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EZETAZOMENO MAOHMA: ®YZIKH ITPOZANATOAIZMOY

©EMAA
2115 epwrijocls A1-A4 v ypaete 0TO TETPAOLO oag TOV aptIpd THG EPWTNONS Xt OITAR TO YPAUUR TTOV
aVTIOTOLYEL OTNY ETTIAOYY] 00, 1) OTCOLX CUUTIANPUWIVEL CWATTE TNV UITEAY TPOTAOY.
A1.AbVo odaipeg TOAY pixpwy StaTacewy, Otag uadog, Tov xwodvtal oe Asio optiévTio eTtimedo ue
ovtifeteg TaYITNTEG METPOV V, GUYXPOVOVTAL XEVTPLXE Kol TAGTIXG. META TNV XpovaY
) ot adaipes Bo avtalagovy TaxvTyTES.
B) 1 nio odaipo Ha axivmtomomnBei xat 1 &M Bo xtvnBei pe TaxvTNTO METPOU V.
Y) ot adaipes Ha amopaxpuvbodv e TaxvTTES IS0V péTpPOV.
d) 7] GUVOALXY XY TIXY] EVEPYELR TwY OV0 adatpwy Bo undevioTel.
Movadeg 5

A2. Tt0 Topaxdtw oxnue paPoonopdos payvrtng TANGIadEL TPOG TO AVOIXTO TNVIo, £TGL WOTE O
agovag Tov vau TowtideTan pas TV ociovoc TOV TYViov.

AP
WAY \5\1\\ N} """"" “‘ """"""

o) 670 axpo A tov Tyviov Onuovpysiton fopetog (N) poryvntinodg Tolos.
B) To tvio Swxppéetot amo eToywy ko pedp.
¥) ota dxpo A xat B Tov TNviov avamTiGoEToL TROY ATTO ETOYWYT.

d) To Tvio amwhel Tov poyviTy.
Movades 5

A3.0 opoyevys Sigxog Tov oxnuatos Pploxetal axivtos Tavw ae Asio opl{ovtio Samedo pe TO
>

ETITEOO TOV XaTAXOPLPO. AoKwVTag 6TO XEVTPo Malas Tov atabepyn opidvtio Shvaun F, ato
T80 TOV OlOKOV, AVTO ATTOKTE, ETITAYVVCY KETPOV O, . TO KETPO TNG ETLTAYVVCG TOV GYUEIOV
A Ttov elvat avTISIRETPLXO e TO onuelo eTtadrg TOV Oloxov pe
10 £0000og xA&0e Xpovixy oTIYpY| elvat A -
o) 20,,. F
B o.

Y) Cern- et
5) \/Eacm' ElO

Movadeg 5

A4.Kotd ™) Sudpxeto piog eEoavayxagpévng TaAavtwang aviavovue ) otabepd amooPeons b. Av 7
oUYYOTHTA TOV OLEYEPTY
o) elvot HeYahUTEPY ATTO TNV LOLOCVYVOTYTO TOV GUOTYMUATOS, TO TAATOG TNG EEOUVOYXOTUEVNS
tohdvtwong Bo Tapapeivel otabepo.
B) eivar lom pe TnY 1810GVXVOTHTO TOV GUATHKATOS TO TTAATOS TNG EEQVAYKACTUEVYS TAAAVTWES Oot
ueLwbel.



Y) elvat ion ne TNV 1IOLOGVYVOTYT TOV CUGTYATOS, TO TAATOSG TNG EERVAYKAUOREVNG TAARYTWGTS
Ba Topapeivel atabepo.
) elvor uixpoTepy amo TV LSLOGVYYOTNHTA TOV CGUGTHMKATOS, TO TAATOS TNG ESOVOYKATHUEVNS
tohdvtwong Bo Tapapeivel otabepo.
Movades 5

A5.Na xapaxtyploeTe TIS TPOTATELS TOV AXOAOVIOVY, YPAPOVTAS OTO TETPAOLO OXS, OITAX OTO YPAUUA TTOV
avtigrolyel o xade mpdtaoy, ) Aééy Zwatd, av y Tpdtaay eivat owaty, 1 Ty Agén Aadog, av y Tpéracy
glvat Aavdaougvy.

o) Topdwva pe Tov Heisenberg, 7 afePatdtto oty HETPNOY TNG EVEPYELNS LIS XATAGTACYS EVOS
OVOTHUOTOS EIVOL AVTITTPODWSG AVAAOYY LE TO XPOVO TTOV TO GVOTYUA TIULPAREVEL OE QUTY| TNY
XOTAOTOOT.

B) Ze pio d6ivovoo TaddvTway, oty omola To TAGTOG petwveTal exBeTind e To xpOVvo Ghubwva
ME T oxéon A= Ae ™
OVOTNUATOS.

, N otobepd A ekaptdtor uévo amd T uéle Tov THAXVTOVUEVOL

¥) H avtemaywyn eivatl 1010TNTa TwY NAEXTPIXWY KUXAWUATWY oVTIOTOLXN UE TNV AOPAVELR TWY
TWHRATWY.
0) Ztnvy ENdda ot SixTvo Twy TOAEWY TO TAATOG TNG EVOMATTOREYNG TAONG, TTNY XATAVAAWAY,
glvar V =2201/2 V xoun ovyvéotnta f =50 Hz.
g) e pio xopdn, oty omola €xel Onpuovpynbel oTaoIno xOpa, HETaDEPETAL EVEPYELR QTTO TO €Vt
onuelo TG XopoNs GTo dAho.
Movadeg 5

©’EMAB

B1. 'Eva pélav owpo €xst Ospuoxpacia T,, Ppioxetal 6e XWPO OTOV EMIXPATEL XEVO X0 EXTEUTEL
EVEPYELX UE TN MOPDN NAEXTPOUAYYNTIKAS axTvOPoMing. To ueyaATEPO TUHKO TG EVEPYELXG TTOV
EXTIEPTIETOL OO TO MEAQY CWMUO TEPLOPIJETAL GE WIOt OTEVY] TEPLOXY ME «OULXMN» GTO MNXOG
XOUATOS Aoy H oM TOV nAextpixod Tediov )¢ nAexTpopayynTixrs axtvoPoliag pe u1ixos
XOUATOG ALY UNG Aoy ELVOLL LGN E

7
¢, = 21'[(10151: — %x) (S.I.)

To idto uélav cwua, atov iSto xwpo, éxovtas Beppoxpacio T, Simhdaie T T, exTEUTEL EvEpyeLa
KE TN Hopd1 nAextpopayvnTixng axtwoPolins. Ity Oeppoxpacio T, To peyaditepo TUAME TNG
EVEPYELNG IOV EXTIEUTIETAL OLTLO TO HEAAY CWMAL TLEPLOPILETOLL OE [l GTEVY TIEPLOXN UE «OLYUY» OTO
uNxog xOpatog A, H daan b, Tov nhextpixod mediov Tng nAextpopayvntixns axtvoPoliog ue
MN%X0G XOUATOG UXMNG A,y B0t ElVOLL LM pie:

i ¢, =2n(10"t - 10'x)(S.1)

7
i ¢,= 21T(2'1015t - %x) (S.1)

7
i ¢, = 2n(210" - s s1)

o) Na emihé€eTe Tn 0WOTYH ATavTNo

Movades 2
B) Na Sucatohoyvoete ™|V emidoyn oo

Movadeg 6



B2. 210 Topaxdtw oYU aTEKOVIETOL Lot METOMIXY ETILGBAVELR GE XWPO OTIOV ETXPATEL VPNAO
XEVO XL TO VAIXO XATOHOKEVNS TG MTTOPEL vot elvart amtd Baipro 1§ Boddpapio 4 Tavtdto.
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Xwpog Yynhou Kevou

Ivwpifovue 6TL To Baplo €xet £pyo sbaywyns 2,5 eV, To Bohbpauto 4,5 eV xat o Tavtdto 4,2 eV.
e €va EpyacTAPLO TPAYUATOTOOVUME OVO TELPAMATA YL VO T(POGOLOPIGOVUE TO VMXO
XOTOOKEVNG TNG METAAXTG ETLDAVELXG.
Meipopa 1°
I peTalxn emidavelr TPOOTITTEL NAexTpORAYYNTIXY axTwoPolion xaboplougvov urxovs
XVUOTOg A, = 375 nm, OTOTE EEPYOVTOL ATO OVTH GWTONAEXTPOVIL KEYLTTNG KIVYTIXYG EVEPYELOS
K.. Kamota améd avtd xatevbivovtal Tpog opoyevég payvntixd edio évtaans B xat siaépyovral
xafeta aTig Suvapixés Ypappues Tov, oL omoleg Exovy Stebbuvan xabety ato emimedo g celidag
xal Gopd amd TOV avayvwaTy TPog T aedida. Kata ™) Siapxela g xivnang Tovg evtog Tov
HoyvnTixod ediov, To GwTONAEXTPOVIX VTa EXOVY GTPodopun L, ws Ttpog dEova Tov StépxeTal
OUTIO TO XEVTPO TNG TPOXLAS TOVG Xt elvat xBeTog OE QVTY.
Heipapa 2°
Entovodapufdvovus to Telpopo pe NAEXTpOpayvnTixy axtvoBolioe urxovg xVpatog A=A /2,
OTOTE ATO TN RETAMIXY ETLDAVELR EEEPYOVTOL WTONAEXTPOVIA REYLTTYG XWNTIXYS vEpYeLlag K,.
To dwtonhexTpOvIi TOV ELGEPYOVTOL XAOETO GTO MAYYNTIXO TESIO, KATA TN OLBPKELR TG KIVNONS
TOVG EVTOG UTOV, £X0VY 6TPodopRY| L, we Ttpog dova TTov StEpETaL ATtO TO XEVTPO TN TPOXLAS
Tovg xal elvat x&fetog g avTy.
Av 1odel 6TL L, = 5L, ouptepaivovpie OTL 7] LETOANIXY] ETILOAVELD EIVOLL XATUTKEVOGUEVT ATLO:

i. Baplo ii. BoAdpduio Iii. Tavtdhio
No fzwprioete 6Tt hc =1250 eV-nm

) No emidééete T owoTy amavTnon

Movades 2
B) No Sixotohoyyoete Ty eTdoyy gag

Movadeg 6

B3. To owpa T ToV Topoxdtw oxrretos, wedag m, éxel atepewbdel ato dxpo B optfdvtiag, opoyevous,
axopumtng xot afapovs pafdov AB. H pafdog axovuma Tavw atyy TepidEpela OQOYEVOVS O1KOV
xévtpov O xat axtivag R. O Sioxog Pploxetal mavw ot optfdvtio emimedo pe To eTinedo ToV
xataxopvdo. To cwpa T umopel vo xveital Tovw oe Aeio, opLfovTia, OROYEVY XAl AXOUTITY GOXO
T'A prxovs € xou pédog M=m/2.

H doxog éxet apbpwbei xatdMnlia oto onueio Z, ue tv xopvdy xotoxopudov xaL axA6vyTov
Voo TYplypuatos (1) Tov Bpioxeton oe amdotacy £/4 and to axpo ™ I. e anootaon £/4 and to
axpo A )5 Soxov éxetl tomobetyOsi £va SelTEPO, O|UOL0 XA TAXOPUDO VTTOGTAHPLY KA (2), TTAVW GTNY



xopudn A Tov omoiov axovuma N Soxdg I'A. Ta vrootypiypoata €xovy tomobetnbel ato idio
optlovtio emimedo pe avtd aTo oTolo PpioxeTal o Sloxos, OTwS paivetal aTo aXAUA.

— .
u=oTaBepn
b

n
il Sl

Dlig g v bg v g
UTTOCOTHPIYHO UTTOCTRPIYHT

(1) (2)

To cbotpa pafdov-cwpatos I xweital Tpog To aplatepa pe otabepn TaxdTyta pétpov v. O

dloxog extelel xVMo xwpls ohionom xal N Tepidbéperd tov Ppioxetal oe cuvexy emadn Ke T

papdo AB, xwplis va Tapatnpeitatl odiaBnan petatd Tovs. To cwpe E, XVoOUeVo ao To A TPOG TO

T, T xpovixy aTLlypun t = O TTepvd a6 to kéco H )¢ doxov. Tr xpovixy oTiyun t, To cwpa I Tepve

amé €va onuelo g Soxol, 6To OToio 7] S0XOG UOMS TIOV XAVEL OPLOXE TNV ETOdN TNG KE TNV

%x0pVd1 TOV VoG TYPlyHRaTOS (2).

o) H amoctaon Tov €xel SlavdoeL TO0 CWUa T aTtO TN XPOVIXY CTIYMY t = O MEXPL TN XPOVIXY

atypn t, elvat:
) - i) = i) —

No emidégete ™) owoty amavtnoey (Movada 2). Na Sixatoloyrioete Tnv emtloyy oag (Movades 4)

Movades 6

B) To Swkotnua s Tov £xeL Stavioet To xEvtpo wadog O Tov Sioxov amd TN XPOVIXY GTIYMA t = O
KEXPL TN XPOVIXY GTLYMY t, Elvat:

SL ii) 2= iiif) ——
16 8 16
No emidégete ™) owoty amdvtnoy (Movada 1). Na Sixatohoyrioete ™| emihoyy cog (Movades 2)
Movades 3
No fzwprioete 6111 avtiotooy Tov aépa elvol AREANTER YL OAOL TO GLOUATOL.
©OEMAT
Eyxdpato apuovixd xOpo, TAGTOVG A xot PX0us XDUATOS
A, OwoidsTal Xwpls ATMWAELEG EVEPYEIRG OE OUOYEVES T y
YPAUMIXO EAXTTIXO UEGO UEYAAOV UNKOVG TTOV TauTileTot
e Tov opt{dvtio Nuatova Ox pog ) Betixy) xatedBuvan, 0 5
omwg dalvetal oTo GYAMUA. x=0 A X
To xVpa Tapayetal amwo TnyY Tov Bpioxetal ato anpeio O
oty Béom x = 0 Tov eEhaaTIx0D HETOV XL TO OTol0 ap)idet y

va Tadavtovetal ke BeTinn TaxdTyTa TN XPOVIXY OTIYUA t =

0 chpdwva pe TV eflowaor y=A-nuwt.

To vAtxd onpeio O xatd T OLPKELR TNG THAAVTWGG TOV SLEPXETAL 60 GOPES TO AeTTO ad T Béam
looppoTTiag TOV.

Kamola xpovixy| atiypun Tov To vAxo onpeio O Ppioxetot 6Tny axpaio apynTixy TOV Amopdxpuvey| (¥
= —A) amé v apxxn O¢om woppoTiag Tov, To VAIXO onpeio A Tov NuLdEove OX OV aTtEXEL ATtO THY
Nnyn O optlovTior amooToeN X, = 2,5 M ot £XEL 110N apxioeL vo Tadavtwvetal, Pploxetot oTny axpaio



Betixy) Tov amopdxpuvoy (y = +A) améd v apxixy 62om woopporiog Tov. Ty iSle xpoviky OTIYUY
METOEY TG TTNYNS (X = O) ot Tov anpeiov A vtapyovy 800 VAIxd anpeia Tov Pploxovtal aTny axpain
BeTixy) Tovg atopdxpuvET (Y = +A).

AT TN XPOVIXY OTIYMY t = O MEXPL TN OTIYKY] TTOV TO XV GTAVEL GTO VAIXO onuelo A, TO GVVOMKO
S18oTNUe IOV EXEL OLVVTEL TO VAXO onpeio Ttov Pploxetat o1y Bon x = 0 elvat ioo pe 2 m.

I'1. No voloyicete ) v Ttepiodo T (novades 2), P) T0 ufixog xVuaTog A (MOVASES 2) xot ¥) TV
TaxvTNTe 8188007 Tov xVuaTos (novada 1), xobws xat 6) To TAATOG A NG TAGYTWGNG TWY
VALY onueiwY TOV HETOV (LOVAOES 2).

Movadeg 7

I'2. No amodeitete 0Tt 1 pobnuotixy oxéon Tov Teplypddel TNy TaAVTWOY TOV VALXOV anpeiov A
X
glvary = A-ann(% — TA)
Movades 5

I'3. Na ypapete v ebicwan taxdtnTos g GUVAPTHOY KE TO XPOVO Yio TO VAIXO anpeio A (Lovadeg 3)
xaL vo. oXeOIA0ETE TN Ypadixy TG Tapactacy ot Pabuoloynuévovs déoveg, améd ™V xpovixy
OTLY[Y| t =0 REXPL TN XPOVIXY] OTLYUY| t = 8 S (LOVAOES 4).

Movadeg 7

Melwvovpe ] ouYVOTNTA TAAGVTWANS TNG TTNYNS, OLTNPLVTas To (S0 TAATOS, £Tat wate 1 TyN O

xaL TO VMO anpelo A va giva dVo Stadoxixd onpeia Tov EAaaTixoD PécoV, Tor oTola k&b xpovixn

aTLY N aTtEXOVY TO (O10 aTto T B€07 1ooppoTiag TOVG XAt XKovVTAL e TNV ISt TorxbTYTOL.

T'4. No vtohoyioete T pelwan ™G GUXVOTNTOG TNG TTNYNS.

Movades 6

©EMAA

'Eva. owpa T uixpwy Sweotaoswy, palas m = 0,4 kg xou pa gvBdypopupn Aemey) xat opoyevs
uetaMuxn paPdog AM pixovs L =1 m xat padas M, = 1,2 kg apelntéas wuiis avtiotaars, éxovy
tomtofetn el Tavw oe Asio opilovtio damedo. To cwpa = €xet Sebel ato ehedbepo dxpo optibvtiov
Wavixod ehatnplov otabepds k = 10 N/m, to aMo axpo tov omoliov elvar axhovnta otepewusvo. To
ehatyplo Pploxetol ato GueIkd Tov pixos. Tty Béom awty (Bom (2)), To cwpa T Pploxetal ot eTady
e ™) papdo oo pécov g P. O d&ovag tov ehatypiov, To cwpa I kot To pécov s padov Ppioxovton
atny (0w op{dvtia Stevbuvom, M omoia sivat x&0etn oty paBdo. H paPdog eivat xabeta tomobetypévy
ue ta axpa s A, M mavw as 6vo opt{dvtiovg xat Toparnlovg aywyovs (xA) xat (yI), apeAntéas
WRIXAG avTioTaens, oL oToiot €xouy oTepewdel Tavw ato opilovtio damedo. H pafdog umopel va
oMabaivel Tavw oTovg Ov0 TapaMMnlovg aywyols, xwpls TPLBES, ExovTag Ta dxpa TNG O GUVEXY|
emody] ue avtods. Metogd twv dxpwy A xot I' Twy TapadMnlwy aywywy éxst cvvdebsl évag Aemtog
NUKVXAKOG aywyos (AHT) xévtpov O xat axtivag r, = L / 2, xataoxevacuévos anéd ovpua atodepns
Statoung kot wpkng avtiotaons R1 = 10 Q. Zta dxpo A xat I éxel ovvdebel emmAéov €vag Aemtog
*xVXAXOG aywyos (ANZO) xataaxevaouévos amo avpua atabepns Slutouns wuixns avtiotaons R, =
10 Q, péow TwY aywyLrwy avppdtwy AA xat I'Z Tov éxovy apeAnTén wpixy avtiataoy. ZTov xvxAxo
aywyd axnuatifovrar dvo NuixdxkAie ANZ xat AOZ. To x€vTpo Tov xvxAMxov aywyol TavTileTot e To
XKEVTPO TOV NUIXVXAX0Y aywyod AHT, evw 1 axtTive ToV I, elvot MixpoTePy amd ™|V axtive r,.
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eé::rn E}élon Elé::m Béon
(1) (2) (3) (4)

O SwxomTYg (8) TOV aywyoy XA eival apxIXd avolxTos, OTwG GAIVETOL GTO TOUPATAV® TYAKO. ZTOV

XWPOo KeTadd g pafdov AM xat tov aywyol (AHT) vitdpxet xaTtaxOpudo opoyevés poyynTixd Tedlo,

TO OTIOI0 OTO GYNUO ATIELXOVILETAL E TV YPUMMKOTKLATUEYY TTEPLOXY]. TO KETPO TNG EVTalaNs TOV elvat B

=1 T ot oL QUVAIXEG TOV YPOMMES ExoVY OtevBuvom xabeTy oTo emtimedo )¢ oelidag xatl dopd amod

TOV QVOYVWOTY TPOS T aeAida. Metaxvovpe ™) pafdo AM pali ue o cwpo =, WGTE TO EAXTYPLO VO

ovomelpwbel xatd Af=0,4m amd to dvowd Tov prxos xan va £pbel oty Béom (1). ZtN cuvvéxel

adrvovue eevBepo To choTNMa TOV TWHATOS T oL TNG paBdov.

A1. o) Na aodeitete 6t pafdog AM Bo amtoxwplotel amd To cwpa T 61y 6207 610w T0 eEhaetyipro B
OTIOXTHOEL TO GVGIXO TOV UNKOG YLot TPWTY GOPA UETA TN GTLY N TOV T adprigape ehebBepa
(movades 2).

B) Na PBpeite to mAdTOg TG AT atppovikng Tahdvtwans Tov Ha extedéoel To cwpa I, adod
amoxwplatel amd ) pafido AM (rovades 3).
Movades 5

Tn xpovxy oTiypn t = 0 1 pafdos AM amoxwpiletar oo T0 cwpe T kot RE TV TAXVTNTO TTOV EXEL

ELCEPYETAL AUECWG UETQ OTO OOYEVEG POYVNTIXO TES(O.

A2. No artiohoyfoete Ty avamtvén nhextpeyeptikis Svvauns (HEA) anéd emaywyr avapeco ato
axpo A, M 05 pafféov apuéows KETA TN XPOVIXY GTIYMN t = O X0l Vot GXEOLAOETE TNV TOMXOTNTA
™s.

Movades 4

Tn xpovixn oTiypy t, = 1 (Bgom (3)) aoxeitat 6o pécov P tng pafdov atabepy| optidvtia Svvapy Tpog

™ BeTixy xatedbuvon pétpov F = 3 N, xabetn as avtiy. Tn xpovixy oTiyps t,=3s o toaxomtys (6)

xAelvel (B€om (4)).

A3. No vtohoyioete T0 HéTPO TN ETITAYVYONS TNg padov AM yio To xpovixo Sidatype At= (t, - t,)
0L TO METPO TNG TAXVTYTAS TNG TTO TEAOG QLVTOV TOV XPOVIXOV SLLGTHUOTOS.

Movades 4

A4. Aptows uetd to xAeioluo Tov StaxomTy (9):
o) va arcodeitete OtL Y paPdog AM Bo exteléaet evbiypopupn ook xivyon (uovades 2).
B) va vtoloyioete Tig EVTATEL TWY PEVUATWY TIOV SLopPEOVY T PA S0, TOV NUXVKALKS oywyo Xat
To OVO TRNUOLTO TOV XKVKALXOV 0ywyoV (MOVASES 4).
Movades 6

As. Adod €xet x)eiget o StaxdTTNg (8) vor vITONOYlTETE:
®) TV €vToom TOV payvnTixol Tediov Tov Snulovpyel 0To xE€vTpo Tov O aTmoxAElTTIXG O
NUIXVXAMKOG Y wYOs, XAVOVTAG XPYOT TOV YOUOL Twv Biot - Savart (Lovddeg 3).



B)ytn ovvohixy) évtaon Tov payynTikod eSOV TTOV SNULOVPYOVY QTTOXAEIGTIKG O ULXVRALXOG KL
0 XVUXALXOG 0ywYOG GTO XOWO TOVG XEVTPO O (LOVASES 3).
Movadeg 6
No fswproete otu:

e H 6\ Suataén Ppioxeton Tavw oe Aelo optiovTio 0amedo HeydAwy SLoTACEWY TO OTolo Elvat
NAEXTPIXA LOVWUEVO.

e H pafdog uetd T0 ®¥AiGLLO TOV SLAXOTITY TN XPOVIXY GTLYIN t, TTUPOLUEVEL GUVEXWS KECO GTO
KayvnTix6 Ttedio, Sev emnpeadeTal 1 x v o] TG TO TO RoryVyTIXo TTeSio TToV SNULOVPYOLY O
NUIXVXMROG KL O XVXMKOG orywYOs Xot OEY EPYETAL OE ETTadY UE AVTOVS.

e H avtiotaoy Tov aépa slvol aReAnTER Yiot ONOL TOL GWUOTOL.

o Tooyrua Oy eivot VIO XAlpoxa.



