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EKOQNHXEIX

OEMA A
2ric nuiteleic mpotaoeic Al — Ad vo ypayete ato TETPao1o aog ToV optiud e TpoTacns
Ka1 OITAG TO YPOLUUO TTOV AVTIOTOLYEL OTH PPAOH, 1| OTOLO. THV COUTANPDVEL CWTTA.

Al. Kot m perétn mg xivnong evog vmooTopKoy copoTdion, COLPOVO LE TNV
apyn ¢ apefordtntag Tov Heisenberg:

a.

N advvapio pLog v Tpocdlopicovple Tavtdypova Kot Pe omdAvTn okpifeto
0¢om Katl TV opur| TOL GOUOTIOIOL OPEIAETOL GE TEIPAUATIKEG OTEAELES.

N afefardTra oTov EVIOTIoUO TS BEoMg ToL cEUATIOIOL Elval avdAoyn TS
afefotdTToc GTOV VTOAOYIGHO TNG OPUNG TOL.

060 TEPIGOOTEPO OKPIPNG €lval 0 EVIOTIGUOC TS BEoMG TOV COUATIOO
1660 peyarvTepn afefatdtTnTo VIAPYEL GTOV VTOAOYIGUO TNG OPUNG TOV.

N afefartdTnTa 6TOV EVIOMGUO TG BE0MC TOV GOUATIOIOL Eival AVTIGTPOPMG
avAAOYN TOV UETPOL TNG LETAPOANG TNG OPUNG TOV.

Movaéodeg 5

A2. To NAeKTPOUAYVITIKA KOLOTOL:

a.

B.
Y.
0

drodidovtal Kot 6To KEVO.

LETOPEPOLVV EVEPYELD KATA GLVEYN TPOTO.

TAPAyovToL LOVO atd TOANVTOOUEVO NAEKTPIK SITOACL.

drodidovtar pe v 1o TaydTNTA 6TO KEVO KOl 0€ OAQL TOL VAIKE HEGOL.
Movéoeg 5

A3. Abo ocopaipeg dwpopetikdv poldv kKivodvior ce Aglo oplloévtio dAmedo e
avTifeTEG OPUES KO GVYKPOVOVTOL KEVIPIKA KO EAACTIKA. META TNV PETAED TOVG
KpoVoT), o1 000 cEaipec:

»= > e

Ba aktvntomomBovv.
Ba KiynBovv pog avtifeteg KatevBHvoeLC.
Ba KtynBovv Tpog v 1o katehOvvon.
Ba ktvnBovv mpog kbeteg petalh Toug devdvvoels.
Movadeg 5
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Ad4. Amo kdmowo onueio A opoyevols HayvnTIKoV Tediov EKTOEEVETAL POPTICUEVO
copatido kot n katevbuvon e ToVTNTAG Tov SyNuoTilel pe TG SVVOIKEG

HoyvNTIKES YPaupés yovia ¢, €tot dote 0 < ¢ < 90°% Av ot Boputikég

aAANAemOpAoElC etvan apeAntéeg ToTe:

0. m kivnon mov eKTeEAEl TO GOUATIONO €ival OLOAT KUKAKT).

B. m xivnon mov extelel To cOUOTIONW Elvarl eVOVYpaUN OPAAY.

Y. T0 ocouatiolo Oo emotpéyel 6To onueio A.

0. KABg ypoVIKY| GTIYUN KOTA T SLAPKELN TNG KivNnomng Tov 0 puOudg petaoAng
NG KIWVNTIKNG TOV EVEPYELNG Eivat 160G [LE UNdEV.

Movaoeg 5
AS.  No ypayete 010 TETPAOL0 00S TO Ypouo k&le Tpotaong kal dimia ae kabe ypauuo.
™ Aéén Zwato, yio ) owaty wpotaon, koi ) AéEn Aabog, yio th lovBaouévy.

o. Ola 1o onueio g mepupépelog evog diokov mov ektedel KOAION Ywpig
oAloOnon og 0p1lovTio eminedo €0V UNGEVIKN TOYVTNTAL.

B. 'Eva aumepduetpo cLVOEOEUEVO GE KUKAMUA EVOAAAGGOUEVOL PEVUOTOG
HETPE TNV EVEPYO TIUN TNG EVTIOGTG TOV PEVLLATOC TOL TO OLOPPEEL.

v. 'Eva onueio £ evdg vAkod pécov 6to omoio cuufdiiovy 600 appoviKd
KOpoto chyypovev myodv Kot mAdtovg A extelel ToAdvimon ypovikd
petTofarAdOpEVOD TAUTOVC,.

0. To poyvntikd medio mov onuovpyel evBHYPAUIOS PELHATOPOPOS OYWDYOG
amelpov UKoV tval opoYeVEG.

e. O unyoviopog mopoymyns tov oktivov X gvalr o avticoTpoog Tov
(POTONAEKTPIKOV POIVOUEVOU.

Movaoeg 5
OEMA B
Bl. Awb6étovpe 300 GLGKEVEG HEAETNG TOV POTONAEKTPIKOV parvopévov. H mpmt

EXeL 0TV EMEAVELD TG KaBOI0VL NG EMIGTPMOT OO OAKOAPETAALO A Kot M
devTePT avticToly o emicTpwon amd aAkaApétaiio B.

Atvetan ott fg = 2fa, 6mov fa xor fs o1 ovyvémreg katmeAiov Yo To
aAkoMpETora A ko B avtictoyo.

dotovio opung pétpov p mpoomintovv otnv KEBodo Tov aAkaApetdAiov A
omote M Tdom anokonng etvat Vo.

dotovio opung pétpov 2p mpoomintovy 6tV kdBodo Tov aAkaipetdAiov B
omdte N Tdom anokonng stvan Vo'
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H oyéom mov cuvdéel t1g 1doeic amoxonng Vo kat Vo' givat:

o V.=V,
B. Vo' =2 Vo
Y. Vo' = ﬁ

2

Noa emié€ete ) cwot) amdvinon.

No oa1tioAoyNGETE TNV EMAOYN GOG.

Movaodeg 2

Movaoeg 6

B2. Avo gykdpoia appovikd kopata id1ov TAATOLS Kot idt0g cuyvoTnTos dtadidovtal
Tavtdypova pe avtifeteg TayOTNTEG KATE UNKOG €VOG YPOUUIKOD E£AOGTIKOV
uésov mov tavtileton pe tov dfova X'OX pe amotédecpo va dnpovpyndei
oTdoo Kopo. Xto onueio O tov pécov (X = 0) dnuovpyeitor Kothio Kot To VAKO
onueio mov Bpiokeron oto O, ) ypoviky otyun t = 0 diépyeror and tn Béom
1coppomiog Tov KivoOuevo katd T Oetikn eopd. To ypovikd ddotnuo petald
000 S1000YIKAOV LEYIGTOTOMGEMV TG KIVNTIKNG EVEPYELNG TOV TAPUTAVE® VAIKOD

T
onueiov eivar ico pe 0,1 S ko ™ ypovikh otryun t = Y omov T n mepiodog

TAAAVTOGT|G TOV, M amopdKpvven Tov ival ion pe y = +0,1 m.

H amdctaom petal&d 600 d1000) KOV 0EGUOV TOV TAPATAVE GTAGLOL KOUOTOG

givar 0,2 m.

H &&iomon tov otdoipov kopotog etvait:
a. Yy =0,lovv(57nx) nu(10xnt) (S.1.)

B. vy =0,2cvv(107x) nu(20xt) (S.1.)

Y. Y =0,2c0uv(57nx) nu(10xt) (S.1.)

Noa emAé€ete ) cwot) amdvinon.

No a1t10AoyNGETE TNV EMAOYN COG.

, T_ 1
Atvetaim o=

Movaoeg 2

Movdoeg 6
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B3. AuwAn 1tpoyoric (T) oamoteheitonr amd 2 KOANUEVOLG OMOYEVEIG Ko

, . , . r_1 , ,
opoa&ovikovg KUAIVOpoLG akTivov I' kot R 6mov =55 H tpoyoiio pmopet va
TEPLOTPEPETAUL YOPIG TPIPES YOPw amd oTafepd 0p1lovTio AEOVA TOV GUUTITTEL
pe tov dEova cvppeTpiag g Ko mepvd and 1o O.

Opoyevng woomayng diokog (A) palac M kat aktivag R' icoppomet Exovtag oto
v dKpo Tov oTEPEMUEVO 0pLOVTIO, afapég Kot un extatd viua (A) tov omoiov
10 GAAO dKpo givorl akAOVNTO GTEPEMUEVO GTO YNAOTEPO GNILELD TOV EGOTEPTKOD
KLAIVOpoL NG TpoyaAiac. O diokoc (A) Epyetatl 6e emaT Le TO AEl0 KATAKOPVPO
toiyopa (1) ko pe to oprldvtio ddmedo (2). 'Eva devtepo afapés, Katakdpueo
Kol pn extatd viuo (B) elvol mepacpévo otnv mepipépeta tov eEmTEPIKOD
KUALVOpOL NG TpoyaAiag Kot 6TO KAT® TOL AKpo elval otepempévo cmpa (X)
pélag m ko apeintéwv dtootdoewv. OAo To GOUATO TOL GYLATOS IGOPPOTOVV.

(A)

H devBvvon g duvaung emaeng N1 mov acket To totyopa (1) otov dioko (A)
elvar kaBetn oo Tolywua Kot TepvA amd to k€vrpo Tov O

O Loyog % TOV HETPOV TNG dVVAUNG N1 TPOG TO HETPO TNG KABETNG dVVAUNG
2

,,
N2 mov ackel to oplovTio ddmedo 610 GO givan i60G pe:

4m
o —
M
2
B
M
v 4m
No emAéEete ) oot omdvnon.
Movaéoeg 2
No atoAoyNGETE TNV EMAOYN GOG.
Movaoeg 7
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OEMA I

Avo opotol, mapdAiniol, opilovtior petaddikoi aywyol AXi ko ['X2 peydiov
UNKOVG €YouV aUeEANTEN KN avtiotaot, anéyovv petald tovg otabepn andotoon
=1 m ko1 ot dkpa Tovg A Kot I £xovpe cuVOEGEL TNVIO LLE GLVTEAEGTY| OTETAYMYNG
L= 0,8 H ka1 opkng avtictaong Rz = 1Q. EvBoypoaupog opoyevig, opiloviiog Ko
oomayng aywyog KA, ndlog m = 1 Kg, uirkovg (KA) =2 m kot opikng avtiotaons Rka
= 2 Q kweitan pe otabepn opiloviio ToydTnTa HETPOL L = 2 M/S, TAPAAANAT GTOVG
aywyovg AXi kol I'X2 £xovtog Ta onueio Ttov M kot N dtopKad¢ og ema@n| pe avtovg. O
ayoyoc KA kweital péoa 6€ KataKOpuEO OUOYEVES HayvnTiKO medio gvpovg d kot
évtaong B uétpov icov pe 0,5 T pe popd and Tov avayvadot mpog T oerida. To péco
Z tov tunpoatoc MN tov aymyob tavtiletot pe to péco tov KA.

Agyopaote 0tL T Ypovikny otiyun t = 0 S o aywyog Bpioketar otn 0€om (1) Ko n
évtoon Ttov pedpatog mov Tov Olappéel Exel otabepomomBei. Ilpokepévou va

K > ¥
,U
A M X1
L.Rs 7—F r
I N § X2
0%
A
®éon (1)
R d Ty

Sotnpeitol ot cuvéyeto  TayvTTa U Tov oyoyod KA otadepn, ackodue e avtdv,
070 LEGO TOL Z, otabepn optloviia dSvvaun F puétpov 1,25 N.

I'l.  Novrmoloyiotei ) évtaomn TOV NAEKTPIKOV PEVUATOS TOL SLOPPEEL TO KOKAMLOL TN
ypovikn otiyun t = 0 S ko 1 evépyeta mov €xel amodnkevtel 6TO poryvnTikd medio
TOV TINVIioL TNV 1010 YPOVIKY CTLYUN.

Movaoeg 4 + 2

I'2. Noa amodeyBel 011 katd TV oAicOnon tov aywyod KA otig oidnpotpoyiés
eppaviCetatl tppn, cvvorikov pétpov T =1 N kou va vroroyiotel | tdon Via
6To AKPO TOL.

Movéoeg 5 + 2

Tn ypovu otryun t1 o ayoyog KA eEépyetan and to poyvntikd nedio. ApEcmg
petd v €£060 Tov aywyov KA amd to poyvntikd medio n dvvoun F KaTopyEiTal.
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I'3.  Tnypovuc otryun t2 > t1 ko kabmg o aywydg KA kiveiton eKtOG TOU poryvntikon

nediov Ko drappéetorl and pevopo évraonc i = 0,4 A, va oyediaotei 1 oMot TO,

g HEA Adyw avtenaywyng 6to mnvio kot vo vwoloyiotel 1 amdAvTn TN T0V
pLOLOV peTAPOANG TG EVTAOTC TOL PEVLOTOG GTO KUKAMLLOL.

Movéoec 2 + 4

To niekTpikd pedpo 6T0 KOKA®UO UNOEVILETOL KO O AY@YOS TEAKA GTOUATH TNV
kivnomn tov.

I'4. Noa Bpebei to mAiko g Bepuotag Adyw tp1ng olicOnong mov ekAvetal 6To
nepBarliov Tpog v BepuodtnTo Aoym @atvouévov Joule 6Tic avTieTAcElS Tov
KUKAMUOTOG Otd TNV YPOVIKT GTUYUT TOV O aywyOs eEEPYETOL OO TO LAYVNTIKO
edlo PUEYPL L XPOVIKY| CTLYUN TOL O ay®YOG 0V KIVEiTal Kol TO NAEKTPIKO
PEVLOL OTO KUKA®UO £YEL UNOEVIOTEL.

Movaoeg 6

OEMA A

Yopo X1 palog mp = 1 Kg kot apentémv dacTtdoemv

woppornel otn Béon I, otepepévo 610 Aved AKPO  1OOVIKOD r
KaTakOpLEov glatnpiov, apeintéog pdlag ko otabepig K = 100 ‘

N/m, vné v enidpacn G GLVEXDG COKOVHEVNG GE GVTO, rb X
otafepng Kotakopveng dvvaung puétpov F =5 N pe popd mpog ta E vF
Kéto. To kdTm dkpo Tov ehatnpiov eival OKAOVITA GTEPEMUEVO GTO K %
optlovtio eninedo. %

Yoo X oapeANTémV O100TAcEMV Elval OEUEVO GTO £val GKPO
afapovg, Un EKTOTON Kot TEVIOUEVOL VUATOG punkovg I = 0,5 m tov
omoiov to dALo dxpo eivar akidvnrta otepewpévo oto onueio O. To copa X extedel
KUKAIKT Kivnom axtivag I 6€ KatakOpueo emimedo Le TOV AEovo TEPIGTPOPNS TNG
kivnong va gtvan opildvtiog, KaOeToC 61O eMinedo mePoTPOPTG Kot va, tepvd amd to O.
H ¢opd mepiotpoeric tov Z tavtiletor pe ™ Qopad MEPICTPOPNS TWV OEIKTMOV TOV
POAOYLOV.

Tnv ypovikn otryun t = 0 S 10 vijpa eivar opildvtio kol 10 OUA X KIVOOUEVO
KOTOKOPLQA TPOS TO. KAT® He opun péEtpov p = 4 Kg? GLYKPOVETAL KEVIPIKA LE TO

|

akivnto copa X1 ot Béon I'. Apéomg PeTd v KpoLOT TO GOUO X OTOKTA OpUn
avtifeng KatevBuvong kot pétpov p' =1 Kg? :

Al. Ymoloylote TV HETAPOAN] NG OTPOQOPUNG TOL coOpotog X eoutiog G
Kpovong, ®g Tpog optldvtio a&ova, kdbeTo 61O emMinedo TG TPOYLAS TOL TOV
TePVA amd To Akpo Tov vipatog O, KabMG Kot To HETPO TG ToXVTNTAG V1 TOV
OTOKTA TO GO0 X1 OUEGMG LETA TNV KPOVOT).

Movéoeg 3 + 2

APEC®OG HETA TNV KPOVGT OTOUOKPVVOLLE 0KOPLOH TO GOGTNUA GO0 X — VIO
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A2. No amodeilete 0Tl 6T GLVEKELN TO COUO X1 O EKTELEGEL APLOVIKT TAAAVTOON
KIvoOUEVO GTOV Kotakopugo dEova Y'Yy pe otabepd taravioong D = K «at
nAdtog A = 0,5 m.
Movaoeg 5
A3.  AvBewpnbei 611 T0 GVGTHUA EAATIPLO — COUO X1 aTOTEAEL KPOVTIKO TOAOVTOTY,

obupova pe v vrobeon Planck va vmoloyiotel o kBavtikdg aplOudg N g
gvepyelnkng otdlung otnv omoia Ppioketal 10 TOPUTAVE® GUCTNUA KOTE TNV
OldpKeELa TS TOAAVTMOTG.

Movéoeg 3

Tnv ypovikn otiyun t1 to copa X1 Bpioketor ot Béom A, mov eivon ynidtepa

Katd d and v 0éon I' dmov apyikd npepovos, kot Kiveital e taydnTo HETPOL

A4.

v1=3 ? LE pOPA TPOG TAL TAV®. AV
A I:l X
No vroloyiotei  amdotoon d kabmg Kot 1 dhvaun wov aokel To )% g
glatmplo oto copa X1 ot BéonaA. 8 |
Movadsc4+3 T ’% -
SOR /

Tn ypovikn otyun ti éva devtepo copa Xz, pdlog Mz kot

o

OUEANTEWV O1UGTAGEMV KIVOOEVO KATAKOPLOO, LLE POPE TPOG TAL KAT®,
GLYKPOVETOL KEVIPIKA Kol EALAGTIKA LE TO cdpa X1 ot B€om A, éxovtag Alyo mpv v

Kpovo™ KIvnTiKT) evépyela ion pe Ko = 116 J. Zm ovvéyetla 1o copa 1 eKTELEL APLOVIKT

taddvtoon otabepdc D = K ko véov mAdtoug A'.

AS.

No vToloy1oTel 1 LEYIOTN SVVATH KIVNTIKY) EVEPYELOL TOL TO OO0 X2 UTOPEL VoL
ATOKTNOEL AOY® TNG EAACTIKNG KPOVOTG LE TO X1 6T0 A. e auThVv TNV TEPInTOON
VO VTOAOYIGETE TO YPOVIKO OIUGTNUO 7TOL OMOLTEITOL (DGTE TO COUN X1 VO
EMOTPEYEL GTO A Y10 TPAOTN GOPA LETE TNV KPOVGT).

Movéaodeg 3 + 2

’ ’ r , _ m ’
Atveton 10 pétpo g emtdyvvong g Papvmrag g = 10 Ko otabepd

Planck h = ? 10734 J-s. Ot avtiotdoelg aépa Oempodvion opeAntéec. Ocmpovue OTL N

YPOVIKN O18pKELD TOV KpoVoe®V givor apeintéa. Altveton T = 3,14.
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