnuuka

Mapatnpouvtal KATA To Adslaopa plag pmatapiag, tnv
nAektpoAuon StaAvpatog Beukol of€og, TNV nAektpomAnéia
K.Q. 2’ auTd cupPaivouv XNULKEG avTtldpAoELC.

v) Mayvntika

MapatnpouvTtal KAtd tn AslToupyla KvNTRpwv T.X. TOU
mMAuvtnpilou, TOou acavoép, ToUu TPOAE(, KATA TNV EKTPOTN
HLaC pHayvnTikng BeAodvag amod tn B€on Looppomiag Tne K.A.
2 autd oupPaivel aAAnAenibpaon NAEKTPLKWY PEUUATWY KoL
HOyVNTWV.



67 SUVEXEGC NAEKTPLKO peUuuQ

Amoteléouara Tov NAEKTPIKOD PEVLUOTOG.
Ewéva 2.2-10.

‘Evtaon tou nAEKTPLKOU PEUHATOC

AKoUUE OTLC L8N 0ELS OTL TO ZAPBBato amd tig 8:00 .U, £wg
TG 11:00 1., SnAadn) og xpovikn SLApKELA 3 WPWV, TTEPACAV
and ta 81661a tng EAevoivag 2.100 avtokivnta. Eivatl davepd
OTL 6€ pag evllapEpel pOvVo To MARBOG TWV AUTOKLVATWY TTOU
népaocav, aAld kol o méoo xpovo népacav, SnAadn o pub-
HOC SLEAELONC TWV AUTOKLVATWV.

‘EToL Kal oToug aywyoug 6 pag evéladépel poévo n nocotn-
TO TOU NAEKTPLKOU $OPTIOU TIOU TEPVA ATO pLo SLOTOUA TOU
aywyou, aAAd kal o mooo xpovo mepvd SnAadn o pubuog
S1éEAeuong Tou NAeKTPLKOU dopTiou.

OewpolL e évav aywyo, o omoiog SLappEeTal anod nAeKTpL-
KO pEUA TIOU £XEL AvTa TNV (dla popd (ouvexEC pebpa) Ko
amnod pla dtatopn Tou aywyou mepva idlta moootnta ¢optiou
o€ looug xpovouc (xpovika otaBepo pevpa) (swk. 11).

Itnv nepilmtwon autr (tou ouveXoUg KoL XPOoVLKA otabepol
NAEKTPLKOU pelpaTog) opiloupe wg évtaon | Tou NAEKTPLKOU
PeLLATOG, IOV SLaPPEEL EVav AywyO, TO LOVOUETPO HEYEDOG
ToU €XEL LETPO (00 ME TO MNAiIKO Tou dopTiov (, TTOU MEPVA
Qo pLa SLATOMN TOU aywyou o€ Xpovo t, tpog To Xpovo t.

Anhadn:

_4a
=%

Yto 61eBveég ovotnua povadwv (S.l.) n évtaon tou pevpa-
ToG elval BepeAlwdeg péyebog pe povada to 1A (Ampere),
mou elval BepeAwdng povasda.

1C 1 Coulomb

Eivat: 1A =— i (1 Ampere =
Is 1 second

Aywyog mov diappéctar omd GuVEYES Kai
APOVIKG, 0TO0EPO NAEKTPIKO PEVLLOL.
Ewova 2.2-11.



Aumepouetpo.
Ewova 2.3-12.
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ATo tn oxéon (1) opiletal n povada doptiou 1 Coulomb (1C
= 1A-1s). AnAadn 1C eival to ¢doptio, mou mepva oe xpovo 1s
amo pla Statoprn evog aywyou, 0 omoiog SlappEsTal ano pevpa
évtaong 1A.

H évtaon tou NnAeKTpLlkoU peUpaTOC eKPPAlEL TO pUOUO SLE-
Aguong tou nAeKTpLKoUL popTiou anod pia SLaTopn VoG aywyou.

Napadewypa 1

‘Evag aywyog dtappéetal and pevpa évraong | = 4A. Na Bpe-
OoUv:

a) To ¢optio Mou MEpva and pia SLATOUR TOU aywyol o€
Xpovo t = 4s,

B) o aplOPOG TWV NAEKTPOViWV MOV MEPVA AMO Lo Statopn
TOU aywyoU o€ Xpovo t = 4s.

Atvetal |qe|:1,6~107]9C.

Abon

o) ATO Tov 0plopo TNG €vtaong | Tou peUATOC EXOULE:

Iz%jq:n:q:mc

B) Eotw N o aplBuog Twv nAektpoviwy. Elval:
q=N|q.|=N= ﬁ = N =10" nAektpdvia
e

(2.3) Kavoveg tou Kirchhoff (Kipxod)

ApmnepOpETPO

AUTIEPOUETPO €lval TO OPYaVO MOU XPNOLUOTIOLOUUE YL vl
HETPOOVE TNV £EvTaon TOU NAEKTPLKOU pevpatog (eik. 12). To
QUTEPOUETPO AELTOUPYEL Pe BAon Ta BEPULIKA 1 TA HOYVNTIKA
OTIOTEAECUATA TOU NAEKTPLKOU peVHOTOG. Exel SUO OKPOSEKTEC
K kot A, mou avtiotolyouv ota onueia elcodou kot €66ou TOU
NAekTplKoU pebpatog (k. 13).

Mo va UETPNOOUME TNV EVTOON TOU NAEKTPLKOU PEUMATOC
o’ éva KUKAwpo (ek. 14a), mMopeUBAANAOUUE TO QUTEPOUETPO
o0to onueio akplBwg mou BEAOUUE va TN UETPACOUME. AnAadn,
KOBOUE TOV aywyo TOU KUKAWMATOC 0To onpelo M katl ota Suo
akpa mou dnuoupyoulvtal, cuvdéoupe Toug U0 OKPOSEKTEC TOU
OUTEPOUETPOU (glk. 14B). H ocuvSeon auUTr) TOU QUTTEPOUETPOU
AéyetaL oUvSeon o€ GELpA.

Av TO aumepOopeTpo BewpnBel WSavikd (LNdeVIKN e0CWTEPLKN
avtiotaon), n ocuvéeon Tou Sev emnpedlel To KUKAWUA, OTIOTE TO
ouTEPOUETPO Selyvel TNV €vtacn Tou peVHOTOG, TIOU SLEPPEE TO
KUKAwQ, TtpLv tn ocLuvOeoH Tou.
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Av 0TO KUKAWHOA TNC €K. 14a mapeUPAANOUME TO AUMEPOUETPO
oTo onueio N, TOTE MalpVOUUE TO KUKAWHA TNG €LK. 14y KoL mapa-
TNPOUUE OTL N €vOeL€n TOU QUTEPOUETPOU Elval Sla Ye tTnv mpon-
yoUuevn. Autd onuaivel OTL N otyplaio €viaon tou NAEKTPLKOU
peLMATOC Eival iSla oe OAa T onueia Evog aywyoul. Auto sival
OUVETIELA TNG apXng Sitatipnong tou nAektpikol ¢optiou. Oco
doptio Siépxetal and kamowa Statopnn Tou aywyol ava povasda
Xpovou, toco doptio Siépxetal and onowadnnote AAAn diatoun
€VOG aywyoU ava povada Xpovou. EMopEVWE, KATA UAKOG €VOC
PELULATOPOPOU AYWYOU SEV UTIAPYOUV OUTE KTINYEG», OUTE «KATA-
BoBpeC» NAEKTPLKWV POPTIWV.

JUVEEDN QUITEPOUETPOU OE KUKAWUA.
Ewkova 2.3-14.

1o¢ Kavovag tou Kirchhoff (Kipxod)

A¢ avadepBolpue oto kKUKAwpa mou daivetat otnv eik. 15.
KoppBog Aéyetal tTo onpeio Evog KUKAWMATOG, OTO OMOLO ouva-
vToUvTaL TOUAAXLoTOoV TPELG peupatodopol aywyotl. Ta onueia B
kot [ elvat koppol tou KuKAwpatog. KAadog AEyeTal TO TUAHO TOU
KUKAWQOTOG ou Bpioketal petafd dvo KOpPBwv. OL aywyol BZT,
BHI kat FAB eivat kAadol tou KukKAwpatoc. OAa ta otolxeia evog
kAddou SLappéovtal amnod tnv dla évtaon NAEKTPLKOU PEVHATOC.

To aumnepopetpo A Selxvel TNV £€viacn Tou PEVHATOC TTOU Slap-
péeL tov KAAbo MAB. Eival I = 20mA. To aunepopetpo A, Seixvel tnv
€vtaon Tou pevpatoc mou Stappéstl Ttov kKAado BZI. Eival I; = 8mA.
To apumepOUeTPo A, Selyvel TNV évtaon TOU PEVPATOC IOV SLappEEL
Tov KAGdo BHT.

Aumepouetpo.
Ewova 2.3-13.



Boltduerpo.
Ewova 2.3-16.
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Mewpauatikn enaindsvon lou kavova Kirchhoff.
Ewkova 2.3-15.

Eival |, = 12mA. Napatnpolpue oOTL:
=1+ (2)

AnAadn, To aBpolopa TWV EVIACEWV TWV PEVHATWY, TTOU
«EloEpyovTaly o’ €va KOMPBo, Looutal HE TO ABpolopa TWV
EVTIAOEWV TWV PEVUATWY, IOV «eEEPYOVTALY AT AUTOV.

(1) = i(lsg)

H mponyoupevn mpotacn eival n dStatvmwon tou 1ou Kavo-
va tou Kirchhoff, onolog eivat cuvénela tng apxng dStatipnong
Tou nAektplkoUu doptiou. Oco poptio «pTAVEL» GTOV KOUBO ava
povada xpovou, T10co dopTio «deUyeL» ar’ aUTOV ava povada
Xpovou. OL kOpuBoL dev eivat oUTe «Ttny£g», oUTE «KaTtaBOOpeg»
dopTiwv.

Av auBaipeta BewWPOOUUE TIG EVIACELG TWV PEUUATWY, TTOU
$TAVOUV OTOV KOUBO WG BETIKEC KAL TIG EVIAOELG TWV PEUHATWY,
miou ¢pelyouv amo Tov KOUPO WG apvnTIKEG, N oxéon (2) ypade-
TaL:

I-1,-1,=0
omote o0 1o¢ kavovag tou Kirchhoff dStatunwvetat kat wg e€AG:

2’ éva KOO To AAYEPBPLKO AOPOLOHA TWV EVIACEWV TWV

PEVHATWV LooUTaL HE UNbEv, SnAadn:

2l=0

BoAtopetpo

BOATOMETPO €ival TO Opyavo MOU XPNOLHOTOLOUME yLa va
METPAOOUHE TN Stadopd Suvapkov (taon) petafL 800 onpei-
WV €VOG KUKAwpatog (k. 16). To BoAtopetpo Aettoupyel Ue
Baon ta OepULKA 1 TA HOYVNTIKA ATOTEAECUATA TOU NAEKTPL-
KOU pelpatoC. To BoAtouetpo (ewk. 17) €xeL Suo akpodékteg K
Kot A, mou cuv&EovTal PE TA ONUELX TOU KUKAWHATOG, LETAEY
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Twv omoilwv Béloupe va petprioouvpe tn dtadopd duvauikov
(taon).
Ma va petprioouvpe tn dtadopd duvaplkou (taon) Hetafy
SVo onueiwv A kat B evog KukAwpatog (k. 18a), cuvééoupe
OyWYLUO TOUG OKPOOEKTEC TOU PBOATOMETPOU ME TA ONHELA
auta (k. 18B).
To BoAtouetpo cuvbéeTal Ywpic va Slakomel To KUKAWHUAL.
H ouvbeon autr tou BoATopéTpou Aéyetal ouvdeon o dua-  Boitduerpo.
kAaSwon f mapdAAnAn cuvdeon. Eucéva 2.3-17.
Av Tt0 BoAtOpeTpo Bewpnbel 1O6avikO (Amelpn €0WTEPLKNA
avtiotaon), n cuvdeon tou dev emnpedlel To KUKAWUA, OTOTE
TO BOATOUETPO Selyvel TNV TAON UETOEL TWV onUelwv A kol B
TPV TN ocuvdeon Tou.

2uvbean BoATouETpoU O KUKAWUQ.
Ewova 2.3-18.

20¢ Kavovag tou Kirchhoff (Kipxod)

Hepauomnixn exornbsvon 200 xavovo. Kirchhoff:
Ewova 2.3-19.

Ac avadepBolpe oto KUKAWHA TTou paivetal otnv €Lk. 19.
To BoAtouetpo V beixvel Tnv tdxn V,,, mou elvat kat n tdon
oTouG TOAouG TnG nyng¢. Elvatr V, = 12V. To BoAtopetpo V,
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SeixveLtnv tdon V, . Elvar V,, = 9V. To BoAtopetpo V, SeixveL tnv
taon V,. Elvau V= 3V. Napatnpovue ot

Var = Vag + Vpr <
VAF:7VFA
Vap+Ver = Var=0 <«
Vag + Vpr +Vpy =0
AnAadn), Katd PRKog pLag KAELoTn G SLadpopng o’ éva KUKAw-
pa to aAyeBpiko abpolopd Twv dtadopwv Suvapuilkou LoouTol
HE UN&Ev.
3(AV) =0

H mponyouuevn npotacn €ival n Slatumwaon Tou 20U Kavova
tou Kirchhoff, o onoiog eivat ouvéneia tng apxng dtatripnong tng
EVEPYELOG.

Kabe kAelotn Stadpoun o’ éva KUKAwpa Aéyetal Bpoxog.

AimoAo Kal XapaKTnPLoTKA KOUUIUAN SunoAov

Eva KUKAWHO UTTOpeEl va TEPLEXEL AOUTTAPEG, QVTLOTATEG,
TIUKVWTEG, Ttnvia, NAEKTPLKEG TtNYECG Kal AAAa otolxeia. To Koo
TOUG XOPAKTNPLOTIKO €lval OTL KaBéva €xel SU0 akpa, mou Aéyovtal
oot ' autd ta otolyeia autd Aéyovtal SimoAa.

H Aettoupyia evog SumdAou e€aptdtal amo TIC TIHEG TNG TAONC
TIOU UTTAPYXEL OTA AKpa Tou. AuTr KaBopilel TIC TLUEG TNG EvTaoNn(G
TOU pelpATOG ToU To SLappeel. Mevika, yia kabe dimoAo umdpyel
pla ouvaptnon | = f(V). H ypadki tng mapdotoaon AEyetal xapa-
KTNPLOTLKA KAUTUARN Tou 8umoAou. H yvwon tng pog Bonbael otn
Slakplon tTwv SutdAwv petall toug Kal otnv PoBAedn Tng AetL-
Toupylag Toug, OTav Ta CUVOECOUUE OE KATIOLO KUKAWLLQL.

(2.4) Avtiotaon - AVTLOTATNG

Avtiotaon aywyn

HAekTpLkO KUKAwuUQA UE TTNYN SLKOTTN KAt UETAAALKO aywyo.
Ewova 2.4-20.
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Oewpolue TOo KUKAwPA tNG €lkovag 20. Me to BoAtopetpo
HUETPAUE TNV TACON ToU £PapUOlETAL OTA AKPA TOU UETAAALKOU
oywyou AB Kal PE TO QUMEPOUETPO UETPAUE TNV £VTACN TOU
pevaTOC TIOU ToV Slappéel. Ta dpyava Bewpouvtal LSaVLIKA.
MetaBaAlovtag TNV TIUN TNG TAoNG V, MOPATNPOULE OTL UETA-
BaAAetal n Tl tng €vtaong |. Opovtiloupe oL TIHEG va lval
TETOLEG, WOTE va Un petaBalAetal n Bepuokpaocia tou aywyou.
‘ETOL, €XOUME TOV TMOPAKATW TVAKA TLUWV KOL TNV OVTLOTOLXN
XOPAKTNPLOTIKA KAUTUAN TOU aywyou (glk. 21).

V(V) I(A) V/1
0 0 -
5 0,2 25
10 0,4 25
15 0,6 25
20 0,8 25

XapaKTtnpLoTik KaumuAn UeTaAAtkol aywyou.
Ewova 2.4-21.

Mapatnpoupe OtL to mMnAiko V/I €xeL otabepn T yla tov
oywyo Kot ton pe 25. EmavaAopPAVoOUpE TO MEpOMA KOL HE
AAAOUG HETAAALKOUG OywYyoUG§ Kal KATaAfyoupe avta oto idLo
cuumépacpa, OtL to mnAiko V/I €xel otabepn TUA, XOPOKTNPL-
OTLKN yLa ToV KABe aywyo. To mnAiko autod 1o ovopdloupe avti-
oTacn TOU aywyou.

Avtiotaon R evog aywyoU ovVOUA{OUHE TO LOVOHUETPO HEYE-
0o¢, mou wooutal pe To MNAiko NG taong V, mou epappoletal
oTa AKPO TOU, P0G TNV £VTAON TOU PEVHATOG TTOU TOV SLappé-
€L. AnAadn:

R=— (3)
I
Ito 81eBvég ovotnua povadwy (S.1.) povada pétpnong tng
avtiotaong eivat to 1Q (Ohm).

1Volt J

Elvat: 1Q = v A |1 Ohm=
1A lAmpere



Avuiordyg.
Ewova 2.4-22.

Xopaxtnpiotikn koumoAn ovordrn.

Ewova 2.4-23.
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1Q (Ohm) eival n avtiotaon evog aywyou, o onoiog dlap-
pEETAL ATIO NAEKTPLKO pevpa évtaong 1A, 6tav ota AKPA ToU
epapuoletal taon 1V.

TL ekdpadlel n avtiotaon evog aywyou;
H avtiotaon evag aywyou ekppalel Tn SuckoAia ov cuvavta
TO NAEKTPLKO PeUQ, OTaV SLEPXETAL MECA ATU AUTOV.

Mou odeiletal n avtiotaon TWV LETAAALKWY OyWYWV;

H avtiotaon twv HETOAAKWV alywywV opeIAETAL OTILG «GUYKPOU-
OEL» TWV EAEVOEPWV NAEKTPOVIWV HE Ta BETIKA LOVTAL.

Edw, mpénel va toviocoupe OTL Pe TOV Opo avtiotaon A
WHLKA avtiotaon ekppdloupe tn SduokoAia mou cuvavtd To
NAEKTPLKO pelpa, OTOV SLEPXETAL UECA ATIO TOV HETAAALKO
aywyo. O 16lo¢ 0 PETOAAKOG aywyOG AEYETAL QAVILOTATNG.
Ouwg, MoAAEG POpEC, yla XApn CUVTOULAC, XPNOLUOTIOLOUUE
TOV OpO avTtioTaon i WHLKK avtiotaon Kal EVWOoUUE Tov 6lo
TO UETAAALKO aywyo. Mapadelypatog xapn, AEUE «oTO AKPA
pLag avtiotaong 5Q» Kal EVVOOUE «OTO AKPOL EVOG AVTLOTA-
TN, IOV £XEL avtiotaon 5Q».

Nopog tou Ohm yiLa avtiotatn

Mo ToV avTLoTATn NG £lkOvag 20 SLAMIOTWOOE TELPOA-
TLKA OTL LOYUEL:

R = % = otabepo

H oxéon autn ypadetal wg e€AG:

Vv
I= R HeR= 0TaBEPO (4)

H napandavw oxéon amoteAel tn pabnuatikn €kdpacn tou
vopoU tou Ohm yua avtiotatn (HeTaAAlkd aywyod) o onoiog
Slatunwvetol wg €€NC:

H évtaon tou peUpATOC MOU SLApPPEEL £vaV OVTLOTATH
(LeTaAALKO aywyO) otaBepric Oeppokpaociag eival avaioyn
NG TAonG mov epapuoleTal oTa AKPa ToU.

H xapaKtnpeLloTikn KaumuAn Tou aviiotatn, dnAadn n ypa-
bR mapdotoon TNG £viacng Tou PEUHMOTOC WG oUVAPTNON
NG taong, daivetal otnv LK. 23.

Mpémnel va Tovicoupe OtL 0 vopog tou Ohm Sev elvat yevt-
KOG VOHOC yla OAOUC TOUG aywyouG. XTIG AUXVLIEG aepiou, OTLG
Auyvieg kevoU, ota tpavilotop, 0Toug NAEKTPLKOUG KLVNTAPES
Kol 0 AAAa NAEKTPOVIKA oTolxeia &&v LoxUeL 0 vOUOG TOU
Ohm.
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Napadbeyua 2

H taon ota akpa evog LeTaAALKOU aywyou eival V = 100V
Kat n avtiotaon tou R = 10Q. Na BpeOei n évtaon | tou pev-
HOTOG TTOU TOV SLappEEL.

Aien
ATO TO VOUO Tou Ohm €xoupe:
szzﬂzw:H:lOA
R 1092

Mapayovtecg amno Toug onoioug e§aptatal n avriotaon
€EVOC avTLOTATN

a) Zto KUKAwMA TNG €lkOvag 20, otn Béon Tou HETOAALKOU
aywyoUu AB ouvbdéoupe Sadoyxika SU0 YAAKLVOUC aywyoug,
(6lou gpPadol Slatoung S, we uAkn ¢ kat 2/ avtiotolya (gLK.
24). METPAUE TIG AVTLOTAOELG TOUC Kol SLOTMLOTWVOUME OTL O
bdeltepog €xel SumAdola aviiotaon amd tov Mpwto. Apa, n
avtiotaon eival avaloyn tou HkKoug £ tTou aywyou. H dia-
niotwon auth elval avopevouevn, ylati 6co peyaAutepo eival
TO UNAKOG TOU aywyou, TO0O0 EPLOCOTEPEG ELvVaL OL CUYKPOUOELG
Twv eleubépwv nAektpoviwv pe ta BeTikd OVTO, dpa TOOO
HEYOAUTEPN €lval n avtiotoon Tou aywyou.

B) Zto kKUKAwWHA TNG €lkovag 20, otn B€éon Tou PeTaAALkoU
aywyoUu AB ouvdéoupe Sladoxika SU0 YAAKLVOUC aywyoug,
(6lou pnkoug, pe euPada dtatoung S kot 2S avtiotolya (LK.
25). MEeTpAUE TIG AVTIOTAOELG TOUC Kol SLOTMIOTWVOUHE OTL O
6eUTEPOG EXEL TN MLON avTtiotoon anod Tov mpwTo. Apa, N avti-
otaon eival avtiotpodpwg avaloyn touv eppadot S tng diato-
KAG Tou aywyou. H Staniotwon autn elvatl avapevopevn, ylati
000 peyaAUTepO ilval To epfado SLatoung Tou aywyou, T0GO
Alyotepeg elval oL ouykpoUOELS TwV eAeUBEpwY NAEKTpOVIiWY
LE Ta BeTIKA LOVTA, Apo TOOO ULKPOTEPN £lval n aviiotaon Tou
oywyou.

V) Zto KUKAwpa tng €lkovac 20 otn B€on Tou PETAAALKOU
aywyou AB cuvbéoupe dtadoxikd dUo aywyoug idlou pAKoug
¢ xkal (dlov gepfadol Satoung S, éva xaAKLvo Kol éva oldepe-
VLo (€1K. 26). METPAUE TIG AVTLOTACELG TOUC Kol SLOTILOTWVOUUE
OTL 0 OLOEPEVIOC EXEL LEYOAUTEPN OVTLOTAON ATIO TOV XAAKLVO.
Apa, n avtiotaon e§aptdtal and to VALKG Tou aywyou. AuTto
oupPaivel ylatl to PETAAALKO TIAEypa TOU XAAKLVOU aywyou
elval Sl1apopeTIkO amd To UETOAALKO TIAEyUa TOu oldepEviou
oywyou, apa Kol o aplBuds Twv cUYKPoUCEWV TwV EAeUBEpwV
NAekTpoviwv pe Ta BeTiKA LOVTA elval SLadOPETIKOC, dpa Kal N
ovtiotaon Tou aywyou eival dtadopeTikn.

H avtiotoon eivor ovaloyn tov pikoog
700 0yWY00.
Ewova 2.4-24.

H ovtiotaon eivar avtiotpopwg aviio-
M 10V EUPAOOD O10TOUNS TOV OywYOD.
Ewova 2.4-25.

H avtiotaon elopraror amd 10 vAiKo T0V
0yyoo.
Ewcova 2.4-26.



H avtiotaon elaptaror ano tn Oepuorpacio
700 OYWYOD.

Ewova 2.4-27.
e
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8) Zto KUKAWHA TNG ElKOVOG 20, Beppaivoupe To HETAAALKO
oywyo AB, LETPAUE TNV OVTLOTAON TOU KAl SLATLOTWVOUUE OTL
autn avéavetal. Apa, n avtiotaon g§aptatal anod tn Oepuo-
Kpaoia Tov aywyoU. Eival Aoylko, yLati, Omwg E€XOUUE TEL, T
Betika Ovta Sev elval akivnta, aAAd Talavtwvovtal yupw
anod kaboplopéveg BEoeLg PO OAEC TIG KATEVOUVOELG, PE TTAQ-
TOG Movu aufavetal pe tn Beppokpaocia. H avénon tou mAdtoug
Ue tn Beppokpacio avfavel Tov apLlOpo TwWV CUYKPOUOCEWV TWV
eAeVBEpwV nAekTpoviwy pe Ta BeTIKA LOVTA, APA KAL TNV QVTi-
oTOON TOU HETOAALKOU aywyou (k. 27).

To péyeBog mou ekPppAlel MOCOTIKA TNV €€APTNON TNG AVTL-
OTOONG EVOC OyWwyoUu armod To UALKO Tou aywyou Kal tn Beppo-
kpaoia cupBoliletal pe p kat ovopaletal €L8IKA avtiotaon
Tou UAWKOU. H povada pétpnong tng oto S.l. eivat to 1Q-m.

Zuvenwg, n avtiotaon R evog aywyou, mou £XeL tn popdn
KUAWSpLkoU cUppartog,

a) elvat avaloyn Tou pRKouG £ Tou aywyou,

B) eivat avtiotpopwg avaloyn tou epfadou S tng Siato-
MAG TOU aywyou,

v) €€aptatat and to UALKO Tou aywyou Katl th Osppokpa-
ola tou.

H ox€on mou ouvlE£el OAEC TIC MAPOTIAVW TELPAUATLKEG dLa-
TIOTWOELG Elvat:

(27)

2TOV MAPAKATW TtivaKka avaypddovtol oL TLHEG TWV ELELKWY
ovtiotacswv dtadpopwv UALKWY og Q-m.
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ATo Tov Tivaka palvetal OTL TN UIKPOTEPN ELSLKNA avtiota-
on TNV €XEL 0 APYUPOC KaL 0 XAAKOG. M auTd, Ta GUPHOTO TTOU
XPNOLUOTIOLOUE ouvABwG elval xaAkiva, adou o Apyupog
elvatl akplpoc.

H ek avtiotaon wg¢ ouvaptnon tng Oepuokpaciog
Slvetal ano tn oxéon:

omou p_ n w6k avtiotaon oe Bepuokpaocia 0°C, p, N 161K
avtiotaon og 6°C kal a pla otabepd mou Aéyetal OEpULKOG
ouvTteAeoTNG L8LKNAG avtiotaong. H otabepd autn eaptatal
Qo To UALKO TOU aywyou Kal HETPLETaL o€ grad™.

MNna ta koBapd pétalla (m.x. Fe, Al, Cu, Ag) eivaL a > 0,
OUVETWG N €18k avtiotaocn auvfavetal, Otav aufAvetal N
Bepuokpaaoia.

MNna to ypaditn (C), Toug nuiaywyoug (Ge, Si) kal toug
NAeKTPOAUTEG elval a < 0, ouVeENWG, N 8K avtiotaon HELw-
vetal, otav avfavetal n Beppokpaaia.

MNa oplopéva kpapata, onmwe n kovotavravn (Cu, Ni), n
payyavivn (Cu, Mn, Ni) kat n xpwpovikeAivn (Ni, Fe, Cr, Mn)
elvat a = 0, cuvenwg n 18k avtiotaon eivat ave€dptntn tTng
Bepuokpaciag.

JTOV MOPAKATW Tivaka avaypdadovtal oL TLUEG Tou BepuL-
KoU ouvteAeotn el8IKNG aviiotaong Stapopwv UALKWV.

Me kprtijpro v T ¢
EWIKNG avTioTaons 1o VAKAE
KOTOTAGGOVTOL GE 0y®YOVG,
MUY OYOVS KOl HOVOTES.

—————



E&aptnon ¢ ovtiotaons omd tm Oepuo-
KPOaio.
Ewéva 2.4-28.
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Oeppikog
Yo GUVTEAECTIG O
(grad?)

Gpyvpog 3,810
YOAKOG 3,910
oidnpog 5.10°3
Kpapoto 0
Ypapitg -0,5-103

Av Bewpriooupe apeANTEQ TN UETABOAN TWV YEWUETPLKWV
Slaotacewv evog aywyou Adyw NG Bepuikng SLaoToAng, TotTe
n HeETaBoAn tTnG avtiotaong Tou aywyou e T Beppokpaocia
odelleTal AMOKAELOTIKA OTN METAPBOAN TNG ELSLKAG TOU QVTi-
otaong. Apa, LoxUEL:

otoug 0°C: R, =p,

S v |~

otoug 6°C: Ry =py—
S
Kot emeldn py =p, - (1+ab) €xoupe:

Ry =pe§R=po(l+a6)§:>

Ry =R, (1+0a-0) (7)

EtoL, avaloya HE TNV TLUA TOou Oepplkol OUVIEAEOTN N
ovtiotaon auéAveTal, LELWVETAL ] TAPAUEVEL oTABOepn UE TNV
avénon tng Beppokpaciag (ewk. 28).

Mapadeyua 3

‘Evag aywyodg £xeL avtiotaon R = 20Q os Oeppokpaocia 6 =
20°C. Otav o aywyog dtappéstal ano pevpa, n Ospupokpacia
Tou oUppatog avéavetal o 8° = 50°C. Na Bpebei n évtaon
TOU PEVUMOTOC TIOU TOV SLAPPEEL, AV N TAONH OTA AKPO TOU
elval V =222,2V. Aivetal o Ogpiko¢ GUVTEAEOTN G avtiocTaong
TOU aywyol a =4 - 103 grad™.

Aven

Eotw R n avtiotaon tou cUppatog otoug 0°C kat R’ n avti-
otaon tou cUppatog otoug 50°C. Apa, LoXUOUV OL OXECELG:

R =R, (1+08) (1)
R'=R,(1+0) (2)
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AtatpoUpe T1g (1) Kat (2) Kotd HEAN KoL EXOUE:

R" 1 ' R(l1 '
R' + a0 L R'= (+0c6):>

R 1+06 1+ 00
-3
R,=209(1+41§) 50):>R,=22’229
1+4-107-20

Apa, n €vtacn Tou PEVUOTOG TTOU ToV SLappEeL elvad:

1=1=10A
RI

Napabdeiyua 4

Eva KUAWVOPLKO ouppa £XEL SLAMETPO 6 = Imm Kot L8LKA
avtiotaon p = 10¥Qm. NMN6co HAKOG TOU CUPUATOG MPEMEL Va
XPNOLLOTIOLI|COUE YL VoL EXOUHE avtiotaon R = 10Q;

Aben
H avtiotaon R &ivetat and tn oxéon
R
R = p£ == RS
S p

, , (&Y 5> .
AMA S=nr" =7 5 :>S=T:>S=7,85-10 m-,

_10Q-7,85-107"m?

Apa: / 2
107°Qm

= (=785m.

TUMoL avToTATWV (AVILOTAGEWV)

Ito eumoplo kukAodopouv Siddopol TUMOL AVILOTATWV
(avtiotaocswv). O Lo ocuvnOLopEVOG TUTOG £lval Ol AVTLOTA-
O€lg AvOpaka, Ol QAVTIOTACELG HETAAALKAG €mMiocTpwong, ot
OVTLOTAOELC EMIOTPWONG AvOpaKa, Ol OVILOTACELG LETAAAOU-

YUOALOU KOlL OL QVTLOTAOELG CUPHATOC (LK. 29).
Avuordryg.

XpwHatiKoG KWKo Ewéva 2.4-29.

OL TIHEC TWV AVTLOTACEWV ouvhBwg mpoodlopilovtal ano
KATIOLO XPWHOATIKO KWSLKA. MoAAol avTLOTATEG £XOUV EYXPW-
HEG Awpldec yla Tov MPoadloplopo NG TLUAC TNG avtiotaong
Kol tTnG avoxng. (H avoxn ekdpdlel ta Opla TG AMOKALONG
NG avtioTtaong amo TNV OVOUAOTIKA TNG TLUA.) Ot EyXPWUES
Awpideg avtiotolyoUv o€ aplOpovG. to SutAavo mivaka
avaypadovtal oL aplOUNTIKES TIHEG KABEe xpwpatog. OLmeplo-
0OTEPOL AVTLOTATEG hEPOUV TECOEPLG Awpideg. OL U0 MPWTEG
OVTLTPOCWMEVOUV OPLOUNTIKEG TIHEC. H tpitn Aéyetal moA-
AamAaolaotng Kol tonoBetel petd to duprndlo aplbud, mou



Xpopa

Ap1Ouod

Mavtpo
Kagé
Koéxkivo
[Moptokaii
Kitpivo
IIpdowo
Mnke
Mof
I'kpt
Acmpo

© 0 9 & O B WO N - O

Avuorarng.
Ewova 2.4-30.
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TIPOKUTTEL oo TI¢ SU0 MPpWTEG Awpideg, TOoa undevikd, ooa
OVTLTPOCWTMEVEL N TIMA TNC. H Tétaptn ekdppalel tnv avoyn.
Aonui xpwpa onuaivel avoxn £10%, xpuoadi +5%, kadé +1%.

Napadeypa umtoAoylopou aviiotaong
‘Eotw OTL £€(OUME pia avTioTaon UE TA XpWHATO UTTAE, YKPL,
KOKKLVO Kot xpuoadtl (elk. 30). To UMAE QVTLOTOLKEL OTO 6, TO
YKPL OTO 8 KOl TO KOKKLVO 0TO 2. Apa, n TLUA TN aviiotaong
elvat:
R=6800Q

AN

UTTAE YKPL KOKKLVO

To xpuoadl onuaivel otL €xoupne avoxn +5%. To 5% tou
6800 eival 340. Apa, n TIUA TNC AVILOTAONG AUTAG UMOPEL va
Kupaivetal anod 6800 - 340 = 6460Q £€wg 6800 + 340 = 7140Q.

(2.5) Zuvdeopoloyia aviioTatwy

(avtiotacswv)

MoAAEC GOPEG OTA NAEKTPOVIKA KUKAWUOTA TIPETEL LETAED
SU0 onueiwv A kal B va mapepuBaAloupe avtiotaon CUYKEKPL-
HEVNG TLUNG, TIOU SEV UTIAPXEL OTO EUMOPLO. AUTO onUaivel OTL
TIPETIEL VAL XPNOLUOTIOLOOUUE KATIOLEG ATTO OLUTEG TTOU UTIAP-
XOUV OTO €UMOPLO KoL va TI¢ cuvdéooupe katdAAnAa. Emtiong,
TIOAAEG HOPEC OTA NAEKTPOVIKA KUKAWUOTA TIPETIEL VAL OVTLKOL-
TOOTNOOUE TTOAAEG AVTLOTAOELG e pia, n omola va mpokaAel
TO (610 amoTEAECUA PE TIGC AAAEG.

Elval Aownév avaykaia n peAétn tng cuvdecpoAoyiag Twv
OLVTLOTOTWY (QVTLOTACEWV).

OL avTLOTACELG UmopoUuV va cuvdeBouv petall Toug e dla-
dopou¢ tponoug. Etol Snuioupyouvtol Ta AEyOUEVO GUOTH-
HOTOL OLVTLOTACEWV.

H évtaon Tou NAeKTPLKOU PEUHATOC, TTOU UTaivel kot Byai-
VEL OO TA AKPA EVOG TETOLOU CUOTHUATOG OVOUATETOL OALKN
évtaon | ,. H tdon mou edapudletal ota akpa Tou ovoudle-
tal oAwkn tdon V ,. Eniong, ovopdoupe tood0vaun fi oAwkn
avtiotaon R, evOG TETOLOU CUOTAUATOG, TNV avtictacn, ota
akpa tng omoiag, av epappocouvpe taon V ,, Ba dlappeetal
ano pevpa évtaong | ,. AnAadn:

Vv

R, = I—” (8)
ol



81 SUVEXEGC NAEKTPLKO peUuuQ

Elval pavepd OTL, oV AVTIKOTAOTHCOUME €VOl GUCTNHA OVTL-
OTAOEWV LLE TNV OALKN QVTiOTAOH TOU, TPOKUTTEL GUVOECOAO-
yia NAekTpIKA LoOSUVAUN HE TNV OPXLKN.

Itn ouvéxela Ba e€etdooupe Toug SUO TLO AMAOUG, OAAQ
mo Bactkolg TPOMOUG cUVEECNC AVTLOTACEWY: O) OE OELPA
kot B) mapdAAnAa. Me 1o ouvlUOOUO TOUG TIPOKUTTOUV
«ULKTOL» TpOTOL cUVSEDNC.

Z0vdeon o€ oepa

20voeon aviioTaoewy o€ OEIPAL.
Ewova 2.5-31.

Oewpolue To KUKAwPA NG €k. 31. Ta 6pyava Bewpou-
vtat bavikd. Ou avtiotdoelg R, R, kat R, elval yvwoteg
(R, =10Q, R, = 20Q, R, = 30Q). Me t0 BOATOUETPO V UETPAUE
TNV Tdon oTa dKpa TOu cUCTAMATOG V , KAl UE TO AUTEPOUE-
TPO TNV évtaon tou pevpatog | . Elvaw: V_, =12V katl , = 0,2A.

Apa:
v
R, =—2%= 12V _ 600
I, 0,2A

H oxeon mou ouvbéeL tig R, R, kat R, pe to R eival:

Ry =R +R; +R; (9)
Akopn, pe ta BoAtopetpa V,, V, kat V, LETPAUE TIG TAOELG
ota akpa twv R, R, kat R, avtictoa. Eivau: V, =2V, V, = 4V

KoL V3 =6V.

Napatnpoulpue OTL: Voo =V, +V,+V; (10)
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XapaKTNPLOTIKO TNG cuvdeopoloyiag authg eival OTL OAEG
OL AVTLOTAOELG SLtappEovtal ano tnv idta évtaon pevpartog |,
nov givat ion pe tv oAwkn évtaon | ,. Ankadn:

L= =I=I=1, (11)

To TapATAvVW CUUMEPACHATA ArtOoSEIKVUOVTOL KAl OEWPNTKA.

2vvoeon avtiotdoewy o€ Gelpd.
Ewova 2.5-32.

3to KUKAwpa TNG €wkévag 32 n tdon tng R, elvau
V=V, -V, m¢R:V, =V -V katttgR;:V, =V, -V,
MNpocBETou e KATA LEAN KOl EXOUUE:

V1+ V2+ V3= VA- VB
Opwg, V, -V, =V_ eival n tdon ota dkpa tng cuvéecuolo-

ylag.
Apa: V, =V, +V,+V,

loxUouv oL oX€OELC:

V_=IR,,V =IR,V,= IR,V =R,
‘EToL €XOUE:
V,=V,+V,+V, = 'R =R + 'R+ IR, =
Ro)\= R1+ R2+ R3

H oluvbeon Suo avTloTAoEWV OE OELPA LOOSUVOEL pE avén-
on TOU HNAKOUG €VOC aywyou, apa n OAlKA avtiotoaon eival
UEYOAUTEPN KOL ATTO TN LEYOAUTEPN OVTLOTAON TOU CUCTHHA-
T0G.

To MPOKTIKO QAMOTEAECHO €lval OTL pe tn ouvdeopoloyia
OVTLOTACEWV OE OELPA ETMUITUYXAVOUUE OVILOTACELG LEYAAUTE-
PEC ATIO TLC AVTLOTAOELG TTOU SLoBETOUUE.
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ZU0véeon nmapAaAAnia

Juvbean avtiotaoewv apdaAinia.
Ewova 2.5-33.

OgwpoUupe TO KUKAWHA TNG EKOVAG 33. OL avtlotdoelg R,
R, Kat R, eivat yvwoteg (R, = 10Q, R, = 20Q, R, = 30Q). Me 10
BOATOMETPO UETPAME TNV TAON OTA AKPA TOU CUOTAATOG V
KOl LE TO QUTTEPOUETPO TNV EvTaon Tou pevpatog | . Eivat V
= 6V Kat Ioh =1,1A.

A

A

aee R, =~er - OV _N0q_ 5450
Ty, LIA 11 ’

H oxeon mou cuvbéeL tig R, R, kat R, we to R | eival:
—_—=—t—t— (12)

Akoun, pe ta aumepOpeTpa A, A, Kot A, HETPAUE TLG EVTA-
oelg mou Slappéouv T R, R, kat R, avtictoa. Eivau: | =
0,6A,1,=0,3A katl, =0,2A.

Mapatnpoulue OtTL: =+ L+ (13)

XapaKTNPLOTIKO TNG OUVOEGHOAOYLOG QUTAG Elval OTL OAEG
Ol AVTLOTAOELG €XOUV TV idLa Tdon V, mou eival ion pe tnv
oAwkA tdon V . Anhadn:

V,=V,=V,=V=V_ (14)

Ta mapandvw cupnepacpata anodelkvuovtal kal Oewpn-
TWKA.

210 KUKAwpa TG ewkovag 33 eivad |, |, kat I, oL evtdoelg
TWV PEVHATWVY OTLG OVTLOTAOELG R, R, kat R, avtiotolya. Itov

KOuBo A (kat otov kOupo B) woxvet:

I, =1 +1, +15; (log Kavévag Kirchhoff)
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loxUouv oL oX€0ELC:

H ouvbeon avrtiotdoswv mapdAAnAa ooduvapel pe avén-
on ¢ SLaToUnG evog aywyoul, apa n oAlkr avtiotaon ivat
ULKPOTEPN KAl amd TN ULKPOTEPN AVTLOTOON TOU CUCTAHATOC.

To MPAKTIKO AMOTEAECUA €lval OTL Ye Tn ocuvdeopoloyia
OVTLOTACEWV TIAPAAANAQ ETUTUYXAVOUUE OVILOTACELG ULKPO-
TEPEG ATIO TLG AVTLOTACELG TTOU SLaBETOUUE.

Mapabdeyua 5

Avo avtiotdoelg R, = 4Q kat R, = 6Q cuvdéovtal ot
CELPA Kol 0T AKpa TG cuvdeopoloyiag epappoletal Taon
V =100 V. Na Bpebolv:

o) H .oodUvaun avtictaon
B) H évtaon tou pevpatog nou diappéel KAOe avtiotaon
v) H tdon ota dkpa kaBe avtictaong.
Aden
a) H wooduvaun avtiotaon tng cuvdeopoAoyiag ivat:
R=R,+R = R=10Q
B) H évtaon tou pelATOG TTOU SLAPPEEL TLG AVTLOTACELG KOl
v ninyn tpododooiac unmoAoyiletat amnd to vopo tou Ohm:
vV Vv A\ ,
= —=—+—=1=10A.Eiva: I=1, =1, =10A
R R, R,
y) Ol tdoelg otig avtiotdoelg R, kat R, urtoAoyifovtal and
TO VOUO Tou Ohm:
Vi
1

v
IZ:R—2:>V2:IZR2:>V2:6OV

2
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Napabeyua 6

Avo avtiotdoelg R, = 10Q kat R, = 15Q cuvbéovtar mapdA-
AnAa Kol oTIG AKPEG Tou cuotipatog epappoletal taon V =
90V. Na BpeBoulv:

o) H wooduvaun avtiotaon.

B) OL tdoslg ot AKpa Twv avtiotdoswv R kat R,.

v) H évtaon tou peupatog nou StappEsl KAOE avtiotaon
Kat TNV itnyn tpododoaoiag.

Avan
a) H wooduvapun avtiotaon tng cuvdeopoloyiag divetat:
11 1 R,R,

—=—+—=R=

= =R =60
R R, R, R, +R,

B) H tdon kaBe avtiotaong eival ton pe V = 90V
V,=V,=V =90V
y) H €vtaon tou pebpatog ou SLappeeL TLG AVTLOTAOELG R,
R, kaw tnv mtnyn tpododoaciag urmtoAoyifovtal amnd to vouo tou
Ohm:

LoV Z9V g
R, 10V
V.

L =—2=1, _WV _6a
R, 15V
\% 90

R 6

H évtaon tou pelpaTtog mou SlappEEL TNV TNy UMopEl va
uTtoAoyloTel kat ano tov 1o kavova tou Kirchhoff:
[I=],+, =1=9A+6A =15A

Napadeiyua 7

Alvetal n cuvéeopoAoyia TWV AVILOTACEWY TOU SumAavou
oxAuatog kat 6TL R = 2Q, R, = 3Q, R, =10Q, R, = 5Q kaL V =
30V. Na BpeBoUv:

a) n évtacn tou pevpatog ov Stappéel TG R, R, Kat Tig
R, R,.

B) n dtadopd Suvapuilkou peTafl Twv onpeiwv B kat A.

Adon

a) OL R, R, cuvdeovtal oe Oglpd Kat ota akpa toug A, T
gxoupe dradopd duvaputkou V. Apa, n €vtaocn |, Tou peLHATOG
nou SlappeeL T R, R, eiva:



PobOuictixn (uetafiinti) aviioroon.
Ewova 2.6-34.
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A% 30V
R, +R, (2+3)Q
OLR,, R, ouvbtovtal oe oelpd Kat oTa Akpa Toug A, T éxou-
e emiong Taon V. Apa n évtacn |, Tou pevpaTog mou SlappEet
g R, R, givat:
A% 30V
===
R;+R, 10+5Q

B) 1o¢ TpoOMOG

AV «KLVOUHOOTE» KATA MAKOG ULOG OVILOTAONG KOl KATA TN
dopa Tou peVHATOG, TO SUVAULKO HELWVETAL Katd IR, evw av
«Klvoupaote» avtiBeta pe tn dopd Tou PeUUATOC TO SUVAULKO
avéavetal kata IR.

ZEKWVAUE amo To onueio B kal «mnyaivoupe» oto A péow
TOU KOHPBou A. Amo to B oTo A, «mtnyaivoupe» avtibeta pe To
PEVUA, ETOUEVWG TO SuvapLkd avéavetal kata | R, evw and
To A 01O A, mnyaivoupe opdppoma PE TO PeVUMO, OMOTE TO
Suvaputkd pewwvetal kata LR, Apa:

1, I, =2A (2)

1,(2)

Vg =V, =20V—12V =8V

206 TpOMog
H tdon ota dkpa tng R eivaw: V. -V = 1R, (3)
KoL n taon ota dkpa tng R, elvau: V, -V, = LR (4)
Adatpolpe Tig (3) kat (4) katd HEAN, OTOTE EXOULE:
V,-V,- (VA—VA) =l R -LR, =V, -V -V, +
V, =1R -IR

—_—~
w

(2.6) PuBpiotikn (petaBAntn)
ovtiotaon

OAol €xoupe AUEOUELWOEL TNV €VTAON TOU NXOU €VO¢ padt-
0dwWVOU XPNOLUOTIOLWVTOG TO OVTLOTOLXO Kouumi. To koupri
QUTO puBuUilel Tn Aettoupyla pLag pUBULOTLKAG avtioTaonc.

H puBulotikn avtiotaon eival évag TUTOG WHULKAG avTioTa-
ong, mou pmopel va petaBAAAeTol péoa 0’ €VOl OUYKEKPLUEVO
€UPOG TLUWV.

H puButlotiki avtiotaon, mov ouvBwg XxpnoLomoLouV 6To
OXOALKO EPYAOTAPLO, KATOOKEVUALETAL OO LOOTIOXEG OLLOYEVEG
cUpua TUALYHEVO opolopopda mavw o€ KUALVEPO amod Hovw-
TIKO UALKO (€lk. 34). Emeldn n avtiotacn autol Tou cUPUATOC
elval avaloyn tou pAKoU¢ Tou, N avtiotaon mou mopeUBAaiAe-
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ToL HETOEL TOU Sdpopéa A Kal TOU VOGS AKPOU A TNG CUCKEUNG
elval availoyn He tnv amootocn tou Spopéa amd To AKPO
QuTO.

Onwg daivetal otnv k. 35 n Béon tou Spopéa pog Sivel
™ Suvatotnta va MAPOUUE omoladAMoTe TR avtiotaong
petalL 0 kot 200Q.

Avaloya pe TOV TPOTO TOU MAPEUPBAAAETAL OTO KUKAWUA
n pubulotiky avtiotoon, Asttoupyel elte wWg PpUBULOTAG TNC
TAONG KoL AEYETOL TOTEVOLOMETPO, €(T€ WG PUBULOTAC TNG
£€VTaoNG TOU PEUUATOC KOl AEYETAL POOCTATNG.

Notevolopetpo

Motevolouetpo.
Ewkdva 2.6-36.

O tpdmog clvdeong tng pubuiotikng avtiotaong R, wg
TIOTEVOLOUETPO daivetal otnv ekova 36. H kwvntn enadn A,
Tiou Aéyetal Spopéag, UMopEl va LETAKLVELTAL Ao To A HEXPL
To B.

Av 10 KUKAWpa AA" A'A eival avolkto, SnAadn to pevpua |
6e SdlakAabdiletal, Tote LOYLOULV:

VAA=I.RAA
Ko
VAB=I.RAB
Apa Var _ Raa
. VAB RAB
.y Ran  pAAIs  AA
kawened: o= R T AR
AA AA
gxoupe: —2A=—=V,, =V —

V,s AB

Pobuiotikn (uetofini) aviioroon.
Ewova 2.6-35.
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Av Bécoupe Tto otabepd pnkog AB = /kal to petapAnto
UNKOG AA = X, EXOUUE:
X
Vaa = Vag 7 (15)
AnAadn, petakwvwvtag To dpopéa A amod to A péxpL To B
MTTOPOUHE VO TIAPOUUE TILEG TAoNnG ano 0 €wg V, .

Poootatng
A
I i
1
_—
1+ A |2
R,
1
) B
Pooartarng.

Ewova 2.6-37.

O tpdmog cuvbeong tng pubuilotikng avtictaong R, wg
poootdtn daivetal otnv ewkéva 37. H kwvntn enadn A, mou
AéyetoL Spopéag Umopel va HeTaKLVELTAL oo to A péxpL To B.

H évtaon tou pevpatog mou SlappEet To KUKAwHA elval:

\Y%

Rtk 16)

Metakivwvtog to Spopéa A amod 1o A péxpl to B, petafal-
Aoupe tnv avtiotaon R,, mou napepBarietatl oto KUKAWHQ,
Aapa Kal tnv €Vtoon Tou peVUHATOC TOU TO SlappEEL.

(2.7) EvépyeLa Kot LoxUG
TOU NAEKTPLKOU PEVOTOC
Evépyela Tou NAEKTPLKOU PEUHUATOG

Ma tn Aettoupyla TwWV NAEKTPLKWY CUCKEUWV amalteitol
EVEPYELQ, N omola TpoodEpetal ano tnv mnyn. H evépyela
autn AEyeTal NAEKTPLKN EVEPYELA ) EVEPYELA TOU NAEKTPLKOU
pevpATOC.
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OewpoluE éva TUAUA KUKAwpatog AB (k. 38), To omoio
TMEPIAAUBAVEL Pl CUOKEUN, TTOU UIMOPEL va glval avtlotatng,
NAEKTPLKOG AQUITpag, aveulotnpag, padtopwvo K.A.

2ta dkpa TNG cuokeung AB umdpxet taon V =V, - V_ Kain
OUOKeUn SlappéeTal anod cuVeXEG peupa otaBepng évtaong I.

‘Eotw OTL 0€ XpOvo t peTakKLVeiTal NAEKTPLKO dopTio g amo
TO A oTOo B. ZTNV MpaypaTkOTATA, OTIWG EEPOUE, T EAeVBepa
NAEKTPOVLIA KlvoUvTOoL avtiBeta. ATO Tov opLlopo TNG £vtaong
TOU NAEKTPLKOU PEVHOTOC EXOUUE:

1= q=1+1
t

Av V, eival to Suvapuiké tou dkpou A Kat V, To SuVaULKO
TOU AKpou B, TOTe T0 PpopTio g €XEL OTO AKPO A SUVAULKI EVEP-
yewa U, = q -V, Kai oto dkpo B duvapikr evépyela U, =q - V..
Emeldn elvar V, >V, Ba eivat kat U, > U, 6nAadn n duvapikn
evépyela tou ¢optiov q eAattwvetal Kabwg nmepva péoca
OO TN CUOKEUN.

ATO TNV apxn dLatnpnong TG EVEPYELAC CUUTIEPOLVOUE
OTL N peiwon g Suvaukng evépyetag tou poptiov q anodi-
SETAL OTN OCUOKEUN Kol PETATPETETAL OE AAAEG popdEG eVEp-
YELOG, OTIWG KLVNTLKA (av N cuoKeun glval KvnTnpog), XNKLKn
(av n ouokeun eivat BoAtapetpo (ouokeun nAektpoAuong)),
BepuLkn (av n cUoKeUN €lval AvTLOTATNG), K.A.

H pelwon tng Suvaplkng evépyetag Tou poptiou g eivat ion
HE TNV NAEKTPLKN EVEPYELA TTOU TIPOCHEPETAL ATIO TNV TINYN.

Apa, n evépyela mou anmodideTal oTn CUOKEUN OE XPOVvo t,
elvat:

W=U, -U,= W=qV,-qV,

nW=q(V,-V,) =W=q-V =

W=V-l-t (17)

O mopandvw TUTOG £ival YeEVIKOG Kal LoXUEL yia KAOe
OUOKEUN (KlvnTtripag, BOATAUETPO AVTLOTATNG K.4L.).

Av n ocuokeun eival avtiotatng (WK aviiotoon), Tote
LoxVUeL 0 vopoc tou Ohm (I = V/R) kat pmopoupe va ypdapoupe
Looduvapa ot

V=R W=1>.R-t (18)
W =Vt 2
VR o VO (19)

2voKevy.
Ewova 2.7-38.



200KEDH.
Ewova 2.7-39.
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210 61eBvég ocuotnua povadwy (S.1.) n povada peEtpnong
NG NAEKTPLKAG eVEépyelag ival to 1) (Joule).
loXU¢ ToU NAEKTPLKOU PEUNATOC

Tic meploootepeg GOPEC yla Tn AELTOUPYLA TWV CUCKEULWVY
6¢e pag evdladEpel LOVO n MOCOTNTA TNG NAEKTPLKAG EVEPYEL-
oG ou mpoodEpeTal, aAAd Kal 0€ OGO XPOVO YIVETAL AUTO,
dnhadn o pubuog mpoodopdg TG NAEKTPLKAG EVEPYELAC.

OewpPOUUE TNV MEPIMTWON HLAC OCUOKEUNG (ek. 39), otnv
omola mpoodépetal (Lo mMooOTNTA EVEPYELAG OE (OOUG XPO-
VOUG. XTtnV nepintwon auth opilouvpe wg LoXV Tou NAEKTPLKOU
pevpatog 1 NAEKTPLKA LOXU To MNALKO TG NAEKTPLKAG EVEP-
YELOG OV TtpoodEpETal o€ XpOvo t, mTPog To Xpovo t.

AnAadn:

P=

W
; (20)

2to &LeBvég cuotnua povadwy (S.l.) n povada pétpnong
NG NAEKTPLKAG Loxvoc¢ ivat to 1W (Watt).

Eivat: 1W=11 N |[1Watt =
s

1Joule J
1second

1W eivail n nAektplki XL, otav n npoopepOuevVn nAe-
KTPLKN eVépyela eival 1), og xpovo 1s.

Me Bdon tov oplopod TG NAEKTPLKNG Loxvog (P = W/t) kat
TOUG TUTOUC Tou Silvouv TNV NAEKTPLKA EVEPYELA, yla KAOE
OUOKEUN LoYVEL:

P=V-I (21)

Av n ouokeun eival avtiotatng (wpLkn avtiotaon), tote
LOXVEL 0 VOHOC Tou Ohm, omdte €XOUE:

_ V=R w=12.R (22)
P=V-I V2
%W:? (23)

Napadbeiyua 8

H woxUg otnv avtictacn R, eival P, = 300W. Av R = 3Q,
R, =3Q kat R, = 6Q va BpeBolv:

o) H woxug og kKOs avtiotaon

B) H wox0¢ oto cloTnpa

v) H taon VvV
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r

Adon

, [P
a) Eiva: P, =R, =1, = R—2 =1, =10A
2

Eniong: V,3 =V, =L,R, =30V

V.
Apa: 13:%:5A kat I, =1, +I; =15A
3

Omote: P, =I’R, = 675W,
P, =I5R; =150W

B) H woxVU¢ oto cuoTnua eivad:

Po)\ = P1 + P2 + P3 =1.125W
A (P,, = LR, = (15A)2-5Q = 1.125W)

R,R,

— ==
R, +R;

y) Htaon Veiva: V=LR_, =L |R, +

V=75V

Kdotog Aettoupyilog CUOKEUNG

ATIO TOV 0pLOUO TNG LOXVOG ULOG CUCKEUNG EXOUHE:
P= ¥ = W=P-t

Av 0TOV MPONYOUHEVO TUTIO EKGPACOUE TNV LoXU P oe W(Watt)
KOLLTO XpOVo t o€ s (sec), Tote Bplokoupe TNV evépyela W oe J (Joule).

Av OTOV TTIPONYOUUEVO TUTIO EKPPACOUUE TNV LoXU P oe W (Watt)
To Xpovo t oe h (wpeg), tote Pplokoupe tnv evépyela W oe Wh
(Batwpec).

1Wh gival n evépyELa MOV «KATOVAAWVEL» L0 CUCKEUN LOXUOG
1W, otav Asttoupynoet yia xpovo 1h.

Eivat: IWh = 1W - 1h = 1W - 3600s = 3600J.

Av otov mponyoUueEVO TUTIO ekKPPACOUUE TNV LoxL P oe KW
(KihoBat) kat to xpoévo t oe h (wpeg), Tote Bplokoupe TNV evépyela
W og KWh (kthoBatwpeg).

1KWh gival n eVEpyeLa MOV «KOTAVOAWVELY ULOL GUCKEUN LOXUOG
1KW, otav Aettoupynost yia xpovo 1h.

Eivat: 1IKWh = 1KW - 1h = 1000W - 3600s = 3.600.000J.

H A.E.H. petpd tnv evépyela mou pog Sivel oe KWh, pe kdotog
nepinou 0,1 €/KWh.

Apa, pla nAektpikn kouliva toxvog P = 3000W, mou Aettoupyet
yla xpovo t = 2h, «KaTOVOAWVELY EVEPYELA:

W =P t=3KW:2h =6KWh

LE K6oToC: A =6KWh 0,1 —— =0,6 €.
KWh
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NApog tou Joule

Onwg €xoupe meL, 0’ €va PETAAALKO aywyo n Helwon TG
KLVNTLKAG EVEPYELAC TWV eAeVBepwWV NAekTpoviwy, AOyw TwV
OUYKPOUOEWV HE TA OETIKA LOVTA, £XEL WG OUVETELA TNV
av&non tng Beppokpaciog Tou HETAAALKOU aywyoU. ZUVETELD
autou elval va petadépetal BepudtnTa anod Tov aywyo oTo
neplBarlov. To dalvopevo autd ovopaletal GoLVOUEVO
Joule.

Av unoBécoupe OtL n Beppokpacia Tou PETAAALKOU Oyw-
yoU mapapével otabepn, tote n mpoodepOUevVn NAEKTPLKNA
EVEPYELA OTO LETOAALKO aywyo €ival ion pe tn BeppdTnTa MOV
petadEpetal amnd Tov aywyo oto mepLBAaAriov.

AnAadn: W =Q

Ouwc: W = I’Rt

Apa: Q=I*R-t (21)

O Joule anédelée melpapatika tnv TeEAevTailo oxéon, mMOU
ekppalel To vopo tou Joule, o onolog Sltatunwvetal wg €€NG:

To nooo Beppotntag Q mov ekAVeTAL 07 Eval HETAAAL-
KO aywyo otabepng Oeppokpaciag eivar avaloyo tou
TETPAYWVOU NG £vtaong | Tov pevpatog mou Tov Slap-
PE€€L, avaAloyo tngG avriotaocng tou R Kot avaloyo tou
XPOvou t 81EAguong Tou NAEKTPLKOU PEUNATOG.

Av xpnolpomoliooupe tn oxéon Q = 12 - R - t kot ekdpa-
ooupe ta HeyedOn | og A, R og Q kal t o€ s, TOTE BplOKOUUE TN
Bepuotnta Q oe J.

Av xpnolgomoljooupe tn oxéon Q = a - I - Rt kat
ekppacoupe ta peyédn | oe A, R oe Q kalL t o€ s, TotE Ppi-
okoupe tn Begppotnta Q oe cal. O ocuvteleotg a ovoudle-

TOoL NAEKTPLKO Looduvapo tng Oepuotnrag Kol LooUTal UE

0=024
]

Mapadetyua 9

H avtiotaon R, tou oxfuatog eivat Bubiopévn o vepd
paloc m = 0,5Kg. H Beppokpacia tou vepou au§avetal o€
Xpovo t = 52s and 6, = 20°C oc 6, = 702C. Na Bpebei n TuA
TG R,, av V = 2000V kat R, = 100Q.

Aivetal n €61k OeppodtnTa TOL VEPOU:

o 1cal _ 42004
g-grad Kg-grad
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Avon
To moo6 tng BeppotnTag mou ekAVetal amd v R, kat
Bepuaivel To vepo eivat:

Q=1 R -t
ATO 10 BepeAlwdn vopo tng BepuLSopeTpilog EXOUUE:
Q =m-c-A6

Apa:

IZ-Rl-t=m-c-A6 =1I= %‘[e-th:SA
\/ .

H avtiotaon R, unohoyigetat and tov vopo tou Ohm:

V-IR
V=IR,+R,)=R, = !

= R, =300Q

Edapuoyég pawvopévou Joule

o) HAEKTPLKOG AQUIIT PG MUPAKTWONG

O nNAEKTPLKOC AQUITAPOG TUPOKTWOEWS (elk. 40) amo-
teAeltal and éva yudAwvo doxelo, péca oto omoilo uUmAapXEL
€va Aemto ocuppa anod moAl dvotnkto pETallo (BoAdpapto,
TOVTAALO, OCULO), TO omolo €xeL Beppokpacia THENG mavw ano
2700°C. Méoa oto doxelo ev umtapyetl o€uyovo yLa va pin yivel
ofeldwon tou peTAANOU, UTIAPXEL OPWG €va adPOVEG agpLo
(apyo, kpumto, alwto), mou eumodilel tnv eaxvwon Ttou.
Otav 10 olpua pwtoPolel, n Bepuokpacia Tou eivatl MaAvw
amnd 2000°C. OAot oL AT PEG HLAC OLKLOKAG EYKATAOTOONG
ocuvbéovtal petal toug mapAaAAnAa (gik. 41) yia va AeLtoup-
yoUv pe tnv 8ta taon (m.x. tou Siktvou, 220V) kat aveéaptn-
T amoé Toug aAAoug.

Evdeifelg kavovikng AELTovpyilog CUOKEVNG

Z€ NAEKTPLKO AQUMTAPA MUPAKIWOEWG CNHUELWVOVTAL Ol
evéeielg: 220V, 100W.

MNowa gival n onuacia Twv evéei§ewv avtwy;

TunAnpodopieg LMOPOUNE VA MAPOUE QMO QUTEG;

H évéelfn 220V onpalvel Oty yLa va AELTOUPYEL KAVOVLKA O
Aoumntipag, cUpudwva Le TG mpodlaypadEg Tou epyootaciou
KOTQOKEUNG, TPETEL 0Ta AKpa Tou va edpappoletal tdon V, =
220V, mou A£yETol KAVOVLKA Taon Asttoupyiag.

H évbel&n 100W onpaivel OtL, 0TOV 0 AQUITHPOG AELTOUp-
yel kavovikd, «katavalwvew woxy P, = 100W, mou Agyetal
KOVOVLKN LoXUG Aettoupyiag.

Hlextpixog Loaumtnpog mopartwong.
Ewova 2.7-40.

2voeon Aoumrtipwv o€ OIKIOKY EYKOTO-
otaon.
Ewéva 2.7-41.



Koxdwua pe aopdlela.
Ewova 2.7-42.

Avtouarn aopdleia.
Ewova 2.7-43.
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Ao TIG evleielg auTég umopou e va BpoUpe:
1) tnv évtaon Tou pelATOC, TTOU SLAPPEEL TO AQUTTTH PO,
otav Aeltoupyel Kavovikd, we EAG:

P
Py = Vi I = I =X =1, ~0,45A
VK
2) TNV avtiotaon Tou Aaumnthpa, we eENG:
2 2
V,
P, :V_K:>R:—K:>R:484Q
R P
Inueiwon: Av ota AKPa TOU Aaumtrpa ePpOapUOOTEL TAON ULIKPOTE-
pN amo tnv V,, 0 Aapmntrpag UTtoAettoupyel xwpig va KivduveveL
va Kataotpadel, evw, av edapUootel taon peyalltepn amod T
V,, 0 hapmtripag untepAeLtoupyei pe kivbuvo kataotpodrg tou.

B) HAeKTpIKEG CUOKEVEG apaywynG Oeppotnrog

MoAU ouvNOLOUEVEG NAEKTPIKEC OUOKEUEC Ttapaywyng Bep-
HOTNTAG €lval oL NAEKTPLKEG BepuaoTpeg, Ta NAEKTPIKA oidepa,
oL NAeKTPLKEC KOullveg, oL nAektplkol Bpaotipeg, ol nAekTpLkol
Bepuooidwveg K.T.A. ITIC CUOKEVEG QUTEG EKAVETAL BEpUOTNTA OE
CUPUATLVO aywyo amo XpwHovikeAivn (duotnkto kpapa Fe, Ni, Cr,
Mn). Z& UEPIKEG OUOKEVEG N BepuotnTa aktivoBoleital ansubei-
oG ano to cupua (m.x. otn Bepuaotpa), evw o€ AAAEC CUOKEUVEC
N BEpUOTNTA CUYKEVIPWVETAL TAVW O€ UL LETAAALKA TIAAKA (TT.X.
otnv Kouliva).

V) AodaAeleg

MNa tnv npodpuAatn Twv KUKAWUATWY amd UTEPUETPN avénon
NG €viaong Tou PeVUATOC, TTIOU UMopel va mpokaAéoel BAAPEG
OTO KUKAWUA 1} aKOUA KAl TTUPKAyLd XPnoLomolouvTal oL aoda-
Aeleg, ou mapeUBAAAovTaL 0TO KUKAWMO O OELpA (LK. 42).

KaBe aodpalela yapaktnpiletal amo pia T €vtaong peupa-
TOG, MAVW QTo TNV omolia TpokaAeital dtakomr tng Asttoupyiag
TOU KUKAWMATOG.

‘Evag TUTOG €lval n tTnkopevn aodalela, mou amoteAsital ano
€va eUTNKTO PETAAAO. MOALG N €vTacon TOU PEVUMATOG YiVEL HEya-
AUtepn amd pla kaBoplopévn T, apéows oupPaivel THEN Tou
HUETAAAOU Kol SLOKOTIA TOU PEVUHATOC.

Eniong, xpnowomnoleitat kat n avtopatn achalela (gik. 43),
TIOU OUCLOOTLKA E€LVOL QUTOMATOG SLOKOTTNG KOl AMOTEAELTAL KUPL-
WG amod €va SIUETOAALKO €Aaopa. MOALS n €viacn Tou PEULOTOG
yivel peyalitepn amo pla kaBoplopévn T, apUéows To SLUETAA-
AlkO €Aaopa Auyilel kal mpokaAel SLaKom Tou PEUUATOG.

MNna tnv ekAoyn t¢ KAt@AAnAng acdpaielog o’ Eva KUKAWUO
AapBdavouue umdyn v Eviacn Tou pevpatog |, TG KAVOVIKAG
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Aeltoupylag twv cuokeuwv Tou tpododotolpue (rm.x. 14A), Tnv
orola Bplokoupe amod tig evdeifelc Twv ocvokevwv. Emeldn oto
EUMOpPLO KUKAOdOpoUV oplopévol TUToL aodalelwv (T.Y. 6A,
10A, 15A, 20A, 25A) emiAéyou e TNV alodAAELQ, TTOU avaypadeL
™V auéows peyoAltepn €voelén amo auth mou eiyape umolo-
yloeL. 1o mopadelypd pag emAéyoupe TNV aopaAstla twy 15A.

6) BpaxukUKAwpa

BpaxUKUKAwpa ovopdletol n ouvdeon U0 onUeiwv €vog
KUKAWHOTOG HE AyWYO OLEANTEQC avTioTOoNG.

BpaxukUkAwpa pmopet va mpokAnBel petafl Twv onueiwv A
Kal B, av ta cuvbéoou e pe Evav aywyo apeANTENS avTioTaong
N av o’ autd ¢Bapel n povwon kat tuxaia épBouv oe emadn. Xto
KUKAwpa TG LK. 44a eivat R ; = 440Q, dpa auto dlappeetal ano
pevpa évtaong | = 0,5A. 210 KUKAWMO TNG €LK. 44B elval

_ 440-1
440 +1

oA

7

apa auTo Slappeetal amo pevpa gvtoaong | = 220A kal £€ToL
KLVOUVEVEL TO TUN A TOU KUKAWMATOC, TIou BplokeTal LeTafl Tng
TtNYNC KoL ToU onpeiou BpaxUKUKAWOEWG.

Napabeyua 10

HAEKTPIKOG AaUITAPOAG EXEL XOAPOKTNPLOTLKA KOAVOVLKNG A€EL-
Toupyiag P, = 100W kou V, = 100V.

a) Mowa givan n avtiotoon Tou Aapmntipa;

B) ©éAoupe va ouvdécoupe tov Aaumtipa HE taon V =
200V. Tu avtiotoon MPENEL VO CUVOECOUME OE CELPA E TOV
Aountipa, WoTe va AELITOUPYEL KOAVOVLIKA;

Avon
o) Exoupe: 2 2
A Py

B) Emedn V >V, n aneuBeiag obvbeon Tou Aaumtipa pe Thv
taon V Ba tov kataotpéPel. N’ autd cuvOEouE ULa avtiotaon
R, o€ oelpd pe to Aauntripa. Eddoov o Aaumtrpag Aettoupyel
KQVOVLKQ, N tdon ota dkpa tou V, elval ion pe V,. Emopévawg, n
£€VTOON TOU PEVOTOC TIOU ToV SLappEeL sival:

p. O
Vk
Apa, n évtaon | Tou pebATOG 0TO KUKAWUA Elval:

=1 =1A

Bpayoxoxioua.
Ewova 2.7-44.
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Ao to VOpo Tou Ohm €xoupe:
A%
V=IR; = V=IR+R,)=—=R+R, =

R :¥—R:>Rx =100Q

X
Napadeyua 11

Ze pa olKlakn eykataoctaon n acpalisia eivar 30A. Ito
omitt AsttoupyoUv ot NAEKTPLKN Koulival toxUog 2KW, éva
Yuyeio oxvog 1KW, pia nAektpikn oouna toxvog 2KW ko 50
Aaprntrpeg twv 100W o kabévag.

o) Av AELTOUPYROOUV TAUTOXPOVO OAEC OL CUOKEUEG, val
efetaoete av Oa Awwoel n acpdaAela. B) Av vat, méool To oAU
AOQUTTTAPEG UMOPEL VAL Eival AVOUHEVOL, WOTE va AELToupyouv
TAUTOXPOVA OAEG OL UTLOAOLTIEG CUOKEVEG;

Aivetal 0tL n Tdon tou Siktuov eival V = 220V.

Avon
o) H oALKn LoYUG TOU KUKAWMOTOG €lval:
P, = 2KW + 1KW + 2KW + 50-0,1KW = 10KW

Apa:

O.

P
P, =V-I:>I=%:>I=10.000W/22OV=45,45A

Adou | > 30A, n aodalela ALwVEL.

B) NpéneLva elvaw: P, =V -1 = P’ =220V - 30A
— P'_ = 6600W.
‘EoTtw X 0 aplBpog Twv {NTOUUEVWY AQUTTTHPWV.
Exoupe: P, =2000W + 1000W + 2000W + x - 100W =
P_ =5000 + x - 100W.

Apa: 5000 + x - 100 = 6600 = x = 16 AQUMTHPEG.

(2.8)HA£K’Tp£V£pthr'] dUvaun (HEA)
nnyne

To KUKAWHA NG kOvVOaC 45 amoteAeital amo pia mnyn, €va
SLOKOTTN, €vav aVTLOTATN, Eva AQUMTAPA, £va BOATAMETPO Kal
éva aveplotnpa. Otav o SLakomtng ival avolytog to KUKAwWU
6¢e Slappéetal amo pevpa, EVW OTAV 0 SLOKOTTNG £lval KAELOTOG
TO KUKAWMO SLappEETal amo pevpa Kot n mnyn npoodEpel evép-
YELQL OTO KUKAWHQ

Otav BeTikd Poptio g PTAvEL OTOV APVNTLKO TIOAO, OTIOU EXEL
TNV €AAXLOTN NAEKTPLKA SUVOLLKA EVEPYELA, «OVOYKATETOL» ATTO
TNV TNyN Vo LETaKvnOel péow auTnAG Pog to BeTkO TOAO NG,
OTIOU €XEL TN HEYLOTN NAEKTPLKN SUVAULKH EVEPYELQ.



97 SUVEXEGC NAEKTPLKO peUuuQ

Hlextpino koximpo.
Ewkova 2.8-45.

To doptio maipvel tnv evépyelta W amd tnv mnyn, Thv amo-
616eL oTto KUKAWHO KOl EMLIOTPEDEL OTOV OPVNTIKO TIOAO yla val
enavaAndBei n dadikacia.

Onwg yvwpiloupe n evépyela W eival avaloyn tou ¢poptiou
g. To mnAiko tng evépyelag W mpog to poptio q €ival éva péye-
B0¢, mou xapaktnpilel TNV mNyn Kat ovopAaletol NAEKTPEYEPTIKA
80vapn tng tnyng (HEA).

w
€=— (22)
q
H povada tng HEA oto S.I. eival To:
. 1
ARV Y PR R
C Coulomb

HAektpeyeptikr) Suvapun € pag nnyng ekdppalel tnv evép-
YEWL ava povada nAektpikou ¢optiou mov npoodEPEL N INyR
OT0 KUKAWHAL.

O 0po¢ nAektpeyeptikr) Suvaun Sev elval KOVOMOLNTIKOG,
ylati n HEA 8ev gival d0vaun, aAld, onwg daivetat and tnv
T(PONYOUHEVN ox€an, £XeL povada pHétpnong tdla pe tn Stadopa
Suvapikou.

Av Slapécoupe aplBUNT Kol TTAPOVOUAOTH TG oxeong (22)
LLE TO XPOVO t, EXOUE:

g=V _g_Wit_g_"P

q q/t I
Etol, n nAektpeyeptikn duvaun £ pag mnyng Sivetat kot
amo 1o mNAiko TNG Loxvog P, TTOU TTAPEXEL N TNy 0TO KUKAWUQ,



H nlextpeyeptin oovaun exppaler v
EVEPYELD. OV LLOVEIQ NAEKTPIKOD (POPTIOD
OV TPOTPEPEL TN OTO KOKAWUA.

Ewova 2.8-46.

Mrazapia.
Ewova 2.8-47.
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TPOG TNV €vtaon Tou pelpatog | mou Slappéel To KUKAWHAL.
AnAadn:

E=— (23)

H nAeKkTpIKn TNyn £ival oUCLAOTIKA £VAC EVEPYELAKOG ETA-
Tpoméag, SnAadn UETATPEMEL O NAEKTPLKN EVEPYELA, HLOG
AAANC HopPNC EVEPYELQ, TTIOU UTTOPEL VO ELVOL XNULKE, KNXOVLKA,
Bepuikn, aktwoPoAiag. Itnv k. 46 kKABe Bayovakl MAPLOTAVEL
doptio 1C. H nAektpikn mnyn Sev mapayel NAeKTplkO doptio,
oAAG amodidel oe kABe 1C oplOUEVN TTOCOTNTA EVEPYELAG, TIOU
kaBopiletal and tnv HEA tnc. Av r.x. n minyn €xet HEA 3V, tote
o€ kaBe 1C amobidel evépyela 3J.

H nAektpeyepTikn SUvVapN pLaG NyNG avaypadeTaL oTo mepi-
BAnua tng (ek. 47).

EocwTtepLkn avtiotaon nnyng

Otav pa nAekTplkn nyn dloppEetal and NAEKTPIKO pelua,
Slamiotwvoupe OtL Beppaivetal. H Bepudtnta mou avamtuo-
ocTalL HEoO OTnV Tnyn, odelletal otnv avtiotacn, mOU aUTH
napeUBANAEL. H avtioTaon autr) amoteAel XapOoKTNPLOTIKO UEYE-
00¢ TNG MNYAG KOl OVOUATETAL ECWTEPLKA avTioTaon TG NYAG
Kot oUMBOAileTal pe r. H sowtepk avtiotaon tg MNyAg
ekdpaleL tn duockoAia, ToOu cuvavtd To NAEKTPLKO pela, OTaV
SLEpXeTaL péoa amo TNV mnyn.

(2.9)N6|.log tou Ohm ywa KAewoto
KOKAWHOL

Klg1ot0 koxAmpo pe mnyn kor avtiotdr.
Ewova 2.9-48.

Y€ €va KAELOTO KUKAWHA (€LK. 48) UTIAPXEL YEVVATPLA, TIOU EXEL
nAektpeyeptikr SUvapn € kat sowtepikf avtiotaon r. To efw-
TEPLKO KUKAWMO armoteAeital amd pa avtiotaon R. OL aywyol
TIOU XPNOLUOTIOLOUVTOL YLO T ouv&eooAoyla €xouv oo VTN
avtiotaon. To KUKAwHa StappeeTal amno pevpa Evtaong .
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Y€ XPOVLKO dlaotnua t, n mnyn Silvel evépyela:

W=Pt=W=E-It
n omola pPeTaTPENETOL O BepudTnTA
otnv avtiotaon R: Q=P R-t Kka
otnv avtiotaon r: Q=P-r-t

Ao tnv apxn dlatnpnong tng EVEPYELAG EXOULE:
W=Q,+Q, =& I't=P-R-t+r-t=
E=IR+I'r=>&E=IR+r)=>E=I-R, 7

_ &

Rok

H teleutaia oxéon amoteAel tn pabnuoatikn €kdppacn tou
vopou tou Ohm yla KAELOTO KUKAWMA, Kol SLATUTIWVETAL WG
33[

Z€ KAELOTO KUKAWWA, TTOU amOTEAEITAL OO NAEKTPLKN TtNyn
KOLL WHLKEG QVTLOTAOELG, N €vtach Tou pevpatog | mou Stappést
10 KUKAWp gival ion pe to nnAiko tng HEA tng mnyng € mpog
TV oAwki avtiotaon R, tou kukAwpartog.

Tdon otoug moAoug mnyn¢ (oALkn taon)

Keot6 kdxdopo. ue Tnyn kor aviotdr.
Ewova 2.9-49.

Oewpol e TO KUKAwHA TNG €K, 49. Emeldry ol aywyol ¢
ouvdeopoloyiag Al kal BA €xouv acripavtn avtiotaon, Ta akpa
I kot A tng avtiotaong R €xouv To (610 SUVAULKO e TOUG TTOAOUC
A kat B tng mnyng avtiotowa, dnAadn

VA = Vr Kol VB = VA.

Apa:V, -V, =V -V,



Xoparxtnpiotikn koumxddn Tnyig.
Ewova 2.9-50.

1 OO ZuvexEg NAEKTPLKO pEUUA

H tdon ota dkpa tng mnyrg V, - V, Aéyetal moAwkn tdon tng
nNYAG Kot cupBoAiletat pe V .

Emopévwc: V =V,
SnAadn n Taon otoug MOAOUG TNG TNy Elval Lon Ye T Taon
oTa akpa TnG avtiotaong R.

Elvaw 6pwe: V, =1 - R (a6 to vopo tov Ohm yia tuipa ayw-
you).
Apa: V. =I-R

Amo tnv apxn dlatipnong tng eVEPYELAG EXOULE:
W=Q;+Q, =& I-t=PR-t+*-r-t=
E=IR+I'r1=E=V +Ir=

V. =E-Ir (25)

NapatnpoUpue OTL 0" auTd To KAELOTO KUKAwpa n taocn V_
OTOUG OAOUG TNG TtNYAG Eiva ion pe TNV NAEKTPEYEPTLKA Suva-
KN € tng mnyn¢ eAaTTWEVN KATA TOoV tapayovta Ir, tou Aye-
TOL TTWON TAONG LECA OTNV TINyI).

Av TO KUKAWHA glval avolyto, Tote n nnyn 6e Slappéstal amno
pevua, dnAadn eival | = 0.

1=0
Apa: V. =E-1-r=>V_ =&

‘ETOL, UMTOPOUE VA TIOUE OTL:

H nAektpeyeptiky Svapn € g mnyAg sivan ion pe v
tdon V, otoug moAoug tng mnyng, otav n nnyn 8 Stappéetal
ano pevpa (I = 0).

Av n mnyn €ilvat Ibavikr, TOTe €XEL AUEANTEQ ECWTEPLKA AVTI-
otaon, 6nAadn eivatr = 0.

Apa: V, = 8—I~rr:0V7T =€.

‘ETOL UMOPOUUE VO TTOUUE OTL:

H nAektpeyeptiky SUvapun € g mnyAg sivan ion pe v
taon V_otoug ntoAoug Tng mnyng, 6tav n mnyn givou davikn (r
=0).

Av cUVOECOUE TOUG TTOAOUG TNG NYAG UE aywYyO aUeANTEQS
avtiotaong, SnAadn R = 0, Tote Aépe OTL N mnyn gival Bpayuku-
KAWHEVN.

Am6 10 vopo Tou Ohm yla KAELOTO KUKAWUA EXOULE:

E E R0 E

I:—:>I:—+r£>IB:—
R R r
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To pebpa AUTO €lval TO PEYLOTO TTOU UIMOPEL va SlappEéeL TNV
TtNynN Kot Aéyetal peUpa BPaxVKUKAWONG.

Amo tn oxéon V. =E-Ir KOATAOKEUALOUME TN XOPAKTNPLOTIKN
KOUTTUAN TNG MNYNG, Tou daivetat otnv €ik. 50.

MNapabeyua 12

Avo avuotdoelg R, = 5Q ko R, = 3Q ouvbdsovtal ot oelpd
KOIL TOL AKPOL TOU oUCTAHATOG cuvdéovtal e yevvAtpla HEA €
= 10V Kol EOWTEPLKAG avtiotaong r = 2Q.

Na BpeOouv:

o) n évtaon Tou PEUUATOG TTOU SLAPPEEL TO KUKAWHOL

B) n Tdon otoug MOAOUG TNG YEVVATPLAG KOL N TAGN OTa AKpa
™G R, kattng R,

¥) n oxXUG TG MNYNG Kat n LoXUG mov amnodideL n mnyn oto
€§WTEPLKO KUKAWHAL

A r
a) H évtaon | Tou pevpaTog mou SlappEeL To KUKAWHA lvat:
I= 2 =1I= & =1=1A
R, r+R;+R,

B) H tdon otoug mOAouC TG YEVVATPLAC ElvaL:
V,=E-1-r=V_ =10V-1A-2Q=V, =8V
H tdon ota dakpa tng R, eivad:

V,=IR, =V, =1A-50 =V, =5V
H tdon ota dakpa tng R, ivad:

V,=1R, =V, =1A-3Q =V, =3V
v) H 1oxU¢ tng mnyng eivad:
P, =EI=P  =10W

H wox0¢ mou amobidet n mnyn oto e€wTePIKO KUKAWUA Elvat:
P, =I’(R, +R,) =P, =8W

(A P, =P, P =EI-I’r=P, =8W)



Mopein kar oopfolionog diédov.
Ewova 2.11-51.

1 02 JUVEXEG NAEKTPLKO peUQ

(2.10) ATTOOEKTEC

ATOSEKTEG €lval OL CUOKEUEG OTLG OTIOLEG N NAEKTPLKA EVEP-
VELO. LETATPETETAL KATA TO HEYAAUTEPO UEPOG TNG OE EVEPYEL
AAANG popdng Stadopetikng amnod Beppotnta.

Ma mapddelypd, 0 QAVEULOTAPAC WE ATOOEKTNG HETATPETEL
TNV NAEKTPLKN EVEPYELA OE HNXAVLKA (TO HEYOAUTEPO UEPOG) Kall
og BeppotnTa (To UKPOTEPO UEPOC).

Zuvteleotng anodoong anodéktn ovoudletal To NAiko g
WPEAUNG LoxLVOoG (Tou Sivel 0 amobEKTNC), TPOG TN SATAVOUEVN
LoxU (rou bivoupue otov anodéktn). AnAadn:

o= Pog (26)
PSan

Anodoon anodEktn ovopaletal To:

0% = .- 100% = —2_.100% (27)
dam
Napadeyua 13
H Samavopevn nAekTpkn LoXUG o’ €vav aveplothpa givat
Py, = 200W kat n wdEAn pnxavikn woxog eivo P » = 160W.
Na Bpebel 0 cuvteAeoTtn§ anddoong Kat n andédoon Touv avepuL-
otnpa.

Avon
O ouvteAeotn¢ anodoonc ivat:
P
o=—2 :>oc=@:>0c=0,8
P&m

Kal n anodoon eivat:
a(%) = 0,8 - 100% = 80%

(2.11]Ai060g

‘Eva Baoko e€aptna ou XPNOLUOTOLELTAL TNV TNAedpaon,
oto padlédwvo, oToug NAEKTPOVLKOUG UTIOAOYLOTEC KoL € AAAQ
NAEKTPOVIKA KUKAwpaTa ivat n 8todog. Itnv k. 51 dpaivetal n
popdn TG Kot 0 cUUPOALOUOG TNG. ArtoteAeital amo duo Slado-
PETIKOUC NULaywyoL¢ Tou Bplokovtal os emadn. To xapaktnpt-
OTLKO TNG €lval otL:

a) H &iodog gival KaAog aywyoc (ayel eUKoAa), OTav n TAon
OTa AKPA TNG EXEL CUYKEKPLUEVN TIOALKOTNTA. H Tdon autr Aéye-
Tal t@on opdng ¢popag kol Aépe OtL n 6iodog ivar opOA MoAw-
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MEvN. TNV €lkOva 53 n 6lodog eival avaotpoda MOAWUEVN Kot
Sev ayel. O Aaumntnpoc 6 pwtoPoAet.

Aiodog opla, modwpévn. Aiodog ovioTpopa ToAWUE.
Ewova 2.11-52. Ewoéva 2.11-53.

Otav n 6iodo¢ eival opBA MoAwpEVN, To akpo NG Stédou Tou
oUVOEETaL PE TO BeTIKO MOAO pLag TNyng Aéyetal avodog Kal To
Ao akpo Afyetal KaBodog (sLk. 54). Itic 51660uU¢ e KUALVOPLKO
nepiBAnua, pla tawia StadopeTikol XPWUATOG Ao TO XPWUA
ToU TepIBARATOC Xxpnotpormoleital yia va dei€etl tnv kabodo.

Ot 6iobol pmopouv va kataotpadouv eUkoAa otav SlappEo-
VTOL A0 HEYAAEC EVIAOELG NAEKTPLKOU peUATOC. M aUTO TOTO-
BetolvTal 0T KUKAWUATA CUVOEUEVEC UE KATAAANAN avTioTaon
o€ O€lpa.

OL XapOKTNPLOTIKEG KAUTTUAEG pLag Stodou mupttiou (Si) kat
uLog dtodou yepuaviou (Ge) paivovtal otnv €ik. 55. Ano auTEg
daivetal ot otav n diodog eival avaotpoda moAwpévn b€
Slappéetal amnod pevpa. H iodog Si ayel, otav n epapuoldpevn
taon eival peyaAutepn amo 0,3V kat n 6iodog Ge ayel, otav n
epappolopevn taon sivol peyaivtepn ano 0,7V. Emiong, ¢ai-
VeTaL OTL, 6tav ol 6lodol Si kaL Ge Ayouv, n MTWON TACNG OTA
AaKpa Toug apapével otabepr kat epinou ton pe 0,3V kat 0,7V
avtiotolya.

EdappoyEg tng Stodou

o) NMpootaocio cuGKeLN G and AavOacpEvn ocuvdeon

H diodog mpooratever ) ovokevn omo lovOaouévy odvoeon.
Ewova 2.11-56.

Avodoc ko kGBodog d1000v.
Ewova 2.11-54.

Xopoxtnprotikés koundles ooowv Si
xa1 Ge.
Ewéva 2.11-55.
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H 6{o80¢ xpnolomoLeiTal yLa Vo TTPOOTATEVOEL LA CUCKEUN
ano AavBaopévn ouvdeon tnNg mNYNG. 2To KUKAWUA TNG ELKOVOG
56 0 BeTIkOG MOAOG TNG TNYNG TPEMEL va. cuvOeBel oTo A Kal o
0pVNTLKOG oTo B. Av katd AdBog n nnyr ouvdebel avamoda, Tote
To KUKAWHa &g SlappéeTal amod peva Kal SEV KATOOTPEDETAL N
OUOKEUN).

B) Npootaocio CUCKEUNG Ao «SLOKOTI) PEUHATOGH

To KUKAwHA TG €lKOVAG 57 XpNOLUOTOLELTAL YLo TNV TT(POOTA-
ola evOg NAEKTPOVIKOU UTIOAOYLOTH Ao Tn SLaKOT Tou NAEKTPL-
KoU peUOTOC.

H diodog mpootateiel T ovOKEVH AT «OLOKOT PEDUATOCH.
Ewova 2.11-57.

Otav umdpyel mapoxr, AELTOUPYEL TO ApPLOTEPO KUKAWUA
Kavovtag e€olkovounon tng pnatopiag. Av cupfel Stakomn g
TIAPOXNG, TOTE AsLTOUpPYEL TO Se€l KUKAWUA KAl n yrmatapia Tpo-
dob0oTel TOV NAEKTPOVIKO UTIOAOYLOTH.

y) H mOAn AND

H mOAn AND (elk. 58) ivat éva nAekTpoviKO KUKAwHA UE SUO
elo6dou¢ (Al kat Bl) kot pua €€o0do (Ar). Xpnowpomnoleitat, otav
BéNoupe va untdpxel Taon (rx. V, = 5V) otnv £€odo Ar, edpdoov
UTtdpXeL Taon (TLX. peyalltepn and V_ = 5V) kau otnv elcodo Al
Ko otnv elcodo BI.

Me aUTOV TOV TPOTIO UTTOPOULE VO KAVOU LLE TOV EAEYXO GAAWV
KUKAWUATWV.

Aewtoupyia tng mUANGg AND

1o\ AND.
Ewkéva 2.11-58.
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i) 2To KUKAWHA TNG ELKOVOAG 58 n mnyn Tpododoaoiag eival 5 V.
Av oL tdoelg V, kai V, eival peyolUtepeg 1y loeg amnd 5V, ToTe oL
SlodoL bev ayouv. Apa, kot ta SU0 Akpa Tou avtlotatn R €xouv To
i6lo duvauiko, ondte n tdon e§ddou eivau V, . =V_=5V.

i) Av n tdon V, eivaw ueyaAutepn f ion amo 5V kawn taon V.
= 0 (to B eival aywylpa cuvdepévo pe to ), tote n 6iodog A dev
aye, evw n 6iodog B ayel. Av oL Siodol elval amnd nuptitio (Si), n
Taon ota akpa tng dtodou B ival 0,7V, dnAadn nepinou OV. Etoy,
n tdon e€ddou elvar V, =V_=0V.

i) Napopota, av n tdon V,, eivat peyakutepn i ion amo 5V kat
n tdon V,, = 0 (to A eivat aywylua cuvbepevo pe to I), n tdon
ggobou V, elvau V, =V_=0V.

iv) Mapopota, av ot taoeg V, =0 kaw V. = 0 (kat To A kat To
B eivat aywywua ouvdepeva pe o I, n tdon e€ddou eivar V, . =
VvV =0V.

Nivakag aAnBeiag yia tnv mpa&n AND

Av avtiotolyiooupe taon 0V oto 0 kot Tdon HeyaAUTePN 1 on
amod 5V oto 1, kataokeuAloU e TOV TTAPAKATW TILVOKA, TTOU AEye-
Tal mivakag aAnBsiag yia tnv tpa&n AND.

A B

0
0
1
1

|l ool ol ™

0
1
0
1

A6 autov paivetal 6tLn tdon e€060u eival peyaAltepn 1 ton
ano 5V (I'=1), av kawn taon V, kain tdon V, elvol peyoAitepeg
N loeg and 5V (A=1kat B =1).

loodvvauo kokiwua wpaéng AND.
Ewova 2.11-59.

Tov (810 Tivaka €XOUPE Kal yla To KUKAWHA TNG €Kovag 59,
omou, yla va avael n Adura (M= 1), mpenet kaw o Stakomtng A va
elval kAelotog (A = 1) kat o dtakomtng B va eivat kKAeLotog (B = 1).
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6) H muAn OR

H mOAn OR (etk. 60) gival €éva NAEKTPOVIKO KUKAwHA pe SUo
gl0060u¢ (AT kat Bl) kot pa €€o0do (Ar). Xpnoiwuormnoleitat, otav
B€Aoupe va umtdpyel taon otnv £€€0do Al, epdooV UTIAPYXEL TACN
N otnv eicodo Al | otnv eicodo BI. Me auUTOV TOV TPOMO WIO-
POUE VO KAVOULE TOV EAEYX0 AAAWV KUKAWUATWV.

I1v/n OR.
Ewova 2.11-60.

Aewtoupyia tng mUANg OR

i) 210 KUKAWPA TNG €lKOVAG 60, av oL TdoeLg eivat V, = 0 kat
V,, = 0 (kat to A kat to B eival aywyua cuvbepéva ue o I, tote
Sev unapxeL pevpa. Apa, n tdon g§odou eivaw V, =V_=0.

ii) Av n taon V, eivaw Betikn (ry. 5V) kawn taon V, =0 n blo-
60¢ A ayel, evw n 6iodog B dev ayel. Av oL biodol eival amnod nupi-
Two (Si), n T@on ota akpa tng dtodou A eival 0,7V. Apa, n ta@on
ggodou elvaw V, =V _=4,3V. Oewpwvrag tnv tdon tng 6todou A
nepinou pndév, n tdon e€ddou eivaL V, =V_=5V.

i) Napoépowa, av ntaon V, =0 (to A eivat aywyua cuvoepe-
vo pe to I katn tdon V, eivat Betikn (m.x. 5V), tote V, =V_=5V.

iv) Mapopota, av oL taoelg V, kat V- eivat Betikeg (. 5V),
oteV, =V _=5V.

Nivakag aAnBeiag ywa tnv mpagn OR

Av avtiotolyiooupe taon OV oto 0 kat tnv t@on 5V oto 1,
KOTOLOKEUA{OUUE TOV TOPAKATW TIVOKA, TIOU AEYETAL TIVOKOG
aAnBeiag yia tnv npagn OR.

(S
(S

- = | | P
[—]

Lol I
[U
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Amo autov daivetal otLn taon e€66ou eival Betikn (M= 1), av
TouAdxtotov pio amo TG tdoelg V, kal V, elval Btk (A=11 B
=1A4A=1,B=1).

looovvouo kokioua tpacng OR.
Ewkova 2.11-61.

Tov (610 mivaka €XOUHE KOL Yyl TO KUKAWHA TNG €KOvVaG 61,
omou, yla va avapel n Aauna (I = 1) mpEneL TOUAAXLOTOV £vVaG
arnd toug Stakomrteg A kat B va elvat kAewotog (A=1AB=1R1A
=1,B=1).
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NEPINAHWH

‘Evtaon nAEKTPIKOU PEUUATOG

H €vtaon | Tou nAekTplkoU pevpATOC TTOU SLappEEL Evav aywyo LooU-
TOlL HE To mNAilko Tou doptiou g, Tou TEPVA Ao ULa SLAToUA Tou aywyou
0€ XPOVO t, PO TO XPOVo t.

—
I
- |2

210 S.I. petplétal o A (Ampére).

Taon n dtadopd Suvapikou
H attia Tou NAekTplkoU PEUHATOG.
210 S.I. petpiétal oe V (Volt).

1lo¢ kavovag tou Kirchhoff
Y’ éva KOUPo TO OAyEPpPLKO ABPOLOUA TWV EVIACEWV TWV PEUUATWV
LooUTaL PUE UNGEV.
=0

206 Kavovag tov Kirchhoff
Y’ éva Bpoxo to ahyeBplkd abBpolopa Twv Stadopwyv SuvapLkol LooU-
ToL HE unbév.
3(aV) =0

Avtiotaon aywyou

H avtiotaon R evog aywyol Looutal Ye To mnAiko Tng tdong V mou
edapudletal ota AKpa TOU TPoG TNV évtacn | Tou pelHATOG TTIOU TOV
Sloppéel.

210 S.I. petplétal og Q (Ohm).

N6pog tou Ohm ywa avtiotatn
H évtaon tou pevpatog mou Slappéel €vav avtlotatn (METAAALKO
aywyo) otabepn¢ Bepuokpaoiag ival avaloyn tng TAcng mou epapuo-
{eTal oTO AKPOL TOU.
1=y
R
Amno T e§aptdrtal n avriotaon aywyou
H avtiotaon R evog aywyoul Tou XL TN Lopdr KUALVEPLKOU CUPHLOTOG
elval avaloyn Tou PUAKoUC Tou aywyou, avilotpodwc avaloyn Tou supa-
S00 Slatoung Tou Kat e€aptatal amod to UALKO Kal tn Bepuokpaacia tou.



¢
Ry =pg—
S

Po = Po(1+00)

ZUVOEON OVTLOTAOEWV OE OELPA
=1 =1 =

V=V +V, +..
R=R +R, +..

Z0véeon avtiotaoswyv napaAiAnia

V=V =V,=
=1 +1+
1 1 1
=—+—
Ro>\ R1 RZ

EvépyeLa TOU NAEKTPLKOU PEVATOG
W=V-I-t
levikd: W=V -1|-t

. 5 v?
2e avtotatn: W=V-I-.t=I"-R-t :?-t

210 S.I. petptétal o J (Joule)

loxU¢ Tou nAekTpLKOU pelLATOG

1 09 ZuvexEg NAEKTPLKO pEUUA

H woxU¢ Tou NAeKTPLKOU PEVUATOG LOOUTAL UE TO TNALKO TNG
NAEKTPLKAG EVEPYELOG TTOU TIPOdEPETAL OE XPOVO t, TTPOC TO XPOVO

t.
p=Y
t

210 S.I. petplétal oe W (Watt)
levika: P=V - |

e avuotatn: P=V-1=12- R=V?R

NApog tou Joule

To Mmoo BeppotnTag mMou ekAUETOL 0' Eva PETAAALKO aywyo
otaBepng Bepuokpaoiag eival avaloyo Tou TETPAYWVOU TNG
€VTAONG TOU PEUUOTOG IOV ToV SlappEEL, avaioyo Tng avtiota-
ONG TOU KOl OvAAOyo TOu XpoOvou OLEAEUONC TOU NAEKTPLKOU

PEVATOG.

Q=PF-R-t
Q=1>-R-t(ocJoule)
Q=0,24-1>-R -t (o€ cal)
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HAektpeyeptikn Suvapun nnyng (HEA)

H nAektpeyeptiky SUvapn KOG mNYNG €lval n evépysla ava
povada nAektplkol ¢opTiou mou TPoodEPEL N TNy O0TO KUKAW-
po. H nAektpeyeptiky dUvapn pog mnyng loovutol Ue to TnAiko
NG LOXVUOG TIOU TTAPEXEL N TINYN OTO KUKAWWUA, TIPOG TNV €viaon
TOU pEUHOTOC TIOU TO SlappEEL.

w

="
q

g=2
I

210 S.I. petplétat og V (Volt).

N6pog tou Ohm yia KAELOTO KUKAWHA

Ye KAELWOTO KUKAWUQ, TIOU amoteAs(tal amd NAEKTPLKN TNy
KOl WULKEC OVTLOTAOELG, N €VTaon TOU peLUATOC TToU SlappEEL TO
KUKAwp glval ton pe to mnAiko tn¢ HEA tng mnyng mpog tnv oALkA
avtiotaon Tou KUKAWUOTOGC.

=&
Rok
MoAwn tdon nnyng
H tdon otoug moAoug pLag nyng elvat ton e TNV NAeKTpeyep-
Tk SUvapn TNG NYNE LElOV TNV TTWon TAoNG HECO OTNV TtNy).
v,=E-Ir

Aiodog
OpBa moAwpévn: Kahog aywyoc.
Avaotpoda moAwpevn: Kakog aywyog.

Nivakag aAnBsiag tng npagng AND

A B r

0 0 0

0 1 0

1 0 0

1 1 1
=1 av kat A=1 kat B=1

NMivakag aAnBseiag tng npagng OR

A B r
0 0 0
0 1 1
1 0 1
1 1 1

r=1 av jA=14 B=11H A=1, B=1
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Ztpatnylkny emilvong npoPfAnpatwyv

A. MeBoboloyia yLa aoKNOELG LE CUVSEGOAOYLO AVTILOTAGEWVY

Bplokoupe opddeg avtiotdocwv (§U0 1 MepLocOTEPES) MOV CUVEED-
vTal LETagV Toug, eite oe oelpa, eite mapAaAAnAa. Bplokoupe tnv 1oodu-
vapn avtiotaon tTng opdadog autwy TwV OVTLOTACEWVY Kal oXeOLATOUUE
TO VEO KUKAWUA. Mpoxwpaue HEXPL VA KATOANEOUUE O ia avtiotaon,
VR,

Av 800 N TEPLOOOTEPEC AVTLOTAOEL CUVOEOVTOL OE OELPQA, TIPETEL
va BpoUpE TNV €évtaon Tou PeUUATOC TIoU TIG Slappéel, evw av dUo A
TIEPLOOOTEPEG AVTLOTACEL cuvSEovTal mapAaAAnAa, TPEMEL va. BpoUe
TNV KOLVI Toug Tadon.

B. MeBobdoAoyia yia eniAuon KUKAwHATog Le Toug Kavoveg Kirchhoff

1. e kaBe kKAASO TOU KUKAWUATOG ONUELWVOUUE aubaipeta pia
dopa evtaong pevpatoc. O aplBpog TwV PEVUATWY LoOUTAL LE TOV apLO-
HO Twv KAadwv, €o0Tw A.

2. Av 010 KUKAWMO UTIAPXOUV K KOpBoL epapuodlou e tov 1o Kavo-
va Kirchhoff (k - 1) popég kat tov 20 kavova Kirchhoff A - (k-1) =A -k +
1 dpopéc.

Av KLvoUpEevol kata tn ¢dopd Staypadng mou SLaAEEaUE, cUVAVTAUE
TIPWTO TOV APVNTIKO TTOAO TNG yevvntplag, otnv H.E.A. TnNG yevwnTpLOg
BETou e MPOONUO BETIKO, EVw BETOUHE MPOCNO APVNTLKO OTNV avTiBe-
N nepimtwon.

Av KLvoUpEevol kata tn ¢dopd Staypadng mou SLaAEEaUE, cUVAVTAUE
ovtiotoon Kol KIVvoUUOOTE OpOpPPOTa HE TO PEVUMA, OTO Yywvopevo IR
BETOUE TPOONUO APVNTLKO, VW BETOUE TTPpOONUO BETIKO oTNV avTiBe-
N nepimtwon.

3. AUvoupe 1o clotnua Twv A €§LOWOEWV TTOU TIPOKUTITEL. AV KaTA
™ AUOn, KAmol TWUA €vtacng PeVUMATOG TPOKUWPEL apvnTiKh, oUTO
onuaivel 6tL n dopad, MOV CNUELWOOUE APXLKA, Elval avTiBeTn ¢ pay-
HOTLKAC.

. MeBodoloyia ywa eUpeon Siwadopag duvopikol petall duvo
onMeiwvV

MNa va Bpovue t Sladopd Suvapilkol petafly Svo onueiwv A, B
epapudlovpe ) oxéon:

V, +3(AV) =V, (1)

ZEKWVAUE amod To onUelo A Kal «Ttnyolivoupe» oto onpeio B.

Mpoooxn: Mpwv epapudcoupe tn oxéon (1) mpEmel va €oUpE €MAU-
OEL TO KUKAWUO KOL VO EXOULE CNUELWOEL TIC CWOTEG POPEC TWV PEUUA-
TWV.

A. MeBoboloyia yLa AOKNOELG UE TIUKVWTEG 0E KUKAWHA CUVEXOUG
pevpaTOG

Y& KUKAWUO OUVEXOUC PEULOTOC, OTAV O TIUKVWTNG €lval GOpTLOUEVOC
O¢e Slappéstal and pev U, EMOUEVWE AELTOUPYEL WG AVOLKTOG SLAKOTITNG.
MNna va Bpolpe To GoPTIO TOU TIUKVWTNA:
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1. EmAUoupe to KUKAWUA, SnAadn BploKOUUE TIC EVTAOCELC TWV PEU-
Hatwy mou Slappéouv kABe avtiotaon.

2. Bpiokoupe ™ Stadopd Suvaplkol HETAEU TwV OnUElWV, TTOU O
TIUKVWTING OUVOEETAL 0TO KUKAWLLA.

3. Bplokoupe to poptio Tou MuKvWTH amnod tn oxéonq=C- V.

E. MeBoboAoyia yLa LOKNOELG ME VELWOELG

H olvbeon evog onueiou EvOg KUKAWMOTOG E TN yn ovoualetal Yei-
won.

o) 210 KUKAWUO €XOUUE PLa YElwOn.

1. To onuelo TOU KUKAWUATOG TIOU YeLWVETAL (T.X. To A) Qmoktd
SUVOULKO pNbGEv.

2. O kAadocg tng yelwong m.x. o Al &€ Stappéetat and pevpa, apou
Sev amoteAel TUAHA KAELOTOU KUKAWUATOG.

3. H pla yeliwon 6& petafAarel T EVIACEL TWV PEUVUATWY TIOU
Slappéouv To KUKAwUA, oUTe TIG Stadopég Suvapikol (o Al 6 Stappée-
TOL Ao peVUpA). Ta SuVAULIKA OPWCE Twv Sladopwv onueiwv eaptwvtat
arnod To onuelo tTnNg yelwong.

B) 2to KUKAwWHA £XOUHE SUO N TEPLOCOTEPEC YELWOELG.

Ol yelwoeLg KAelvouv KUKAWMO LECW TNG VNG, Se60UEVOU OTLN yn Bew-
peltal aywyog pe apeAntéa avtiotaon. Etol, av €xoupe dU0 N MEPLOCO-
TEPEC YELWOELG, TIC CUVOEOUE LE TOV aywyo Kal adprvou e pLa yeiwaon.
Ot 8U0 YEWWOELG, YEVIKA, LETABAAAOUV TO KUKAWMO KOL TIG EVIACELG TWV
PEUMATWYV TIOU TO SLoppEOUV.

IT. MeBoboloyia yLo LOKNOELG LE KLVNTHPEG

1. Otav évag Kvntnpag elval cuvOeUEVOG 0TO KUKAWUA Kal 8 OTpE-
detal, TOTE CUPUETEXEL OTO KUKAWUA HOVO HE TNV ECWTEPLKA TOU AVTi-
otaon r'. O vopog tou Ohm yia KAELOTO KUKAWHA LoXUEL KOl YPADETAL WG
e&ne:

E=I'R, =I(R+r+1) (1)
omou | n évtaon Tou PEUMATOC TOU SLopPEEL TO KUKAWHA, OTOaV O
Kwvntpog 6 otpédetal.

2. Otav o KwNnTAPac OTPEPETAL, TOTE AMOSISEL UNXAVIK LOXU Py
AvP.n LoxUG Tou TPOodEPETAL OTOV KLVNTNPQ, P N HNXOVLKA LoxX0UG
nou anodidet o kwntrpag kat P, n Bepuikn LoxUG oTOV KVNTAPQ, LOXVEL:

P =P 4P =VI=P +Pr

Hn

O ouVTEAEDTHG amOd00NG TOU KLVNTAPA lval:

P, P
o= ¢ T Hny (2)

Py, VI
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Aupéva mpoBARpato
MpoBAnua 1

H évtaon Tou peUNATOG MOV SLoPPEEL Evav aywyo Slvetal ano t
oxéon | =10 + 2t (t o€ s, | o€ A).

a) Na yivel n ypadkn napactoon | = f(t).

B) Na Bpeite To dpoptio mou Mepva and pio SLatopn Tou aywyou
OE XPOVO 5s.

Avan

a) H eflowon | = f(t) elvaw e€lowon mpwtou Babuol wg mpog t.
Emopévwg, n ypadikn tng mapaoctaon eival euBeia.

Mat=0eival | = 10A.

Mat=>5seivatl = (10 + 2 - 5)A = 20A.

H ypadikn tng mapdotaon daivetal oto SutAavo oxnua.

B) H évtaon | Tou pebpatocg dev eival otabepn. Emopévwg, S pmo-
POULE VO XPNOLUOTIOLOOUE TN oXéon g = | - t. To dopTio g mou nepva
oo Lo Statopn Tou aywyou amo t =0 wgt =5 s elval (oo aplBuntika
LE TO YPAUUOOKLAOUEVO EUPBado otn ypadikn napaoctaon | = f(t).

, 1
Apa: q:5(10+20)5:>q:75C

MpoBAnua 2

Avo avuotdoeig R, = 6Q kat R, = 3Q cuvdcovtal napdAinAa. Ze
OELPA LE TO OUVSUACUO TWV aVTLOTACEWY cuvbéetau avtiotaon R, =
10Q kat tapdAAnAa pe To cUCTAUA TWV TPLWV MPWTWV AVTILOTACEWV
cuvbéetal avtiotaocn R, = 4Q. Zta dkpa g cuvdeopoloyiag edap-
poletan taon V = 36V. Na BpeBolv:

a) H .oodUvaun avtiotaon thg cuvéeopoAoyiag.

B) H taon ota akpa kABs avtiotacng, n £viacn Tou PEUHATOG
Tou Sappéel KABe avtiotaon Kat n €viacn mou dLappEeL TNV nnyn
tpododooiag.

Adven

a) Ovavtiotdoelg R, kat R, ouvdeovtal mapdMnAa (ox. a). H woo-
8Uvapn avtiotaon R, divetal and tn oxéon:

LI R N S LS BN
R, R, R, R, +R,

Ot avtiotdoelg R, ko R, cuvdeovtal oe oepa (ox. B). H .oobvva-

un avtiotaon R, eivad:

Rip =Ry +Ry = Ryp; =12Q
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Ot avtiotdoelg R . kat R, ouvdeovtat mapdAnAa (o. v)
OToTE N LooSuvapun avtiotaon R divetal anod tn oxéon:

L_1 1 o_ Rk,

_ — = R =3Q

B) H évtaon | Tou pelpatog mou SLAPPEEL TNV TTNYN TPO-
dobooiag katL tnv Looduvaun avtiotaon R untoAoyiletal pe
N BonBeta tou vopou tou Ohm oto KUKAwpa (6).

I:X:>I=§A:12A
R 3

Ot avtiotdoelg R ,, kat R, £xouv kowvr| tdon, Tou eival
ton He tnv tdon tpododociag V. Amd to vopo tou Ohm
umoloyifou e TiG evtdoelg |, kat I, . (oX. v):

Vv,V 36

R, R, 4
V
123 R123 12

Ot avtiotaocelg R, kat R, cuvdéovtal oe oelpd, onodte
Slappéovtal amno to idlo pebpa, ou eival ioo pPe To pelpa

nou SlappeeL tnv avtiotaon R ,, (ox. B). AnAadn:

I123 =l = 13 =3A

Edapuolovtag 1o vopo tou Ohm yla TIG AvVTLOTACELS R,
kat R, Bplokoupe:

Vv
13:R—3:>V3:I3R3:>V3:3'10V:>V3:30V
3

V,
Ko Iy = Ri = Vip =IpRyy =V =32V =V, =6V
12
Ot avtiotaocelg R, kat R, ouvéeovtal maparnAa, ondte

€xouv kowvn tdon, mou eivat ton ue tnv taon V , (ox. a):

Edappogovtag to vopo tou Ohm yia Tig avilotdoelg R
kat R, Bplokoupe:

R, 3
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NMpoBAnua 3

Aivetan to SumAavo kKUKAwpa. Ot TLpéG Twv HEA Kol Twv e0w-
TEPLKWV OVILOTAGEWV TwV Mnywv givat € =1V, €, =2V, g, =
3V kair, =1Q,r,=0,5Q, r, = 0,33Q. Na BpeBoulv ta peupata nov
Slappéouv KaBs KAASO TOU KUKAWpATOG Kat N Stadopd duvaput-
KOU V.

r

Abon

Bplokoupe toug KOMPoOuUg Kal Toug KAASOUG O0TO KUKAWMA.
‘Exoupe Toug KOpBoug A kat I kat toug kKAadoucg ABI, AT kat AAT.

1) e k@Be kAAd0O TOU KUKAWMATOC ONUELWVOULE auBaipeta
uLa popad évraong pevUATOC.

2) Edapupoloupe tov 1o kavova tou Kirchhoff yia tov koppo A.
EXOUUE:

|+1,-1,=0(1)

3) Edoapudlouvpe 1o 20 Kavova tou Kirchhoff otoug Bpoxoug
ABTA kat ABAA. Ma to Bpoxo MBAT:

€ +1r +1R - € -Lr,=0(2)
Ma to Bpoxo ATAA:
-€, -Lr,+& - Lr,- LR, =0(3)

AUvoupe To cuotnua Twv elowoswv (1), (2), (3) ondte mMpokL-
TITOUV Ol TLUEG

5 8
L=5A, L=05A, L=CA

Ol Tpelg evtaoelg elval BeTikéG. AUTO onuaivel OTL ol popeig
Tou ekAE€ape auBailpeTa apyLlka ivol ol CWOTEG.

B) H 6ladopa duvauikou V, Bpiloketal wg e§AG:
V,-€-1r,=V.= V,-V = & +1lr,
V, -V, = 2V +0,5A-0,5Q = V, = 2,25V
MpoBAnua 4

2to kUKAwpa tou SumAavol oxApatog divovral R, = 2Q, R, =
30, V=10V kat C = 1uF. Na Bpe0Oei to dpoptio Tou MUKVWTA.
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Avan

Y& KUKAWHO oUVEXOUC PEUHATOC, O TIUKVWTAG AELTOUPYEL WG
Slakoéntng. Emopévwg, to pevpa | 6 dtakAadiletal oto onueio
B, Slappéel Tig R, kat R, mou cuvéeovtal oe oelpd, evw n R 6¢
Slappéetal and pevpa. Ano 1o vopo tou Ohm €xoupe:

Vv Vv
= =1=
Ry R, +R,;

=1=2A

H tdon V. ota dkpa tou mukvwtn gival

V =V, =R, = V =6V

C

Apa g =CV_ = q=6uCb.
MpoBAnua 5

Frevvntpla pe HEA € = 100V Kol ECWTEPLKN avtiotaon r = 2Q
ouvééetal péow avtiotaong R = 5Q pe KvnTAPA ECWTEPLKAG
avtiotaong r' = 3Q. H évtaon tou peUHATOC TOU SLappEEL TO
KOKAwHA, 0tav o Kwvntipog otpédetal eival | = 5A.

a) Na BpeBei n évtaon I, Tou pelpatog mov Srappeet o
KOKAWHQ, 0tav o Kwvntipog 8 otpédetal.

B) Otav o kwvntRpag otpedetal, va Bpebouv:

1. n LoXUG MOV TAPEXEL N YEVVATPLAL

2. n woXUG mov MPoodEPETAL GTOV KLVNTHPO

3. n OgpuIKA LOXUG OTOV KLVNTAPA Kol 0T0 KUKAwua
4. n MNXOVLKA LOXUG TOU Kvntrpa

v) Na BpeBel 0 ouvteAeoTi¢ anddoong Tou Kwvntrpa.

7

Avan
a) Otav o kvntipag 6 oTpEPETAL, CULUETEXEL OTO KUKAWUA
WG WHLKA avtiotaon. Ano to vopo tov Ohm éxoupe:

E=I'R, = E=1,R+r+r)=1,=10A (1)
B) 1. H 1oxU¢ mou mapEXeL n yevvATpLa Elval:
P, =E1=500W
2. H woxUu¢ mou mpoodEpeTaL OTOV KlvnTApA €lval:
P =V.I=[E-IR+1)]I= P =325W
3. H Bgpuikn LoxuG oTov Kvntnpa elvat:

Py v = 1" =75W
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H Bepuikn LoxUg oto KUKAwH lvat:
Py, =Ry, =I*(r+1'+R)=250W
4. H pnxovikn oxug Tou Kivntnpa Bpiloketal wg €Nc:

Pooy = Poop + Py = Py = S00W —250W = 250W

(h P =Py, +Py =P, =P —Py =325W—75W =250W )

y) O ocuvteAeoTrc anodoong Tou Kvnthpa eivat:

P P 2 1
o zazﬂ:ﬂx:%:ﬂng

darm K

o=






1 1 9 JUVEXEC NAEKTPLKO pEUUA

EpwtNOoEeLg - ApooTNPLOTNTEC

1

. ZNUElWOoTE He (X) TN owotA amdvinon. Eva

HNXAVLKO avaAoyo tnG NAEKTPLKAG TNYAG

elvat:

a) o avBpwmog mou dnuLoupyel pon odalt-
pL&ilwv og cwAnva

B) n avtAia

y) n Stadopd nieong

6) n pon uypou péoa og cwAnNRvVa

i

.Inuewwote pe (X) Tn ocwotn amdvinon. Av

€va XaAkwvo olppa StmAwOel ota duo, tote
n €l81kn Tou avtiotaon:
o) mapapével otabepn
B) dumAaolaletal

y) umodumAaoialetol

6) unotetpanAacialetal

i

. Inuewwote e (X) tn owotn andavinon. O vo-

pog tou Ohm yla avtiotatn LoxveL otav:

a) n tdon tou eival otabepn

B) n Bepuokpaocia Tou eival otabepn

Y) 0 Bepuikdg cuvteAeotng avtiotaong eiva
otaBepog

8) n Beppokpaocia avavetal

11l

il

. ZNUElwoTE e (X) TN owoth amdvinon. Av

UELWOOUE TNV OvVTioOTAON MLOG NAEKTPLKAG
Bepudotpag, TOTE N LOXUG TNG:
o) LELWVETOL

B) avéavetal

y) mapapével otabepn)

6) undeviletal

1l

. ZnUewwoTe pe (X) tTn owoTtn anavinon. Av n

TAON oTa AKPO HLag aviiotaong SumAaolad-
{etal, TOTE n BepudTNTA MOU EKAVUETAL OTOV
(610 xpovo, petafaAAetal:
a) 100%
B) 200%
y) 300%
8) 400%

1

. Na onuewwoete () otig owoTEG Kat (A) oTLg

AovOaOUEVEC TPOTAOELG.

a) H mpayuatikry dopd tou nAekTpLkoL
pevpatocg eivat n popa kivnong Twv
eAevBépwv nAektpoviwy

B) H nAektpikni mnyn mapayet
NAeKTPLKA dopTia

v) H évtaon tou nAekTplkoU pev-
poatog Sivetat amo tov timo | =q - t
KoL oto S.l. petplétal og A

6) H taxvutnta dtoAicBnong toovtat
LE TNV TAXUTNTA TOU dWTOG

Jo 0l

. Na onupewwoete (2) oTIC oWOTEC Kal (A) oTIC

AovOaouEVEG MPOTACELG.

o) To BOATOUETPO E€XEL HEYAAUTEPN
avtiotaon amnd To aAUMEPOUETPO

B) O 1og kavovoag tou Kirchhoff
elval ouvénela tng apxng diatn-

pNOoNG TNG EVEPYELAG [ ]
v) To BoAtouetpo ocuvbéetal oto

KUKAwpa TopaAAnia, evw TO

OUTIEPOUETPO OE OELPA 1]
6) O 20¢ Kavovog tov Kirchhoff

elval ouvénela tng apxng diatn-

pnong tou ¢optiou 1]

. Na onuelwoete () 0TI owWOoTEC KaL (A) oTLg

AovOaouEVEC MPOTACELG.

o) OL 6poL «AVTLOTATAGY» Kol
«avtiotaon» tavtilovral

B) H avtioctaon evog aywyou e€apta-
TaL ano tn Beppokpacia Tou

v) H eldwkn avtiotaon e€aptatal
Qo TA YEWUETPLKA OTOLXEL
TOU Oywyou

6) Evac avtiotatng €xeL avtiotaon
10Q

1]

1]
1]

. Na KQVETE TIC AVTLOTOLXLOELG TwV PUOLKWV

peyeBwv KoL Twv povadwv pétpnong.

1) doptio q a) w
2) évtaon | . . B) C
3) tdon V ' . v) J
4) evépyela W . . 6) A
5) toxug P ' . €) \Y

6) HEA €
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11.

12.

13.
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Na onuelwoete (2) 0TIC CWOTEC Kal (A) oTLg

AovOaouéveg MPOTACELG:

a) H petaBAnt avtioctaon pmopet
va AELTOUPYNOEL KL WG TIOTEVOL-
OUETPO KOL WG POOCTATNG

B) To movtevolopeTpo eivatl pubut-
OTNC TAONG

v) O poootdtng eival puBuLoTAg
NAEKTPLKOU PEVOTOG

6) Xto poootdatn O6An n petapAn-
™\ avtiotaon Slappéetal amnod
pevpa

Inninigl

Mola avtiotaon eival peyaAltepn, TNG
NAEKTPLKNG Koulivag f} Tou NAEKTPLKOU Aa-
untnpa ¢wtlopoL; Na StKaloAoyrnoeTe TNV
amnavinon cag.

Evag avtiotatng SloppEeTal and peva.

No onpelwoete (2) otig owoTEC Kal (A)oTLg

AovOaoUEVEG MTPOTAOELG.
1

a)R:V L1

B)P=V-I L1

v)P:E L]
t

S)W=V-1l-t [ ]

Muia nAektplkn Bepudaoctpa Slappeetal anod

pevUQL.

Na onuelwoete (2) 0TI cWOoTEC Kat (A) oTLg

AovOaoUEVEG MPOTAOELC.

a) to Mocod BepudTNTAC MOU EKAU-
€L n Bepupdotpa oto meptfailov
LooUTaL LE TO OO0 TNG NAEKTPL-
KNG eVépyeLag mou anoppodad

B) To moood BepuodTnTAg TMOU €KAL-
€L n Bepudotpa oto meplfailov
elvaL avaloyo pe tnv évtaon Tou
peUUATOC TTOU TN SlappéEet

Y) n wxug tng Bepudotpag eival
avaioyn tng avtiotaong tng

1

[ ]
[ ]

14. Muwa nAektpikn Kouliva avaypdadeL To oToL-

xela «2KW, 220V». Mota TLun mpémeLva €xeL
N aoPpAAELA TNC, AV OTO EUNMOPLO UTIAPYXOUV
aodaleleg 1,2,4,6,8,10,15,25,35A;

15.

16.

17.

18.

19.

20.

INUELWOTE PE X TN CWOTH anavtnon.
a) 1A

B) 6A

y) 10A

8) 25A

i

Na KAVETE TIG OVTLOTOLXLOELG HETAEY TWV
HEYEBWVY Kal Twv TUMWV Tou avadEpovTtal
o’ évav avtiotatn:

1) taon o« o a) VI
2)  évtoon o« . B) I2RAt
3)  evépyEld o e v) V/I
4) LoxLg o« o 8) V/R

. 3] I-R

Ot Adurmeg tou omitiol pog cuvdéovtal o€
oelpd n mapdAAnAa; Na Sikaloloynoete
TNV anavinon oog.

AUO avTLOTAOELG cUVOEOVTAL OE OELPA.

Na onpelwoete (Z) oTIC CWOTEC KL (A) OTLG
AovOaouEVEC MPOTATELG.

a)R, =R, +R, [ ]
B)V = V-V, [ ]
v)I=1+1 ]
V=V +V, [ ]
AVo avtiotaoelg cuvééovtal mapaAAnAa.

No cuUTANPWOETE (X) OTIC OWOTEG Kal (A)
OTLC AavOaoEVEG TPOTACELG.
R, R,

Ol)Rox—RﬁR2 ]
BIV=V, -V, ]
V=1 +1 L 1]
V=V +V, ]

Exoupe T€0OEPL (6LOUG OVTLOTATEG WE

avtiotaoslg 10Q. Nwc MpEMEL va TOUC OUV-

8€00UE, WOTE N OALKN AvTloTACN TNG CUV-

Sdeopoloyiag va ivat:

a) 40Q

B) 2,5Q

y) 10Q

8) 250

INUELWOTE UE (X) TN owoTh andvtnon.

Ta XOPOAKTNPLOTLKA HLaG NAEKTPLKNC TINYNC

elvat:

a) n nAektpeyeptik) duvapn kot n [ ]
LoxUG
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22.

23.

24.
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B) n nAektpeyeptikn SUvaun kat n [ ]
TIOALKA TAON

y¥) n OAKA Tdon Kot N eowtepkr avti- [ |
otaon

8) n nAextpeyeptikry Suvapn kat n [ ]
E0WTEPLKN avtiotaon

InUeElwOoTE Ue (X) TN owotn andvinon: HAe-
KTPLKA Ttnyn e HEA 10V cuvééstatpe e€wte-
plkn avtiotaon 8Q, onmdTe n MOALKH TACN TNG
elval 8V. H ecwTtepikn tng avtiotaon ivat:
a) 10 [ ]
B) 2Q 1]
v) 30 [ ]
6) 4Q) ]
Na onuewwoete (X) 0TI CWOTEG Kal (A) oTLg
AavOooUEVEG TTPOTAOELC.
a) Otav pla nAektpkr) mnyny ouvde- [ |
£TOL O NAEKTPLKO KUKAWHOA £XOU-
HE TOpaywyrn €&VEPYELOG Ao TO
puN&év
B)H T tng HEA oG nAektpwng [ |
nnyng e€aptdtal and ta otolxela
TOU KUKAwATOoC, ou tpododotel
y) To ywopevo €-1 Sivettnv wox0 tng [
mnyng
8) Méoa and tnv nmnyf Siépxovtan [ |
NAEKTPLKA dopTia

Na onuewwoete (Z) ot owoTEG Kal (A) oTLg

AavOaoUEVEG TPOTAOELG.

H moAwn tdon plag mnyng elvat ion pe tnv

HEA tng mnyng, otav:

a) H rtnyn 8¢ Swappéstal and pspa [ |

B) H eowtepikr avtiotaon tg nnyAg [ ]
elval apeAntéa

y) O méAot tng mnyng eivat Bpaxuku- [ ]
KAWUEVOL

8) H ninyr ouvdéetal pe aumnepopetpo [ |

JUUTTANPWOTE TOV TTAPOAKATW TIIVOKAL:
Wuyeio | Zidepo |TnAedpaocn
Tdon (V) 220 220 220
Evtaon
1
(1)

Avtiotaon
(Q)

loxug
(W)

110

110

25. JUUTANPWOTE TOV MAPOKATW TIiVOKAL:

P(W) | P(KW) | t(h) |[W(KWh)
®eppocipovol 3000 1
Kov{iva 2000 1
Aopntnpog 60 1
Yuyeio 100 1

26. JUUTTANPWOTE TOV MOPAKATW TIivaKa:

R Q v
1

A

w
q

w

27. Na onpewwoete pe (X) Tn owoth andavinon.

H évtaon tou pevpotog mou SlappEel Evav
aywyo divetal amo tn oxéon: | =1+ 2t (S.1.).
To ¢doptio mou SLépyeTal amod pia dtatoun
TOoU aywyoU o€ xpovo At = 3s sivat:
a) 7C

B) 21C

y) 3C

6) 12C

UL

28. AlaBeToupe TEOOEPLG avTIOTACELG R, = 60Q),

R, = 20Q, R, = 20Q kat R, = 35Q. Na Bpeite
TIWG TIPETIEL VA TIG CUVOECOULE YLa VO TIETU-
Xoupe oAkn avtiotacn R =59Q.

29. H XapaKTnPLOTIKA KOUTIUAN JLOG NAEKTPLKAG

TtNyNg ouvexou¢ pevupoatoc V = f(l) paivetat
otn dumAavn elkéva. Na Bpeite tnv nAektpe-



30.

31.

32.

33.
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yEPTLKA SUvapn TG TNyNg KaL TV ECWTEPLKN
¢ avtiotaon.

JUUMANPWOTE TA KEVA OTLG TTAPAKATW MPOTA-
OELC.

Ta elevBepa EEduyav amod tnv
€NEN Tou Kol Klvouvtal
TPOG OAEC TIG KATeEVOUVOELS. Ta BeTikd LOVTA
YUpw amd kKaboplopéveg BEoelg
TIPOG OAEC TLG KOTEUOUVOELG PE TTAATOG TIOU
pue tn Beppokpaocia. H
TWV HETAANWYV odeileTal ota eAsUBepa nAe-
KTpOVLAL.

JUUMANPWOTE TA KEVA OTLG TTOPAKATW MPOTA-
OELG.

Klvnon twv eAeuBEépwv nAekTpo-
viwv otov oywyo ovoualetal nAe-
KTPLKO pevpa. Attia ival n H dopa
KLvnong Twv NAEKTPOViwV AEyeTal ................
dopa tou NAekTpLlKkoL PEVATOC.

JUUMANPWOTE TA KEVA OTLG TTOPAKATW MPOTA-
OELG.
H évtaon tou pevpoto¢ opiletal amd tov

H évtaon tou pevpatog ekdpaleL To
S1EAeuoNnG Tou nAektplkol doptiou amod o
KaBetn Statour evog aywyou.

JUMITANPWOTE TO KEVA OTLG TIAPAKATW TPOTA-
OELC.

O 1o¢ kavovag tou Kirchhoff Statunwvetat
w¢ €€n¢: To alyePplkd abpolopa Twv evta-
OEWV TWV PEUMATWV TIOU o’ éva
KOUBO LooUTal PE TO ABPOLoUA TWV EVTAOE-
WV TWV PEVUATWY TIOU ar’ autov.
Elval ouvénela t¢ apxng Siatipnong tou

O 20¢ kavoévag tou Kirchhoff Statunwvetat

34.

35.

36.

37.

w¢ €€n¢: To abpolopa twv dtadopwv duva-
HLKOU KOTA HUAKOG HLOG SLadpoung
0’ éva KUKAwQ LooUTaL UE
Elvalt ouvénela t¢ apxng diatipnong tng

JUMTMANPWOTE TA KEVA OTLC TIAPOKATW TPOTA-
OELG.

H avtiotaon evog aywyol opiletal amo tov
210 S.I. n povada pétpnong
¢ avtiotaong ival to
H avtiotaon evog aywyou ekdppalel Tn
TIOU CUVAVTA TO NAEKTPLIKO peLUQ
otav SLEpXETAL LECO OO QUTOV.

O 8lo¢ 0 WeETOAAKOG aywyog Aéyetal
H avtiotaon twv HeETAAAKWY aywywv odei-
AETOL OTIG TwV eAeUBEPWV NAEKTPO-
viwv pe Ta Betika Lovta.

JUMTANPWOTE TA KEVA OTLG TIAPOKATW TPOTA-

OELG.

Otav TPELG AVTLOTACEL CUVOEOVTAL O OELPA

Loxvouv:

@)1, -

B) Vo}\ =

VIR, =

8) H oAwkn avtiotaon eivat
™
Otav TPELC AVTLOTAOCELS ouvdéovtal Ta-
paAAnAa Loxvouv:

Kol oo

a)l, = .

BV, = e,

V)R, = s

6) H oAwkn avtiotaon eivat ................ Kol oo
T e

JUUTANPWOTE TA KEVA OTLG TIAPOKATW TPOTA-

OELC.
Avdaloya He TOV TPOTO Tou TapeUPAAAe-
TOL 0TO KUKAwHA N puBulotiky (LetaBAntn)
avtiotaon Aeltoupyel gite wWg PUBULOTAG TNG
TAONG KO AEYETAL ..oovvveeeee , €lte wg pubuL-
OTNG TOU NAEKTPLKOU PEUMATOG Kal AEYETOL
JUUMANPWOTE TA KEVA OTLC TIOPAKATW TIPO-
TAOELG.

H 1oxU¢ Tou nAekTplkoU pelpatog opiletal



38.

39

40.
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OTtO TOV TUTIO ....cuveeee

210 S.I. n povada pETPNOoNG TNG LOXUOG Elval
1 (o JUR . la kaBe ocuokeun LoYVEL O TU-
1100 ] SR . Av n ouokeun €lval avtlota-
¢ (WUIKN avtiotaon) TOTE LOXUOUV KON

1Kwh glvat n ... TIOU «KOTOVOAWVEL»
HLOL CUOKEUN LoxUog 1Kw otav Asltoupyroel

ZUUTANPWOTE TA KEVA OTLG TIOLPAKATW TIPO-
TAOELC.

H nAektpeyeptiky SVvapun € pag mnyng
SlveTal amd TOV TUTIO ... KaL amod tov
Exdpdlel tnv ava povada
................ NAEKTPLKI) EVEPYELQ, TIOU TIPOOGE-
PEL N TINYA OTO ..vevveneee N TNV ava povada
NAEKTPLKA oYU, TOU TIPpoodEPEL
N TNYA OTO ..ceevrneee. Ho ovtiota-
on ™NG MNYNG EKOPATEL TN .eoveveeeeeee. TIOU OU-
VOVTA TO NAEKTPLKO pelpa, OTav SLEPYETAL
HEoQ amo TNV TNyN.

JUUMTANPWOTE TA KEVA OTLG TIAPAKATW TPO-

TAOELC.
Otav n 6lodog elvat KAAOC aywyoc, TOTe AEpe
OTL EIVAL ..vevreeee. noAwuévn. Otav n bio-

60¢ eival KaKOG aywyog, TOTe AéUe OTL lval
................ moAwpévn. H Slodog amoteleitat
and 6o SLadopPETIKOUG ... mou Bpt-
OKOVTOL OE OTEVN madn).

MTOpELTE VO KATAOKEUAOETE £va amMAO KU-
KAWQO, Xpnolgomowwvtag pia pmatapia
«TAOKEY» 4,5V, éva AQUTTAKL KOVOVLKAG AEL-
Toupyiag 4,5V kat kaAwdla, Mou ota Akpa
TOUC £X0oUV KpokoSelAdkLa. MNavw og €va Ko-
vipamAoké Staotacewv 30cm x 30cm mepi-
mou, kapdpwvete tpla kapdakia A, B kat yLa
VO OTEPEWOETE TO AQUMAKL, Onw¢ dailvetal
0TO KUKAWWUA TNG SLITAQVHG ELKOVOG.

To éva KaAwdlo ouvbEel To BeTIKO TTOAO TNG
TINYNG KE To KapdakL A 1) B Kol To AAAO ouv-
S€€L Tov apvnTLKO TTOAO TNG TINYNAG LLE TO Kap-
dakt . Mmopeite va avolyete 1| va KAeivete
T0 KUKAwpa Pyaloviag €va KPoKodeLAdKL
amo Tov avtiotolwo MOAo TNG umatapiac.
Mmopeite emiong va mapeUPaiAete éva &

OKOTITAKL 0TO onpelo A Tou KaAwdiou Kat pe
QUTO VA aVoLyeTe N val KAEIVETE TO KUKAWHAL.

41. Me €va BoATOETPO, UETPNOTE TNV Tdon V,,

oTa AKPA TNG Umatapiag, Tou XPNoLoToL-
NOATE OTNV TPonyoUuevn dpactnplotnta,
TIPW Tn OUVOECETE PE TO AQUTTAKL KOl KO-
Taypayte tnv €voelgn. Metd UETPROTE TNV
Taon V,, ota AKpa TNG Umotaplog, EVw TO
KOKAwA gival KAELOTO (to Aapmakt avapBet)
KOl ONUELWOTE TNV €VOeLEn. TL mapatnpelts;
AlKOLOAOYNOTE TNV AMAVTNON oac.

42. Ao TO EpYQOTNPLO TIAPTE TPELC AVTLOTACELG

Tou €Xouv SLAPOopPEeC XPWHATIKEG Awpldeg
otnV eTLPAVELA TOUG. Me BAoN TO XPWHATLKO
KwdLka uTtoAoyiote TNV avtiotaon toug. Me
TO MOAUETPO UETPNOTE TNV AVTLOTACK TOUG.
TLnapatnpeits;

43. TLTLun €XOUV OL AVTLOTAOELG TIOU T XPWHATA

TOUC €ival:

a) kadg, LaUpo, KOKKLVO, aoT)JL

B) moptokaAl, moptokaAil, TPAcIvo, achpL
Y) Kitpwvo, pwp, kKadE, aonut

44, 3tn Suthavn elkova ¢aivetal n KaAwdiwon

€voc SLadpopou.

a) Na e€etaoete av n Aauna avapet.

B) e mowouc cuvduaopoug Beocswv Twv dla-
KOTITWV avapetL n Aauna;



45. XpnoLuonowwvTog pia pratapia, SUo Aapmnakio
Kal dUo Slakomteg SU0 SPOUWY KATAOKEVAOTE \%
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0 (°C)|23|37|47|57|65|76|85|90 100

W|5|s5[5|5[5]5[5]5]5

TO TAPAKATW KUKAWHA Kol cUpmAnpwote tov (I (mA)| 15|24 |31 |37 |45|56 |67 |73 |87

avtiotowo mivaka, B€tovtag 1, dtav 1o AaUTTaKL R (Q)

dwtoPolei kal 0, 6Tav to AapmnakL eivat ofnoTo.

ATAKOIITEZX AAMITAKIA
A B Al A2
X X
X Y
Y X
Y Y

a) YroAoyiote tnv avtiotaon yla kaBe Bep-

pokpaoia Kol oxedlaoTte TN XOPAKTNPL-
otk KapumuAn | = f(V) yia to Beppuiotop.

B) Nwc petaBaiAetal n avtiotaon tou Bep-

Hiotop pe Tn Oeppokpaocia;

y) Kataokeudote To mopakatw KUKAWHA, TO

46. XpnoLuomowwvTog pia pmatapia, €va Sltakomntn,

47.

pLa 81060 kal Eva AaUTIAKL KATAOKEUAOTE TO KO-
KAwpa (o). TL mapatnpelts;

Tt Ba mapatnproete av avtloTpePeTe Tn oUVEE-
on tng dtodou;

48.

OT0l0 XPNOLEVEL yLO TNV TPOoTACLA TNG
OUOKEUNC X amnod unepBépuavon. Na g€n-
YAOEeTe ylati pia aocuvnBlotn avénon tng
Bepuokpaciac Ba kapel tnv achaisia
kal Ba Sdlakomel n kukAodopia tou pev-
HOATOC 0TO KUKAWHAL.

To pwrtootowxeio (photocell) eivat €va
NAEKTPOVLKO OTOLXELO, TOU oOToiou n
ovtiotaon peTaBaAAetal pe TNV avénon
NG €vtaong tou ¢wtdG. XpnoLUOToLEL-
TaL 0TA NAEKTPOVIKA KUKAWHATA WG al-
oOntApag avénong tg. ZTov MaAPAKATW
Tiivaka avaypadovtal Ta amoTteAéopata
€VOG TIELPALOTOC HE Eva dwTooTOLXELO.

VIKO OTOLXELO, TOU OTOLOU N OVTLoTOON META-

Erminedo
To Bepuiotop (thermistor) eivatl éva nAektpo- évraong|1l| 2 |3 | 4|56 |78
P0ToHg

BaAAetal éviova pe tn Bepuokpaocia. Xpnot- V (V) 5/5| 5|5 |5|5|5]|5

HOTIOLE(TAL OTA NAEKTPOVIKA KUKAWHOTO WC I (mA) |2(2,8(3,3/3,7(3,9/4,1(4,3 4,4

aloBntpag avénong tng Bepuokpaciag. Ztov R (Q)

TIAPOKATW TIVOKA avaypAadovTal T OTOTEAE-
opata VoG melpapatog W éva Bepuiotop.

a) YroAoylote tnv avrtiotacn yla kabe
eninedo éviaong ¢wtog kat oxedl-



AOTE TN XAPAKTNPLOTIKA KAUTUAN | =
f(V) yLa to pwtootouyeio.

B) Nwg petafdaAletal n aviiotacn Tou
dwtooTolxelov pe to eminedo €vra-
ong dwTog;

y) 2xebldote Kal UAOTOLNOTE éva AMAO
KUKAwpa, oto omoio Ba xpnotuornot-
Noete to pwTooTOLXELD WG aLoOnTipa
dwtoc.

49. Epyaoctnplaky Spaoctnpiotnta - HAe-

KTPLKN acddaieila

A. AntatoUpeva 0pyava Kot UALKA:

1. Eva Tpod0ob0oTIKO cuveXoUC PEUUOTOC
Kol LETABANTAC TAONC.

2. TEooeplg SLOKOTTEG.

3. JUpHa amo XpWHOVIKEALVN SLapETpou
d=0,15mm.

4. AVo Aaumtnpeg B kat [ pe xapaktnpt-
OTIKA Asttoupyiag 42V/60W.

5. KaAwdia ocuvdeong.

6. HAektplkn aodalela.

B. EKTéAeon MELPANATOC
B,.
1. Kataokeualoupe TO KUKAWUO TOU Ttapa-

KATW OXNUATOC.

2. KAeivoupe toug Slakomreg 6 katl 8, Kau
puBuiloupe TNV TACN TNC TNYNG, WOTE O
Aauntipag A twv 40W va Asttoupyet ka-
VOVLKAQ.

3. KAeivovtog toug Siakomrteg 6, kau &,
ouvdéoupe mapdAAnAa oto Aaumntipa A
Tou¢ a@AAoucg Suo Aaumtipes B kat [ Twv
60W, omote £xoUE UTIEPHOPTLON TOU KU-
KAWUATOC.

MAPATNPOUUE OTL ..vvererrrrenee,

4. AmnokaBlotoU e To KUKAwPO cuvdEovTag
VEO OUPUO XPWHOVIKEALVNG, LE TOUC dLa-
KOTLTEG 8, KO 6, avoLKTOUG KaL Toug & kat
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8, kAewoToUG. Zuvbéoupe ta onpeia K kat A Tou
KUKAWUATOG HE Eva KaAwSLO, TToU €lval aywyog
OpEANTEQC avTioTaONG, OTOTE £XOUUE BpaXuKU-
KAWL
MAPATNPOULE OTL ..cveeerereeerenes
5. ATToKaOLOTOUPE TO KUKAWHA, OUVSEovVTAG OTN
B€on Tou CUPUOTOG XPWHOVIKEALVNG Uia aoda-
Asta Twv 2A. Zuvdéoupe ta onueia K kat A tou
KUKAWHATOG e €va KaAwdlo, Tou eival aywyog
OUEANTEQC avTiOTOONG, OTIOTE £XOULE BPOXUKU-
KAWL,
MAPATNPOUUE OTL ...uererrrrerene.

I. Epyaocieg

1. Mati xpnotuomnolovvtal oL acAAELEG;

2. TLonpaivel n €véelén 20A mavw oe pia aoda-
Aewa;

3. Nw¢ ouvdéovtal ol aoPAAELEC OTNV OLKLAKA
£YKATAOTOON KOl YLOTE;

4. Nati 6ev mpémel va emokeualovtal oL TNKOUE-
VEG Q0D AAELEG;

5. 210 KUKAwpa Tou oxAuatog eival V = 120V, R,
=10Q kat R, = 40Q.

a) Na Bpeite tnv €vtaon Tou pevaTOC Tou SlappE-
€L TO KUKAWMO KaL TNV TAON oTa AKpa KABe avrti-
otaong.

B) Av mapdAAnAa otnv R, cuvbécouue avtiotaon R
= 120Q, va Bpeite TNV €vtacn Tou PEVUATOC TTOU
SLOPPEELTO KUKAWUA KOL TNV TACTN O0TA AKPo KABE
avtiotaong.

y) Av mapdAAnAa otnv R, cuvdeooupe avtiotaong
R’ =40Q, va Bpeite TNV €vtaon Tou pEUUATOC TTIOU
SLOPPEEL TO KUKAWMO KL TNV TACH 0TA AKPA KAOE
avtiotaong.

8) Av tapdaAAnAa otnv R cuvdéooupe aywyo apein-
Téag avtiotaong R = 0 (BpayukukAwpua), va Bpeite
TNV €VTAOoN TOU PEUHATOC TIOU SLappEEL TO KUKAW-
Lol KOLL TNV TAON OTa AKpa KABe avtiotaonc.

€) Av petatl Twv onpeiwv A kat B urtdpyxet aopaAela
10A, o€ moLa Ao TLG MPONYOULLEVEC TIEPLITTWOELG
n aopAaAeLla «kaiystoLy;
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OTO TIOTAPL Kal TomoBeToUE To cUpuUa, To Bep-
HOUETPO KAl TOV avadeuTpa LECA OTO TOTHPL,

50. Epyactnplakr dpactnpiotnta - Nopog Joule 7. KAeivoupe to SLakomTn Kal Eavamataue To
XPOVOUETPO.
A. AntattoUpeva Gpyava Ko UALKA 8. Metd ano xpovo At = 4min = 240s avoi-
1. Eva tpododotikd ouvexoUG PEUMATOG Kal YOUHUE TO OLOKOMTN, QVAKOTEUOUUE TO
HETABANTAG TAONG. VEPO KOl CNUELWVOUUE T VEa Bepuokpa-
2. Evag Stakomtng. ola tou.
3. Eva aumepopetpo kAipakag 2,5A. Elva: 6, = v
4. Avo olppaTa XPWHOVLKEALVNG e prkn 30cm H ouvoAikn petafolr tng Bepuokpaciag
KoL 60cm o€ oxnuo ehatnpiou. elvat: A0=6,-0, .
5. 'Eva OYKOUETPLKO Ttotrpt 150 m/.
6. 150m/ amooTayuEVo VEPO. B,.
7. Eva XpovOuETpO. 1. EmavaAappavoupe ano tnv apxn To meipa-
9. KaAwdia ouvdeong. pa, JE TNV 6la moootnta vepou (150m¢),
10. Avadeutnpag. To (610 oUpua (xpwuovikeAivn), Tov 6Lo
Xpovo (240s), aAAG pe pevpa €vtaong 2A.
B. EKTéAEON MELPANATOC Elvau 0, = e
1. Kotaokevdloupe tO KUKAWHA TOU OUTAQVOU KAL: B, = i
oXNMOTOG cUVSEOVTAG 0TOUG TTOAOUG A Kot B Tou H uetaBoAn Bepuokpaciag eivat: A6 =6, -
TPododotikol to cUppa Twv 30cm, TO AUTEPO- S
HETPO KL TO SLOKOTITN O€ OELPA.
B..
1. EmovaAopBavoupe amo tnv apxn To TMei-
papa, pe tnVv i6la moootnta vepou (150
m/ ), Tov i6Lo xpovo (240s), Tnv idla Evta-
on pevpatog (1A), aAAd pe To cUPUA TWV
60cm.
Elvaw 0, = e,
KAL: 0, = o
2. JuumAnpwvoupe 150m¢ QmOCTAYUEVO VEPO H petaoAn tng Oeppokpaociag eivat: A =

TipooExovTag va pnv ayyilouv ol omeipeg tou T. YmoAoyiopol
oUPUATOG LETAEL TOUG. ATO 0 BepeAwdn vopo tng Beputdopetplog

KAeivoupe to Stakomtn kat pubpuiloupe tnv tdon
NG NYNG, £TOL WOTE VA TIEPVA PEUHA EVTAONG
1A amnd to KUKAwp. Avolyoupe To SLakomTn.
AvVOKQTEVUOUE |LE T(POCOXH TO VEPO LLE TOV ava-
Seutnpa KoL onUeELWVOUUE TN Beppokpacia Tou.
Elvaw: 0, = e,

KAglvoupe To SLAKOTITN KOL TTOTALLE TO XPOVOLLE-
TpO.

Metd amno xpovo At = 4min = 240s avolyoupE To
SLOKOTTN, AVOKATEUOULE TO VEPO KAl ONUELW-
VOULLE TN Véa Bepuokpaacia tou.

Elvaw: 0, = e,

H petaBoln tng Bepuokpaciag eivat: A8 =6, - 6,

Q = mcA6, 6rmou m n pala tou vepou, AB n
puetaBoAn tng Bepuokpaaciog kal Q n Ogp-
potnta ot cal, va umoloyioete ta mood
BepuodtnTag Q, kaw Q, mou ekAUBNKav and
To oUpua Kal tpoodEpBnkav oto vepo. Na
CUUTTANPWOETE TOUG TTAPOKATW TIVOKEC.

At AO Q
240s
480s
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I AO Q
1A
2A

30cm

60cm

A. Epyaoieg

1. Noboo tolg ekato (%) petafaAAeTal to MOCO

BepudTNTOC TTOU EKAUETAL OTTO €VAV OVTLOTA-
TN, OTAV N TAON O0TA AKPA TOU SUTAQCLOOTEL;
MoU odeiletal to dpatvouevo Joule, Snhadn
N €kAuon BepuoTNTAG O PLla WHLKA avTtioTa-
on mou Slappéetal and pevQ;

Mol cuoKeun €XeL LEYAAUTEPN avTioTaon, n
NAEKTPLKN Kouliva 1 n Aduna pwTlopol tou
Sdwpatiov pag;

Noa SLKaLOAOYNOETE TNV ATIAVTNON Oag.

4,

@€Aoupe va BEPUAVOUE Lo TTOCOTNTA VE-

pou arno Beppokpacia B, oe Bepuokpacia 6,

(6,>6,). Ztnv mpw1tn mepintwon xpnoLHonoL-

oUpe avtiotatn avtiotaong R, kal otn 6gv-

TEPN MEPLMTWON XPNOLUOTTOLOUUE AVTLOTATN

avtiotaong R, ue R, > R,. H tdon tou Sikto-

ou eivat otaBepn.

Q) Z€ TIOLOL TIEPLTITWON EXOUUE HEYAAUTEPO
KOOTOC;

B) Z& mola mepintwon n B€puavon Ba Siap-
KEOEL TIEPLOCOTEPO;

Mnati ot aywyoi mou tpododotouv éva nAe-

KTPLKO KUKAWMO TIOPAUEVOUV PUXPOTEPOL

Qo TG NAEKTPLKEG CUOKEVEG BEpavong ou

ouVOEovTal 0TO KUKAWWA, OV KAl oL aywyot

autol dlappéovtal and iong évtaong nAe-

KTPLKO pelQ;

Na kavete tn ypadlkn mapactoon tng Oep-

HOTNTOG TTOU EKAVETAL G” £VOV OVTLOTATH, WG

ouvaptnon:

o) TNG €VTOoNG TOU PEVATOC TIoU Tov SLap-
pEEL

B) Tng avtiotaong tou

y) Tou XpOvou Aettoupyiag.

7. >& moloug mapayovieg odpeilovtal ta odpaA-

pota Katd tn Ste€aywyr) Tou MELPAUATOG;
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NpopAnpata

1. 'Evag mukvwtng xwpentikotntag C = 20uF ouv- 5. Na KAveTe TN ypadLkr mapactoon TG avti-

Séetal pe mnyn taong V = 24V. AlocuvoEoue
TNV TNy Kol cUVOEOUE TOUG OTTALOUOUG LE
oUpUO, OTOTE O TMUKVWTING ekdoprtiletal ot
Xpovo At = 0,02s. Na Bpeite Tov aplBuo twv
NAEKTPOVIWY, TIOU TIEPVAVE OO LA SLATOWN
TOU aywyouU Kol TN HECN £VTOON TOU NAEKTPL-
KoU peupaTOG. Aivetat: g = -1,6:10"°C,

0TAONG EVOG OYWYOU OE OUVAPTNON UE:

o) To WAKOG ToU

B) o epuPado Statoung Toug

y) TNV Tdon ota AKpa Tou

8) Tnv €vtaon tou pevpATog mou tov Slap-
pEEL.

6. Eva cuppa and AeukOXpuoo €XEL UAKOG / =
Na PBpeite tnv €vtoon Ttou PeLUATOG, 10m kat pala m = 3,6g. Na Bpeite tnv avti-
AOYyw TNG Kivnong Tou nNAEKTPOVIOU TOU 0TOON TOU CUPUATOG, OV N TIUKVOTNTA TOU
atopou Tou udpoyodvou, av n ouxvotn- Aeukoxpuoou eival d = 21g/cm? kal n el8LKA
Ta meplotpodng tou eivalr v = 5,810%Hz. Tou avtiotaon p = 9:10%Q-m.
Aivetaw: .= -1,6-10°C. 7. 'Eva olpua amno oidénpo €xeL avtiotaon R =
Na Bpeite T péon taxvtnta (taxvtnta Slo- 40Q kal pnkog ¢ = 2m. ALWVOUWE TO cUpUa
AloBnong), pe tnv omola kwouvTtal ta EAEV- kat ¢pTidxvoupue eva aAlo, mou BEAoupe va
Bepa nAektpovia péoa o’ €va PETAAALKO €xeL avtiotaon R’ = 160Q. Na Bpeite to un-
oywyo, O ouvaptnon He Tt €EAC HeEVEDN: Kog Tou /'
a) l: s'lvtaon TOU pEl'Jp:a'qu TIou 5LOtlppé€LTOV 8. e mowa Bepuokpaoio 8 N T TNC ELBWKAC
aywyo, B) n: ° “p‘?P‘O‘;,T“’V ehevbepuwv r,l}\s_ avtiotaong tou XaAkoU yivetal SumAdola
KTpoviwy ava uov’a&a OYKOU ToU aywyou, V) amo TtV TN, mou €xeL oe 0°C; loxvel To 8Lo
S eupado &OLTOHHC oL aywyou, 8) q,: pop- yla OAOUG TOUG XAAKLVOUG aywyous, avegap-
totov nA‘?KTPOVLOU' , ™ta and tn popdn KalL to HEyeBOg Toug;
Apteunrzgkr] sd)o;puovr]: | =216A' i loxVeL to 1810 yla aywyoug, ou ivat amnod &i-
n =810nA/em?’ S = 1mm?’, g =-1,6:10"°C. adopetikd UALKS; Alvetal 0 BEPHLKOC CUVTE-
31O mMapaKkATw Slaypoppa €XeL mapactabet Aeotrg avtiotaong a , = 3,9-10grad™.
vpadLka n eviaon TO,U pEUp.OL'qull O¢ ouvaP- 9. Jta akpa evog cupuatog edpapuoloupe ota-
thon He tn Suadopa SUVQMLKO,U Vv ,6U° Bepn ouvexn Taon Kal SLATMOTWVOUE OTL O€
XOAKLVA CUPUOTO 2 KALZ,, TIOU EXOUV TO idLo Beppokpacia 6. = 20°C N £vTaon Tou pedpo-
unKkog. Av to enpado Siatopng tou 2, eivar S, TOG, IOV 6Lappélst To cUppa elval | = 2A, evw
=0,2mm?, va Bpeite To epPadO SLatopng tou o€ Beppiokpasia B, = 2520°C n éi/'[O(OI‘] oL
2, pevpatog givat |, = 1A. Na Bpebel o Beput-

KOC OUVTEAEOTNC QvTiOTAONG TOU UALKOU TOU
oUpUATOGC.
10. AVo avTLOTAOEL CUVOEOVTOL OE OELPA Kol

OTLC AKPEC TOU CUOTHUATOG CUVOEETAL TtNYN
taong V =100V. Av eivat R =5Q kat R, = 15Q,
va Bpeite TNV OALKN QVTLOTAON TOU CUCTAUA-
TOG, TNV £VTOON TOU PEVHATOG, TTIOU Slappé-
€L TO KUKAWMOQ KOL TNV TAON oTa akpa KAOe
avtiotaong.
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11. Abo avtiotaoel ouvdéovtal mopdAAnAa
KOl OTL( AKPEG TOU ouoTHUATOG edapuodle-
taLtdon V = 120V. Av eivat R, = 30Q kaL R, =
60Q), va Bpeite TNV OALKN avtioTtaon Tou cu-
OTAUATOC KOL TNV £VTOON TOU PEVUATOG, TIOU
Sloppéel To KUKAWMA Kal kKaBe avtiotaon.

12. Jta mapakATw KUKAwpata va Bpeite:
o) TNV OALK) avTioTaoNn TOU CUCTAUATOG,
B) tnv Tdon ota akpa kKABes avtiotaong,
Y) TNV €vtoon tou pelUATOC, TIOU SLoppEEL
kaBe avtiotaon.

13. 310 mapakdtw KUKAwpa divovtat:
R,=3Q,R,=6Q,R,=8Q,R,=7Q,R, =30,V =60V.
Na Bpeite:
o) TNV OALKN) avTioTOON TOU GUCTAHATOG,
B) Tnv taon ota akpa kAabe avtictaong,
Y) Tnv évtaon tou peluaTog, Tou SLappEsL
kaBe avtiotaon.

14. 3to mapoKATW KUKAWMO N €vOelEn tou BoA-
TOUETPOU €ivat 4V, n tdon tng mnyng eivat V
=10V kaw oL avtiotdoelg R, =2Q, R, =4Q, R, =
4Q, R, =5Q kL R, = 11Q. Na Bpeite tnv €vbel-
€N Tou aumeEPOHETPOUL Kal Ty avtiotaon R,.
To BOATOUETPO £XEL AMELPN AvVTILOTOAON, EVW
TO QUMEPOUETPO €XEL Undevikn avtiotaon,
6nAadn Bewpouvtal Ldbavika dpyava.

15. JT0 MapPaKATW KUKAwpO n avtiotacn ava
pHovada HUAKoUg ToU CUPHOTOC TOU TPLYWVOU
elval R* = 5Q/cm. Na Bpeite tnv évtacn tou
pevpatog, mou Slappéel kKABs mAgupd TOU
TPLyWVOU.

16. 2to napakdtw KUKAwpa divovtar V = 30V, R,
=20, R, =10, R, =50 kot R, = 10Q.
a) Noa Bpeite tnv taon V, .
B) Na Bpeite tnv avtiotaon R mou mpémeL va
ouvdeooupe mapdAnda pe v R, wote
V,, =0.
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17. Na Bpeite tnv oAk avtiotoon METaty Twv

18. 210

19.

A kal B oTIg mapakatw cuvdeouoloyieg, av
R =30Q.

TP ALKATW KOKAwpa  Silvovrad:
R, = R, =R, = 10Q, V, = 20V, V, = 10V.
Na Bpeite ta Suvapikd tTwv onueiwv A, B,
I kot A.

210 MapaKATW KUKAwUa Sivovtal:

V =10V, R, = 10Q, R, = 20Q. Na Bpeite tnv
évtaon Tou pevpatog, mou Sappéel T R..
Av petafl tou onuelou A Kal Tng yng oVTLKO-
TOOTHOOUUE TO KOAWSLO UE QVTLOTATN OVTi-
otaong R, = 20Q, va Bpeite TG EVIACELG TWV
PELUATWY TIOU Slappéouv Toug KAadouc Tou
KUKAWMOTOG.

20. OswpoUUE E€va LooTIOXV KoL OLOYEVI) KUKALKO

21.

22.

23.

oywyo KEvtpou K kol TEoogpa onUela Tou A,
B, I, A tétolo wote, AB=BI=TA=AA=90° Ta
onueia A kat B ouvbéovtal pe taon V, = 60V.
a) Na Bpeite tn dtadopd duvapkov V, .
B) Av yelwooupe to A, va Bpeite To Suvapiko
Tou onueiou T.

Aivovtal TECCEPLC QAVTLOTATEG HE OVILOTA-
oelg R, =20, R, = 40, R, = 6Q, R, = 8Q. Mug
TIPETIEL VOl TOUG CUVOECOUE yla VO EXOUUE
oAwr) avtiotaon R = 5Q; Av t0te tpododo-
tooupe tn dataén Ye MmNy, 0 AVILOTATNG
R, Slappeetat ano pevpa evraong |, = 2A. Na
Bpeite tnVv €vtaon tou pevpatog mou Slap-
pgeL Tov avtiotatn R,.

JTO TMAPAKATW KUKAwpa, av C = 20uF, V =
100V kot R, = 40Q, R, = 10Q, va Bpeite 10
doptio Tou MUKVWTA.

JTO MOPAKATW KUKAWMA, va Bpeite To Adyo
C,/C, yla va €xouv oL TUKVWTEG ioa doptia.
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AUO (0£C aVTLOTAOELC OUVOEOVTOL: O) OE OEL-
pa kat B) mapdAAnAa. Ito Akpo TOU CUCTH-
HOTOC KoL OTLG SUO TEPUMTWOELS edapuodle-
TaL N dla taon V. I mola mePLMTWON N WoXUG
elval peyaAvtepn;

Avo avtiotaocelg R, kat R, (R, > R)) ouvééo-
VTOL a) o€ Oglpd Kal B) mapdAAnAa. Ita akpa
TOU OUCTAMATOG KOl 0TI SUO TEPUTTWOELG
edapudletal n (dla t@on V. I mola ano Tig
800 avtloTtaoelg n LoxLG eival peyalutepn,
o€ KOs nepintwon;

310 MapaKATw KUKAwWA, va Bpeite o J
BepudTnTa OV eKAVETAL O€ KABE avtioToon
os xpovo t = 1 min.

‘Evag Beppoocipwvag xel oyko 20/ kot gival

YEUATOG HE vepO Beppokpaciag 10°C. H avti-
otoon tou Beppocidwva ivat 10Q kot av-
TOC ouvdEetal pe Siktuo taong 220V. Av to
20% tng mapayouevng Beppotntag ekAVETAL
oto meplBaAioy, va PBpeite o MOCO XPOvVo
n Bepuokpaocia tou vepol Ba avéBelL oToug
80°C kal moco Ba otolyioel auto. Alvovral:
MukvotnTta VEPOU: d,, = 1g/cm3, EL81kn Oep-
HOTNTA VEPOU: Crep = 1cal/g-grad, Kootog =
0,1€/KWh.

Y€ JLOL NAEKTPLKI) OLKLOKHN EYKATACTOON AEL-
Toupyouv Tautoxpova: a) HAektplkn kouli-
va Loxvog 1,5KW, B) Bepuocidwvag Loxvog
2KW, y) nAektplkd YPuyeio oxvog 1KW, 8) 5
Aauntipeg loxvog 100W kabévag. Na Bpeite
nooa A MpEMEL va €lval n yeviki acdaAela
TOU TTivaKka EyKOTAOTAONG KoL TTOGOo Ba oToL-
xtoetl n Aettoupyia toug yia 10h.

AlveTal OTL N TAOoN AEITOUPYLOC TWV CUOKEU-
wvV elvat ton pe tnv taon tou Siktvou, SnA.
220V kot otL to 1IKWh kootilet 0,1€.

29.

30.

31.

32.

33.

34.

35.

Aauntipag avtiotaong R, = 40Q cuvbee-

TaL oe oelpd pe avtiotaon R, = 20Q kat ota

AKpa Tou cuoTtnuatog epapudletattaon V =

120V.

a) Méon gival n wxvG Tou AauUmTHP;

B) Av mapaAAnAa pe to Aaumntipa ouvdeOel
avtiotaon R, = 40Q, noon eival n eni toLg
eKaTO (%) HeTAPBOAN TN LOXVOG TOU;

TEOOEPLG AVTLOTATEG ME QVTLOTAOELG R, = 20,
R, = 4Q, R, = 6Q, R, = 8Q cuvdéovtal €10l
WoTe, N oAkA avtictaon va eivat R , = 11Q.
Av tpododotricoupe tn dataén He mnyn, n
LoOXUG Tou avtiotdtn R, eivat P, = 24W. Na
Bpeite tnv LoV Tou avtiotdtn R,.

Ma tn petadopd NnAEKTPLKAG Loxvog 720KW
oe amootacn 50Km to MOCO0TO ANMWAELAC
LloxVog otn ypapun petadopdg eivar 10%.
Na BpeBouv oL Tdoelg otnv €lcodo Kal tnv
€€060 NG YPAUUNAG, AV N SLOTOUN TWV XAAKL-
VWV aywywv givat 10mm? kot n bk avti-
otoon tou XaAkou 1,8108Q-m.

Mia nAektpiky Bepudotpa avaypddel ta
otolxeia «2000W-200V». Na Bpelte tnv avti-
OTOOHN TNG KAl TO PEUMA KOVOVLKAG AELTOUp-
yiag tnc. Mdéon Ba eivat n LoxLE TNG, AV CUV-
6e0¢el oe Siktuo Taong 160V kal mola évtoon
pevUATOG TN SlappEEL TOTE;

Mia nAektplkny Bepudotpa avaypdadel ta
otolxeio «1000W-100V». Na Bpeite tnv avti-
OTOON TIOU TIPETEL VO CUVOECOUE OE OELPA
ue tn BepuaoTtpa yla va Asttoupynoet os 6i-
KTuO Taong 220V.

Mia nAektpilkn Bepudotpa oavaypdadel Ta
otouxeia «100W-200V». H Beppdotpa ouvEe-
ETOL OE OELPA PE AQUITTAPA, TIOU avaypadeL
Ta oTol el «24W-12V». To cuotnua tpodo-
doteital ano diktuo taong 200V. Na e€eta-
OETE AV 0 AAUTTAPAG AELTOUPYEL KOVOVLKA.

Avo avtioTtateg pe avtiotdoelg R = R, =400Q
ocuvbéovtal o€ OELlpd. 2T AKPA TOU CUCTAH-
poatog epappolovpe taon V = 120V. Mapal-
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AnAa otov avtiotatn R, cuvééoupe pia Bep-
HLKF) OUOKEUN E XOPAKTNPLOTLKA KAVOVLKNG
Aewtoupyiag V, = 60V kat P, = 90W .

a) Na amobeifete 0tL n cuokeun &g Aettoup-
YEL KOVOVIKAL.

B) Na Bpeite tnv avtictacn R,, evog dMou
QVTLOTATN TIOU TIPETIEL VA AVTIKATOOTOEL
ToV avTLotdtn R, Wote N ouokeun va Aet-
TOUPYEL KAVOVLIKAL.

Otav 10 €€WTEPLKO KUKAWM A EXEL avTioTaon
R, = 1Q, pia yevvAtpla bivel pevpa évtaong
l, = 5A, evw, 0TV TO EEWTEPLKO KUKAWH EXEL
avtiotaon R, = 4Q, n yevvrtpla divel pevpa
évtaong |, = 2A. Moon elvail n NAeKTpeyePTIKA
Sduvaun € kol n ecwtepLkn avtiotaon r Ing
YEVVATPLOG;

Otav oL moéAoL piag yevvntplag cuvdéovtal
ue efwtepwkn avtiotaon R, = 8Q, n tdon
0TOUG TIOAOUG TNG YEVVATPLAG Eival V, = 24V,
EVW OTAV Ol TOAOL TNG YEVVATPLOG OUVOE-
ovtat pe e§wteptkn avtiotacn R, = 13Q, n
TAon 0ToUG TOAOUG TNG YEVVATPLAG EivaL V, =
26V. Moon eival n nAektpeyeptikn Suvaun €
KOl | E0CWTEPLKN avTioTaon r tng YeEVVATPLOG;

2to nopandvw KUKAwua va Bpeite to poptio
TOU TIUKVWTA.

Atvetalr mnyn pe € = 12V kalr = 1Q. H minyn

Tpodobotel bvo avtiotacelg R =2Q kat R, =

3Q cuvbepéveg oe oelpd. Na Bpeite:

o) tnv éviaon Tou PEVUMATOG, TIOU SlappEEL
TO KUKAWUQ,

B) tnv moAwn taon tng Nyng,

y) TV oxL, mou MapéXEL n mNyn o€ OAo To
KOKAWUQ,

8) tnv oYV otnv eocwtePKn avtiotaon tng
nnNyne,

40.

41.

42,

43,

44,

€) TNV oYU TIOU TTAPEXEL N TTNYN OTO EEWTEPLKO
KOKAWQL,
oT) TNV oYU 0€ KABE pia amod TLG OVTLOTACELG.

Y€ évol KUKAWO CUVOEOVTOL KATA OELPA TTNYN
NAEKTPLKOU PEVUATOC, SLOKOTTNG, OUTEPO-
METPO KAl WHLKA avTiotaon R. Ztoug moAoug
NG mNyng ouvdéstat BoAtopetpo. Otav o Si-
QKOTITNG €lval avolytog, n €voelén tou PoA-
TopETPOU elval 24V. Otav o dtakomtng elvat
KAELOTOC, N €vdelEn tou BoAtopétpou eival
20V Kkat tou aumnepopétpou 2A. Na Bpebei n
HEA kot n €0WTEPLKA QvTLOTACN TNG TINYNG.
Ta 6pyava va BewpnBouv Ldavika.

21O Mapamavw KUKAwpa va Bpebouv ta du-
VOULLKAL TWV TIOAWV TNE TTNyNG.

Me oUpua avtiotaong 16Q oxnuoatiloupe
kKAelotn mepldpépela. Avo onueia tou olp-
MOTOG, TIOU OTEXOUV €val TETAPTO TNG TiE-
plbépelag, ouvdEovtal Pe NAEKTPLKA TNyA
NAEKTPEYEPTLKAC SUVAUNG 4V KOl ECWTEPLKNG
avtiotaong 1Q. Na Bpeite tnv évtaon tou
pevpatog mou dlappeet kABe KAASO Tou Ku-
KAWMATOG.

Mia yevvnTpla €XeL NAEKTPEYEPTIKN Suva-
un € = 24V kol €o0WTEPLKN avtiotacn r =
1Q. To e€wteplkd KUKAWUA amoTteAElTal anod
gL avtiotaon R = 3Q kal évav aveplotipa.
Otav o aveplotipag 6 otpEdetal, To pev-
Ha éxeL Evtaon | = 4A, evw 6TV 0 AVEULOTH-
pag oTpedeTal, TO peLUA £XEL EvTaon |, = 2A.
Na Bpebel: a) n ecwteplkn avtiotaon r' tou
aveULoTAPa, B) N BepuULkn LoXUG o€ OAO TO KU-
KAWMQ, OTAV O AVEULOTAPAC OTPEDETAL, V) N
UNXOVLKA LoXUG Tou aveplotnpa, §) n anodo-
On TOU QVEULOTNPO.

Mo yevvnTpLa £XEL NAEKTPEYEPTLKN SUVAUN
€ =12V kot ecwteptkn avtiotaon r = 1Q. Ot
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TOAOL TNG YEVVNTPLAG CUVEEOVTAL LE QVELL-
otnpa. Otav o aveplotpag d& otpédetal, n
TAon 0ToUG TOAOUG TNG YEVVATPLOG EivaL V, =
8V.

Otav o aveulotnpag otpédetal n TAoNn
0TOUG TOAOUG TNG YEVVATPLAG elval V, = 10V.
Na BpeBel: a) n ecwteptkn avtiotaon r’ Tou
QVeULOTNPA, B) N BepULKN LOXUG 0€ OAO TO KU-
KAWL, OTOV O QVEULOTNPOG OTPEPETAL, V) N
HNXOVLKA LoXUG Tou aveplotipa, 8) n anddo-
0N TOU KUKAWATOG.

210 KUKAWMO TNG Tapamndvw elkovag bive-
TaLot € =9V, €, =2V,r =r,=2Q,R =R,
= 4Q, R, = 2Q. Na Bpebouv oL evtdoelg Twv
PEUHATWY, TIOU SLappEouV Toug KAASoug Tou
KUKAwpaTog kat n dtadopd duvautkov V, .

210 KUKAWMO TNG Ttapamavw elkovag divetat
otL:

€ =21V, &, =3V, & =6V, §, =6V, § =11V, R,

=4Q,R, =20, R, =3Q,R, = 10Q,R = 4Q.

Na urmtoAoyloToUV Ol TIUEC TWV PEULATWY TIOU

Slappéouv to KUKAwHA Kat n Stadopd dSuva-
MKOU V, .

47. No KOTOLOKEUAOETE TOV Ttivaka aAnBeiag twv

TIOPAKATW KUKAWUATWV.

48. JupnAnpwoe TO KUKAWMA TOU TIAPAKATW

oxeblaopévou Swpatiou XpnNOLUOTIOLWVTOC
KATAAANAQ XpwHOTA.
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‘EvOeTO

A. HAEKTPLKA] EYKATAOTOON OTLTIOU NAEKTPLKEG
OUOKEVEC

Mua pépa pe Stakomn peVATOG OTO OTITL OOV, KATAA-
Baivelg moco moAL e€aptatal n molotnTa {wn¢ oou amnod tnv
NAEKTPLKA EVEPYELA. ITIG EMOUEVEG 0eAibeg Ba meplypaou-
HE TNV NAEKTPLKN EYKATAOTOON TOU OTILTIOU HAG KAl TLG NAE-
KTPLKEG CUOKEUEG TIOU XPNOLUOTOLOUE ' auTo, OXL yla va
QVTLKOTOOTHOELG TOV NAEKTPOAOYO, AAAQ YL VO TIPOOTATED-
0€1G TN {Wwr) ooV KOL TNV TEPLOUCLA 00U Ao KvdUVoUG, ULaG
Kol 6 yvwpllelg TOUC KAVOVEG TIOU LOXUOUV OTLG NAEKTPLKEG
EYKATAOTAOELG.

OL NAEKTPLKEG OUOKEVEC Yapaktnpilovtat amno:

e TNV ta0N Asttoupylag,

e TNV oYL Acttoupyiag.

MoAU AlyeC nNAEKTPIKEC OCUOKEUEC TOU OTILTIOU HOG A€L-
TOUpPYOUV LE XapunArn taon, omwc ta Koudouvia, ta Bupo-
mAédwva, Ta dwta Tou KATou. XaunAn taon Bewpeital n
TAON TOU €lval PUKPOTEPN 1 on Twv 42V. MéxpL 42V Bsw-
pettat akivbuvn n tdon. OL MEPLOCOTEPEG CUCKEUEG XPN-
olgomolouv tacn 220V kal ival 0Aeg autovoues, Snhadn
QVEEAPTNTEC ATO TN XPoN GAAWV CUCKEUWV.

H ouvéeon mou efaodalilel otabepr TAON KL AUTOVO-
Hia eivat n mapdAAnAn. Emopévwg, Ta pwta, To payelpeio,
o Bepupoocipwvag Kol oL PLKPOOUOKEUEG, cuvdéovtal OA
napaAAnAa.

Emeldn n tdon mou XpnoLUomoLloUE eival eVAAAOOOOUE-
vn 220V kat cuxvotntac 50Hz, mpénel, mpotol cuvdECOUE
HLO. OUOKEUN, VoL EXoU e BePalwBel otTL elval KatdAAnAn yla
auTO To diKTUO.

H ox0¢ pag ouokeung kaBopilel tnv mpoodepouevn o
QUTAV EVEPYEL OTN MovAda Tou Xpovou. AuTto 6 onuaivel
OTL ULOL OUOKEUN HEYOAUTEPNG LOXUOG €XEL KAAUTEPN OUMO-
6oon. H anddoon efaptdtal Katd £va PEPOC ATO T KATA-
OKEUOOTLKA XOPAKTNPLOTIKA TNG ouoKeung. H oxug, opwg,
kaBopilel To pevpa oU TN SlappéEel, OTav AELTOUPYEL Kal TO
KOOTOG ova wpal AELlToupylag.

Onwc elmape oto omitt pog ptdvel evaAAacoOUEVN TAON
220V, ocuxvotntac 50Hz. H dtavoprn yivetal amo tnv nAEKTpL-
Kn €TOlpela pe evaépla r umoyela Siktua, LEXPL TO LETPNTN
NAEKTPLKAG evEpyelag (1 yvwuova). Ekel, o évag aywyog
ouvdEéeTal Pe TN yn Kal Ba tov ovopAloUpE «OUBETEPOY,
EVW TOV AAAOV aywyo tov ovopdloupe «daon». e MOAA



Ewova 1

Ewova 2

Ewkova 3

Ewkova 4

Ewkova 5

1 36 SUVEXEG NAEKTPLKO pevua

OTtiTLa, OTIOU XPELALETAL LEYAAUTEPN EVEPYELQ, QVTL yLa pLa daon
(novodaoikn mapoyxn) cuvdéovtal Tpelg GAoEeLS (TpLidactkn mapo-
XN). Emeldn, Opwg, eEAAXLOTEG OLKLOKEG CUCKEUEG £XOUV TPLPACLKN
ouvdeon, aAAd Kal 60eC €XOUV AELTOUPYOUV OOV TPELG povoda-
OlKEG OUOKEVEC, 6 Ba emektabolpe o meplypadn tPLPACIKWY
OUVOETEWV.

210 oTtitL poG eMopévwg ¢Bdavouv touldxlotov 3 aywyol (etk. 1).

H daon kot o oudETepog sival evepyol aywyol, evw n yeiwon
elval aywyog npootaciag. Ol aywyol amod 1o yvwpova ¢ptavouv
OTO YEVIKO TtlvaKa TOU orutiol pag (K. 2) o omolog MpEMEL va
TEPLEXEL (He oepd Asttoupyiag) to yevikd Siakomtn (1), tov
autopato Siakomtn Staduyng (2), T yvevikn acddlela (3), Tnv
evelkTikn Aduna (4). Ano tn yeviki acdpaAlela to peupa SltakAa-
Siletal oe Sladopa KUKAwpata: 1) otov NAekTpLlko Beppocidwva
(6lakomtng 5, evbelktikn Aaumna 6, acddalela 9), 2) oto NAEKTPLKO
nayelpeio (Stakomtng 7, aopaleta 10), ota KUKAWHATA GWTLOUOU
(aodaleteg 8 kat 11).

O mivakag ou meplypadetal eival €vag TUTLKOG TivaKag EVOG
HEOOU EAANVLKOU OTILTIOU. 2€ HEYOAUTEPQ OTILTLAL OL TIVAKEC £lval
rubavotata Tplpactkol (Ue TPELG YEVIKEG AOPAAELES) KAL TIEPLOCO-
TEPO KUKAWMOTAL.

Aglte TO YEVIKO TIivaKQ TOU OTILTIOU 0a¢ Kal tpoodloplote tn
Aettoupyla kaBe €aptUATOC TOU.

O levikog AtakomTng eAEyxeL T Aettoupyia OANG TNG NAEKTPL-
KNG EYKATAOTAONC TOU OTILTLOU.

Tov 8LaKOTITOU UE:

e Otav uTtapxel kivbuvog nAektpomAnéiag,

® OTAV UTTAPXEL TTUPKAYLA,
otav aAaloupe Aauma,

OTav 0 NAEKTPOAOYOC ETILOKEVUALEL 1) TPOTIOTIOLEL TNV EYKATA-
otaon.

Ol AcAAELEG ETUTPEMOUV VA TIEPACEL UEXPL MO AUOTNPA
kaBoplopévn TLUR €vtaong amod toug Stadopoug aywyouc. Kabe
Qywyog €xeL oplopEvn Statour. Eav n évtaon mou tov Slappeet
EemepAoel oplopEvn TN, epdaviletal évtovo to datvopevo Joule
HE amnotéAeopa va untepBepuavOel o aywyog, va ALWaoEL n Lovwon
TOU, va YiVEL BpayUKUKAWUO Kal TiBava mupKayLd.

H yevikn acdaiela (eik. 3) elval tnktn, ylatt €xel puoiyyt
TIOU TIEPLEXEL €val AEMTO vhua Kal €vav Seiktn. Otav n évraon
TOU pevpatog unepPBel oplopévn TN (mou ypadetal mavw otnv
aopAAeLla) TOTE TO VAN ALWVEL KOl TO KUKAwUa Stakormtetal. O
Selktne kpatiEtal otn B€on tou, 600 To vApa Sev €XeL KOTIEL. X€
neplmtwon mou Kael N achAAELd, TPEMEL VAL SLAKOYELG TO PpEUHAL
LLE TO YEVIKO SLAKOTITN KOlL VA AVTIKOTOOTAOELS TO Puciyyt ue GAAo
idlag évraonc. MNpwv Eavaouveéoelg To pevpa, PeElwoe TNV KaTta-
VAAWOT 00U TPOTLUWVTAS TLG NAEKTPOBOPEG CUCKEVEG (LayeLpEio
- Beppooidpwvag). O deiktng kaBe duoLyylou €XEL XOPAKTNPLOTIKO
XPWHA ovAAoya UE TNV EvTaon.
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Aev npénel NOTE va eEMLOKEVAIOUE TOo duoiyyL.

Ot eni pépoug aodpAAeLEC MAAALOTEPA NTAV KL OUTEG
TNKTEG, ONUEPA OUWG ElvalL AQUTOUATEG (LK. 4). € meplMTw-
on ToU TECEL YLa autopatn acdpaiela, okéPou TpLv amno-
KOTOLOTNOELG TO KUKAWLOL.

— Av umtnp&e BAABN N BpaxukLKAwWUA, TOTE anocuvdeoe
TIPWTA TN XOAQOUEVN CUOKEUN.

Av umtnpée umepévtaon (MOAAEC 1) MEYAAEG KATAVOAW-
OELC), TOTE amooLVoeoe UEXPL N €vtaon va $pOAceL og emL-
Buunta opa.

O autopatog drakomntng dtaduyng £xeL wg oTOXO TNV Ewéva 6
npootacia pag and Siappor). Onwg eival yvwotod éva
KUKAwO amoteAeitat amod Vo aywyoug, Evav IPooaywyns
Kol €vVav amaywyng tou pelvpatog (ewk. 5). Eav akouumn-
OOUUE €va omolodnmote onueio tou kKukAwpatog, 6 Ba
€XoUupe ouvemeleg, S1otL e Ba kAelvoupe KUKAwPQ. Agv
LoXVEL OUWG To (810 0TO SIKTUO TNG TTOANG Hag. Exoupe Sel
oTL, oL aywyot eivat adevog n ddaon kal adetépouv o oudE-
TEPOC, TIOU €lval evwpévog Ye tn 'n (ewk. 6). Etoy, n taon
HeTafL Ppaong kat oudEtepou eival 220V, petafl paong Kat
yNG 220V kat petatl oudEtepou kat 'ng oxedov dev umapyel
taon (ew. 7). Ewoéva 7

‘Etol, av €pBeL og aywyLun emadr KAmolog K éva KUKAw-
L0 TOU PEVUATOC TIOAEWC, Umopel va dexBel taon amod 0 Ewg
220V, omote eva beutepevov pevpa |, Ba mepdoeL ano to
owHa Tou, He Kivbuvo tnv nAektpomAnéia. To pevpa auto
10 Aépue pevpa daduyng (k. 8).

O autopatog dlakomtng dladuyng cuykpivel To |, pe To
|,. Kavovikd mpemet va eivat ioa. Otav opwg |, - | > 30mA
(kaBooov 30mA Bewpeital To 6pLo TNG eMKivouvng €vtaong
yla tov avBpwro) Aettoupyet n mpootacia tou Kot Slako-
TITETAL TO KUKAWU O 0 KAAoUA Tou SEUTEPOAETTTOU (ELK. 8).

Mpoooxn: H Asttoupyia kaBe autopatou Slakomtn dia- Ewéva 8
duyng mpemel va eAéyxetal KABe prva. Na tov €Aeyxo, M-
{ouue To Koupuri TEZT mou €xel, omote MPEMEL va SLaKOTTE-
TOL TO KUKAWHA. O EAeyX0C IPEMEL VAL YIVETAL TTAVTOTE, apoU
€XOUUE SLakoPeL T Aettoupyla TwV NAEKTPLKWY CUCKEUWV.

H yeiwon pag mpootateVel amo tn Staduyr peUUATOC
ue Sladopetikd Tpomo. To KUKAwUa (€lk. 9) kAeilvel péow
™NC yngG, €va afloAoyo pelpa MepvA amo tnv acdAAELa, TTOU
AWVEL Kot SLOKOTTEL To KUKAWUA. Melwon xpetalovtol OAeG
Ol CUOKEUEG TIOU €XOUV UETAAALKO TtepiBAnua.

Npocoxn!! O oudétepog, evw eival ouvoedeUEVOG e TN
yn, elvat emkivéuvo va xpnoponownBel wg yeiwon. Ewoéva 9

2tig duthaveg elkoveg 10a, 103, 10y, daivovtal oL tpo-
moL oUv&eonC SLaPOPWV CUCKEUWV TNE OLKLAKNAC LOG EYKOA-
Taotaon .



2voeon omlod loumripo.
Ewéva 10a.

20voean 000 AaUrTHP@Y UE OLOKOTTH KOUL-
TOTED.
Ewéva 108.

20voean lourmtipa pe 000 Olo0KomTES OAE-
PETODP.
Ewova 10y.
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O NAEKTPLOUOC XWPLS KLVSUVOUG

TL anoyopeVETAL VAL KAVETE:

1) Mnv adaipeite [ KATOOTPEDETE TIG TIWVAKIOEG TWV NAE-
KTPLKWV CUCKEUWV HE Ta oTolyela Asttoupyiag kol to
OVOLO TOU KOTOLOKEVAOTH).

2) Mn XpNnOLUOTIOLEITE TIC OUVNOLOUEVEC NAEKTPLKEG OU-
OKEVEG 0TO SWHATLO TOU AouTtpoU. YTIAPXEL LEYAAOC Kiv-
Sduvog nAektpomAnéiag.

3) Mn ouvbéete MOAAEG NAEKTPLKEC OUOKEUEG otnv (OLa
npila. OL aywyol uttepBeppaivovtal Kot UTtapXeL poBog
TIUPKAYLAG.

4) Mnv &exvarte 1o oidepo otnv mpila. Ynapxel ¢opfog va
KA eTe Ta polxa KAl VO TIPOKOAECETE TIUPKOYLEC.

5) Mnv anocuvdéete to dLg and tnv npila, Tpafwvtag to
kKopdovL. Oa pBapet kat Ba mpokUYPeL peydAog Kivbuvog
nAektpomAnéilag.

6) Mn xpnotlpomnoleite cuokeveg Le pBapueva kadwdia. H
HOVWON TwWV KaAwSlwv KataotpédeTal He TNV MApodo
TOU XPOVOU Kol Ta KaAwdLa anattolv avTlkataotaon.

7) Mnv TUAVETE SLOKOMTEC, TIPLIEC KAl YEVIKA NAEKTPLKEG
OUOKEVEC UE Bpeypéva XEpLa. YIIAPXEL LEyAAOC Kivouvog
nAektpomAnélag.

8) Mnv mepvate nAekTpLlkd KaAwdia and to dvolyuo Bu-
pwv, mapabupwv i oto danedo, N KATW amo xoAld. Oa
$Oapolv evkoAa.

9) Mnv eneUPAIVETE OTO ECWTEPLKO TWV NAEKTPLKWV OU-
OKEUWV OKOpa Kol otav Sev eival ouvoebepéveg oTo
pevpa, yati propei va mpokaAéoste BAAPN, mou Ba ka-
TOOTAOEL ETUKIVOUVN TN XPHON TNG CUCKEUNG.

10) Mnv mepvate nAekTplka KaAwdia mavw 1 SimAha amnod
Bepudotpeg, kahopldép 1 cwAnveg Beppov vepou. H po-
vwaor toug v avtéxel ouvnBwe oe peydAeg Bepuokpa-
oleq.

11) Mnv mdvete OTE TIG BLOWTEC AAUIEG ATt TOV KAAUKQ,
otav npokettal va tic fdwoete 1 va tig Eefldwoete. Kiv-
SuvelLeTe amnod nAektpomAnéia.

12) Mnv adatpeite ta KaAUpUATA KoL TOUG TTPODUAOKTHPES
ToU padlodwvou Kol TwV AAAWV NAEKTPLKWY CUOKEUWV
00, TTPOTOU TLG ANMOCUVOEDETE amo tnv mpila, ylati ta
otolxeia toug €xouv TAon.

13) Mn xpnotpormoleite mpoxelpeg UnaAavtélec. Ayopaote
plo pmaAavtela achaln, He povwpeévn Aapn, n omoia
€XELTO AaumTpa Kal TV urtodoxr tou mpodulayueva.

14) Mnv a¢rvete ta matdld va okopPaAwvouv o€ GTUAOUG
NAEKTPLKWV SIKTUWV I VA TIETAVE XAPTAETOUG KOVTA OTLG
ypappég. O kivbuvog nAektpomAnéiag eival cofapoc.
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15) Av KuvnyATe, Un XTUTATE TIOUALA Ttou KaBovtal o€ KaAwdia
N LOVWTHPEG.

TuemuBaAAeTaL va KAVETE;

1) Zntate povo amd adeloUXo €yKOTOOTATN NAEKTPOAOYO va
eMBEWPNOEL TNV NAEKTPLKA €ykatdotacn, otav aAldlete
omitt 1) ypadeio. O 6lo¢ mMpémel va emBswpel KoL va €L-
oKeuAlel KABE CUOKEUN TTOU TTOLPOUCLATEL aVWUOALaL.

2) AwaBalete MPOOEKTIKA TG 0ONYLEC XPNONG TWV NAEKTPLKWV
OUCKEUWV TIOU ayopaleTE.

3) Ayopddete oKeUN KOL UNXOVAMOTO EYKEKPLUEVA QMO TNV
opuodla unnpeoia Kpatikol EA£yxou tou Ymoupyeiou Bi-
opnxoviag, To omoila £XOUV YPOUHEVO EMAVW TOV aplOuo
€YKpPLONG, N TO OAUA €yKpLONG amd avayvwpLoUEVOUG opya-
VIOMOUC. Tl YN EYKEKPLUEVA UTIOPEL VA €lval EAATTWUATIKA
Kal emikivbuva.

4) ByaAlete TIG NAEKTPLKEG CUOKEVEG o TNV Tipila, TpLv amnod to
KaBapLopa, To EE0KOVIOUA ) TN LETATOTMLON TOUG.

5) Edv €Xete PIKPA MOLSLA OTO OTiTL, UTIAPXEL TAvVTA Kivouvog
va BAAOUV LETAAALKA OLVTLKELLEVOL OTOUG TTOAOUG TWV TIPLIWV.
XpNOLUOTIOLE(TE 1) Ta ELOLKA TAQOTIKA BUopata Tou odpayi-
{ouv T eAeVBepeg Tipileg 1 eldIkEG Tipileg aodaleloag.

6) ALQKOTTETE TO PEVLO ATIO TO YEVIKO SLOKOTITH, TPV QVTLKA-
TOOTAOETE pla Aauma f pio aohaiela.

7) Qwvalete apEOWS Evav adELOUX0 EYKATACTATN NAEKTPOAO-
YO Yyl TNV QIOKOTACTOON omolacdnmote avwuaAiog i BAA-
BNG. 2To HETAEL SLAKOTITETE TO PEVLLOL OTIO TOV KEVTPLKO 1) TOV
TOTIKO SlakormTn.

8) Av bcite nAektpodopo cUPHA KATW OTO SPORO, N TO TIAN-
olaoete. Kwwduvelete. Elbomolnote apéowe To MANCLEGTEPO
ypadeio tng AEH ) to AoTuvouLkd TuRua.

9) Eav odnyeite oxnua uPnAg, yepavo, ekokadea K.T.A., TIPEMEL
va pooExeTe olaitepa otav nAnolalete ti¢ NAekTpodoOpeg
YPOUUEC. MOAAEG DOPEC KaL N ATTAR TIPOCEYYLON UIMOPEL va
TIPOKAAEDCEL NAEKTPLKO ATUXNUA LLE TPAYLIKEG CUVETIELEC.

Av cupBei nAektpomnAnéia, TotE...

1) AwoKkOYPTE OUECWC TNV TTAPOXN TOU NAEKTPLKOU PEUMOTOC
Qo TO YEVIKO SLAKOTTH.

2) Ie mepintwon mou n nAsktponAnéia €xeL yivel og unaiBbplo
Xwpo, arno BAaBn tou Siktvou, adol AMOUAKPUVETE UE EVa
oTeYVO EUAO To NAekTpoPpOPO KAAWSLO o To BUa, ppovTi-
ote va eldomolnBel to ypnyopotepo n AEH.

3) Ano¢uyete kabe petadopd rj HeEyAAn peTOKivnon Tou BU-
Hatog xwplc mpwteg fonbeLec.

4) Apxiote apéowc edbapuoyn TEXVNTAG avarmvonc. Av to Buua
EXEL XAOEL TIC aLoOnOoELg TOU, punv mpoomabeite va Tou Swaoe-
TE VO TILEL TLTOTAL.
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5) ®povrtiote woTte KATTOLOC AAAOG VO ELOOTIOLNOEL AUECWG TOV
TIANOLEGTEPO YLATPO N TO 2TABUO Mpwtwv Bonbewwv.

B. O nuiaywyoti otn {wn pog

ITIC apxEG tov 1940 o MapBv KéAu, mou ntav 6/vtng €peu-
vag ota gpyaotnpla tng Bell, kat o PaceA OA, mou Atav HEANOG
TOU TIPOOWTILKOU TNG ETALPELAG, EKAvVAV Lot TTOAD ONUOVTLKA ETTL-
del€n-nmapouaoiaon. Autr adopolace To MUPLTLO, Evav NULAYWYO
TIOU TOTE HOALG yvwpLlav.

O OA £6¢el€e ™ ouUOKEUN TOU NTAV €va HLIKPO opBoywvio
pe SU0 PETAAALKEG emadEC. Xpnolpomnololos €va GAag ylo va
dwrtilel pla pkpn emupavela oto KEVTpo. TOTE EMALPVE OTLG
HETAAALKEG emadéC pa dwtonAekTpikn taon 0,5V. BAEnave to
nelpapa kot dev to motevave. KL auto ylati n nAEKTPEYEPTLKN
Sduvapn mou Emalpve oTLg UETAAAKEG emadEG nTav dEka GopEC
HEYAAUTEPN amod auTh Tou MepLpévave adou To TupPiTo NTav
HaUpo Kal adlamépaoto and to ¢we. ApXLoav va TILOTEVOUV TO
YEYOVOG, povov adou €kavav To melpapa oto Sikd Toug epya-
oTAPLO W €val KOUUATL TUpLtiou. AUTO TO KOUUATL ATAV N TTPWTN
enaodn p-n.

Tov lavoudplo tov 1946, ta epyactrpla Bell deixvouv evoL-
adEpov yla TN XprRon NULOYWYWV 0 KUKAWUOTA KAl TV Kata-
OKEUN OTEPEAC KATAOTAONG.

H é€peuva Aoutov mou Ba odnyoloe otnv Katavonon Twv
nULaywywv apxtle mail. H epsuvntiki opada sixe enikedalng
Toug MouiAtap ZokAel Kal ZtavAel Mopykav mou Atav Bewpn-
Twkol puoikol. Ao TNV MPWTN OTLYUA Ko cuveibnon Atav otL
Bpilokovtal akOUn HaKkpld amd TV MANRPN Katavonaon tou ¢ot-
VoUEévou. Evag amnod Toug AOyoug ATav To YEYOVOC OTL To o&eiblo
TOU YaAkoU Kal GAAol nuiaywyol ntav moAU ouvOeta UAKA.
To muplTlo Kal TO YEPUAVLO ATV TA TLo armAd. Metd amd moAv
Soulela otig 23 AekepPpiou 1947 duo xpuoég emadEC MAXOUG
Alyotepo amod éva XIALOOoTO TNG vtoag n KABE Hla KATAOKEUA-
otnkav oto (610 KoppaTL yeppaviou. To mpwTto tpaviiotop ATav
TIAEOV YEYOVOC.

To tpaviiotop avakaAUdtnke povov Otav BOOIKEC YVWOELG
elyav avamtuytel oe tétolo Babuo, wote 0 avOpwWILVOG VOUG
va UIMOPEL va KATAVONROEL KoL va cUVOEDEL T daLvoueva Tou
elyav mapatnpnBel. Itnv mepimTwon HLOC CUOKEUNG UE TOCO
ONMOVTLKEG ETUITTWOELG 0TNV TexVoAoyia, atilel va onUeELwWOOU-
HE OTL N avakAaAuPn NG €yve amo epyaocia adlepwpévn otnv
KOTOvONnon Twv Baclkwyv opxwy Twv GuoIkwV GalvouEVwY, TILO
TIOAU, TIAPA O€ ULa TIELPAMATLKN HEBOSO Tapaywyng Xproliwy
OUOKEUWV.

MOAAEG CUGKEUVEC TTOU XPNOLLLOTIOLOUE OTNV KABNUEPLVI) LOC
{wn MEPLEXOUV NULOYWYOUG Kal Tpaviiotop Kal OAoOKAnpwHEvVa
KUKAwpota. TEToleg elval: tTnAsopaocelg kal padlodwva, Bep-
HOOTATEC TTOU eAEyxouv tn B€puavon kat tnv Yuén, cuotiuata
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ouvayepuou, Bivteo, dolpvol UIKPOKUUATWY, LOTPLKA HUNXOVI)-
HOTO, CUOTHAMATO TTAONYNONG OEPOTIAAVWY, NAEKTPOVLIKES YpOL-
dounxavég, tTNAEdwva K.a.

Hulaywyoug TEPLEXOUV Kal Ol NAEKTPOVLKOL UTIOAOYLOTEG
(H/Y) mou téo0o oAU xpriowol eivat mAéov otn {wn pag. Ou H/Y
elval epyaleia. Ita gpyodeia ol avBpwmol divouv odnyieg yla
va KAVoUuV KAtl. ETol, ota AoyLloTiKA ypadelo Kol OTIC ETALPELES
xpnotpomnotovvtat ot H/Y yia tnv toxutepn enegepyaocia dedo-
HEVWV. H toxutnta pe tnv omoia kavouv ot H/Y apBuntikolg
UTtoAoYLopHOUG 08 YNOE OTN XPNOLUOMOLNGN TOUG OTN OTOTLOTLKN
Kol 0TO €EPAPHOCHUEVO LOONUOTLKA.

Eniong, xpnoLlomolouvtal o€ XNULKA Epyaotipla yla va afl-
0AOYOoUV TIG EMBUUNTEG LOLOTNTEG ULAG VEOG UTTOBETIKAG XNILKAG
évwong kot va kaBopilel peBodoug mapaokeung tng. OLH/Y xpn-
OLUOTIOLOUVTOL OTN NXOVLKI] YLO VOL UTTOAOYIGOUV TACELG UALKWYV,
Kpadaopuoug, TPIREG KA. MmopoUv val KAVOUV UTIOAOYLOHOUG
yla TN ouunepldopd CWUATWY PECA OE LYPA N agépla. AKOUN,
XPNOLLOTIOLOUVTAL KOL OTNV KOTOOKEUH POUTOT. EmumAéov, xpn-
olgomolouvtal euplTaTa AMd TNV EMLOTAMN TNG lATPLKAG OTOV
TopEQ Sldyvwong Twv acBbevelwy.

Eniong, xpnoltomotloUvtal oTnV KOWwVIoAoyila Kal otn yAwo-
coloyla. Akoun évag H/Y pumopet va umtoAoyioEL TIG ATTOOTACELG,
TIC TAXUTNTEG TWV 0OTEPLWY, KABWCE Kal va poBAEPeL oupdavia
dawvopeva.
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3.1 H ¢Uon tov pwtdg
3.2 H taxvtnta tov pwtog

To dwg katd T0 COUPOUTO
Slavuel peydAn amoctoon
HEoa OTNn ynwvn atuoodatpa
KAl VOl ONUAVTIKO HEPOG TOU
Kuavol Xpwuatog okedale-
tal To ¢wg mou MPOoOoTInTEL
o€ €va védog, otav avakAa-
ToL and 1o védog Kat yivetal
TEALKA 0PATO QTG TOV Tapa-
™TPeNTN, EXEL KITPVN €WG €pu-
Bpn anoxpwon.

‘Evag mMoAwTtn¢ tumou polaroid, mou €xeL mpooap-

™Nn0O¢el oTto Pakd plag pwtoypadLkAG LNXAVAC, ETTIL-
A£yeL T KUpOTO HE piot ouykeKpLpEvn SlevBuvon
noAwong kat epnodilet 0Aa ta aAAa kUpata. Etol
0 dwtoypaddoc KatadePE VA ATIOTUTIWOEL TO OTLY-
HLOTUTIO TNG SuTAavng elkovag Kol ¢wtoypadloe
akopa kat tov HALo.

3.3 Mnkog kKUpatog Kat cuxvotnta ¢pwtog Katd tn dtadoor) Tou
3.4 AvaAuon AsukoU ¢pwTOC Kat XpwHorta

3.5 NoAwon tov pwtog



H evalobnoia tou avBpwrmivou patiolv 6cov adopd TNV avtiAnyPn Twv XpwWHATWV
Kupaivetal amo ta 400nm mepinou (lwdeg dwg) Ewg ta 700nm mepimou (epubpd dwg).
Autn n evaloBnoia kaBopiletal Kuplwg amnod Toug uTtoSoXELG IOV UTIAPXOUV oTa ALoOn-
TpLa Opyava TNG 6pAcNS Tou avBpwmou.

To epwtnua eivat av kat ta dAAa {wikd €(6n UMOKEWVTAL O€ TIAPOUOLOUC TIEPLOPL-
OMOUG TNG OPACNAC TOUG. MoTEVETOL MAVIWG OTL TA NUEPOBLA TTOUALA SlaBETouv pnxa-
VLOHOUG TTOU TOUG ETILTPEMOUV VO BAETOUV TO UTIEPLWOEC DWC. ZUYKEKPLUEVA, TO KTIOUAL
Tou ‘HAlou» tng mapamndvw elkovag €xel evatcOnoia ano ta 330nm (unteplwdeg Pwg)
£€w¢ To 680nm (epuBpO dwC).



Elcaywyko €vOeto

TaAdviwon
To owpa tou SumAavol oxnpatog eival e€aptnuévo amd To
Aakpo tou eAhatnpiouv otabepadg k. Av To amopakpUVOUUE Ao TN
Beon Loopportiag tou katd x, Kot botepa to adpricoupe eAevBepo,
Ba ekteAéoel pia kivnon n omola Ba emavalaupavetal oe loa
Xpovika Staoctipata. Mia tétola Kivnon, Omw¢ auTr) Tou CUCTH-
poatog eAatnpilou - palog, ovoualetal oA apHoVIKA TAAAVTW-
on.
* H PEYLOTN amopakpuvon X, Tou CWHATOG Ao tn B€on Looppo-
milag Tou ovopaletal MAATOG TNG TAAGVTIWONG.
e O XpOVOC TOU XPELALETAL TO CWUA, YLO VO TIEPAOEL SLadoyLKA
600 dopég amo to (6lo onueio TNG TPOXLAG TOU Kal HE ThV (dla
dopa, ovopaletal mepiodog T. Eival pavepo OTL O XpOVO HLaG TIEPLOSOU TO CWHA EKTEAEL pLa TARPN
TaAavtwon.
e To nnAiko tou aplBpou tTwv taAaviwoewy (N), TOU KAVEL TO CWUO OE XPOVO t, TPOG TO XPOVO t
ovoualetal ouxvotnta f. AnAadn:

f=N/t, yia t=T kot N=1, maipvoupe: f=1/T
e Eniong edw mpEmeL va ToVioOUE OTL N EVEPYELA TOU TOAQVTWTH €€QPpTATAL ATTO TO TTAATOG TNG TA-
Advtwong kot Sivetal amnod tn oxeon:
E= lkxé
2
Kopa
Ovopaloupe HNXAVIKO KOpa kaBe dtatapaxn mou Sladidetal Ye MeEMepACUEVN TAXUTNTA OE EVal
UALKO EAOOTLKO PUECO. TO EAAOTLKO UALKO HECO havTalOMOOoTE OTL aMOTEAEITAL ATO OTOLXELWSELS bo-
ULKEG LOVADEG TTOU £XOUV €AOOTLKN oUTleUEN PLeTAEL Toug, SnAadn ouvdéovtal pe eAAOTIKEG Suva-
HELC. AV TTpOKOAETOUE ULa Slatapayr o€ €va ONUELO TOU EAACTIKOU LEOOU, QUTH LETAdISETOL OTNV
ETMOWEVN, OTN HEBEMOUEVN K.0.K. SOULKN LOVASO PE TIEMEPACUEVN TAXUTNTA, N omoia ovoudalstol
tayutnta Stadoong tng dratapaxng.
210 SumAavo oxAUo TO XEPL HOG KPOTAEL TO €va AKPO OpL-
{6vTIoU oXowLoU Kal eKTEAEL apUOVIKN) TAAAVTWON OE KOTA-
kopuon dtevBuvon pe ocuyvotnta f. Napatnpolue otLautni n
TaAavtwon dtadidetal anod To xEpL pag os KABe SouLkr pova-
da Tou oxowLoL mpog ta Sefla. TEToLa KUMATA OTO Omola Ta
popLa Tou péoou Tadaviwvovtal o dleuBuvon KABeTn mpog
N StevBuvon dLadoong Tou KUUOTOG OVOUAlovTaL EYKAPCLOL
KUpOTOL.
H cuxvotnta TaAdvTwong Twv Hoplwv Tou HEoou elval idla
LLE TN OUXVOTNTA TAAAVTWONG TOU XEPLOU LG, TIOU OTNV TPO-
KELLEVN TEPIMTWON AMOTEAEL TNV TNy TOU KUUATOG. H ou-
XvOoTnTa auth givat n cuxvotnTa TOu KUUATOG.

¢ Taxvutnta dtadoong (c) Tou KULATOG O€ KATIOLO LEGO OVOUATOUE TO TINALKO TNG AMOCTOONG X, TIOU
Stavuel to kUpa (dtatapayn) katd HAkog pLag dtevBuvong dtadoong, o xpovo t Tpog To XpOvo auTo.
AnAadn woyvet:

c=x/t(1)



H tayvutnta dtadooncg c e€aptatal amnod tn ¢puon Tou EAACTIKOU Héoou dtadoong.

* Mko¢ KOpatog (A) ovoAlou e TNV QOO TACN TIOU SLATPEXEL TO KU OE XPOVO LaG teplodou. Av
otnv (1) 6€coupe omou x=A kat t=T, malpvVOUE:

c=A/T kai, av Bécoupe 6mou T =1/ f, maipvoupe: C=Af

H oxéon c=Af woxleL yia onolodrmote appovikd Kupa Kot ovopdletol BepeAwdng efiowon
™G KUHATIKAG. Toviloupe edw otL n ouxvotnta f kaBopiletal and tnv mnyn Kot OTL UE T CUXVO-
NTA UTH ToAavTwvovTal OAa Ta cwHaATidla Tou EAaoTIKOU HEOOU KaTd T dtadoon Tou KUUATOG.
JuumEePAiVOULE AOLTTOV OTL £va OpLOUEVO KUUQ, Ttou Sladibetal oe StadopeTikad EAAOTIKA pHEoa, Ba
€XEL TNV 8L ouxvotnTa o€ OAa Ta pHEoa, AAAA SLaPOPETIKEG TIUEC MAKOUG KUMOTOG KOl TAXUTNTOG
Sduadoorg tou.

HA&ekTpOpAYVNTIKA KUpOTOL

O nxog oto padlopwvo Kat 0 NXOE KAl N ELkova oTnV TNAedpacn AapBavovtal and auTEC TIG OU-
OKEUEG XA PN 0TA NAEKTPOUAYVNTLKA KULATA TTOU OTEAVOVTAL ATtO TIG KEPALES TWV PASLODWVIKWYV Kall
TWV TNAEOTITIKWYV OTABUWV avtioTolya.

OMWG TL €lval KoL TTwE TTaAPAYOVTOL AUTA TOL NAEKTPOUAYVNTIKA KUUOTO,

Ac Bswpnooupe pla kepaia, dnAadn éva cupupdtivo aywyo, n omoia tpododoteital amnd eval-
Aaooopevn taon V. H kepaia Stappéetal and evaAAacoOUEVO peUa KAl T EAeUBepa NAEKTPOVLLL
HEoQ 0’ AUTAV EKTEAOUV apUOVIKA TAAAVTwaon. MUpw amo tnv Kepaia Snuloupyeital Eéva NAEKTPLKO
Kall €val payvnTtiko medio, Twv omoiwv oL SUVAULKES YPOAUUEG, KATIOLO XPOVLKH OTLYUN, ElKovilovTal
oTo oxnua (a).

(o) (6)

To NAEKTPLKO KAL TO HAYVNTIKO eSO PETABAAAOVTAL NULTOVOELSWCE LE TO XPOVO Kal auTh N petapo-
A SLadideTal, AMOUOKPUVOREVN OO TNV KEPOLA, KATA LAKOG TNG eUBElOC X'X, TTOU ATOTEAEL KAl TN
StevBbuvon 6tadoong tou kupatog. H dtadldopevn avtr dtatapoxr ovoualetal NAEKTPORAYVNTLKO
KOO

To nAekTPOHAYVNTIKO KU &€ xpeldleTal KATIOLO EAACTLKO LETO yia va dtadoBel. Atadidetat ako-
QL KOl 0TO KEVO ME TaXUTNTA €, YVWOTH We Taxutnta 81ddoong tou $pwtog oo Kevo. Ze kabe Béan
NG UBelag X’ oL EVTACELG TOU NAEKTPLKOU KL Tou payvntikou mediou eival kaBeteg petal toug,
kaBwc emiong kat mpocg tn StevBuvon Stadoong (oxNua B). M’ autd AEPE OTL TO NAEKTPOUAYVNTLKO
KUHQ Elval EYKAPGCLO KUMAL.

Onw¢ 0To PUNXOVLKO KUMA Ta LoOpLa TOU HECOU €KTEAOUV OPUOVLKEG TAAOVIWOELG, £TOL KOL OTO
NAEKTPOLOYVNTLKO KOO N EVTOON € TOU NAEKTPLKOU Kal N €vtacn B tou payvntikou nediouv, o kabe
onueio, TAAQVTWVOVTAL APHOVLKA.
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Tt givat 10 we, ocwuatiéto N kKUuA;

3.1 H ®YZH TOY OQTOZ

ATté MOAU TaALd, 0TOUG apXaLOTATOUG Xpovous, dlddoodol
Kal ¢puoLobideg mpoomabovoav va KATAVOHOOUV KOl VO EPHN-
VEUOOULV TN «dUon» Tou GWTOG. Na MOAAA XpOvLa ATOV AVTLKE(-
HLEVO HAKPOTIVOWV oulNTACEWY, SladwVLwy, ETILXELPNUATWV KAl
QVTETILXELPNMATWV.

To dwg NTav kat eivat pla Baoikn attia tng vmapéng Lwng
oTov TAQVATN Mag. AG unv Eexvape otL ta ¢putad, pe t dwto-
oUVOEOT, LETATPETOUV TNV EVEPYELA TIOU TTAPEXEL TO WG TOU
‘HALoU o€ XNULKNA EVEPYELQ, TNV OOl XPNOLULOTIOLOUV 0TI CUVE-
XELOL yLOL TNV avamTuén Toug. To dwg eival autd mou KAVEL opaTa
TA AVTLKE(pEVA IOV BplokovTtal otov mMAavntn pog, tn M, Kat
oto Zuunav. Me tn BonBela tou dwTOC KETUKOWWVOUUEY HE Ta
A0TPA KOL TOUG TTAQVATEG TOU NALOKOU LOG CUOTHHOTOC OVIAW-
vTag XLALadeg mAnpodopieg yia tn clotaor toug (pacpatooko-
Tk LEBobdog).

Mpwtol ot apyaiot EAAnveg eixav avtiAndBel kat dtatunw-
OEL AUTO TIOU EMELG oNUepa ovOoUAloupe «owpatidLakn ¢uon»
ToU dwTtoC. Niotevav SnAadn otL 1o dwg Iou ekmEUTEL 0 HALOG,
oAAG kot kaBe pwtoBololoa mNyn, AMOTEAEITAL ATIO HIKPA OW-
HaTISLa T oTtola KvoUvTaL e TTIOAU PeyaAn TaxuTnTa Kal, OTov
TMEDTOUV 0TO HATL TOU Ttapatnpntn, dleyeipouv to alobntrpLo
Opyoavo tng 6pacnc.

¥ autn akplBwg tn okéPn, dnAadn tn cwpatidiakn ¢puon Tou
dwtodG, otnpPiXTNKE, TIOAU petayeveéotepa, o Newton (Neutw-
VaG), yla va SLaTunwoel, e Baon Tig apxEG tng datripnong tng
EVEPYELAG KAL TNG OPKNG, TO VOUO TNG avakAaong Tou ¢wrtog,
SnAadn:

ywvia npoontwong (m) = ywvia avakAaong (a)

AUo onuavtikad ¢awopeva, n mepibAaon kat n cupBoAr tTou
dwtog, amaoxoAnoav tou¢ ¢uaikouc Christian Huygens (Kpi-
oTLav XOuxeve, 1629-1695) kat Tomas Young (Topag Mnavyk, 1773-
1829) 1o 1670 kat 1803 avtictolya. Ot Huygens kat Young, péoa
OO MELPAUATIKEG SLadLKaoieg mavw ot GALVOUEVA QUTA, OTTE-
Sel€av OTL To Pwg €xel KUPATLKA PUON KAl CUYKEKPLUEVA OTL El-
VoL EYKAPOLOL KUATA.

To amokopUdwWHA TNS EPEUVOC yLa TN duon Tou dwTtog npbe
10 1865, 6tav o Maxwell (Magyouel), avantuocoovtag tn Leya-
Aewwdn Bewpla tou, anédelée OTL To Pwg elval eykapola nAe-
KTPOLLOYVNTLKA KUpOTAL.

Juveyxilovtag TNV LOTOPLKA avaSPOUr) CUVOVTAUE OTLG APXES
Tou 2000 awwva to Max Planck (Ma€ NMAavk, 1858-1947), o onol-
0¢ xpnoLpomnoinoe tn cwpatidiakn ¢puon tou pwTtog, yla va p-
UNVEVUOEL TNV aKTVoBoAla mou eKMEUTOUY Ta BEpUA cwHATA.

(O ApPLOTOTEANC avapépel: O Eyns-\
S0KANC ... EAeye OTL TO PWC, OVTAG
KTl TO OWUATLOLOKO, TTOU QTTOp-
PEEL a0 TO PwTtilov owua, PVd-
VEL MPWTa 0TO UETAED TNG MG Kot
TOU OUPQVOU XWPO KOl UGTEPA OE
uag. Mag StapeUyel Ouwg n kivn-
o Tou auth Adyw NG TaxUTNTAG

KTO v. /

Isaac Newton

James Clerk Maxwell
To pwg eivar eyKapoio NAEKTPOUOYVNTIKG.
Kouoza.



ZQoupiKa uETOTO KOUATOS 010.0100VTAL OLOL-
ouoppa mpog 0leg tic korevlivoelg Cexva-
vzag omo pio anyn ewtoc. Etkova 3.1-1

2TIYUIOTOTO  NAEKTPOUOYVITIKOD  KOUOTOS
LOKPIG. o TNV TNYH, TOL 0100IdETaL 0pILo-
vaia. O1 evtaoels € kal B twv mediwv eivai
kabeteg oty dievbvvon diadoons Tov Kdua-
70G K01 Y1’ 0TO TO KOULOTO. OTC. OVOUALOVTOl
eykdpota. Ewkova 3.1-2

148 10w

Jtnv 1o ocuyxpovn emoxn o Einstein (Alvotalv) xpnotluornot-
wvTog tn cwpatidiakn ¢puon tou Pwtog EpUNVEVEL TO dwToN-
AEKTPLKO daVOUEVO (ekmour) nAekTpoviwv amo uetaida, otav
IAVW 0 QUTA TIPOOTITTTEL NAEKTPOLAYVNTLKI AKTIVOBOAia).

JAUEPQ TLOTEVOUE otTn SUTAN duon Tou dwTog, dSnAadn otL
TO PWG CUUTEPLDEPETAL WG KUUA KL WG CWHATISL0 TTou ovopad-
Cetal dwtovlo. Ze dawvopeva Omwe n cupBoAn, n mepiBAaon kot
N MOAwon ekdNAWVETAL N KUPATIKN PUoN Tou PwTog (NAeKTpO-
HaYVNTIKO KUUA), EVW O Ppalvopeva TTou oxXeTi{ovTal Pe TNV aA-
AnAenidpacn tou dwtog Pe TV VAN (amoppodnaon - EKmounn),
OTMWC TO PWTONAEKTPLKO PaALVOUEVO, EKONAWVETAL N cwHaTLdLa-
kr) pvon Tou PpwtoC.

H epwtnon Aoumov «Tt gival To ¢we, cwuatidio i KOpo;» &i-
val eopaApévn, ylati To ¢we cURNEPLPEPETOL WG KUMO KOL WG
ocwpatidio.

H kupatiki ¢puon tov pwtag.
HAektpopayvntiki Oswpia tou Maxwell

H mio onuavtikr €€€ALEn Tou 190u alwva otn HEAETN mopa-
ywyng kat dtadoong tou dwtog unnpée to £pyo tou Maxwell,
0 omolio¢ to 1873 Satunwoe tn Bewpla TNG NAEKTPOUAYVNTL-
KNG aktwvoBoAiag. ZUpdwva pe tn Bewpia auth, To pwg giva
EYKAPOLA NAEKTPOMOYVNTIKA KUpATA, Ta omoia {EKvoUvV anod
™ PwTeLVr nyn Ko Stadidovtal mpog OAEG TG KATELOUVOELG.

O Maxwell anédel€e OtL, 0tav Eva NAekTpLko poptio Takaviw-
VETAL, TIAPAYEL NAEKTPOUOYVNTLIKO KU, To NAEKTPOUAYVNTLKO
KOpO amoTteAeltal amod £va NAEKTPLKO KoL £val HLOYVNTLKO KUUAL.
AnAadn eival éva edio pe SUO XAPAKTNPLOTIKA, TNV EVIACN &
TOU NAEKTPLKOU Tediou Kat tnv €vtaon B tou payvntikoL medi-
oU, TwV omoilwv Ta Stavuopota eivol KABsTa PeTAly TOUC Ko
petapBailovrtal ano 6€on og BEon KAl Ao oTyUN o€ oTyun. I
auTO To AOYyo Yapaktnpilovtol wg SUO TOTIKA KAl XPOVIKA LE-
taBaAdoueva usyedn (€ kat B). Ol evtdoelg Twv nediwv & Kat
B maipvouv tautoxpova tn HEYLOTN Kol EAAxLOTN TLUR, SnAadn
g€xouv Tnv 6o paon kat Stadidovtal pe tnv idla TaxvTnTa €
(oxAua 3.1-2).

Ol ouvnOLopEVEC TINYEG opatol GWTOG SIlVOUV TETOLEG GUXVO-
NTEC (N HAKN KUMOTOG) NAEKTPOMAYVNTIKWY KUPATWY, WOTE VA
yivovtal avTiAnmtd amnod 1o patl. To HAKOG KUMATOC TWV KUUA-
TWV QUTWV Kupaivetat amo 400nm £wg kat 700nm mepimou.

Eniong evkoAa Slamiotwvoupe OtL To dwG HETAPEPEL EVEP-
VELa (T.X. €vol omoloSnote cwHa, OTav ekTeBel o€ nALaKI OKTL-
voPoAia, Beppaivetal). H evépyela autr ival evépyela NAeKTpL-
KoU Kol gvépyela payvntikol mediou, n omola MapAyETAL ATO
TLC TTNYEC KAl LETADEPETAL WG NAEKTPOUAYVNTLKO KUUAL.

Tnv opBotnta tng Bewpiag tou Maxwell anédelée melpapa-
TIKA 0 Hertz (Xeptg) To 1887, 0 omolog mapriyayes, HEOW TAXEWV
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NAEKTPLKWYV TOAQVTWOEWY, KUpata TS dlag puong e avtriv tou dw-
TOC AAAQ PLE HIKPOTEPN OUXVOTNTA.

H taxutnta tadoong tou nAekTpopayvnTIkoU KUPATOG (C), N ouxVOo-
™ta (f) kot To pRkog kupatog (A) ocuvbéovtal pe tn oxéon ¢ = Af n
omnola ovopaletal BepeAlwdng e€lowon TNG KUMATLKAG.

c=A-f OepueAwdng e€lowon TNG KUULOTLKAG (3.2)

H cwpatidiakn ¢pvon touv pwtog
Oswpia Twv KBavTa

Map’ 6Ao mou n kAaolk Bewpla (AUt mou avantuxbnke Ly ano
10 1922) TOU NAEKTPOUAYVNTIOUOU EPUNVEUCE OPLOUEVO PALVOUEVO
ToUu dWTOC, O6MWE N cUUPBOAN, n mepiBAaon, n MOAwoN K.A., SEV KATOP-
Bwoe va eppnvevoel kamota AAAa pavopeva ou oxetilovtal e TNV
aAAnAenidpaon tng pwrtevrg aktivofoliag pe tnv UAN.

MoAAG Melpapatika dedopéva dev Hmopoloav Vo EPUNVEUTOUV UE
v napadoxn otL to dwg eivat povo kupa. To 1o onPAvTIKO and ta
TIELPAMOTA AUTA ATAV EKEIVO TNG LEAETNG TOU PpwWTONAEKTPLKOU dal-
VOUEVOU. o TNV EpUNVELA TNG EKTIOUTIAG KAl TNG anoppodnong Tou
dwTtoc Sev apkoUoaV HLOVO KATIOLEG ETEKTAOCELG TNG KAAOLKNG Bewplag.
ITNV TPAYUATLKOTNTA XPELAOTNKE KATL TILO PLILKO QIO HLOL OTTAN ETE-
KTOon.

To 1900 o Planck, yia va eppnvevoet tTnv aktivofoAia mou mopadyet
€va Beppavopevo ocwua, elonyaye tn Bewpla Twv kBavta wWTOC, TNV
orola epdppooe apyodtepa o Einstein, yLa va eppnvelosl to pwtonAe-
KTPLKO POLVOUEVO.

Juudwva pe tnv KBavtiky Bswpia tou Planck, to ¢wg (kat yevi-
KOTEPA KAOE NAEKTPOUAYVNTLKA OKTWVOBOALQ) EKTIEUTIETAL KAL ATTOP-
podATal amo Ta ATopa TNG UANG OXL KATA CUVEXH TPOTO aAAd aou-
VEXWG. AnAadr KABe ATOpO EKMEUTEL I amoppoda oTolxelwdn mood
EVEPYELAG, TTOU ovoudlovtal KBavta pwtog r pwtovia. Amo To ATOpO
AOLTTOV BEV EKTIEUTIOVTAL CUVEXWCE KUHOTO 0AAG dwTovLa, KaBEva amnod
Ta omoia xapaktnplletal and CUYKEKPLUEVN CUXVOTNTA KAl €XEL OU-
YKEKPLULEVN TTOcOTNTA EVEPYELag E.

Otav 1o WG MPOCTIMTEL TAVW OTNV UAN, T ATOUA TNG UANG aop-
podoUlV TNV aKTVOPBOALO OOUVEXWG, TIOU OnUAivel OTL KABe ATOpO
amnoppodd pepovwuéva dwTovia. Kabe dwtovio piag aktivoBoAiag
€XeL evépyela ou Sivetal amo tn oxéon E = hf.

E=h-f Evépyela pwtoviou (3.2)
To h gival pla otaBepad, mou ovopaletal otadepa tou Planck, kal £xel
Tt h=6,63-107J-s kat f n cuxvotnTa.

Otav npoonintel dwg MAvw oto LETAAAQ, TOTE HETAPEPETOAL EVEP-

YELO OTIO €va GWTOVLO OE £va OO T NAEKTPOVLA TOU OTOUOU TOU LLE-

Max Planck (1858-1947).
Mio. déoun pwtoc amoteleitor omwod
UIKPG, TOKETO, EVEPYELAS, TOD OVOLG-
{ovtai kfiavTa pmToS 1) PwTOVIA.

Me TOV 0pO (PWTONAEKTPLKO
(QOUVOUEVO TIEPLYPOUPOUUE TNV
EKTTOUTT) NAEKTPOVIWYV QO TNV
ETLPAVELX TWV UETAAAWVY, OTaV
TIPOOTIMTEL TAVW TOUG KXTAAAN-
An nAektpouayvntikn aktivoBo-
Ala, opatn i urteptwdng, KTA.

O 6pog kBavta mpoEpxeTal Ao
™ Aatwvikny A€én quantum =
oo

Otav uia moootnta eivat kBa-
VTWUEVN, ONUAIVEL OTL MaipVeL
Uovo SLakplTtéG (oplouéveg) Ti-
Uég, énAadn to oUvoAo TLUWV
bev elvat ouveyég. A¢ Buundou-
UE TO NAEKTPLKO popTio. AUTO &i-
vat kBavtwévo, Stott Sev naip-
VEL OToLECONTIOTE TIUEG, aAAd
Uovo aképata moAAamAdota tng
TLUNG TOU POPTIOU 1 NAEKTPOVI-
ou: 1,6x107”C.
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TaAAou. AnAadn o nAekTpovio aAAnAemidpad pe Eva amnod ta dw-
TOVLIa Tou GWTOC oav va gival To dwtovio cwpatidio.

H Beswpla twv kBavta Sev avatlpel TNV Kupatikn ¢uon Tou w-
TOG. To dWTOVLO €XEL KAL KUUATLKEG LOLOTNTEG, yLa MapASELYUA N
EVEPYELA TOU €€PTATAL ATIO TN CUXVOTNTA TOU, TOU €ival Kat’
€€0XNV KUMOTLKA LSLOTNTA.

3.2 H TAXYTHTA TOY ®QTOZ
4 N

Enteldn to pwe SLadidetal oto KEVO Kal oTOV aEPa |E TTOAU UEYAAn TaxUTnTa, mepimou 3x10°m /s, Ol MPWTEG
npoonaVeLeC yLa TN UETPNON TNG ameétuyav. O faAtAdaiog nTtav amd ToUC TPWTOUGC TTOU MTPOoTTATNOE VA UETPHOEL TNV
TaXUTNTA TOU (PWTOC XPNOLUOTTOLWVTAC ATTAX UETQ yLa TNV €moxn eKelvn. Etol Ttomodetnoe SUo mopatnpnTeG mavw
o€ SU0 mUpyouc Twv TeLYwV tne lilag, ot omoiot ameiyav Uetaél Touc 5 puidia. Kade nopatnpntng KpAToUoE Ao eva
PavapL ToU NTav KAELOTO Kal, OMOTE XPELa{OTAVY, AVOLYE TO mapadupdkl. OTavV 0 MPWTOG AVOLYE TO MoPATUPAKL TOU
pavapLou Tou, 0 SEUTEPOC NTAV CUVEVVONEVOG VA QVOLEEL TO SLKO TOU QUECWE UOALG EBAETTE TO WG TOU TPWTOU.

AV AOLTTOV UETPOUTE KAVEIG TO XPOVO TTIOU EPVOUTE AUTO TN OTLYUI) TTOU O MPWTOG AVOLYE TO MUPATUPAKL EWG TN
otlyun mou €BAere to pw¢ Tou SeUTEPOU MAPATNENTH (KL UE YVWOTH TN UETAEU TOUC AIOCTAON), UE Ute ortAn Stai-
peon Vo UITOPOUCE VA UETPHOEL TNV TAXUTNTA TOU PWTOC. OUWC 0 XpOVog avTibpaacnc Twv SU0 mapatnpntwy Ntov
TTOAU UEYAAUTEPOG ATTO TO YPOVO TTOU YXPELAIOTAV TO (PWE VLo Vo SLAVUCEL TN UETAED TOUG QIOOTAON Kol ETOL N UEVO-
boc¢ auth Sev NTav ePapuoctun kat odnynoe os amotuyia. ESelée Opuwe OTL N TaYUTNTH TOU QWTOG EIVAL TOOO UEYAAN,
wWoTe elvat aduvarto va UETPNIEL UE TETOLA YOVOPOELSN UNYOVIKA UEDAL.

. /

OLTpWTEC ETUTUXELG LEBOSOL yLa TN HETPNON TNG TAXUTNTAG TOU
dWTOC NTAV PACLOUEVEG OE LOTPOVOLKEG TTAPATNPNOELS. MPWTOG
HETPNOE XOVOPLKA TNV TaxUTNTA ToU WTOG 0 AdVOC AOTPOVOUOG
Ole Roemer (OAe P€uep, 1644-1710). O Roemer UTTOAOYLOE OTL N
TLUN TNG ToXUTNTAG Tou GwTog eival epimou 2x108 m/s. H pétpn-
on aUTH £XEL LOTOPLKN afla, SLOTL, EKTOC TOU OTL TPOOEYYLIE OPKE-
TA TNV MPAYHATIKA TN TG Taxutntog, £6€L€e yla mpwtn popa
OTL N TAXUTNTO TOU PWTOG EXEL TIEMEPACHLEVN TLUN.

H néBodog tou Fizeau

To 1849 o H.L. Fizeau (DZ0), évag MAAog Ppuoikds, katddepe
Va LETPACEL TNV TAXUTNTA TOU GWTOC PE ATAA UNXOVLKA ULETQL.
Y10 SUTAQVO OXNUA TIOPLOTAVETOL PLa OITAOUGTEUUEVN Hopdn
™¢ dlataéng mou xpnolpomnoinoe. H Baowkn W&€a tng puebodou
Atav va LeTpnBet o xpovog mou xpetaletal To dwg, yia va dlavu-
OEL TNV QOOTAON «TIHYOALVE - EAa» HETAED LG WTEWVAC TINYAC
M kaw evog katomtpou K, mou Bplokotav og LeyaAn anootaon
amno tnv nnyn (oxnua 3.2-3).

H aktiva mou mpogpyetal ano tn ¢wtevn tnyn N avoakAdtat
OTO «NULEMAPYUPWHEVO KaTomTtpo» K, kat, apou dlavuoel tnv
anootaon ¢, mpooTtintel 6To katomntpo K. H avakAwuevn akti-
va emotpedel ano tnv idta Stadpoun, petadépovtac to eildwAo
™¢ mnyng N, omdte yivetal avtiAnmtA and KAMoLo mapatnpnti
nou Bpioketat tiow amnd o K,. Metagly Tou mapatnentr Kat Tou
katontpou K, mapepBarletat 06ovtwtdg tpoxog T, o onoiog me-
PLOTPEDETAL E TETOLO TPOTIO, WOTE AAAOTE N OKTiva GWTOC va
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210 meipopo Fizeau, mov eikovileton dimla, n
omoaraon £ puetold tov 000viwTod tpoyod T
Ka1 100 katompov K, rrav mepimov 8630m #
5,36miles. Amlomoumjooue tn didraln mopalei-
TOVTOS T1 OEIPE TV POKOV KO KOTOTTPWV TOD
xpnoyonoinoe o Fizeau. Ewtkéva 3.2-3

Slakomtetal kot dAAote Oxl. Otav o TpoxO¢ mepLoTpEdeTal apyd, o
napatnpentng Ba BAEmel dwg Kal okotadl. AuEavovtag Slapkwe Tnv
TaXUTNTA TOU TpoXoU Ba €ABEL n OTLyUr ToOU o mapatnpentng 6 Ba
BAEmeL dwe. Auto Ba cupPel, otav To Pwg, mou Ba SLENBeL amod Tto Si-
dkevo A Tou tpoxou, adou avakAaotel 6To Katomtpo K, cuvavtrioet
TO €MOUEVO SOVTL TOU TPOoXOU.

Av auénooupe akoua TEPLOCOTEPO TNV TAXUTNTA TOU TPOXOU, TO
dwe Ba yivel maAL opato, ylati Ba S1€ABeL amnd To emopevo diakevo B.
Ag UTtoBECcOUHE TWPO OTL 0 TPOXOG £xel N Sovtia Kot TeplotpEdeTal
ue ouxvotnta f (otpodég ava deutepodAento). ToTe 0 XpoOVoG t, yla va
neplotpadel o TPoxo¢ Kata éva SOvTL, sivatl:

1

(- XPOVOG WO MEPLOTPOBAG T _ e _ 1 (1)
aptOuog Soviiwy N N f-N
2TO XPOVO aUTO To dwG £XeL SlavUoEeL TNV anootaon 2/ «KTAYALVE -
€\ay». Apa n taxutnta tou pwtog Ba sival: 7 N\
) To téyvaoua tnNe «SLaKOMTO-
c= 0‘;‘32)’7532”‘ = % kat Aoyw tne (1) c=2¢-f -N (3.3) pevng S€oung», TpomomnoL-

ouuevo KkataAAnda, xpnot-
UOTIOLE(TOUL OHUEPA Ylot TN
UETPNON TNG TaXUTNTAC TWV

Me yvwoTta ta Heyedn 7, f, N urmtoAoyiloupe tnv TaxvTnNTA C.
O Fizeau yvwplle tnVv andéotacn ¢, Tov apldpud Twv SoVTLwV ToU Tpo- , ‘
x0U KQL T GUXVOTNTA TEEPLOTPODAC KL £TAL UTIOAOYLOE OTL To pétpo | VEWPOViwvkatdMwv owpa-
NG taxvTNTOC Tou GWTOC sival 3,1x10°m/s. AkpLBéoTepa MelpdpaTa \n&wv' Y
TIOU €YWVaV apyoTepa, E6woav TNV TN 2,9979x10°m/s.
Ma tnv TaxutnTa Tou pwtog yvwpiloupe orpepa OTL:
e To pwg, OMwWG Kal KABs NAEKTPOUAYVNTLKO KUHA, Stadidetal oto Kevo pe otabepn TaxuTnTa EPL-
mou 3x10%m/s.
e H tayutnta Tou $wTtog 0To KEVO €ival pla BepeAwdng otabepd tng duong.
e H taxutnTa Tou dWToG €XEL TNV L8LA TLUAR O OAQ T CUOTHMATA avadopdAg KAl Elval aveEaptntn
amo tnv kivnon t¢ pwtewvng mnyns (aflwpa tou Einstein).

NMAPAAEITMA 3 -1
c 3-10°m/s

YnoBétoupe 6TL 0 oSoviw-
TOC TPOXOG TOU TMELPAUATOG
Fizeau €xetL 360 &dvtia. Au-
gavovtag dLapkwg (Exoupue
apxloel amo to pundév) tn

0 €lbwho NG PWTEWNC
mnyneG. Ymoloyiote tn ou-
Xvotnta Kot tnv mepiodo
TeEPLOTPOdNG TOU TPOXOU.
AYZH

c=2(-f-N, OMOTE f =

N f=48,28Hz.

20-N  2-8630m-360

H mepilodocg divetal amo tn oxéon

ouxVOTNTA  TEPLOTPOPNG  XPNOLUOTOLWVTAG TN OXE- T=1//.
TOou TpOXOU, 0 mapatnpen- on 1.3 unoloyiloupe Mpw-
TNG PAEMEL OUVEXWG, Yyl TA TN OUXVOTNTA TEPLOTPO- Apa T = 48128s =0,0207 s

KAToLla TLU ouxvotTnTag,

¢Nn¢. Exoupe:

>
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3.3 MHKOZ KYMATOZ KAI ZYXNOTHTA TOY ®QTOZ KATA TH AIAAOZzH TOY

AvakAaon kat dStaBAacon tou pwtog
Ortav pia pwtewvn déoun, mou Stadidetal og éva péco, ouva-
VTNOEL TN SLOXWPLOTIKA ETLPAVELA TTOU XWPLLEL TO APXLKO HECO
SdLadoong amod €va AAAO OTITIKO HEOCO, TOTE €val LEPOG TNG OvVa-
KAQTOL TIPOG TO apXLKO HEco dtadoong, evw £va AAAO LEPOC OU-
vexilel va dtadidetal oto deltepo HETO. ITo oxNua 3.3-4a PAE-
TIOUME TIWG QAVOKAWVTOL OL AKTIVEG, OTOV TIPOOTILIMTOUV OE MLa
Aela emupavela, yio mapAadelypa omo Tov agpa oTnV emdpavela
€VOC yuaALoU. H mpooTintouoca Kal N avakAWUEVN akTiva oxn-
90 06 o TOEVGrapo ibo0. 0. civa 1 LJ.OLT'LZOUV,'OTO onueio avdKAaonq,’ Ywvigg en, ka0, avriotmxal,
yovia mpbomtwonc, 0, n yovia Sidiaone  HE TV KaBeto mpog TNV avakAwoo emipavela. MePApATIKA
kot 0, n yovia avaxlaons. loyver: 0,<0_ amodelkvUETAL OTL 9n=ea.
Ewova 3.3-4a Ol aktiveg mou eLoépyovtal oto yuaAl aAAdalouv dievBuvon
Sdtadoonc. To dawvopevo autd ovopaletal StabAlacn. Otav ot
OKTIVEG ELOEPXOVTOL ATIO TOV O€PA OTO YUAAL, TOTE oL SLabAw-
LEVEC aKTiveEG TANGCLALOUV TNV KABETO 0TN SlaxwploTikn emida-
vela (oxnua 3.3-4a), evw, OTOV ELOEPYXOVTAL ATO TO YUAL oTOoV
Q€pa, OTMOMOKPUVOVTAL ATO TNV KABETO.
2to meipapa tou 3.3-4B BAEMOUE OTL OL OKTivEG dWTOG IOV
EKTIEUTIOVTOL QTTO piat dwTELVA TINyN N omola Bploketat otov mub-
HEVOL TNG TILOIVAG, OTaV EEEPXOVTAL ATIO TO VEPO OTOV OEPQ., EKTPE-
TIOVTOL OTTO TNV TOPELA TOUG KAl oG KAvouv va BAENMOUUE TN dw-
Tewn Ny 1o PnAd amo O,TL TpayUOTIKA BplokeTal.

Avixloon ko1 o166 acn amd OTTIKG 0paio-

Tayutnta Kot LiKog KUHAtog Tou ¢wtog HEca oTnv UAN
O Aoyog yla tov omoio to dpwg StabAatal, kabwg SLépyetal
armod To €va UALKO LECO 0To AANO, €ival OTL N TAXUTNTA TOU EXEL
SLopopETIKEG TLHEG oTal SUO pEoQ.
To dw¢ Stadidetal oto KeVO pe TaxvtnTa ¢, =3x10°'m/s. Méoa
To g, xoi ) duidonii w0 oc Sb0 i OMWS OF KATOLO UALKO n toxytnta tou d)o'oroq elvau avTa Jikpo-
popetinG, omtiké péoa, alldler igdOovey  TEPN OO TN €. Mo SleukOAuvon pag opifoupe eva cuvteAeoTh
diddoans. Etor avukeiueve opord oto pdri - TIOU LOOUTOL LE TO TINALKO TNG TaXUTNTAG €, TOU GWTOG OTO KEVO
paivovtal Tedid 6t1 mpospyoviar amd 0= ¢ TRV ToXUTNTO ¢ HECA OE KATIOL0 UALKO Kol ovopddetal Sei-

popetikn Oéan. To paiviuevo opeiletal otn p . . .
S160700m T00 pwToc, Ekdva 3.3-48 KTNG 6LaOAaong n tou UALKOU péoou. loxuel SnAadn:
TOXUTNTA TOU GWTOC OTO KEVO C,y

n= = (3.4)

ToXUTNTA TOU PWTOG OTO LEGO c

Emeldn n taxvtnta tou dwTtog PEoa O £va UALKO Elval TTAVTA ULKPOTEPN ATIO TNV TaxUTNTA TOU
0TO KEVO, IO TOV OPLOKO TIPOKUTTEL OTL 0 SeikTng SLdBAaong yla omolodnmote UALKO gival mavta
HEYAAUTEPOC Ao TN Hovada, EVW YLOL TO KEVO LoXUeL n = 1.

Otav 1o pwg damepva pia dtaxwpLotiki emidavela Vo PEcwV (.Y, amod Tov agpa 0To YUaALl),
n ouxvotnta f mapapével apetdBAntn. Touto yivetal oadeg, av okeptoUUE To ENG: TO dwG elval
KOUQ, AP0 0 apLlOUOG TWV NKWV KUUOTOC TTIOU TIPOCTILIITOUV 0Th SLaXwpLoTiKn emidpAveLd, ava Ho-
vada xpovou, ival (oog pe Tov aplOpo Twv UNKWV KUPOTOG TTou SLEpYoVTAL amod authv ava povada
Xpovou. Av 6€ ouvéBalve auto, n SlaxwpLloTikn emidAvela EMPeMEe va SnULOUPYEL vEa KUpATA 1 va
efadavilel ta Ndn unapyxovta. Aev £xelL mapatnpnOel OUWC TETOLOC UNXAVIOUOC, TTOU GhHOIVEL OTL
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N ouxvotTNnTa MapapEVeL oTabepr], KaBwWS To pwg SLEpxeTal amnod tn
SLaxwpLoTIKA eMLpAveLa.

Edapudlovrag tn OepeAlwdn e€lowon TNC KUUATLKAC EXOULE SLa-
SOXIKA: ¢, =%, f YL TO KEVO KaL ¢ = A - f yLa ontikd péoco Sladope-
TLKO TOU KeVOU. AlalpwvTtag T SU0 OXECELG KATA UEAN TIPOKUTITEL:
%0 :% Ka, Aoyw tng 3.4, elvat: n :70. TeAlka LoYUEL:

}\‘0

r="2 (35)

H televtaia oxéon Lag mAnpodopel 0Tt pwe Pe HAKOG KUUMATOG A,
OTO KEVO udilotatal LeTABOAN TOU UNKOUC KULOTOC TOU, OTAV ELOEP-
XETOL O€ éva péoo e Seiktn StaBAaong n.

Ac doUpe TL cupPaivel, otav 1o dwg dtadidetal oe dvo dlado-
PETIKA UALKA e Seikteg SLABAaoNG n, Kol n,, avtioTola, KE n>n..
Edappolovtag tnv 3.5 yio ta SU0 OMTLIKA LECA, EXOULLE:

=l 1) ok =t (2)
n, n,
Aatpwvtag kata pHéEAN Tig e€lowoelg (1) kat (2) €xoupe:
A, N . ,
7\._1211_2 Ka, EMELBN N_>N,, TIPOKUTITELA >A,

2 1

H teAeutaila avicotnta pag mAnpodopel OTL T0 UAKOG KUUATOG
OTO OTITIKA TIUKVOTEPO HECO, SNAadr 0To HECO TIOU £XEL PEYAAU-
TePO Seiktn SLaBAaong, XL UIKPOTEPN TLUA QO QUTH OTO OTTIKA
apaldtepo. Emeldn yla to kevo eivat €€ oplopol n=1, yivetal kata-
voNTO OTLTO UAKOG KUMATOG Ba £XeLTN LeyaAUTEPN TLUA A OTO KEVO.
Q¢ povada HETPNONG TOU UAKOUG KUMOTOG YLa TO opato ¢dwe Xpnolt-
poroteitatl urtomoAAanAdaoio tou 1m, To lvavopetpo (Inm=10"m).

JUUTTEPACUATIKA AOUTOV UITOPOUE VO TIOULE OTL: OTaV To dwg St
ablSeTaL 0€ €va OTITLKO HEDO, Slatnpel apetaBAnta Tnv TtaxuTnTa (c),
TO UNAKOG KUpatog (A) kat Tn cuxvotnta (f), evw, 6tav aAAAGleL OTITIKO
UEDO, TOTE aAAGlouV Ta LEYEDN ¢ Kat A, aAAd Slatnpeitat otabepo To
f, mou elvat kaL N cUXVOTNTA TNG TTNYNG TTOU TTAPAYEL TO WG.

NAPAAEITMA 3 - 2

Eixova mov oeiyver ty ueiwon tov wij-
KOOGS KDUOTOS, OTAV TO QWS OLEPYETAL
OO OTTIKG OPOIOTEPO GE OMTIKG. TUKVO-
Tepo uéoo. loydel atnv mepintwon ooty
n,>n, xoi /12<)»1. To ormtikd wOKVOTEPO
HEOCO EIVAL OVTO TOV EYEL TO UEYOADTEPO
oeiktn o1abloong. Ewtkdva 3.3-4y

Aeixteg 0160L00ns d1apopwv vAIK@OV
OV EYOVY DTOAOYIGTEL LUE YOS UTKOVS
KbpoTog A, =589nm (kitpivo ypwuo tov
vazpiov oo kevo) Nivakag 3.1.

YAk6 Agiktng StabAaong
Aépia (0 °C, 1Atm)
Aépag 1,000293

Aogeidio Tou dvBpaka (CO,) 1,00045

Steped

Ndyog (H,0) 1,309
0pukTo6 dAag (NaCl) 1,544
Xahadiag (Si0,) 1,544
®Bopitng (CaF) 1,434
OpuKkTo {pkdvio (Zr0, . Si0,) 1,923
Addpag (C) 2,417

‘YaAot (Tumikég TLUEG) 1,5-1,9
Yypd og Beppokpaoia 20 °C
MeBavohn (CH,0H) 1,329
Nepd (H,0) 1,333
ABavoAn (C,H,0H) 1,360
TetpaxhwpdvBpakag (CCl,) 1,460
Mukepivn 1,473

Bev{oAlo 1,501

YNoAoOylopoG tou Seiktn
SLaOAaong oto eocwrtept-
KO Tou avBpwrmou pa-
Tov: Qwtevn aktiva pn-
KOUG Kupatog A =589nm,
TIOU TIOPAYETOL amd Au-
xvia vatpiou, mpooTtintel
ano tov aépa o€ avlpw-
TIVO HATL. 2T0 USATOELOEC
uypO péoa oto BoABO Tou
HOTLOU TO MNKOC KUUATOG
EXel T A=439nm. Na
unohoyioete to Seiktn O

aBAaong tou udatoeLdoug
uypoU, KaBwg Kal tnv ta-
XUTNTO KoL TN ouxvotnTa
™G PWTELWVAG akTivag oTto
uypO aUTO.

NAYZH

XPNOLUOTIOLOUE TN OXE-
on 3.5. M€ To OKEMTIKO OTL
o beiktng dtabAaong tou
aépa eival mepimou éva,
TO PNAKN KOPOTOC OTOV
O€PA KOL OTO KEVO €XOUV
TV i6la T A Apa:

kzhjn:h:n_589nm

n Iy 439 nm

BA€movtag tov mivaka 3.1 Stamotwvou-
He OtL o Seiktng SLtaBAaong n £xeL mepl-
TIOU TNV (6La TLur HEe To vepo.
A¢ BpoUpe TNV TaxvuTnTa Twpa. loxveL:

C

n=—=>
c

=n=134

_ Sy ~3:10°m/s
T n - 1,
TEAOG, amo TN oxéon c=Af, €xoupe Slado-

XKL

c =c¢=2,24-10"m/s

c_2,24-10°m/s

A= f=== = f=5,1-10"H
¢ =1 A 439 nm s g
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3.4 ANAAYZIH AEYKOY OQTOZ KAI XPQMATA

E&aptnon tov deixtn diabraons oo to
unKog kopazog. Ewkova 3.4-5

Axtiva pwtog wov drabldrar oo mpiouo.
exTpémeTal katd, yowvia ¢. Elkova 3.4-6

(

To parvouevo «OlaGKEIAGUOSH |i&-
AetnOnxe yio. mpwTy popa. o 170 oi-
avo, a6 to Pevé Nrexdpt kou to Nev-
twva. O Nebvtwvag mpooradnoe vo.
OVAADTEL TEPAITEP® TIG LOVOYPWDLLO-
TIKES OKTIVES TOD PACUOTOS 8 GALES
amAODOTEPES, QAL OEV TO. KATAPEPE.
To povo mwov mopozipnoe froy 0Tl T0
APOUC. OLOYEOTAY TEPLGOOTEPO, UAAG

TOPEUEVE WG Eyel.
pép 1 Y

\

®

(a) Ameikovion tov 0100KEIATLOD TOV TPO-
Koaleltal o 0éoun AEVKOD PTOS 0T Evol
zpioua. H toavio tov elepyouevov ypoud-
v ovouadletar paoua. (p) To Pacixd ypo-
uoza tov pdouaros. Elkéva 3.4-7

ALooKESAOUOG KO Mplopata

JTNV TPONYOULLEVN UTIOEVOTNTA ELSOUE OTL N TOXUTNTA TOU dw-
TOC 0TO KEVO elval (6la yla OAa Ta pKn KUUOTOG. € €va UALKO
OTITLKO HECO N TAXUTNTO TOU GwTOC eivat StadopeTikn yia Stado-
PETIKA HAKN KVpatog. O Seiktng StaBAaong tou péoou Sev eivat
o0taBepog, aAAd e€aptatal amnod To HAKOG KUPATOC ToU GWwTOC.

To dawopevo autd, dnladn n e§aptnon g TaxvTNTOG TOU
dwtdc Kat tou deiktn SLAOAAONC OO TO MIKOG KUMOLTOG, OVO-
padeton Staockedaopag. Xto oxnpa 3.4-5 anewkoviletal n e€dp-
tnon tou Seiktn SLaBAaong evog omtikou UALKOU (xaAalia) amo
TO MAKOG KUMATOG A 0TO KEVO. H Tl tou n, 6rwg BAEMOUE,
HELWVETAL, KaBwG auvfavetal n TLUn Tou pPRKkoug kupatog. dwg
HEYAAUTEPOU HUNAKOUC KUMATOC €XEL HEYAAUTEPN TaxUTNTA OF
£€va LECO amo WG UIKPOTEPOU PNKOUG KUUATOG.

AvaAuon tou AeukoU ¢pwTtog

Ma va Katavonooupe To Gavouevo avaAuong Tou AEUKoU
dwtoc, ag doLUe apxLlka MwCE TPOoKAAeitaL n ektpomn (aAAayn
KaTteLOUVONG) ULOC LOVOXPWHATIKAG OKTivaC dwTOC amo €va
nplopa. Ito oxNnua 3.4-6 £xoupe pia té€tola aktiva Gwtdg, ou
TUPOOTITITEL TTAQYLA OTNV apLoTeEPN eMmdAVEL EVOG TIPIOUATOG.
Emeldn o deiktng StaBAaong Tou mplopatog sival HeyaAUTEPOG
arno to deiktn SL1ABAacng Tou OMTLIKOU EGOU TIOU ToV TEPLBAA-
AeL, n aktiva StabAdatal mpooeyyilovtag tnv KABeTn xx’, evw,
otav n aktiva eéépyetal anod to MPIoUA, AMOUAKPUVETAL Ao
NV KABeTn. BAEMOUUE OTL N €€epXOUEVN QKTIVa EXEL EKTPOTIEL
TEALKA Ao TNV OPXLKN TNC TopELa kKatd ywvia ¢. H ywvia ¢ ovo-
paletol ywvio EKTPOTAG.

EoTw Twpa OTL £XOUUE pio S€oun AgukoU GwWTOS TTOU TTPOOTTL-
TITEL TAVW O€ €va mpilopa (oxnua 3.4-7a). OL akTiveg mou e&Epyo-
VTOL OO TO Mplopa eKTPEMOVTAL KAl SLaoKopTi{ovTal 0To XWPo
€€660u, evw TauTOXpOova TO AeUKO dwC avaAUETOL O€ pia TTOAU-
XPWHN CuveXN Tawia, mou meplAapBavel yvwota xpwpota. H
tawia autn ovopdletal pacpa Tou AeukoU GwTac.

Ta xpwpata Tou GACUATOC, KOTA OELPA UELWONE TOU URKOUG
kOpatog, eival: epuBpo, moptokaAl, Kitpwo, mpdowo, Kuavo
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kat lwdeg (oxNua 3.4-7B). Ta xpwpata autd dev avaAvovtal oe AAAQ

amAoUoTEPA KL, OV TA avaoUVOEoou e, Ba avamapoydyoupe TO AgU-

KO dwe.

Mapatnpwvtag TNV ElKOVA Tou oxNUatog 3.4-7B BAEmouue OtTL oL LWw-
OELC OKTIVEG EKTPETIOVTAL TIEPLOCOTEPO, EVW OL EPUBPEC AlyOTEPO ATO
TG AAAEG TTOU BplokovTal AVARECSA TOUG. AUTO HaG 08nyEL OTO CUUTTE-
pacua OTL N ywvia ekTpomig e€apTdtal anod to UNKog KUUATOG KAOE
XPWHOTOC. ZUUTIEPACHUATLKA, TO pw¢ e avilel Ta €NC XAPAKTNPLOTL-
KA 0€ ox€on Ue T S1Ad0or) ToU O€ OTMTIKA PHECQL:

e KaBs povoxpwpartikn aktiva pwtdg, otav dtadidstal os Eva ou-
VKEKPLHUEVO OTITLKO MECO, XOPAKTNPL{ETAL A0 £val LOVASLIKO MN-
KOG KUHOITOG, TIOU €lvall N TOUTOTNTA TOU XPWHOTOG YLl TO HECO
auTo.

e O 8eikTng SLAOAOONG TOU OMTIKOU HEOOU EXEL SLAPOPETLKN TLUA
yla KaOe xpwpa (rivakag 3.2).

¢ Hywvia eKTponng KABE XpWHATOG, OTAV AUTO SLEPXETOL ATO OTTTL-
KO HEoO, €€QPTATOL ANO TO HAKOG KUMOTOG TOU XPWHATOG KoL 060
MEYAAUTEPO £ival TO HAKOG KUKOTOG TOOO LLKPOTEPN Elval N ywvia
EKTPOTUNG.

H AvtiAnyn evog XpwUOTOC TAPAUEVEL N LOLOL O OTIOLOSATIOTE HECO
dtadoong. Auto efnyeital amnod To yeyovog OTL N ouxvotnta, n omnoia
elva urteBUVN yLO TO EPEBLOA OTO PATL, ElvoL ApeTABANTN O€ OAQ T
néoa dtadoaong Tou dwToG. AnAadr To KOKKIVO XpwHa paiveTal KOKKL-
Vo art’ 60a OTITIKA LECQ KaL AV TIEPACEL TO dwG PV GpOACEL 0TO HATL.

Oupavio t6éo - Ta xpwpoata tng duong

‘Exoupe mapoatnprnost MOAAEC OpPEG, TIC PPOXEPEG UEPEG UE Alyo
‘HAwo, va epdaviletal otov oupavo To oupavio togo. Ekelvn tn oTLy-
un n dovon ocuvdualel Vo dawvopeva, To Slackedaouod Kal TNV OALKA
ovakAaon, Kat pag Sivel Tnv eukatlpia va XapoUHE TV WPoLOTNTA TWV
QMOTEAECUATWY TOU cUVSUAGHOU auTtoU. To pwg, OMWGE EPXETAL TOW
ano tov napatnpntn, adou StabAaoctel kot umtooTtel OALkr) avakAoon
OTLC HLKPEG OTAYOVEG TNG BpoxNG, EEEPXETAL ATTO AUTEG KoL KATELBU-
VETOL TIPOC Ta patia tou. O Staokedaoudg npokaAel tn StabAaon Twv
XPWHATWVY 0€ SLOPOPETIKEC YWVIEG KAL ETOL EXOULLE TNV AVAAUCH TOU
dWTOC oTA XpWHATA TNC LPLSAG.

To povoypwuotikod pwg oev avoloe-
101 0¢ GlAeC amAodartepeg axtivofo-
Ateg. To mpioua IT, avalber to Levkd
pwg, duwg to 11, ankag extpémer Ty
Kitpivny axtiva. Ewkova 3.4-8

Nivakag 3.2

Aeiktng SlabAhaong otedaviolou
Xpoua AgikTng

SLabAaaong

lwbeg 1,532
MrmAe 1,528
Mpaaotvo 1,519
Kitptvo 1,517
MoptokaAl 1,514
Kokkivo 1,513

MidOraon nliokod pwTog 6€ oTAYOVA
Ppoyrc. Eikéva 3.4-9

H Iopavy pe to @aidwva oo Mvotpa ue
POVTO T0 0VPAVIO TOCO KL TNV KOIAGOO.
700 Evpdro. Ewova 3.4-10



Apyn Aettovpyios TOL PAGUATOGKOTI-
ov. Me t d1ompa moponpodue to. d16po-
po. xpouozo 00 pacuotos. Av Gélovue va
OTOTOTMDOOVUE TO PAGUO, DIGPYODY ELOIKES
PWOTOYPAPIKES PNYAVES TOV TPOTOPUOLOVTOL
oto mpoooplaiuio cbotnue TS OLOTTPOS.
Ewova 3.4-11

Dao1L0T0. EKTOUTIG TOD ATOTOTWDOVOVTAL OTO
QL TOD PO.OUATOYPAPOV. (@) AouTTHpa TO-
poxTOoElwS, (P) Aaurtipo vatpiov. ElkOva
3.4-12

JTic apyec tou 190U atwva eiyxe
avakaAvpOel ott kade otolyeio
TTAPOUCLALEL EVA CUYKEKPLUEVO OU-
VOAO UNKWV KUUOATOG OTO YPOUULKO
ToU @doua. Me tnv napodo TOU
XPOVOU n avayvwplon OTOLXEIwV
amo Ta Pacuatd toug eéediydnke
O€ UlO XproLun TEXVIKN avaAuong.
To XQpPAKTNPLOTIKO @AOUA EVOC
QTOUOU PALVOTAV VO OXETI(ETAL UE
™V €0WTEPLKN Tou doun, aAda ot
npoonadeleg va eényndel auto ue
NV KAXOLKI UNXQVIKN Ko TNV NAe-
ktpoduvaulkn Oev NTaV EMITUXELC.
Tn Avon tnv €dwaoe n elocaywyn te
kBavtounyavikng oto matyvidt tng
Epeuvag, n onoia odnynoe oe Spa-
OTIKEG AAAQYEC TWV AMOYEWV yLa T
uon t™¢ aktvoBoliac kat tnv al-

\An/lsmépaon TNG UE TNV UAN. Y,

To pacpatookomnio

To pacparookomno (i paocpatoypadog) npiopatog sival Eva op-
YOVO LE TO oTtoio yiveTal n avaAuon piag §€oUng GwToc Kat n LEAETN
Tou PACHATOC TNG. AoteAeital amo Tpia BacLka UEPN, TOV KATEL-
Buvtnpa, To mpiopa kat tn Somrpa. To Pwg Hiag nyng ELOEPXETAL
OToV KateuBuvthpa, EEPXETAL ATIO AUTOV, £TOL WOTE Ol AKTIVEG Vol
glval LETaEL TouG MAPAAANAEG, TIPOOTILTITEL OTO TMPIoUA KAl AVaAUE-
Tl 0To PpAaopa tou. Ot EEPXOUEVES AKTIVEG TTOPOTNPOUVTAL OO TN
Siontpa. Meplotpédovtag To mpiopa 1} T SLOMTPA UTTOPOULIE VO TIO-
patnprnooupe ta Stadopa KN KUUATOC.

Av otn SLOmTpa MPOCOUPUOCOUE TO GAKO HLaG GWTOYPADLKAG
UNXAVAG, TO GACHA AIOTUTTWVETAL 0TO GIAU (paopatoypadog) Kot
£TOL UMOPOULE VO LEAETAE TO UKN KUUATOC TOU PWTOC OV EKTTE-
UTTEL pia Tinyn, AOyou XApn TO TIUPOAKTWUEVO VRO EVOG AQUITAPO
dWTLOPOU (AQUITHPAG TUPOKTWOEWG), I Kia Auxvia aTuwv vatpiou.

ddopata EKMOUNAG

To daopa NG aKTVOPBOALOC TTIOU EKTIEUTEL pia GwTEWVA TtNyNn
ovopaletal pACHO EKTTOUITIG TNG TINYNG AUTAC. Ta dAcpaTa EKTTO-
UTTAC TwV SLadopwv TNYwV SLaKpIvOVTaL OE GUVEXH KoL YPOLLMLKAL.
(o) Zuvexn dacpaTa EKMOUTNG. ZUVEXH GACUATA TIOLLPVOULE, OTOV
e€etalovpe Ue t0 paopatoypddo to GwE MOV EKTEUTIOUV OTEPEX
KOl uypd ocwpoto Tt omola Bplokovtal o peydAn Bepuokpaocia
(dramupa cwpata). Av n tnyn Tou $wToC ival, yla mapadelypa, o
AQUITTAPAG TUPAKTWOEWG, TOTE TO Ao sival pia cuvexng Tawvia
XPWHATWY, akpLBWE Onwg TNV MePLypAYapE TTPONYOUUEVWG. Emti-
ONG OUVEXEC GACHA EKTTIEUTIOUV O ALWUEVOG GLONPOC, 0 AlwUEVOG
XOAKOG KTA.

Eneldn ta ocuvexn ¢aopata, mou eKMEUMOVTAL amo Stadopa Si-

anupa cwpata, & StadEpouv PeTALL TOUG, N LEAETN TETOLWY da-
ouatwv dev pmopel va pag dwoel mAnpodopieg yia tn dpuon tou
owpatog, av SnAadn To cCwHA ATOTEAELTOL OO KATIOLO GUYKEKPL-
HEVO UALKO, OTWG TL.X. 6lénpo, XaAko KTA. H povadikn mAnpodopia
TIOU TIlLPVOUE €lval yla tn Beppokpacia Tou UALKOU.
(B) MPappka paopata EKMOUTNAG. AV eEETACOUE UE TO GACHO-
TOOKOTILO TO PWG MOV EKTMEUTIOUVV TEpUd aEQLA 1) ATUOL, TOTE SLaTtl-
OTWVOULE OTLTO GACHO TOUG, TIOU ATTOTUTIWVETAL 0TO PLALL, OTTOTE-
Aettot arnod SLaKPLTES XPWHOTLIOTEC YPAUUEG, XOPAKTNPLOTIKEG VLA TO
€160G TWV agplwV I TwV aTUwv. KABE ypappr avTLOTOLXEL O CUYKE-
KPLUEVO UNKOC KUUATOG I} ouxvotnta. Av KAVOUUE, AGyou xapn, da-
OLLOTOOKOTILK) avAAUGH TOU GWTOG TTOU EKTIEUTIEL N AUX VIO ATUWV
vatpiou, Ba mapatnprRoouue OTL To GACHA TOU AToTEAELTAL Ao
600 KiTpVEC YpOoUUEC TTIOAD KovTa PeTal Toug (oxnua 3.4-12).

dDacpata anoppodpnong

Av petafl plag pwTtewvng mNYNAG TIOU EKTIEUTIEL AEUKO PwC Kall
ToUu KatevBuvTpa evog dacuatoypddou mapeUBAroupe Eva UAL-
KO HUEoO, Adyou xapn €va Soxelo OU va TIEPLEXEL EYXPWLO LYPO
N Jo Eyxpwun yuaAvn mAaka (oxiua 3.4-13), Ba SLamiotTwoou e
OTL OPLOUEVEC TIEPLOXEC TOU CUVEXOUC GACHATOG AELTIOUV KAl OTN



B£on toug epdavilovtal OKOTEWVEG TEPLOXEG. Ta pAopATO QUTA T
ovoualoupe paopata anoppodpnong, YLaTi Ol CKOTELVEG TIEPLOXEG
odelAovTol 0TO OTL Ol OKTIVEC OPLOMEVWV XPWHATWY EXOUV OTIOP-
podnOel kata tn SLEAEVOH TOUC QMO TO UALKO pEoo. Ta dpacpata
anoppoPnong Ta SLAKPIVOULE OE GUVEXK KOl YPOLRULKA.

(o) Zuvexn paocpata anoppddnong divouv ta Eyxpwua dadavn
OTEPEA KAl UYPA. AV TO UALKO TIoU GwTilouE gival YuAALvn KOKKLVN
TmAdKa, TOTe maipvovtag to paocpa Ba mapaTnPriCOUUE OTL £XOUV
amoppodnOel 0pLOUEVEG TIEPLOXEC TOU CUVEXOUC PACHOTOC EKTTO-
UTING. ZUYKEKPLUEVA, amO TNV KOKKLVN TAdka SLépyovTtal Lovo ot
OKTilveG IOV BplokovTal oTnv mepLoxr Tou epuBpou (oxnua 3.4-13B).
(B) Mpapuka paocpata anoppodpnong Sivouv ta agpla r oL atuotl.
AmotelouvTal ano €va cuveXEG GACHO OTO OMOLO UTIAPXOUV OKO-
TEWEG YPAUUEGS. EToL, av petady piog pwTevAg NYNRG ToU EKTIEUTIEL
AEUKO PwWC KoL Tou KatevuBuvTtipa evog daocpatoypddou Tape-
Bahoupe éva Stadaveég Soxelo pe atpoug vatpiou (oxnua 3.4-13y),
TOTE 0TO OUVEXEC dAopa Tou Asukol dwTOC Tou Aauntrpa Ba ma-
POTNPICOUUE OKOTELVEC YPOAUMEC, OTLC BECELG aKPLBWC EKEIVEG TTOU
Ba epdavilovtav oL KITPLVES YPAUMES TOU GACUATOC EKTIOUTING TWV
OTUWV TOU vatpiou. AnAadn oL atuol tou vatpiou £xouv anoppodn-
OEL TLG KITPLVEC AKTIVOPBOALEC TTIOU EKTIEUTIOUV, OTAV AKTIVOBOAOUV.

Yneplwdng Ka umtepuBpn aktvoBoAia

Ynepuwdng aktivoBolia
To ouvexEC dAOHA TIOU TTALPVOULE, OTAV OVAAUOUE UE TO paopa-

TOOKOTILO TO AEUKO dwC, TEAELWVEL OTO €va AKPO HE LwdeC dwg, EVw

oTto aAAo pe epuBpo. Onwc dpaivetal anod to oxnua 3.4-14, To opato

dwg, dnAadn Ta KN KUUATOG TTOU OVTIAQUBAVETAL TO HATL oG, EXEL

OPLOL KOL TOL XPWHOTA TOU €XOUV UAKN KUUATOG IOV KUPLAVOVTOL LETA-

€U 400nm tou Lwdoug kat 700nm tou gpuBpol. AuTo OUwWC 6 onuai-

VEL OTL TO PAcpa Tou AeukoU PWTOC, TTOU EKTIEUTIEL N WTELVH TINYN,

neplopileTal og auta Ta OpLa.

Av mopatnpriooupe pe £l8IKO daopatoypado T dwrtoypadiki
TIAGKQ OTNV OMold AMOTUTIWVETAL TO ¢pacpa, Ba SLamoTwooupe OTL
TEPa amo To Oplo NG LWSOUC TEPLOXAG N TAGKA £XEL aUAUPWOEL.
AUTO pag 06nyel 0TO CUUTIEPACHA OTL, EKTOC ATTO TNV AKTWVOBOALX TNG
0pATAG TEPLOXNG TOU GACUATOC, UTTAPXEL Kol akTwoBoAla adpatn,
n omolia Bploketal mépa amo tnv wdon meploxn. H aktwvoPoliia autn
ovopaletal uepLwdng aktvofolia.

H umteplwdng aktivoBolia amoteAeital amod aktivofolieg mou Exouv
UNKN KUUATOG PLKpOTeEpa Twv 400nm Kal peyaAltepa tou 1nm mepi-
TIoU.

Av kot n umteplwdng aktwvoPfoAia Sev elval opatr) UE YUUVO HATL,
HEPLKEG ATIO TIG LOLOTNTEC TNE Ko TAnpodopoLV yLa TNV Uapén Tnc:
1. NpokaAel apavpwon Twv dwtoypadlKwy TTAAKWV.

2. MpokaAel to $pBoploud os Stadopa cwuata, otav dSnAadn nmpoorTi-
TITEL OE OPLOUEVA CWUATA, TOTE QUTA EKTIEUTIOUV XOPOAKTNPLOTLKECG
OPATEC AKTIVOBOALEC.

3. JUMUETEXEL OTN LETATPOTTH TOU 0EUYOVOU TNG atuoodalpag o 6lov.

Tomiky owgraln yia ™y onoTonw-
on 1ov paouarog amoppopnons. To
KOKKIVO YOOAL EMITPETEL TN O1EAEVGN
OKTIVOV UE LKN KOILOTOS KOVTG OTHV
weproyn tov epvfpod. Ewova 3.4-13

(@) Zvveyéc ploua EKTOUTHS AevkoD
PwTos. (P) Zvveyés paouo amoppo-
PNOoNG KOKKIVOD YDOAIOD.

() Tpogyurd pdopa amoppopnons
atuwv Na.

Daouo vrepiwdovs - yrpilo mepl-
oxn oTo0 QPIAL TEPO, ATO TO 1WOEG.
Ewova 3.4-14

Abo pwtoypagies T0v (0100 aparuo-
T10i00 TPAPNYUEVES N (@) 0TO 0pPaTO
PwS KoL 1] () 010 VIEPIDIES.

Ewova 3.4-15



H paroypagio éxel Inpbei pe pilu evoicOn-
70 a10 vEéEPLOpo pws. H avtiotoryn tov opa-
700 PTOS 08V HTaY dvvaro va Anglet, yati
™ oty TS AWHG ETIKPOTODOE OKOTAOL.
Ewova 3.4-16

Abo pawToypapies Tov 010V TOTIOV, TNV OIA
oty H (o) Exer AngOet we piiu tov sumopi-
ov, eva i1 (P) ue priu evoicOnro oty vIEPL-
Opn axtivofolio kou e ypnon piltpov mov
EMITPETEL LUOVO TH O1EAEDGN VIEPLOPOL Pw-
70¢. Elkova 3.4-17

Hiextpouayvnyriko pdoua. To opia petald
TV (Vo gival kaTws ovbaipeta.
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4. Otav anoppoddrtal and UAIKA cwpata (6nwg AAAWOTE Ko
Ol OKTIVEC OTOLOUSATIOTE XPWHATOC), TPOKAAEL TN B€puavon
TOUG.

5. Ynepuwdng aktivoBoAia pe moAU pLKpO PUNKOG KUUATOG TTPOKA-
A&l BAGBeg ota KUTTOPA TOU SEPUATOG, OL OTIOLEC UTTOPEL Va £l-
VOLL TETOLEG, WOTE va 08nNyrnoouV Kal oTnv eUdAvLon Kapkivou.
Kata t didpkela tng nAtoBepareiag To pavplopa Tou Sépua-
ToG odelAeTal oTN LeAavivn TTOU TTOPAYEL O OPYAVIOLOG, YL VOl
nipooTtateuBel amnod tnv uneplwdn aktvofoAia.

6. Xpnoluomoleitat otnv latpikn yia mAnpn anooteipwon dtado-
pwV pyaAsiwv.

YnépuBpn aktwvofolia

AvaAuovtag 1o AeUKO PpwG EVOG AQUITAPO TUPOKTWOEWG TTAVW
O€ TIETAOMO TTA{pVOUUE TO PACa TOU. AV TOTTOBETACOUUE Eva EV-
ailobnto BepUOUETPO TTAVW OTO METAOUA KOL TO UETAKLVI)OOUUE
arnod 1o wdeg mpog To pubpo, Ba apaTNPHOOULE TN BepoKpa-
ola tou va av&avetat. Mo mépa and to epubpod n evdelén eival
OKOUN HEYOAUTEPN.

Meta tnv €puBpr TEPLOX TOU GACUATOC UTIAPXEL aOpaTh
aktwoPoAia, mou mpokaAel éviovn auvénon tng Oepuokpaciog
TWV OTEPEWV KOl UYPWV CWHATWV. H aktivoBolia autr) ovopdle-
TaL utépuBpn aktwvoBolia.

Emeldn n unépuBpn aktivoBoAia eival adpatn, yla Tnv avixveu-
o1 TNG UTtAPXOoULV €L8LKA Opyava, ol pwpatég utepuBpou. H apxn
Aettoupyiag twv dwpatwv Baciletal otnv anoppodnon evépyel-
0C TWV UTEPUBPWV OKTIVOPBOALWY KOl OTN CUVEXELD OTN LETATPO-
Tt TNG o€ AAAEG popdEC. OL uTtEPuBPEC akTVOBOALEG £XOUV KN
KUMQTOG IOV Kupaivovtat Hetafh 700nm kot 10°nm. MepLKEG amo
TIG LOLOTNTEG TWV UTtEPLUBPWV €lval ot e€AC:

1. Artoppodwvtat ETUAEKTIKA amd Slddopa CWUATA KL TIPOKA-

AoUv avénon g Beppokpaaciag Touc.

2. ALEpxovtal péoa amo tnv opixAn kot ta cuvveda (dev anoppo-

dwvtal ano agpla, oxnua 3.4-17).

3. Aev €xouv Xnuikn dpaaon kat dgv mpokaAolV pwaoPopLopO.

Edappoyég: H xprion twv umeplBpwv Baoiletal otnv EKAEKTL
KOTNTA TOUuG va amoppodwvTtal anod tnv UAN. Itnv latpikn, ya
napadeyua, déoun unépubpng aktwvoPoAiag petadibel Bep-
HOTNTA OE OPLOMEVN TIEPLOXN TOU CWHATOC. Emiong pe elbikeég
dwToypaADIKEG UNXAVEG TIETUXALVETAL dwTOYPADLON AKOUN KoL
otav undpxeL ouvvedLd r opixAn (oxnua 3.4-17).
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3.5 MOAQzZH TOY ®OQTOZ
Duotko dwg Kot yPOLRULKA TIOAWREVO WG

Onwcg etdape o mponyoUUEVN evOTNTA, TO GWC (MW AAAW-
0Te OAOKANPN N NAEKTPOUAYVNTIK akTwoBoAia) elvat eykapaota
NAEKTPOOYVNTLKA KUUATA, TO oTtola EeKlvouv amo pia wtewvn
Tty Kol KvouvTtal eUBUYpapa TTPOG OAEG TIG KATEUOUVOELG.

Ol cuvnBEeLg PWTEWVEG TINYEG (TLX. AQUTITPOC TMUPAKTWOEWG,
‘HAlog KTA.) amoteAovvtal amo pPeydAo aplOuod atopwv r popi-
wv. Ta dWTEWVA KUPOTO TTOPAYOVTAL ATtd OAd TA ATOUA KOl HO-
PLOL TOU UALKOU TIOU €KTTEUTIEL TO pwG. KABe ATtopo 1 LOPLO EKTTE-
UTTEL EVOL LEUOVWHLEVO KU

Ye KaBe TéTOlo KLU TO NAEKTPLKO Tedio €xel SievBuvon ta-
Advtwong kaBetn mpog tn dtevBbuvon dtadoong tou kLUAToG. H
StevBuvon tadavtwong kat n StevBuvon dtadoong kabopilouv
€Va OUYKEKPLUEVO eTimedo TAAAVTWONG yla KAOE HEUOVWEVO
kOua (oxnua 3.5-18). KataAaBaivoupe Aowmov otL:

To puoiko pwg ivar olvOeon MOAAWV KUPATWY pe Stadopa
enineda TAAAVTIWONG TWV NAEKTPLKWY KOl LLOYVNTIKWV TOUG
nedilwv Kal tuxaieg SteuBuvoelg Stadoong.

Ma va KOToVorooupE To GALVOUEVO TNG MOAWONG, APKEL va
TIEPLOPLOTOUUE OTN UEAETN UOVO TOU NAEKTPLKOU KUPOTOG. Av
To eninedo TaAAvTwong Tou NAEKTPLKOU Tediou evOC NAEKTPO-
HOyVNTLKOU KUPOTOC Elval otaBepo pe To XpOvo, TOTE TO KU
OVOUAIETAL YPOUULKA TTOAWHEVO. Apa:

To dwg eival ypappka MOAWHEVO, OTav TO £Minedo taAad-
VIWONG TOU NAEKTPLKOU TOU TESiOU £XEL Evav KaOOpLOHEVO
TIPOGAVATOALOMO OTO XWPO Kat pia kaboplopévn Sievbuvon
duadoone.

To duoko dwg mou dexopaote anevubeiog anod pa dwrtewvn
TNYN, EMELSN TIPOEPXETAL ATIO TIOAAQ ATOLLA 1) LOPLA, EXEL TIOAAG
eMineda TAAAVTWONG KoL CUVETIWG SEV Elval TTOAWUEVO.

To puoko dwce amelkovileTal TAPACTATIKA 0To oXNua 3.5-19q,
EVW TO YPOULKA TIOAWMEVO dwC oTo oxNua 3.5-19B, .

MNoAwTtiko ¢iAtpo - MoAwTAG

To duolkd Pwg eival duvatdv, mepvwvtag and KAtdAAnAa
¢iAtpa (moAwtég) A mabaivovtag katdAAnAn avakAaon, va Ue-
TOTPOTEL OE YPOULULKA TIOAWMEVO PWC.

Mo va KOTOWVONOOUE TL €lval akplBwg To MOAWTIKO PiATpo,
o¢ mapakolouBricoupue tn dtadikaoia MOAWONG EVOS LNXAVIKOU
KOUATOG. QUUIlouPE OTL éval ATTO TAL LNXAVIKA KUPOTA £Vl Kot
QUTO TTIOU TTAPAYETAL, OTAV AVOYKALOULE TNV AKPN EVOC 0XOLWVLOU
va TTAAAETAL. ANULOUPYOUUE £TOL €va EYKAPOLO KUMA (oxAua 3.5-
20a), To omoio Stadidetal akavoviota. AnAadn kabe oToLXELW-
6€¢ KopUATL Tou oxowlol maAAetal o€ SltadopeTikd emnimeda.

Av TtapeUBAAOUUE €va TIETAOUA UE KATAKOPUDN OXLOUN OTN
SLevBuvon dladoong tou kKpatog (oxnua 3.5-20B), £ToL woTe To

2TIyHI0TOmO  NAEKTPOUGYVNTIKOD  KOUATOG.
Orw¢ yvwpilovue, 10 NAEKTPOUAYVNTIKO
KOUO. OTOTELEITOL OO VO EYKAPTIO. KOUOTA
kabeta uetald tovg, éva nlekpikd kai Eva
noyvnriko. Elkova 3.5-18

() (6)

(v)

(@) To pvoiko pwg kar (B), (y) To ypouuira.
rolwuévo pag. Elkdva 3.5-19

(o)

(6)

Ilicw amo ™ oyl o kbua eivar ToAwué-
vo. Ewkova 3.5-20

DooiKo Pw¢ diEpyeTal oo TOAWTIKG PIlTpo.
O1 op1lovtieg TaAoVTADTEIS EYOVY AmOpPPOPN-
Oel odooyepas, evad 01 KOTAKOPVPES UEPIKAG.
Ewkova 3.5-21
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oxowti va SLEpXETaL amd auTo, TOTE TA OTOLXELWSON KOUUATLA TOU GXOLWVLoU Ttou Bplokovtal HETA TO
TMETAOMA TTAAAOVTOL OE £va Kol LOVO ETINESO, TO XOAPAKTNPLOTIKO EMITTESO TTOU OPLlEL N OXLOUN UE
1t 6tevBuvon Stadoonc. H oxloun otnv mapanavw dtadikaoio anotéAecs To MOAWTIKO ¢iAtpo. To
dawopevo ovoualeTal TOAWON TOU UNXAVLKOU KUPLOTOG.

Mo tTnv mMoAwon Tou GpuUCLKoU GwTOG XPNOLUOTIOLOUME l8IKA TTOAWTIKA diAtpa. Otav To dw mpo-
OTIECEL O TIOAWTLKO PIATPO, TOTE TO PwC MOV €EEPXETAL ATIO AUTO £lval MOAwEVO. To eminedo TaAd-
vTtwong elval autd mou kabopiletal and To UALKO Tou diAtpou. Ta kUpaTa e eminedo TaAdviwong
KABeTO MPo¢ to minedo nou kabopilel To GIATPO OVAKOMTOVTAL KATA LEYAAO TTOC0OTO (oxrua 3.5-21).
H ouokeun mou TePLEXEL TO TOAWTLKO diAtpo ovopaletatl mMoAwtAG. Elval pla didtagn kataokeu-
OOUEVN €TOL, WOTE VA UTTOPOUUE VA OTPEPOUUE TO MOAWTIKO PiATPO, TTou €xel popdn mAakidiou,
YUpw armo dafova kaBeto mpog To eninedo tou (oxnua 3.5-22).

o omowadnmote ywvio, mwpPooovaroliouod
0V EMTEIOD TOAWONG TO POTOKVTTOPO UE-
paEL TNV 1010 EVTIOOH POTOS Kal T Ppiokel
ion akpifag (e 1o Pod e EViaons Tov Tpo-
OTMITTOVTOS 010 TAUKIOLO TOD TOAWTH.
Ewoéva 3.5-22

3.5-23 Me tov 0po «€vtaon Tou rpo-
OMINTOVTIOG (PWTOC» EVVOOUUE TNV
LOXU ava povado empAVELNG. AC TO
douuEe avaAutika:

Tot NAEKTPOUYVNTIKA KUATO EXOUV
EVEPYEL, OMWG Ylo TTOPASELYUA N

, ' v , . . . ortd 1009
akTvoBoli To HAOU Katt 1 aKTWo- oG TEAELOG TTOAWTNG eMITPETEL TN SLEAEvon katd 100%

BoAia TWY POLPVWY LIKOOKUUATWY. Tou TpooTiintovtog GwTdg, OTav autd sival MOAWHEVO OTO
Eotw AOLTOV OTL EYOUUE UL OTOLYEL- eninedo moAwong tou PpiATpou, KoL VOKOTITEL TEAELWG TA KU-
wén empavela AS, kadetn mpog T pota ¢wtog mou sival moAwpéva o StevBuvaon KABETN TPOG

Stevduvan Sladoone tou KUUATOG,

TTOU SEXETAL OUVEXWG eVEPYELA AW to eninedo auto.

o€ xpovo At. To rtniko AW/At ovoud- To eninedo MOAwWONG TOU MOAWTHA ElvOl XOPOKTNPLOTLKO
{etat Loxug. tou mAakidiou kat n StevBuvor) tou kabopiletal kabs dopa
H 1)U ava povada enpavelag opi- ano tnv neplotpodiki Aapr, mou Bpioketal otnv kopudr Tou
{eTal w¢ évraon Tou KUpuaToS. AnAa- , i P \ AL Ml , Bo , . , 2l ’
o1i: Apa, teplotpedovtag tn Aafn, kaBopilouvue tn B€on tou xa-

POKTNPLOTLKOU ETUITESOU MOAWGNC TOU TTIOAWTH.

‘EtoL, 010 oxnua 3.5-22, puoLko dwg MPOEPXOLEVO Ao Aa-
UTITAPO TTUPAKTWOEWG TIPOCTILTITEL OE EVaV TTOAWTH. To EMimne-
H povdda pétpnonc te £vasnc ato 8o méAwong kat n meptotpodikn Aafn eival onpelwpéva pe
S.1. givat to IW/m?. UTAE Xpwpa. O MoAwTNG emtpémel T SLEAeUon HOVO TWV KU-
HATwV GWTOC TOU €X0UV €viaon NAEKTPLKOU Tediou Tapal-
AnAn mpog to eninedo moAwong tou mAakidiou. Etol To dwg
mou PByaivel and tov MOAWTH €lvol YPAUULKA TIOAWMEVO TTO-
pAaAAnAa mpog to emninedo nMOAwoNC.

AV TWPO ETIXELPIOOUUE VO LETPHOOUE TNV £viacn Tou
e€epyouevou dwtog pe Eva dwtokuTTapo, Ba mapatnproou-
LE OTL, yla OToLaSATIOTE YWVILO TTPOCOVOTOALOUOU TOU ETLIE-
AnobelkvUeTaL OtL N EVtaon Tou KU- Sou mMoAwaong, n évtacon Tou pwTtog ExeLTnV (SLla TLun, n omola

(e27elg G0 TR A ) HEEIPSS 150 70 HaALoTa eival {on pe To pLod TG £VTOoNG TOU TTPOOTILITOVTOG
ywvo Tou TAATOUG &, TOU NAEKTpL-

KoU 1tediou ToU KUUATOG. Pwroe.
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Zuvéuaopnog dUo mMoAwTtikwv PpiAtpwy - AvaAvtng

A¢ umoBéooupe OTL LETAELU TOU GWTOKUTTAPOU KOL TOU TIPW-
TOU MoAwTr TomoBeTtoupe éva SeUTEPO, OLOLO KATAOKEUAOTIKA.
To emninedo MOAWGONG TOU MPWTOU TIOAWTH €0TW OTL MAPAUEVEL
KATaKOPUGO, EVW TOU SeUTEPOU, TOV OTOL0 OVOUAlOUUE aval-
™, oxnuatilel ywvia ¢ pe tnv katakdpudo (oxnua 3.5-24).

AUTO onuaivel 6TL N ywvia HeTall Twv SUo eTUMESWV TTOAW-
ong ivatl ¢. To Tt Ba cupPel kata tn StEAeuon Tou TTOAWUEVOU
dWTOG amod Tov avaAlTn e€aptatal amno tn ywvia ¢.

Otav Ta XapaktnploTka emnineda Tou TMOAWTH KOl TOU ava-
AUTN oupurnintouv ($=0), To moAwpEvo dwg Ba SLEABeL amod tov
avaAutn xwplc va umooTel petaBoAn.

Otov T XapaKTNPLOTIKA EMIMESO TOU TTOAWTH KAl TOU aVaAU-
™ elvat kaBeta (p=90°), To moAwpEvo pwe Ba avakomel evte-
Aw¢ armo tov avaAlTh. To dwToKUTTaPO TOTE SeV aVIXVEVEL PWG.

MNa omotadimote AAAN ywvia ¢ HETALL TWV XOPAKTNPLOTLKWV
ETUMESWV TOU MOAWTA KAl TOU aVOAUTN To MOAWMEVO dwe Ba
SLEPXETAL EV PEPEL.

MNapatnpolpe otL n Stadopd peTafl TOU TOAWTH KL TOU ava-
AUTN evtomniletal HOVO 0TOUC OKOTIOUG TOUC OTOLoUC auTol e€u-
ninpetoLy, 6nAadn oe éva Melpopa 0 TTOAWTHG UITOPEL va. TIaLEEL
TO pOAO TOU aVaAUTN Kol avtiotpoda.

XpNOLUOTIOLWVTAC TOV aAVAAUTH UITOPOULE VO SLATILOTWOOUUE
av pia 6éoun dwtog sival ToAwpEvn f OxL.

Adnvoupe tn §éoun va MECEL 0ToV avaAuTn KABeTa mpog au-
TOV. Me tnVv neplotpodikn Aapr kabopiloupe Staddopeg ywvieg
oto emninedo MOAwWONG Tou avaAuTn. Av mapatnprioouUUE OTL eV
UTTAPYXEL YwVvia yLo TV omoia avakOmTeTal To SlepxOpevo dwg,
TOTE AUTO €lval puoLko. Av OuwG cupBaivel to avtiBeto, Snla-
61 uApXOUV YWVLEG yLa TLG OTIOLEC OVAKOTTETAL TO SLEPXOLEVO
dwg, ToTE T0 PWC Elval yPAUULKA TIOAWUEVO.

O téleriog avalitne emitpémer ) O01€AED

on

HUOVO THS GVVIOTMOOS TOD NAEKTPIKOD TEIIOVD
OV EIVAL TOPAAANAN TPOS TO YOPOKTHPIOTI-

K0 emimedo molwaorig tov. Elkova 3.5-24

e
Ta UAlka mou E€xouv tnv blotnta
va agnvouv va ta SLATTEPVA UOVO
TO (WC TOU Omoiou TO NAEKTPLKO
neblo TAAQVTWVETAL OE OUYKEKPL-
uévn bievBuvon Aéyovtal bixpoi-
Ka. To 1938 o E.H. Land avakdaAue
&va UALkO mou ovouaoe polaroid.
To polaroid moAwvel to Qwg, yLati
o TTPOOAVATOALOUEV LOPLY TOU
EYOuV TNV LOLOTNTA VO ATTOPPOPOUV
ETUAEKTIKA T SLEPYOUEVN aKTIVOBO-
Al amto péoa tou.

\

N

J

Evog molwThe Kol Evag avaldTig ue exineda
ToAwong kabeto. 1eta.ld To0g avaKoTTovY TO
g (okotewvi wepioyi). Ewkova 3.5-25



(a)

(6)

(a) Otav un molwuévo pw¢ mPoomintel e
OO WPIOTIKY ETXLPAVELIQ ODO DAIK®DV, ] VO
KAuevn kar 1 owablduevy akxtivo gival
uepikag rolwuéves. () Orav uy worwuévo
OWS TPOTTITTEL OE OVAKADTO ETIPAVELQ. DTTO
yovio ion ue ) yovia oMkng molwang, n
ovVaKAaueVH kol n 0100iauevy oxtivo givol
kabeteg petolo tovg. Ewkova 3.5-26
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NoAwon ano avakAaon - Duotkn noAwon

Otav pn mMoAwpéVo GwE TTPOOTITITEL TAVW OE SLOXWPLOTLKNA
erupavela 500 OMTIKWV UALKWV pECWV Ue SeikTeg SLaBAaong n,
KaL N, TOTE €V HEPEL AVAKAATAL KAl EV HEPEL SLaBAdTaL.

Av €€€TAOOUUE PE QVOAUTN TNV avakAwpevn déoun, Ba ma-
POTNPNOOUE OTL, OTAV N ywvia mpoonTtwong ivat tepimou 0° R
niepimou 90°, To avakAwpevo pwg Sev eival moAwpévo. Ma evéL-
AUECEC YWVIEG TPOOTITWONG TO AVAKAWUEVO dWG ElvVaLl LEPLKWE
TOAWHEVO, SnAadr amoteAeital and ypapupLka TOAWUEVO PwG
Kol 1N TOAWMEVO PwC. YIAPXEL hla cUYKeEKPLUEVN ywvia Tipo-
OTITWONG, TIOU oVOUAleTal ywvia oALKAG MOAwonNG (Gp), yla tnv
omoia To avakAWUEVO dwG eival TANPWE TTOAWUEVO.

A¢ mpooTaOACoUE VO TOPACTACOUE YpadLKA TO PaLVOpE-
VO XpnoLpomolwvtag U0 CUVIOTWOEC Tou NAeKTPLKOU Tiediou,
pia mopaAAnAn mpog tnv avakAwoa emnidpavela (Le TeAeleg) Kalt
pia kaBetn mpog TV mpwtn Kal tn StevBuvon Sitadoaong Tou KU-
potoc (Le BEAN). EtoL oto oxnua 3.5-26a £XoupLe LEPLKH TIOAWON
TOU MPOOTIMTOVTOG dWTOG, SNAadn n avakAwpevn S€oun Kat n
SLoBAWUEVN Elval LEPLKWG TIOAWLEVEC.

YnoBétoupe Twpa OtL peTaBaAAoupe tn ywvia mpdontwong,
WOTIOU N avakAWWUEVN Kat n StabAwpévn d€oun va oxnuatilouvv
ywvia 90°, dnAadn va toxvel 62+Gp=90°. Tote n avakAwpevn 6é-
oun ivat MANPwWC MOAWMEVN, VW N SLOBAWUEVN €ival LEPLKWG
TOAWHEVN (oxAua 3.5-26B).

H ywvia oAlkAg moAwong ep ouvbéetal pe toug beikteg dLa-
BAaong n, kaw n, Twv 800 omtkwy VALkwv. H cuvdeon auth npo-
KUTTTEL OO TO VOpOo Tou Snell (2vel), cupdwva e Tov omoio o
Aoyog n,/n,, Twv Sewktwv 6tabAacng eivat aviiotpodwg avdhro-
YOG TWV NUITOVWY TV YWVLWV TtpooTitwong 6, kat 6tdbAaong 6,,
dnAadn:

) n, mny 0,
Nopog tou Snell n, nuo,

Edbapuolovtag Aowmdv tnv mapanavw oxEon yla 91=6p KoL yla
08,=90°- ep £€XOULE:

(3.6)

n, nu o,

n, Mp(90°-6)

Ouwg amnd tnv TpLywvoueTpia LoyVEL: nu(90°—9p)=0uv6p. Apa
TEALKA TIPOKUTITEL:

Nouog tou Brewster LN N =e00, (3.7)

H teAevtaia oxéon elval yvwotn w¢ vouog tou Brewster
(MmpouoTtep) kot N ywvia oAkng moAwong ovopdletal ywvia
tou Brewster.
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Apa: H ywvia oAikig moAwong touv pwtog, yia Kabe péoo, &i-
VoL EKEVN N ywvia TPOoTTwong yLa TV omnoia n avakAWKEVN
oktiva Kat n SLaBAwpevn eival KAOETEG pLetay Toug.

Av Twpa TO €va OTITIKO UALKO €ival To KeVO 1 0 €Npo¢ aEpag,
onote n, = 1, T0Te n_=n Ka n oxéon maipveL tn popodn: n=s¢6p.

NoAwon kat moAwtika ¢pidtpa otnv Kadnuepviy pog {wn
H moAwon and avakAaon eival éva ouvnBeg ¢awvouevo otn
duon. To pwg mou avakAatal anod enipaveleg Alpvwy Kot Ba-
Aacowv, KaBw¢ KoL arnod To XLOvL, elval HEPLKWE TOAwEVO. Otav
AOLTTOV N aVAKAOON TIPOEPXETAL ATTO LA TETOLA ETILPAVELQ, TIPO-
KQAEL OTOL LATLOL LOG O aVETILBUUNTN SuvaTh «ovTnALA».

Emeldn oL avakAwoeg emidaveleg mou avadpEpape eival ou-
viOwg optlovtieg, To SlAvuoua ToU avakAWUEVOU NAEKTPLKOU
nieblou Ba €xeL peyain oplovtia cuviotwoa, dnAadn to ava-
KAwpevo dwg Ba mepléxel mepilooela MOAWUEVOU GWTOC oTNV
optlovtia dtevBuvon.

Ta yuaAld nAtou Aouov rou Stabétouv anoppodntiko ¢idtpo
polaroid €xouv T€Tola KATOOKEUH, WOTE TO XOPAKTNPLOTLKO ETL-
nedo MOAWONG Toug va gival Katakopudo Kat va amoppodouv
0TO HEYLOTO Suvato TNV opl{OVTLA CUVLOTWOO TOU OVOKAWE-
vou ¢wtoc. Etol ota patia GTAvVEL Eval PLKPO TTOCOOTO TOU TO-
AwpEVoU dwTOC.

Mia aAAn cuvnBLoUEVN XPRoN TWV MOAWTIKWY GiATpwy gival
OTO KpUOTAAAQ TTOU KAAUTITOUV TA GWTA TWV OLUTOKIVATWY KOl
oto mopunpil. Kat ota KpUoOTAAAQ TWV GWTWV KoL OTA TTOPUTPLT
UTTAPXOUV TTOAWTLKA PIATPO TWV OTIOLWV TO XAPOKTNPLOTIKO ETTi-
nedo moAwong oxnuoatilel ywvia 45° pe to oplldvtio eninedo
Kal €XEL Tov 8Lo mpooavatoAlopd og OAa ta autokivnta. Otav
Vo autokivnta SlacTtaupwvovTal TN VUXTA, TO MOPUTPLl Tou
€VOG Aettoupyel wg avaAlTng yla o ¢wc Twv davapLwyv Tou aA-
AOU QUTOKLVATOU, TIOU £ival TOAWUEVO. ETOL HELWVETOL N €vTaon
ToU dWTOC mou S€xeTal 0 0dnyog Kal armodevyeTal alodnTd n
gvOxAnon.

[ta TV mOAwan Tou QUGLKOU Pw-
TOGC XPNOLUOTIOLOUUE ELSLKA PIATPQ,
TToU Elval YyVWoTd LUE TNV EUTIOPLKN
ToU¢ ovouaoia w¢ polaroid (moAa-
powT). Stnv kadnuepwvotnta eival
YVWOoTd ylo TN Xprion Toug oTa yua-
At nAiou ko 0TOUG PAKOUG PWTO-
VOOPLKWV UNXOVWV.

Eva tétolo @iAtpo enttpémnel tn Sié-
AEUON PWTEWVWV KUUATWVY EVTAONG
UEXPL Kot Toocoatd 80%, Uovo au-
TWV OV ElVaL YPOUULKE TTOAWUEVA
UE TO KaJopLOUEVO A0 TO UALKO
eninebo MOAWONG, KoL QIOPPOPA
niepimou t0 99% TNG E€vtaoncg Twv
KUMOTWV TToU €lval moAwUEVaA K-
Ueta mpog to emnimedo auto. p

\

Znueiowon: H nolwon tov pwto¢ kotd v
avaxloon Topovolaletal Hovo, OTaV TOVTO-
xpova. yivetar ka1 d166iaon tov pwtog. 1o
VoL EUPOVICETOL ETOUEVOS KOTO. TNV AVOKAO-
01 TO QOIVOUEVO THG TOAWGNG, OV TPETEL 1]
OVAKAOON VO YIVETOL 08 UETAAMKES EMIPA-
VEIEG KO O EMIPAVEIEG TOD TAPOVTIALOVY
UETOLAIKT oTIATVOTHTO.

THolwtixé piltpo Eyel ypnoioronbel oty pwTOYPAPH-
0N TV ATAOVOV ELKOVQOY, TOV TPOPLAGTTOVTIOL 070
yoali. H mpartn Exer pwroypapnel ywpic piltpo kot gu-
povifel éviovo pwg aro avakxlaon. Me v mopeuforn
TOAWTIKOD QIATPOV, aTH OEVTEPN PWTOYPAPIa, TO OVa-
KADUEVO PG OVOKOTTETOL KOl EUPOVICETAL 1 EIKOVA.
Ewova 3.5-27
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NAPAAEITMA 3 -3

YnoAoylopog ywviag oAlkn¢ moOAwong amdé ava-
KAaon otnv NPEUN emipavela pag reivag: To nAt-
KO dWG eV LEPEL avaKAATOL KoL eV LEPEL SLaBAATOL
OO TNV NPEUN ETILHAVELA TOU VEPOU ULOG TILoivag.
To yAwplwpévo vepd tng Tuoivag €xel deiktn dLa-
BAaong n,=1,35, evw o agpag n =1.

(a) Ma ot ywvia mpdomtwong to dwe amd ava- Hiaxs poc my nuépa Pax mpofioréwy T viya
KAaon givat OALKWC TIOAWLLEVO;

(B) I'!owt eivou’ n ywvia 6taBAaong tov dwtog o’ (B) 0,+0, =90"=0,+53,5 =90" = 0, =365
auTA TNV MEPIMTWON;

(v) Av to Bpadu n mioiva pwrtiletal pe mpoPoAeig n, Muo, ; L o 0
mou eivat tomoBeTnuévol atov mubuéva g, toteg (V) n, owo, BP5 =135 %= =

£lvalL TOTE OL TIHEC TWV YWVLWV TWV EpWTNUATWV (ar)
ko (B);

AYZH

(a) To dwg mpoomintel ano tov agpa otnVv enMda-
Vela Tou vepou. H ywvia oAtkng moAwaong Sivetat
omo tn oxéon:

0,+6, =90" =6, +36,5 =90° = 0, = 53,5°

Mapatnpoupe OtL ot U0 ywvieg MOAwaoNG
yla tn Slaxwplotikn emipavela vepou -
o€pa VoL CUUTIANPWHOTLKEG.

n, Muo

=—=¢00,=135=¢90, = 6, = 53,5

n, oovvb,

NoAwon ano okEdaon - Kuavo xpwpa Tou oupavou

‘Otav 1o 0patd GwWC MPOCTIUNTEL O VOl CUCTNUO CWHATILWY,
amoppodATAL ATTO QUTA KOl ETTAVEKTIEUTIETAL TIPOC OAEC TLG K-
TeVBUVOELC XWPLG va aAAAleL N ouxvoTNTA TWV SLAPOPwWV aKTL-
voBoAlwv tou. H amoppodnon Kol n EMOVEKTIOUTT) AUTH TOU pw-
TOC ovopaletal oKESaaon.

Emteldn to okedalopevo Gwg EKTEUTETAL TTPOC OAEC TLG KOTEU-

To pw¢ mov okedGLeTOl OTTO LLOPIO. TOD AEPQ
EVOL UEPIKMDG TOLWUEVO.
Ewkéva 3.5-28

To OKedOAIOUEVO PWG TEPLEXEL
KQTd TTPOCEYYLON EVVIA (POPEG TIE-
PLOCOTEPO KUQVO XPWUA QIO TO
avrtiotolyo Epudpo.

To 6OVVepo. 0TS PaivovTal KaTd Ty avoro-
A1j ka1 Tt odon rov Hiov.
Ewkéva 3.5-29
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Buvoelg, PAEMOUUE GWC OTOV OUPOVO, E0TW KL AV SEV KOLTAUE
kateuBeiav tov nAlako dioko. Mmopouue eUKOAQ va SLATLOTW-
OOUUE OTLTO WG aUTO £lval HEPLKWE TTOAWEVO (oxnua 3.5-28).

Av mapoupe €va mAakidlo tumou polaroid kat to TomoBetn-
OOUUE £TOL, WOTE TO €MINMESO TOU va elval opllovtio, Ba dlart-
OTWOOUE OTL Lo SLaPOPETIKES YwVieg Tou emumedou MOAWONC
Tou Tepvael dw¢ SLadopETIKAG EVIAONG.

To moAwpEvo dwg Imou MpoEpXeTaL amod okEdaon €xeL eminedo
TaAAvtwong kKabeto mpog to eninedo mou opiletal ano Tnv ap-
XIKR akTiva kat tn okedaobeioa aktiva.

To oo Loxupo Ba eival to okedalopevo dwg e€aptdtal ano
TO MNKOG KUUOTOC KAOE LOVOXPWHATLKAC akTvoBoAiag. AnAadn
Ol OKTWVOBOALEG TTIOU €XOUV ULKPOTEPA WNKN KUUATOG okeSAlo-
VTOL TIEPLOCOTEPO. EMOPEVWCE T ULKPOTEPA UAKN KUUOTOC TOU
0patoU $pAcHATOG TOU GWTOC (Kuavo) okeSalovTtal MEPLOCOTEPO
amno ta peyaAlTepa LNKN KUUATOG (epuBpa). I’ auto to patvope-
vo odelAETOL TO KUAVO XPWHO TOU OUPAVOU.

To dw¢ Mo MPOOTIITEL O€ £va VEDOG, XWPLG TO KUOVO XPWHO,
otav avakAdtal amnod 1o védog Kat YiveTal TEAKA opatd amnod Tov
napatnentn, XL Kitpvn €wg epuBbpr anoxpwon.

Kata to colpouTto to dwg Stavuel peyddn amootacn péoa
oTn ynwn atpoéodatlpa Kot Eva onUOVTIKO UEPOG TOU Kuavou
xpwpotoc okedaletal. Etol to pwg mou pOavel kateuBeiav ota
HATLO JaG amo Tov opilovta elval GTwyO 0 KUAVO XPWHA.

Eniong, 6tav n atpudéodatpa eivatl mhovola o€ udpatuolg, au-
Tol amoppodouv Kupiwg To KUavo xpwa. ETol €XoUlE evioxuon
NG epuBPNC AmdXPWaong Tou oupavou.

Av n In bev eixe atpoodatpa, b€ Ba unopovcape vo SOUUE TO
XPWHO Tou oupavol. Maupog Ba Tav tTnv NUEPA, LAUPOC KAl TN
vuyta. OL aotpovauteg mou Bplokovtal oto dtaotnua BAEmouv
HoUpOo oupavo, ylati Sev umdpyouv popla va okedSacouv To dwe.

H I'n ka1 0 pavpog ovpavog 0nws paivovon
omo 1o ootnuiko rewpopeio Coloumbia.
Dawroypagpio tng NASA.

Ewova 3.5-30
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Avo e1koveg Ty 10100 oTIYUI] T€ 0DO TOTOVE UE O10POPa. 8 WPWV. ZTHYV TPWTH TO PG WOV POGVEL GTOVS LOVOUEVOVS OO TKEIA.TN EIVAL
TOAWUEVO KOl TEPIEYEL TEPITTELL KDOVOD YPOUATOS. 2TH OEVTEPN TO OPYIKC AEVKO PG DYICTATOL THV OTWAELQ ODTOD TOV KDAVOD XPO-
Hozog, kabwmg d1aTpéyel TNV aTOTEaIPa, Kai 6TV OpelfdTn phavel telikd pwg amo 10 Epplpod Ppdoua TV 0paTod PWTOG.

Ewoéva 3.5-31

(@)

®

67

(@) O ovaAdTnG AVOKOTTEL TO TOAWUEVO PAG.
(B) To ogivua (Gyopns mpoxalel otpopn
0V EMTEOOD TOLAVIWONG TOD TOAWUEVOD
PWTOC. ATO TOV OVAADTH TEPVAEL PG ())
Me otpopn tov avaldty avokomrovue woll
70 PQG.

Ewoéva 3.5-32

OMTKWG EVEPYA CWHOTAL.
Ztpodn Tou emnédou nOAwong Tou pwtog

Yrnidpyouv oplopéva Stadavi cwuata mou £xouv tnv LOLOTN-
TO va. 0TpEPOoUV TOo emimedo Tou MOAWHUEVOU PWTOC, OTAV QUTO
TIEPACEL AMO HECA TOUG. Tol CWHATA QUTA AEYOVTOL OTUTLKWG
evepya. Tétowa eival, yia mapadelypa, ol kpuotaAlot xaAalia,
To StaAupa Laxapng, To StaAupa YaAaKTIKOU 0E£0C KTA.

OewpoUl e MOAWTA Kot avaAUTn (6eUTEPO OUOLO TTIOAWTH HE
TOV MPWTO) SLOCTAUPWHEVOUC, WOTE N LOVOXPWHUOTIKI OKTiva
TIOU TUPOCTILTITEL GTOV TIOAWTH VO AVOKOTITETOL OTTO TOV OVAAUTH
(oxAua 3.5-32a). Av petall tou TMOAWTH KoL Tou avaAultn ma-
peuPaiovpe kpuotaAio yxaAalia ) dtaAvpa laxopng, Ba ma-
POTNPNOOUUE OTL MO TOV avaAUuTn Tepvael dwc (3.5-32B). Av
otpipoupe Tov avaAltn, TOTE yla opLoPEVN ywvia To dwg ava-
KOTITETOL KoL TIAAL (3.5-32y).

Fvetal dpavepod OtTL N mapePoAr eVOG OMTIKA EVEPYOU CWUA-
To¢ £0Tpee TO eminedo MOAwONG TOU MOAWMEVOU PWTOG KATA
OopLOMEVN Ywvia g€l i aplotepa.

ALaTAEELG TTOU XPNOLUOTOLOUVTAL YLA TN METPNON TNG Ywviag
oTPEYNG TOU TMOAWMEVOU GWTOG OVOUALoVTaL TTOAWOLHETPAL.



EAeUOepo avayvwopua

«Kata Badog ta navra sivat Intnpa pwtocr...

To ¢pwg kaw ot peyaliot {wypadot. To dpwe «{wypadileTal» amod Toug LUMPECLOVIOTEG {wypddoug ma-
PAAANAQ UE TIC IPWTEG ETMLOTNUOVIKEG TTAPATNPNOELS yla TN ¢duon tou (MaAAia, péoa tou 18ou alt-
wva). 2To MEPACUA TOU TO UALKA avTLKElpeva SltaAUovTal Kol KataypadeTal n oTypLaio evtumwon
(impression). To dpw¢ avaAUETOL OTA XPWHATIKA cuoTaTIKA Tou. Etol To i6lo B€pa punopet va Eavalw-
ypodLoTel, adol aAAAleL N XPWHOTIKOTNTA TOU OTO TEPACKA TNG NUEPAC.

Kiovr Mové (1840-1926), «O kaOsdpixos vaos tns Povévy (1892-1893).

O lwypadog Zopl Zepa (1859-1891), pottntig akopa, Stafalel TIC TAPATNPHAOELS TTAVW OTA OTITLKA
dawopeva tou dpuokol ZapA Avpu. Itn lwypadlkr TOU N EKOVA CUVTIOETAL OO TOAAEG ULKPEG
XPWHOTIKEC KOUKKISEG (point). Ze kABe mepLoxn Bplokovtal KoUKkideg SladopeTikwy KabBapwy xpw-
HATWV. ATIO OPLOUEVN ATTOOTACH TA XPWHOTIKA CUCTATIKA OVOLELYVUOVTOL OTITIKA 0ToV apdLBAN-
oTpoeLdn, Slatnpwvtag TNV £vtacn Kal T Adpgn mou €xeL To pwg ekeivn T oTypn. O lwypadlkog
QUTOC TPOTIOG OVOUAOTNKE «TIOUAVTLYLOUOGY.

To kOKKIVO, TO TPAGIVO KO TO UTAE
ovoualovrair kopia TpooBetiKd, yp-
nazo. ov ptog. Otav avvovdloviar
KOTAAInAa, UTopody vo. Onuiovpyn-
oovv oda ta ypauorta. Otay ocvovov-
adovror 101€¢ TOGOTHTES TOV KOKKI-
VOU, TOD TPATIVOD KOl TOV UTAE, TO
OTOTELETLLO, EIVOL AEVKD QIG.

Zop( Zepa, «Kopraxarikog mepinozog otny 'kpavt Zoty (1884-1886).



Anéonaopa ano to BipAio tou Victor Weisskopf (Biktop Balokod) H kBavtikn emavaotoon.

FNATI O OYPANOZ EINAI TANANOZ;

... N KBavtikn Bewpia Sev eivat kaBOAou amopakpu-
OMEVN amd TIC EVAOXOANOELS Hag, ayyilel Tov (6o Tov
KOO0 OMou {OULE KaL ETILTPETEL VO KATAVO)OOUE TLG
o Aemtég Sopég TG UANG. KaAwg 1 KaKwG, Hag EXEL
TIOPACXEL TN SuVATOTNTA EAEYXOU LEPLIKWV EVEPYELQ-
KWV SLadLlkaolwyv arod TLG TLo LoXUPES TOU CUUTTOVTOC.

Evtoutolg Ba nBeha va mpooBéow otnv EmLXeLpn-
patoAoyia pou éva emumAéovV OTOLKELO, TO Omolo &l
pat BEBatog otL Ba deiel mwe n kBavtikn Bewpia g
aAAnAenidpaong Tou GwWTOG He TNV UAN ETUTPEMEL val
QTAVTOOUE O€ EPWTNOELS TTOAU GUVNBLOUEVEC, TOU
TUTOUL:

Mati o oupavog eivatl yadavog;

Mati to vepo eivat Stadaveg;

Tt elvat oUTO TOU KAVEL TO AVTLKELHEVO va daiveTal

XPWHOTLOTO;

'H akoun, ylati to pétalAo gival oTIATIVO;

O avayvwotng Ba pou emrpePet va pn Biw mapa
MOVO TNV MePLMTWON TOU yaAavou oupavou, yla va
arnodUyw pLa teplmAokn mapouaciacn, mou, akoun Kol
0Tn Hovadikr auTn epimtwon, 6a mopapelvel oxnua-
TkA. Nwg n kBavtikr Bewpla e€nyel TNV anoppddnon
ToU PWTOG Ao €va CWHA, HE AAAa Aoyla, amod éva
ATouOo 1) €va HopLo;

Ac davtaotoUue Eva ATopo N €va popLlo Bublopévo
010 1ebilo evog PwTEWOU KUUATOG oaPpws KABOPLOpE-
VOU XPWHATOC. Me KBavTLkoUG 0pOoUG, £Vl TETOLO KUMA
Teplypadetal wg €va oUVoAo dwToviwv TIoU €xouv
Oha tnv (6La evépyela hf, n cuxvotnta f avtioToLXEl 0TO
XPWHO TOU €V AOYWw ¢wtdc. Ooo yla to atopo, n kpa-
VTLKI Bewpla To EplypadEL WG Eva cUOTNA TOU OTOL-
0U n evépyela eival KBaviwuévn, dnAadn mapouaotdlel
pta aAAnAouyio evepyelakwy mMESwY, SLoxwpPLOpE-
VWV LETAEVU TOUG: N EVEPYELA EVOC ATOMOU OeV Umopel
va AABEL TOPA OPLOMEVEG TLUEG, TLG TLUEG OUTWV TWV
ETUMES WV, OL OTIOLEG ELVOL XOPOKTNPLOTIKEG YU AUTO TO
atopo n, akplBEatepa, yia To €60¢ 0TO OMOLo AVrKEL
(avBpakag, alwto KTA.).

3TNV KAVOVLKN KATAOTOON, TIOU ovopaletal pn &t
EVEPUEVN, TO ATOUO PBPIlOKETAL 6’ QUTAV ATO TIG ETL-
TPEMOUEVEC KATAOTAOCELG TIOU XOpaKTNPLleTaL Qo TNV
elayLotn evépyela. Aéue OtL Bploketal otn Bepelw-
on kataotaon tou. Otav Séxetal GwTelvr eVEPYELQ,
TIOU LETadEpouV Ta GwTdVIA CUXVOTNTAS f, LTTOPEL VO
TIEPAOEL OE L0 OIVWTEPN EVEPYELAKH KATAOTOON, UTIO
TOV OpO TIAVTOTE N eVEPYELD TWV dwToViwV hf va elvat
akplBwe ion pe TN Stadopd PeTald evog amod ta emt-
TPEMOUEVA EVEPYELAKA ETLMES A KAl TOU BepeAlwdouc.

Av glval £ToL Ta TPAYUATA, TO ATOUO amoppoda Eva
dwToVLo, TO omolo e€adavileTal oo TNV MPOCTILITOU-
oa 6€oun, KoL odnyeital g ULa OVWTEPN EVEPYELAKN

katdotoon. Ovopaloupe QuTEC TIC amoppodroELg
«OUVTOVIOUEVEC QTOPPOPNAOELS» 1) ATAWE «OUVTOVL-
OHoUG».

Oa sloaydyw Twpa, ylo aAAn pia dopd, éva po-
VTEAO €UXPNOTO yla TNV TepLypadr ToU aTtopou. Ag
$aVTAOTOUUE T NAEKTPOVIA TOU WG ULKPOUG TOAQ-
VIWTEC, LkavoUg va taAAovtal umd tnv enibpaon evog
NAEKTPOUAYVNTLKOU KUMOTOG KOL TWwV OToiwv ot LoLo-
ouxvotnTtes (6nAadr) oL cuXVOTNTEC YLaL TIC OTIOLEG TO
NAEKTPOVIO cuvTovileTal MAAAOUEVO LE UEYLOTO TIAQ-
TOG) QAVTLOTOLYOUV OE UETABACELG TOU OTOMOU OO TN
Bepellwdn KatdoToon o€ pLa Ao Ti¢ SleyepUEVES. Me
AaAAa Adyla, oL LBLoCUXVOTNTEG TOU TAAQVTWTH, TOU
LLOG XPNOLUEVEL WE LOVTEAO TOU ATOHOU, VOl (OEC e
TLG OUXVOTNTEG TOU KPAVTLKOU GUVTOVLOHOU.

Ac e€etdooupe TNV enidpaon Tou GwTtdC oTA ATOUA
MUEOW TOU MAPAMAvVW HovtéAou. MmopoUpe oto ENC
V0L 0y VO OOUE Ta PWTOVLA KAl TLG KBAVTIKEG KOTAOTA-
OELG TOU OTOMOU: QUTO TO MOVTEAO ETUTPETEL TPAYOTL
va Bewpriooupe 0 WG WG Eva KAAGCIKO NAEKTPOUA-
YVNTLKO KU, TIou eTILOPA 0€ KAQGLKOUG TOAQVTWTEG, OL
omolol xapoktnpilovtat amo tig LSLooUXVOTNTEG TOUG.
YTo tnv enidpaon evog pwTEVOU KUUATOG 0 TOAQVTW-
NG apxilel va maAAetal. H amdkplon tou talavtwtn
elvat aonpavtn (aAAd pn pndevikn), 6tav n ocuxvotnta
TOU TPOOTIMTOVTOG KUMATOC €ival SLadopeTIKn amo
TLG LOLOOUXVOTNTEG TOU, VW avTiBeTa yivetal oAU on-
HQVTLKN, OTAV Ol GUXVOTNTEG TOU KULOTOG KAl TOU Ta-
AQVTWTH CUUTITTOUV, OTAV £XOULE GUVTOVLOUO.

MoLeg elvat AotoV oL GUXVOTNTEC CUVTOVIOHOU TWV
Sladopwy atopwy Kot popiwy; Ma tnv mAslovotnTa
Twv amAwv atopwv (O, N, H) elvat apketd unAotepeg
OTIO QUTEG TTOU XapaKTNPilouv To 0patd PwC. Avrikouv
OTNV TEPLOXI) TOU PACHUATOG N oMol OVOUATETAL UTIE-
puwdnc. Autdg eivat o Adyog yla Tov omolo éva aépLo
elvau Stadave.

Ma ta popla (0,, N,, H,0) oL cuxvotnTeg ouvTovL-
OOV €lval XaUNAOTEPEC MO TIC OPATEG GUXVOTNTEC
TOU UTtEPUBPOU Kol HECA OTO UTEPLWOECG, apa, Kol o’
autn tnv mepintwon, Bplokovtal £é€w and to opato
daopa. Yapxel OUwWG pLa onuavtiky dtadopd: otnv
TEPIMTWON TWV ATOUWYV Ol PALEC TIOU TAAQVTWVOVTOL
elval QUTEC TwV NAEKTPOVIWV. TNV MEPIMTWON TWV
poplwy, oL HATEG TTou TOAQVTWVYOVTAL Elval QUTEG TwV
OTOUWV KOl CUVETIWG lvat oAU Baputepeg amo o,Tt
OTNV MPWTN TEPIMTWOTN. AUTO EXEL WC ATIOTEAECUA £val
KOLL TO AUTO KU va BETEL TTOAU EUKOAOTEPQ OE Kivnon
TOUG TOAQVTWTEG TIOU QVTLOTOLXOUV OE ATOMA OO O,TL
€KEVOUC TIOU QVTLOTOLYOUV OE popta (*).

Twpa AOLTOV UTTOPOULE VO KOTAVOIOOUUE EVal Ao
To WPALOTEPA XPWHATA TNG PUONG: TO YaAavO TOU OU-



pavoul. To nAlako ¢wg amoteAeital, Onwe eival yvw-
0TO, Ao £va oUVOAO aKTWVOROALWV Tou TeptAappa-
VEL OAEG TLG SUVATEG CUXVOTNTEG TOU GACUATOC, Ao
TO UTtEPLWOEC £wC TO UTEPUBPO, HEOW TOU opaTou.
Ac e€etaooupe TNV eMidpacn AUTWV TWV TOLKIAWY
QKTIVOBOALWY O0TOUC TAAQVTWTEC TTOU amapTilouv Ta
ATOMA KOL TO HOpLa HEoa oTnv atpoodatpa. Ot umé-
puBpeC akTvoBOALEC TTPOKAAOUV TO GUVTOVIOUO TWV
Hopilwv, aAAd Ta avtioTolya TAATN €lval pKpd, OMwC
HOALC avadEpOnke. AvtiBeta ol uEPLWSELG AKTVO-
BoAieg MPOKAAOUV TO CUVTOVIOUO TWV ATOMWY KAl Ta
avtiotolya mAATN elval onuavtikd. Oco yla To opato
dwg, BETeL o€ Kivnon Toug TOAQVTWTEG LE £V TTAATOG
TAAAVTWONC OXETIKA ULKPO, aAAd To 1610 yia 6Aoug,
adou oL TaAaVTWTES Tou TepLAapBavovtal 8 cuvto-
vilovtal oto opatd. ZUVOALKQ, TO NALAKSO GwG TtpoKa-
Ael TaAavTwOoELG LECOU R UIKPOU TTAATOUC OTO 0paTO,
apeAnNTEou oto uTEpuBPO Kat TTOAU PEYAAOU OTO UTLE-
puwdec.

ErunAéov mpémel va AdBoupe umoyn pag otL Eva

TaAavtoupevo ¢optio, onwg oupPaivel va gival to
NAEKTPOVIO €VOC OTOHMOU TIoU e€avaykaletal o Ta-
Aavtwon, elval eniong mounog epwrtoc. Edw €xouue
éva anod ta BepeAwdn cupmepAcUATA TNG NAEKTPO-
HayvnTikng Bewpiag tou Maxwell. Eva taAavtoupevo
NAEKTPOVIO EKTIEUTIEL TTPOG OAEC TIC KATEUOUVOELS £val
NAEKTPOUAYVNTIKO KUpA (ue aAAa Adyla, dwg), Tou
omoiou n ouxvotnta eivat ion pe tv Wloouxvotnta
NG TAAAVTWONG TOU, QUTO TIOU OVOUALeTaL okéSaon
Rayleigh. E€aAAou amodelkvUETaL OTL N £VIAON TNG EV
AOyw eKMOUMAG elvat avaAoyn e TV TETapTn Suvapun
QUTAG TNG OCUXVOTNTOC.

AvtilapBavopaote AoV OTL Ta POPLO TOU OEPQ
nmou dpwrtilovtal amod tov HAlo ekméumouv ¢we Kot
QKOUN OTL AUTA N EKTIOUTH €lval EVTOVOTEPN OTO KU-
avo amo 6,TL oto £pubpd, adou n cuxvoTNTA TOU KU-
avou ¢wTtog eival mepimou SumAdola and ekeivn Tou
gpuBpou. Etol, otav BAEMOUE TOV OUPAVO, XWPLG Vo
KOLTAE ToV NALaKO 6ioko, Tov BAEmouE yalavo: eivat
TO amotéAeopa tng Suvaung tou 4.

(*) Znuelwon cuyypadEwv: AUTO onUaivel OTL TO MAATOG TAAGAVTWONG TWV SOULKWV HOVASWVY TWV Hopi-
WV (dtopa) eival PkpOTEPO ATO TO MAATOC TAAAVTWONG TWV ATOULKWY TAAAVTWTWYV (NAEKTPOVLA) OTNV

TEPLMTWON TOU GUVTOVLOUOU.

Apaoctnplotnta

NOAQZH ANO 2KEAAZH

O oKOTOG TN SpaCTNELOTATAC QUTNAG Elval va Slamiotw-
OOULE OTL TO PWC TIOU TIPOEPYETAL QIO TOV OUPAVO lval
UEPLKWE TIOAWUEVO.

Muwa nAwohouotn, avédpehn HEpa KOTATe TO YoAavo
oupavo Tiow amod éva ¢LAAo polaroid, MOV TO KpaATATE
KOVTQ OTO €val HATL, WOTE va PAEMETE €va LEYAAO TUAUOL
Tou oupavou. KateuBuvete otn cuvéxela To polaroid, wote
val BAETIETE LAl TTEPLOXI) TOU OUPAVOU LIE Eval EAAXLOTO TNG

€VT0oNG Tou pwtoc. To pwe Tou GTAVEL 0TO HATL GOC ATIO QUTO TO TUALO TOU oupavou €ival LoXupd TIoOAw-

LEvo.

METPAOTE OTO TIEPLTOU TN ywvia ou oXNUATIlETOL ATO TN YPAUU TTOU CUVOEEL TO KEDAAL 0aG KaL TV
TIEPLOXI TOU 0UPaVOU LE TO GwG LEYLOTNG TIOAWONG, KABWC Kot T ypapur) mou cuvdEeL tov HALo pe tnv idla
TIEPLOXT) TOU oupavoy, SnAadn tn ywvia 6. Oa rpénet va Bpeite ywvia kovta otig 90°.

Mropeite va HETPNOETE €Miong tnv KateuBuveon tou dfova TN MOAw-
ong Tou GwToC Tou GTAVEL OTO LATLO CAG ATIO TNV TIEPLOXT) TOU OUPAVOU
UE UEYLOTN TIOAWON. AUTH TNV KateuBuvaon cag T GAVEPWVEL O OTTLKOG
agovag tou ¢UAAou Polaroid mou xpnotpormoleite. ApKel EMOUEVWE va
yVwplleTe Tov omTiko dgova tou polaroid oac.

Av 8ev Tn yvwpilete, pumopeite va tn Bpeite kowralovtag pia GwTewvn
TNYN YVWOTAS MOAWGNG, TLY. TO GwE TToU avakAAToL amo va T{AL R amo
€va YUaALoTEPO TaTwHa. Onwe yvwpiloupe, To avakAwHEVO dwg eivat
TIOAWWEVO TapAAANAa TIPOG TNV EMLPAVELA AVAKAQONG, TLX. TO YUQALOTE-
PO LOPUAPLVO TIATWHAL.
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2uvoyn 3ov kedpaAaiov

e To pwg €xel SUMAR duon. TuumepLdEPETOL WG
KUMO KOl WG CWUATLO TIou ovopaletal ¢dwTtovio.
Ye pawvopeva onwc n cupBoAn, n mepiBAaon katn
TIOAWON eKENAWVETAL N KUPATIKA pUCN TOU GWTOG
(nAekTpopayvnTLko KUMA), EVW OE GOLVOUEVA TIOU
oxetilovtatl pe TNV aAAnAemnidpacn Tou pwToC pe
NV VAN (amoppodnaon - EKTIOUTT), OTwWG TO wTo-
NAEKTPLIKO datvopevo, ekdnAwvetal n cwuatidla-
Kl $VonN Tou PwToG.

e JUudwva pe ) Bewplia tou Maxwell, To pwg &i-
VOlL EYKAPOLO NAEKTPORAYVNTIKA KUUATA, TA Omola
gekvolv amo tn dwtewvn mnyn kat Stadidovtal
TPOG OAEG TLG KATEVUOUVOELG.

e JUudpwva pe TNV KPavtikn Bewpia tou Planck,
T0 Pwg (Kal yeVIKOTEPA KABE NAEKTPOUAYVNTLKN
OKTWOPBOAL) eKMEUMETAL KAl amoppodATAl ATIO
TA ATOMA TNG UANG OXL KOTA CUVEXH TPOTO aAAQ
aouveEXWG. AnAadn KAOE ATOUO EKTIEUTIEL I ATIOP-
poda oToLXELWSN TTOOA EVEPYELAC, TTOU OVOUAL0-
vtal KBavta ¢pwtog f dwtovia.

¢ To dwg, OMWG Kol KABE NAEKTPOUAYVNTLKO KU,
Sladidetal oto Kevo pe otabepr) TaxuTnTa TEPL-
miou 3x108m/s. H T tg taxVtnTag Tou Gwtog
0TO KeVO eival pla BepeAlwdng otabepd tng Pu-
ong.

e To ninAiko TNG TaXLTNTAG €, TOU PWTOG 6TO KEVO
TIPOC TNV TaXUTNTA C HECA OE KATIOLO UALKO Ovo-
paletal éeiktng dtadAaong n tou UALKOU UECOU.
loxUeL dnAadn:

TOYVTNTO, TOV PMOTOC GTO UECO C,

T ToydTTO TOL POTOC 6TO Keve  C

® Y& £val UALKO OTTTIKO HEDO N TaxUTNTA TOU PwTOG
elvat StadopeTikn yla SLadopeTIKA UAKN KUUATOG.
O b¢eiktng SLabAaong tou péoou bev eival otabe-
pO¢g, aAAQ e€aptaTal AMO TO UAKOC KUUATOC TOU
dwtoc. To dawvopevo auto, SnAadn n e€aptnon
NG TAXUTNTOG TOU KUMATOG Kot Tou deiktn SLtabAa-
onNG oo TO HAKOC KUHATOC, ovopaletal Staokeda-
OMOG.

e To opatd WG €XEL OPLA KoL TA XPWHATA TOU
€XOUV HNKN KUPOTOG TOU Kupoaivovtal PeTay

400nm Ttou Lwbdoug kat 700nm tou epuBpou. EKTog
amo TNV akTvoPoAia TnG opatig mepPLOXNG Tou da-
OLLOTOC UTTAPXEL KOl akTvoBoAla adpatn, n omoia
Bploketal mépa amd tnv wwdn TEePLOXN, UE MNKN
KOMOTOG MLKpOTEPA Twv 400nm. H aktwvoBolia
outr ovopaletal umepwdng aktvoPolia. Metda
NV gpuBbpn meploxr tou GACUATOC UTIAPXEL AO-
patn aktoPoAla pe PAKN KUUATOG UEYaAUTEPQ
Twv 700nm, n omola mpokaAel évtovn av€non tng
BePUOKPACLOC TWV OTEPEWV KOL UYPWV CWHUATWV.
H aktwvoBoAia autr) ovoudletal ultépubpn aKkTvo-
BoAia.

* To puoko dwc lval cuvOean TTOAAWV KUUATWV
pe dtadopa emnineda TAAAVTWONG TWV NAEKTPLKWV
Toug mediwv Kkat tuxaieg SteuBuvoelg Stadoonc. To
duolkd pwg mou dexouaote amevbeiag and pia
bwTELVA TNy, EMELST MPOEPXETAL ATIO TTOAAA ATO-
pa ) popLa, €xel TOAAQ emineda TaAdvTwong Kat
ouvenwg 6ev ival TOAwUEVO.

e [la TNV MOAwWoN Tou HUCLKOU GWTOC XPNOLUO-
TIOLOUUE €LOIKA TTOAWTLKA piAtpa. MeTd T Xpron
Tou PpiAtpou To eminmedo TAAAVTWONG TOU KUUOTOG
glval auto mou kaBopiletal and 1o UALKO Tou diA-
TPOU. H GUGKEUN TIOU TIEPLEXEL TO TIOAWTLKO BiATpO
ovopaletal TOAWTAC.

e H ywvia oAkng méAwong Tou ¢pwTtog, yla Kabe
UEoO, elval ekelvn n ywvia mpOoTTWoNG yLo tnv
omola N avakAwPevVN oktiva Kot n StabAwpevn
elval kaBeteg petafl tous. Ta yuaAld nAiou mou
SlaBEtouv amoppodntikd Ppiltpo polaroid €xouv
TETOLAL KOTOLOKEUN, WOTE TO XOPAKTNPLOTIKO ETti-
nebo MOAWONG Toug va Elval Katakopudo Kol va
anoppodolv oTo HEyLoTo Suvato tnv oplloviia
OUVLOTWOO TOU avokAwpevou ¢pwtog. Etol ota
paTLo PTAVEL Eval HUIKPO TTOCOCTO TOU TIOAWUEVOU
dwtoc.

¢ Otav 0 0paTO PWG MPOCTINMTEL O €va cUOTNUA
OWHOTIWY, armoppodATaL ATtO QUTA KoL ETTAVEKTTE-
UTETAL TPOG OAEG TIG KATEUBUVOELG, XWPIC va aA-
Aalel n ouyvotnta Twv Stadopwv akTvoBoAlwv
Tou. H amoppddnon Kot n EMAVEKTTOUT) AUTH TOU
dwTtog ovopaletal okeSaan.
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EpwtNOoELS

1. OL aotpovopol Loxupilovtal OtL n onuepvn
€lKOvVa VoG yahafio oto TNAeokoTo adopd Ka-
ToLa OTLYUH Tou TtapeABovTog tou. NMwg e€nyeite
OUTO TOV LOXUPLOUO;

2. Tu eival To pw¢ cupdwva pe tn Bewpla TOU
Maxwell;

3. Nwg epunvevel n kBavtikn Bewpia tou Planck
TNV EKTOUTIN KAl TV anoppodnon tou pwtodg;

4. E¢nynote yati, 6tav pwg dlamepva pia dia-
XwpPLoTKn emidpavela SU0 UALKWYV HECWY, N OU-
XVOTNTA TOU MOPAUEVEL AUETABANTN.

5. E¢€nynote ylati To HAKOG KUMATOC ULOG LovVO-
XPWHOTIKAG aktwoPoAiag, mou Sladidetal oe
600 OMTIKA UALKA PETQ, EXEL LLKPOTEPN TLUA OTO
TIUKVOTEPO UECO OE OXECHN LE OLUTAV TIOU €XEL OTO
apaldtepo.

6. Otav 1o dwc petaBaivel anod éva HECO o€ KA-
moto aAAo Sev petafaAiovral:

0. TO HAKOG KUOTOC KAl N TaxUTNTA Tou.

B. n ouxvoTNTA KOL TO PAKOG KUUATOC TOU.

Y. N TAXUTNTA TOU KaL N EVEPYELA TWV GwTOVIwV.
6. n evépyela Twv PwWToOVIWV KAl N ouxvotnta
TOU.

7. InUEWWOTE UE 2 A A OTIOLECG ATIO TLG TTAPAKATW

TIPOTAOELC €lval owOoTEG 1) AaBog avtiotolya:

o. To pwc Sadidetal os OAa TA OMTIKA UALKA
péoa e taxutnta repimou 3x108m/s.

B. Todweg Sladidetal oto KEVO PE TAXUTN-
Ta mepimou 3x108m/s.

y. H taxutnta tou pwtog pikpaivel, 6tav 1o dwg
TIEPVA aTO TIUKVOTEPO OE OPALOTEPO OTITIKO
UALKO pHéooO.

6. H taxutnta tou ¢wtdg pikpaivel, otav 1o dwg
TIEPVA aTO APOLOTEPO OE TIUKVOTEPO OTITIKO
UALKO pHEooO.

8. Nowo ¢awopevo ovopaletal Staokedaopuodg
ToU PWTOC;

9. Katd tnv avaAuon tou Asukol ¢dwTtog maip-
VOUUE pia tawia pe Stadopa xpwpata. Mmopei-
TE Vo €€NYNOETE ylati cupBaivel auto;

10. Qwc peyaAlTEPOU UNKOUC KUATOC (epuBp0)

EXEL LEYAAUTEPN TAXUTNTA OE £va LECO ATIO dWG
HLKPOTEPOU HAKOUG KUMATOG (Lwdeg); Na g€nyn-
OETE WG SLATILOTWVOURLE AUTO TO YEYOVOC.

11. AUO POVOXPWHOATIKEG OKTIVEG PWTOG, N KOK-

KLV KAl N KitpLvn, eKTpEmovTal anod yuaAwvo npi-

opa. MNMoleg amo TIg MPOTACELS TTOU akoAouBolv

elval cwWoTEG;

o. H ywvia eKTPOTAG TNG KOKKLVNG Elval ULKPOTE-
pN Ao TNV AvVTLoTOoLXN TNG KiTpLvNG.

B. H ywvia ektpomng TnG KOKKVNG €lval LeyaAU-
TEPN QIO TNV AVTLoTOLXN TNG KiTPLVNG.

y. H kOKkkvn aktiva Stadidetal 0To YyuaAl pe pe-
yaAUTepn TaxUTNTA Mo O,TL N Kitptvn.

6. H KOKKwvn Kot n kitpwvn aktiva Stadidovrtal
0TO YUOAL Le TNV 6L tayvTnTa.

12. O beikteg SLaBAaonGg EVOC TUTILKOU YUOALOU,
TIou akoAouBoUv, avTLoToloUV Ot KoBéva
amo ta xpwpata. Na KAVETE TV avtlotolyia
xpwpoatog - deiktn StaBAaong.

lwéng 1,530
MrAe 1,520
Mpacwo 1,517
Kitpwo 1,512
MoptokaAt 1,525
Kokkwo 1,508

13. Mola €ival Ta XopaKTNPLOTLKA ToU PwToG O
oX€on He tn S1adoon Tou Og OMTIKA HEDQ;

14. H ywvia eKTpomr¢ KAOE XpwHOTOC, OTAV AUTO

SLEpxeTal anod nplopa:

a. elval T600 pLKpOTEPN, 600 PeyaAUTEPO Elval
TO MNKOC KUUATOG TOU XPWHOTOC.

B. eival 1000 UIKPOTEPN OO0 ULKPOTEPO Elval TO
UAKOG KULOTOG TOU XPWLATOG.

y. 6ev e€aptatal anod to HHKog KUUATOG TOU XpWw-
HOTOG.

6. elvat (dla yLa 6Aa Ta xpwpata.

15. O beiktng S1aBAaoNg EVOC OMTLKOU LECOU:

a. elvat (dlog yla OAa ta xpwpata.

B. aufavetal 600 auEAVETAL TO MAKOG KUMOTOG
TOU XPWHATOGC.

Y. EAOTTWVETOL 000 QUEAVETAL TO LAKOG KUUATOG
TOU XPWHUATOGC.
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6. elval XapoKTNPLOTIKG HOVO TOU UALKOU TOU
OTTIKOU PETOU.

16. 1o MapaKATW oXNUa BAEMOUUE TO NALOKO
dwe va mpoomnintel oe otayova Bpoxng. Mola
dawopeva mapaTnEoOUVTAL KATA TNV TTOPELD TWV
aKTlVWV;

17. To XpwHa TOou oupavou ival UTAE, ylatl...

0. Ta LOPLO TOU a€PQ Elval UTTAE.

B. n lplda TWV POTLWY KOG Elval UITAE.

Y. N okédaon tou dwTOG elval eviovoTtepn oTa
HLKPA HAKN KUUOTOC.

6. n okédaon tTou PwWTOC £lval evtovotepn ota
HEYAAQ UAKN KUUATOG.

Mola oo TIG MAPATAVW TIPOTACELG €lval N ow-

ot;

18. Tt eival Ta MOAWTIKA PIATpa 1} TTOAWTEG;

19. XpnowuomoloUpe yuaAld tumou polaroid, yia
va «kOoupe», 600 To Suvatodv, TNV avinild
(évtovn avakAaon) Tou ¢wTdG TOU TPOKAAOUV
Aeleg ermudaveleg, otav t0 dwC MPOOTNTEL O
auTEC (Aoyou xapn otnv emnidpavela tng OaAoo-
oag, OTav ETUKPATEL Umovatoa).

Mola mpémet va eivat n dtevBuvon tng MOAw-
ong Tou UAWKoU polaroid, yia va gival ta yuoAla
QTOTEAECUATLKA;

20. No avadEpPETe TPELG TOUAAXLOTOV LOLOTNTEG
¢ uneplwdoug aktwvoPfoAiag oL omoieg pag
nAnpodopouv yla tnv Umapén tnge.

21. Me molo tpormo avtiAappavopacte OTL mEpa
amno tnv €pubpny meplox tou GACUATOG TOU
0pOTOU PWTOG UTIAPXEL 0.OPATN UTIEPUBPN OKTL-
voBoAia;

22. Nw¢ ovopalovtol Ta Opyoval LLE TO OToLa aVL-
XVeVETOL N umépuBpn aktwvoPolAia kol o€ ToLa
apxn Baoiletal n Asttoupyia TOUG;

23. TLovopdaZoupe GUOLKO KaL TLYPOUULKA TIOAW-
HEVO dWG;

24. Nati oL aotpovaulteg, otav Ppilokovtal otn
YeAnvn, BAEmouv pavpo Tov oupavo;

25. MmnopoUpe e évav moAwtn va avtiAndBou-
LE OTL TO dwC KATIOLAC TtNYNG TTou PpOAveL ota
paTLa pog elval mMoAwUEVO 1 0xL;, MAnmwg eivat
amopaitnto va €Xoupe SU0 OUOLOUC TIOAWTEG;
E€nynote ylatl.

26. Tt ovopaloupe ywvia oAkng moAwong; Na
ypayeTe TO VOO TOU Brewster.

27. To dw¢ Tou oupavou eivat:
0. LEPLKWCE TIOAWHUEVO,

B. LOVO YPOUULKA TIOAWUEVO,
Y. LN TTOAWEVO.
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AOKAOELC Kt TtpoBARpota

Ma tv eniAvon Twv npoPAnuatwy va Bewpnbouv yvwotad: otabepd tou Planck 6,63-10% J-s , Tayv-

NTa Tou Ppwtog otov agpa 3108 m/s .

1. e éva nelpapa HETPNONG TNG TaxUTNTAG TOU
dwToOG e TN HéBodo Tou Fizeau n amoctaon e-
TaV NG GWTELVAG TNYAG KAL TOU KOTOTITPOU Ei-
val 12945m kal o Tpoxog £xetL 720 Stakeva.

Na umoAoylogte tnv €AAXLOTN cuxVvOTNTA TIE-
PLOTPOdNAC TOU TPOYXOU QUTOU, OV N TELPAUATL
K taxVTnTta tou GwTOC Mou TPOoEKUYPE ATAV
2,982x10%m/s.

2. Mia 6éoun dwtocg mou Stadidetal oto KeEVO
€XEL LNKOG KUATOG 600nm:

o. Na umnoAoyioete tnv taxvtnta Siadoong au-
¢ NG 8éoung o yuaAl pe deiktn StabAaong
1,6.

B. Mota TN €XEL TO UNKOC KUMATOC TNG S€0UNC,
otav autn Stadidetal oto yuaAl; Alvetal OtL n
TaXVUTNTA ToU GWTOG 0TOo KEVO €ival 300000km/s.

3. MovoxpwuaTik aktiva pwTtog OopLOPEVNG
ouxvotntag €xel PNRKog kupatog 500nm, otav
Sladidetal oto vepo. Naw umtoAoyLoTel TO PAKOG
KUMOTOG autoU Tou dpwtog, otav Stadidetal oto
BevloAlo. Ou beikteg SLaBAaong Tou vepou Kot
Tou BevioAiou eivat avtiotowya 1,333 kat 1,501.

4. Qwg €xeL UAKOG KUpMATOG 560nm oto Kevo.
Otav Oladibetal oto vepd, €xel taxLTNTA
2,25x10%8m/s.

Av 10 dw¢ autod dtadldotav oto vepo, oo Ba
ATOV TOTE TO UAKOG KUUATOC TOU;

5. Qwg mou SLadidetal oto KEVO E€XEL UAKOG
kOpatog A, Otav to i6lo dwg Slasdidetal otny
alBavoAn, €xeL unkog kupatog 440nm Kol oTn
yAukepivn 405nm. Molog ival o Adyog tou bei-
KTn StabAaong tng atbavoAng mpog to Selktn
8LdBAaong NG YAukepivng o€ HAKOG KUUATOG A ;

6. Duoko dwc nou Stadidetal otov agpa cuva-
vTa Asila emupavela ayou. H avakAwpEeVN oKTi-
va BpéBnke oAkw¢ moAwpévn. Na mpoodlopioe-
Te TN ywvia mpoontwong. O Seiktng StabAaong
Tou mayou eivat 1,309.

7. MovoxpwpaTtiki éopun ¢pwtog mou dadidetal
0TO VePO TIPOCTITTEL € YUAALVO KUBO, 0 omoiog
elval BuBlopévog €€ oAokAnpou oTo VEPO, UTIO
ywvia mpoontwong 50°. Eva pépog g déoung
avakAdtal, evw to dAlo StabAdtal. Av n ywvia
SLabAaong kat n ywvia avaklaong €xouv abpot-
opa 90° va umoAoyioete to Seiktn SdtabAaong
TOU YudAwvou kUBou yla to dwe auto, av o dei-
KTNng StaBAaong tou vepou eivar 1,333.

8. Movoxpwpartik déoun duoikol dwTtog mou
SLadideTal oTov aEpa MPOOTIMTEL OTN Asla €L
davela evog kpuotaAlou xaAalio umo ywvia 57°
(wg pog TNV KABETO O0TO onUEilo MpooTMTWONC).
H avakAwpevn 6€oun Bpebnke OTL elval OAKWG
TIOAWHEVN:

a. MNoéoo¢ eivat o deiktng dtabAaong tou xaAalia;
B. Noon eival n ywvia StabAaongc;

9. Evag padlodwvikog oTABUOC EKTIEUTIEL NAe-
KTPOMAYVNTLKO KU cuxvotntag 100MHz.

a. Noon eival n evépyela evog pwtoviou autng
NG aktwoBoAlog;

B. Na OUYKPIVETE TO OMOTEAECHUQ UE TNV EVEP-
YELQL KATIOLOG OPATAG OKTWVOPBOALOG TU.X. TOU Ki-
TPLWOU PWTOG, UNKOUC KUpaTog 600nm oTOo KEVO.
y. Na Bpeite tov aplBud twv pwrtoviwv mou ek-
TEEUTOVTOL avA SEUTEPOAEMTO, OV N LOYXUG TTOU
oktwvoBoAettat ival 6,63 kW.

10. Av untoB€coupe OTL TO AVOPWTILVO UATL KO-
pel va atoBavOel pwg pnkoug KUHATOG A=600Nm
otav npooTintouv 6’ auto touAaxlotov 100 dw-
TOVLa ava SeUTEPOAENTO, VOl UTIOAOYIOETE:

0. TN oUXVOTNTA TOU KULOTOC.

B. tnv oALkn) evépyela ava deutepOAemTo ou 6€-
XETOL TO MATL.

11. MovoxpwHatikd ¢w¢ MAKOUG KUUOTOG
A,=600nm, mou Slabidetal oTov aépa eLoEpye-
TaL TOUTOXPOVA O€ SUO OTTLKA UALKA TTAX0UG 1m,
KABeta oTnV SLaXWPLOTIKN ETLPAVELA TOU KAOE
UALKOU pe tov agpa. Ot deikteg SLaBAaong Twv
800 UAkwv ivat n.=1,5 kat n_=1,2. Na Bpeite:
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a. ™ Xpovikn dtadopd e€66ou tou Pwtdg amo
Ta 800 OTTIKA UALKAL.

B. Tov aplOUO TWV UNKWV KUUATOC TOU $WTOC OF
KAOE OTTIKO UALKO.

12. AktwoPoAia cuyvotntag 102 Hz amoppo-

datal mAnpwg and pia moocoTNTA VEPOU, OMOTE
auvéavetal n Bepuokpacia Tou vepou kata 2° C.
Av yvwpilete oTL yla va auénbel n Beppokpacia
NG mapamnavw moootntag katd 1° C amatteital
evépyela 21216J, méoa dwtovia TNG akTVOoPBOoAL-
ag anoppodwvtal;



ATOMIKA
OAINOMENA

Neipapa tov Rutherford
IkéSaon owpatiwy o amo éva
Aenmtd ¢UANO xpuool. To mel-
papa auto €6elfe OTL TO BeTIKO
$opTLo KoLl TO LEYAAUTEPO PUEPOG
™¢ palag evog atépou eival ou-
YKEVIPWHUEVA OE HLOL LULKPK) TIEPL-
0XI TOU ATOHOU, TIOU OVOUAOTN-
KE TIUPNVOG.

DAaopata EKMOUNAG ATOUWV
Yépoyovou H

HAilou He
Yépapyupou Hg

Natpiou Na

4.1 Evépyeila ToU NAEKTPOVIOU OTO ATONO TOU LSpPOoyOovou
4.2 ALOKPLTEG EVEPYELOKEC OTAOUEG

4.3 Mnxaviopoc¢ mapaywync kat arnoppodnonc pwrtoviwv
4.4 Aktiveg X
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Evag pvloxag tov atouikod poioyiod kaioiov
oto I'pageio Métpwv kot Ltabuamv e Ovdaot-
yktov. Ewkova 4.1-1

Arouo. oty empadveio piog puotng fero-
Vag OTm¢ paivovial e NAEKTPOVIKO Ui-
Kpookomio wediov. Elkova 4.1-2

4.1 ENEPTEIA TOY HAEKTPONIOY 2TO ATOMO TOY YAPOITONOY

MpwTtol ot apyaiot EAANveg pLAdcodol aoxoAnbnkav e To TPO-
BANMO TWV CUCTATIKWY TNG UANG. O AgUKLITITOG KAl 0 AnUOKPLTOG
unoothApllav OtL n UAN amoteAeital amod moAU pkpd cwuatidia,
Ta omola ev pmopouv va dlatpolvTol amepLopLloTa Kot YU autd
ovVouAoTNKaV a-topa (dnAadn atunta). Alatunwaoav AOLTov pia
dLhooodikn Bewpla, yLa va EpUNVEVCOUV TIG LOLOTNTEC TWV UALKWV
oWHATWV. YrootApLlEav OTL N UAN amoteAeital and atopa mou St-
adépouv petafd TOUG KATA TO OXAKA KAl KATA To LeEyeBog. Ta ato-
Ha 6 dnuloupyouvTal oUTE KATAOTPEPOVTOL KOl EMOUEVWG Elval
adBapta kat awwvia. Ta dtopa gival mapa ToAAQ Kal Bpiokovtatl
oe Slapkn kivnon péoa oto kevo. Ta Stadopa puoikd pawvopeva
odellovtal oTnV Kivnon twv atopwyv. O oXNUOTIOMOC TWV UALKWV
OCWHATWY 0PEIAETOL OTIC EVWOELS TWV ATOUWVY LE AAAQ ATOUO, EVW
avtiBeta n Kataoctpodn TwWV CWUATWY odeileTal 0To SlaxwpLopo
TWV OTOHWV.

O Enikoupog emnpeaotnke ano tn Bewpia tou Anuokpttou. Eva
HEPOC TNG Bewplag autng BplokeTal og éva moinua tou Pwuaiou
mownt AoukpnTiou, Omou TeplypadeTal, LE BAON TIC ATOLLKEG
avTIARPELg Tou AnudKpLTou, N Tiieon Mou ackoUV Ta agpLa, n SLa-
XUOHN TWV OCHUWV KOL TO OXAUA TWV KPUOTAAAWV.

H atoutkn Bswpia Tou Anuokpltou ATav pia amno tig pthocodlt-
KEG Bewpleg Twv apyaiwv EAAAVwy. Agv untpxe Kapia MelpapatL-
KA mopatipnon yla tnv umootnpLén tneg. H Bewpia tou Anpdkpitou
KaTtamoAeun0nke amno tov MAdtwva, Tov ApLOTOTEAN KAl TOUC M-
ONnTéC Toug Kal €mece og adavela HEXPL TO 190 alwva.

ITic apxéG tou 190u atwva o Dalton (NtdAtov) emavédepe tnv
otoukn Bewpla, yla va €€nynoel Toug VOUOUC TNG XnUELog ou
avakAAUE TTELPAUATLKA.

INUAVTIKO 0TaBOUO oTnV €€EALEN TWV ETLOTNUOVIKWY LOEWV yla
TO ATOMO ATOTEAECE N avakAAuyn Tou NAEKTPOVIOU QMo TOV
Thomson (Topoov) katd to TéAog Tou 190U alwva.

Anuokpitog o Aponpitne (470-360
n.X.). Apyoioc Ellnvag @ildoo-
©pog, 10puTHS NG atouikng Bewpiag.
Ewova 4.1-3

Apiotepa o Ayylog ¢voikos J. J.
Thomson (1856-1940) kot oetia
o Ernest Rutherford (1871-1937).
Ewkova 4.1-4



To arouo odupwvae ue 10 TPOTLTO TOV
Thomson. Eikéva 4.1-5

Icipauo tov Rutherford. Xxkédaon ow-
Hatiov a ané &vo. Aemtd @vllo xpvoov.
Ilepimov éva ara 8000 cwudtio awoklivel
Katd yovia peyalotepn twv 90°. To ow-
natio o gival mopnveg nliov. Ewkova 4.1-6

(a)

(6)

(o) Ta owudtio o amwoklivovv katd ui-
Kp1i yovio cOupova [e T0 TPOTOTO TOL
Thomson. () Ta cwpatia a amoxAivoov
KOTO. UEYGAN YOVIa GOUP VO UE TO TPOTV-
7o tov Rutherford. Ewéva 4.1-7
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H avakaAuvn tou nAeKTpoviou wW¢ CUCTOTIKO TOU ATOMOU
€6€1€e OTLTO ATOMO EXEL EOWTEPLKI SOUN KaL EMOUEVWCE eV Elval
atunto. Emeldn n VAN sivatl nAekTplka oudEtepn, KATEANEE oTO
CUUTIEPAOHA OTL KOLL TOL ATOMA TNG UANG €lval NAEKTPLKA OUSETE-
POl KOl EMOUEVWG TO ATOMO Ba €xel (0eg MOCOTNTEG BETIKOU KoL
apvntkoL ¢poprtiov.

Eniong ta mepapata €6et€av 0tL N LAla Tou TUAUATOG OV i~
val BeTika dopTIopEVO eival peyaAutepn amnod tn pala Twv nAe-
KTpoViwv Tou atopou.

To epWTNUA IOV TEBNKE OTN CUVEXELO ATAV: «TIWG N Hada Ko
T0 PopPTiO KATAVELOVTOL OTO ECWTEPLKO TOU OLTOUOU;»

MNpdtumno tou Thomson

O Thomson (Topoov) mpotelve Eva mMPOTumo oUWV UE TO
omoio To atopo anoteAeital and pa odaipa Betikol doptiou,
opolopopda KOTAVEUNUEVOU, LECO OTO OTOLO E(VAL EVOWUATW-
HEVA Ta NAEKTPOVLA, OTIWG Ol oTaPLOeC pEoa o Eva opaLpLlKO
otadpLdoPwpo.

Npoétumno tou Rutherford
O Rutherford (PadepdopvT) kat oL HaBnTEG TOU MPAYUATOTOL-

noav Ta MpWTaA MELPAUATA, YL Vo SLEPEUVAOOUV TNV ECWTEPL-

Kr) Soun Tou ATOHOU, TA ANMOTEAEOUATA TWV onolwv NABav ot

avtibeon pe to mpotumo tou Thomson. ITa MELPAUATA AUTA JLa

S6€oun BeTIkA PopPTIOUEVWY CwHOTIWY o KATEVUBUVETAL O AETITO

HUETAAALKO HUAAO xpuooU (0TOXOG). ZUUDWVA LE TO TTPOTUTIO TOU

Thomson, n §éoun Twv cwpatiwv a 6& Ba PEMeL va amokALveL

ONUAVTIKA yLa Toug €€N¢ AOyouc:

o. To oALlkO NAeKTPLKO dopTio Tou atopou eivat undEv Kat emo-
HEVwE Sev aokeital nAektplk dUvaun ota cwHATLa A, 000
auta Bplokovtal 0to eEWTEPLKO TOU ATOOU.

B. Emeldn to Betikd nAekTpLko dpoptio sival opolopopda Kata-
VEUNUEVO, SV UMOPEL VOL AoKEL ONUAVTLKA AMWOTIKN SUVaN
OTO CWHATLO O, 000 AUTA BPLoKOVTOL OTO ECWTEPLKO TOU OTO-
Hou.

Y. H olykpouon tTwv cwpatiwv o Pe To nAektpovia Sev ennpe-
alel onUAVTIKA TNV Kivnor toug, ylati Ta nAeKTpovia €Xouv
TIOAU pLKpOTEPN pMala. Me tov i8lo tpomo Sev emnpealetal on-
HOVTLKA N Kivnon pLag Baplag métpag ueoa otn Bpoxn.

O Rutherford mapatripnoe OTL Ta TTEPLOCOTEPOA ATIO TOL CWLLA-
TLoL o SLEPXOVTOAL LECO ATIO TO OTOXO OXESOV QAVETNPEACTA, CAV
va KLVoUVTaL PEoa o€ oXeSOV KEVO Xwpo. APKETA amoKAivouv
oc SLadopeg ywvieg. Alya Opwg anokAivouv kata 180°. Auto
urnopel va cupPet povo, av to BeTIkO dopTio Elval CUYKEVTPW-
HEVO O€ ULKPO XWPO, WOTE VO OOKEL OTA CWHATLO O UEYAAEG
OTIWOTLKEG NAEKTPLKEG SUVAELG.

Ma va epunvevoet o Rutherford Tig melpapatikég mapatnpn-
OELC TOU, TPOTELVE £Va TIPOTUTIO CUUPWVA LE TO OTOLOo:
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To atopo amoteAeital and pio MOAU HKPR TEPLOXN OTNV
omolia gival CUYKEVTIPWHEVO OAo To BTG dopTio KaL oxedov
OAn n pala tov atopou. H neploxn avty ovopaletol mupRvag.
O nupnvag neptBaAAeton anod nAektpovia. Ta nAeKTpoOVLIA TIPE-
TEL va KvoUuvTal yUpw oo TOV MUPAVA OE KUKALKEG TPOXLEG,
OTWG Ol MAQVATEC yUpw aro tov HALo, ylati, av tav akivnta,
Oa énedrav navw otov nupnva efattiog tng NAEKTPLKAG EANG
TIoU S€XoVTaL Amo aUTOV.

To npotumo tou Rutherford ovopddetatl kot MAAVNTIKO HOVTE-
Ao Tou aTopoU, ylaTti anoteAel pikpoypadio tou nAtakou tAavn-
TIKOU oUOoTHUATOG. AmtoTteAel éva peydAo BrApa, mou mAnolalel
OTNV ELKOVA TOU ATOMOU ONWG TN yvwpiloupe onuepa. Opwg to
HOVTEAO aUTO, OTwG Ba SoUpe TMAPAKATW, TTAPOUCLALEL OPLOUE-
VEG ONUAVTIKEC adUVaLEG.

Atouika ¢paopata

Otav edpapUOCOUUE OPLOUEVN TACN OE YUAALVO CWARVA TTOU
TIEPLEXEL AEPLO OE XOUNAN Tiieon (Omw¢ oTig SladnULOTIKEG Au-
XVieg véou), tote Ba MOPATNPHOOUUE OTL TO QEPLO EKTTEUTIEL
dwe. Av To dwc auto avaAuBei, 6tav, yla mapdSelypa, TEPATEL
HEoa amo €va mpiopa, Tote Oa MAPATNPACOUUE ULa CELPA aTto
dWTEWEG YpapuéC. KaBe ypapun avtiotolxel oe éva dadope-
TIKO UNKOC KUMATOC 1 XpwHa. Onw¢ yvwplloupE, N Ospd Twv
YPOULLWYV TIOU TIAPATNPOUVTAL OVOUAETAL YPOLUHLKO PACHOL EK-
TLOTAG TOU aepiou.

Ta UNKN KUUOTOC TTOU TIEPLEXEL TO YPOUUULKO GACA EKTIOUTTIAG
elval YapaKTnpLOTLKA TOU OTOLYELOU TTOU EKTIEUTIEL TO PWC. Agv
uTtapyxouv U0 SLaPOPETIKA OTOLXELD TTOU va £XOuV TO (6lo da-
OMO EKTIOUTING. To S6€60UEVO QUTO UMOPEL va XpnoLiomnotnBet
yla TOV TPOCOLOPLOUO TWV OTOLXELWV TIOU TIEPLEXOVTAL OE HLa
oucia. AnAadn to ypapuulkd paocua mailel To polo Twv SaKTU-
ALKWV AMOTUMIWUATWY. Onwg and Ta SAKTUALKA AmOTUTIWHOTO
UTIOPOULE va BpoUUE ToV AvOpwWIo GTOV OToio avrkouy, £Tol
KOl QIO TO YPAUULKO GACUA UMTOPOULE VO BPOULE TO OTOLXELO
OTO OTolo QAVHKEL.

Movtélo tov Rutherford yio 1o arouo
(mlavntio povtélo). Ewova 4.1-8

Ipouuixo @doue EKTOUTHS TOV DOPO-
yovov. To @wg mov ekméumer 10 aépLo
TEPVAEL UEGO. ATO EVOL TPIOUA KAL TO Q-
OO ATOTOTWVETOL 0& €0OIoONTO QLALL.
Ewova 4.1-9



2VVEYES PATUO TOV AEVKOD PWTOG.
Ewkova 4.1-10

Tpauuiko paouo awoppoenens tov vopo-
yovoo. Ewova 4.1-11
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‘Eva aéplo pmopel OxL Lovo va ekTEUTEL PwC, AN UTTOPEL Kal
va anoppodd pwc. Av pwTIOOUE UE TINYI TIOU EKTIEUTIEL AEUKO
dwe éva npiopa, miow armo To omnoio £xel tonoBetnOel meTaoua,
TOTE B0 MAPATNPCOULE TIAVW OTO TETACHA L0 CUVEXA XPWLAL-
TLoTH Tawvia. H tawia aut) Twv XpwHATWY, 0w yVwpillouys,
ovopaletal ouvexEg paopa Tou Asukol PwToc.

Av Twpa QVAPECSO OTNV TtNyH Tou AgukoU dwTOG KaL 0TOo Tipi-
opa tomoBetnBel yudAlvo Soxelo TOU TIEPLEXEL KATIOLO QLEPLO,
TOTE OO MOPATNPCOUUE OTL N XPWHATLOTH TALVio SLaKOTTETOL
QO OKOTELWVEC YPAUMEG. H Tatvia auth Twv XpwUATWY ovouale-
TOL YPOHUMULIKO dacpa amoppodnong tou agpiou. Ol OKOTELWVEG
VPOUMEG epndavilovTal oe eKelVEC akpLBWE TG CUXVOTNTEG OTLG
onoieg epdavilovtal oL PWTEWVES YPAUUEG TOU GACLOTOG EKTIO-
UTtAG Tou (8lou aegpiovu.

Emouévwg to meipapa deiyvel otL:

o. To (PaoLa EKTTIOUTTIC 1) ATTOPPOPNONC EVOC aEPiOU amoTEAEITOIL
Q70 OPLOUEVEC PUOUNTIKEC YPAUUEC TTOU EIVOL XOPOKTNPLOTL-
KEC TOU aepiou. Kade ypauun avtioTolyel 0 0pLOUEV CUXVO-
™NTa (N UNKog KUUATOC).

B. Ka¥e ypoupun tou acuatoc anoppo®nonc tou aepiov cuurti-
TTTEL UE UL YPOUUT TOU PACUATOC EKTTOUTTHC TOU. AnAadn) kade
QEPLO ATIOPPOPU LIOVO EKEIVEC TIC akTIVOBOALEC TIC OTTOLEC UTTO-
PEL VO EKTTEUTTEL.
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To ypappka GAcpata Twv oepiwy anotéAeoayv to KAeWSL yla tnv
€peuva tng doung tou atopou. Kabe Bewpla yia tn doun tou
OTOMOU TIPETEL va €€nyel yLati To ATOUA EKTIEUTIOUV ] OIIOPPO-
doUV LOVOo 0pLoUEVEG OKTVOBOALEC Kal yLati armoppodoulv pévo
EKEIVEG TIG AKTIVOBOALEC TTOU UTTOPOUV VOl EKTTEUTIOUV.

To povtélo tou Rutherford aduvatovoe va e€nynoet ta ypau-
HLKA paopota TwV agpiwy yla Toug mMapaKkAatw Adyoud:

JUpuPwva PE aUTO TO HOVTEAD, TO NAEKTPOVIO TEPLPEPETAL
YUpW Qmo TOV TUpnva o€ KUKALKN TpoxLld. To HETPO TNG TOXU-
TNTAC TOoU €lval otabepo, aAAd n KATeLOUVON TNG CUVEXWG LLE-
ToBAAAETAL KOL EMOUEVWG TO NAEKTPOVLO EXEL ETULTAXUVON. ZUU-
dwva pe TNV NAEKTPOUAYVNTIKY Bewpla, To NAEKTPOVLO, OTIWG
Kal KAOe emitayuvopevo dpoptio, ekmeumel aktivoBoAia, SnAadn
okTwoPBoAel evépyela. H evépyela Tou nAekTpoviou Ba mpémeL va
UELWVETAL CUVEXWG. EMopévwe Ba TTpEMEL val KLVELTOL O OTIELPO-
€16N TpoXLA PE SLapKWE LELOUEVN aKTIVA KAl PLE SLapKWE PETA-
BaAAopevn ouxvotnTa, LEXPLS OTOU TTECEL OTOV TTUPHVO.

H ouxvotnta tng ekmeUnopevng aktwvoBoliag Ba mpémel va
elvat ton pe ™ ouxvotnta nepldpopdc Tou NAekTpoviou, n omoia
HeTOBAAAETOL CUVEXWC.

Apa, cUpdwva pe to poviélo tou Rutherford, ta dtopa Ba
ETIPETIE VAL EKTIEUTIOUV CUVEXEC PACUA KOl OXL YPOAULLKO, OTIWC
mapatnpeitoL otnv mpan.

Ma va epunveloel Ta ypouuLlkd ddoupata tov udpoyodvou, o
Bohr mpotelve éva véo MPOTUTIO yLa TO ATOMO Tou uSpoyodvou.

To npotumo tov Bohr yua to udpoyovo
ITIG apX€G Tou 200U aLWvVA OL EMLOTHAKOVEC dlamioTwaoayv OTL

n kKAaotky Quotkr aduvatoUoe va EPUNVEVCEL TA YPOAUULKA GA-

opata Twv aepiwv. Agv umopouoe va e€nynoet:

e [lati To USPOYOVO EKTTEUTIEL LOVO OPLOUEVA UNKN KULOTOC
aktwoBoAiag;

e [lati amoppodd HOVO Ta UNKN KUUOTOC TTOU EKTIEUTIEL;

Ma va anavtiosL oTa MaPAavw EpwINUata, o Aavog duot-
KOG Bohr (Mmop) mpotelve €éva mpOTUTO yLa TO ATOUO Tou udpo-
yOvou, Tou oTtnpileTal OTLC TOPAKATW TTAPASOXEG:

o.. To NAEKTPOVLO TOU ATOHOU TOU USPOoyOvou TiepLdEPETAL YUPW
oo To BeTIKA PoPTIOUEVO TTUPVA E TNV eMidpacn tng duva-
un¢ Coulomb mou 6éxetal anod avtov (oxnua 4.1-14).

B. To NAeKTPOVLO UTTOPEL VOl KIVELTOL LOVO OE OPLOUEVEC TPOXLEG,
Ol OTlOLEC OVOUALOVTaL EMUTPENMOUEVES TPOXLEG. OL ETUTPEMO-
LLEVEG TPOXLEC ELVaL EKELVEC YL TILG OTIOLEC LOYVEL OTL N OTPO-
dopun Tou nAekTpoviou eival KBavtwpeEvn Kot Lon Le aképalo
MoAAamAdGolo NG moodtNTag #=h/2x, OMou h elval n ota-
Bepa tou Plank. To pétpo tnG otpodopurng Tou nAekTpoviou
Sivetal amnd tnv eflowon:

L=muvr

Hiextpouayvntiké poviéio tov otouov.
2oupwvo ue v klaoiky Pooixn, 1o emi-
TOYOVOUEVO NAEKTPOVIO EMPETE VO EKTE-
UTEL OVVEYES Qaoua Kol 0kolovBovrag
OTELPOELON] TPOYLA VO TEPTEL GTOV TVPHVA.
Ewova 4.1-12

O Aavog pvoikog Niels Bohr (1885-1962).
TunOnxe ue o Ppofeio Nobel @voikng to
1922 y1a Ty épevva. tov ot doun TwV oTo-
Hov. Ewkéva 4.1-13



Atopo tov vopoyoévov. To npwtovio Oe-
wpeitor axivyro. H dvvoun Coulomb F
TPOKOLEL THYV OQTOITOOUEVH] KEVIPOUOLO
emitayvvon. To niektpovio Loimov mepi-
pépetar pe toybTnTo v, o EMTPETOUEVN
TPOYLG GKTIVOG T, (OOTE VO 1)YDEL mur=nh
Ewova 4.1-14

To diavoouo g otpopopuns L tov nie-
KTpoviov oto mpoTomo tov Bohr.
Ewova 4.1-14a
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omou m gival n pala tou nAektpoviou, U gival To HETPO TNG
TaXUTNTAG TOU KL I N aKTiva TNG KUKALKAG TPpOXLAC Tou. Edap-
puolovtag tn ouvOnkn cuudpwva PE TNV omola N oTtpodopun
TOU NAeKkTpoOViou elval KBAVTWUEVN, EXOUE :

mur=n£=nh, n=1,2,3,..,0 (4.2)
2n

y. Otav to NAeKTPOVLO KIVELTOL OE OPLOUEVN ETUTPEMOUEVN TPO-
Xla, 8ev ekméumel aktwoBoAia. H mapadoxn auth €pxetal
o€ avtiBeon pe TNV nAekTpopayvntiky Bewpla cupdpwva pe
TNV omola To NAeKTPOVLO Ba EMpeme va aKTIVOBOAEL cuveEXwG
EVEPYELQ, va SLaypadeL OTIELPOELST) TPOXLA UE SLAPKWE LELOU-

MEVN aktiva Kal TEALKA va TIEDTEL OTOV TTUPHVa.

8. 0Otav 10 NAekTPOVLIO pPETATINONOEL ATO pia ETUTPEMOUEVN TPO-
XLA o€ AAAN ULKPOTEPNG EVEPYELAG, TOTE EKTTEUTETAL EVA dW-
TOVLO UE EVEPYELA LoNn e TN Stadopd PeTaty TNG apXLKAG Kal
NG TeALKNG Tou evépyelac. Av E_glval n evépyela Tou atopou
npw ano tn petdPaon, E n evepyela petd tn petdBaon kat hf
N EVEPYELA TOU EKTIEUTIOUEVOU PWTOVIOU, TOTE LOYVEL:

E,~E =hf (4.2)

OALKN evépyeLa nAeKTpoviou

©a UTIOAOYLOOUHE TNV KWVNTLKA, TN SUVAULKA KoL TNV OALKNA
EVEPYELO TOU NAEKTPOVIOU OTO ATOUO TOU USpOYyOVoU. Oswpolpe
OTL TO NAEKTPOVLO TEPLPEPETAL YUPW QTIO TOV aKivnTo upnva, o
onoiog amoteAeital and éva mMpwTovLo. ZUUPwWvVA e To SeUTEPO
vopo tou NeUtwva, n NAeKTpKr AKTIKA SUvaun F=ke’ /r?, mou
QOKEL 0 TTUPAVOG 0TO NAEKTPOVLO, TIPETEL VAL elval ion KE F =ma, ,
Omou o, =v’/r €ival N KEVTPOUOAOC EMITAXUVGN TOU NAEKTPOVI-

ou:
, € v k
F=ma | k—=m— 1 v=e |[—
r r mr

AvtikaBlotwvtag Tnv mapandvw oxéon otnv eflowon

1 ) ,
K=-—mv’ Bplokoupe:
2 2

K=k
2r

H Suvaulkn evépyela tou nAektpoviou Sivetal amno tnv elow-
on:

2

U=-k<
T

H oAwkn evépyela Tou nAektpoviou eival to aBpolopa TNG KvnTL-
KNG Kol TNG SUVOLKAC TOU EVEPYELAG:

e2

2 2
E=K+U :k2—+(—ke—) A E=—k§— OAkr) evépyela nAektpoviou (4.3)
I T r
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Otav avadepduaote otnV OALKN EVEPYELA TOU NAEKTPOViOU
0TO ATOUO Tou USPOYOVOU, EVVOOUUE TNV EVEPYELD TOU OUOTH-
HLOTOC TIOU ATtOTEAE(TAL QIO TO NAEKTPOVLO KOL TOV OKLVNTO TU-
prAva Tou atopou. H evépyela autn odeiletal otnv aAAnAermi-
Spaon HeTafL TOU NAEKTPOVIOU KoL TOU Ttuprva.

EMTpENOUEVEG TPOXLEG KOl TLHEG EVEPYELAG

H UIKPOTEPN OKTIVOL ETUTPETIOUEVNG TPOXLAG TOU NAEKTPOViOU
ovopdietal aktiva tou Bohr kat sival ion pe r,=0,53x10"'m.Ot
OKTLVEG TWV AAAWV ETUTPEMOUEVWV TPOXLWV TOoU hAekTpoviou bi-
vovtal ano tnv e€lowon:

r,=n’r, ETUTPEMOUEVEG TPOXLES (4.4)
omou N elval aképalog BeTIkOG aplBuog, o omoiog ovoualetal
KUPLOG KBOVTLKOG aplOUag, Kot Umopel va TTAPEL TLLEG Ao Eva
HEXPL ATIELPO:
n=1,2,3,..,o

Otav To NAEKTPOVIO KIVEITAL OTNV TPOXLA HE TN HUKPOTEPN
oaktiva (n = 1), TOTe €XEL TNV EAAXLOTN EVEPYELQ, TIOU Elval ion
UE E, =-13,6 eV. Otav KIVelTtoL 0TIC AAAEG EMUTPETIOUEVEG TPOXLEG,
TOTE €XEL OALKN EVEPYELA TTOU SilveTal amo tnv eflowon:

B = n—; ETUTPEMOUEVEC TLUEG EVEPYELAG (4.5)

lVwpilovtag TI( TLUEC TwV r, kou E - kat avTKoOLoTWvTOoC

n=1,2,3,... otic e€lowoelg 4.4 kaL 4.5, utoAOYL{OULE TIG ETUTPETO-

LEVEC TLUEG TNC aKTIVAC KoL TNG eVEPYELAG. OL TLUEC AUTEC dpaivo-
VTOL OTOV TTAPOKATW TiVoKaL:

KUpLog kBavtikog n=1 | n=2 [ n=3 | .. | n>oo
opLlOpog

Axtiva r, 4r, or, oo
OAKN evépyela E, E/A | E/9 | .. 0

Ol TIUEC TNG eVEpPyELAC €lval apvnTIKEC. H ueyaAutepn tiun
™G evépyelac eival E=0. AVTIOTOLYEL O N —> oo KAl r = °° Kol
TIEPLYPAPEL TNV KATAOTAON KATA TNV Omol TO NAEKTPOVIO EXEL
amoUaKPUVIEL arto To Atouo (toviouog). H ouaotkn onuacio tou
apVNTIKOU TIPOOHMOU TNG OALKNG EVEPYELXC EIVOL OTL ONMOUTEITAL
TIPOOPOPA EVEPYELNG, YLA VA ATIOUAKPUVIEL TO NAEKTPOVLO O€ TTE-
pLoxXN EKTOC TOU NAEKTPLKOU mebdiou Tou nmupnva.

To nAektpovioBOoATt (eV)

N

To nAektpovioBOAT eival n evép-
yela mou petafiBaletal oe éva
NAEKTPOVLO, OTAV AUTO EMITAXVVE-

TolL péow SLadopag Suvaptkou 1V.
1leV=1,6x10"°)

.

Y
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Emitpenoueves tpoyiéc tov
nigkTpoviov 6ro TPOTLTO
00 Bohr yia to dropo tov
0OPOYOVOL.

Ewkova 4.1-15

NAPAAEITMA4 -1

‘Eva atopo udpoyovou mou Bploketal otn
BepeAlwdn kataotaon £XeL OALKA EVEPYELA
E, =-13,6eV. H akTival TNG TPOXLAC TOU NAEKTPO-
viou eivat I, = 0,53x10°M. Na utoAoyLoToLV oL

AvtikaBlotwvtag n=2 kat n=3, BploKOULE:
r,=2r=4r=2,12-10"m

r,=31=91=4,77-10""m

OKTIVEC TNG TPOXLAG KOL OL EVEPYELEG TOU NAE-
KTpoviou ot U0 TMPWTEG SLEYEPUEVEC KO-
TOOTAOELG, TIOU QVTLOTOL(OUV O€ KPBavTIKoUg

H oAk evépyela Tou aTOMOU Tou USpPOYOVOU
Sivetal amno tnv eflowon:

oaplBuoug n=2 kat n=3. E, :E_zl
n
AvtikaBOlotwvtac n=2 kat =3, BPLOKOULLE:

AYZH G Bp 8

H aktiva tng Tpoxtac divetat ano tnv elow- g B _E_ 16V o,

=—=—=——=-3,4¢
on: P22 4
E, E 13,6eV
rn:nz.r] E3:3—;:?]:—T:—1,516V

Anodeign twv tunwv (4.4) kau (4.5)

Xpnotipormnololpe tnv eélowaon mou meplypadel tnv KPaA-
VIwon tng otpodopunc: mur = n# (1) kat to dgvtepo Voo
Tou NeUTwva yLa To NAEKTPOVLO TOU aTOUOU Tou udpoyodvou:

2 2
F=ma,_n k‘:—2=mUT N mou’r=ke*> (2)

AUvoupe TV (1) W TPOC U KoL AVTIKABLOTOULLE TO OTTOTE-
Aeopa otn (2): 272 B2
n

24 r—n2
m——r=ke'nr=n——
m2r2 rl IIlke2



1 85 ATOULKA aLvoueva

AVTIKABLOTWVTAG TO r ME T, EXOULE:

AKTIVEG ETUTPEMOUEVWV TPO-
XLV (4.6)

2
2%, n=1,2,3,..,0
mkKke

r =n

n

AvtikaBlotwvtag n=1, BPlOKOUWE TNV TPOXLA LE TN UIKPOTEPN
aktiva r:

hZ
mke’

L=

AvtikaBlotwvtag tnv teAeutaia e€lowon otn 4.6, malpvoue:
2
I =11
Av avtikataotriooupe otnv e€lowon 4.3 1o E pe E kaLtor pe
r, Taipvoupe TNV akolouBn gkppaon yla tnv evepyela tou

OTOMOU:
2

e e 44
E=-k— N E =-k— NAOywtng 4.6

r 2r,
~ 1 mk’* Emutpenopeveg THEG TNG
"R R evépyelag (4.7)
n=123 ..,©

H UkpOTEPN TLUA TNG EVEPYELAG aVTLOTOLXEL O N=1. AvTIKaOL-
otwvtag n=1 otnv eélowon 4.7, BploKouuE:
2 4
mke’ o g =B
2h? " on?

E =-

AvTIKOOLOTWVTAG TIC TIHEG TwV oTabepwv m, k, e kat 7=h/2x,
UTTOAOYITOULE TN MLKPOTEPN ETUTPEMOUEVN AKTIVA I, KOL TN HL-
KPOTEPN ETUTPEMOEVN EVEPyeLa E, . Eival:

r,=0,53-10""m KoL E, =-13,6eV

4.2 AIAKPITEZ ENEPTEIAKEZ 2TAOMEZ

EVEPYELOKEG OTAOUEG

OL ETUTPETOUEVEG TIUEC TNG EVEPYELAG TOU USpOYOVOU Kol KABe
OTOMOU ovoualovTal EVEPYELAKEG OTAOMEG. OL aVTIOTOLYEC KO-
TOOTAOELC TOU OTOUOU OVOUALOVTOL EVEPYELOKEG KOTAOTAOELG.
H katdotaon pe tn xaunhotepn evépyela E; ovopaletal Oepe-
Awbng katdotaon. OAeg oL AAAEG EVEPYELAKEG KATAOTAOELS E,,
E,,... ovoudlovtal SLeYEPUEVEG KOLTOOTAOELS.

ALQYpPOALO EVEPYELOKWY OTAOUWV

MNaipvoupe katakopudo afova BaBUOAOYNUEVO OE TILEC EVEP-
yelag kat oxedltaloupe opllovileg euBeieg ypaUUES OTIC BEOELG
TIOU QVTLOTOLXOUV OTLG ETUTPEMOUEVEG TIMEG evépyelag E, E, E,,

/H €vvola TNG KPBAviwong tnq\
EVEPYELAG ElVOL ONUAVTLKY, ylatl
g€nyel OTL TO NAEKTPOVIO KLVELTAL
MOVO O€ OPLOMEVEG TPOXLEG Kobo-
PLOUEVNG EVEPYELOC Kol OEV KLVEL-
Tol  OMELPOEdwC TAnolalovtag
OUVEXWG TIPOG ToV Tupnva. Emiong
n KBavtwon tng evépyelog £dwaoe
wblnon otnv avamntuén tng kBavrto-
pMNXavikng. Opwg n KBAaviwon tng
otpodopung, cuudwva e TO TIPO-
TUTtO TOU Bohr, €xEL LOTOPLKN LOVO
onuaoia.

" /




Aiaypopua  gvepygiakov  otabuov  tov
atopov tov vopoyovov. Or uetofaoeic
TOV NAEKTPOVIWYV amo uia tpoyid oe ALy

ovufolilovrar
Ewdva 4.2-16

ue

Kataxopopo  PELN.
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... TOU nAeKktpoviou. To oXNO TTOU TIPOKUTITEL €lval To Staypo-
MO TWV EVEPYELOKWV OTAOUWV.

H amootoon petaly SU0 eveEPYELOKWY OTAOUWY OVTLOTOLYEL
otn Stadopd TwV AVTIOTOLXWY OALKWY EVEPYELWV TOU NAEKTPO-
viou. H petaBaon tou nAektpoviou amo pia tpoxld o AAAn
oupBoAileTal pe katakopudo BEAOG, TTOU EXEL apXn TNV APXLKN
oTAOun Kal TEAOG TNV TEALKA 0TABUN.

Aléyepon Tou ATOpOU

Av to dtopo tou udpoydvou Tou Bpioketal otn BepeAlwdn
KOTAOTAON AmoppodrOel EVEPYELA, TOTE TO NAEKTPOVIO WUTIO-
pel va petamnndnoeL oe AAAN ETUTPEMOUEVN TPOXLA UPNAOTEPNC
EVEPYELOG.

H petdBaon evog NAEKTPOVIOU TOU ATOMOU OO Hict TPOXLA
XOUNANG evépyelag o€ AAAN uPnAdTePNG EVEPYELOG OVOUATE-
To SLEyepon tou atdpov. H evépyela ou amatteitatl yia tn Sié-
VEPON TOU OTOHOU OVOUAlETaL EVEPYELO SLEYEPONG.

To SleyepUEVO ATOMO TIAPAUEVEL OTNV KATACTACNH SLEYEPONG
yla eEAAaxLoTo Xpovikd Staotnua (tng taéng tou 10%s) kat emaveép-
XETOL 0TN BepeAlwdn katdotaon. H emavodog tou nAektpoviou
otn BgpeAwdn kataotoon UMopEL va yivel elte aneuBeiag pe
EVa AAQ, OTIOTE EKTIEUTETAL EVA GWTOVLO, ELTE LE TIEPLOCOTEPQL
SLadoxLkad aApota, OmoTe EKMEUTIOVTAL TOOA GWTOVIA OO KO
TO AALOTO TIOU TIPAYLOTOTIOLEL.

loviopog Tou atépouv

MepLKEG POPEG TO ATOHO UTOPEL VA ATIOPPOGICEL TOCO EYA-
An evépyela, wote eival Suvatd To NAEKTPOVLO TOU VO ATIOMO-
KPUVOEL amo Tov mupnva, o€ EPLOXNA TIOU O Tupnvag Sev aoKel
NAEKTPLKA SUvapn oto NAEKTPOVIO. To NAEKTPOVIO ATIOMAKPU-
VETAL OPLOTLIKA ATtO TOV TUPAVA KL TO ATOUO UETATPETETAL OE
BeTIkO 1OV. H anopdkpuvon evog NAEKTPOVIOU TOU ATOMOU O€
TLEPLOXT EKTOG TOU NAEKTPLKOU MESIOU TOU Muprva ovopaletat
LOVLOMOG TOU aTOMOoU. H eAAXLOTN EVEPYELA TIOU ATTALTELTAL, YLO
Va ATOMOKPUVOEL TO NAEKTPOVIO TOU ATOUOU Ao T BepeAlw-
&N TpoxLa o€ TEPLOXN) EKTOG TOU NAEKTPLKOU Ttediou Tou Tupnva,
ovoualetal EVEPYELA LOVIOUOU.

H evépyela LoviopoU elval ton pe:

Emv. = an - El
orou E_ = 0 ivaw n eVEPYELO TOU OTOUOU TIOU OVTLOTOLKEL O€ KATA-

otaon pe n—> o KkaL E, n evépyeld tou otn Bepedwdn katdotoon.
Emopévwg:

Mo to dtopo tou udpoydvou eival E = -13,6eV, ondte n evép-
VELQ LOVIopOU elval E = 13,6eV.
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4.3 MHXANIZMOZ NAPATQrHz KAl ANOPPO®HIHZ ®QTONIQN

Aéyepon HLE Kpouon

Otav éva cwpatidlo (m.x. NAEKTPOVLO, LOV ] ATOO) CUYKPOU-
otel pe éva atopo udpoyovou, mou Bploketal, Adyou xapn, otn
BepeAlwdn kataoTacn, TOTE TO NAEKTPOVLO TOU ATOUOU UIOopEL
va armoppodroEL LKOVI TTOOOTNTA EVEPYELOG KAl VA LETOTNON-
O£l OE TPOXLA LEYAAUTEPNG EVEPYELAC, LE OTIOTEAECLA TO ATOUO
va SleyepbOel. To SLeyepUEVO ATOUO EMAVEPXETAL LETA ATIO EAQ-
XLOTO XpOvo ot BepeAlwdn kataotaon. H emdvodog unopet va
yivel elte pe éva aApa kateuBelav otn BepeAlwdn katdotaon,
LLE TAUTOXPOVN EKTIOUTH €VOC PpwToviou, elte pe MeEpLOOOTEPA
eVOLAPECO AALOTO TIO TPOXLA OE TPOXLA, LE TAUTOXPOV EKTTIO-
U TIEPLOCOTEPWY PWTOVIWV.

(at) (6)

Mo mopdadelypa, To NAEKTPLKO eSO 0 CWANRVA TIOU TIEPLEXEL
0€PLO XAUNANG TLeEoNC EMLTOXUVEL TA NAEKTPOVLA KOlL TAL LOVTA TIOU
nén Bplokovtatl péoa oto ocwAnva. Otav n evéPyeLd TOUG YiveL ap-
KETA MEYAAR, TOTE €lval Suvatd va TMPoKAAECOUV SLEYEPON TwWV
OTOUWV 1 TWV LOVTWV TOU QEPLOU HE T OTIOLOL CUYKPOUOVTAL.

Agyepon pe anoppodnon aktvofoliag

A¢ Bewprjooupe OTL £va atopo udpoyovou Bploketal otn Oe-
neAlwdn kataotaon (n=1) kat anoppodd €va GwTOVLO, TTOU EXEL
TOON eVEPYELa OON aKPLBWE ATIALTETAL, Yla VA LETATINONAOEL TO
NAEKTPOVLO Ao TN BePeALWdN KATAOTACN OTNV KATACTOOHN TIOU
avtioTolyel o€ KBAVTIKO aplBuo n=2.

Metd and eAAXLOTO XPOVLKO SlaoTnua To SleyepUEVo ATOUO
ETAVEPXETAL OTNV KATAoTOON n=1 ekméumovtag éva GwTtovlo,
TIOU €XEL UNKOG KUMOTOC (00 E TO HUAKOG KUMOTOG Tou dwTovi-
ou Tou amnoppodnoe (oxNua 4.3-19). EMOUEVWG KOL OL EVEPYELEC
Twv SUo pwtoviwy elvat ioeg. AUTOG eivat o Adyog Ttou To pacpa
EKTIOUTING TTOpOoUCLAleL pia wTEWVN ypaupn otn B€on Tng oko-
TEWNAC YPAUUNC TOU dAopatog anoppodnong.

(v)

(o) To drouo tov vopoyovov oty Beueli-
WON KOTAGTOON TPLY OO THY KPOVTH UE
70 NAEKTPOVIO.

(B) To aropo oe dieyepuévn Karoorooy.
(7) To drouo emavépyetor oty Osusiicoon
KATAOTO0N EKTEUTOVTAS EVOL PWTOVIO.
Ewoéva 4.3-17

Epunveia tou @ACUATOG QTTOPPOPN-
ong. To ATOUO AMOPPOPL EVA PWTO-
vio kat petaBaivet amd ™ GeueAiwdn
KaQTaotaon otnv mpwtn OLEYEPUEVN
Kataotaon. H OKOTEwn ypauun tou
QPACUATOC QATIOPPOPNONG QVTLOTOLYEL
OTO UNKOG KUUATOG TOU (WTOVIOU TToU
aroppo@nInkKe.

Elkova 4.3-18



Epunveia tov  @pdouotog
exmounng. To drouo ex-
TEUTEL EVO, POTOVIO KOl
uetafoiver oty Oeuelio-
on koraoroon. H pwtevy
ypouUU  OVTIOTOLYEL  OTO
UNKOG KDUATOS TOD PaTO-
VIOV TOV EKTEUTETOL.
Ewkova 4.3-19

To pwg mov amoppopnbnke omd 10 0éplo
EMOVEKTEUTETOL TPOG OAES TIG KaTELODVOEIS.
Ewkova 4.3-20
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Otav Aeukod dwg, To omolo, OnMwe yvwpilouue, TEPLEXEL OAQ
TOL UNKN KUpOToG, SLépxetal péoa amnod agplo udpoyovo, TOTE To
Q€PLO amoppodd LOVO EKEIVA TA GWTOVLA TOL OTIOLOL EXOUV UK
KULLOTOG TIOU QVTLOTOLXOUV O€ UETOPACELS LETAEY TWV EMLTPE-
TIOMEVWV TIUWV EVEPYELAC TOU OTOMOU Tou udpoyovou. Ta Sie-
VEPUEVA ATOHO TOU LUSPOYOVOU ETtAVEPXOVTOL 0T BepeAlwdn
KATAOTAON EKTEUTIOVTAC PWTOVLA TIPOG OAEG TIG KATEUOUVOELG.

JUUTEPQOUAL

To QEPLO ATTOPPOPA KOl EKTTEUTTEL PWTOVLY, TTOU EXOUV OPLOUE-
va unkn Kouatog. To unkn KUUOTOC TwV QWToVIwV TToU artoppo-
Pa To aEPLO Elval (OO UE TA UNKN KUUOTOC TWV QWTOVIWV TTOU
EKTTEUTTEL. TO AT ATTOPPOPNTHC TOU AEPIOU MAPOUTLAEL OKO-
TEWVEC YPAUUEC OTN YEON TWV QWTEWVWV YPOUUWY TOU PACUNTOC
EKTTOUTTHC.

H gmutuyia Kat n anotuyio tov mpotumnou tou Bohr

JUpudwva Pe to mpodTuno tou Bohr, 6tav to nAektpovio Tou
QTOMOU TOU LUSpPOYOVoU UeTABEL amod apyLlki TPOXLA, TTOU OVTL-
otolxel oe kBavtikd aplBuod n, oe TEAKN TPOXLA WIKPOTEPNG
EVEPYELAG, TTIOU aVTLOTOLKEL 08 KBAVTIKO aplBud n, TOTE K-
UTTETAL £Va GWTOVLO CUXVOTNTOG f, yla TNV omola LoXUEL:

E -E. =hf A f=M (4.8)
' h

To UAKOG KUMATOG TOU EKTIEUTOEVOU PwToviou uTtoAoyileTatl
amnod tnv e§lowon: c=2f".

OL TIMEG TOU HAKOUG KUOTOC TToU uttoAoyilovTal amo tny ma-
panavw e€lowon cuPPWVOUV UE TIG TTELPAUATIKESG TIMEG. AnAa-
&n to mpotumo tou Bohr meplypddel Ta ypappLlka ¢aopata Tou
uvdpoyovou.

To mpotumo tou Bohr pumnopet va enektabel kal o Lovta mou
€XOUV MOVO €va NAekTpOVLIO, Omwg to (He'), to (Li**) kAT Ta
omoia ovopalovtol uSPoyovoELdH.

To mpotumo tou Bohr Sev pmopel va epunveVoEL T YPOUULKA
dAopaTa TWV ATOUWY TTOU €XouV SUO I EPLOCOTEPA NAEKTPO-
viaL.

Katd to 1920 avamntuxbnke pia véa Bewpla, n KBavtounxovt-
K, N omoia meplypadel Ye emtuxia o GaVOUEVA TTOU avadE-
POVTOL OTA CWHOTIOLA TOU KPOKOOUOU KAl 0TO PwG.



NAPAAEITMA 4 - 2

No umoAoyloTtel To HPNKOC KUMATOC TNG OKTLVO-
BoAlog TOU EKMEUTIEL TO ATOMO TOU USPoyoVOoU,
otav petanndd amo Tnv KAtaotacn UE n=6 otnv
Kataotaon Me n=2. H evépyela TOU OTOHOU TOU
udpoyovou otn OBepellwdn kataotacn eival
E, =-13,6eV (h=6,63-10""J-5,c=3-10°m /s)

AYZH

To UAKOC KUPOTOG TOU PWTOVIOU TIOU EKTIEUTIEL TO
atopo mpoodlopiletal ano tnv €iowon:

E,—E, =hf . AvtikaBiotwvtag f :%, Bplokoupe:
C . hc
Eg—E;=h-- 1 A= EE, (1)

NAPAAEITMA 4 -3

‘Eva atopo uSpoyovou, mou Bpioketal ot Ogpelt-
wdn KaTAoTAON £XEL OALKN) EVEPYELA E, =—13,6eV :
(a) Na utoAoyLOTEL TO PUNKOG KUUATOG EVOC dWTO-
viou Tou Ba TPOKAAEDEL LOVIOUO TOU ATOUOU.
(B) Not urtoAoyloTtel n eAdxLoTN TAXUTNTA EVOG NAE-
KTpoviou mou Ba mpokaA€oel, AOyw Kpouong, LovL-
OO TOU QTOMOU.
AYZH
(o) H evépyela ou amatteital, yLa vo amopaKpuv-
Bel To NAeKTPOVLO TOU ATOHOU amo tn BepeAiwdn
KOTAOTAON OTNV KOTAOTACGN N —> ©°, €lval:

E=E, -E,
AvtikaBiotwvtag E =0 kau E= -13,6€V, Bpiokou-
HLE:

E =13,6eV
H evépyela E mou amatteital, yla va LOVIOTEL TO

NAPAAEITMA 4 -4

Eva. UTIOBETIKO ATOUO E£XEL TPELG EVEPYEL-
0KEG otabueg, tn BepeAlwdn kat Suo aA-
Aeg Sleyepuéveg otabueg e evépyela leV
kal 3eV, avtiotolxa, mePLOCOTEPN QMO TN

AYZH

O evepyeleg E, kat E, umtohoyiZovtal ano
TIC €lOWOELG:

E, =E—2‘:E—2‘=—3,4eV=—3,4-l,6~10"9J
n~ 2

E, :521 5 Boye -0,378-1,6-107"J
n° 6 36

AvtikaBlotwvtag otnv (1) Tic mapandvw
TIMEC, BplokoUupE:
6,63-107*.3.10°

A=
(~0,378+3,4)-1,6-10"

m=4,1-10"m

atouo, gival ton pe tnv evépyela hf touv pw-
Toviou, Tou MPOoKaAEL TOV LOVIOUO.

Apa: E= hf.

Avtikablotwvrtoag f=c/\, Bpiokoupe: E=h<,
omoTE »

o _he (6,63-107J-5)(3-10°m /)

E 13.6-1.6-10 °J =00

(B) H evépyela mou amatteital, ya va Lo-
VIOTEL TO ATOMO, €lval (on ME TNV KWVNTIKN

: 1 .
EVEPYELQ Emu2 TOoUu nAekTtpoviou:

Ezlmu2 n U=,/2—E n
2 m

\/2.13,6-1,6-10-1%
U:

=2,19-10°m/s

9,1-10"'kg

(a) Zto oxnua daivetal To SlAypappa TWV EVEP-
VELOKWV OTAOUWY TOU ATOOU.

B

BepeAwdn: (a) Na umoAoylotouv oL ou- eV
XVOTNTEG KAl TA PAKN KUUOTOG TNG QKTLVO-
BoAlag Tou UMOpPEL VO EKTTEUTIEL TO ATOUO.

(B) Mol uAkn KVMOTOCG TNG aKTtwoBoAiag
Hmopel va amoppodrioet To dtopo, av Ppi- 1€V
OKETAL ApPXLKA 0T BepeAlwdn kataotaon; )

(h=4,136-10"eV s,c=3-10'm/s.)

Ol SUVATEC EVEPYELEG TWV EKTIEUTIOUEVWY PWTOVI-
WV aVTLOTOoL(oUV OTIG HeTaBAOELS a, B KaL V. Xpn-
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olwgornolovpe TNV eflowon E=hf yia kaBepia
amno TG HeTafAceLC.

Ta avtioTola HUAKN KUUATOC TNS aKTVoBoALaC
elvat:

¢  3-10°m/s
G E 1eV-0 A, =—=—""—"""—""=1,24-10"m=1240
MST(XBCXOT] (08 fazizm=2,42'lol4HZ o o 2,42‘1014HZ ? m nm
. E (3-1)ev ¢ 310°m/s :
MetaBaonPB: f,=—=——— 2 —484.10"H e Y Y 10"m =
Bl B s = s e z A 45107 6,20-107m = 620nm
Metafaon v: f:E=—3eV_O =7,26-10"Hz C 3.108m/s
" h 4,136-10"%eV-s A =—= =4,14-10"m = 414nm

" f 7,25-10"Hz

(B) ATto to SLaypapLpo TTPOKUTITEL OTL, OTAV TO ATopo BplokeTal otn BepeAlwdn katdotaon, Uno-
pel va amoppodnoel povo pwtovia pe evépyela 1eV i 3eV (uetaBaon 6 kat € avtiotoya).

Agev unopel va anoppodnoetl pwtovia evépyelag 2eV, adol v UTIAPXEL EVEPYELOKN OTABUN UE
evépyela 2eV uPnAotepn amno tn OepeAlwdn. ATd Toug UTTOAOYLOUOUG TTOU €XOUV YIVEL TapaTn-
poUE OTL T avTtioTolya pnRkn Kupatog Ba eivat 1240nm kat 414nm.

Wilhelm  Roentgen  (1845-1923).
Avaordloye 1o 1895 t1¢ aktives X.
To 1901 wyuuibnke ue to Ppafeio
Nobel. Ewova 4.4-21

4.4 AKTINEZ X

Y€ TOAAEG TIEPUTTWOELC £VAC YLOTPOG, TIPOKELUEVOU Vo KAVEL SLa-
yvwon pLag madnong, mopanéUnel tov aobevr) Tou 0Tov aKTWVoAOYo,
yla va BydAel pla aktvoypadia. Ooot €xoupe Byalel aktvoypadia
Bwpaka yvwpilovpe otL kata T AnPn g aktvoypadiag oTEKOUOOTE
akivnTtol, XwpLg va avarmveouUE, VW 0 aKTWVOAOYog PByaivel £€w amod
TO YwpPo ARYNG TG aktwoypadiag. Av 0Tn CUVEXELD TTAPATNPHOOULE
T(POOEKTIKA TNV aKkTwvoypadia, Oa dolupe OTL T 00TA TOU Bwpaka ep-
davilovtal wg PWTEWVEC TIEPLOXEG, EVW OL LOTOL WG OKOTELVEC TIEPLOXEC.

Kata tn Aqgn tng aktwvoypadiag po aopatn aktivoBoAia diamep-
VA TO CWHA MoG. Ouwg TLElvaL auTh N akTvoBoAla Kol we apayetal;

Mpog to TéAog Tou 190u atwva o Mepuavog duaoikog Roentgen (Pé-
VTYKEV) LEAETOUOE TIC LOLOTNTEG TWV NAEKTPOVIWY TIOU ETIITAXUVOVTAY,
HEoa o€ OWANRVA XOUNANG TILEONG, ATO NAEKTPLKO Medio kal Emedtav
o€ HETAAALKO otoxo. O Roentgen mapatripnoe OTL, 6tav MAnciale oto
owAnva pia pBopilovoa ouoia, TOTe N oucia, aktwvoBolovos Ppwg,
evw, otav nAnciale éva pwtoypadiko GLAp, Tote autd pavplle. Ymo-
otApLée Aoumov OTL ta pavopeva autd odeilovtav oe €va vEo Ayvw-
OTO KOl HUOTNPLWEN TUTO OKTIVWY, TIC Omoleg ovopaos aktiveg X. To
olpPBoAo X xpnolpomoliBnke amo to Roentgen yla va SnAwoel tnv
AyvwoTtn HEXPL TOTE pUoN Twv akTivwy, omwg otnv AAyeBpa To ol-
BoAo X xpnotuomoleitat yia v cUBoALoEL pia ayvwaotn moootnta. Ot
aktiveg X ovopalovtal kat aktiveg Roentgen.

Napaywyn aktivwv X

H ouokeur mou xpnolpomnotndnke amnd to Roentgen amoteAeital
armo €va yudAwo cwAnva mou eival epodlacuévog pe U0 NAeKTPO-
Swa, TV Avodo kat tnv kabodo. H kaBodog BeppuaiveTal KOt EKTTEUTIEL
nAektpovia. Oco peyoaAutepn sival n Bepupokpaocia tng Kabodou
TOCO PEYAAUTEPOC €lval 0 aplOUOC TwV NAEKTPOVIWY TTOU EKTTEUTO-
VTOL 0Tn povada tou Xpovou.
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Meta tng avodou kal tng kabBodou epapudletal uPnAn taon,
n omola emtaxVVEL Ta NAekTpovia. O CwANVOG TIEPLEXEL AEPLO OF
TOAU xounAn mieon (tng taéng twv 107atm), wote va meplopilo-
VTAL Ol CUYKPOUOELG TwV NAEKTPOVIWV LLE TOL LOPLA TOU aepiou. Ta
NAEKTPOVLO TIPOCTILIITOUV OTNV VoS0 PE HEYAAN TaxUTNTA.

H avodog ekmépmel pia oAU StetoSuTikn aktvoBoAia, mou ovo-
paletal aktiveg X. Emeldn avantvooetal moAl unAn Bepuokpa-
ola otnv avodo, 1o UALKS TNG avodou eival SUGTNKTO HETAAAO Kol
PUxeTaL yLa va un AlwveL. EMopévwg:

Ou aktiveg X mapdyovtat, 0tav nAektpovia peyaing taxutn-
TOG, IOV £X0UV ertayuvOel and uPnAn taon, MPOoTiNTouV o
METAAALKO oTO)XO.

®duon twv aktivwv X

Ta elpapata €xouv dei&el OTL oL aktiveg X eival nAektpopayvn-
TIKA aktwvoPolAia (dwtovia), mou €xel TTOAU UIKPO UAKOG KUMOTOG.
To punkog kupatog eivat 10000 GopEC PLKPOTEPO ATIO TO UNKOG KU-
LOTOG TOU 0paTtoU PpwToG Kal eival cuykplolpo pe To péyebog tou
OTOMOU.

Enopévwg:

OuL aktiveg X sival adpatn NAEKTPOHAYVNTLKN OKTWOBOALQ,
TIOU €XEL MNKN KUUOATOG TTOAU MLKPOTEPA OIO TA MAKN KUROTOG
TWV 0POTWV OKTIVOBOALWV.

ddopa twv aktivwv X

To daopa tng aktvoBoAiag X sival cuvbeto. AmoteAsital amno
€va ocuvexEC daopa mavw oto onoio gpdavilovral LEPLKEG YPau-
UEC (YpOUULIKO daopa). Ta dvo eidn dpaopatoc odeilovtal og Suo
SladopeTikég Slepyacieg mapaywyng KoL EKTTOUTTAG TwV aKTiVwV X.

o. Mpappko pacpa

To KlvoUEVA NAEKTPOVLA CUYKPOUOVTAL UE TA ATOO TOU UALKOU
¢ avodou. Ta atopa tng avodou Sieyeipovtal. Eva nAektpovio
TWV E0WTEPLKWYV OTLRASWYV TOu aTopou petanndd os AAAn emitpe-
TLOUEVN TPOXLA LeyaAUTEPNG eVEPYELAC. H Kevr) B€on Tou nAekTpo-
viou pmopel va cupmAnpwOel amd éva NAEKTPOVIO TOU OTOUOU
TIou BploKeTal OTIC EEWTEPLKEC OTIRABEC, LE TAUTOXPOVN EKTIOUTN
€VO¢ pwtoviou.

Emeldn oL ETUTPEMOUEVEC TLUEG TNG EVEPYELAC TOU OTOUOU €lval
KOOOPLOUEVEC, OL CUXVOTNTEC TwV GWTOVIWV TIOU EKTTEUTIOVTAL Bt
elval kaBoplopéveg. To pAaopa Tou GWTOG TTOU EKTTEUTIEL TO ATOUO
Ba amoteAeltal anod YpaUUES TIOU ELVAL YAPAKTNPLOTIKEG TOU UAL-
KoU tnc¢ avodou.

Emeldn n evépyela mou amatteital, yia va ekdlwyOel éva nAe-
KTPOVLO QIO MLa ECWTEPLKN TPOXLA, elval peydAn, Ba mpémel Kal
N eVEPYela Tou NAekTpoviou mou mpokaAel tn Siéyepon va sival
peyaAn. Emopévwe anatteital to NAeKTPOVLIO va €XEL eTTayUVOEl
amno peydAn dtagpopd Suvapikou.

2vokevn mopoywyns axtivwov X. Hie-
KTPOVIO. UEYAANGS TaYDTNTAS TPOTTITTOVY
0¢ UETAAMIKO GT0Y0. ATO 10 UETOLAIKO
OTOY0 EKTEUTOVTAL OKTIVES X.

Ewova 4.4-22



Dowroypopia ue oxtives X, emelepyaouévy
UE NAEKTPOVIKO DTOLOYITTH, TOV TVPHVA EVOS
yalocia orov aotepioud tov Keviavpoo,
OOV TIGTEDOVUE OTL VIGPYEL W10 LODPH TPD-
wa. Axtives X exméumovral, kabwg n podpn
OO ELKEL UEYGLES TOTOTNTES HALOS OTTO TN
YOP@ TEPLOYN KOL OOTES OTOKTOVV UEYOAES
ETITOYOVOELG.

Ewkova 4.4-23
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B. Zuvexeg dpaocpa

‘Eva nAektpovio pmnopet va emiBpaduvBel e€attiag tng aAAn-
AETSPAOAC TOU HE TA ATOUA TOU 0TOXOU. OMw¢ €XOUE avadE-
PEL, €va emtayuvopevo (n emBpaduvouevo) GopTio EKTEUTEL
aktwoBolia. H anwAela tnG Kwntikrg evépyetlag (K -K ) Tou nAe-
KTpoviou Ba eival lon pe tnv evépyela tou dwtoviouv h f mou
EKTIEUTIETAL.

AnAadn:

hf=K -K_ (4.9)

To NAeKTPOVLIO UMOpPEL va XAOEL OAN 1} OTOLOSATIOTE PEPOG TNG
EVEPYELAC TOU o€ pia kpovaorn, dnAadn Umopel va akLvnTomnot-
nNBel HeTA amd pia r mePLOcOTEPEC KPOUOELS. Emeldn katd Tig
KPOUOELG TWV NAEKTPOVIWV [LE TOL ATOUA TOU OTOXOU Ta NAEKTPO-
VLa UTOPEL va XAoouV OTOLOSATIOTE HEPOG TNG EVEPYELAG TOUG,
OUUTEPAIVOUUE OTL Ta PWTOVIO TIOU EKMEUTIOVTAL Ba €Xouv
OTOLASNTIOTE TN EVEPYELOG, TTOU Ba elval PULKPOTEPN A Lon TNG
QpPXLKAC EVEPYELAC TOU NAekTpoviou. Emopévwe to dAacua tng
aktwoBoAiag autrig Oa gival ouvexEs.

Y. TO LLKPOTEPO MAKOG KUATOG

To UKPOTEPO MAKOG KUMATOG A TNG AKTWOPOALAG EKTIEMTLE-
TaL, OTOV N EVEPYELA EVOG NAEKTPOVIOU UETATPETETAL OE EVEP-
Vel evog dwtoviou og pia povo kpouon. Avtikabiotwvtag K =0
oTNnV napanavw oxéon 4.9, Bplokouvpe:

hf=K_ (4.10)
H kwntikn evepyela K tou nAektpoviou eival ion pe tnv evép-
VELO eV TIoU aToKTA HEOW TNG TAoNC V OV TO EMITa)UVEL. AvTL-
kaBlotwvtag K = eV otnv mapandvw oxéon, maipvouue:

hf=eV kai eneldn 1 =XL' Bpilokoupe:

min

h——=eV,ondte A = ch (4.11)
A eV

min

MNapatnpoUpe OTL TO EAAXLOTO UNKOC KUPATOG e€apTdTal LOVo
amno v taon V nou epappdletal HeTaty TG avodou Kal TG Ka-
Bodou.

Anoppodnon Twv aktivwv X

Otav ol aktiveg X Stamepvolv omoLlodnmote UALKO, TOTE €va
HEPOC TNG akTvoBoAiag amoppodatal and to UALko. H amoppo-
dnon ¢ aktvoBoliag eaptatat anod tn ¢uvon Tou UALKOU, TO
MAKOG KUMOLTOG TNG OKTIVOBOALOG KaL TO TLAXOG TOU UALKOU.
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o. Oco peyaAUTEPOG €lval O OTOULKOG aPLOUOG Z TwV OTOUWY
TOU UALKOU Ttou amoppodd tnv aktivoBolia téoo peyoAutepn
elvat n anoppodnon tng aktwvoPfoAriag. To yeyovog auto e€nyet
ylati otig aktivoypadieg Tou avBpwrivou cwHaATOC T 00TA, TA
omola amoteAolvTal and ATopd HLEYAAUTEPOU OTOULKOU apLB-
HoU, amoppodoUlV MEPLOCOTEPN OKTIVOPBOALQ, EVW OL LOTOL aTtop-
podouv oAU Ayotepn.

B. Otav ol aktiveg X Stamepvouv pLal TAGKQ, TIOU €XEL OPLOUEVO
TLAXO0G, TOTE N AMoPPOPNON TWV AKTIVWY QUEAVETAL 000 aufaveTal
TO UAKOG KUMATOC TNG akTvoPBOoALaG. Ol akTiveg X TTou €X0UV IKPA
UAKN KOPOTOG €lval Teplocotepo SLElOSUTIKEG Kol ovopalovtal
OKANPEG AKTIVEG, EVW OL OKTIVEG TTIOU £XOUV UEYAAQ UNKN KULOTOG
€lva Alyotepo SLELGOUTIKEG KO OVOLAZOVTOL OAQLKEG OLKTIVEG.

y. 000 To Maxog Tou UALKOU €ival HeyaAUTEPO TOOO PEYAAUTEPN
elval kaL n amoppoddpnon TG aktivoBoAiag HEoa 0To UALKO auTO.

XpoeLg Twv aktivwv X
Ztnv latpkn

o. Aktwvoypadia - AKtivookonnon. Onwc €xoupe avadepel, n
anoppodnon Twv aKTivwy X e€apTtdTtol and ToV ATOULKO aplOuo
TWV XNULKWV OTOLXELWV TOU UALKOU TtoU TIG amoppodd. Ta Bapld
XNHULKA oToLKEla €XOUV LEYAAO OTOULKO aplOuo kot amoppodolv
TIEPLOCOTEPO TNV OKTVOBOAla amo 6,tL ta eAadpd oTolXElQ, T
omola £X0UV ULKPO ATOMLKO aplOpod. Itnv WLoTNTa auth otnpi-
{etal n xpnon Twv akTivwv X otn dtdyvwon moAAwv mabrnoswv.
Ta 00TA TIEPLEXOUV OTOLXELQ LEYAAOU OTOULKOU aplBpoU (aoBe-
oTLo, dwodopog) Kot amopPoPoUlV MEPLOCOTEPO TLG AKTIVES OO
0,TL oL LoTol, oL omoiot anoteAouvTtal and eAadppotepa oTolxela
(avBpakag, ouyovo, udpoyovo, alwto Kat AAAa).

Av Aounov petal Tng mNyng Twv aktivwy X kat plag ¢pBopilou-
oo 006vng tonobetnBel o mpog e€€taon acbevig, TOTE MAVW
otnv 08ovn Ba davouv oL oKLEG TwV Sladopwy opyavwy (aKTL-
vookomnon). Av otn 8€on tng $pBopilovoag 066vng tomoBetnBel
ua pwrtoypadik MAAKA, TOTE Ba MAPOUUE MAVW OTNV TTAAKA
Vv avaioyn ¢wtoypadia (aktwvoypadia).

B. Autopatonownpévn agovikr topoypadia. TeAevtaia xpn-
OLUOTIOLE(TAL N auTopaTOomoLNUEVN afovikn Topoypadia. H mnyn
TWV aKTivwv X mapayel pLa amokAivouoa S€opn, Tou €XEL LOp-
én BevtaAiag. Ol aktiveg Tng 6€oung Stamepvoulv To avBpwTvo
cwua Kat, otav e€€pxovtal and tnv AAAn MAEUPA TOU CWHATOG,
aviyvevovtal, pe Statan avixveutwv. KaBe avixveuTng LETPAEL
TNV anoppodnon pLog Aemtng S€oung, mou dlamepva To cwpa. H
OUOKEUN TteEpLOTPEPETAL YUPW aATIO TO AVOPWIILVO CWHA KoL EVAG
UTtoAOYLOTNC emefepyaleTal TIG TAnpodopleg.

Me auTO ToV TPOTO UITOPOUV VO AVIXVEUTOUV OYKOL ] AAAEG
QVWUOALEG TTOU €lval TTOAU pLkpol Kot §gv umopouv va mopatn-
pnBoulv pe tnv aktwoypadia.

Axtivoypagia. To ootd amoppopody eviovo-
tepa. 11§ oktTivegs X o€ cOYKpIon WE TOV DITO-
Aoimo 1070, Etor ato gilu eupavilovior wg
pTEVOTEPES TIEPLOYES. ElkOVL 4.4-24

Apyn Aertovpyiog acovikod touoypdpov. Ot
oKTIVeS X, TOV TEPVODY UETO. OTTO TO COUA,
LETPODVTAL GUYYPOVWG o€ Kabe dievbvvan. H
TNYN KOL O OVIYVEVTHS TEPLITPEPOVTAL, (DOTE
Va EYOVUE UETPHOEIS TE O10POPETIKES YWVIEG.
Ewova 4.4-25
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Ztn Bropnyavia

Ot akTtiveg X xpnotpomnotlouvtat oth Blopnxavia, yla va dtart-
oTwOel n UaPEN KOLAOTNTWY, POYLOUATWY I AAAWV EAQTTWHA-
TWV OTO ECWTEPLKO TWV LETAAALKWY AVTIKELLEVWVY. H Stadikaoia
Tou akoAouBeitat eivat n dla pe tn dtadikacia tng aktvodia-
YVWOTIKAG. Ta EAATTWHATIKA onpela evionilovtal and 1o Yeyo-
VOG OTL TPOKAAOUV ULKPOTEPN amoppodnaon.

BloAoywkég BAABeg mou mpokaAoUv oL aktiveg X

Ou aktiveg X mpokaAoUv BAdBeg otoug opyaviopouc. Otav
amoppodnbolv amd Toug LOToUG, SLAOTIOUV TOUC HOPLOKOUG
deopoUg Kal Snuloupyouv evepyEg eAeUBepeC pilleg, ToOU UE TN
OELPA TOUG UTtopEL va Statapdfouv Tn poplakny doun Twv mpw-
TEIVWV KoL €L8LKA TOoU YeVeTIKOU UALKOU (DNA).

Av TO KUTTAPO TOU €XeL UTIOOTEL BAABN amod tnv akTvoBoAia
eTBLWOEL, TOTE pumopel va Swoel TOAAECG YEVEEG LETAAAAYUEVWY
KUTTapwv. Av oL aAAayEg oto DNA adopouv yovidSia ou eAEy-
XOUV TO puBUO TMOAAQTIAQGLACHUOU TWV KUTTAPWY, OL aKTIvVEG X
umopel va mpokaAéoouv kapkivo. H umepPBoAikn €kBeon evog
opyaviopoU og aktwvoPoAia pmopet va mpokaAéosl LeETABOAEG
OTa YEVETIKA KUTTAPA. 2’ QUTH TV TEPLMTWON, EVW 0 (810G op-
yaviopog &g Ba eudaviosl kamoia PAGPN, Ba emnpeactolv oL
armoyovol Tou.

H xpnon twv aktivwy X yla S1ayvwoTikoug Kal BEpameuTikoug
OKOTIOUG TIPETEL VA YIVETAL LE IPOCOXK, EKTLLWVTAC TOCO TA
od€AN 000 KoL TOuG KLYSUVOUC TTOU TIPOEPYOVTAL Ao ThV €KkBeon
TOU 0pyaVLOHOU o€ akTvoBoAia yia HeydAo Xpoviko Sltaotnua.

NAPAAEITMA 4 -5

Ta NAekTpOVLIO OE £va CWANVO aKTivwy X emitayv-
vovtal pe dtadopd duvaptkou 50kV. Av €va nAe-
KTPOVLO TtapAyeL Eva GWTOVLO KATA TNV TPOCKPOU-
0N TOU OTO OTOXO, VO UTOAOYLOTEL TO EAAXLOTO
HNKOG KUMATOG TWV aKTVWV X TTou apayovTal.

AYZH

To €eAAXLOTO UAKOG KUUATOG QVTLOTOLXEL OTN UEYL-
OTN EVEPYELA TOU EKTEUTIOHEVOU dwToviou hf .
AUTO oupBalvel, 6Tav OAn n KWVNTLKA EVEPYELA TOU

NAEKTpOVIOU eV xpnoLUoToLEiTaL yla TNV
mapaywyn evog ¢pwtoviou.

‘ExoupE AoLmov:

eV=hf  KOLEMEWN c=Ay fin N fon =——
Bplokoupe eV=h%ﬁ min
_he  (6,63-107%7-5)(3-10°m/s)

" eV (16:107°C)(50-10°V)

=2,5-10"m



1 95 ATOULKA aLvouEva

NAPAAEITMA 4 -6

Je pla aktwoypadia omaltouvtal oKTIveG X UE

UAKOC KUUATOG A =1,5-10"m. H évtaon Tou pevpa-

TOG TNG 6€0UNG TwV NAeKTPOViwV gival I=40mA kall

0 xpovoc ANPng tng aktwvoypadiog eivat t=0,1s.

Na urtoAoylotouv:

a. H tdon mou npénel va edapUooTel LETALY TNG
avodou kot tng kabodou.

B. H LoxU¢ KaL n evépyela mou peTadEpeL n dEoun
TWV NAEKTPOVIWV.

Y. O aplBuog Twv NAEKTPOVIWY TIOU MTPOCTILITTOUV
otnv avodo. (Oswpoupe OTL OAN n eVEpyela
KABE NAEKTPOVIOU LETATPEMETAL OE EVEPYELQ
€vOG dwtoviou.)

AYZH

o. KaBe dpwtovio tng aktivoBoliag £xelL evépyela
hf n hc/A. H evépyela tou pwtoviou eival ton pe
TNV KWVNTLKN EVEPYELD TIOU OTTEKTNOE TO NAEKTPO-
V1o g€attiag Tng EMITAXUVONC TOU HECW TNG TAONG

V. Apa:
® g hce
V=h—  V=—
Y= N Y e
(6,6-10’34J-s)(3-108m/s) ,
V= N V=82500V

(1,6~10"°C)(1,5»10‘”m)

B. H loxU¢ mou petadépel n d€opun Twv nAe-
KTpoviwv elvat:
P=V-1=82500-40-10°W =3300W
H evépyela mou petadépel n d€oun eivat:

W =P-t=3300-0,1J =330J

y. To doptio q mouv mpoomnintel otnv dvodo
o€ Xpovo t sivat:
q=1-t=40-10".0,1C=4-10"C
Kal 0 aplBuog Twv NAekTpoviwv mou mpo-
omninrtouv otnv avodo eivat:
4-10°C

q 16 5
2=~ ~ _75.10" NAEKTPOVLA
e 1,6:10°C L P
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20voyn 4ou kedpalaiou

* JUudwva pe To IPoOTUTO Tou Thomson, To ATopo amoteAsital anod pia opaipa opolopopda
KataveUnuEvou BeTikou doptiou, Léoa oTnV omola €lval EVOWHATWHUEVA TO NAEKTPOVLAL.

* JUudwva pe To potumo tou Rutherford, To dtopo amoteAeital:

i. OO JLaL ULKPN TTEPLOXN (Tuprvag), TNV omola elval CUYKEVTPWHEVO OAO To BeTIKO dopTio Kal
OAn oxedov n pala Tou atopou,

ii. ard Ta NAekTPOVLA, Ta oMol KLVoUVTAL O KUKALKEG TPOXLEC YUPW OO TOV TTUPHVA.

* To uSpoyodVvo, OTIWG KAl OAQ TAL AEPLA, UTTOPEL VAL EKTTEUTIEL LOVO OPLOLEVEC OKTLVOBOALEG KalL val
amoppodd POVO EKEIVEG TLG AKTIVOBOALEC TLC OTIOLEG UIMOPEL VO EKTTEUTIEL.

e [la va eppnveloel o Bohr to ¢paopa tou udpoyovou, SLATUMWOE TIG MAPAKATW LOEEC:

i. To NAEKTPOVLO OTO ATOLO TOU USPOYOVOU UTIOPEL VA KIVELTAL LOVO OE OPLOUEVEC ETITPETIOUE-
VEG TPOXLEG, yLaL TLG OTIOLEG N 0TpOodOPUN TOU Elval mur=n-(h/2w)=nf(n=1,2, 3, ..., ®)

ii. Av T0 NAEKTPOVLO TOU ATOMOU METATNSNOEL QMO Uia ETUTPEMOUEVN TPOXLA EVEPYELQG E_ OF
GAAN TPOXLA ULKPOTEPNG EVEPYELOG E, TOTE TO ATOMO EKTIEUTIEL EVA GWTOVLO cuxvoTNnTag f Ko
LOXVEL: E, —E_ =hf .

* H oAk eVEpyELa TOU NAEKTPOVIOU TOU ATOUOU Tou udpoyovou Sivetal amo tn oxéEon:

2
E=—k<
2r

e OL QKTIVEG TWV ETMITPEMOUEVWY TPOXLWV KOL OL AVTIOTOLXEC TLUEC TNG OALKNG EVEPYELAG TOU NAE-
KTpoviou Sivovtal amnod Ti¢ OXECELC:

r, =n’r, Kot E, =E—2‘(n =1,2,3, .., ©)
n

o OL ETUTPETIOLEVEG TIHEC TNG EVEPYELOG OVOUATLOVTOL EVEPYELOKEC 0TAOLEC. OL AVTIOTOLYXEG KATO-
OTAOELG TOU OTOMOU OVOUATOVTAL EVEPYELOKEG KATAOTACELG. H KatAoTOooN UE TN XOAUNAOTEPN
gvépyela £, ovopdietal Bepelwsdng kataotaon. OAeG oL AANEG evepyELaKEG KaTAOTAOEGE,, E,,
... ovopalovtal SleyepUEVEC KATOOTACELC.

e H petaBaon evog nAEKTpOVIiOU TOU ATOMOU ATO Hia TpOXLA XONANG EVEPYELOG O AAAN LPNAG-
TEPNG EVEPYELAG OvopaleTal SLEYEPON TOU ATOMOU. H amopdkpuven evog NAEKTPOVIOU TOU aTo-
LOU O€ TIEPLOYXN) EKTOC TOU NAEKTPLKOU TIESIOU TOU TIUPAVA OVOUATETOL LOVIOUOG TOU ATOMOU.

e OL aktiveg X mapdyovtal, 0tav NAEKTPOVLIA HEYAANG TOXUTNTOG, TIOU €XOUV ETLTOXUVOEL amnod
uPnAn T@on, TPOOTILIMTOUV 0 HETAAALKO 0TO)XO. Elvat adpatn nAektpopayvnTikn aktivoBolia,
TIOU €XEL MNKN KUUOTOG TIOAU ULKPOTEPA ATIO TA UAKN KUUATOG TWV OPATWY OKTIVOROALWV.

e To paopa Twv aktivwy X elval cuvBeTo. ArtoteAeital amo £va cuveXEG AU TTAVW OTO OMoLo
epdavilovtol LEPLKEG YPOUUEG (YPOULULKO dacua).

* To LIKPOTEPO UAKOG KUMATOG A . TwV akKTivwy X eKTEUTETAL, OTAV TO NAEKTPOVLO Givel OAn Tnv
KLVNTLKN TOU EVEPYELA O€ £vVa GWTOVLO O€E pia Lovo Kpouon. To PLKPOTEPO UAKOG KUUATOC Sive-
TOL OO TN OXEoN:

_ch

xmin -
eV

® OL akTiveg X tpokaAouv BloAoyikeg BAABeC.
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EpwtNoELg

1. Noto eivat To mpdtumo tou Thomson yla To
ATOUO;

2. Moto eival to mpotumo tou Rutherford yia to
ATOUO;

3. Otav pia &¢éoun cwpatiwv a kateuBuvetal
o€ AentO PETAAAKO PUANO oTOXOU, TOTE TTAPa-
TNPOUUE OTL:

|. Tot TEPLOCOTEPO CWUATLA O TIEPVAVE QVETINPE-
aoTo Héoa oo TO 0TOXO.

Il. apKeETA cwpaTia o anokAivouv oe Slddopeg

YWVIEG, evw Alya amokAivouv kata 180°.

Mola o TI TMOPATIAVW TOPATNPNOELG SelXVEL

otL:

a. O xwpog HEoa 0To AToUo eival oxedov KeVOG.

B. To Betikd ¢doptio ToUu ATOPOU Elvol CUYKe-
VIPWHEVO OTO KEVTPO TOU OTOLOU.

Y. To KEVTPO TOU ATOUOU €ival BeTIKA POPTLOUE-
vo.

4. Na e€nynoete ylati to mpotumno tou Rutherford
aduvartel va epunveloeL Ta YPOAUULKA dacpata
TWV aeplwv.

5. Na Statunwoete to mpotumo tou Bohr yia to
Aatopo tou udpoyovou.

6. Nat UTIOAOYIOETE TNV KLVNTLKH, TN SUVOLLKI KoL
TNV OALKN EVEPYELA TOU NAEKTPOVIOU TOU OTOOU
TOU USPOYOVOU OE CUVAPTNON UE TNV AKTIVO TNG
TPOXLAG TOU.

7. Na oxebldoete to SLAYpAPUA TWV EVEPYELA-
KWV OTAOUWV yLol TO ATopo tou uSpoyodvou.

8. Tt ovopaletat:

o. SLéyepon,

B. LOVIOUOG,

Y. EVEpyELa SLEyepoNnG Kol

6. evépyela Loviopou;

9. Na eplypAPeTE TO PNXOVIOUO SLEYEPONG TOU
aTOpOoU:

a. Aoyw kpouong Kat

B. Aoyw amoppddnong aktvoBoAiag.

10. MNola ypappLka ¢acpata UMopEL va epun-

veUOEL TO TPOTUTIO Tou Bohr kat mota dev prmo-

PEL;

11. NMw¢ mapayovTal oL aKTivVeC X;

12. Nw¢ gpunveVETOL TO YPAUULKO PACUA TWV
OKTIVWV X Kal TtwG TO OUVEXEG Ao,

13. Na urtoAoyLoTel To EAAXLOTO UNKOG KULOTOG
TwV oKTivwy X.

14. A6 moloug mapAyovTeg e€apTATOL N OOP-
podnNon TWV aKTIVWV X KL LLE TIOLO TPOTIO;

15. Mota eivat n ¢puon Twv aKTivwy X;

16. MNMoU XpNOLUOTIOLOUVTAL OL OKTIVEG X;

17. Noteg eivat ot BloAoyikég BAABEG TTou Ttpoka-
AoUvV ol OKTIVEG X;

18. Nwg ennpealovtal oL aKTIVeS X:

a. amno tn Bepuokpacia tng kabBodovu,

B. amo6 tnv taon mou edapudletal petafl TG
avodou kat tng kabodou,

Y. Q7O TO UALKO TNC avodou;

(Ztic epwtnoelg mMoAAATANG ETUAOYAG TIOU KO-
AouBoUv va KUKAWOETE TO YPAUMUA TIOU QVTL-
oTOlXEl 0TN oWOTH amavinon.)

19. To NA&KTPOVLO OTO ATOUO TOou USPOYOVOU, TO
omoio Bpiloketal otn BepeAlwdn katdotoon:

a. €XEL AMOMOKPUVOEL amd To ATopo.

B. npepet.

V. Elval o€ TpoXLA PE TN XOUNAOTEPN EVEPYELQAL.
6. elval og tpoxLa pe tnv uPnAoTEPN EVEPYELQL.

20. Eva. ATOMO EKTIEUTIEL €va PWTOVLO, OTAV EVa
amnod ta NAEKTPOVLA TOU:

0. ATIOUOKPUVETOL ATIO TO ATOHO.

B. petaPaivel og TPOXLA PULKPOTEPNC EVEPYELOG.
V. LETOBaivel Og TpOXLA PLEYAAUTEPNG EVEPYELAC.
8. EPLPEPETAL OE ETUTPEMOUEV TPOXLA.

21. To YPOUULKO PpACHQ EKTIOUTIAG QLEPLOV TIEPL-
€XEL LAKN KUUATOG TTOU €lvat:

a. (6l yla Ao ta oToLELQL.

B. XOpOKTNPLOTLKA TOU OTOLXELOU TIOU TO EKTE-
UTEL.

V. Sladopetikd amd ta HAKN KOUATOG TOU
daopatog anoppoddpnong tou idlouv otolxeiov.
6. oTnVv meploxn Tou opatou.
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22. Moo amod ta MoPAKATW TELpAPATIKA Sedo-
Héva Seiyvel Tnv LTIAPEN SLOKPLTWY EVEPYELOKWY
oTOOUWV OTO ATOMQ;

a. To dacpa EKTTOUTING EVOG OTOLXELOU TIEPLEXEL
dWTEWVOTEPEG YPAUUEG O PeyaAuTtepn Bep-
pHokpaoia.

B. To paopa amoppodnonc evog otolxelou €xeL
OKOTELVEC YPAUUECG OTLG BEOCELG TTOU AVTLOTOL-
XOUV 0TI PWTELWVEC YPOUUEG TOU PACHATOC
EKTIOUTING.

y. To ddopa twv aktivwv X mapouctdlel éva
€AAXLOTO UNKOC KUUATOC.

23. Molwa amd T MOPAKATW TPOTACELS €ival

owoTn;

o. H evépyela Loviopou ival PIKPOTEPN Ao TNV
evépyela SLEyepong.

B. H evépyela evog dwtoviou eivat hA, émou A
glvoll To HAKOG KUMOTOG TNG aKTWVOROoALG.

y. Eva nAektpovio mou PBpiloketal oe Sleyepue-
vn evepyelakn otabun oakTwoBoAel ouvexwg
EVEPYELQ.

6. H BepeAlwdng KAtdotacn TOU OTOUOU TOU
udpoyodvou elval n KATACTACN TNV OMola TO
NAEKTPOVIO PBplokeTal otn XapunAotepn emi-
TPETTA EVEPYELAKA OTABUN.

24. To oxnua Selyvel to

SLaypoppa TwWV EVEPYEL-

OKWV OTaBUwWY Tou ato-

uou tou udpoyovou. Ta

MAKN KOpatog A, A, A,

elval To pAKN KOUATOG

NG aktwofoAiag mou

EKTIEUTIETAL  KATA TG

HeToBAoelg Tou NAekTpoviou PETAED TwV Evep-
YELOKWV oTaduwy, onwg Seixvouv ta BEAN. Mola
Qo TIC MOPOKATW TPOTACELG Elval owoTh;

a. h, =k +A, Y. L=h+)

B. A, > A, S. f,=—2

25. To paopa anoppodnong evog aepiov epda-
vilel pla ouvexn XpwHATLOTH Tawia mou dLako-
TITETAL OO OKOTELWVEG YPOUEG:

o. OL B£0€LG TWV OKOTEWVWV YPAUMWV Elval Xapa-
KTNPLOTIKEG TOU OTOoLXEloU.

B. Mmopel 6U0 SLadopeTIKA OTOLXELD VO €XOUV
1o 1610 paopa anoppodpnonc.

y. Ol OKOTEWEG YPaUUEG SnuloupyouvTal, ylati
T0 AeUukO dwg amoppodd TtV aktwoBoAia mou
EKTIEUTIEL TO OEPLO.

5. OL B€0ELG TWV OKOTEWVWY YPAUHUWY EEQPTWVTAL
amno tn Beppokpacia tou agpiou.

26. To YPOUULKO GACHA TWV aKTIVWV X armoTeAel-
TaL Ao 6U0 YPAUUEG TIOU QVTLOTOLXOUV OE UNKN
KOpatog A, kot A, avtiototxa. Ol YPAUUESG QUTEG
Ba petatonotoly, av aAAAoupE:

0. To UALKO tNn¢ avodou.

B. tnv Tdon petalu tng avodou kal tng kabodou.
y. Tn Bepuokpacia tng kabodou.

6. tn Bepuokpacia TG avodou.

27. To €AGL0TO WAKOG KUMATOG A . TOU OUVE-
XoU¢ daopatog Twv aktivwv X Ba petaPAnOei,
ov peTaBAAAOUpE:

O.. TO UALKO TG avodou.

B. tn Beppokpacia tng kabBodou.

y. tn Stadopd Suvapkol PeTafd TnG avodou Katl
™¢ kabodovu.

6. tn Beppokpacia Tng avodou.

QewpoUE OTL T NAEKTPOVLA EEKWVOUV QO TNV
kKaBodo pe undevikn taxvutnta.

28. J0udwva pe To MPOTUTO Tou Bohr yla to
ATOMO TOu USpOoyOVOUL:

0. TO NAEKTPOVLO EKTIEUTIEL CUVEXWE NAEKTPOU-
YVNTLKN oKTWvoBoALa.

B. n otpodopun TOU nAekTpOViou uTOPEL va
TIAPEL OTIOLOOATIOTE TLUN.

Y. TO ATOUO QMOTEAE(TAL OO Hio odaipa OeTi-
KoU ¢poptiou opoLopopda KATAVEUNUEVOU.

6. TO NAeKTPOVIO KLVEITAL POVO OE ETUTPETITEG
TPOXLEC.

29. Noleg amod TI( MOPAKATW TPOTACELS €lval
OWOTEC KOl TIOLEG AaVOQOUEVEG;

o. Zupdwva pe to mpotumo tou Rutherford ta
atopa Ba EMPETE VAL EKTIEUTIOUV CUVEXEC Kal OXL
YPOLULKO daoua.

B. O Thomson mpPOTEWVE TO AEYOUEVO TTAQVNTLKO
LOVTEAO yLa TO ATOWO.

Y. 20udwva pe to mpotuno tou Bohr, to nAe-
KTPOVIO OTO ATOMO TOU USPOYOVOU, EKTIEUTIEL
okTwoPBoAia otav Kveital o€ EMITPEMOUEVN TPO-
XLa.
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5. To owpdTlo a sivat évag muprvoag nAiou (‘Z‘He),
30. Moleg amod TIG MOPAKATW TIPOTACELS €ival
OWOTEG KoL TIOLEG AOVOOUEVEG;

2to mpOTUTo Tou Bohr yia to dtopo tou udpo-
yovou:

a. H aktiva Tng viooTtng TpoXLAG Tou NAEKTPOVI-
ou elval avaAoyn Tou n°.

B. H oAk evépyeLa TOU NAEKTPOVIOU OTN VIOOTH
TPOXLA €lval avtlotpodw avaioyn Tou KUpLOU
KBavtikou aplBuou n.

y. H otpodoppurn tou nAekTpoviou sival aképalo
moAAamAdoto tou h/2m.

6. To pETpo TNG SUVAULKAG EVEPYELAG TOU NAg-
KTPOVIOU O€ MOl TpOXLA €lval PeyaAUTEPO ATIO
TNV KWWNTLKN TOU EVEPYELQAL.

31. Ito mpotunmo Tou Bohr yiwa to dtopo Ttou
u8poyovou 0 AGYOG TNC KIVNTLKNG EVEPYELOC TOU
NAEKTPOVIOU O€ HLO TPOXLA TIPOG TNV OALKI) EVEP-
yeLa, eivat:

a. -1 B.1 v. 1/2 5.2
32. H evépyela LOVIOUOU TOU aTOHOU Tou udpo-
yovou eivat 13,6eV. H gAdxlotn evépyela Tou
amotteital yia va dieyepBel to atopo tou udpo-
yovou amo tn OgpeAlwdn Kataotaon sivat:

a. 3,4eV y. -13,6eV

B. 13,6eV 6. 10,2eV

33. To €AAXLOTO UAKOG KUMATOG TWV aKTivwy X
efapraral:

o. Ao TNV €vtaon Tou PeVUATOC.

B. a6 tnv tdon mou edapudletal petafd TG
avodou katl tng kabodou.

Y. 01O TN $UON TOU AEPLOU TIOU TIEPLEXETAL OTO
ocwAnva mapoywyng Twv aKTivwv X.

6. amnd to VALKO Tt avodou.
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AOKAOELC K TtpoBARpota

OL mapakatw ¢uolkéG otabepég Bewpouvral
YVWOTEG:

YtaBepatou vopou Coulomb........ k=9.10°Nm?>/C2
Doptio NAeKTPOVIOU....c.cvcvcreeinnene e=1,6-10"C
Mala nAektpoviou.................. m, =9,1-10""kg

2taBepa tou Planck............... h=6,63-10"]-s
TaxVTnTa ToU GWTOC OTO KEVO...... c=3-10m/s

leV=16-10"7

1. To atopo tou udpoyodvou PBpioketal otn Bepe-
Awén katdotaon. H aktiva Tng TpoxLag Tou nAe-
Ktpoviou eivat r=5,3x10"m.

Na urtoAoylotouv:

0. N TaxvTNTO TOU NAEKTPOViou,

B. n meplodog TG Kivnong Tou nAekTpoviou,

Y. N KWNTLKA, N SUVAULKN KOl N OALKA €VEPYELA
TOU nAeKTpoviou.

2. H evépyela Tou atopou Tou udpoyovou, OTav

outo PBploketal otn BegpeAlwdn katdaotoon,

gival -13,6eV:

a. Nota Ba eival n evépyela Tou ATOUOU OTNV
npwtn Sleyeppévn kataotoon (n=2) kat mola
otn 6eutepn Sleyeppévn kataotaon (n=3);

B. To ATopO OLlEYelpeTAL KL OTOKTA EVEPYELQ
-0,85eV. Z& moLo KUpLO KPavTLKO aplOuod avtl-
oTtolyel n Sleyepuévn auth KATAOTAON;

3. H evépyela tou atépou tou udpoyodvou, otav

Bploketal otn BepeAlwdn katdotoon, eival

-13,6eV. HAektpoOvio cuykpouovTal HE ATOMA

Tou udpoyovou ta omolia Bplokovtal otn Oepe-

Awdn kataotaon. Ta atopa Sleyeipovral Kot

EKTIEUTIOUV YPAUULIKO Ao TIou amoteAeital

HOVO oMo pia ypopun oplopévng ouxvotntag.

Moo elvat n eAAXLOTN KAl TIoLa N HEYLOTN EVEP-

YELQ TWV NAEKTpOViWVY TIOU Sleyeipouv Ta ATopa

Tou udpoyovou; (H opun tou atopou &g peta-

BaAAeTal KATA TNV Kpouan.)

4. Aleyepuéva atopa udpoyovou PBplokovtal o

KQTAOTAON TIOU AVTLOTOLXEL 0€ KBaVTIKO aplOuo

n=4:

a. Na urtoAoylotel to MARB0C TwV YPAUUWY TOU
GACUATOC EKTIOUTING TOU OEPLOU.

B. Na oxedlootel To SLAYPAUUO TWV EVEPYEL-
aKwv otobuwyv, oto omoio va daivovtal ot
LETABACELC TTOU TIPAYUATOTOLOUVTAL.

5. To atopo tou udpoyovou Bploketal otn Oepe-
Alwdn katdotacn otnv omola n oAl EVEPYELA
elval -13,6eV:

o. Mol eAAXLOTN eVEPYElA amalteltal, yla va
LOVLOTEL TO ATOUO;

B. Mowa evépyela amatteital, yia va SieyepOet
TO ATOMO OTNV MPWTN SLEYEPUEVN KATAOTAON
(n=2);

y. To atopo tou udpoyovou amoppodd, Adyw
Kpouong, evépyela 15eV kal Loviletal. MNola
KLVNTLKN EVEPYELO ATIOKTA TEALKA TO NAEKTPO-
VIO, OV N KLNTLKI) EVEPYELA TOU QATOUOU O
HETABAAAETOL KATA TNV KpoUon;

6. HAektpovia emtayUvovtal péow taong 12,3V

KOl TIEPVAVE HECO QMO AEPLO TIOU OTOTEAELTOL

ano aropa udpoyovou Ta onoia Bplokovtal oTn

BepeAlwdn kataotacn. No umoloylwotouv Ta

UNKN KUHOTOC TNG aKTWOROALNG TOU EKTEUTIEL

To a€plo. H evépyeLa Tou atopou Tou udpoyovou

otn BepeAlwdn kataotoon eivat -13,6eV.

7. & owAnva mapaywyng akTivwv X ta NAEKTpO-

via ertayvvovtal amno taon 10kV. Na umoAoyt-

oTel N HEYLOTN OUXVOTNTA KAL TO EAAXLOTO UAKOG

KUUOTOG TWV OKTIVWV X TToU TtapAyovTal.

8. Ze ocwAnva napaywyng aktivwv X ebapudle-

tat tdon (a) V,=10kV, (B) V,=40kV. Ta avtioTtoiya

€AAXLOTA HAKN KOUATOG TWV akTivwy X eivat A,

kat A,. No urtohoyiotel 0 Adyog A /A,

9. Je o aktwoypadio amatrovvtal aktiveg X

pAKoug KUpatog A=10""m. H €vtaon Tou peEUUOTOC

™G 6€0uNG Twv nAekTpoviwy sival 40mA Kol o Xpo-
voG AnYng tng aktwoypadiog eivar 0,1s. Oewpoupe

OTL OAN N KWNTLKNA EVEPYELX KABE NAEKTPOVIOU HETA-

TPETIETAL OE EVEPYELQ EVOC pwToviou:

o. Mota taon epapudleTal 6To CWANVA TOPAYW-
VNG aktivwv X;

B. Mbéon wxL Kol Oon evépyela UETADEPEL N

nAektpovikn &€on;

y. Mowa elval n taxlTNTa TwWv NAEKTpOViwV TN
OTLyMN TIOU TIpOCTIItTouV oTnV dvodo;

6. NMNooa nAekTpovia ava SEUTEPOAETITO TPOOTTL-
TITOUV 0TNV Avodo;

€. H 1ox0¢ tng aktwvoBoAiag X av n anddoon tng
OUOKEUNG O€ aKTiveg X gival 2%.

oT. H evépyela mou petadépetal and v oKTL-

voBoAia og xpoviko ditaotnua At=0,1s.
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. H petaPoAn emi tolg % otnv TLn TG avoSLKAG
TAonG, av BEAoupE TO EAAXLOTO UNKOG KUMO-
TOC TOU OUVEXOUG PACUATOG va eAATTwOEL
Katd 20%. (OewpoUu e OTLOAN N evépyeLa KAOE
NAEKTPOVIOU LETATPEMETAL OE EVEPYELA EVOC
dwrtoviou.)

10. Eva dtopo ubpoydvou

Bpiloketalotn BepeAwdn

Tou Kkataotaocn (n=1) pe

gvepyela E =-13,6eV.

Yto oxnua divetal to Sa-

YPOUUA TWV TECCAPWV

MPWTWV  EVEPYELOKWV

OTOOUWV TOU ATOUOU TOU

uvdpoyovou.

o. Na urtoAoyioete Tnv evépyela KABe Sleyepué-
vng katdotaong (n=2, n=3, n=4).

B. Eva ocwpatidlo pe kwntikn evépyela K =13eV
OUYKPOUETAL |LE TO TAPATIAVW ATOUO USPOYO-
vou. To Atopo anoppodd TUAKUA TNG KLVNTLKAG
EVEPYELOG TOU owpatidiou kot Sleyeipetal
OTNV EVEPYELOKN OTABUN HE KUPLO KBOVTLKO
aplOpo n=3. Na urmtoAoyiloeTe TNV TEALKN Kvn-
TIKN eVépyela Tou cwuatidiou.

y. To SLeyepévo ATOUO, HETA aTTO EAAXLOTO XPO-
VIKO SlaoTtnua, emavepyetal otn BeueAlwdn
TOU Kataotacn. Na HeETadEPETE TO OXNUA TWV
EVEPYELOKWY OTAOUWY 0TO TETPASLO CcO¢ Kol
va oxedlaoete TIC SUVOTEC UETABAOCELS TOU
NAEKTPOVIOU amo tn SleyepUévn KATACTAON
otn BepeAlwdn kataotaon.

6. 2 pla amo TIC MAPATIAVW UETOPACELG EKTTE-
UTIETOL OKTIVOPBOALD E TN LEYAAUTEPN CUXVO-
nta. Na UTTOAOYLOETE TN cuXVOTNTA QUTH.

11. Aweyeppéva atopa uvdpoyovou amodleyel-

POVTOL KOl TOL ATOMO ETIAVEPXOVTAL OTN BepelL-

wdn katactaon. H evépyela tng BepeAiwdoug

kataotaong eivat E=-13,6V. Ant6 tn weletn Twv

GACUATIKWY YpaUHwY UTtoAoyioTtnkav Tpelc dia-

dOpEC evepyELWV HETALL TwV SLEYEPUEVWVY KaATA-

OTACEWV Kol TNG BepeAlwdoug Kataotaong Kal

Bp€Onkav toeg pe 12,75eV, 12,09eV kat 10,2eV.

o. Na UTTOAOYLOETE TIG EVEPYELEG TIOU QAVTLOTOL-
XOUV OTLC SLEYEPUEVEG KATAUOTACELS TWV ATO-
Hwv udpoyovou.

B. Na umoloyioete toug KBavVTLKOUG aplOuolg
OTOUC OTOLOUG OVTLOTOLXOUV OL SLEYEPUEVEG
KO TOLOTAOELG.

y. No oxebldoete 10 SLAYPAUUO TWV EVEPYEL-
OKwv otabuwv, oto omoio va daivovtal ot
HETAPBACELG TWV NAEKTPOVIWV TIOU TIPOYHOTO-
moLouvTaL.

6.2e éva amod Ta Atopa Tou udpoyovou, Tou
Bpioketal mAéov otn BepeAlwdn kotaota-
on, TPOOTIMTEL UOVOXPWUATLKY aKTwopo-
Alo, LE OUVETELD TO NAEKTPOVLO TOU OTOUOU
Tou Ubpoyovou va €XEL KLVNTLKN EVEPYELA
K=6,29eV, o meploxr Omou n enidpoaon tou
NAekTpKoUL mediou TOU Muprva €ival MPOKTL-
KA undév. Na umoloyioete Tn ouxvotnTa TNG
TIPOOTIIMTOUCAG aKTVOoPBOoALAG.

12. Mpokewpévou va SamotwBdel n Umapén

KOLAOTNTOG OTO EC0WTEPLKO €VOC HETAAALKOU

OVTLKELLEVOU, XPNOLUOTIOLOUVTAL OKTIVEG X. 3TN

dlataén mopaywyng Twv aktivwy X, n taon mou

edbapudletal petall tng avodou kat tng Kabo-

Sou eivat 16.575V. Ta nAektpovia Eekvouv amo

Vv KaBobo pe undevikn taxvTNTA, EMITOXUVO-

VTOL KOl T(POOTIITouV otn dvodo. Oswpolpe

otL n Beppokpacia tng kabodou eival otabepn

KAl OTL N KWNTLKA evépyela KABe nAektpoviou

LETATPEMETAL €€ OANOKANPOU OE EVEPYELD EVOC

dwtoviou oe pia povo kpovorn. Na urtoAoyiosTe:

0. TNV KWVNTLKI) EVEPYELQ TIOU EXEL KAOE NAEKTPO-
vio otav ¢pOavel otnv avodo.

B. TO EAAXLOTO UAKOG KUUATOG TNG OKTLVOBOALOC
TIOU EKTIEUTIETAL QMO TO UALKO TNG avodou.
TNV mapanavw Slatagn mapaywyng akTivwy
X, HeTaBaAlovTag TNV TAOoN TNG 0vOdou Kal
kaBodou, n apxikh oxug P, TNG 6€0UNG Twv
NAEKTPOVIWV TeTpAMAACLAlETAL KAl TOLPVEL
NV T P,=4P, evw n Bepuokpacia Tng
kaBodou Siatnpeital otabepn kol n €vraon
TOU PeVUATOG TWV NAEKTPOVIWY TTOPAUEVEL N
(6. Na urtoAoyioete:

Y. To AGYO Twv TaXuTATWV U /u, OMOU U, Kal
U, OL TaxUTNTEG ME TG OTIOLEG T NAEKTPOVLA
TUPOOCTILTITOUV OTNV Avod0o TPV KAl UETA TOV
TETPATAACLAOUO TNG LoXVOC, AVTioTOoLA.

6. TO EAAXLOTO UNKOC KUUATOG TNG TIOPAYOUEVNG
oKTlvoPBoAlag, PeTA TOV TETPATTAACLACUO TNG
LOYXVOG Kal vo SLKOLOAOYNOETE Tola Ao TG
SU0 aktwoPBolieg eival meplocodtepo Slelodu-
TLKN.



Awtlokpartia Kot KBOvTopnXavikn

H emtuxia Twv emotnpovikwy Bewplwy, 1&L-
aitepa tng Bewpliag Tou NevTtwva yla tn Bapu-
ta, odnynoe ot apxég tou 19o0u awwva to
FaAAo ¢uaoiko Pierre Simon Laplace (AamAdg) va
uTooTNPLEEL OTL TO ZUUMAV eival amoAUTWG VTE-
TEPHLVLOTLKO (OUTLOKPATLKO). YTiEOEDE OTL IPETEL
VaL UTTAPXEL £V 0UVOAO PUCLKWY VOUWY, TTou Ba
Hog eMETPETE va TPOPAEPOULE OTLONATIOTE CU-
Baivel oto Zuumayv, av yvwpilope andélvta tnv
KQTAOTAOI TOU OE KATIOLO XPOVLKI) OTLYUN.

O Laplace opwg dev meploplotnke o’ auTo.
Yrootnplée OTL UTTAPXOUV TTAPOUOLOL VOLLOL TIOU
npoodLlopilouv Ta mAvTa, akOUn Kal Tnv avbpw-
Tivn oupmepLdopa.

To 80yua TOU EMLOTNUOVIKOU VIETEPULVIOUOU
KatamoAeunbnke amd moAAolg mou aloBavo-
vTaVv OTL meploplle tnv eAeuBbepia Tou Oeov va
napepPaivel 0Tov KOOHO, TOPEUELVE OUWG TO
Baowko alwpa tng EMOTAMNG £WC KAl TA TPW-
TO XpOVLO TOU OLwvo pac. Mia amod TG MpwIEG
evbelelg OTL n memolBnon autr MPEMEL va eyKa-
TaAeldpOel mapouoLAoTNKE KATA TN MEAETN TNG
OKTWOBOAlOC TwV BepUwV CWHATWY, OMWE Ta
aotpa. ZUpdwWva PE O,TL TOTEVAV €KElVN TNV
ETOXN, VOl OEPUO AVTIKELUEVO ETIPETIE VA OKTL-
voPoAel oto meptBaAiov Tou TNV Sla mocoTNTA
NAEKTPOUOYVNTLKNG EVEPYELAG OE OAEG TLG TIEPL-
0XEC ouxvoTNTWV. Emeldry OHwWG oL MEPLOXEG OU-
XVOTATWV €lval ATIELPEG, EMPETIE VA EVOL ATIEL-

To pw¢ vynlotepng ovyvo-
™mTag OlaTapaooEl TV TO-
xvtnTo. tov cwuoTidiov we-
PLOGOTEPO OO O,T1 TO PWOS
XOUNLOTEPNS TVYVOTNTAG.

Ooco peyalvtepo eival to unkog Ko-
LOTOS TOV QMTOS TOV YPHOIUOTOL-
eital, yia vo mopotnpnbel to cw-
natioro, tooo ueyaldtepn eivar n
ompocoiopiatio s Oéong tov, alld
emiong 1000 ueyolotepn eivar n Pe-
paidotnTo. 0g0v 0popa THY TOYOTNTA
700.

Oco pikpotepo eivar to unkog Kouo-
T0¢ TOV PWTOG TOV YPNOIUOTOIEITAL,
yio. va mopatnpnlesi 1o cwuatioio,

Mapatnpnthc téco peyaldtepy eivar n Pefairdrn-

o e OGéong tov, alla emiong toco
neyolotepn eivar n ampocoiopiotio
0G0V apopad. TNV ToYDTNTC. TOD.



pN KOl N GUVOALKH TIOGOTNTA AKTWVOPBOAOUUEVNC
EVEPYELAG.

Ma va anoduyel avtd to mpodavwe Un amno-
OektO ouumépaocpa, o lepuavog duokog Max
Planck unéBeoe to 1900 OTL N NAEKTPOUAYVNTLKA
EVEPYELAL EKTIEUTETAL KATA OLOUVEXH TIOOQA, TOU
ovopaotnkav kBavta. EmutAgéov kabe kBavto pe-
TadEPEL TOCOTNTA EVEPYELOG TIOU ElvalL TOCO E-
YaAUTEPN 000 PeyaAUTEPN €lval N cUXVOTNTA TWV
KULLOTWV TIOU EKTIEUTIOVTAL. ApOL N EKTIOUTN) OKKTL-
voBoALlag OTIG PeYAAEG cuxvOTNTEG Ba TtepLopile-
Tal, adou eKEL N EKTIOUTI €VOG KBAVTOU amaltel
HEYQAUTEPN eVEPYELO Ao Oon eival Stabgatun.
‘ETOL TO GUVOALKO TTOCO EVEPYELAG TIOU EKTIEUTIETOL
Ba NTav MEPLOPLOPEVO KOl OXL ATIELPO.

Ol EMMTWOELC TNG Bewpliag Twv KPaAvTwy yla
TO SOYUA TOU VIETEPULVLOUOU SeV KaTavononkav
mapd povo to 1926, otav €vag aAAog Mfeppavog
¢duolkdg, o Werner Heisenberg (Xaloevumepyk),
Slatunwoe tnv MEPidnUN apxn Tou, TNV apxn
NG anpoodLopLoTiag.

Ma va pnopgcoupe va PoPAEPOUNE TN UEA-
Aovtikry B€on kal Taxutnta €vog ocwuatidiou,
T(PETIEL VO UTTOPOULE VAL LETPI)COUUE EMAKPLBWG
TNV TwpLvr tou B€on kat Taxutnta. O mpodavng
TPOTOG, YLO VA TIETUXOULE KATL TETOLO, €lval va
dwrtilooupe to cwpatidlo. Kamowa anod ta kKO-
Ta ToU dWTO6G Ba avakAactouv mAvw Tou Kal Ba
unodeiéouv to onueio 6mou Bploketal. As Ba
UTTIOPOULE OUWG va Tipoadlopiooupe Th B€on Tou
HE peyaAltepn akpifela amnd tnv anootaon Ue-
TaV TWV KOPUPWV TWV KUPATWY Tou GwTOG TToU
XPNOLUOTIOLOUUE. JUUTIEPAIVOULE AOLIIOV OTL,
yla vou LETPAOOUUE pE TIOAU UeyaAn akpifela
TN Béon evog owpatidiou, xpelalopaote dwg Ue
TIOAU HLKPO MAKOC KUPATOG. AAAG amd thv UTO-
Beon Twv kBavtwv tou Planck mpokumttel OtL dev
UTIOPOULE VO XPNOLUOTIOLOOUE 0008NATOTE
HLKPN TtoooTtNTa GWTOC. MNPEMEL val XpNOLUOTIOL-
NoouEe Touldxlotov €va KPBavto. Auto to KBa-
vto Ba mpokaAéoel pa anpoBAemntn datapayn
otn B€on kal otnv taxuTNTa Tou cwpatidiov.
ErunmAéov 600 peyaAltepn €lval n amaLTOUUEVN
okpiBela pétpnong tng Béong tou cwpatidiou
TOOO ULKPOTEPO ELVAL TO KOG KUUATOG TOU pw-
TOG TIOU XPELATETOL VO XPNOLULOTIOL)COUME, Kall
TO0O PeyaAUTEPN N eVEPYELa Tou KPavtou. Etol

N TaxVTNTA Tou cwpatdiov Ba umootel akoun
peyaAutepn dlatapayn.

Me aAAa AoyLa, 660 TiLo HEYAAN eival n akpi-
Bewa pe tnv omoia mpoomaboUpe va UETPN-
OOUUE TN B€on Tou ocwpatidiov TG00 TIO ULKPN
glval n akpiBela pe TV omola UMOpPOUE va e-
TPACOULE TNV TaXVUTNTA Tou Kot aviiotpoda. O
Heisenberg €6el€e OtTL, av MOAAATTAQCLACOUE
Vv anpoodloplotia otn Béon tou cwuatidiou
€ML TNV ampoaodloplotia otnv TaxUTNTA Tou, €Ml
™ pala tou, Ba £xoupe €vav aplBud mou dev
UTTOPEL TIOTE VAL YIVEL TILO HILKPOG ATtO OPLOMEVN
oootTNTa, TN Aeyopevn otabepa tou Planck.

H apxn tng anpoodloplotiag tou Heisenberg
elval BepeAlwdng xapaktnplotiki LoTNTA TOU
Koopou. H apxn tg ampoaodloplotiag eixe Ba-
BLa enimtwon otnv €lkova tou avBpwrou yla
TOV KOOMO. Av KOl TIEPACOV TIEPLOCOTEPA ATIO
TIEVAVTA XPOVLA, QUTA N eminmtwon dev €XeL Ka-
TavonBel evteAwg amno moAloug prthocddpoug kal
e€akohouBel va amoteAel aviikeipevo SLapaxng.

H apxn tTng anmpooSloploTiog GriHave To TEAOC
Tou oveipou Tou Laplace yla pia Bswpia tng Qu-
OLKAG KO €VOL LOVTEAO TOU ZUMTAVTOG TIou Ba
NTAV AMOAUTO VTIETEPUVLOTIKA. H véa Bewpia,
Tou BaoloTnke oTNV apxr TN AMPOcdLOPLOTILAG,
OVOUAOTNKE KBAVTLKA KNXAVLKN. ZUUdwva e TN
veéa Bewpla, Eva owpatidlo Sev €xel pia B€on kat
pla taxvTnTa SLaxwpLlopEVEG HETAED TOUG, KOAA
OPLOUEVEG KL TIOPATNPNOLUEG. AVTL YU QUTEC TTE-
plypadetal Pe pia cuvaptnon tng B€ong Kot tng
TaxUTNTAG TOU, IOV AEYETAL KUULATOOUVAPTNON.
H kupatoouvaptnon pag A Hovo yla TiG Ti-
Bavotnteg va £XEL TO CWHATIOW0 SLAPOPEC TLUEG
B€on¢ kal TaxuTnTag.

H kBavtiki pnxavikn 6ev mpoPAEMEL yla éva
nelpapa €va povadilka KabBoplopévo amotéAe-
opa, aAAd €va mAnBog dladopeTikwy mBavwy
OTOTEAECUATWY Kal pag TmAnpodopel yla to
nooo mbavo sival to kabéva toug. H KBavTtikn
MNXAVLKN ELOAYEL AOLTIOV OTNV ETLOTAUN Eva
oavanodeukto otolxelo aduvapiog mpoBAsedng
KaL Tuxaiou.

Anéomnacpa ano to BLpAio
To xpoviko tou xpovou tou Stephen Hawking
(Ztédav XoOkivyk).
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